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CHLORALAMID.— Introduced  in  1889  by  Professor 
von  Mering  as  an  hypnotic.  It  is  formed  bjr  the  com- 
bination of  one  part  of  formamide,  CHO.NHj,  witli  two 
parts  of  cliloral  anliydride,  CCI3CHO.  Its  formula  is 
CClaCH.OH.CONHa,  and  would  more  correctl}^  be  named 
cliloral-formamide,  or  formiate  of  cliloral.  The  produc- 
tion of  this  compound  is  due  to  the  efforts  of  chemists  to 
introduce  into  chloral  some  known  stimulant  to  over- 
come the  depression  of  the  circulation  that  accompanies 
the  use  of  chloral.  This  von  Mering  thought  he  had  ac- 
complished, as,  after  absorption,  chloralamid  is  decom- 
posed by  the  alkalies  in  the  blood  into  chloral  and  am- 
monium formate.  The  latter  exercises  a  stimulating 
effect  upon  the  heart  and  circulation.  In  addition  to  this 
absence  of  a  depressing  effect,  other  advantages  over 
chloral  are  claimed :  It  is  much  less  disagreeable  in  taste, 
and  more  soluble,  characteristics  which  render  it  easy  of 
administration.  It  is  less  irritating  to  the  stomach,  does 
not  derange  the  digestive  organs,  and  seldom  causes  head- 
ache, giddiness,  or  any  disturbance  of  the  nervous  system. 

It  occurs  in  white  crystals  which  have  a  faintly  bitter 
taste  and  no  odor,  and  are  neutral  in  reaction.  It  is  soluble 
in  ten  parts  of  cold  water  and  in  one  and  a  half  parts  of 
alcohol.  The  salt  should  never  be  dissolved  in  hot  water, 
nor  heated  above  120°  P.,  as  at  that  temperature  it  is  de- 
composed. It  is  also  decomposed  by  alkalies  and  alkaline 
carbonates.  It  is  compatible  with  w^eak  acids,  which  in- 
crease its  solubility  and  render  the  solution  more  stable. 

Chloralamid  has  not  replaced  chloral  hydrate  nor  has  it 
been  very  generally  employed,  as  its  advantages  are  not 
very  evident.  Whether  it  is  less  depressant  than  chloral 
hydrate  or  not,  is  a  question  that  has  caused  much  dif- 
ference of  opinion.  Recent  researches,  however,  seem  to 
have  shown  that  the  formiate  does  exert  a  beneficial 
effect  upon  the  circulation,  especially  when  administered 
by  the  stomach.  It  is,  however,  not  devoid  of  depress- 
ant action,  and  when  introduced  directly  into  the  circu- 
lation, as  in  hypodermic  use,  it  differs  very  little  from 
chloral  hydrate.  In  considering  the  differences  between 
the  two  drugs,  the  relative  proportion  of  chloral  anhy- 
dride in  each  must  be  kept  in  mind,  1  part  of  the  anhy- 
dride being  present  in  1. 3  part  of  chloralamid  and  1.1  part 
of  chloral" hydrate.  With  many  it  is  thought  that  this 
difference  in  strength  really  represents  the  difference  in 
action  between  the  two  drugs.  It  has  also  been  found 
that  chloralamid  is  less  repidly  absorbed  from  the  stom- 
ach, which  renders  it  more  slow  and  gradual  in  its  action. 

Chloralamid  is  employed  as  a  sedative  and  hypnotic  in 
all  the  conditions  in  wliich  chloral  hydrate  is  indicated ; 
notwithstanding  its  reputed  safety  when  there  is  cardiac 
weakness,  it  is  advisable  to  employ  it  in  such  cases  with 
caution. 

The  dose  advised  when  the  drug  was  first  used  was 
from  gr.  xx.  to  xlv.,  and  this  has  been  very  generally  ad- 
hered to.  Tlie  average  dose  employed  is  about  gr.  xxx. 
As  a  rule,  it  is  advisable  to  begin  with  a  smaller  dose  of 
gr.  XV.  to  gr.  XX.,  when  the  insomnia  is  not  accompanied 
by  pain  or  excitement.  On  account  of  its  solubihty  in 
alcohol,  chloralamid  is  easily  given  in  solution  diluted 
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with  some  aromatic  elixir.  Brandy  or  whiskey  is  a  fa- 
vorite means  and  adds  to  its  beneficial  action.  If  alco- 
holic solution  is  not  desired,  dilute  hydrochloric  acid  will 
be  found  to  serve  the  purpose.  It  may  also  be  given  in 
cachets.  Por  whooping-cough  and  other  spasmodic  af- 
fections, it  is  given  in  doses  of  gr.  ij.  every  two  hours. 
Enemata  may  also  be  emploj^ed  when  such  a  means  of  ad- 
ministering the  drug  is  desired.  The  following  formula 
is  recommended  for  this  purpose  :  chloralamid,  gr.  xiv,  ; 
dilute  hydrochloric  acid,  gtt,  iij,;  alcohol,  gtt,  xx, ; 
water,   3  iiJ,  Beaumont  Small. 

CHLORALIMID.— (Trichlor-ethyliden-imide),  CCI3,  CH- 
NH,  This  substance  is  obtained  by  the  action  of  acetate 
of  ammonia  on  chloral  hydrate ;  it  may  also  be  formed 
by  heating  chloral  ammonia.  It  is  a  crystalhne  acidular 
powder  without  taste,  smell,  or  color,  insoluble  in  water, 
soluble  in  alcohol,  ether,  and  oils.  It  is  not  affected  by 
heat  or  moisture.  It  possesses  properties  similar  to 
those  belonging  to  chloralamid,  but  is  more  active.  As. 
an  hypnotic,  it  is  given  in  doses  of  from  gr.  v.  to  xxx. 
It  is  introduced  as  a  substitute  for  chloral  hydrate  and 
chloralamid.  It  has  not  the  acrid  taste  of  the  former  nor 
the  bitter  taste  of  the  latter.  In  smaller  doses  it  is  said  to 
have  an  antipyretic  and  analgesic  action.  This  drug  has 
not  been  used  to  any  extent,  and  its  superiority  to  chloral- 
amid has  yet  to  be  determined.  Beatimont  Small. 

CHLORATES.     See  Potas.num  and  Sodium.. 

CHLORATES,  POISONING  BY.— When  we  speak  of 
poisoning  by  chlorates  we  have  in  mind  chiefljr  the  poison- 
ing by  chlorate  of  potassium,  of  which  there  are  already  a 
goodly  number  of  cases  on  record.  It  is,  however,  gen- 
eralljr  conceded  that  the  poisoning  is  mainly  due  to  the 
chlorate  ion  of  this  salt.  We  can  also  readily  cause  poi- 
soning by  the  sodium  chlorate,  and  it  is  even  claimed  that 
the  ammonium  salt  is  the  most  poisonous  of  all  the  chlo- 
rates. The  greater  frequency  of  poisoning  by  the  potas- 
sium salt  is  due  to  its  frequent  use.  On  the  erroneous 
supposition  that  the  readily  oxidizing  potassium  chlorate 
will  give  up  oxygen  to  the  tissues  and  fluids  of  the  ani- 
mal body,  this  salt  was  extensively  employed  throughout 
the  entire  nineteenth  century  as  a  therapeutic  agent  for 
all  sorts  of  diseases  (von  Mering '), 

It  is,  however,  a  noteworthy  fact  that,  with  a  few  ex- 
ceptions, the  record  of  poisoning  by  chlorate  of  potassium 
is  practically  not  much  older  than  the  last  two  decades, 
i.e.,  since  the  danger  of  this  therapeutic  agent  was  im- 
pressively brought  to  the  minds  of  the  medical  profession 
bjr  riie  writings  of  A.  Jacob! '  and  P.  Marchand  ^  at  the 
end  of  the  seventies. 

The  first  case  on  record  is  apparently  that  which  oc- 
curred in  Tulle,  France,  and  which  was  described  by 
Chevalier  ^  in  1855.  A  man  took  20  gm.  of  the  salt  for  two 
days  and  died  manifesting  violent  symptoms.  This  case 
attracted  considerable  attention,  and  was  apparently  the 
incentive  for  the  toxioological  studies  of  potassium  chlo- 
ate  which  began  in  Prance  earlier  than  in  other  countries.* 
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There  is  one  other  case  tliat  deserves  especial  mention.  It 
is  tlie  tragic  deatli  of  Dr.  Fountain,  of  Davenport,  Iowa. 
Tliis  pliy  sician,  a  great  admirer  of  potassium  chlorate,  read 
a  pa))er  in  1859  at  the  meeting  of  the  American  Medical 
Association,  enthusiastically  recommending  this  salt  in 
the  treatment  of  pulmonary  tuberculosis."  This  paper 
called  forth  considerable  discussion  and  not  a  little  adverse 
criticism.  As  an  answer  to  the  statement  of  (Jsborne ' 
that  even  fifteen  grains  of  this  drug  sometimes  cause  seri- 
ous symptoms.  Fountain  took  repeatedly  half-ounce  doses 
without  harmful  effects.  In  1860  Dr.  Elsberg,  of  New 
York,  jDrescrilied  jjotassium  chlorate  as  a  gargle.  The 
patient  took  it  internally  (about  30  gm.  daily)  and  died 
after  four  days.  A  coroner's  juiy  of  physicians  gave  the 
verdict  that  death  was  due  to  poisoning  by  potassium 
chlorate.*  Incensed  by  this  verdict  and  to  prove  the 
innocuousne.ss  of  this  salt,  Fountain  took  on  tlie  33d  of 
March,  1861,  an  ounce  of  it  in  a  single  dose — and  died  on 
the  39th  of  the  same  month  under  complete  anuria." 

The  poisoning  cases  on  record  were  brought  about 
mostlj'  by  taking  a  large  dose  of  the  salt  either  to  com- 
mit suicide  or  to  induce  criminal  abortion ;  or  it  was 
taken  by  mistake  instead  of  a  cathartic  salt,  or  the  direc- 
tions of  the  physician  were  misunderstood  and  it  was 
taken  internally  instead  of  being  used  as  a  gargle.  There 
is  no  doubt,  however,  that  a  good  manjr  cases  of  poison- 
ing, and  more  than  were  reported,  occurred  when  the  salt 
was  taken  internally  for  therapeutic  purposes ;  and  a  few, 
it  seems,  even  when  it  was  used  as  a  gargle.  But  the 
sj'mptoms  of  the  poisoning  resembled  so  much  thes}aiip- 
toms  of  the  disease  for  which  the  salt  was  taken — diph- 
theria, for  instance — that  the  fatal  outcome  was  often 
enough  attributed  to  the  disease  rather  than  to  the  drug. 

The  clinical  symptoms  which  attracted  attention  in 
the  earliest  observations  were  those  pertaining  to  the 
gastro-intestinal  tract.  Later  on,  dysuric  symptoms  were 
recognized,  and  many  writers  spoke  of  hemorrhagic 
nephritis.  In  the  last  quarter  of  the  century,  however, 
the  attention  of  writers,  especially  of  experimental  in- 
vestigators, was  attracted  by  the  peculiar  changes  in 
the  blood.  Indeed,  it  had  been  early  observed  that  ex- 
travascular  blood  becomes  bright  red  when  mixed  with 
potassium  chlorate,  and  this  was  taken  as  a  sign  of  the 
oxygenation  of  the  blood  by  the  salt.  The  increased 
brightness,  however,  is  due  not  to  "  arterialization  "  but 
to  the  greater  reflexion  of  light  on  account  of  the  dimin- 
ished transparency  of  the  chloratized  blood.  Moreover, 
the  bright  color  very  soon  gives  way  to  a  chocolate  or 
sepia  color  which  was  first  observed  by  Isambert'"  in  the 
extravascular  blood  as  well  as  in  the  blood  of  animals 
poisoned  by  chlorate  of  potassium.  Jaderholm  "  was 
the  first  to  recognize  that  the  dark  color  was  due  to 
the  formation  of  niethsemoglobin  in  the  blood.  This 
subject  has  been  extensively  studied  by  Marchand  '-  and 
by  many  subsequent  investigators.'^ 

Methujmoglobin  is  neither  an  oxidation  nor  a  reduction 
product  of  oxyhoemoglobin,  as  has  been  assumed,  but  is 
rather  isomeric  with  it.  Methsemoglobin,  however,  does 
not  give  up  its  oxygen  as  readily  as  oxyhn?moglobin. 
Methaemoglobin  is  recognized  by  an  absorption  band  at  the 
red  end  of  the  spectrum  between  C  and  D.  Carbonic  acid, 
higher  temperature,  and  diminished  alkalinity  of  the  blood 
favor  its  formation.  Potassium  chlorate  at  first  causes 
the  formation  of  methaimoglobin  within  the  red  cells,  but 
the  latter  is  subsequently  dissolved  into  the  serum. 

Besides  its  influence  upon  tlie  ha>.moglobin,  potassium 
chlorate  exerts  also  in  some  other  respects  a  deleterious 
effect  upon  the  red  blood  cells.  Tliey  slirink,  break 
down  into  small  fragments,  and  conghitinate  into  large 
gelatinous  mas.ses.  In  bullock's  blood'I  found  liuit  all  the 
red  blood  corpu.scles  becamci  smaller  and  more  refractile, 
and  lost  their  biconcavity.  lu  such  blood  wliich  I  kept 
for  over  eight  years,  the  cells  never  cljanged  Dieir  sliai)e 
and  proved  to  be  at  all  times  consideralily  resistant  to  all 
chemical  and  mechanical  mani]nilations.  In  my  experi- 
ments blood  mixed  witli  potassium  chlorate  remained  free 
from  putrefaction  fcjr  a  con.siderable  length  of  time.  In 
•experiments  of  Welch  and  myself,'-'  in  which  it  was  estab- 


lished that  a  certain  degree  of  shaking  caused  a  molecular 
destruction  of  the  red  blood  cells,  we  found  that  the  ad- 
dition of  potassium  chlorate  made  the  red  cells  resistant 
to  any  kind  of  shaking. 

The  blood  of  different  animals  differs  considerably  in 
its  sensitiveness  to  the  influence  of  potassium  chlorate. 
It  is  stated  that  the  blood  of  the  cat  is  eleven  times  more 
sensitive  than  that  of  the  dog;  human  blood  seems  to  be 
equal  in  its  sensitiveness  to  that  of  the  dog.  The  blood 
of  rabbits  and  guinea-pigs  poisoned  by  potassium  chlo- 
rate shows  neither  during  life  nor  soon  after  death  the 
formation  of  methfemoglobin  or  destruction  of  the  red 
cells.  However,  sixteen  or  twenty  hours  after  death  the 
blood  of  these  animals,  too,  assumes  a  chocolate  color  and 
contains  methajmoglobin.  According  to  Falck,'=  by  in- 
jections of  concentrated  sodium  chlorate,  serum  globulin, 
bile,  etc.,  the  blood  of  these  animals  also  responds  to  the 
Ijoisoning  bj'  potassium  chlorate  with  an  intravital 
formation  of  metliremoglobin. 

The  prevailing  view  as  to  the  main  causes  of  poison- 
ing b}'  potassium^'hlorate  presents  itself  as  follows:  In 
acute  poisoning  the  haemoglobin  of  a  very  large  num- 
ber of  red  blood  corpuscles  becomes  converted  into 
methawnoglobin  which  does  not  give  up  its  oxygen  to 
the  tissues,  and  asphyxia  is  then  practically  the  cause  of 
death.  In  less  acute  cases,  when  there  still  remains  a 
number  of  normal  red  blood  cells  sufliciently  large  to 
carry  on  an  indispensable  minimum  of  respiratory 
changes,  the  animal  might  survive  this  primary  attack 
and  the  methtemoglobin  might  even  gradually  re-form 
into  normal  hosmoglobin.  But  then  the  secondary  effect 
of  the  destruction  of  the  red  cells  comes  into  play.  The 
debris  of  the  broken-down  corpuscles  plugs  up  the  renal 
tubules,  causing  all  forms  of  dysuria.  In  these  subacute 
cases  death  is  caused  by  ursemia.  Outside  of  these  main 
causes  of  death,  charged  to  the  account  of  the  chlorate  ion 
of  this  salt,  it  is  assumed  that  the  "  salt  action  "  might  also 
play  a  contributory  role  in  the  fatal  issue,  i.e.,  potassium 
chlorate  causes,  like  all  salts,  irritation  and  inflammation 
of  the  gastro-intestinal  canal,  the  kidney  epithelium, 
etc.  In  poisoning  with  potassium  salt,  the  depressing 
effect  of  potassium  upon  the  heart  might  also  come  into 
consideration. 

As  to  the  process  by  which  potassium  chlorate  causes 
the  changes  of  the  blood  within  the  living  animal,  we 
have  no  definite  knowledge.  Against  the  supposition 
that  the  change  is  effected  by  the  oxidizing  property  of 
the  drug,  seems  to  be  the  fact,  as  was  shown  bj'  Isam- 
bert,"*  Rabuteau,'''  and  von  Mering,'"*  that  nearly  the 
entire  quantity  of  the  administered  potassium  chlorate 
very  soon  reappears  in  the  urine  entirely  unchanged. 
However,  even  very  minute  reductions  of  the  chlorate 
salt  are  sufficient  to  bring  about  the  changes  in  the  haemo- 
globin, as  is  indeed  surmised  by  von  jNIering.  Further- 
more, there  is  no  proof  nor  even  any  good  reason  against 
an  assumption  that  potassium  salt  "is  indeed  reduced 
within  the  blood  but  becomes  reoxidizcd  again  while 
leaving  the  body. 

Regarding  the  quantity,  it  is  generally  stated  that 
from  15  to  30  gm.  in  a  single  dose"  are  fatal.  We- have 
seen  above  that  30  gm.  killed  Dr.  Fountain.  In  a  series 
of  well-conducted  experiments  by  Professor  TuUy,  of 
Yale  College,  as  eariy  as  1883,"  we  find,  however^  that 
he  as  well  as  his  stiuleuts  had  several  times  taken  one 
ounce  of  this  salt  in  single  dose  without  serious  after- 
effects. And  Percy  ■■"  is  authority  for  the  statement  that 
in  1858  A.  Jacobi  had  taken  two  ounces  in  two  days 
without  any  more  serious  effects  than  nausea,  slight 
diarrluea,  and  increased  diuresis.  It  seems  that  in  the 
early  part  of  the  century  10  to  46  gm.  used  to  be  the  thera- 
peutic dose  given  internally  within  twenty-four  hours 
(Ileriun  ''^ ).  There  are,  however,  cases  on  record  in  which 
10  gm.  have  killed  an  adult,  and  4  gm.  given  in  the  course 
of  one  night  have  killed  an  infant  one  year  old.  The 
effect  seems  to  depend  upon  the  condition  of  the  stom- 
ach; on  an  empty  stomach  the  drug  is  more  poisonous 
(Tacke,'"  von  Jlering'").  The  condition  of  the  kidneys 
is  also  an  influential  factor,  as  a  pathological  state  of  the 
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kidneys  prevents  the  secretion  of  the  salt  and  tliereby 
favors  its  accumulation  within  the  blood  (Lewin  and 
Posner  '■*).  Fever,  dj'spncea,  and  other  diseased  conditions 
of  the  body  also  facilitate  the  poisonous  effect  of  tlie  salts 
(von  Mering).  In  animals  the  poisoning  is  accomplished 
not  onljf  by  administration  by  the  mouth,  but  also  and 
in  a  more  marked  degree  by  subcutaneous,  intraperito- 
neal, or  intravenous  injections  of  the  drug. 

Symptoms  and  Coubse. — The  poisoning  has  citlier  an 
acute  or  a  subacute  course,  accoriling  to  the  quantit}'  of 
the  chlorate  salt  administered.  When  a  single  large  dose 
is  taken  the  symptoms  of  poisoning  set  in  quite  soon  and 
life  is  terminated  within  a  few  hours.  The  symptoms 
are  violent  and  incessant:  vomiting,  the  dark  vomitus 
containing  mostly  bile,  rarely  blood ;  diarrhoea,  sometimes 
blood}' ;  intestinal  and  at  times  also  vesical  tenesmus ; 
severe  pain  in  the  abdomen,  thirst,  great  prostration,  and 
dj'spna?a.  Sometimes  convulsions,  sometimes  coma 
closes  the  scene.  The  mucous  membranes,  the  skin 
under  the  nails,  and  sometimes  also  other  parts  of  the 
skin  show  peculiar  cyanotic  discolorations.  The  blood 
is  of  a  chocolate  color  and  contains  methsmoglobin.  In 
other  cases,  especially  when  smaller  but  repeated  doses 
are  employed,  the  onset  may  be  quite  insidious  and  the 
poisoning  ru'^  a  protracted  course  with  a  fatal  termination 
on  the  eighth  or  tenth  day.  In  these  cases,  too,  gastro-in- 
testinal  symptoms  prevail,  but  are  less  violent  and  usually 
subside  after  a  day  or  two.  Here,  however,  the  urinary 
disturbance  is  the  predominant  feature.  After  a  short 
period  of  increased  diuresis  the  urine  becomes  more  and 
more  scanty  until  complete  anuria  sets  in,  which  lasts 
sometimes  for  manj'  days,  until  death  closes  the  scene. 
The  urine  is  albuminous,  is  of  a  dark  reddish  or  choco- 
late color,  contains  debris  of  red  blood  corpuscles,  some 
"  shadows, "  and  casts  of  reddish-brown  particles.  It  con- 
tains also,  at  least  at  the  beginning,  potassium  chlo- 
rate, methsemoglobin,  and  haematin.  The  skin  is  of  an 
extreme  pallor  and  icteric,  sometimes  has  copper-colored 
spots  and  multiform  exudative  erythema.  The  spleen 
and  liver  are  enlarged.  The  blood  contains  debris  of  red 
cells  which  are  greatly  reduced  in  number ;  the  white  cells 
are  increased  at  the  beginning,"'"  but  they  also  decrease 
toward  the  end ;  methiemoglobin  is  present  only  at  the 
beginning  of  the  poisoning.  Of  the  subjective  symptoms 
are  to  be  mentioned :  headache,  pains  in  the  abdominal  and 
lumbar  regions,  insomnia,  great  distress,  dyspncea,  etc. 
The  multiform  manifestations  of  uraemia  are  usually  the 
features  dominating  the  closing  scenes. 

Autopsy. — In  acute  cases  the  sepia  color  of  the  blood 
and  many  organs  and  the  presence  of  raethaemoglobin 
are  the  characteristic  features.  In  subacute  cases  the 
characteristic  color  is  rarely  present;  but  here  we  find 
depositions  of  broken-down  red  blood  corpuscles  in  the 
bone  marrow,  spleen,  and  liver;  the  latter  two  organs  are 
€nlar;ed.  The  kidneys,  too,  are  usually  swollen,  the 
tubules  are  filled  up  with  the  debris  of  the  red  blood 
cells,  the  epithelia  are  in  a  state  of  cloudy  swelling, 
which  is,  however,  according  to  Marchand,  of  a  second- 
ary nature  and  due  only  to  the  pressure  of  the  plugs. 
Thrombi  were  not  found  in  any  part  of  the  body.  The 
mucous  membrane  of  the  gastro-intestinal  canal  is  often 
found  to  be  swollen  and  ecch3rmotic. 

The  Prognosis  in  well-developed  cases  of  poisoning  is 
quite  bad.  The  mortality  of  seventy  per  cent.,  which  is 
given  by  some  authors,  is  too  low,  as  the  statistics  in- 
clude also  quite  mild  cases.  There  is,  however,  no  doubt 
that  recovery  can  yet  take  place  even  in  quite  desperate 
cases.  At  the  same  time  it  should  be  borne  in  mind  that 
in  many  cases  of  fatal  poisoning  a  temporary  rallying  oc- 
curs which  deceives  both  doctor  and  family. 

In  the  preceding  sketch  I  have  followed  closely  the  lines 
laid  down  by  all  recent  writers  on  the  subject  of  poison- 
ing by  potassium  chlorate.  I  wish  to  add,  liowever, 
that  to  my  mind  the  view  as  it  is  stated  here,  and  as  it 
has  been  in  undisputed  vogue  for  the  last  dozen  years— 
namely,  that  the  changes  in  the  blood  are  the  sole  cause 
of  the  poisoning  symptoms  and  fatal  outcome— is  not  en- 
tirely correct.     I  have  seen  animals  die  in  half  an  hour 


after  intraperitoneal  injection  of  potassium  chlorate,  with- 
out any  changes  in  the  blood  or  tlie  kidneys.  Of  what 
did  these  animals  die?  There  are  in  the  literature  cases 
of  poisoning  by  potassium  chlorate  in  wliich  clonic  con- 
vulsions occurred  before  any  signs  f)f  a  disturbance  of 
the  kidney  were  present,  and  therefore  without  any  cau.se 
for  uraraia.  What  caused  the  convulsions?  Results 
which  I  have  obtained  in  a  series  of  experiments"  might 
offer  an  explanation  of  these  and  other  symptoms.  By 
injecting  gtt.  iij.  to  v.  of  a  flve-per-cent.  solution  of  po- 
tassium chlorate  into  the  brain  of  rabbits,  the  animals 
pass  through  a  series  of  violent  tonic  and  clonic  convul- 
sions which  end  in  a  paralytic  and  comatose  state.  A 
ten-per-cent.  solution  of  sodium  cldoride  does  not  have 
such  an  elfect.  This  shows  tliat  potassium  chlorate  is  a 
poison  for  the  nerve  cells,  tirst  exciting  tlien  paralyzing 
them.  May  it  not  also  be  that  by  introducing  the  po- 
tassium chlorate  into  the  body  by  any  other  method,  some 
of  the  poison  lindsits  way  into  the  brain  and  exerts  there 
exciting  and  paralyzing  effects? 

Treatment. — As  prophylactic  measures  it  may  be 
suggested  that  the  sale  of  potassium  chlorate  should  be 
restricted.  Large  doses  or  prolonged  administration  of 
the  drug  should  be  avoided.  It  should  be  taken  on  a 
full  stomach.  When  prescribed  as  a  gargle  it  should  be 
marked  "Poison."  Potassium  chlorate  is  excreted  by 
the  milk  glands  and  should  therefore  be  avoided  by  nurs- 
ing mothers.  When  poisonous  sj'mptoms  set  in,  thorough 
washing  of  the  stomach  and  bowels  should  be  practised 
first,  to  be  followed  up  by  the  administration  of  an  ounce 
of  castor  oil.  Small  doses  of  cocaine  and  morphine,  an 
ice-bag  on  the  epigastrium,  and  other  measures  appro- 
priate to  control  vomiting,  pain,  etc. ,  should  be  instituted. 
Drinking  of  water  and  alkaline  solutions  to  stimulate  diu- 
resis, etc.,  should  be  encouraged,  but  acidulous  drinks 
and  lemonades  should  be  avoided.  Cardiac  stimulants, 
to  be  administered  hypodermically,  are  indicated;  caf- 
feine and  sodium  benzoate,  which  are  both  stimulant  and 
diuretic,  are  especially  serviceable.  Oxygen  might  do 
some  good.  Venesection,  followed  by  transfusion  of  an 
alkaline  saline,  might  relieve  the  blood  from  the  delete- 
rious waste  products  and  at  the  same  time  stimulate  diu- 
resis. Cautious  use  of  pilocarpine  to  stimulate  perspira- 
tion and  salivation  is  recommended.  Hot  baths  too  will 
increase  perspiration  and  relieve  the  blood  and  kidneys. 

8.  J.  Meltzer. 
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CHLORIDES. — The  chlorides  used  in  medicine  are: 
among  the  chlorides  of  the  heavy  metals,  those,  sever- 
ally, of  iron,  mercury,  gold  and  sodium,  and  zinc ;  among 
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the  chlorides  of  tlie  alkalies,  those,  severally,  of  sodium, 
animouiuni,  and  calcium;  and  among  the  chlorides  of  the 
alkaline  earths,  the  chloride  of  barium.  With  the  single 
exception  of  mercurous  chloride  (calomel),  the  chlorides 
of  the  heavy  metals  are  distinguished  among  their  sister 
salts  for  comparatively  free  solubility  an<l  great  intensity 
of  action.  The  iron,  gold,  and  zinc  chlorides  are,  fur- 
thermore, deliquescent  to  a  high  degree.  For  detailed 
di.scussion  of  the  metallic  chlorides,  see  articles  under 
title  of  the  several  metals,  and  for  barium  chloride,  see 
under  Bariiiiii.  In  the  case  of  the  chlorides  of  the  alkali 
ba.ses,  the  iutluence  over  nutrition  which  they  derive  from 
their  chlorine  element  exceeds  in  medicinal  importance 
what  properties  are  due  to  the  basic  radicle.  The  chlor- 
ides of  the  alkalies,  therefore,  may  properly  be  I'egarded 
as  constituting  a  distinct  group  of  medicines. 

Sodium  Ghioride:  NaCl.— Sodium  chloride,  well  known 
as  common  salt,  table  suit,  sea  salt,  or  simply  salt,  is  offi- 
cial in  the  United  States  Pharmacopoeia  as  Sodii  ChloH- 
diiui,  Sodium  Chloride.  It  occurs  as  "colorless,  trans- 
parent, cubical  crystals,  or  a  white,  crystalline  powder, 
odorless,  and  having  a  purely  saline  taste.  Permanent 
in  dry  air.  Soluble  in  2.8  parts  of  water  at  15°  C.  (59° 
F.),  and  in  3.5  parts  of  boiling  water;  almost  insoluble 
in  alcohol ;  insoluble  in  ether  or  chloroform.  When 
heated,  the  salt  decrepitates;  at  a  red  heat  it  fuses,  and 
at  a  white  heat  it  is  slowdy  volatilized  and  partly  decom- 
posed. To  a  non-luminous  flame  it  imparts  an  intense, 
j'ellow  color.  The  aqueous  solution  of  the  salt  is  neutral 
to  litmus  paper"  (U.  S.  P.).  While,  as  described,  per- 
fectly pure  sodium  chloride  is  permanent  in  the  air, 
commercial  table  salt,  containing,  as  it  does,  variable 
proportions  of  magnesium  chloride,  is  more  or  less  hygro- 
scopic, becoming  damp  on  exposure  to  moist  air.  Salt 
is  the  principal  saline  ingredient  of  sea  water,  and  occurs 
native,  also,  in  enormous  quantities  as  a  mineral.  It  is 
obtained  for  commerce  from  salt  mines,  and  also,  to  a 
certain  extent,  by  evaporating  the  water  of  the  sea  and 
of  saline  springs. 

Sodium  chloride  is  an  important  normal  constituent  of 
the  body  fluids,  and  accordingly  is  perfectly  harmless  to 
swallow  in  any  ordinary  quantity.  The  only  effects  fol- 
lowing its  special  administration  are,  in  moderate  dosage, 
an  improvement  of  appetite  and  digestion,  and  probably 
also  a  quickening  of  assimilation  and  nutrition.  In  large 
single  doses  salt  is  decidedly  emetic,  especially  if  taken 
in  a  lukewarm  draught.  Therapeutically,  it  is  in  the 
first  place  important  to  remember  the  absolute  necessity 
of  salt  in  the  dietary,  and  so  to  see  to  it  that  dishes  for 
the  sick-room  are  not  made  too  insipid  by  lack  of  salt. 
Next,  salt  is  a  fairly  serviceable  emetic  ;  but  not  suffi- 
ciently powerful  foriu-gent  requirements.  Accordingly, 
it  is  used  rather  as  an  adjuvant  to  more  active  emetics, 
than  as  itself  a  vomiting  agent.  Another  application  of 
salt  is  its  administration,  dry,  in  quantity  of  a  teaspoon- 
ful  or  so,  in  hemorrhage  of  the  lungs,  over  which  affec- 
tion salt  is  supposed  to  have  some  control;  but  such  use, 
although  unobjectionable,  should  not  be  to  the  exclusion 
of  more  potent  remedies.  In  the  matter  of  external  ap- 
plication, it  is  notorious  that  salt  water  is  more  stimu- 
lating to  the  skin  than  fresh,  and  that,  for  the  ptu'pose  of 
the  constitutional  reaction  to  be  obtained,  salt  baths  are 
more  serviceable  than  fresh,  and  are  borne  by  weaklings 
with  less  danger  of  giving  "cold."  The  dose  of  salt  as 
an  appetizer  is  about  0.65  gm.  (gr,  x.),  but  the  dosage  is 
obviously  very  indeterminable,  and  much  may  be  left  to 
individual  peculiarities  of  taste.  As  an  auxiliary  emetic, 
15-30  gm.  (  J  ss.-i.)  should  be  given  in  a  tumb'lerful  of 
lukewarm  water.  For  saline  baths  sea  water  is  best, 
but  when  not  available  a  good  substitute  is  afforded  by 
a  three-pcr-cent.  acjucous  solution  of  couunon  table  salt 
(a  pound  to  four  gallons).  For  the  bathing  of  sensitive 
mucous  membranes,  such  as  the  conjunctiva  or  the 
Schneiderian  mucous  membrane  in  its  u|i]ier  jiortion,  a 
weak  solutionof  common  salt  affordsafluid  far  less  pain- 
ful than  simple  water,  for  the  reason  that  such  solution 
approaches  more  nearly  the  normal  specilic  gravity  of  the 
fluids  of  the  part.     Such  solution  should  range  between 


one-half  and  one  per  cent,  in  strength,  but  it  is  near  enough 
for  practical  purposes  to  make  the  .solution  by  addmg  1;0 
a  couple  of  tluidounces  of  water  as  much  salt  as  will  he 
on  the  thumb  nail.  For  injection  into  the  nasal  cavity, 
the  solution  should  be  blood-warm. 

Ammonuim  Chloride:  NH4CI.— This  salt,  commer- 
cially known  as  sal  ammoniac,  and  still  often  called  by 
the  old-fashioned  chemical  name  muriate  of  ammonia,  is 
official  in  the  Fuited  States  Pharmacopoeia  only  in  a 
purified  condition,  under  the  title  Ammonit  Chloridum, 
Ammonium  Chloride.  Commercial  sal  ammoniac  is  now 
most  commonlv  obtained  froman  ammoniacal  liquor  that 
occurs  as  a  by-product  in  the  making  of  illuminating  gas, 
and  is  in  the  form  of  fibrous  crystalline  cakes  of  a  pecul- 
iariy  tough  texture,  making  the  substance  very  difficult 
to  pulverize.  In  this  condition  the  salt  is  contaminated 
with  chloride  of  iron,  and  has  to  undergo  a  purification 
therefrom  to  fit  it  for  medicinal  use.  The  purified  sal 
ammoniac  is  thus  obtained  granulated,  and  presents  itself 
as  "a  white,  crystalline  powder,  without  odor,  having  a 
cooling,  saline  taste,  and  permanent  in  the  air.  Soluble 
in  three  parts  of  water  at  15°  C.  (59°  F.),  and  in  one  part 
of  boiling  water,  but  almost  insoluble  in  alcohol.  On 
ignition  the  salt  is  completely  volatilized,  without  char- 
ring "  (U.  S.  P. ). 

Physiologically,  ammonium  chloride  seems  to  combine 
to  a  certain  extent  the  pecuHar  virtues  of  ammonia  (see 
Ammonia)  with  those  of  the  chlorides.  In  continuous 
full  dosage  it  deranges  the  stomach  and  bowels,  exciting 
vomiting  and  purging.  Its  medicinal  applications  have 
been  very  varied,  but  those  which  have  best  stood  the 
test  of  well-observed  experience  are  the  u.se  of  the  salt 
to  relieve  mj'algia  and  some  neuralgias,  and  to  promote 
free  expectoration  in  bronchial  catarrhs  in  the  second 
stage,  especially  in  cases  in  which  the  secretion  is  thick, 
tenacious,  and  difficult  to  dislodge.  By  German  practi- 
tioners the  salt  is  much  emploj'ed  also  in  inflammatory 
affections,  generall}'  where  there  is  some  product  of  the 
inflammation  whose  reaUsorption  is  desirable.  The  aver- 
age dose  of  ammonium  chloride  is  from  0.30  to  0.65  gm. 
(gr.  v.-x. )  every  two  or  three  hours.  It  is  generally  given 
in  solution,  as  an  ingredient  of  composite  prescriptions, 
and,  since  its  taste  is  ver}-  disagreeable,  it  is  well  to  have 
a  little  licorice  added  to  the  mixture  to  disguise  the 
flavor.  Troches  of  ammonium  chloride  are  official,  each 
containing  0.10  gm.  (gr.  iss.)  of  the  salt.  Externally  ap- 
plied, sal  ammoniac  in  .solution  is  a  gentle  irritant,  and 
an  a(]ueous  solution,  from  one  to  three  per  cent,  in 
strength,  may  be  used  as  a  lotion  to  sluggish  ulcers,  etc., 
requiring  a  mildlj'  irritant  impression,  A  local  applica- 
tion in  respiratory  catarrhs  has  also  been  devised  where- 
bj^  the  patient  inhales  the  salt,  formed  in  a  flue  cloud  in 
air,  by  an  arrangement  that  brings  together  the  vapors 
of  hydrochloric  acid  and  water  "of  ammonia.  Lastly, 
ammonium  chloride  furnishes  a  possible  means  of  apply- 
ing cold,  since  by  solution  in  water  it  reduces  the  tem- 
perature thereof  quite  decidedly.  Thirty -five  piartseach 
of  ammonium  chloride  and  potassium  nitrate  to  one  hun- 
dred of  water  will  lower  the  temperature  from  ten  to 
fifteen  degrees  of  the  Fahrenheit  scale.  In  the  absence  of 
ice  such  a  mixture  may  be  put  into  a  rubber  bag  and 
applied  for  purposes  of  refrigeration  during  the  time  that 
the  salts  arc  in  process  of  dissolving. 

Calcium  Ghioride:  CaCU.— Calcium  chloride,  "ren- 
dered anhydrous  by  fusion  at  the  loAvest  possible  tem- 
perature," is  oflicial  as  Calcii  Chloridum.  Calcium  Chlor- 
ide. Such  fu.sed  salt  occurs  in"  white,  slightly  translucent, 
hard  fragments,  odorless,  having  a  sharp,  saline  taste' 
and  very  deliquescent.  Soluble  at  15°  C.  (59°  F).,  in  1.5 
parts  of  water,  and  in  8  parts  of  alcohol;  in  1.5  parts  of 
boiling  alcohol,  and  very  freely  in  boiling  water;  insolu- 
ble in  ether.  f?clo\v  a  red  heat  the  salt  fuses  "  (U.  S.  P.). 
Clalcium  chloride,  because  of  its  extreme  deliquescence, 
must  be  kept  in  well-stoppered  bottles. 

This  salt  presents  a  combination  of  an  acid  and  a  basy- 
lous  radicle,  both  of  which  are  peculiarly  effective  in  the 
determining  of  sound  nutrition.  Accordingly  a  course 
of  calcium  chloride  has  been  found  beneflciarin  cases  of 
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indurated  and  enlarged  glands,  or  of  a  manifest  sci-ofu- 
lous  cachexia,  or  of  tabes  mesenterica.  In  large  dose  the 
salt  is  a  dangerous  irritant.  The  therapeutic  dose  is  from 
0.65  to  1.30  gm.  (gr.  x.-xx.)  taken  preferably  dissolved 
m  a  wmeglassful  of  milk  (CoghiU:  The  Practitioner,  vol. 
xix.,  p.  251)  and  after  eating.  Edward  Curtis. 

CHLORINE. — Chlorine  is  a  greenish-yellow  gas,  soluble 
in  water,  i)ossessed  of  a  peculiar  and  disagreeal)le  odor, 
and  an  intensely  irritant  action  upon  animal  tissues. 
Even  in  the  comparatively  weak  dilutit)n  of  one  per 
cent,  in  air  chlorine  excites  violent  spasm  of  tlie  larynx, 
and  if  actually  inlialed  leads  to  irritation  and  inflamma- 
tion of  the  air  passages,  accompanied,  perhaps,  by  hemor- 
rhages, and  possibly  followed  by  death.  Habit,  liowcver, 
establishes  considerable  tolerance,  so  that  workmen  in 
bleacheries  get  to  breathe  witliout  distress  a  clilorinated  at- 
mosphere impossible  of  respiration  to  one  unaccustomed. 
Feebly  chlorinated  air  excites  only  a  glow  of  warmth  in 
the  air  passages,  and  an  increase  of  bronchial  mucus. 
Taken  internally,  in  the  form  of  strong  chlorinated  solu- 
tions, chlorine  is  powerfully  irritant  and  even  corrosive. 
In  poisoning  by  inhalation  of  chlorine,  the  sufferer  should 
be  made  to  breathe  cautiously  the  fumes  of  ammonia,  or 
a  weak  mixture  of  sulphureted  hydrogen  in  air.  In 
poisoning  by  swallowing,  albumen  shoidd  be  given 
freely,  and  the  lesions  treated  upon  general  medical 
principles. 

Chlorine  is  valuable  to  the  physician  because  of  a  con- 
sequence of  the  strong  affinity  of  the  element  for  hydro- 
gen, witli  which  body  chlorine  unites  to  form  hydrochloric 
acid.  Bj'  virtue  of  this  affinity  chlorine  can  decompose 
water,  especially  in  the  light,  appropriating  the  hydrogen 
and  setting  free  the  oxygen.  Such  nascent  oxygen  is 
then  active  for  oxidizing,  and  will  attack  and  decompose 
by  oxidation  any  organic  matter  that  may  happen  to  be 
within  reach.  Vegetable  coloring  matters  and  noisome 
products  of  putrefactive  or  fermentative  processes  fall 
particularlj'  easy  prey  to  active  oxj^gen,  and  as  a  result 
of  tlieir  oxidation  tlie  color  of  tlie  one  group  and  the 
smell  of  the  other  undergo  complete  abrogation.  In  a 
roundabout  way,  therefore,  chlorine,  in  the  presence  of 
moisture,  is  a  powerful  bleacher  of  organic  dyes  and 
a  deodorizer  of  organic  foulness.  Reasoning  from  the 
easily  obtained  deodorant  action  of  chlorine,  it  is  natu- 
rally hoped  that  the  element  may  also,  under  the  condi- 
tions that  currently  present  themselves,  oxidize  and  so 
disinfect  the  organic  matter  of  particulate  carriers  or  gen- 
erators of  contagium — disease  germs,  commonly  so  called. 
Bat  while  there  is  no  doubt  of  the  power  of  chlorine  so  to 
do,  if  in  sufficient  concentration  and  in  the  presence  of 
moisture,  yet  clinical  experience  and  exact  experiments 
combine  to  prove  that  to  disinfect  a  room  occupied  by  one 
ill  of  a  contagious  disease,  the  chlorination  of  the  air 
must  be  carried  beyond  the  limit  of  respirability,  and  to 
a  degree  which  will  also  determine  tlie  bleaching,  more 
or  less,  of  colored  fabrics.  Sternberg,  experimenting 
with  vaccine  points,  found  that  to  destro_y  their  potency 
by  exposure  to  chlorine-charged  air,  a  charge  per  volume 
of  one-half  of  one  per  cent.,  xierfectlj^  maintained,  was 
necessary,  and  an  exposure  to  such  atmosphere  of  six 
hours'  duration.'  Considering,  however,  the  conditions 
presented  by  a  sick-chamber,  where  tight  closure  (jf  the 
room  is  difficult  to  effect  and  where  the  germs  easily  fall 
into  places  comparatively  inaccessible,  a  percentage  at 
least  double  the  above — that  is,  one  per  cent. — should  be 
regarded  as  the  minimum  of  probable  efficiency. 

The  therapeutic  application  of  gaseous  chlorine  is  to 
deodorize,  disinfect,  or  both.  For  purposes  of  deodoriz- 
ing simply,  chlorinated  lime  or  chlorinated  soda  are 
fairly  efficient,  but  for  atrial  disinfection  chlorine  gas 
must  be  generated  in  greater  volume  than  can  conve- 
niently be  gotten  from  those  preparations.  At  best,  Iiow- 
ever,  chlorine  is  inferior  for  this  purpose  to  sulphur 
dioxide,  since  the  latter  is  probably  more  efficient  as  a 
disinfectant,  while  less  obnoxious  to  carpets  and  clothing. 
For  a  reasonably  reliable  effect,  chlorine  gas  should  he 
evolved  in  great  excess  of  estimated  minimum  percent- 


ages, witli  the  room  as  perl'ectly  closed  as  possible,  and 
with  all  articles  to  be  disinfected  as  freely  exposed  on 
all  sides  to  the  atmosphere  as  may  be.  Much  more  com- 
monly, however,  ('lilorine  has  been  used  on  the  small 
scale  in  sick-chamljers  wliile  still  inhaljited  liy  the  pa- 
tient— a  procedure  wliicli,  fi'om  the  point  of  view  of  gen- 
uine disinfection,  is  not  merely  futile,  liut  leads  to  tlie 
liositive  danger  of  the  omi.s.sion  of  otlier  and  really  potent 
disinfectant  measures.  Gaseous  cldoriiK.'  is  most  conve- 
niently generated  in  considerable  volume  by  Wiggers' 
method,  as  follows:  "Mix  18  parts  of  finely  ground  com- 
mon salt  with  15  parts  of  finely  pulverized  good  binoxide 
cif  manganese;  put  the  mixture  into  a  flask,  and  pour  a 
completely  cooled  mixture  of  45  i)arts  of  concentrated  sul- 
phuric acid  and  21  parts  of  water  upon  it,  and  shake  the 
flask;  a  uniform  and  continuous  evolution  of  chlorine 
gas  will  .soon  begin,  which,  when  slackening,  may  be 
easily  increased  a'gain  hy  gentle  heat"  (PVesenius).  Ac- 
cording to  Squibb,'  "about  two  hundred  grains  of  the 
common  salt  mixture,  and  half  a  fluidounce  of  the  sul- 
phuric acid  mixture,  liberates  iu  the  course  of  twelve  or 
twenty-four  hours  about  fifty  cubic  Indies  of  chlorine, 
giving  it  off  prettjr  rapidly  for  tlie  first  two  or  three 
hours,  and  very  slowly  afterward."  Estimating  from 
these  data,  a  cubic  foot  of  chlorine  requires  for  its  yield 
about  a  pound  and  a  quarter  of  the  salt  mixture,  and  a 
little  over  a  pint  of  the  acid;  and,  therefore,  for  a  one- 
per-cent.  chlorination,  by  volume,  of  the  air  of  the  aver- 
age bedroom  of  about  two  thousand  cubic  feet  capacity, 
twenty-five  pounds  of  the  salt  mixture  and  about  eleven 
quarts  of  the  dilute  acid  would  have  to  be  used!  And 
when  it  is  remembered  that  the  one-per-cent.  impregna- 
tion thus  obtained  is  probalily  the  minimum  of  efficiency, 
comment  is  unnecessai-y  on  the  common  practice  of  set- 
ting a  saucer  or  two,  holding  each  a  half-ounce  of  the 
salt  mixture,  under  the  sick-bed  with  a  serious  view  to 
disinfection.  All  that  such  procedure  can  possibly  ac- 
complish is  a  slight  deoclorixing. 

Locall}',  chlorine,  applied  in  the  form  of  chlorinated 
substances  and  solutions,  operates  as  a  disinfectant,  de- 
tergent, and  deodorant,  and,  by  virtue  of  its  irritant  prop- 
erties, also  as  a  stimulant  to  healthy  action  in  wounds 
and  sores.  The  United  States  Pharmacopo?ial  prepara- 
tions of  chlorine,  available  for  the  purposes  thus  sug- 
gested, are  the  following: 

Aqua  Ghlori,  Chlorine  Water. — "An  aqueous  solution 
of  chlorine,  containing  at  least  0.4  per  cent,  of  the  gas" 
{U.  S.  P.).  Chlorine  gas,  generated  b}'  the  action  of  di- 
luted hydrochloric  acid  upon  black  oxide  of  manganese, 
is  conducted  into  a  bottle  of  distilled  water  until  the  lat- 
ter, after  agitation,  is  saturated  with  the  gas  in  solution. 
The  product,  from  its  extreme  proueness  to  spontaneous 
change,  must  be  put  up  in  "dark,  amber-colored,  glass- 
stoppered  bottles,"  and  these  completely  filled  and  kept 
in  a  dark  and  cool  place.  Chlorine  water,  when  freshly 
made,  is  a  "  clear,  greenish-yellow  liquid,  having  the  suf- 
focating odor  and  disagreeable  taste  of  chlorine,  and 
leaving  no  residue  on  evaporation.  It  instantly  decolor- 
izes dilute  solutions  of  litmus,  indigo,  and  other  vegetable 
coloring  matters"  (Lf.  S.  P.).  Chlorine  water,  especially 
on  exposure  to  light,  tends  to  lose  strength  by  reason  of 
the  chlorine  decomposing  tlie  water,  and  uniting  with  the 
hydrogen  thereof  to  form  hj'drochloric  acid ;  when  \'\-anted 
of  full  strength,  therefore,  the  preparation  should  be 
freshlj'  made. 

Chlorine  w^ater  is  used  in  medicine  mainly  as  a  local 
application,  either  as  a  lotion  for  foul  or  indolent  ulcer- 
ated surfaces  upon  the  skin,  or  as  a  gargle  in  analogous 
conditions  of  the  mucous  membrane  of  the  throat.  If 
freshly  made  it  is  intolerably  pungent  of  chlorine,  and 
sliould  be  diluted  severalfold  witli  water  for  use.  Inter- 
nally the  remedy  is  occasionally  given,  generall}'  in  the 
so-called  zymotic  diseases,  in  the  hope  probably  of  a 
constitutional  antiseptic  action — a  hope  little  likely  to  be 
fulfilled.  From  half  a  teaspoonful  to  a  teaspoonful  may 
be  given  at  a  dose,  diluted  with  five  or  six  volumes  of 
water.  Nothing  organic  should  be  added  to  the  potion, 
such  as  syrup  or  glycerin,  else  the  free  chlorine  will  rap- 
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idly  disappear  as  suoli.     T)ie  dose  is  very  disagreeable  to 
take. 

Calx  Gldorata,  Chlorinated  Lime.— This  is  the  prepara- 
tion, commonly  miscalled  chloride  of  lime,  which  results 
from  exposing  calcium  hydroxide  (slaked  lime)  to  chlor- 
ine gas.  The  lime  absorbs  the  chlorine  with  the  forma- 
tion of  a  peculiar  product,  which  by  the  standard  of  the 
United  States  Pharmacopceia  should  contain  "not  less 
than  thirty-five  per  cent,  of  available  chlorine."  Chlor- 
inated linie  is  in  the  form  of  "a  white,  or  grayish-white, 
granular  powder,  exhaling  the  odor  of  hypochlorous 
acid,  having  a  repulsive,  saline  taste,  and  becoming  moist 
and  gradually  decomposing  on  exposure  to  air.  In  water 
or  ill  alcohol  it  is  only  partially  soluble.  The  aqueous 
solution  first  colors  red  litmus  paper  blue,  and  then 
bleaches  it.  If  the  salt  be  dfssolved  in  diluted  acetic 
acid,  an  abundance  of  chlorine  gas  is  evolved,  and  only  a 
trifling  residue  left  undissolved"  (U.  S.  P.).  Chlorinated 
lime  undergoes  spontaneous  change  on  exposure  to  air, 
and  accordingly  must  be  kept  in  well-closed  vessels  in 
a  cool  and  dry  place.  If  put  up  in  glass-stoppered  bot- 
tles, the  stoppers  must  be  guarded  by  a  thin  smear  of 
paratHn,  else  they  will  become  irremovably  fixed  to  their 
seats. 

The  composition  of  chlorinated  lime  has  proved  a  diffi- 
cult matter  to  determine  definitely.  It  has  been  supposed 
to  be  represented  by  a  mixture  of  calcium  chloride  and 
calcium  hypochlorite  (CaCU  +  CaCUOj),  but  certain 
chemical  considerations  make  it  likelj^  that  the  true  com- 
position is  according  to  Odling's  formula,  viz.,  CaCl,OCl. 
The  important  chemical  reaction  upon  which  the  medical 
virtues  of  the  compound  rest  is  the  ready  decomposi- 
tion of  chlorinated  lime  by  any  acid,  however  weak — 
even  carbonic  acid — with  the  evolution  of  free  chlorine. 
Hence,  by  mere  exposure  to  the  atmosphere,  the  prepa- 
ration continuously  disengages  chlorine  through  attack 
by  the  carbon  dioxide  ever  present  in  the  air,  and,  if 
treated  with  an  acid  of  any  power,  such  as  hydrochloric, 
nitric,  acetic,  etc.,  the  yield  of  chlorine  is  prompt  and 
decided.  Medicinally,  partly  through  its  evolving  free 
chlorine  and  partly  by  virtue  of  its  properties  while 
under  its  own  form,  chlorinated  lime  is  alkaline,  desic- 
cant,  irritant,  deodorant,  and  disinfectant.  It  is  also 
cheap,  and  so  combines  many  qualities  that  make  it  of 
genuine  value.  Its  most  common  employment  is  as  a 
disinfectant ;  in  which  capacity  for  aSrial  disinfection  its 
yield  of  chlorine  is  insufficient,  but  for  direct  application 
to  solid  or  fluid  infectious  material,  or  for  the  cleansing 
of  contaminated  articles,  it  is  excellent.  Its  only  draw- 
backs are  its  chlorinous  odor,  its  powerful  bleaching 
action,  and  the  fact  that  it  attacks  metals.  As  a  deodor- 
ant it  is  very  potent,  operating  in  this  service  even  aeri- 
ally upon  the  foul  gases,  but  being,  of  course,  more 
efficacious  if  directly  applied  to  the  noisome  thing  itself. 
For  use  as  a  disinfectant  or  deodorant,  chlorinated  lime 
may  be  thrown,  in  bulk,  and  liberall}',  down  privies, 
drains,  or  sinks,  or  into  chamber  vessels  (of  china  or 
glass)  before  use;  or  strewn,  before  .scrubbing,  upon  foul 
floors;  or  in  solution,  from  one  to  three  or  four  per  cent, 
in  water,  used  as  a  detergent  lotion  upon  corpses,  slough- 
ing wounds,  or  strong-smelling  feet  or  armpits,  etc.  "in 
these  various  applications  the  preparation  musi  not  be 
applied  strong  to  colored  or  delicate  fabrics,  lest  the  color 
be  discharged  and  the  texture  injured.  Apart  from  its 
mere  deodorant  property,  chlorinated  lime  is  serviceable 
in  promoting  healtliy  action  in  sluggish  and  foul  sores, 
skin  eruptions,  etc.  For  this  purpose  a  one-percent, 
lotion  is  a  convenient  form  of  application.  Internally, 
chlorinated  lime  has  been  given  as  a  source  of  chlorine, 
aimed  to  combat  the  morbific  principle  in  z  vmotic  disease. 
It  may  be  given  in  sweetened  solution, 'freshly  mixed 
and  in  doses  of  from  .00  to  .40  gm.  (gr,  i.  to  vi.).  A  last 
and  special  aiipbcalioii  is  the  inhalation  of  the  fumes  of 
cidorinated  lime  in  cases  of  poisoning  by  breathing  sul- 
phureted  hydrogen,  as  may  occur  to" wiukmeii  enlcring 
sewers.  The  gas  is  always  immediately  decomposed  by 
the  chlorine  of  the  lime  compound. 

Liquor  Sodai  Ghloratm,  Solution  of  Chlorinated  Soda; 


Labarraque's  Solution. — This  preparation  is  made  by 
pouring  a  boiling-hot  aqueous  solution  of  sodium  carbo- 
nate into  a  filtered  aqueous  solution  of  chlorinated  lime. 
The  sodium  and  calcium  change  places,  calcium  carbonate 
being  precipitated,  and  a  chlorinated  compound  of  sodium 
analogous  in  composition  to  the  pre-existing  calcic  com- 
pound, remaining  in  solution.  But  the  sodium  carbonate 
being  ordered  in  excess,  some  of  this  salt,  unchanged, 
remains  in  the  preparation.  The  mixture,  after  filtra- 
tion, is  brought  to  standard  strength  by  the  addition  of 
water.  The  product  must  be  kept,  protected  from  the 
light,  in  well-stoppered  bottles,  and  if  these  be  glass-stop- 
pered, the  stoppers  should  be  overlaid  with  a  thin  smear 
of  melted  paraffin,  else  they  will  become  Irremovably 
fixed  in  their  seats.  Solution  of  chlorinated  soda  should 
contain  "at  least  3,6  per  cent.,  by  weight,  of  available 
chlorine."  The  preparation  is  "a  clear,  pale,  greenish 
liquid,  having  a  faint  odor  of  chlorine,  and  a  disagree- 
able, alkaline  taste.  Specific  gravity  about  1.0.52  at  1.5° 
C.  (.59°  F.).  The  solution  at  first  colors  red  litmus  paper 
blue,  and  then  bleaches  it.  The  addition  of  hydrochloric 
acid  to  the  solution  causes  an  effervescence  of  chlorine 
and  carbonic  acid  gas"  (U.  S.  P.). 

Chlorinated  soda  has,  intrinsically,  similar  properties 
to  chlorinated  lime,  and,  like  the  latter  compound,  is 
readily  decomposed  by  acids  with  the  evolution  of  free 
chlorine.  Its  tlierapeutic  uses  are  therefore  the  same 
as  those  of  the  lime  compound.  The  solution  may  be 
used  as  a  deodorant  disinfectant,  poured  down  drains, 
sinks,  or  into  chamber  vessels  of  crockery  or  glass,  or, 
diluted  from  five  to  tenfold,  emploj'ed  as  a  detergent  and 
gently  irritant  lotion  to  foul  ulcers,  skin  eruptions,  etc. 
Like  chlorinated  lime,  this  solution  has  been  given  in- 
ternally in  zymotic  diseases,  the  dose  being  from  one- 
half  to  one  teaspoonful,  diluted  manifold  with  water,  and 
repeated  every  two  or  three  hours.         Edward  Curtis. 

1  Sternberg:  National  [U.  S.]  Board  of  Health  Bulletin,  vol.  ill.,  p. 
21. 

2  Squibb :  Disinfectants.  The  Medical  Record,  May  1st  and  1.5th, 
1866. 

CHLOROBROIVI  is  the  registered  trade  name  of  a  com- 
bination of  chloralamid  and  bromide  of  potassium.  This 
combination,  which  possesses  the  active  properties  of 
both  its  constituents,  has  been  recommended  b_y  Professor 
Charteris,  of  Glasgow,  as  a  remedy  for  sea-sickness.  He 
had  used  it  in  many  cases  with  verj-  gratifying  results. 
A  dose  is  given  after  the  stomach  has  been  emptied  of 
its  contents ;  the  sense  of  depression  is  relieved  and  nausea 
checked ;  a  quiet  sleep  follows,  from  which  the  patient 
awakes  relieved  of  all  the  distressing  symptoms.  The 
remedy  may  be  prepared  as  follows"  Chloralamid,  bro- 
mide of  potassium,  of  each  3  iss.  ;  water,  §ij.;  syrup, 
I  i.     One  to  one  and  a  half  tablespoonfuls  for  a  dose. 

Bt-aumorit  Small. 

CHLORODYNE.— Chlorodine.  This  title  has  been  ar- 
liitrarily  applied  to  mixtures  differing  considerabl_y  in 
composition,  none  of  them  official  in  the  United  States 
Pharmacopa'ia.  Remington  has  proposed  the  following 
formula:  Dissolve  gr.  xvi.  of  hydrochlorate  of  morphine 
in  3  i.  of  water  and  fl.  §  1.  of  alcohol :  add  to  this  chlo- 
roform, fl.  3  iij.;  tincture  of  cannabis  indica,  fl.  3  ij.  ; 
tincture  of  caiisicum,  lit  xviij.  ;  oil  of  peppermint,  ti{ 
iv. ;  dilute  hydrocyanic  acid,  lU  xxiv.  ;  and  perchloric 
(orhydiochlonc)iicid,fl.  3  ss.  Each fluidrachm  contains 
gr.^  i.  of  morphine.  Oldberg  gives  the  following  as  an 
imitation  of  the  original  chlorodyne:  chloroform,  140 
c.c.  ;  ether,  S.'i  c.c.  ;  alcohol,  Sr,  c!c.  ;  molasses,  Ss'c.c. ; 
])ui-iHeil  extract  of  licorice,  85  gm.  ;  hydrochlorate  of 
morphine,  O.tiO  gm. ;  oil  of  peppermint,  1.20  gm.  ;  diluted 
hydrocyanic  acid,  70  c.c.  ;  simple  syrup,  enough  to  make 
a  total  of  1  litre.  Dissolve  the  morphine  a"nd  the  oil 
of  pe]ipermint  in  the  alcohol,  and  add  the  chloroform 
and  the  ether.  Triturate  the  extract  of  licorice  with 
the  syrup  until  dissolved,  and  add  the  molasses.  Mix 
the  syrup  with  the  above  sohttion,  and  finally  add  the 
hydrocj'auic  acid.     The  "  National  Formulary  of  Unofii- 
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cial  Preparations,"  of  the  American  Pharmaceutical  As- 
sociation, offers  a  "cliloroform  anod3'ne  "  under  tlie  title 
Mtstura  C hloroformi et  GannaMs Indico!,  (Jomponild ,  N.  F. ; 
Compoimd  Mixture  of  Chloroform  and  Cannabis  Inilica. 
This  preparation  may  be  prescribed  as  a  substitute,  of 
definite  composition,  for  the  variable  "clilorodynes." 
Each  tluidrachm  of  the  mixture  represents  about  7.5 
minims  of  chloroform,  7.5  minims  of  tincture  of  Indian 
cannabis,  3.75  minims  of  tincture  of  capsicum,  and  gr.  \ 
of  morphine  sulphate.  It  is  flavored  with  oil  of  pepper- 
mint. Edward  Curtis. 

CHLOROFORM.— Chloroform,  chemically  trieldoro- 
methane.  or  metheiiyl  chloride,  CHCU  (formerly  called 
tercldorirJe  of  foriiiyl.  and,  popularly,  chloric  ether),  is  an 
ethereal  body  at  one  time  obtained  by  distilling  cautiovisly 
a  mixture  of  chlorinated  lime,  alcohol,  and  water,  but  now 
most  commonly  produced  by  the  distillation  of  acetone 
with  chlorinated  lime.  Commercial  chloroform  is  very  fre- 
quently impure,  and,  though  unobjectionable  for  external 
medical  use,  or,  pharmaceutically,  for  solvent  purposes, 
is  entirely  unfit  for  administration  by  inhalation  as  an 
anfesthetic.  Under  the  simple  title  Chloroformum,  Chloro- 
form, the  United  States  Pharmacopoeia  recognizes  a  puri- 
fied article  "  consisting  of  99  to  99.4  per  cent.,  by  weight, 
of  absolute  chloroform,  and  1  to  0.6  per  cent,  of  alcohol." 
The  presence  of  alcohol  in  purified  chloroform  is  for 
preservative  purposes,  since  absolutel_y  pure  chloroform 
is  prone  to  spontaneous  decomposition.  Chloroform  is 
"a  heavy,  clear,  colorless,  mobile  and  diffusible  liquid, 
of  a  characteristic,  ethereal  odor,  and  a  burning,  sweet 
taste.  Specific  gravity  not  below  1.490  at  15°  C.  (59°  F.) 
or  1.473  at  25°  C.  (77°  F.).  Soluble  in  about  200  times 
its  volume  of  cold  water,  and,  in  all  proportions,  in  al- 
cohol, ether,  benzol,  benzin,  and  the  fixed  and  volatile 
oils.  Chloroform  is  volatile  even  at  a  low  temperature, 
and  boils  at  60°  to  61°  C.  (140°  to  141.8°  F.).  It  is  not  in- 
flammable, but  its  heated  vapor  burns  with  a  green  flame. " 
Chloroform  is  affected  by  light,  and  accordingly  it  should 
be  kept  in  dark  amber-colored  bottles,  which  in  turn 
should  be  well  stoppered  and  stored  in  a  cool  dark  place. 
Chloroform  of  standard  quality  is  now  readily  obtain- 
able, but  nevertheless,  since  an  impure  article  is  positively 
dangerous  for  use  as  an  anesthetic,  it  is  well  for  the  sur- 
geon, before  using  an  unknown  sample,  to  apply  the 
following  simple  tests:  Pour  a  little  of  the  chloroform 
upon  a  clean  piece  of  filtering  paper  (or  blotting  paper, 
if  filtering  paper  be  not  at  hand)  laid  upon  a  clean  plate 
or  saucer.  Rock  the  plate  from  side  to  side  till  the 
chloroform  is  evaporated,  and  as  the  odor  of  the  chlo- 
roform disappears  there  should  be  no  adventitious  smell 
left  to  follow  it.  Next,  shake  thoroughly  in  a  test  tube 
a  portion  of  the  chloroform  with  an  equal  volume  of 
distilled  water,  and  allow  the  two  fluids  to  separate  by 
standing.  The  upper,  aqueous  portion  should  then  not 
redden  litmus  paper,  nor  be  affected  by  a  flve-per-cent. 
solution  of  either  silver  nitrate  or  potassium  iodide. 

In  its  action  upon  the  animal  economy,  chloroform 
combines  the  properties  of  an  irritant  and  a  specific  neu- 
rotic. It  is  a  substance  of  high  diffusion  power,  and 
hence  capable  of  rapid  and  intense  action.  Applied 
pure  to  the  skin  in  such  manner  as  to  prevent  its  being 
dissipated  by  evaporation,  chloroform  excites  redness 
and  burning  pain,  readily  followed,  if  the  application  be 
prolonged,  by  blistering.  Absorbed  into  the  blood  it 
produces  profound  perversions  of  current  phy.siological 
status,  of  which  the  most  important  are  derangement  of 
the  cerebral  faculties,  beginning  with  emotional  excite- 
ment and  ending  in  entire  unconsciousness;  derangement 
of  sensation,  shown  most  markedly  in  exaltation  of  the 
hearing  and  dulling  of  the  tactile  sense ;  and  derangement 
of  motility — first  tremblings,  or  even  spasms,  and  exalta- 
tion of  reflex  activity,  and,  later,  paresis,  paralysis,  abso- 
lute muscular  relaxation  and  abohtion  of  the  reflexes,  and 
finally,  if  the  dose  be  suflScient,  arrest  of  action  of  heart 
and  lungs.  As  seen  chnically  in  the  inhalation  of  diluted 
chloroform  vapor  for  the  production  of  anaesthesia  the 
essential  phenomena  present  themselves  as  follows :  Very 


shortly  after  beginning  the  inhalation,  the  subject  shows 
emotional  derangement  generally  analogous  to  that  seen 
in  alcoholic  intoxication,  but,  as  a  rule,  of  more  quiet 
tone.  In  the  case  of  naturally  calm  and  self-contained 
individuals,  all  expression  of  emotional  perversion  may 
be  absent,  the  subject  pa.ssing  to  jierfect  unconsciousness 
without  a  word  or  a  movement.  As  a  rule,  furthermore, 
the  period  of  active  emotional  display  is  short,  and  un- 
consciousness supervenes  not  mucli  later  than  four 
minutes  after  the  beginning  of  the  inhalation.  Mean- 
time, in  the  matter  of  affection  of  the  senses,  the  hearing 
has  been  excited  so  that  noises  seem  enormously  magni- 
fied in  intensity,  while  the  tactile  .sense,  on  the  contrary, 
has  been  progressively  dulled.  This  latter  effect — anaes- 
thesia, the  most  important,  therapeutically,  of  all  the 
effects  wrought  by  chloroform — begins  earlier  and  is 
relatively  more  pronounced  than  in  intoxication  by  either 
alcohol  or  ether.  So  great  is  the  sensory  dulling,  indeed, 
that  surgical  procedures,  except  upon  the  most  acutely 
sensitive  parts  of  the  bod}',  may  be  practi.sed  without 
pain  in  many  cases  long  before  muscular  relaxation  is 
complete,  and  even  while  considerable  conscious  intel- 
ligence remains.  Motor  disturbances  commonly  begin 
with  a  moderate  degree  of  rigidity,  which,  after  a  flitting 
general  tremor  just  as  consciousness  fails,  quickly  gives 
way  to  a  condition  of  relaxation.  During  the  evolution 
of  these  various  phenomena  the  respirations  have  at  first 
quickened  and  then  slackened,  until  at  last  they  have 
become  shallow  and  slow ;  the  heart  has  also  at  first 
quickened  its  pulse  rate,  then  reassumed  the  normal, 
and  later  taken  on  a  more  rapid  but  feebler  action ;  and 
the  pupil  has  at  the  beginning  dilated,  and  then  con- 
tracted, and  redilates  only  with  progressive  advance  of 
the  intoxication,  when  the  coma  has  become  dangerously 
profound.  B_y  the  march  of  these  various  phenomena 
the  subject  is  brought  to  a  condition  where  consciousness 
is  lost,  tiie  muscular  system  relaxed,  respirations  are  quiet 
and  shallow,  rate  and  quality  of  pulse  not  far  removed 
from  the  normal,  the  pupil  is  still  rather  contracted,  and 
reflex  winking  upon  touch  of  the  conjunctiva  still  slightly 
manifested.  This  condition  is  as  far  as  the  intoxication 
need  be  carried  for  surgical  purposes  under  ordinary  cir- 
cumstances, and  should  therefore  be  recognized  as  the 
limit  of  effect  sought  to  be  attained  under  such  circum- 
stances. If  the  chloroform  be  further  pu.shed,  the  respi- 
ration becomes  stertorous,  the  heart's  action  grows  more 
rapid  and  weak,  the  pupils  dilate,  and  all  reflexes  cease; 
and,  next  and  last,  if  the  inhalation  still  continue,  pulse 
and  breathing  fail  and  the  subject  dies.  Upon  dis- 
continuing a  chloroform  inhalation,  the  return  to  con- 
sciousness is  comparatively  rapid,  and  there  is  but  little 
tendency  to  succeeding  nausea,  headache,  or  other 
malaise. 

Such  are,  in  brief,  the  main  phenomena  ordinarily  seen 
in  chloroform  narcosis,  but  departures  from  this  normal 
course  may  occur,  of  which  the  most  notable  are  un- 
natural intensity  and  prolongation  of  the  period  of  emo- 
tional excitement;  unduly  strong  and  persistent  spas- 
modic symptoms,  and,  most  important  of  all,  sudden 
failure  of  heart  and  respiration.  Prolonged  and  high 
excitement  and  strong  muscular  rigidity,  or  spasms,  very 
commonly  occur  together,  and  are  most  frequent  in  the 
case  of  hard  drinkers,  who  take  chloroform,  as  they  take 
all  anesthetics,  very  badly.  Heart-and-lung  failure, 
likewise,  is  prone  to  occur  in  just  such  eases,  but  can  also 
happen  in  an  inhalation  progressing  in  perfectly  normal 
fashion,  and  when  so  occurring,  is  most  common  in 
subjects  in  the  height  of  health  and  vigor.  Strong 
and  active  males  in  the  prime  of  life,  who  take  chloro- 
form on  the  occasion  of  some  trivial  surgical  procedure, 
thus  constitute  the  class  that  furnishes  the  majority  of 
instances  of  chloroform  collapse.  With  children  the  ac- 
cident is  rare,  and  with  parturient  women  rarest  of  all. 
In  the  latter  class  of  subjects  the  presence  of  pain  very 
likely  counteracts  any  possible  tendency  to  syncope. 
Collapse  may  occur  at  any  stage  of  the  narcosis,  or  even 
after  the  subject  has  wellnigh  wholly  recovered  there- 
from  but  is  far  more  common,  however,  in  the  earlier 
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stages,  generally  before  couseiouaness  is  lost.  It  may 
come  on  quite  .suddenly  after  a  brief  period  of  faltering 
respiration,  or  it  may  follow  great  and  prolonged  excite- 
ment, violent  struggling,  or  strong  and  continued  mus- 
cular rigidity  or  convulsions,  or  vomiting. 

The  picture  is  like  that  of  shock.  Suddenly  the 
breathing  falters,  and  almost  on  the  instant  the  pulse 
fails,  the  face  blanches,  the  eyes  glaze,  bleeding  from 
cut  vessels  stops  (supposing  an  operation  to  be  in  prog- 
ress), and  the  whole  aspect  is  that  of  imminent  death. 
Ordinarily,  under  prompt  and  proper  treatment,  the  sub- 
ject revives  in  a  very  few  minutes,  but  occasionally  lie 
docs  not,  and  another  ""  death  from  chloroform  "  is  entered 
on  the  discredit  account  of  surgical  annals. 

The  determining  cause  of  chloroform  collapse  is  an 
overdose  of  the  drug.  Overdosage  may  come  about  in 
several  ways.  If  the  subject  is  an  old  toper,  or  is  pre- 
disposed to  heart  failure  by  reason  of  shock,  fatty  heart, 
congestion  of  the  lungs,  or  uremic  or  septicoemic  poison- 
ing, the  normal  dose  of  chloroform  is  for  him  an  merdou. 
Again,  even  in  the  case  of  a  sound  subject,  a  normal 
dose,  in  the  sense  of  a  normal  chloroform  strength  of 
vapor,  may  lead  to  overdosage  by  reason  of  suddenly 
occurring  quick  and  deep  respirations.  Such  unusually 
rapid  and  full  breathing  always  follows  the  giving  way 
of  a  fit  of  rigidity  or  of  struggling,  with  its  attendant 
stoppage  of  breathing,  and  the  circumstance  accounts  for 
the  frequency  of  collapse,  already  noted,  occurring  early 
in  the  chloroformization  and  following  a  scene  of  excite- 
ment and  struggling.  Lastly,  overdosage  majr  come  from 
an  overcharge  of  chloroform  upon  the  inhaler,  as  may 
easily  happen  where  the  inhaler  is  simply  a  towel  or  hand- 
kerchief upon  which  an  unmeasured  quantity  of  chloro- 
form is  dashed  from  time  to  time. 

The  action  of  chloroform  is  complex,  as  is  the  case 
with  the  ethereal  narcotics  generally.  When  blood  is 
charged  directly  with  chloroform,  the  red  corpuscles 
shrink,  and,  if  there  be  free  access  of  air,  dissolve  com- 
pletely in  the  serum,  presumably  as  a  result  of  oxidation 
of  their  substance.  But  in  ordinary  chloroform  narcosis 
the  percentage  of  chloroform  in  the  blood  is  too  slight 
to  lead  to  any  change  in  the  blood  discs.  Certain  of 
the  early  chloroform  effects,  such  as  coughing,  holding 
the  breath  and  struggling,  are  merely  reflexes  of  local 
irritation  of  the  air  passages.  But,  for  the  rest,  the 
essential  phenomena  of  chloroform  narcosis  all  result 
from  a  direct  action  of  the  poison  upon  the  nerve  centres 
of  the  brain  and  spinal  cord  and  upon  the  heart,  or  its 
contained  ganglia — an  action  which  in  the  main  is  one 
ot  progressive  paralysis  of  function.  The  influence,  how- 
ever, does  not  fall  with  equal  weight  upon  all  the  parts 
affected.  The  brain  is  perturbed  before  the  cord,  and 
of  the  tracts  of  the  cord,  the  sensory  suffers  earlier  and 
more  severely  than  the  motor.  The  centres  of  the  me- 
dulla succumb  last,  and  again  the  motor  tract  resists 
longer  than  the  sensory,  the  respiratory  and  vasomotor 
centres  holding  out  the  very  longest. 

Upon  the  heart,  a  directly  weakening  influence  is  a 
characteristic  action  of  chloroform.  If  chloroform  vapor 
is  blown  upon  the  exposed  heart  of  a  frog,  the  organ 
stops  beating  instantly,  while  its  musculature  relaxes  and 
refuses  to  respond  to  any  kind  or  degree  of  stimulation. 
In  ordinary  chloroform  narcosis,  a  fall  of  blood  pressure, 
even  pos.sibly  to  zero,  is  a  classical  feature  of  the  intoxi- 
cation, and  a  progressive  weakening  and  dilatation  of  the 
heart,  beginning  at  the  auricles,  can  be  demonstrated. 
When  the  poisoning  is  intense,  the  heart  beats  more 
slowly  as  well  as  more  feebly,  and  stops  at  last  in  dias- 
tole. 

Just  what  is  the  patlwlony  of  chloroform  collapse  has 
been  a  subject  of  dispute  for  many  years.  Some  liave 
held  it  to  be  heart  failure,  pure  and  simple,  due  to  direct 
action  of  the  poison  upon  the  heart  or  its  contained 
ganglia,  while  others,  though  admitting  that  the  heart 
suffers  a  direct  weakening,  yet  maintain  that  there  never 
is  a  primary  cardiac  paralysis,  but  that  death  begins  al- 
ways in  the  centres  of  the  medulla— respiratory  or  vaso- 
motor.    This  latter  belief  received  a  strong  impetus  from 


its  reaffirmation  by  the  second  Hyderabad  Commissiom 
According  to  Hare  f — himself  a  later  experimenter  witn 
chloroform  under  commission  from  the  Nizam  of  Hy- 
derabad—the  chain  of  cause  and  effect  in  chloroform 
collapse  is  prrimary  paralysis  of  the  taso-motor  centre, 
whereby  vascular  control  wholly  disappears,  the  blood 
collects  in  the  veins,  and  the  subject  dies  as  he  would  die 
from  actual  hemorrhage,  by  failure  of  respiration  and  of 
heart  through  lack  of  blood  to  nourish  the  respiratory 
centre  on  the  one  hand,  and  to  excite  and  maintain  the 
contractions  of  the  heart  on  the  other. 

Whatever  be  the  true  explanation  of  chloroform  col- 
lapse, the  following  clinical  points  seem  now  to  be  estab- 
lished: In  extreme  chloroform  narcosis  the  respiiratory 
function  always  fails  before  the  cardiac  ;  but  if  a  falter- 
ing of  the  breathing,  when  it  occurs,  be  not  detected 
instantly  and  treated  promptly  and  properly,  the  associ- 
ated heart  failure  will  follow  surely  and  swiftly  and  will 
at  once  imperil  life.  The  time  elapsing  between  failure 
of  respiration  and  the  succeeding  failure  of  heart  action 
will  vary  with  the  chloroform  strength  of  the  inhalation. 
If  the  narcosis  is  produced  by  a  prolonged  inhalation  of 
low  chloroform  percentage,  the  heart  may  beat  for  two 
or  three  minutes  after  the  breathing  has  stopped;  but  if  a 
strong  percentage  is  u.sed,  the  one  failure  of  function  will 
follow  upon  the  heels  of  the  other  so  quickly  that  the  two 
will  seem  to  be  simultaneous. 

Chloroform  has  but  little  action  on  the  nerves,  or,  ex- 
cept in  the  case  of  the  heart,  upon  the  muscles,  unless  the 
narcosis  has  been  prolonged  or  repeated.  In  such  latter 
cases,  however,  chloroform  may  cause  a  temporary  fatty 
degeneration,  affecting  not  only  the  muscles,  but  also  the 
liver  and  kidneys.  Ordinarily  this  condition  disappears 
after  a  few  days,  but  while  it  endures,  it  is  obviousl_y  a 
possible  source  of  danger,  and  indeed  accounts  for  occa- 
sional late  deaths  after  chloroform  narcosis. 

Body  temperature  falls  during  chloroform  narcosis, 
mainly  as  a  consequence  of  muscular  inaction. 

Elimination  of  absorbed  chloroform  is  principally  by 
the  lungs  and  kidneys,  and  the  greater  bulk  of  the  poison 
escapes  unchanged. 

The  therapeutic  applications  of  chloroform  are  locally 
as  an  addition  to  liniments  for  rubefaction,  or,  in  dilute 
mixture,  as  an  anodyne  for  the  relief  of  itching  or  of 
surface  pains;  by  the  stomach,  principally  as  an  anti- 
spasmodic, notablj'  in  intestinal  colics,  where  the  power 
of  chloroform  is  unrivalled;  and  by  inhalation,  as  an 
antispasmodic,  an  anodyne,  or,  carried  to  full  narcosis, 
as  an  ana?sthetic  in  surgical  procedures. 

For  the  local  uses  of  chloroform  the  L'nited  States 
Pharmacopoeia  offers  Linimentum  Chloroformi,  Chloro- 
form Liniment,  a  preparation  compounded  of  chloroform, 
three  parts,  and  soap  liniment,  seven  parts,  by  measure. 
In  continuous  application  as  an  anodyne,  this  liniment 
should  be  applied  under  some  air-proof  texture  to  pre- 
vent the  dissipation  of  the  chloroform  by  evaporation. 
Chloroform  is  also  much  used  as  a  local  anodyne  in  the 
form  of  an  extemporaneous  ointment,  made  "by  incor- 
porating one  part  of  chloroform  with  eight  "or  nine 
parts  of  some  simple  fatty  basis. 

For  (jiiiing  by  the  stomach,  chloroform  itself  may  be 
prescribed  in  extemporaneous  mixture  with  glycerin, 
mucilage,  or  syi'up.  The  dose  ranges,  for  an  adult,  from 
a  few  drops  to  a  teaspoonful.  The  latter  dose,  however, 
is  a  large  one:  it  will  be  apt  to  produce  decided  narcotic 
symptoms,  and  often,  also,  vomiting.  If  ordered  by 
drops,  it  must  be  remembered  that  the  drop  of  chloro- 
form is  unusually  small,  the  number  required  to  till  the 
measure  of  4  c.c.  (fl.  3  i.)  ranging  from  one  hundred  and 
eighty  to  two  hundred  and  seventy,  according  to  the 
circumstances  of  the  dropping.  Most  commonly  chloro- 
form is  given  internally  in  the  form  of  one  or  otlier  of  the 
following  official  preparations  of  the  United  States  Phar- 
macopo-ia:  Spiritiis  Chloroformi,  Spirit  of  Chloroform. 
This  IS  u  solution  of  chloroform  in  alcohol  of  the  strength 


*  See  Hie  Loneet  for  the  year  1890. 

+  The  Therapeutic  Gazette,  February,  1897. 
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of  six  per  ceut.  of  chloroform  by  measure.  Dose,  anj'- 
wliere  up  to  a  teasponnful,  diluted  iu  some  form  of  mix- 
ture. Emiilsiun  Clihii-iifiirrni,  Emulsion  (if  Cidoroform, 
is  compounded  of  chloroform,  expres.sed  oil  of  almond, 
tragacanth  ami  water,  the  chloroform  being  present  in 
the  proportion  of  four  parts,  by  measure.  This  emulsion 
keeps  well,  dilutes  smoothly  with  water,  and  so  forms 
a  convenient  preparation  for  the  giving  of  chloroform. 
Since  it  contains  no  alcohol,  the  dose  may  be  proportion- 
ate! j'  greater  than  that  of  the  spirit  jvist  described,  and 
may  be  set  at  from  one  to  t^yo  tablespoonfuls.  Aqua 
Chloroformi,  Chloroform  "Water.  This  is  simjily  a  satu- 
rated solution  of  chloroform  in  dislilled  water,  and  is 
necessarily  a  feeble  preparation,  since  chloroform  dis 
solves  in  water  but  sparingly  (1  part  in  200).  The  water 
may  be  given,  by  itself,  in  doses  of  one  or  two  table- 
spoonfuls,  but  it  is  more  commonly  used  as  a  watery 
menstruum  iu  composite  prescriptions,  wherein  the 
chloroform  of  its  composition  acts  as  a  preservative. 

For  administnitiiiii  by  inhalation,  only  purified  cliloro- 
forni  of  known  good  quality  is  to  be  used.  It  is  most 
commonl}'  employed  without  admixture  of  other  sul)- 
stances,  the  vapor  being  breathed,  diluted  with  air. 
Whether  the  inhalation  be  a  few  whiffs  only  for  the  re- 
lief of  pain  or  spasm,  or  whether  it  t)e  for  tlie  establish- 
ment of  full  narcosis  for  anaesthesia,  the  fundamental 
principle  must  be  observed  to  administer  the  vapor  svffi- 
Hently  diluted.  Air  overcharged  with  chloroform  vapor 
is  certain  and  swift  death  to  all  animal  life,  and  the  pro- 
portion of  admixture  for  human  inhalation  should  not 
exceed,  for  continued  use,  three  and  a  half  per  cent,  of 
chloroform  to  air.  When,  therefore,  chloroform  is  ad- 
ministered by  the  homely  apparatus  of  a  handkerchief 
or  towel,  the  points  should  be  observed  nut  to  put  more 
than  half  ateaspoonful  or  so  of  the  agent  upon  the  towel 
at  any  one  time,  and  to  liold  the  cloth  free  from  imme- 
diate contact  with  the  face,  so  that  the  inhaled  vapor 
may  be  mixed  alnindantly  with  air.  It  is  in  this  way 
that  brief  inhalations  are  practised  for  anodyne  and  anti- 
spasmodic purposes.  And  partly,  perhaps,  because  of 
their  brevity,  and  partly  because  of  the  existence  of  pain 
on  the  occasion  of  the  inhaling,  accidents  during  such 
brief  inhalations  are  rare.  Accidents,  however,  may 
occur  if  the  chloroform  is  «'?/-administered  by  a  subject 
in  the  recumbent  posture.  For  in  such  case,  it  uncon- 
sciousness supervenes,  the  chloroform-charged  handker- 
chief is  liable  to  fall  directly  upon  the  upturned  nose  and 
mouth,  and  there  to  remain,  delivering  possibly  danger- 
ous charges  of  vapor  to  the  now  narcotized  subject. 
Accordingly,  self-administration  never  should  be  prac- 
tised unless  the  subject's  head  is  raised  sufliciently  so 
that  in  the  event  of  unconsciousness  the  hand  and  hand- 
kerchief will  certainly  fall  down  and  away  from  the  face, 
and  the  inhalation  thus  automatically  be  stopped.  But 
under  any  circumstances  chloroform  is  a  dangerous  drug 
for  self-use. 

The  giving  of  chloroform  to  the  degree  of  narcosis,  for 
ancesthesia  in  surgical  procedures,  is  a  special  topic,  treated 
in  this  work  in  the  following  article,  to  which  the  reader 
is  referred. 

A  last  mode  of  using  chloroform  medically  is  by  deep 
injection,  by  means  of  "the  hypodermatic  syringe,  for  the 
relief  of  neuralgia.  About  2  c.c.  (tl.  3  ss.)  is  injected  at 
a  dose,  but  the  procedure  is  a  harsh  one,  severe  local  re- 
action having  several  times  followed  the  practice. 

In  the  matter  of  the  toxicology  of  chloroform,  the  first 
point  to  note  is  that  chloroform  taken  by  swallowing, 
even  undiluted,  is  much  less  dangerous  than  would  be 
supposed.  The  smallest  fatal  dose  of  which  the  writer 
has  read  was  a  drachm  taken  by  a  child  four  years  old 
(Taylor).  Boehm  ("Ziemssen's  Cyclopnadia  ")  mentions 
half  a  fluidrachm  as  a  fatal  dose,  but  does  not  give  the 
age  of  the  subject.  On  the  other  hand,  cases  have  been 
reported  of  recovery  after  doses  of  from  half  an  ounce 
to  four  ounces  (presumably  fluidounces).  The  symp- 
toms, in  poisoning  by  swallowing,  are  the  production  of 
a  narcosis  generally  similar  to  that  induced  by  inhala- 
tion of  chloroform,  accompanied  in  many  cases  by  gas- 


tric tro\ibles  due  to  the  direct  irritation  of  tli(^  potiim. 
The  treatment  must  be  conducted  upon  general  prin- 
ciples, since  there  is  no  chemical  antidote  to  the  drug. 
Belonging  to  the  subject  of  toxicology  is  the  question 
whether  it  is  possible  to  narcoti/.e  a  sleeping  pei'son  by 
clilorof(u-m  inhalation  withcmt  the  subject's  lirst  awak- 
ening from  the  natiu'al  slumber  so  as  to  become  cognizant 
of  the  attempt.  And  fnjm  recorded  cases  and  the  results 
of  e\]ierimcnts,  tliere  seems  to  be  no  doubt  but  what  the 
question  is  to  be  answered  in  the  affirmative,  if  the  subject 
is  in  sou Hf?  step  when  tlie  administration  is  made.  But 
otherwise  the  attempt  will  certainly  be  recognized. 

Ediriii'd  Curtis. 

CHLOROFORM,  ETHER,  AND  OTHER  AN/€S 
THETIC  AGENTS,  ADMINISTRATION  OF.— P.efore 
taking  up  the  administrati(jn  of  the  individuid  ana;s- 
theties  it  will  be  well  bi'ietlj'to  consider  certain  (juestions 
of  a  general  character  relative  thereto,  as  the  choice  of 
the  anaesthetic,  the  preparation  of  the  patient,  etc. 

In  view  of  the  marked  ditferences  which  exist  between 
the  actions  of  the  several  ana'sthetics,  it  is  evident  that  in 
certain  cases  the  conditions  presented  h}'  the  state  of  the 
patient,  the  nature  of  the  operation,  etc.,  may  render  the 
vise  of  one  agent  more  suitable  than  another,  and  it  lias 
come  to  be  a  well-recognized  fact  that  a  judicious  choice 
of  the  anresthetic,  especially  in  cases  presenting  unusual 
features,  is,  to  all  concerned,  an  important  factor  in  the 
satisfactory  conduct  of  the  case.  In  the  choice  of  the 
anaesthetic  the  first  consideration  is  undoubtedly  the 
safety  of  the  i^atient,  and  it  follows  that  in  ordinary  cases 
that  agent  should  be  employed  which  will  least  endanger 
the  life  of  the  patient.  Omitting  the  important  role  of 
local  aniTSthesia  and  the  use  of  those  unusual  agents 
whiise  true  position  as  to  safety  has  not  as  yet  been  de- 
termined, we  are  brought  to  a  consideration  of  the  rela- 
tive safety  values  of  nitrons  oxide,  ether,  and  chloroform. 

The  statistics  of  an;esthesia,  like  other  statistics,  may 
be  selected  and  manipulated  in  such  a  manner  as  to  prove 
the  particular  views  of  a  given  writer  whether  he  favors 
one  or  the  other  au;esthetic.  Good  examples  of  the  fal- 
lacy of  individual  statistics  or  those  derived  from  small 
groups  of  cases,  are  furnished  by  the  report  of  Laurie, 
showing  50,000  consecutive  chloroform  administrations 
without  a  death,  and  that  of  Anstie,  showing  21  deaths  in 
S.O.'iS  chloroform  administrations.  It  is  obvious  that  to 
determine  rightly  the  proportion  of  fatalities  to  adminis- 
trations, individual  statistics  and  smaller  groiq^s  from 
various  reliable  sources  should  be  put  together  till  a  large 
mass  has  been  formed,  the  deductions  from  which  must 
be  of  the  greatest  possible  value: 

Ailniiiiistrati.ms.      Deaths.  Rate. 

Stati.stifs  collected  by  Julliard : 

Chloroform .')34,.5n7  161  1  in   3,2.58 

Ether 314,738  21  1  in  14,987 

Statistics  collected  by  Ormsby  :  „,,„-„ 

Phlorotorm 1">2,2«)  t)3  1  in    2,8,3 

Ether  i«.815  *  1  in  23,204 

Statistics  collected  by  Gurit  in  Ger- 
many from  1891  to  1897  :  ,  „  „„„ 

Chloroform Jin    3,039 

Ether 1  ^^   .'>,000 

Statistics  from  St,  Bartholome\y's 

Hospital  from  187.5  to  1890  :  i  , „    i  w 

Chloroform 19,.5^6  13  In    1,.502 

Ether                         *<.-t91  3  1  i"    -,8;!0 

••Gas  and  ether" 12,941  1  1  in  12,941 

There  are  very  few  reported  deaths  from  nitrous  oxide, 
and  considering" the  many  millions  of  administrations  that 
have  taken  place,  the  rate  of  its  mortality  would  prob- 
ably be  one  in  several  hundred  thousands. 

It  is  the  writer's  opinion  that  the  statistics  of  antes- 
thesia  are  particularly  unreliable  and  misleading  owing 
to  unreported  fatalities,  of  which  there  are  probably  a 
far  greater  number  than  f)f  those  reported.  Julliard  has 
o-iven  particulars  of  20  deaths  by  chloroform  that  took 
place  within  his  knowledge,  only  3  of  which  had  been 
published.  Waller  refers  to  3  cases  not  reported,  and 
mentions  one  hospital  from  which  2  chloroform  deaths 
were  reported  out  of  9  that  occurred  during  one  year. 
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Another  source  of  error  in  those  statistics  is  the  fact  that 
the  fatalities  reported  are,  for  tlie  most  part,  tliose  which 
are  due  to  the  immediate  effect  of  the  anaesthetic,  while 
the  cases  that  die  subsequently  from  conditions  which 
may  be  attributed  partly  or  wholly  to  the  anseslhetic  are 
more  apt  to  be  unrecorded.  Ether  probabl}'  furnishes  a 
greater  number  of  these  cases  than  cliloroform,  and  in 
consequence  the  statistics  of  this  anaesthetic  are  jjrobably 
more  favorable  than  the  whole  trutli  of  the  matter  war- 
rants. It  is  therefore  probable  that  nitrous  oxide  is  the 
safest  general  anaestlietic  if  its  use  is  restricted  to  momen- 
tary administration  as  for  tooth  extraction.  The  pro- 
longed administration  of  this  anaesthetic  is  quite  a  differ- 
ent matter,  however,  and  at  the  present  time  there  are 
not  sufficient  data  of  its  use  in  this  waj'  to  warrant 
conclusions  as  to  its  safety.  The  writer  lias  administered 
gas  with  air  or  witli  oxygen  for  operations  lasting  from 
a  few  minutes  to  more  than  two  hours  in  several  hundred 
cases,  and  while  he  has  had  no  death,  alarming  states 
have  several  times  appeared  with  such  rapidity  and  so 
little  warning  that  it  seems  probable  that  the  general 
adoption  of  this  form  of  aniesthesia  would  lead  to  a  mor- 
tality more  nearly  approximating,  if  not  exceeding,  that 
of  chloroform  and  ether.  This  opinion  is  strengthened 
by  the  occurrence  of  four  such  deaths  in  New  York  Cit.y 
which  have  come  to  the  ^Nriter's  notice  witliin  one  year. 
Ether  is  undoubtedly  sec<ind  in  safety,  wliether  used 
al.one  or  following  nitrous  oxide. 

Chloroform  is  the  most  dangerous  of  the  agents  under 
consideration. 

In  mixtures  such  as  A.  C.  E.  the  most  active  ingredient 
is  chloroform,  the  effect  of  which  is  modified  by  dilution 
and  by  the  action  of  the  other  elements  of  the"  mixture. 
In  point  of  safety  these  mixtures  should  probably  be 
placed  between  ether  and  chloroform,  the  greater  the 
proportion  of  chloroform  the  more  dangerous  the  mix- 
ture. 

It  is  thus  evident  that  from  the  standpoint  of  statistics 
the  choice  of  the  anfesthetics  should  be  as  follows: 

First,  nitrous  oxide  for  such  operations  as  necessitate 
no  more  than  one  complete  administration  of  the  gas. 

Second,  ether,  whether  given  alone  or  preceded  by 
nitrous  oxide. 

Third,  a  mixture  such  as  A.  C.  E. 
Fourth,  chloroform. 

There  are,  however,  other  factors  than  statistics  to  be 
considered  before  a  proper  choice  can  be  made,  and  these 
are  found  in  connection  with  the  condition  of  the  patient 
and  the  nature  of  the  operation.  Conditions  of  the  patient 
affecting  the  choice  of  the  antesthetic  are  as  follows:  Age 
is  responsible  for  the  presence  of  certain  conditions  which 
may  modify  the  effects  produced  by  the  different  antTs- 
thetics  and  consequently  their  safety.  It  is  a  popidar 
belief  that  chloroform  is  the  ideal  anaesthetic  for  children, 
and  that  they  possess  an  iiumunity  from  its  dangerous 
action  not  enjoyed  by  adults.  The  statistics  of  anaes- 
thesia prove  this  to  be  without  foundation,  and  woidd 
rather  indicate  a  greater  relative  mortality  in  these  sub- 
jects, as  Avould  seem  reasonable  in  view  of  their  delicate 
constitutions.  In  the  Lancet's  investigation  of  the  chlo- 
roform question,  out  of  406  chloroform  deaths  in  which 
the  ages  were  stated,  .'58  were  fifteen  years  old  or  younger. 
This  relative  mortality  of  nearly  fifteen  per  cent,  in  chil- 
dren is  large  when  we  take  into  account  the  fact  that  this 
age  furnishes  but  a  small  percentage  of  the  cases  reiiuir- 
ing  anaesthetics. 

Ether,  if  presented  in  concentrated  vapor,  is  very  irri- 
tating to  the  delicate  mucous  membrane  of  the  air  jias- 
sages  of  infants  and  young  children,  and  the  respiration 
may  become  greatly  obstructed  by  the  excessive  tlow  of 
mucus  and  saliva  thus  set  up.  A  properly  diluted  vaiior 
of  ether  is  well  borne  by  these  patients,  however,  and  liv 
careful  administration  anaesthesia  may  be  accomplisliell 
without  undue  irritation,  although  mucus  and  saliva  are 
usually  more  abundant  than  in  adults.  Infants  ami  vi'ry 
young  children  are  easily  asphyxiated  by  m'trous  oxide 
and  the  period  of  an;esthesia  resultinij  from  a  single  ad- 
ministration is  so  short  in  these  patients   that  its" use  is 
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rarely  advisiible.  Older  children  take  gas  more  satisfac- 
torilj',  although  the  period  of  anaesthesia  is  much  .shorter 
than  in  adults,  and  reflex  plienomena  are  more  pro- 
nounced. Age  again  becomes  a  factor  in  the  choice  of 
the  anaesthetic  in  those  of  advanced  years.  Here,  the 
impaired  respiratory  power,  the  tendency  to  bronchial 
affections  (or  their  presence)  and  to  alterations  in  the 
blood-vessels,  render  the  use  of  ether  more  dangerous 
perhaps  than  at  any  other  time  of  life.  The  danger  of 
chloroform  in  reference  to  these  conditions  is  not  particu- 
larly affected,  and  chloroform  is  thus  brought  into  favor- 
able contrast  with  ether  in  the  aged. 

The  mere  age,  however,  should  not  altogether  govern 
the  choice  of  the  anaesthetic  without  reference  to  the  con- 
ditions presented  by  each  patient.  INIany  very  old  per- 
sons take  ether  perfectly  well,  and  there  are  some  who 
would  be  greatly  endangered  by  chloroform. 

Nitrous  oxide  with  oxj-gen  may  occasionally  be  of 
.service  in  the  aged  under  circumstances  which  would 
render  the  use  of  ether  or  chloroform  particular!}'  dan- 
gerous. Exceedingly  fleshy  individuals  are  not,  as  a 
rule,  good  subjects  for  nitrous  oxide  or  ether  owing  to 
the  fact  that  they  are  very  liable  to  difficulties  with  the 
respiration  under  these  anaesthetics.  Chloroform  or 
chloroform  mixtures  are  better  taken  by  this  class  of 
patients.  The  condition  of  the  heart  is  "occasionally  a 
factor  in  the  choice  of  the  anaesthetic.  The  prese'nce 
of  valvular  lesions  with  perfect  compensation  does  not 
materially  affect  the  choice  of  the  anae.sthetic.  as  these 
patients  take  anaesthetics  in  the  usual  manner.  When 
compensation  is  not  perfect  and  the  patient  suffers  from 
dyspnoea,  cyanosis,  cough,  cedema,  effusions,  etc.,  the 
use  of  an  antesthetic  is  more  or  less  hazardous,  and  a 
proper  choice  will  greatly  enhance  the  patient's  safety. 
The  presence  of  dyspnoea,  cyanosis,  and  cousch  contra- 
indicates  the  use  of  ether  and'nitrous  oxide.  Chloroform 
is  perhaps  more  suitable  for  these  cases,  particularly  if 
oxygen  is  administered  with  it.  In  all  cases  with  heart 
disease  it  is  advisable  to  avoid  the  struggle  which  fre- 
quently occurs  during  the  period  of  excitement,  and  this 
should  be  done  lo/ten  possible  by  the  administration  of  gas 
followed  by  ether. 

Many  prefer  the  A.  C.  E.  mixture  in  these  cases,  and 
it  is  probable  that  if  anyone  aniesthetic  were  to  be  chosen 
for  all  of  this  class  of  cases,  such  a  mixture  would  be 
best. 

Anaesthetics  are  especiallv  dangerous  in  cases  present- 
ing degenerative  changes  in  the  heart  muscle.  Chloro- 
form particularly,  and  ether,  or  A.  C.  E.,  should  be  pre- 
ferred according  to  the  indications  present. 

Disease  of  the  blood-vessels  mav  affect  the  choice  of 
the  anaesthetic.  Marked  atheroma"contraindicates  ether, 
chiefly  on  account  of  the  danger  of  cerebral  hemorrhage 
from  the  elevation  of  blood  p^rcssure  which  accomiianies 
its  use. 

Chloroform  or  A.  C.  E.  would  be  preferabk>  here  as  in 
cases  with  aneurism.  Nitrous  oxide  should  not  be  ad- 
ministered to  these  patients  in  the  usual  way.  Its  use 
would  only  be  justified  wlien  combined  with  sufficient 
oxygen  to  obviate  the  asplivxia  which  would  otherwise 
result  and  which  Avould  be  dangerous  under  these  cir- 
cumstances. 

The  presence  of  acute  di.sease  of  the  lun<;s  is  a  contra- 
indication to  the  use  of  ether,  and  wlienever  such  condi- 
tions have  recently  been  present  this  agent  should  be 
administered  with  great  care,  if  at  all.  Chronic  pulmo- 
nary cinuplaints  are  ajit  to  become  more  active  after  the 
admimstralion  of  ether,  particularly  in  old  persons  In 
cases  of  slight  or  i|uiescent  pulmonary  tuberculosis  ether 
IS  .apt  to  be  li.-iriiiful  and  sliould  lie  av.iided  if  possible 

I  atients  who  are  liable  to  pulmonary  hemorrhage 
should  not  have  ether.  In  this  class  of"  cases  nitnms 
oxide  with  oxygen,  chloroform,  or  A.  C.  E.,  is  prefer- 
able to  ether. 

Active  disease  of  the  kidneys,  acute  or  chronic,  consti- 
tutes an  indication  for  great  care  in  the  choice  of  the  an- 
icsthetic.  It  is  very  generally  accepted  that  ether  is  more 
damaging  to  diseased  kidneys  than  chloroform,  and  this 
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is  borne  out  by  clinical  experience.  Nitrous  oxide  with 
0X3'geu  probably  disturbs  the  kidneys  less  than  any 
other  general  aufesthetic,  and  should  be  the  tii'St  choice 
in  cases  presenting  nephritis,  while  chloroform  should 
be  second. 

Patients  who  are  particularly  exhausted,  collapsed,  or 
anoemic  are  greatly  endangered  by  chloroform.  Ether 
is  preferable  for  these  cases. 

The  presence  of  dyspnoea,  as  caused  by  the  pressure  or 
direct  intrusion  of  tumors  on  the  air  passages,  stenosis  of 
the  same  from  false  membrane  or  from  the  presence  of 
foreign  bodies,  compression  of  the  lungs  by  effusions, 
interference  with  respiration  from  abdominal  distention 
or  paralysis  of  the  respiratory  muscles,  is  a  contraindica- 
tion to  ether  or  nitrous  o.xide.  Chloroform  alone  or  as  in 
A.  C.  E.  is  preferable,  especially  when  administered  with 
oxygen. 

Comatose  or  semi-comatose  patients  require  little  if 
any  antesthetic  and  are  easily  brought  into  a  dangerous 
condition  if  much  is  employed.  The  choice  should  be 
governed  bj'  the  conditions  present. 

Insanity  does  not  appear  from  clinical  evidence  to  in- 
dicate the  use  of  one  particular  aniesthctic  rather  than 
another,  and  the  choice  in  these  cases  should  be  deter- 
mined by  other  factors  than  the  mental  state. 

Circumstances  connected  with  the  operation  to  be  per- 
formed often  have  a  determining  influence  upon  the 
selection  of  the  ana;sthetic.  The  sitting  posture  as  usu- 
ally required  for  tooth  extraction,  and  occasionally  for 
operations  upon  the  tonsils  and  adenoid  growths  in  the 
pharj'nx,  is  a  distinct  contraindication  to  the  use  of  chlo- 
roform, and  the  many  fatalities  which  have  attended  its 
administration  under  these  circumstances  are  sufficient 
warrant  for  the  statement  that  chloroform  should  never  be 
administered  to  a  patient  in  the  sitting  position. 

In  operations  on  the  brain  chloroform  is  frequently 
preferred  to  ether  on  account  of  causing  less  congestion. 
In  operations  about  the  mouth  and  nose,  when  it  is  neces- 
sary that  the  effect  of  the  anaesthetic  be  maintained  be- 
yond a  brief  period,  the  narcosis  is  best  continued  by 
chloroform  from  a  Junker  apparatus,  although  ether  may 
be  administered  before  the  operation  begins. 

For  abdominal  operations  chloroform  is  preferred  by 
many  operators  on  account  of  the  greater  quietude  of  the 
abdominal  muscles  and  the  less  vigorous  form  of  respira- 
tion than  frequently  accompany  the  administration  of 
ether,  though  it  is  possible  with  the  latter  anaesthetic  to 
produce  satisfactory  results  in  the  majority  of  these  cases 
by  proper  administration. 

In  operations  upon  the  large  joints,  particularly  the 
reduction  of  dislocations,  upon  the  rectum,  the  deep 
glands  of  the  neck,  the  kidney,  and  for  intestinal  obstruc- 
tion ether  is  preferable  to  chloroform  on  account  of  the 
unusual  tendency  to  shock  which  attends  these  opera- 
tions. Many  fatalities  have  been  recorded  from  chloro- 
form in  these  operations.  The  same  is  held  to  be  true  of 
operations  in  which  the  optic  nerve  is  severed. 

In  obstetrics  much  may  be  gained  by  a  proper  selection 
of  the  anesthetic.  There  are  two  conditions  in  these 
cases  which  call  for  the  use  of  aua'Sthetics,  one  being  for 
the  relief  of  the  pain  attending  labor,  the  other  for  ob- 
stetric operations.  Since  Simpson,  in  1847,  tirst  advocated 
the  administration  of  chloroform  for  the  relief  of  pain  in 
labor,  this  agent  has  been  almost  universally  used  for 
this  purpose  and  almost  to  the  exclusion  of  other  anfes- 
thetics.  It  has  been  thus  administered  in  a  vast  number 
of  cases,  and  very  few  fatalities  have  occurred.  Indeed, 
the  administration  of  chloroform  is  held  to  be,  and  prob- 
ably is,  particularly  safe  during  the  latter  part  of  preg- 
nancy owing  to  the  increased  power  and  tone  of  the  vas- 
cular system  and  the  heightened  resistance  of  the  body 
generally.  There  are,  of  course,  exceptions  to  this  rule 
—patients  to  whom  chloroform  must  be  dangerous  under 
any  circumstances— and  these  should  not  be  endangered 
through  mere  routine. 

The  simplicity  of  the  administration  of  a  few  drops  of 
chloroform  to  relieve  a  labor  pain  and  the  delightful  re- 
sult produced  practically  without  danger  or  discomfort. 


give  to  this  anffisthetie  a  place  that  will  not  soon  be  held 
by  another  agent. 

The  use  of  ether  as  an  analgesic  during  labor  has  never 
been  extensive;  and  while  ether  is  at  a  disadvantage  as 
compared  with  chloroform  in  point  of  comfort  and  sim- 
plicity of  administration,  it  possesses  certain  advantages 
which  are  often  desirable  and  which  will  be  considered 
later.  The  writer  has  used  etlier  for  this  purpose  in  many 
cases  with  the  utmost  satisfaction. 

In  obstetric  operations  surgical  anaesthesia  is  usually 
required,  and  in  the  selection  of  the  anaesthetic  certain 
points  in  connection  with  the  isatient's  special  condition 
should  be  considered. 

The  effect  of  the  different  anfesthetics  upon  the  uterine 
contractions,  and  the  rapidity  of  the  recovery  of  the 
uterus  from  the  effects  of  the  anaesthetic,  are  important. 
Used  simply  as  analgesics  in  labor  there  is  very  little 
effect  upon  the  uterine  contractions,  as  a  rule.  Such 
effect,  however,  is  in  direct  proportion  to  the  amount 
employed,  and  is  manifested  by  lessened  force  and  fre- 
quency of  the  "  pains."  The  writer  is  not  aware  whether 
ether  or  chloroform  is  more  liable  to  such  action,  but 
would  point  out  the  difference  in  the  effects  of  these  two 
agents  when  administered  to  the  more  profound  degree 
necessary  for  obstetric  operations.  Hensen,  Duuhoff, 
and  others  have  demonstrated  that  ether  and  chloroform 
diminish  the  force  of  the  pains,  prolong  the  interval,  and 
lessen  or  suspend  the  action  of  the  abdominal  muscles. 
The  force  of  the  pains  is  quickly  restored  after  ether, 
very  slowly  after  chloroform.  Hensen,  therefore,  con- 
siders that  ether  should  always  be  used  as  the  ansesthetic 
in  labor. 

Preparation  for  tite  Administration. — From  the  stand- 
point of  the  anaesthesia  a  number  of  details  of  prepara- 
tion for  the  administration  are  of  much  importance.  The 
general  condition  of  the  patient  should  be  carefully  noted 
several  days  before  the  administration.  The  heart,  lungs, 
and  kidneys  should  be  thoroughly  investigated.  If  the 
patient's  condition  can  be  improved  or  fortified  in  any 
way  against  danger  from  the  anaesthetic  it  should  be 
done.  The  influence  of  digitalis,  strychnine,  etc.,  for 
several  days  before  the  operation  is  often  beneficial  in 
counteracting  possible  depression  from  the  anaesthetic  or 
sliock  from  the  operation.  In  cases  in  which  consider- 
able hemorrhage  is  liable  to  occur  during  the  operation, 
the  vessels  should  be  well  filled  by  the  ingestion  of  con- 
siderable quantities  of  fluid  for  several  days  prior  to  the 
operation.  The  patient's  stomach  should  be  as  nearly 
empty  as  possible  at  the  time  of  the  operation  without 
withholding  nourishment  to  the  extent  of  producing 
weakness.  It  has  been  the  experience  of  many  observers 
that  from  three  to  six  hours  should  elapse  between  the 
taking  of  solid  food  and  the  administering  of  the  anaes- 
thetic, preferably  the  longer  time.  The  length  of  this 
period  is,  however,  of  less  importance  than  the  character 
of  the  food  last  taken,  regarding  which  I  should  say  that 
the  worst  possible  consisted  of  meat,  vegetables,  and 
milk,  and  the  best,  of  clear  soup,  beef  juice,  or  some 
other  non-coagulable  fluid  of  distinct  nutritive  value. 
Aged  and  weakly  patients  should  be  treated  more  leni- 
ently in  respect  to  the  withholding  of  nourishment  than 
the  young  and  strong.  Whenever  it  is  found  ck^sirable 
that  the  patient  shouTd  have  nourishment  less  than  three 
hours  before  the  operation,  it  should  be  administered  by 
way  of  the  rectum.  The  same  is  true  of  alcoholic  stimu- 
lation, which  is  sometimes  desirable  shortly  before  the 
operation.  A  condition  is  occasionally  met  in  cases  of 
intestinal  obstruction  in  which  the  stomach  contains 
material  which  has  passed  into  it  from  the  bowel  and 
which  is  being  vomited  with  little  or  no  effort  (regurgita- 
tive  vomiting).  The  danger  of  infection  of  the  lungs 
through  aspiration  of  some  of  this  material  during  narco- 
sis is  considerable,  and  if  possible  the  stomach  should  be 
thoroughly  washed  out  before  the  administration. 

While  the  time  of  the  narcosis  is  usually  determined 
by  other  circumstances,  it  is  well  to  bear  in  mind  that 
the  patient's  condition  is  usually  best  at  about  eight  in 
the  morning  and  two  in  the  afternoon.     As  regards  the 
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relation  between  fasting  and  the  patient's  general  condi- 
tion tlie  early  morning  presents  the  favorable  ciromv 
stance  of  a  prolonged  fast  which  is  natural  and  which 


Fig.  1264.— Gross'  Moutb  Gag. 

does  not  produce  the  weakness  and  faintness  often  felt  in 
passing  the  usual  meal-time.  Although  an  empty  stomach 
is  not  as  essential  before  a  brief  administration  of  nitrous 
oxide  as  before  ether  or  chloroform,  it  is  still  very  desir- 
able and  should  always  be  so  arranged  if  possible.  It  is 
customary  to  have  the  bowels  well  evacuated  before  oper- 
ations, and  a  number  of  points  have  been  observed  in  this 
connection  which  bear  upon  the  anesthesia  and  the  con- 
dition of  the  patient.  A  drastic  and  vigorous  cathartic 
the  night  before  a  morning  operation  is  very  apt  to  leave 
the  patient  not  only  in  a  weakened  condition  but  "  ill  " 
by  reason  of  headache,  nausea,  vomiting,  and  general 
malaise.  The  administration  of  laxatives  for  several 
days  before  the  operation,  together  with  regulation  of  the 


Fig.  126.5.— MatUeu's  Tongue-Holding  Forceps. 

diet,  would  seem  to  accomplish  the  purpose  more  satis- 
factorily. The  rectum  and  bladder  should  be  empty. 
This  should  not  be  overlooked  in  brief  administrations  of 
nitrous  oxide,  especially  in  children,  for  there  is  a  distinct 
tendency  toward  evacuation  of  these  organs  under  this 
anaesthetic.  Before  the  administration  of  an  ansEsthetic, 
arrangements  should  be  made  for  the  proper  protection 
and  care  of  the  patient  during  the  narcosis. 

Ample  covering  should  be  provided  during  the  opera- 
tion, and  this  is  a  point  frequently  overlooked  or  inade- 
quately carried  out.  The  table  should  be  padded  to  a 
comfortable  degree  if  possible,  and  undue  pressure  upon 
any  part  of  the  patient  should  be  prevented.  Particular 
care  should  be  taken  that  the  arms  and  legs  do  not  hang 


Fig.  1206.— Puncturing  Tongue-Holding  Forceps. 

over  the  edge  of  the  table,  for  many  cases  of  paral^ysis 
result  in  this  way.  The  position  of  the  patient  should 
be  as  natural  and  unrestrained  as  possible  in  view  of  the 
requirements  of  the  operation.  Apparatus  used  to  main- 
tain certain  positions,  as  the  crutch  for  the  lithotomy 
position,  and  shoulder  rests  us(h1  in  the  Trendelenburg 
posture,  shcnild  be  well  i)added  and  not  too  tightly  ap- 
plied. When  the  arms  are  to  be  extended  over  thehead 
during  the  narcosis  they  should  not  be  over-extended,  for 
paralyses  have  been  caused  in  this  way. 

The  administrator  should  have  at  hand  and  ready  for 
use  re  riimith  opener  such  as  a  wedge  of  hard  wood,  a 
wooden  conical  .screw,  or  some  such  instrument  as  that 


shown  in  Fig.  1364,  a  forceps  for  grasping  the  tongue  as 
shown  in  Fig.  1365.  A  tongue-holding  forceps  which 
pierces  the  tongue  is  useful  for  such  cases  as  requii'C  the 
tongue  held  forward  for  prolonged  periods,  causing  Jess 
after  disturbance  than  the  grasping  forceps.  An  excellent 
tongue-piercing  forceps  is  shown  in  Fig.  1266.     A  mouth 


FIG.  1268.— Hewitt's  Mouth 
Prop. 


Fig.  1267.-Denhart's  Mouth  Gag. 

gag  for  holding  the  jaws  apart  is  often  required  (see  Fig. 
1267).  Mouth  props  as  shown  in  Figs.  1268  and  1269  are 
necessary  for  dental  cases. 

The  following  .should  also  be  at  hand:  A  number  of 
small  swabs  should  be  fixed  upon  handles  or  sponge 
forceps  reafly  for  use.  A  number  of  towels,  a  small 
basin,  a  hy]iodermic  syi'inge  in  uorking  order,  and  va- 
rious stimulants  in  solution  or  tablet  form,  including 
strychnine,  nitroglj'cerin,  digitaline,  atropine,  etc.,  a 
trachea  tube,  and  infitrumcnts 
necessarj'  for  tracheotomy,  and 
in  major  cases  it  should  be  seen 
that  apparatus  for  infu.sion  is 
ready.  A  stomach  tube  is  occa- 
sionally'useful. 

The  Admikistratiox. — Prin- 
ciple»  of  Administrntion. — At  the 
time  of  the  administration  the 
patient  should  assume  a  natural 
and  comfortable  position.  The 
clothing  should  be  loose  every- 
where. The  presence  of  remov- 
able artiticial  teeth  or  other  loose 
bodies  in  the  mouth  should  be 
ascertained  and  such  should  be  removed.  The  nares 
should  be  free  from  foreign  material.  Natural  quiet 
should  be  maintained  at  the  beginning  of  the  adminis- 
tration and  until  ana?sthesia  is  complete.  Unnatural 
quiet  and  whispering  should  be  avoided.  The  patient 
shcmld  be  encouraged  in  a  confident  manner,  for  encour- 
agement lessens  fear  and  fear  produces  a  kind  of  shock 
which  increases  the  danger  of  ana'Sthetics,  especially 
chloroform.  The  effect  of  the  anesthetic  u]i  to  the  time 
of  unconsciousness  should  be  briefly  explained  to  the 
patient.  He  should  be  instructed  how 
to  breathe,  naturall_v  but  with  slightly 
more  vigor  than  usual,  not  exces- 
sively. 

The  best  position  for  the  head  dur- 
ing the  administration  is  a  matter  of 
great  imiiortaiice.  If  a  pillow  is 
used,  it  should  be  small  and  should 
extend  beneath  the  shoulders  far 
enough  to  cause  the  heail  to  assume 
a  moderately  extended  jiosition  over 
its  up]ier  edge.  Tlie  face  should  be 
turned  well  to  one  side,  though  not 
to  the  extent  of  interfering  with  the 
respiration.  In  this  position  the 
tongue  has  less  tenilency  to  obstruct 
the  respiraticni,  and  drainage  from 
the  mouth  is  favored.  The  adminis- 
Irator  should  never  lo.se  sight  of  the 
seriousness  of  aiui'sthesia.  He  should 
be  familiar  with  its  statistics  and  should  remember  that 
too  great  a  belief  in  the  safetv  of  any  one  of  the  anes- 
thetics constitutes  one  of  its  clangers.     Too  much  must 


Fig.  1263.— Daintree's 
Adjustable  Mouth 
Prop. 
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not  be  trusted  to  an  app<iriitt.is,  and  it  should  be  remem- 
bered that  perhaps  "the  best  apparatus  is  a  good  man." 
Inhalers  should  be  handled  earefully  and  kept  elean 
for  each  ease.  Only  auajsthetics  "espeeially  |)n'|)Hred 
for  inhalation  "  by  chemists  of  known  reputation  should 
be  employed.  Chloroform  is  known  to  deeonii)ose  even 
in  the  bottle  if  exposed  to  direct  sunlight  for  a  short 
time  or  to  ordinary  daylight  for  a  prolonged  period. 
Chlorine  and  hydrochloric  acid  are  tluis  liberated,  and 
the  chloroform  is  rendereil  irritating  and  untit  for  use. 
Chloroform  vapor  is  decomposed  l)y  an  open  llame  into 
carbonyl  chloride  (phosgene  gas),  an  intensely  acrid  and 


Fig.  1270.— The  Esmarcli  Mask.    A,  The  wire  frame ;  C,  the  same 
with  flannel  cover. 

pungent  gas  which  causes  great  irritation  of  the  eyes  and 
respiratory  tract.  So  great  is  the  irritation  of  this  sub- 
stance that  a  number  of  deaths  have  been  attributed  to  its 
effect  upon  the  lungs  through  breathing  it  in  operating- 
rooms  where  chloroform  was  used  in  the  presence  of  open 
lights  and  where  ventilation  was  poor.  These  deaths 
have  occurred  among  the  physicians  and  assistants  rather 
than  among  the  patients.  Exposure  of  ether  to  light  and 
air  renders  it  unfit  for  use,  through  the  formation  of  acetic 
acid  and  other  products  which  give  it  a  sharp  and  irritat- 
ing odor.  Ether  is  liighly  inflammable  and  its  vapor  in 
air  is  a  violent  explosive.  On  account  of  the  great  weight 
of  the  vapors  of  ether  and  chloroform,  an  open  flame  near 
the  floor  is  more  dangerous  than  one  overhead.  When 
chloroform  is  used  in  a  room  in  which  there  is  an  open 
flame,  free  ventilation  should  be  insured  by  drawing  the 
windows  down  from  the  top.  In  practice  the  greatest 
danger  from  the  inflammability  of  ether  has  proved  to  be 
in  connection  with  the  use  of  the  cautery.  Squibb  has 
reported  the  ignition  of  ether  vapor  at  a  point  lifteen  feet 
from  the  source  of  the  vapor.  •      ,      ,     ti 

During  the  administration  of  an  anaesthetic  the  depth 
of  the  narcosis  is  indicated  by  the  condition  of  certain 
functions  and  reflexes,  upon  the  correct  interpretation  of 
which  often  rest  the  smoothness  and  safety  of  the  ad- 
ministration. The  cliief  of  these  in  the  order  of  then- 
value  are:  the  respiration,  the  corneal,  conjunctival,  and 
lid  reflexes,  the  pupil.  Tlie  condition  of  these  in  the  dit- 
ferent  periods  of  narcosis  has  been  considererl  untler 
"Phenomena  of  AniBsthcsia,"  Vol.  I.,  p.  399.  ^ 

It  will  be  found  in  practice  that  no  one  sign  can  be 
relied  upon  in  all  cases,  and  it  is  better  to  take  into  ac- 
count all  of  the  signs  at  a  given  time  rather  than  to  de- 
pend upon  any  one.  In  children  the  conjunctival  reflex 
is  lost  very  early.  In  neurotic  individuals  the  pupil  is 
apt  to  remain  reflexly  dilated  throughout  the  admini.stra- 
tion.  The  breathing,  its  rate,  depth,  sound,  and  altera- 
tions, is  probablv  the  best  of  any  one  sign. 

The  administration  of  the  ana'Sthetic  should  be  les.senea 
toward  the  close  of  the  operation,  and  should  be  stopped 
when  all  painful  procedures  have  ceased  or  as  soon  as 
vomiting  or  slight  movement  will  no  longer  disturb  the 
operator.     The  patient  should  be  watched  closely  by  the 


administrator  or  by  some  other  experienced  person  till 
signs  of  consciousness  are  present. 

Gldoroform. — Experiments  by  Snow,  Bert,  Dubois, 
Waller,  and  others,  upon  the  [lercentage  of  chloroform 
vapor  in  air  necessary  to  produce  the  surgical  degree  of 
ana'Sthesia  with  reasonable  safety  and  in  a  reasonable  time, 
show  from  one  to  five  per  cent,  tobe  thereipiired  amount. 
The  latter  strength  of  vapor  is  to-day  considered  danger- 
ously high,  and  between  one  and  two  per  cent,  is  thought 
to  be  sufBcicnt.  Practically  it  must  be  said  that  our 
methods  of  administering  chloroform  are  largely  empiri- 
cal and  far  from  exact.  We  do  not  deal  in  known  per- 
centages, and  if  it  were  possible  to  do  so  an  indefinile 
factor  would  still  remain  in  the  uncertain  and  irregular 
intake  of  the  vapor  owing  to  vai'iations  in  the  rale,  depth, 
and  regularity  of  the  respirations.  Snow,  Clover,  and 
others  have  devised  more  or  le.ss  complicated  inhalers  for 
the  purpose  of  administering  chloroform  mixed  with  air 
in  known  percentages  within  the  five-per-cent.  limit,  and 
in  the  hands  of  the  inventors  these  inhalers  provetl  mcjst 
satisfactory.  In  the  hands  of  others,  however,  numerous 
accidents  and  deaths  occurred  in  their  use  and  they  are 
no  longer  employed.  The  men,  and  not  the  inJialers,  pro- 
duced the  results.  At  the  present  time  the  administration 
of  chloroform  is  usuallj'  conducted  in  one  of  the  follow- 
ing ways:  From  a  towel;  from  a  handkerchief ;  from  a 
mask ;  from  a  Junker  inhaler. 

A  towel  has  been  u.scd  in  several  ways.  In  one  it  is 
folded  into  a  square  several  layers  thick  and  the  chloro- 
form, several  drachms  at  a  time,  is  poured  upon  one  sur- 
face, which  is  held  close  to  the  face,  flat,  or  in  the  form 
of  a  cone.  This  was  the  original  method  of  Simpson  and 
Lister,  and  was  supposed  to  furnish  a  vapor  within  the 
limit  of  safe  percentage.  Snow  and  Sansom  demonstrated 
that  a  dangerously  high  percentage  might  be  inhaled  by 
this  plan.  Another  method  of  employing  a  towel  is  to 
gather  one  of  its  corners  into  a  concave  shape  and  use 
this  as  a  mask  upon  which  the  chloroform  is  poured. 
By  pulling  the  corner  of  a  towel  through  a  ring; or  safety 
pin  (Lister's  method)  a  very  fair  mask  may  be  formed. 

A  handkerchief  has  often  been  used  either  in  the  same 
way  as  the  towel  or  crumpled  up  and  held  in  the  hand 
or  placed  in  a  cup  or  tumbler,  chloroform  being  poured 
upon  it  and  held  close  to  the  face.  This  is  a  plan  fre- 
quently followed  in  administering  chloroform  as  an  anal- 
gesic in  labor,  a  few  drops  for  each  pain  being  all  that  is 
required. 

Perhaps  the  most  generally  adopted  plan  of  adminis- 
tering chloroform  is  by  means  of  a  mask,  consisting  of  a 


Fig.  1271.— The  Schimmelbusch  Mask  (toldlng). 

dome-shaped  wire  frame  covered  by  a  piece  of  flannel. 
The  Esmareh,  Skinner,  and  Schimmelbusch  masks  are  the 
most  employed  (see  Pigs.  1270  and  1371). 

In  the  administration  of  chloroform  by  means  of  a 
towel  or  cone,  two  distinct  plans  have  been  followed.  In 
one  it  has  been  pushed  "  powerfully  and  speedily ''  (Simp- 
son) by  the  use  of  comparatively  large  (|uantities  at  a 
time,  and  consequently  a  strong  vapor.  This  has  been 
called  the  Scotch  method.  In  the  other  plan  small  quan- 
tities at  frequent  intervals  are  used,  and  from  the  fact 
that  a  drop  bottle  is  usually  employed  and  the  addition 
of  the  chloroform  carried  out  a  drop  or  more  at  a  time  at 
regular  and  short  intervals,  this  plan  is  known  as  "  the 
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drop-b3--drop  method."  The  latter  re.sults  in  more  accu- 
rate dosage  than  the  former,  and  for  that  reason  must  be 
safer  and  is  to  bo  preferred. 

Junker's  inhaler  (Fig.  1272)  is  considered  by  many  to 
be  an  excellent  means  for  the  administration  of  chloro 
form  vapor  with  controllable  accuracy  as  to  strength  and 
quantity.  Its  use  consists  in  forcing  air  to  the  bottom  of 
a  bottle  partly  tilled  with  chloroform  through  which  it 
bubbles  and  passes  out  through  a  t>il)e  which  terminates 
in  a  face-piece  of  some  kind,  a  metal  tube,  or  a  soft 
catheter.  In  ordinary  administrations  a  face-piece  is  used, 
while  in  operations  about  the  mouth  and  nose  the  tube  or 
catheter  may  be  passed  into  one  or  the  other  of  these  ori- 
fices and  the  administration  proceed  without  interfering 
with  the  operation.  In  operations  in  which  a  preliminary 
tracheotomy  is  performed  and  the  administration  of  the 
chloroform  conducted  through  the  trachea  tube,  an  ap- 
paratus similar  to  tliat  showai  in  Fig.  1273  is  often  em- 
ploj'ed.  The  chloroform  should  be  used  drop  by  drop 
on  the  flannel  top  of  the  conical  mask. 

With  a  proper  understanding  of  the  physiological 
action  of  chloroform  and  familiaritj'  with  the  pbeuomena 
of  an;ESthesia(botli  subjects  are  considered  in  the  author's 
article  on  AnaKthetics  in  Vol.  L),  the  administration  of 
this  agent  should  be  conducted  according  to  the  follow- 
ing principles.  A  reasonable  time  for  the  pi'oduction  of 
complete  chloroform  anaesthesia  varies  from  three  to  ten 
minutes.  A  very  dilute  vapor  should  at  first  be  presented 
to  the  patient.  The  strength  of  the  vapor  should  be  in- 
creased gradually,  though  as  rapidly  as  possible  in  view 
of  the  comfort  of  the  patient.  On  account  of  the  liability 
of  chloroform  to  cause  infiammation  of  the  skin  if  it  is 
held  in  contact  with  it  under  circumstances  which  inter- 
fere with  its  rapid  evaporation,  it  is  advisable  to  protect 
the  nose,  cheeks,  and  chin  by  an  application  of  va.seline  or 
cold  cream  to  these  parts  before  the  administration,  or  as 
soon  as  the  patient  has  lost  consciousness.  When  uncon- 
sciousness supervenes  the  rhythm  of  the  respiration  will 
be  liable  to  great  alterations,  and  it  should  be  remembered 
that  the  intake  of  chloroform  will  bear  a  direct  relation 
to  the  vigor  of  the  respiration,  provided  the  supply  of 
chloroform  is  a  constant  factor.  When  a  sufticient  depth 
of  aniESthesia  has  been  attained  it  should  be  continued  as 
evenly  as  possible.  The  addition  of  chloroform  should 
not  be  interrupted,  but  its  amount  must  be  lessened  to 
the  requirements  of  the  particvdar  case.  Operative  pro- 
cedures should  not  take  place  while  the  patient  is  in  the 


under  these  circumstances  the  unequal  rates  of  volatility 
of  the  different  ingredients  will  result  in  a  very  diiferent 
vapor  toward  the  end  of  the  process  than  that  at  the  be- 
ginning.    This   is   well   shown   by   the   experiments   of 


Fig.  1373.- 


-Trendelenburj?  Apparatus 
Tube. 


Used  with  Ordinary  Trachea 


Minor,  in  which  200  c.c.  of  a  mixture  of  ether  and  chloro- 
form in  molecular  proportions  were  distilled  with  the 
following  results : 


60  c.c.  came  off,  the  boiling  point  ranging  from  49°  to  .5.3° 

40 .53  '•  .56 

.55 .56  "  59 

45 ' 59  "  62 


C. 


Smiles  had  estimated  the  percentage  of  chloroform 
vapor  at  diffei-ent  times  in  the  evaporation  of  a  mixture 
of  ether  and  chloroform  in  molecular  proportions  bj'  pass- 
ing air  through  it.     The  results  are  as  follows : 

Amount  Amount  of 

evaporated.                                                          chloroform  in  vapor. 
10  per  cent 14.0  per  cent. 


20 
30 
40 
50 
60 
70 
80 
90 
100 
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30 
37 
44 
49 
^ 
57 
60 
63 


FIG.  12<2.— An  Improved  Junker  Apparatus.  A,  Hand  bellows;  B,  chloroform  bottle 
graduated  to  eight  drachms;  C,  a  liard-rubber  face-piece  with  (B)  feather  valve  to 
Indicate  respiration ;  D,  funnel  tor  addition  of  chloroform ;  above  this  is  seen  the 
hook  used  to  attach  Inhaler  to  buttonhole;  F,  metal  tube  for  mouth  or  nose-  il 
flannel-covered  mask  face-piece.  ""oo.   u, 

lighter  degrees  of  chloroform  narcasis,  as  dangerous  or 
fatal  collapse,  probably  of  I'etlex  origin,  has  been  fre- 
quently noted  under  these  circumstances. 

A.  C.  E.  and  .similar  mixtures  should  be  administered 
on  the  same  principles  as  chloroform,  though  they  must 
be  used  more  freely.  It  is  not  advisable  to  adiiiinister 
these  mixtures  from  a  Junker  inhaler  or  by  any  other 
means  whereby  a  somewhat  large  quantity  is  gi-adually 
vaporized  by  allowing  air  to  pass  over  or  through  it,  for 
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Mixtures  should  therefore  be  administei'ed  bv  the 
drop-by -drop  method,  in  which  event  the  last  drops' from 
the  bottle  will  have  the  same  composition  as  the  first,  and 
each  addition  of  a  few  drops  to  the  mask  is  ^■aporized 
almost  at  once,  so  that  there  can  be  no 
dangei'ous  accumulation  of  the  less  vol- 
atile chloroform,  which  is  the  most  ac- 
tive and  most  dangerous  element. 

Ether. — There  arc  two  distinct  meth- 
ods of  administering  this  agent,  the 
"  open  "  and  the  "  close. "  In  the  open 
method  there  is  little  or  no  attempt  to 
limit  the  respired  air  and  ether  vapor  to 
the  hihaler.  while  the  close  method  is 
characterized  by  such  limitation,  and  a 
bag  is  provided  in  oi'der  that  a  certain 
amount  of  rebreathing  may  take  place. 

The    chief    advantages '  of   the    open 
method  are;   that  a  vitv  simple  appara- 
tus or  none  at  all  is  necessary  ;  that  a  free 
supidy  of  oxygen  is  furni.slied  to  the  pa- 
tient if  the  ether  vap<u-  is  U(H  presented 
in  so  high  a  degree  of  concentration  as  to 
thus  limit  the  air;  that  a  new  and  entirely 
clean  inhaler  may  be  fui-nished  for  each 
]iatient  without  ti-ouble. 
The  chief  disadvantages  of  the  open  method  are-  that 
t be  administration  is  ajit  to  bo  pi'olouged,  particularly  in 
the  stage  ot  excitement  and  sti'uggling;   that  more  ether 
is  wasteil  than  is  consiunod  by  the  patient,  and  this  un- 
used ether  (■li;uiges  the  air  of  the  oi)erating-room  often  to 
a  dis;igroea))le  degree  ;  that  the  after-olTects  are  greater, 
|u-obiil]ly  owing  to  a  greater  degree  of  satui-atiou  of  the 
patient  with  ether. 
The  advantages  of  the  close  method  are:  that  complete 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


Oliloroform. 
Chloroform. 


anaesthesia  may  be  produced  rapidly  "witli  a  compara- 
tively small  amount  of  ether  and  Avith  comparative  com- 
fort to  the  patient,  if  a  regulating  inhaler,  such  as 
Clover's  or  the  author's,  is  employed;  that  the  stage  of 
excitement  and  struggling  is  often  absent,  and  when  it 
occurs  is  usually  slight  and  of  short  duiation  ;  that  the 
ether  vapor  is  warmed  by  the  air  from  the  lungs  and  is 
therefore  less  irritating;  that  the  ether  vapor  is  largely 
confined  to  the  inhaler  and  does  not  impregnate  the  siu'- 
rounding  air  to  anj'  extent  as  compared  with  the  oiien 
method;  that  the  patient  does  not  appear  to  become  as 
saturated  with  ether  as  by  the  open  method,  the  after- 
effects being  less  as  a  rule. 

The  chief  disadvantages  of  the  close  method  are :  that 
a  more  or  less  complicated  and  cumbersome  inhaler  is 
necessary;  that  this  inhaler  is  kept  clean  with  some  diffl- 
culty;  that  more  skill  is  required  for  the  administration. 
The  best  examples  of  open  inhalers  are  found  in  the 
"  ether  cone  "  and  in  the  Allis' inhaler.  The  paper  and 
towel  cone  has  probably  been  used  more  extensively, 
particularly  in  the  United  States,  for  the  administraticjn 
of  ether  than  any  other  form  of  Inhaler.  It  can  be  ex- 
temporized at  a  moment's  notice  almost  anywhere  from 
a  towel  and  newspaper  or  other  suitable  material,  and 
furnishes  an  inhaler  so  simple,  clean,  cheap,  and  effective, 
if  properlj'  used,  that  it  will  undoubtedly  retain  a  prom- 
inent place  in  the  list  of  ether  inhalers.  Paper  and  towel 
cones  are  made  in  various  shapes  and  sizes,  and  are  con- 
structed on  several  plans.  Usually  they  are  cjdindrieal, 
open  at  one  or  both  ends  according  to  the  ideas  of  the 


a  modified  cone,  over  which  it  possesses  no  special  advan- 
tage. 

The  administration  of  ether  by  means  of  an  open  in- 
haler may  be  conducted  in  two  ways.     In  one  the  inhaler 


riG.  1274.— A  Paper  and  Towel  Ether  CoDe.    A.  A  loose  roll  of  gauze 
to  receive  the  ether ;  B.  loose  gauze  to  retard  escape  of  ether  vapor. 

maker.  The  paper  serves  to  give  shape  and  stiffness  and 
is  impervious  to  air.  The  towel  acts  as  a  cover  and  fur- 
nishes a  soft  edge  for  the  face.  Sponges,  cotton,  or 
gauze,  may  be  used  to  pack  the  upper  end  of  the  cone  to 
receive  the  ether. 

In  the  writer's  opinion  the  liest  form  of  cone  may  be 
described  as  follows:  Cuff-shaped,  moderately  stiff,  at 
least  six  or  eight  inches  long  (in  proportitjn  to  its  diame- 
ter), open  at  both  ends,  the  packing  for  the  reception  of 
the  ether  to  hefxed  in  the  centre  of  the  cuff,  allowmg  a 
considerable  space  above  and  below,  the  packing  to  be  of 
some  loose  material  offering  no  appreciable  resistance  to 
the  passage  of  air  through  it,  the  space  above  the  pack- 
ing to  be  filled  with  a  small  quantity  of  loose  gauze. 
Such  a  cone  is  illustrated  in  Fig.  1374.  The  chief  objects 
attained  in  such  a  cone  are :  that  a  large  air  space  is  pro- 
vided for  the  accumulation  of  ether  vapor,  the  escape  of 
which  is  retarded  by  its  own  weight  and  l)y  entanglement 
in  the  meshes  of  the  loose  gauze  above  the  packing ;  no 
impediment  to  respiration  as  in  a  cone  with  one  end 
closed;  a  considerable  space  between  the  face  and  the 
packing  which  receives  the  ether. 

A  metallic  cone  is  shown  in  Fig.  1375.  It  has  an  m- 
liatable  rubber  face-piece.  Its  upper  third  is  partitioned 
off  by  a  diaphragm  of  coarse  netting,  forming  a  chamber 
for  the  packing  which  receives  the  ether.  It  is  perfectly 
simple  and  is  easily  kept  clean. 

The  Allis'  inhaler  shown  and  described  in  Fig.  13/b  is 
extensively  employed  in  the  United  States  for  the  admin- 
istration of  ether,  and  is  an  excellent  inhaler.     It  is  really 


Fig.  127.5.— Metallic  Cone  with  Pneumatic  Face-Piece. 

is  charged  with  several  drachms  of  ether  and  is  gradually 
brought  toward  the  face  as  rapidly  as  the  comfort  of  the 
patient  will  admit,  more  ether  in  similar  quantities  being 
added  from  time  to  time.  The  other  plan  is  to  apply  the 
inhaler  to  the  face  of  the  patient  without  ether,  which  is 
to  be  added  gradually,  beginning  drop  by  drop  and  in- 
creasing the  amount  as  rapidly  as  may  be  agreeable  to 
the  patient,  and  more  ether  being  added  in  small  quanti- 
ties at  frequent  intervals  throughout  the  administration. 
Preference  for  one  or  the  other  of  these  plans  is  a  matter 
of  personal  opinion. 

Close  Inhalers. — There  are  many  close  inhalers  for  the 
administration  of  ether,  but  Clover's  and  Ormsby'sare 
the  original  and  most  employed  types. 

In  Clover's  inhaler  the  ether  chamber  revolves  upon 
the  shaft  of  the  face-piece.  An  index  pointer  attached  to 
the  base  of  the  shaft  may  be  seen  extending  out  beneath 
the  bottom  of  the  ether  chamber. 

When  the  inhaler  is  ari-auged  as  in  Fig.  1377  air 
breathed  back  and  forth  through  it  will  not  enter  the 
ether  chamber  proper,  Ijut  will  pass  through  the  central 
chimney  only,  the  index  pointing  to  0  (no  ether).  Upon 
rotation  of  the  ether  chamber  the  current  of  air  is  per- 
mitted to  pass  over  the  ether  in  proportion  to  the  degree 
of  rotation,  one-half  revolution  bringing  the  index  to  F 


FIG  1276.— The  Allis  Inhaler  (Improved).  ^,  Inflatable  rubher  face- 
piece;  B,  metalHc  cuIT;  C,  frame  with  interwoven  bandage  to 
receive  the  ether ;  D,  needle  for  passing  the  bandage  back  and  forth. 

(full  ether),  in  which  position  all  of  the  air  is  made  to 
pass  over  the  ether  on  its  way  between  the  face-piece  and 
the  bag.  Intermediate  positions  of  rotation  allow  pro- 
portionate amounts  of  air  to  pass  over  the  ether,  and  the 
figures  1,  3,  and  3  to  be  seen  on  the  side  of  the  chamber 
indicate  that  one-fourth,  two-fourths,  and  three-fourths 
respectively  of  the  air  is  passing  over  ether. 
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The  iiiluilcr  is  used  as  follows :  The  ether  chamber  is 
charged  with  fiom  cue  to  two  ounces  of  ether  through 
D,  antl  the  index  turned  to  0.     The  face-piece  is  applied 


x>~  rw-i 


Fin.  1~T7. — Clover^s  Portable  Regu- 
lating Ether  Inhaler.  A,  Face- 
pit'ce  with  intiarahle  edge  and 
ha\'ijig  a  siiafr  of  Tutiing  which 
passes  to  the  centre  of  the  etiier 
elianitier  a.s  outlined  in  dotted 
lines ;  7J,  ether  chamber,  sur- 
rounded in  its  lower  part  by  a 
water  chamber  which  is  indicated 
in  the  Illustration  by  the  dotted 
half  circle:  E,  represents  the 
screw  stopper  to  the  water  cham- 
ber. The  ether  chamber  is  filled  through  Z>.  C,  Thin  rubber  bag 
of  about  one  gallon  capacity,  detachable  Irom  ether  chamber. 

accurately  to  the  face  during  sevei'al  full  exhalations  so 
as  to  distend  the  bag.  The  face-piece  is  now  kept  ap- 
plied, and  after  eight  or  ten  respirations  withmit  ether,  the 
chamber  is  gradually  rotated  from  0  toward  F  as  rapidly 
as  is  comfortable  to  the  patient.  In  from  two  to  four  min- 
utes the  rotation  will  usually  be  accomplished  and  the 
patient  is  in  the  proper  degree  of  narcosis  or  nearly  so. 

Average  patients  will  not  require  a  rotation  be3rond 
two  and  one-half  or  three,  at  which  point  the  index  maj^  be 
kept  till  a  proper  degree  of  narcosis  is  reached.  During 
this  rotation  the  face-piece  should  be  kept  closely  applied 
and  no  fresh  air  admitted  unless  too  marked  cyanosis  ap- 
pears ;  some  duskiness  is  to  be  expected.  When  the  signs 
indicate  the  proper  degree  of  anaesthesia,  or  before  that 
time,  if  the  cyanasis  becomes  too  great,  a  number  of  res- 
pirations of  pure  air  should  be  given  by  removing  the 
inhaler  from  the  face.  After  maintaining  a  proper  anses- 
thesia  for  several  minutes  with  the  index  at  2|,  3,  or  F,  it 
may  be  moved  to  a  point  between  1  and  2,  at  which  the 

desired  level  of  narcosis 
is  found  to  bo  maintain- 
ed, and  from  this  time 
on  a  number  of  respira- 
tions of  fresh  air  must 
be  admitted  by  remov- 
ing the  inhaler  from  the 
face  from  two  to  four 
times  a  minute.  Under 
these  circum.stances  the 
normal  color  should  soon 
return.  More  ether  must 
lie  added  from  time  to 
time  as  necessary.  In 
cold  weather  and  for 
unusually  vigorous  sub- 
jects it  is  advisable  to 
fill  the  water  chamber, 
which  surrounds  the 
etlier  chamber,  with 
mirtit  Wider  through  the 
tap  E  before  the  ailmin- 
istration. 

Orm.sby's   inhaler  has 
been  variously  modified, 
.     ,  iind  with  slight  changes 

IS  known  liy  several  dilTei-ent  names  its  Parkinson's 
Davis',  etc.  It  is  really  nothing  more  than  a  metaihc 
cone  with  a  tightly  fitting  face-piece,  a  bag  to  allow 
re-breathmg,  and  an  air  tap  to  admit  fresh  air  (lon- 
nected  with  this  tap  is  a  small  funnel  and  tube  for  the 
purpo.sc  of  adding  ether  to  the  iiaeking.  This  arrange- 
ment for  adding  ether  is  not  jiraeticalile  anil  is  rarely 
used.  It  is  better  omitted  us  it  interferes  with  packinir 
the  cage  and  with  the  admission  of  air  through  tlie  tap"" 


Fig.  1278.  —  The  Ormshy  Ether  In- 
haler. A,  Face-r)lecc  with  inflatable 
rublier  edge  (dctiii'liahlci;  7J,  tap 
for  adrrnssioii  of  air  and  addition  of 
ether,  which  passes  to  tlie  cage  I) 
through  the  tube  C ;  K,  the  rubber 
bag  which  permits  re-breathing. 


To  use  Ormsbj''s  inhaler  the  cage  D  is  packed  moder- 
ately full  of  sjDonge  or  gauze ;  if  a  sponge  is  used  it  should 
be  wrung  out  of  warm  water.  Half  an  ounce  of  ether  is 
now  added  to  tlie  packing,  and  the  inhaler  is  brought  into 
position  on  the  face  as  rapidly  as  the  strength  of  the 
vapor  will  permit,  the  air  tap  B  being  wide  open  and  the 
piitient  encouraged  to  breathe  deeply.  When  the  face- 
piece  is  in  position  the  air  tap  should  be  gradually  closed 
and  the  inh?.!er  kept  applied  to  the  face  till  anaesthesia  is 
complete.  This  is  often  accomplished  without  further 
addition  of  ether.  The  air  tap  .shouhl  now  be  opened 
fully  or  half-way  and  the  adminLstration  continued,  ether 
being  added  several  drachms  at  a  time  at  moderate  inter- 
vals or  smaller  amounts  more  frequently. 

The  ether  inhaler  shown  in  Fig.  1279,  and  in  sectional 
view  in  Fig.  1280,  is  one  the  author  has  devised  with  the 
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Fig.  1579.— Bennett's  Ether  Inhaler. 

idea  of  combining  in  one  instrument  a  number  of  the  ad- 
vantages of  several,  and  of  furnishing,  in  as  small  a  com- 
pass as  possible,  a  means  by  which  the  air  supply  and 
the  ether  supply  might  be  under  perfect  control.  The 
inhaler  may  be  described  as  follows: 

It  consists  of  three  parts — the  face-piece,  the  ether 
chamber,  and  the  bag.  The  face-piece  is  cone-shaped; 
its  base  is  oval  and  is  notched  at  the  nasal  end.  The  apex 
is  open  and  is  threaded  to  screw  into  place  on  the  ether 
chamber.  It  is  of  metal,  and  its  free  edge  is  provided 
with  an  inflatable  rubber  cushion,  which  maybe  removed 
at  will.  On  the  side  of  the  face-piece  is  an  air  tap.  A, 
which  may  be  opened  or  closed  to  any  degree.  When 
fully  open,  this  tap  has  a  large  capacity— a  desirable  fea- 
ture in  a  bag  inhaler.* 

The  face-piece  is  made  in  three  sizes— small,  medium 
and  large.     The  medium  size  will  be  found  suitable  for 
all  ordinal)'  cases,  but  small  children  and  large  men  re- 
quire special  sizes. 

The  ether  chamber,  shown  in  the  "sectional  view" 
consists  of  two  cylindrical  metallic  boxes,  one  fitting  ac- 
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Fui.  ISai.-Bennett's  Ether  Inhaler;  Sectional  View. 

curately  within  the  other.     The  inner  box  presents  four 
openmgs  m  its  sides,  two  of  which,  ^  and  opposite,  are 

t,m  hi,-I,'J,'L^„^*''"'''f,  "'"  Or™sliy  apparatus  Is  usually  Inadequate,  the 
tap  being  too  small,  and  m  Clover's  there  is  no  air  tap. 
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of  large  size  ;  the  other  two,  I  and  opposite,  are  smaller 
and  are  connected  by  a  tube  Avhich  passes  through  the 
centre  of  the  box.  This  part  of  the  ether  chamber  is 
provided  with  a  cage  of  coarse  wire  netting,  to  hold  the 
gauze  which  receives  the  ether.  The  cage  is  somewhat 
smaller  tlian  the  box  it  occupies,  the  intervening  space 
allowing  the  respired  air  to  circulate  freely  around  tlie 
gauze  rather  than  through  it,  thus  offering  little  or  no 
resistance  to  respiration.  The  cage  also  prevents  the 
gauze  packing  from  protruding  through  the  openings  k 
and  opposite,  and  thus  interfering  with  the  rotation  of 
the  inner  chamber.  On  the  closed  end  of  the  inner  box 
is  placed  a  revolving  disc,  presenting  a  small  circular 
opening  at  one  point  near  its  periphery ;  this  opening  is 
surmounted  by  a  short 
funnel-shaped  chimney, 
and  may  be  brought  op- 
posite any  one  of  three 
openings  in  the  end  of 
the  box.  By  this  ar- 
rangement it  is  possible, 
when  the  patient's  head 
is  turned  on  the  side,  to 
pour  ether  upon  the 
gauze  without  removing 
the  inhaler  from  the  face 
— a  matter  of  great  prac- 
tical advantage  under 
certain  circumstances.* 
The  outer  box  presents 
two  large  and  opposite 
openings  in  its  sides,  and 
each  of  these  is  sur- 
mounted b_y  a  chimney, 
one  of  which  is  threaded 
to  receive  the  face-piece, 
the  other  being  smooth 
and  bevelled  to  receive 
the  bag.  On  one  side  of 
the  free  edge  of  this  box 
is  a  slot,  which,  in  con- 
nection with  a  pin  and 
pointer  on  the  inner 
chamber,  limits  the  ro- 
tation of  the  latter  and 
indicates  whether  "  air  " 
or.  "  ether "  is  being 
breathed.  When  the  two 
parts  of  the  ether  cham- 
ber have  been  pvit  to- 
gether, they  are  held  in  place  by  the  thumb  screw  shown 
in  the  drawing,  and  this  serves  the  further  i:iurpose  of  a 
handle  for  revolving  the  inner  cylinder. 

By  referring  to  the  sectional  view  of  the  ether  cham- 
ber, it  will  be  seen  that  a  tube  traverses  the  centre  of  the 
inner  cylinder,  its  upper  opening  being  marked  I.  Now 
if  the  two  parts  are  put  together  in  the  positions  they 
occupy  in  the  cut,  it  is  evident  that  the  openings  of  the 
tube  I  will  correspond  with  those  marked  i  and  j  of  the 
outer  cylinder;  and  if  breathing  should  take  place  through 
the  inhaler  so  arranged,  the  air  would  pass  directly 
through  the  tube  I  without  entering  the  ether  space 
proper.  In  this  position  it  will  also  be  noticed  that  the 
index  pointer,  seen  directly  below  k  in  the  "sectional 
view,"  occupies  the  lower  end  of  the  slot  on  the  outer 
cylinder,  indicating  "air."  If  the  inner  cylinder  is  now 
rotated  so  that  the  index  traverses  toward  "ether,"  it  will 
come  to  a  transverse  line  between  "air"  and  "ether,"  and 
in  this  position  the  openings  of  the  tube  I  are  just  begin- 
ning to  pass  out  of  the  openings  i  and,;,  and  the  openings 
k  and  opposite  are  beginning  to  enter  the  openings  i  and 
j.     Breathing  through  the  inhaler  in  this  position  allows 

*  In  operations  about  the  head  or  neck  it  is  often  desirable  to  cover 
the  inhaler  and  the  hand  and  arm  of  the  anaesthetist  with  a  sterile 
towel.  Under  these  circumstances  it  is  inconvenient  to  disarrange 
this  every  time  it  is  necessary  to  add  ether,  and  It  was  for  this  class  of 
cases  in  particular  that  the  arrangement  was  added.  When  this  plan 
of  adding  ether  is  to  be  used,  the  inhaler  should  be  so  applied  to  the 
face  that  the  revolving  disc  is  uppermost. 
Vol.  III.— 2 


Fig.  1281.— The  Clover-Hewitt  "Gas  and  Ether"  Inhaler.  A,  Face-piece 
with  inflatable  edge ;  i?,  ether  chamber  of  Clover  inhaler  (improved);  0, 
valve  chamber  of  Hewitt's  gas  apparatus ;  D,  gas  bag  of  Hewitt's  gas  in- 
haler; JS,  ether  bag  of  Clover's  inhaler ;  F,  rubber  stopper  with  hollow 
glass  dome,  by  which  ether  may  be  seen. 


a  very  small  percentage  of  air  to  pass  through  the  ether 
space;  further  rotation  increases  this  percentage,  till 
finally  the  tube  I  has  passed  completely  away  from  the 
openings*  and  J,  and  full  ether  is  on,  the  index  pointer 
bemg  at  the  upper  limit.  In  this  way  the  ether  may  be 
turned  on  as  slowly  as  desired,  and  any  strength  of  etlier 
vapor  may  be  administered  at  will  throughout  the  nar- 
cosis. 

The  ether  bag  is  of  large  size,  its  capacity  exceeding 
the  most  exaggerated  respiration.  It  is  attached  to  an 
elbow  of  metal  tubing,  by  which  it  is  connected  with  the 
upper  chimney  of  tlie  etlier  chamber  when  in  use.  In 
this  elbow,  near  the  attachment  of  tlie  bag,  is  a  large  air 
tap,  C.  which  may  be  opened  to  any  degree. 

Tlie  use  of  the  ether 
inlialer  may  be  briefly 
described  as  follows: 
The  wire  cage  is  packed 
firiuly  with  dry  gauze, 
upon  which  one  -  half 
ounce  or  more  of  ether 
is  poured;  the  index  is 
now  turned  to  "  air, "  the 
taps  A  and  Care  closed, 
several  expirations  are 
caught  to  distend  the 
bag,  and  the  face-piece 
is  then  kept  applied;  the 
index  is  now  turned  to 
the  line  between  "  air  " 
and  "  ether "  and  is 
moved  forward  .slowly 
toward  the  latter,  an  oc- 
casional breath  of  air 
being  given  by  remov- 
ing the  face-piece.  Com- 
plete anaesthesia  is  pres- 
ent in  from  two  to  five 
minutes  in  average  pa- 
tients. The  administra- 
tion now  consists  cliiefly 
in  the  regulation  of  two 
factors — the  ether  sup- 
ply and  the  air  supply. 

The  ether  supply ;  In 
continuing  the  adminis- 
tration, it  is  best  to  allow 
the  index  to  remain  at 
full  ether  and  to  pour 
from  one-half  to  one 
drachm  of  ether  upon  the  gauze  every  two  or  three  min- 
utes as  necessary.  This  may  be  done  (1)  through  the 
face-piece,  (2)  through  the  chimney,  or  (3)  through  the 
revolving  disc  on  the  end  of  the  ether  chamber;  (1)  is 
preferable  in  usual  cases;  (2)  or  (3)  is  of  great  advantage 
wlien  it  is  inconvenient  to  remove  the  inhaler  from  the 
face. 

The  air  supply;  During  the  induction  of  anossthesia 
enough  air  should  be  given  to  prevent  more  than  slight 
cyanosis.  In  maintaining  anajsthesia  it  is  rarely  neces- 
sary to  exclude  air  to  the  extent  of  causing  any  cyanosis, 
and  the  air  supply  is  to  be  regulated  in  accordance  with 
the  following  facts:  The  tap  G  being  closed,  if  A  is 
opened  slightly  the  patient  will  receive  little  air  and 
much  ether;  if  fully  opened,  he  will  receive  much  air 
and  little  ether.  The  tap  A  being  closed,  if  (J  is  opened 
slightly  the  patient  will  receive  little  air  and  much  etlier; 
if  fully  opened,  he  will  receive  much  air  and  much  ether. 
The  quantity  of  ether  necessary  in  usual  cases  will 
average  about  four  ounces  for  the  first  hour  and  about 
two  ounces  for  the  second  hour. 

Ethtr  Preceded  by  Nitrous  Oxide. — For  this  excellent 
succession  of  ana-sthetics  we  are  indebted  to  Clover,  who 
called  attention  to  it  in  1876,  and  of  which  Buxton  has 
recently  stated,  "  It  is  the  best  method  of  producing  gen- 
eral ant^esthesia. "  The  advantages  of  this  succession  of 
anaesthetics  may  be  briefly  stated  as  follows:  Great  com- 
fort to  the  patient  in  being  spared  all  knowledge  of  the 
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administratiou  of  the  ethor.  Great  saving  of  tunc,  com- 
pk-tc  ether  aiifestliesia  beiug  accomplished  m  troin  two 
to  four  miuutes  in  average  jiatients.  Complete  absence 
of  str\iggling  and  of  the  usual  phenomena  ot  the  stage  ol 
excitement.  .  , 

There  are  two  plans  of  conducting  this  form  ot  anes- 
thesia.   In  one,  nitrous  oxide  is  administered  to  complete 


Fig.  1283.— Bennett's  "  Gas  and  Ether  "  Inhaler. 

anajsthesia,  when  the  gas  is  stopped  and  strong  ether 
abruiitly  substituted  and  rapidly  pushed.  This  was 
Clover's  original  method,  but  through  the  advocacy  of 
the  plan  by  Mr.  "Woodhouse  Biaine,  it  has  been  called 
his  metliod.  Mr.  Braine  clianged  from  nitrous  oxide  by 
an  ordinary  apparatus  to  etlier  in  an  Ormsby  iulialer. 

In  the  other  plan,  also  devised  by  Clover,  a  gradual 
transition  from  gas  to  ether  takes  p"lace,  and  to  do  this 
Clover  perfected  an  excellent  inhaler  which,  however, 
was  large  and  impracticable  for  general  use.  Hewitt,  by 
combining  his  own  nitrous-oxide  inhaler  with  Clover's 
portalMe  i-egulating  ether  inhaler,  has  pi-oduced  an  excel- 
lent "gas  and  ether"  inhaler  which  is  shown  in  Fig.  1281. 
A  single  bag  full  of  gas  is  sufficient.  The  gas  inhaler 
tits  into  the  place  of  the  usual  bag  of  the  Clover  inhaler. 
Gas  is  administered  through  the  charged  ether  inhaler, 
the  index  of  -ivhich  points  to  0  (no  ether).  When  two- 
thirds  or  three-fourths  of  the  gas  has  been  breathed 
through  valves,  the  latter  are  thrown  out  of  action  by 
closing  the  tap  at  C,  whereupon  rebreathing  of  gas  takes 
place.  At  this  time  ether  is  turned  on  gradually  so  that 
both  gas  and  ether  are  administered.  This  is  continued 
till  signs  of  complete  gas  ana'thesia  appear,  when  the 
tap  cutting  off  the  gas  and  admitting  air  is  turned  so  as 
to  do  this.  After  a  feAV  respirations  of  air  and  ether  the 
tap  is  again  closed  and  gas  and  ether  are  rebreathed. 
Ether  anii'sthe-sia  is  soon  deep  enough  to  discontinue  the 
gas,  and  this  is  done  by  removing  the  gas  inhaler  and 
sulistituting  the  ether  bag.  Etlier  is  now  continued  as 
usual. 

The  author's  inhalers  for  gas  and  for  ether  are  made  to 
combine  in  the  same  waj'  as  the  Clover-Hewitt  apparatus, 
and  act  on  the  same  plan  (see  Fig.  1282). 

Chloroform,  A.  C.  E.,  ethyl  chloride,  and  ethyl  bro- 
mide have  each  been  administered  before  etlier  with  agree- 
able results,  though  tliey  are  neither  as  safe  nor  as  pleas- 
ant as  nitrous  oxide  for  this  purpose. 

Nitrous  Oxide. — There  are  several  different  ]ilaiis  of 
administering  this  agent — juire,  mixed  with  air,  or  mixed 
with  oxygen.  Nitrous  oxide  is  a  true  aiiirsthetie  and 
does  not  depend  upon  asphyxia  for  its  narcotizing  cfl'ect. 
Administered  in  a  pure  state  the  resulting  ana'stliesia  is 
wm/)fe«ie(i  by  asphyxia  depending  upon  deprivation  of 
oxygen.  Given  in  combination  with  small  ]iereentage8 
of  air,  complete  aniestliesia  may  lie  induced  with  marked 
lessening  or  absence  of  asphyxia.  In  coml)iiiatioii  with 
oxygen,  complete  ana;sthesia  results  without  as])liyxia. 
In  order  to  administer  nitrous  oxide  in  its  pure  state  it  is 


necessary  to  employ  an  apparatus  in  which,  throug-li  the 
action  of  valves,  the  inspirations  are  made  to  be  taken 
from  the  gas  reservoir  and  the  expirations  made  to  pass 
out  into  the  surrounding  air. 

Before  gas  was  supplied  in  the  present  portable  torm  a 
gasometer  was  an  essential  part  of  a  nitrous-oxide  appa- 
ratus, but  with  the  advent  of  the  small  cylinders  contain- 
ing liquefied  gas  and  with  the  perfection  of  the  accurately 
fitting  face-pieces  of  the  present  time,  the  gasometer  be- 
came unnecessary,  though  it  is  still  extensively  used,  es- 
pecially in  dental  offices.  White's  complete  gas  apparatus 
with  gasometer  is  shown  in  Fig.  1283.       ,  ^„„„ 

The  author's  gas  inhaler  (Figs.  1286  and  1287)  consists 
of  three  iiarts— the  face-piece,  the  valve  chamber,  and 
the  gas  bag.     The  face-piece  is  identical  with  that  of  the 

ether  inhaler.  ,.    ,  .     ,        ^  „• 

The  valve  chamber  consists  of  two  cylindncal  metallic 
boxes,  one  fitting  accurately  within  the  other.  The  inner 
box  contains  a  T  of  tubing,  the  longer  or  cross  part  of 
which  traverses  the  centre  of  the  chamber  and  is  joined 

in  the  middle  by  the 
shorter  or  stem  part  of 
the  T  The  three  ends 
ot  this  T  open  upon 
the  outer  surface  of 
the  sides  of  the  box. 
Thr  longer  of  these 
tubes  contains  the 
\  ah  e  s  mounted  u  pon 
a  skeleton  tube,  which 
ma\  be  removed  at 
will  The  V  a  1  V  e.s 
th(  mselves  con.sist  of 
thin  rubber  flaps,  fast- 
<  ned  at  one  end  over 
fenestrated  d  i  a- 
phragms  set  in  an  in- 
clined position  in  the 
sk(  1(  ton  tube.  Each 
lubber  flap  is  rein- 
tnK(  d  b)'  a  thin  piece 
of  aluminum  cemented 


Fie..  l-'S).— The  White  Nitrous  (i.Kide  Apparatus  witli  Casometer. 
SlinwiiiK  iMUI-valve  cylimlei-s  containing  UKJ  gallons  and  450  gallons 
of  llquelled  nitrous  oxide. 

to  its  surface.  This  keeps  the  rubber  flat  and  prevents  it 
being  forced  tludugh  the  opening  which  it  guards,  during 
violent  resiiiration.*  On  each  side  of  the  opening  of  the 
short  or  stem  part  of  the  T  above  described  is"  placed 
a  similar  ojieuing  communicating  with  the  general  box 
cavity. 

*  Thi'sc  valves  nuiy  he  replaced  when  necessary  by  cutting  pieces  of 
ruhlier  liandage  into  proper  shape  and  cementing  the  aluminum 
forms  to  them. 
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The  outer  box  presents  tlii-ee  openings  through  its  sides, 
two  of  wliicli  are  provided  with  cliinineys.  One  of  tlie 
latter  has  a  thread  cut  upon  it  for 
tlie  screwing  on  of  the  face-piece. 
The  other  is  slight!}'  bevelled  for 
the  twisting  on  of  the  gas  bag. 

The  boxes  are  held  together  by 
a  thumb-screw,  which  also  serves 


Fig.  1284.— White's  Portable  Nitrous  Oxide  Apparatus.    Sliowing  eylluder  with  yoke  and  wheel  key. 


as  a  handle  for  rotating  the  inner  chamber,  the  rotation 
being  limited  b}'  a  slot  on  the  outer  box  aiid  a  pin  on  the 
inner. 

The  gas  bag  is  of  pure  rubber,  and  has  a  capacity  of 
about  two  gallons  wlien  just  full,  but  will  distend  to  sev- 
eral times  this  capacity  without  bursting.*  It  is  attached 
to  a  short  metal  tube,  the  free  end  of  wliich  is  ground  to 
fit  the  stnooth  chimney  of  the  valve  chamber.  In  this 
tube  is  placed  a  large  air  tap,  shown  at  ^in  Fig.  1286, 
which  may  be  opened  or  closed  by  a  lever.  Working 
in  connection  with  this  air  tap  is  a  cut-off,  placed  be- 
tween the  air  tap  and  the  bag,  and  so  arranged  that  when 
the  air  tap  is  fully  open  the  gas  is  completely  cut  off  and 


Fig.  1285.— Hewitt's  Nitrous  Oxide  Inhaler.  A,  Ruhher  faoe-piece 
with  inflatable  edge  (through  tube  G);  B,  vaUe  chamber- action  of 
valves  indicated  by  arrows  at  H  and  /;  C,  sas  bag  ol  about  two 
g-allons  capacity;  D,  stopcock  for  disconnectinp;  a  full  bag  from 
tube ;  jB  and  F,  side-valve  cylinders  with  loot-key. 

confined  to  the  bag.     When  the  air  tap  is  closed  the  bag 
is  opened  into  the  tube.     At  the  opposite  end  of  the  gas 

*  A  very  practical  point  in  view  of  the  fact  that  such  over-dlstention 
is  common  from  inability  or  failure  to  turn  off  the  gas  in  time,  or 
from  unexpected  rushes  of  gas  from  the  cylinder.  Imder  these  cir- 
cumstances bags  made  from  non-elastic  material  must  burst,  and  this 
is  a  matter  of  alarm  from  the  loud  report,  failure  of  the  narcosis  from 
inablUty  to  proceed,  and  expense  from  having  to  replace  the  bag. 


bag  is  a  hard-rubber  stopcock,  through  which  tlie  gas  is 
admitted  to  the  bag.  By  i-efcri-ing  to  th(.'  sectional  view 
of  the  gas  inhalei-,  it  is  appar- 
ent that  if  the  two  boxes  are 
pushed  together  in  the  posi- 
tions they  occupy  in  the  cut, 
the  face-piece  screwed  on  at 
It.  and  the  inhaler  breathed 
through,  during  inspiration 
the  valve  at  d  will  close 
so  that  the  air  must  enter 
through  the  chimney  c,  pass 
thi-ough  the  valve"  at  the 
opening  ft,  and  down  through 
the  opening  /  into  the  face- 
piece.  During  expiration  the 
A'alve  at  A  will  close  and  the 
air  must  pass  into  the  T  and 
out  through  d  and  h,  M'hich 
are  now  together.  The  in- 
haler is  used  in  this  position 
in  the  ordinar}'  administra- 
tion of  nitrous  oxide.  By 
revolving  the  inner  box  so 
that  d  is  depressed  and  h  ele- 
vated to  the  limit  allowed  by 
the  ])in  and  slot  above  refer- 
red to,  the  opening  b  will  be 
closed  and  e  and  g  will  come 
together  with  a  and  e  re- 
spectively. Breathing  now 
takes  place  through  the  box 
cavity,  the  valves  are  out  of 
action,  and  both  inspiration 
and  expiration  pass  through 
the  opening  c.  This  position 
is  used  for  a  short  time  dur- 
ing the  administration  of  "gas  and  ether." 

The  object  of  placing  the  bag  close  to  the  face-piece  in 
Hewitt's  and  the  author's  inhalers  is  to  avoid  the  resist- 


Fig.  1286.— Bennett's  Nitrous  Oxide  Inhaler. 


ance  to  respiration  which  is  occasionally  noticed  in  breath- 
ing through  a  long  tube.     This  resistance  causes  a  feeling 


a.-'- 

Fig.  1287.— Bennett's  Nitrous  Oxide  Inhaler ;  Sectional  View. 

of  suffocation  in  some  patients.  Gas  bags  are  made  of 
pure  rubber  or  rubber  cloth.  The  former  are  to  be  pre- 
ferred for  several  reasons.     They  are  less  bulky,  can  be 
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thoroughly  washed  and  boiled  when  necessar}^,  and  will 
distend  greatly  before  bursting. 

In  Hewitt's  and  the  author's  inhalers  the  valves  may 
be  thrown  out  of  action  at  will,  whereupon  to-and-fro 
breathing  will  occur.  This  is  of  service  in  the  adminis- 
tration of  "  gas  and  ether, "  and  may  occasionally  be  used 
in  prolonging  an  administi'ation  which  would  otherwise 
be  cut  short  owing  to  the  supply  of  gas  unexpectedly 
giving  out. 

An  administration  of  pure  nitrous  oxide  maybe  briefly 
described  as  follows:  The  gasometer  or  bag  having  been 
filled  from  the  cylinder  and  the  face-piece  accurately 
applied,  a  few  respirations  without  gas  are  permitted,  to 
accustom  the  patient  to  breathing  through  the  valves. 
Gas  is  then  turned  on  and  breathed  by  the  patient  until 
the  signs  of  complete  gas  anaesthesia  are  present.  In  this 
form  of  administration  these  signs  are  largely  due  to  the 
deprivation  of  oxj'gen  and  consist  chiefly  in  cyanosis, 
stertorous,  jerkj^,  respiration,  twitching  movements  in 
the  extremities,  rotation  and  fixation  of  the  eyeballs,  dila- 
tation of  the  pupil,  and  absence  of  conjunctival  reflex. 
The  time  consumed  in  such  an  administration  has  been 
found  by  Hewitt  to  be  as  follows:  Maximum,  70  seconds; 
minimum,  25  seconds;  average,  51  seconds. 

The  duration  of  the  ana?sthesia  resulting  from  such  an 
administration  was  found  by  Hewitt  to  vary  between  20 
and  65  seconds,  with  an  average  of  42. 1  .seconds.     Hewitt 
later  reduced  this  aver- 
age to   35  seconds  as 
being  nearer  correct. 

There  are  two  plans 
of  administering  gas 
mixed  with  air,  the 
difference  depending 
upon  the  manner  in 
which  the  air  is  admit- 
ted. In  one  a  small 
percentage  is  mixed 
with  the  gas  through- 
out the  administra- 
tion, while  in  the  other, 
breaths  of  air  are  given 
intermittently.  A  sin- 
gle comjilete  adminis- 
tration of  gas  and  air 
consumes  considerably 
more  time  than  an  ad- 
ministration of  gas 
alone.  The  resulting 
antiesthesia  is  some- 
what longer  than  from 
gas  without  air,  and 
there  is  a  marked  less- 
ening or  absence  of 
cyanosis,  twitching 


Fig.  12ftS.— Hewitt's  Nitrous  (.i.xldf  and  ( ixvgen  Apparatus.  .1,  Face- 
piece  with  intlatablB  edge;  B,  expiratory  valve ;  C,  air  tap  for  In- 
spiration when  the  gas  is  cut  oIT ;  1),  lever  by  which  gas  and  oxygen 
are  turned  on;  E,  special  stopcock  ((.r  turning  on  more  oxygen 
than  controlled  by  lever  D ;  F,  index  .showing  proportion  of  oxygen 
from  1  to  lu ;  O,  double  bag,  one  side  for  gas,  the  other  for  oxygen  ; 
H,  double  tube  (one  within  the  other);  J,  cylinders  of  gas  and 
oxygen. 

movements,  jerky  respiration,  an<l  other  asphyxial  symp- 
toms. If  too  Huich  air  is  mixed  with  the  gas  excitement 
will  appear. 

Mtniiis  oxide  mth  oxygen  is  most  satisfactorily  admin- 
istered under  increased  atmospheric  pressure,  as  dennm- 
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strated  by  Paul  Bert,  but  in  practice  this  method  is  im- 
practicable. Under  ordinary  conditions  this  combination 
may  be  administered  in  two  ways.  A  definite  percentage 
mixture  may  be  given  from  an  ordinary  gas  inhaler,  or  a 
special  apparatus  may  be  employed,  by  means  of  which 
a  mixture  of  any  desired  proportions  may  be  used. 

Hewitt  found  the  most  satisfactory  definite  mixture  to 
contain  13.75  per  cent,  of  oxygen.  He  obtained  better 
results,  however,  by  means  of  a  regulating  inhaler,  and 
the  apparatus  shown  in  Fig.  1288  is  the  outcome  of  his 
investigations  on  this  subject  during  a  period  of  eight 
years.  This  apparatus  has  a  regulating  mechanism  by 
means  of  which  nitrous  oxide  may  be  given  pure  or  plus 
from  1  up  to  30  parts  of  ox3'gen. 

A  typical  administration  with  tliis  apparatus  may  be 
described  as  follows:  The  bags  having  been  emptied  of 
air  and  then  filled  about  three-fourths  full  of  their  respec- 
tive gases,  the  face-piece  is  applied  with  the  index  point- 
ing to  air,  which  the  patient  now  breathes  through  the 
inhaler.  When  it  is  seen  that  the  face-piece  is  well 
applied  the  index  is  turned  at  once  to  1  or  2,  where 
two  or  three  respirations  are  allowed ;  the  index  is  now 
moved  forward  a  number  at  a  time,  and  at  each  number 
two  or  three  respirations  are  permitted.  When  the  index 
has  reached  6  or  8  about  a  minute  has  elapsed,  as  a 
rule,  and  there  should  be  signs  of  moderate  antesthesia, 
the  breathing  should  be  slightly  stimulated,  the  patient 
quiet,  the  color  good,  and  the  conjunctiva  somewhat  in- 
sensitive. Under  these  circumstances  the  inhalation 
should  proceed,  moving  the  index  more  gradually  for- 
ward till  signs  of  complete  ana-sthesia  are  present.  If 
the  oxygen  has  been  turned  on  too  rapidl}'  signs  of  light 
narcosis  will  appear,  the  breathing  will  become  shallow, 
there  may  be  excitement,  phonation,  movement,  or  retch- 
ing. In  this  event  the  index  must  either  remain  station- 
ary till  the  signs  pass  off  or  must  be  turned  back  a  point 
or  two  for  a  number  of  breaths  and  then  forward  more 
slowly.  When  a  satisfactory  narcosis  has  been  reached 
the  patient's  ccmdition  is  usuallj' as  follows:  The  respira- 
tion is  slightly  stimulated,  the  pulse  is  normal  or  slightly 
stimulated,  the  color  is  normal  or  slightly  flushed,  the 
eyeballs  are  usually  rotated  downward  and  fixed,  the 
conjunctiva  is  insens'itive,  and  the  extremities  are  relaxed. 
The  narcosis  may  be  continued  as  long  as  reciuired,  the 
administration  being  governed  bv  the  principles  already 
mentioned.  It  will  be  found  that  as  the  inhalation  pro- 
ceeds, a  gradual  increase  in  the  percentage  of  oxygen 
will  be  necessary.  All  changes  in  the  proportions  of  the 
gases  should  be  made  gradually  if  possible.  Sudden 
changes  produce  marked  effects  which  are  apt  to  inter- 
fere with  the  smoothness  of  the  narcosis.  The  bags  should 
be  kept  about  two-thirds  full  and  equallv  distended 
throughout  the  administration. 

Gas  and  oxygen  is  unquestionably  the  best  and  safest 
form  of  nitrous-oxide  anaesthesia.  It  possesses  all  of  the 
favorable  characteristics  of  the  latter,  and  is  to  a  great 
extent  free  from  the  worst  of  its  unfavorable  features 
i.e.,  the  asphyxial  element,  to  which  may  be  attributed 
practically  all  that  is  dangerous  and  unpleasant  in  ordi- 
nary nitrous-oxide  antTsthesia.  The  unfavorable  charac- 
teristics of  gas  and  uxygen  are  as  follows: 

1.  Difficulties,  inconvenience,  and  expense  of  the  ad- 
ministration. 

3.   Light  form  of  narcosis. 

3.  Failure  to  procure  satisfactory  anoesthesia  in  a  small 
percentage  of  cases. 

1.  Gas  and  oxygen  is  vastly  more  difiicult  to  administer 
satisfactorily  than  is  chlnrofonn  or  ether,  and  this  is  due 
to  he  tact  that  the  method  presents  a  great  number  of 
technical  details  which  require  considerable  experience 
and  the  closest  attention.  It  is  practically  impossible  to 
move  the  patient  after  this  ant^sthetic  has  been  started 
without  .listurbmg  the  narcosis.  It  is  therefore  neces- 
sary to  have  the  patient  upon  the  operating-table  before 
beginning,  and  any  other  than  the  si.pine  po'sition  rSrs 
the  administration  too  difiicult  to  be  practicable  The 
apparatus  is  arge  and  is  apt  to  be  in  the  way  if  the  opei- 
ation  18  about  the  head  or  neck.     '•^  '- 
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tect  the  tubes  through  which  the  gases  tlow  fi'om  press- 
ure. If  stepped  upon  they  will  buist,  as  the  author  has 
several  times  found  out.  The  cost  of  a  long  administra- 
tion of  gas  and  oxygen  is  considerable  compared  with 
ether  or  chloroform;  live  dollars' worth  of  the  gases  not 
infrequently  being  consumed. 

2.  While  the  narcosis  may  be  carried  to  a  deeper  de- 
gree with  gas  and  oxygea  than  with  gas  alone,  it  is  oc- 
casionally not  deep  enough,  and  this  is  very  especially 
true  in  reference  to  rectal  and  abdominal  operations. 
The  abdomen  is  peculiarly  apt  to  remain  rigid,  even 
though  the  narcosis  is  deep  and  free  from  signs  of  as- 
phyxia, and  gas  and  oxygen  is  not  to  be  recommended 
for  intra-abdominal  operations,  except  in  cases  in  which 
the  advantages  of  this  form  of  ana'sthesia  more  than  off- 
set this  particular  disadvantage. 

3.  Failure  to  produce  satisfactory  ansesthesia  is  exceed- 
ingly rare  and  is  very  apt  to  be  the  result  of  faulty  ad- 
ministration. The  avithor  is  convinced,  however,  that 
there  are  patients  who,  with  fairly  skilful  treatment,  will 
not  pass  into  that  quiet,  deep  narcosis  which  is  desirable. 
These  patients  probably  belong  to  the  class  that  take 
anesthetics  badly,  requiring  large  doses  and  showing 
marked  resistance  to  the  action  of  the  agent 
used. 

The  Choice  of  Oas  loith  Air  or  with  Oxygen 
as  flu  Armsthetie. — The  limitations  above  noted 
in  regard  to  the  scope  of  nitrous  oxide  for  sur- 
gical operations  indicate  in  a  way  its  field  of 
usefulness.  In  the  writer's  judgment,  how- 
ever, the  greatest  indications  for  the  employ- 
ment of  this  form  of  anaesthesia  are  to  be  found:  1.  Inpa- 
tients who  are  more  than  usually  endangered  by  ether  or 
chloroform,  by  reason  of  their  general  physical  state  or  on 
account  of  the  presence  of  some  special  pathological  con- 
dition. Examples  of  this  class  are  found  in  very  weak 
patients,  in  the  very  aged,  and  in  those  presenting  active 
lesions  of  the  lungs,  the  kidneys,  or  the  heart.  2.  In 
operations  that  are  so  short  or  so  trivial  as  to  render  the 
effects  of  ether  or  chloroform  out  of  proportion  to  the  case. 
3.  In  patients  who  have  previously  suffered  unusually 
from  the  effects  of  ether  or  chloroform  and  who  have 
great  dread  thereof.  The  following  list  of  cases  from  the 
author's  personal  records  may  be  of  interest  as  indicating 
the  possibilities  of  this  anaBSthetic : 

Amputations:  Arm,  for  extensive  necrosis  of  hand. 
Breast,  for  carcinoma,  with  removal  of  the  axillary  glands. 
Toe,  for  gangrene. 

Curetting:  Uterus,  sinuses,  abscesses,  etc. 

Excision :  Carbuncles  of  neck,  leg,  etc. 

Incision:  Abscesses  of  neck,  leg,  breast,  vulvo-vaginal, 

Laparatomy:  Appendicitis,  exploration,  ventro-fixa- 
tion. 

Plastic  operations  of  face. 

Suprapubic  cystotomy  for  stone. 

Many  cases  of  the  following:  Examinations,  painful 
dressings,  suture  of  wounds,  circumcision,  ligature  of 
hemorrhoids,  anal  and  vaginal  dilatations,  breaking  up 
joint  adhesions,  stretchings  in  orthopedic  cases,  etc. 

The  time  of  operation  in  those  cases  ranged  from  a  few 
seconds  to  ninety  minutes.  The  ages  of  the  patients 
ranged  from  below  one  year  to  eighty-four  years. 

A  single  complete  administration  of  gas  and  oxygen  has 
been  found  by  Hewitt  to  take  an  average  of  110  seconds 
and  the  duration  of  the  resulting  ana;sthesia  to  be  44  sec- 
onds as  an  average.  The  longer  or  .shorter  the  mhalation 
of  gas  alone  or  in  combination  with  proper  amounts  of  air 
or  oxygen,  the  longer  or  shorter  the  anesthesia. 

Dangers  of  Anaesthesia  and  Their  Treatment.— 
The  dangers  which  result  from  the  administration  of  an- 
esthetics are  connected  with  either  the  circula'.ion  or  the 
respiration.  The  dangers  of  chloroform  are  chiefly  in 
connection  with  the  circulation  and  are  manifested  by 
various  degrees  of  circulatory  depression.  The  dangers 
of  ether  and  nitrous  oxide  are  chiefly  in  connection  with 
the  respiration  and  are  manifested  by  various  degrees  of 
asphyxia.     The  nature  and  manner  of  production  of  these 


conditions  have  been  discussed  in  the  article  Ancnnthetics 
(Vol.  I.),  under  ''  Physiological  Action  "  and  "  Phenomena 
of  Anesthesia, "  while  the  class  of  cases  in  which  they  are 


Fig.  1289.— White's  Nitrous  Oxide  and  Oxygen  Apparatus.  A,  Red 
cylinder  containing  40  sallons  o(  oxygen;  B,  blat*  cylinder  con- 
taining 100  gallons  of  nitrous  oxide ;  C,  oxygen  bag ;  D,  nitrous 
oxide  bag;  E  and  F,  keys  controlling  flow  ot  the  gases  through  the 
tubes  G  and  H  ;  ii  and  P,  keys  controlling  flow  of  gases  to  the  mix- 
ing chamber  M  and  tbcnce  to  the  face-piece  K.  If  O  is  opened  and 
P  closed,  pure  nitrous  oxide  will  be  breathed.  If  0  is  closed  and  P 
opened  fully,  pure  oxygen  will  be  breathed.  Oxygen  may  be  turned 
on  in  varjlng  amounts  according  to  the  index  shown  in  P  enlarged. 

most  likely  to  occur  will  be  found  under  "  Choice  of  the 
Anesthetic. " 

The  various  degrees  of  asphyxia  met  during  the 
administration  of  anesthetics  are  due,  for  the  most  part, 
to  the  following  causes:  Direct  obstrvciion  to  respira- 
tion, as  caused  by  stertor,  valve-like  action  of  the  air 
passages  and  oritices  above  the  larynx,  and  foreign 
bodies;  sjmsm  of  the  respiratory  muscles;  paralysis  of  tlie 
respiratory  centre  by  an  overdose. 
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Tlie  various  degrees  of  circulatory  depression  met  ilur- 
ing  aniBsthesia,  wliich  are  attributable,  directly  or  indi- 
rectly, to  the  anaesthetic,  are  due  either  to  too  little  or 
to  too  much  of  the  agent.  Too  little  of  the  aniesthetic 
causing  incomplete  aufesthesia  may  result  in  depression 
of  the  circulation  through  nausea  and  through  retle.x 
effects  brought  about  by  operative  procedures.  This  is 
rare  under  ether,  Ijut  not  uneonmion  under  chloroform. 

Circulator}-  (U'pression  from  an  overdose  of  the  anfcs- 
thetic  occurs  in  two  ways.  If  the  overdose  is  adminis- 
tered gradually  the  dangerous  effects  upon  the  circula- 
tion are  usually  secondary  and  consecutive  to  dangerous 
paralysis  of  the  respiration.  If  the  overdose  is  adminis- 
tered" rapidly  the  circulatory  depression  is  usually  pri- 
mary, especially  in  the  case  of  chloroform.  Unduly 
prolonged  nai'cosis  often  causes  gradual  circulator}' 
depression.  The  immediate  dangers,  therefore,  in  the 
administration  of  ausesthetics  are  manifested  by  either 
asphyxia  or  syncope. 

Cue  of  the  greatest  sources  of  respirator}'  obstruction 
during  anaesthesia  is  that  associated  with  utertor  which 
may  be  of  nasal,  buccal,  palatine,  pharyngeal,  or  laryn- 
geal origin.  Stertor  may  be  inspiratory  or  expiratory, 
and  may  occur  during  light  or  deep  anaesthesia.  During 
light  anaesthesia  it  is  frequently  reflex  from  operative 
procedures,  while  during  deep  narcosis  it  is  usually  para- 
lytic. The  direct  cause  of  stertor  is  the  interference  of 
the  tissues  and  organs  situated  in  the  air  way  above  the 
tracliea  with  the  currents  of  air  during  inspiration  and 
expiration.  The  situation  of  the  tongue,  its  weight,  and 
its  relations  with  the  epiglottis  and  larynx,  render  it 
perhaps  the  greatest  source  of  obstruction  to  respiration 
during  anaesthesia. 

In  the  treatment  of  these  conditions  pro])hylaxis  is  of 
the  greatest  value,  for  a  majority  of  the  difficulties  and 
dangers  of  anaesthesia  are  due  to  faulty  admiuistration. 
Unfortunately,  a  considerable  experience  in  the  adminis- 
tration of  anaesthetics  is  necessary  before  faulty  adminis- 
tration can  be  corrected. 

Reflex  stertor,  if  troublesome  and  distinctly  connected 
with  the  operative  manipulations,  should  be  met  by  a 
deeper  narcosis.  Stertor  not  resulting  from  too  light 
narcosis  may  be  relieved  by  the  following  measures: 
extension  of  the  head  by  moving  the  chin  away  from 
the  sternum ;  pushing  the  lower  jaw  forward  by  press- 
ure beyond  its  angles;  pulling  the  tongue  forward  by 
the  tip  or  hooking  it  forward  from  its  base.  One  or 
more  of  these  measures  will  relieve  all  ordinary  obstruc- 
tions to  respiration  during  anesthesia ;  but  should  they 
fail  and  the  asphyxia  be  alarming,  tracheotomy  should  be 
performed  promptly.  Obstruction  to  respiration  due  to 
valve-like  action  of  the  nares,  cheeks,  lips,  and  pharynx 
should  be  prevented  or  relieved  by  the  use  of  a  nasal 
speeuhuu  or  by  opening  the  mouth  and  preventing  its 
closure  by  a  small  prop.  Obstruction  to  respiration  from 
foreign  bodies,  as  blood,  mucus,  stomach  contents,  or  other 
material,  should  be  met  by  the  prompt  removal  of  same. 

An  exceedingly  rare  form  of  obstruction  to  respiration 
during  anaesthesia  is  that  due  to  spasm  of  the  muscles  of 
respiration  with  absolute  cessation  of  all  respiratory 
movement.  This  iisually  occurs  in  the  early  stages  of 
narco.sis  during  the  period  of  general  muscular  rigidity. 
All  that  can  be  done  in  such  cases  is  to  see  that  the  air 
way  is  free  and  then  perform  vigorous  artificial  respira- 
tion. All  forms  of  obstructed  breathing  resulting  in 
asphyxia,  with  cessation  or  practical  cessation  of  resiiira- 
tion,  should  lie  treated  by  performing  artificial  respiration 
after  determining  the  unobstructed  condition  of  tlie  air 
Avay.  The  administration  of  oxygen  during  this  time 
would  seem  to  be  indicated  in  hastening  the  relief  of  the 
asphyxia.  Asphyxia  from  paralysis  of  the  res]>ira,tiou 
by  an  overdose  of  the  anaesthetic 'is  to  be  treated  on  the 
hues  already  referred  to.  In  all  cases  of  asphyxia  the 
heart  should  be  sustained  by  the  administration 'of  stim- 
ulants, which  will  be  referred  to  under  "syncoiie." 

The  best  methods  of  performing  artificial  respiration  for 
the  purpose  under  consideration  are :  .simple  compressions 
of  the  chest,  Silvester's  method,  and  f(jreed  respiration. 
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Forcible  compression  of  the  chest  and  its  suljse'fuent 
expansion  not  only  creates  a  considerable  movement  of 
air  in  the  lungs,  but  is  a  powerful  excitant  of  respiratory 
effort,  if  the  patient's  condition  renders  such  response 
possible.  Air  expelled  from  the  lungs  in  this  way  also 
serves  to  relieve  obstructions,  such  as  firm  apposition  of 
the  epiglottis  to  the  laryngeal  opening,  foreign  bodies,  etc. 
Silvester's  method  of  artificial  respiration  is  more_ read- 
ily carried  out  and  more  effectual  than  other  similar 
methods.  Faradism  of  the  phrenic  nerves  is  a  decided 
aid  to  artificial  respiration.  Forced  respiration  by  means 
of  the  PellO'Dwyer  or  similar  apparatus  would  probably 
be  of  great  value  in  extreme  ca.ses  of  asphj'xia  of  this 
nature  if  it  could  always  be  at  hand  and  ready  for  use. 

The  manner  in  which  syncope  is  produced  through  the 
action  of  the  anaesthetic  has  been  considered  in  the  first 
part  of  this  article  under  "action  on  the  circulation." 
The  syncope  which  occasionally  occurs  from  nausea  and 
from  operative  procedures  under  light  narcosis  by  chloro- 
form should  be  avoided  by  not  permitting  the  conditions 
which  allow  it  to  occur. 

The  minor  degrees  of  circulatory  depression  occurring 
under  chloroform  may  be  relieved  by  lessening  the  ad- 
ministration if  the  narcosis  is  of  moderate  or  deep  degree, 
or  by  changing  to  ether  or  A.  C.  E.  and  b}'  the  adminis- 
tration of  restorative  measures  to  be  considered  later. 

Alarming  degrees  of  syncope  call  for  prompt  and  ener- 
getic treatment.  The  administration  should  be  stopped 
and  nothing  allowed  to  interfere  or  delay  the  application 
of  restorative  measures.  The  condition  of  the  circulation 
and  respiration  should  be  carefully  noted.  The  anaes- 
thetic contained  in  the  air  of  the  patient's  lungs  should 
be  removed  by  rapid  and  effective  artificial  respiration, 
and  throughout  the  subsequent  treatment  of  the  case  the 
air  way  should  be  maintained  in  an  unobstructed  condi- 
tion. In  the  treatment  of  the  graver  forms  of  syncope 
the  following  are  the  chief  measures  of  value: 

Poxture. — IsloYC  or  less  inversion  of  the  patient  (Nela- 
ton's  plan)  is  almost  invariably  practised  under  these 
circumstances,  and  there  can  be  no  doubt  that  many  lives 
have  been  saved  through  this  means.  The  improvement 
in  the  pulse  and  respiration  following  inversion  in  ap- 
proaMng  collapse  from  chloroform  is'isroof  of  its  value 
under  these  circumstances.  It  is  supposed  to  act  by  de- 
termining a  flow  of  blood  to  the  medulla  and  to  the  heart, 
thus  stimulating  respiration  and  circulation.  Inversion 
has  been  employed,  however,  in  nearly  all  of  the  fatal 
chloroform  aecideuts,  and  it  is  thus  evfdent  that  it  is  not 
invariably  effective;  indeed,  it  is  probable  that  it  is  often 
positively  harmful. 

In  sud'den  complete  syncope  we  have  seen  that  the 
heart  is  paralyzed  and  distended  with  blood,  as  are  the 
great  vessels  of  the  chest  and  abdomen.     Hill  has  pointed 
out  that  to  invert  a  patient  under  these  circumstances  is 
"worse  than  useless,"  as  "  the  paralvtic  dilatation  of  the 
heart  is  thereby  increased."     Hill  recommends  the  fol- 
lowing measures  which  he  has  found  to  relieve  nearly 
every  case  of  this  kind  in  animals.     "  Artificial  respiration. 
IS  at  once  applied,  the  thorax  is  rhythmically  squeezed 
over  the  region  of  the  heart,  while  the  animal  is  placed 
in  the  lionzontal  position.     If  the  pulse  does  not  speedily 
return  the  animal  is  dropped  into  the  vertical,  feet-down 
posture.     By  this  simjile  means  the  heart,  owing  to  the 
uitluence  of  gravity,  is  emptied  into  the  splanchnic  area 
and  thus  the  dilatation  of  the  organ  is  relieved     Artificial 
respiration   is   maintained   throughout   this   manoeuvre 
After  a  few  seconds  the  animal  is  returned  to  the  hori- 
zontal posture,  and  the  heart  is  thus  filled  with  a  fresh 
supply  of  blood.     If  the  pulse  does  not  rettirn   the  Z 
iKcuvre  IS  once  more  repeated.     When  the  pulse  has  re- 
turned and  the  heart  beat  has  become  efficient   the  art  fi 
eial  lespirati.m  can  be  discontinued,  and  after  a  short 
space  ot  time  the  natural  breathing  will  usuaHv  re     rn 
owing  to  the  excitation  of  asphyxia.     During  tliis  poriod 
the  pulse  mus   be  carefully  watched,  and  artificial'respi 
ration  renewed  if  t  lere  be  any  signs  of  failure.   .  ThV 

second  type  of  collapse  (slow  and  gradual  overdose)  is 
leheved  by  the  vertical  head-down  position  (Nelaton's 
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method).  It  is  equally  relieved  by  the  horizontal  posi- 
tion and  artifieial  respiration.  As  the  anicsthetist  eau 
never  be  sure  which  type  of  collapse  he  has  to  deal  with, 
it  seems  to  me  that  Nelaton's  method  should  never  be 
employed.  If  wc  have  to  deal  with  the  first  type  of  col- 
lap.sc  (sudden  overdose)  Nelaton's  inversion  "is  a  fatal 
mistake;  if  the  second  type  of  collapse  confronts  us, 
recovery  can  be  brought  about  by  performing  artificial 
respiration  and  placing  the  patient  in  the  horizontal  posi- 
tion." 

Artificial  respiration  carried  out  by  rhythmic  com- 
pressions of  the  thorax,  by  Silve.ster's  niethcid,  by  methods 
of  forced  respiration,  and  by  faradism  of  the  phrenic 
nerves,  probably  affords  the  most  effective  means  of 
treating  s_vncope  from  aua-sthetics. 

The  method  of  heart  coinprexsion,  commonly  referred 
to  as  the  method  of  Koenig  or  the  Maas  method,  has 
proved  to  be  of  great  value  in  many  cases  of  chloroform 
syncope.  The  following  description  is  that  of  Maas: 
"  The  operator  stands  on  the  left  side  of  the  patient  with 
face  toward  the  liead  of  the  patient ;  the  cai'diac  region 
is  pressed  upon  with  rapid  and  strong  pressiu'e  by  the 
ball  of  the  right  thumb  laid  upon  the  chest  between  the 
place  of  apex  beat  and  the  left  border  of  the  sternum ;  onc- 
hundrcd  and  twent}'  shocks  or  compressions  are  to  be 
made  per  minute.  Care  must  betaken  to  exert  enough 
force.  Fix  the  patient's  body  by  the  left  hand  on  the  right 
side  of  the  thorax.  Success  is  denoted  by  artificially  pro- 
duced carotid  pulse  and  contraction  of  pupils,  which 
should  control  the  force  and  rapidity  of  impulses.  An 
assistant  should  watch  the  pupil  and  carotid  pulse.  As 
long  as  the  condition  of  the  patient  does  not  improve  the 
pauses  in  treatment  should  be  as  far  between  and  as  short 
as  possible.  When  the  pupil  contracts  j'ou  *iay  wait  till 
it  begins  to  dilate,  or  as  long  as  spontaneous  respiratory 
movements  continue." 

Dnigft. — The  experiments  of  Wood  have  demonstrated 
the  great  value  of  strj-chnine  and  digitalis  in  the  treat- 
ment of  syncope  from  chloroform,  antl  the  inefficiency  of 
alcohol,  atropine,  ammonia,  amyl  nitrite,  and  caffeine  in 
this  condition. 

Strychnine  must  be  used  in  large  doses  imder  these 
circumstances.  The  author  has  given  as  much  as  gr.  -^-f; 
in  divided  doses  with  advantage  upon  several  occasions, 
and  others  have  given  still  more. 

The  experiments  of  Schtifer  and  others  prove  that 
suprarenal  extract  acts  as  a  powerful  vaso-motor  stimu- 
lant, and,  as  an  antidote  to  the  depressant  eff'ect  of  chloro- 
form, it  is  highly  recommended. 

The  striking  effect  of  the  rectal,  subcutaneous,  or  in- 
travenous injection  of  saline  solution  in  conditions  of 
shock  and  collapse  is  proof  of  its  value  in  syncope  from 
anaesthetics.  Laborde's  method  of  "tongue  traction" 
has  been  resorted  to  in  many  cases  of  apparent  death 
from  anaesthetics  with  excellent  results.  The  tongue, 
being  grasped  by  the  tip,  is  pulled  forward  over  the  teeth 
as  far  out  of  the  mouth  as  possible;  it  is  then  permitted 
to  spring  back  into  the  mouth.  This  is  repeated  at  about 
the  normal  respiratory  rate  till  respiration  is  re-estab- 
lished. Success  has  been  attained  after  long-continued 
and  apparently  hopeless  effort. 

Briskly  rubbing  the  lips  often  excites  increased  re- 
spiratory efforts,  and  in  the  light  breathing  which  occurs 
early  in  an  overdose  this  may  be  used  with  advantage. 
Faradism  of  the  heart  and  puncture  of  that  organ  with 
a  needle  have  been  reconmiended  in  chloroform  syncope, 
but  are  of  doubtful  value. 

The  following  valuable  analysis  of  chloroform  fatalities 
is  taken  from  Hewitt  on  ana'stheties : 

An  Analysis  of  310  Chloroform  Fatalities  (=  109  Collected 
BY  the  Committee  of  the  Royal  Medical  and  Chirukgical 
Society,  and  101  Collected  by  Kappeler). 

(a)  Sex. 

Males 150 

Females '^-j* 

Not  stated 1 

210 


(b)  Age. 

Under  .5  year.s 2 

(i-1.5  yeai-s 21 

]H-;)0    "    i9 

31-4.')    "    ,5.3 

4()-(iO    "    37 

( Ivcr  fiO  years 3 

Not  stated ^■y 

210 
(c)  Nature  of  OiKratton. 

Amputations :36 

Dislocations 16 

Removal  ot  tumors 17 

Examinations     of     Injuries    (including    putting    up   of 

Iractuiesj 9 

Operations  on  male  genito-urinary  organs 20 

( )peration.s  cm  anus,  rectum,  etc 11 

Operations  on  female  genital  organs .5 

Operations  on  eye 115 

Hernia 3 

Castration 4 

For  necrosis,  excision  of  bone,  etc 7 

Excision  of  joints 3 

Fi;ircll3le  straightening  of  joints 7 

For  application  of  escharotics 8 

Plastic  operations 6 

Ligature  of  arteries 1 

Opening  abscesses  and  sinuses 7 

Impaction  of  fa?ces 1 

For  removal  of  teeth  18 

Removal  of  toe-nail .5 

For  rehef  of  neuralgia 3 

For  delirium  tremens 3 

For  maniacal  excitement 1 

Not  stated 6 
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(rt)  Period  of  Inhalatiejn  at  which  Death  Occurred.  '■ 

Under  one  minute 10 

One  to  three  minutes 13 

Three  to  Ave  minutes 12 

Six  to  fifteen  minutes 33 

Over  fifteen  minutes 7 

Not  stated 135 

210> 

(e)  Stafie  of  Anccsthesia  at  ivhich  Death  Occurred, 

Commencing  to  Inhale It 

Stage  of  excitement 30 

Incomplete  anaesthesia 49 

Fully  under  influence 68 

After  operation 31 

Not  stated 18 

210 

Or,  Before  full  effects  of  chloroform 93 

During  full  effects 68 

After  operation 31 

Not  stated 18 

210 
(/)  Mode  of  Death. 

It  is  best,  perhaps,  to  keep  the  two  analyses  under  this  heading 
separate. 

Royed  Medical  and  Chirurgical  Comnnttee. 

"  Syncope 56 

Syncope  during  stage  ot  excitement 6 

Died  suddenly 6 

Died  in  a  Ut 10 

Pulse  and  respiration  ceased  together 9 

Failure  ot  respiration  (pulse  not  noted) 6 

Failure  of  respiration  (pulse  remaining) 2 

Not  stated 14 

109" 
Kappeler. 

Group  1.  Imperfectly  recorded  cases,  or  cases  in  which  death 

could  not  be  ascribed  directly  to  chloroform  61 

Group  2.  Fully  reported  cases  in  which  death  occurred  as  the 

immediate  result  of  chloroform 40 

101 
Analysis  of  Group  9. 

A.  Death  with  primary  evidences  of  circulatory  failure  (14  fully 

under  and  9  partially  under  chloroform) 23 

B.  Cases  In  which  respiration  ceased  first  (10  fully  under  and  7 

partially  under  chloroform)  17 

(f/)  Meidc  of  Inhalation. 

On  handkerchief,  towel,  napkin,  or  lint 87 

Lint  with  sponge 5 

On  sponge 11 

With  an  ether  Inhaler ^ 

Snow's  Inhaler ■^ 


23 
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An  Inhaler 23 

Paper  tiag  or  cloth  cone 3 

Skinner's  mask 3 

A  mask 1 

Esmarch's  mask 5 

Metal  Inhaler  with  plenty  of  air 2 

Clover's  apparatus 5 

Not  stated ■« 

210 

After-EffecU. — The  following  is  a  brief  account  of  some 
of  the  chief  conditions  which  have  been  called  the  after- 
effects of  ansesthetics. 

Naumi  and  wmiting  constitute  the  most  conspicuous 
and  distressing,  though  not  the  most  dangerous  of  the 
consequences  of  anajsthesia.  Nitrous  oxide  causes  the 
least  after-disturbance  of  this  kind ;  and  while  ether  causes 
nausea  and  vomiting  more  frequently  than  chloroform, 
more  cases  of  protracted  and  dangerous  vomiting  are 
met  after  chloroform  than  after  ether. 

Patients  differ  greatly  in  respect  to  this  effect,  and  a 
patient  may  vomit  excessively  on  one  occasion  and  little 
or  none  on  another  under  apparently  like  conditions. 

Patients  properly  prepared  for  the  administration  have 
less  sickness,  as  a  rule,  than  those  not  so  prepared,  al- 
though in  many  instances  a  case  presenting  a  full  stomach 
and  no  preparation  will  not  be  nauseated  after  anaesthesia. 

Washing  out  the  stomach  at  the  close  of  the  adminis- 
tration will  lessen  or  prevent  nausea  and  vomiting  in  a 
large  percentage  of  cases,  and  is  an  excellent  routine 
practice  if  carefullj^  done. 

At  later  periods  this  is  also  one  of  the  best  means  of 
treatment,  and  after  consciousness  has  been  restored  it 
may  be  carried  out  at  proper  intervals  by  allowing  the 
patient  to  drink  a  glass  of  warm  water  and  expel  it  Ijy 
vomiting.  A  large  dose  of  the  bromide  of  sodium  or 
potassium  by  way  of  the  rectum  will  often  act  benefi- 
cially in  this  condition,  and  the  administration  of  opium 
is  occasionally  the  only  means  that  will  control  it. 

Headache  following  anfesthetics,  commonly  seen  after 
prolonged  administration  of  nitrous  oxide,  may  be  best 
relieved  by  cold  applications  to  the  head,  bromides,  or 
opiates. 

BronrJiitis,  hronclio-pneumonia,  and  typical  lohar  pneu- 
monia have  occurred  with  noticeable  frequency  after 
antesthetics.  These  conditions  are  observed  after  all  an- 
assthetics,  but  more  commonly  after  ether  than  after 
chloroform.  They  are  probabl.y  not  due  to  the  direct 
effect  of  the  ana-sthetics  upon  the  pulmonary  tissues,  but 
are  caused,  for  the  most  part,  by  infections  of  the  lungs 
through  material  aspirated  into  them  from  the  throat 
during  the  narcosis,  such  material  often  carrying  pneu- 
mococci  and  other  bacteria  derived  from  the  throat  and 
nose.  Add  to  this  the  chilling  influences  attending  the 
anaesthesia  and  the  operation,  the  repression  of  coughing 
after  certain  operations,  and  the  exposure  incident  to 
change  from  the  operating  room,  change  of  clothing, 
etc.,  and  it  is  not  surprising  that  these  pulmonary  after- 
effects occasionally  develop. 

The  treatment  of  these  conditions  is  the  same  as  though 
they  occurred  under  other  circumstances.  Prophylaxis 
consists  chiefly  in  the  use  of  clean  inhalers,  cleansing  the 
mouth,  nose,  and  throat  before  the  administration,  avoid- 
ing the  aspiration  of  foreign  material  into  the  air  pas- 
sages, keeping  the  patient  from  exposure  and  depression. 

Renal  congeiftion,  nephritis,  and  urinary  sufjpresnion  are 
not  infrequently  observed  after  the  administration  of  an- 
aesthetics, as  referred  to  under  "Physiological  Action." 
The  effects  of  the  deprivation  of  fluids  before  and  after 
operation,  exposure,  and  sepsis  must  not  be  overlooked 
m  this  connection.  Treatment  should  be  carried  out  on 
usual  lines.  Saline  infusion  by  way  of  the  rectum, 
cellular  tissue,  or  veins  has  proved  of  great  benefit  in 
promoting  kidney  action  under  these  conditions. 

Jaundice,  glycosuria,  insanity,  and  other  abnormal 
states  have  been  noted  after  amusthctics  have  been  ad- 
ministered. Their  exact  relations  to  tlie  narcosis  arc  not 
fully  understood. 

After- Care.— Dxu-mg  the  recovery  of  patients  from  the 
effects  of  anaesthetics  they  should  have  certain  special 
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care  made  necessary  by  their  condition.  They  ^"  '_^  , 
receive  assistance  during  the  vomiting  which  niaj  i^^ 
low,  and,  owing  to  the  suddenness  with  which  this  may 
occur,  the  patient  should  never  be  left  alone  till  no  is 
quite  capable  of  taking  conscious  care  of  Ji""*^^!^; 
Vomiting  is  most  easily  and  safely  accomplished  U  t.ne 
patient  is  on  the  side,  and  this  position  should  be  assumea 
if  possible.  If  the  dorsal  position  is  necessary,  the  heaa 
should  be  turned  well  to  the  side  during  vomitmg  and 
elevation  of  one  shoulder  will  help  the  position  Large 
particles  of  vomited  matter  should  be  removed  from  the 
mouth  as  quickly  as  possible.  The  common  custom  of 
pushing  the  jaw  forward  during  vomiting  is  unnecessary 
and  dangerous.  It  defeats  the  effort  of  the  patient  to 
protect  his  air  passages. 

The  patient  must  be  guarded  from  exposure  during 
recovery.  The  chilling  influences  of  the  anaesthetic  and 
the  operation  render  the  patient  unusually  sensitive,  and 
more  than  usual  covering  should  be  provided.  Artificial 
heat  should  be  used  if  necessary,  but  in  its  application  it 
should  be  remembered  that  flic  patient  is  more  or  less 
anaesthetic  and  may  not  notice  the  presence  of  a  hot- 
water  bag  or  bottle  that  is  burning  him.  This  is  a  fre- 
quent and  disastrous  accident.  The  patient  should  not 
be  exposed  to  draughts,  L'ndue  sweating  should  be 
avoided. 

The  question  of  food  and  drink  is  important.  The 
custom  of  withholding  everything  for  many  hours  is  un- 
necessary. The  patient's  desire  for  food  or  drink  is  often 
a  reliable  guide  for  the  beginning  of  the  same.  Weak 
patients  should  not  be  kept  as  long  as  others  without 
nourishment.  As  a  rule,  it  seems  best  to  begin  with 
rather  small  quantities  of  warm  fluids,  proceeding  accord- 
ing to  the  particular  conditions  present.  Thirst  may 
often  be  relieved  b}^  the  combination  of  large  amounts  of 
fluid  by  the  rectum  and  small  amounts  by  the  mouth, 

Tliomas  L.  Bennett. 

[As  this  article  is  going  to  press  the  "  report  of  the  An- 
festhetics  Committee  of  the  British  Medical  Association  " 
is  announced.  It  comprises  a  careful  and  minute  study 
in  great  detail  of  25,920  cases  from  reliable  sources.  The 
following  conchisions,  taken  from  the  i((«<;€<,  London,  are 
thought  to  be  justified: 

CONCLTJSIOXS. 

Relative  Safety  of  the  Various  AntFSthetics. — 1.  The  rela- 
tive safety  of  the  various  ansesthetics  may  be  gathered 
from  the  statistical  tables  in  the  report.  When  only 
those  cases  of  danger  which  were  held  to  be  due  entirely 
to  the  antesthetic  are  considered  the  following  instructive 
figures  are  obtained,  further  emphasizing  the  danger  of 
chloroform  as  contrasted  with  ether.  Cases  of  danger 
(including  deaths)  considered  to  be  due  entirely  to  the 
anjEsthetic:  under  chloroform,  78,  giving  a  danger  rate 
of  .582  per  cent. ;  under  the  A.  C.  E.  mixture,  1,"  giving 
a  danger  rate  of  .  147  per  cent.  :  under  mixtures  of 
chloroform  and  ether,  3,  giving  a  danger  rate  of  .478 
percent. ;  under  the  A.  C.  E.  mixture  followed  by  chloro- 
form, 1,  giving  a  clanger  rate  of  1,694  per  cent;  under 
chloroform  preceded  by  ether,  5,  giving  a  danger  rate  of 
2.2  per  cent, ;  under  chloroform  followed  by  mixtures  of 
alcohol,  chloroform,  and  ether,  1,  giving  a  danger  rate 
of  .36  per  cent.;  under  ether,  2,  .giving  a  danger  rate 
of  .065  per  cent.;  under  "gas  and  ether,"  3,  giving  a 
danger  rate  of  .096  per  cent.  ;  under  ether  preceded  by 
chloroform,  1,  gi\ing  a  danger  rate  of  .480  per  cent  ; 
under  ether  preceded  by  the^A.  C.  E.  mixture,  0;  under 
the  chloroform  group  of  anaesthetics  (addition  of  the 
first  six  headings  above),  88,  giving  a  danger  rate  of 
.584  per  cent.;  and  under  the  ether  group  of  anesthetics 
(addition  of  the  last  four  headings"  above)  6  n-ivino-  a 
danger  rate  of  ,085  per  cent,  2."Although  ('excluding 
nitrous  oxide)  ether  may  be  accepted  as  the" safest  routine 
agent,  certain  circumstances  determined  by  the  state  of 
the  patient,  the  nature  of  the  operation,  etc. ,  may  render 
the  use  of  some  other  anaesthetic  or  combination  of  anaes- 
thetics lioth  safer  and  easier. 

The  Best  Methods  of  Administration.— 3.  No  method  of 
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administration  of  chloroform  is  free  from  dangei',  but  an 
examination  of  tlie  complicated  cases  appears  to  sIkjw 
that  the  occurrence  of  danirer  depends  largely  upon  the 
administrator  who  employ's  any  particular  method.  4. 
No  conclusion  from  the  evidence  before  the  committee 
as  to  the  best  method  of  administration  of  ether  and  "  gas 
and  ether"  is  possible.  5.  The  data  warrant  the  conclu- 
sion that  the  A.  C.  E.  mixture  should  not  be  given  from  a 
closed  inhaler— f.f/. ,  Clover's.  This  conclusion  applies 
to  all  mixtures  containing  chloroform. 

Be/it  Methods  of  licntoratiun. — 7.  The  sub-conmiittee  are 
unable  from  the  material  at  their  disposal  to  draw  any 
conclusion  upon  this  point. 

Clinical  Evidence  liegarding  Ana^silieties  OeneniUy.S. 
Anesthetics  are  more  commonly  associated  Mitli  com- 
plications and  dangers  in  males  than  in  females,  9.  Ex- 
cluding infancy,  and  taking  ana>sthetics  collectively,  the 
complications  and  dangers  of  an;vsthesia  increase  pari 
passu  with  advancing  age.  10.  Ana'sthetics  are  notablj- 
more  dangerous  in  proportion  as  the  gi-avity  of  the  pa- 
tient's state  increases.  11.  Danger  to  life  is  especially 
likely  to  be  incurred  at  early  periods  of  the  administra- 
tion of  anesthetics,  while  the  tendency  to  less  grave 
complications  increases  directly  with  the  duration  of  an- 
lesthesia.  12.  The  tendency  for  complications,  danger- 
ous and  otherwise,  to  occur  increases  jmj'i  passu  with  the 
gravity  of  the  operation. 

Clinical  Evidence  liegarding  Chloroform. — 13.  Chloro- 
form is  about  twice  as  dangerous  iu  males  as  in  females. 
14.  Chloroform  is  most  dangerous  during  early  infanc}' 
and  after  thirt}^  years  of  age ;  least  so  from  ten  to  tbirtj' 
years  of  age.  15.  In  conditions  of  good  health  chloro- 
form is  very  much  more  dangerous  than  other  ana;sthetics.- 
In  grave  conditions  chloioform  still  remains  the  least 
safe  anajsthetic,  but  the  disparity  between  it  and  other 
ana?sthetics  is  far  less  marked  than  in  health.  16.  When 
danger  occurs  under  chloroform,  whatever  its  exact  na- 
ture may  be,  there  is  abundant  evidence  that  in  a  large 
proportion  of  cases  the  symptoms  that  are  observed  are 
those  of  primary  circulator}'  failure.  17.  Imperfect  an- 
esthesia is  the  cause  of  a  large  number  of  cases  of  danger 
under  chloroform.  18.  Vomiting  during  anesthesia, 
which  may  lead  to  danger,  seems  to  be  more  frequent 
under  chloroform  than  under  other  anesthetics.  19. 
Struggling  is  ver}-  much  more  frei|uent  in  the  compli- 
cated cases  under  chloroform  than  in  the  uncomplicated, 
and  this  phenomenon  must  therefore  be  regarded  as  a 
source  of  grave  danger  under  chloroform.  30.  The 
tendency  for  circulatory  complications  to  appear  in- 
creases directly  with  the  relative  amount  of  chloroform 
n  the  anesthetic  employed.  21.  While  vomiting  is 
more  common  after  administrations  of  ether,  severe  and 
prolonged  vomiting  is  more  common  when  chloroforjii 
has  been  used.  22.  Circulatory  depression  following 
anesthetics  is  more  common  after  chloroform  than  after 
ether.  33.  While  the  respiratory  complications  of  anes- 
thesia as  a  whole  are  of  equal  frequenc}'  under  the  ether 
and  chloroform  groups  respectively,  j'ct  those  that  occur 
under  ether  are  mostly  of  a  trifling  and  transitory  nature 
while  those  that  occur  under  chloroform  are  more  gi'ave 
and  persistent. 

Clinical  Evidence  Regarding  Ether. — 34.  Under  ether 
the  complications  of  anesthesia  are  more  frequent  with 
males  than  with  females,  but  with  the  former  they  are 
generallj'  slight,  ether  being  rather  more  dangerous  with 
females  than  with  males,  35.  Ether,  where  emplo_ved 
throughout  or  preceded  b_y  nitrous  oxide  gas  or  by  the 
A.  C.  E.  mixture,  is  singularly  free  from  danger'in  healthy 
patients.  36.  Minor  troubles  in  administration  due  to 
lar3'ngeal  irritation  and  increased  secretion  are  more 
coinmon  under  ether  and  "gas  and  ether"  than  under 
chloroform  and  its  mixtures.  27.  Struggling  occurs 
more  frequently  with  ether  when  given  alone  than  with 
other  anesthetics,  but  it  rarely  leads  to  danger.  38. 
After-vomiting  is  more  common  with  ether  than  with 
other  anesthetics,  but  it  is  usually  transient.  39.  Bron- 
chitis is  much  more  common  as  an  after-effect  of  ether 
than  of  chloroform.     30.  With  "  gas  and  ether, "  as  with 


etlier,  dangei-s  are  more  common  in  females,  although 
complications  are  more  frequent  in  males. 

Clinical  Evidence  liegarding  Mi.rtures  and  Successions 
of  Anmthetics.—i\.  The  A.  c'.  E.  mixture  in  most  of  the 
statistical  tables  holds  an  intermeiliate  position  between 
chloroform  and  ether.  33.  The  A.  C.  E.  mixture  is  more 
dangerous  in  males  than  in  females,  but  not  to  such  a 
marked  degree  as  is  chloroform.  33.  Tlie  administration 
of  ether  antecedent  to  chloroform  does  not  abolish  the 
possibility  of  chloroform  dangers.  34.  The  various 
mixtures  and  successions  of  auiesthetics  wei-e  recorded 
too  infrequently  to  justify  deliuite  conclusions. 

General  Conclusion.— ^5.  From  the  evidence  before  the 
subcommittee  they  are  convinced  that  by  far  the  most 
important  factor  in  the  safeadmiuistration'of  anesthetics 
is  the  experience  which  has  been  acquired  by  the  admin- 
istrator. In  many  cases  the  anesthetization  completely 
transcends  the  operation  in  gravity  and  importance,  and 
to  insure  success,  particularly  in  these  cases,  it  is  abso- 
lutely essential  that  an  anesthetist  of  large  experience 
should  conduct  the  administration.] 

CHLOROL  is  a  disinfectant  and  deodorizer  consisting 
of  an  aqueous  solution  of  one  per  cent,  each  of  bichloride 
of  mercury,  sodium  chloride,  and  hydrochloric  acid,  and 
three  per  cent,  of  copper  sulphate.  W.  A.  Bastedo. 

CHLOROMA. — Cancer  vert.  A  tumor  belonging  to  the 
general  class  of  sarcoma,  more  precisely  to  the  group  of 
lymphoiua,  lymphosarcoma,  so-called  leukemic  and 
pseudo-leukemic  tumors,  etc.  The  name  was  given  by 
King,  of  Glasgow,  in  1853,  and  indicates  the  remarkable 
color  of  the  new  growth,  which  is  usually  a  bright  green. 
Chloroma  is  remarkable  for  the  frequency  with  which  it 
affects  the  periosteum  of  the  cranium,  especially  in  the 
orbital  and  temporal  regions  and  iu  the  dura.  "Various 
other  parts  of  the  periosteum  are  also  frequently  affected, 
besides  the  lymph  glands,  bone  marrow,  liver,  kidneys, 
spleen,  lungs,  pleura,  and  other  organs.  In  some  cases 
the  tumors  have  first  been  discovered  in  peripheral  organs 
such  as  the  mammary  gland  or  the  axillary  lymphatic 
glands,  but  even  in  such  cases  it  is  probable  that  the  pri- 
mary growth  is  in  the  periosteum  of  the  cranium.  The 
new  growth  lias  a  tendency  to  invade  the  connective  tis- 
sue, involving  faseie,  tendons,  etc.,  and  sometimes  forms 
verj-  extensive  infiltrations.  In  structure  the  tumor 
consists  of  a  fine  reticulum  in  which  cells  of  the  size  and 
character  of  13'mphocytes  lie,  traversed  b}'  bands  of  con- 
nective tissue  continuous  with  that  of  the  seat.  The 
consistence  varies  from  very  soft  to  verj'  hard,  depend- 
ing chiefly  on  the  connective  tissue.  The  cause  of  the 
green  color  is  not  known.  According  to  some  it  is  a  fat 
pigment;  others  compare  it  to  the  pigment  of  green  pus. 
Chloroma  occurs  especially  in  early  life,  although  a  num- 
ber of  cases  have  been  observed  in  middle  life.  More 
cases  have  been  observed  in  males  than  in  females. 
Clinically,  chloroma  is  characterized  bj'  rapidly  increas- 
ing anemia  with  petechie,  nose-bleed,  and  sometimes 
scorbutic  symptoms ;  by  loss  of  weight,  fever,  headache, 
deafness,  tinnitus  aurium,  blindness  and  double  vision, 
and  by  facial  parah'sis  and  exophthalmus.  JIany  cases 
have  been  first  seen  in  eye  or  ear  clinics,  on  account  of  the 
special  symptoms  mentioned,  and  it  is  possible  that  in 
some  cases  not  examined  anatomicallj'  the  disease  has 
been  mistaken  for  an  ordinary  orbital  sarcoma.  In  a 
number  of  cases  increase  of  leucocytes  has  been  observed, 
the  increase  afl'ecting  especially  mononuclear  cells  having 
the  general  character  of  lymphocytes,  the  appearance 
of  the  ))lood  in  other  respect  closely  resembling  that  in 
cases  of  so-called  acute  leukemia.  The  course  of  the 
disease  is  rapid  and  progressive.  The  changes  in  the 
blood  and  the  structure  of  the  tumors  have  led  a  number 
of  observers  to  assign  chloroma  to  the  group  of  diseases 
including  leukemia,  pseudoleukemia,  certain  cases  of 
lymphosarcoma,  and  some  of  the  tumors  described  as 
myeloma.  Ignorance  of  the  etiology  of  all  of  these  proc- 
es.ses  makes  a  definite  opinion  impossible  at  this  time. 
The  idea  of  bacterial  infection  is  verj'  strong,  but  ]iosi- 
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tive  proof  is  as  .yet  absent.  Cliloroma  should  be  recog^ 
nized  in  most  cases  comparatively  early  on  account  of 
the  striking  combination  of  symptoms,  especially  from 
the  coe.xistence  of  anaemia  with  or  without  increase  of 
lymphocytes,  the  characteristic  new  growths  in  tlie  orbital 
and  temporal  region,  the  ear  symptoms  and  others  men- 
tioned above. 

Most  of  the  observations  on  chloroma  are  referred  to 
in  articles  of  Dock,  American  Juvrniil  of  the  Medical  Sci- 
ence»,  August,  1893,  and  Lang,  G.,  ArcMves  generales  de 
Medecine,  November  et  seq.,  1893,  and  July-September, 
1898.  Oem-ge  Dock. 

CHLOROSIS.— Chlorosis  is  a  term  applied  to  a  specific 
form  of  antx-mia  which  occurs  in  young  women  about 
puberty  and  which  is  often  characterized  by  a  greenish- 
yellow  tint  of  the  skin,  whence  the  derivation  of  the 
name  x'^'^P"(,  yellowish  green. 

Notwithstanding  the  great  progress,  in  recent  years, 
in  our  knowledge  of  disorders  of  the  blood  and  of  the 
changes,  particularly  in  its  corpuscular  elements,  char- 
acteristic of  different  diseases,  the  position  of  chlorosis 
as  an  independent  malady  has  been  in  no  way  affected, 
and  it  still  remains  quite  distinct  from  all  other  anaemias. 
Thus  every  other  form  of  anosmia  is  found  in  both  sexes, 
but  the  occurrence  of  true  chlorosis  in  males  is  now  gen- 
erally denied.  Chlorosis,  therefore,  occurring  only  in 
women,  and  limited  in  them  to  the  time  of  life  connected 
with  the  development  of  their  sexual  function,  shows 
that  this  disease  is  somehow  conditioned  by  that  function. 
This  primary  fact  should  dispose  of  several  hypotheses 
which  have  been  advanced  both  as  to  its  etiology  and 
its  pathology.  Thus  Sir  Andrew  Clark's  theory  that  it  is 
caused  by  auto-intoxication  from  retained  faecal  accumu- 
lation leaves  unexplained  why  it  never  happens  to  con- 
stipated men,  and  Virchow's  theory  that  it  is  due  to  con- 
genital hypoplasia  of  the  arterial  system  is  negatived 
by  the  occurrence  of  too  small  arteries,  including  the 
aorta,  in  both  sexes.  The  inference,  therefore,  seems  clear 
that  chlorosis  is  in  some  way  related  to  the  function  of 
ovulation,  and  the  problem  is  to  find  what  that  rela- 
tion is. 

At  present  the  examination  of  the  blood  itself  is  the 
first  requisite  in  determining  the  nature  of  any  form  of 
anjemia,  and  it  is  because  the  changes  in  chlorosis  are  so 
constant  in  their  contrast  with  other  cases  of  blood 
impoverishment  tliat  its  specific  nature  is  so  plainh' 
demonstrated.  Thus  in  all  febrile  anaemias,  as  in  tuber- 
culosis, rheumatism,  etc.,  the  whole  blood  becomes  im- 
poverished, both  the  corpuscles  and  the  blood  plasma 
being  diminished.  In  chlorosis,  while  the  corpuscles 
may  be  diminished  in  number  (though  very  commonly 
this  is  much  less  than  the  paleness  of  the  patient  would 
suggest),  yet  the  proteids  of  the  plasma,  as  a  rule,  are  in- 
creased, a  feature  peculiar  to  chlorosis.  This  fact  also 
serves  to  distinguish  chlorosis  from  the  anoimia  caused 
by  loss  of  blood,  for  in  the  latter  the  serum  is  more 
watery  and  the  specific  gravity  of  the  plasma  is  low, 
while  in  chlorosis,  different  from  all  other  anaemias,  the 
specific  gravity  of  the  plasma  is  high  and  often  higher 
than  normal.  In  the  secondary  anaemia  of  parenchyma- 
tous nephritis,  the  presence  of  anasarca  and  of  albumi- 
nuria suffices  to  clear  the  diagnosis.  More  uncertaint}' 
might  arise  in  .some  cases  of  inanition  in  young  women 
suffering  from  gastric  ulcer,  especially  as  dyspepsia  and 
gastric  pains  are  common  among  chlorotics;  but  the  pal- 
palile  signs  of  gastritis  with  pain  after  eating  and  the  oc- 
currence of  lueniatemesis  are  distinctive  in  these  cases, 
while  the  examination  of  the  blood  does  not  show  the 
specific  deficiency  of  hamioglobin  in  the  red  corpuscles 
characteristic  of  chlorosis,  nor  is  the  chlorotic  hue  present 
in  the  complexion.  Some  leucoeytosis  is  also  eonunonly 
present,  while  in  chlorosis  it  is  absent. 

From  the  sallow  antcmia  of  some  forms  of  chronic 
hepatic  disease,  as  a  sequel  to  clu'onic  malaria,  chlorosis 
may  be  distinguished  liy  the  conjunctiva  being  qiiite 
clear  instead  of  yellowish;  there  is  no  enlargement  of 
the  liver,  nor  do  we  find  the  rough,  parchment-like  con- 
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dition  of  the  skin,  with  movable  folds,  which  distinguishes 
hepatic  marasmus,  as  the  skin  in  chlorotics  is  of  silky 
smoothness  and  well  rounded  or  plump.     In  active  ma- 
laria the  presence  of  the  plasmodium  malarise  decides  the 
diagnosis.     From   leukiemia,    which   in   the  absence    of 
emaciation  often  resembles  chlorosis,  the  great  excess  of 
white  corpuscles  at  once  reveals  the  difference,  as  leuco- 
eytosis does  not  occur  in  chlorosis,  nor  does  enlargement  of 
the  lymphatic  glands.     From  that  comparatively  rare  and 
fatal  disease,  true  splenic  antemia,  which  occurs  without 
either  involvement  of  the  lymphatic  glands  or  leucoey- 
tosis, the  diagnosis  is  easy  by  reason  of  the  great  enlarge- 
ment of  the  spleen  in  that  disease,  while  it  is  wholly  ab- 
sent in  chlorosis.      From  pernicious  anemia,  in  which 
disease  the  common  occurrence  of  a  lemon-yellow  hue  of 
the  skin  miglit  be  mistaken  for  the  tint  of  chlorosis,  the 
examination  of  the  blood  shows  the  greatest  contrasts. 
Not  only  is   the  diminution  of  the   red  corpuscles   far 
greater  than  in  chlorosis,   but  poikilocytosis  or  irregu- 
larity in  the  shape  and  size  of  the  corpuscles  is  character- 
istic ;   megaloblasts  and  microblasts  and  nucleated  red 
corpuscles  along  with  the  m_yeloc\'tes  are  found,  all  of 
which  are   absent  or  extremely  rare  in  chlorosLs.     The 
most  distinctive  difference,  however,  is  that  which  exists 
between  chlorosis  and  pernicious  anaemia.     In  the  latter 
disease  the  percentage  of  haemoglobin  in  the  individual 
corpu.scles,  especiallj^  the  smaller  forms,   is  very  high, 
some  of  them  having  a  brilliant  red  color,  while  deficiency 
of  haemoglobin  in  the  red  cells  is  the  distinctive  feature 
of  chlorosis.     In  the  ana'mia  of  malignant  disease  the 
blood  also  shows  poikilocytosis,  but  otherwise  the  can- 
cerous cachexia  with  its  sallow,  muddy  skin  and  general 
emaciation  would  sufl3ce  to  distinguish  it  from  chlorosis, 
apart  from  the  fact  that  the  latter  is  a  disease  of  youth, 
at  which  period  of  life  cancer  is  rare. 

In  other  words,  the  blood  of  chlorotics  is  deficient  in 
its  oxygen -carrier,  haemoglobin,  and  scarcely  deficient  in 
anything  else.  The  red  cells  may  equal  in  number  those 
found  in  women  in  fair  health,  but  they  are  pale  and  the 
percentage  of  haemoglobin  may  fall  from  one  hundred  to 
sixty-five,  or  forty  per  cent., 'or  even  lower.  A  loss  of 
breathing  power  necessarily  follows,  with  results,  as  re- 
gards the  muscular  function,  which  adequately  explain 
the  chief  clinical  symptoms  of  the  disease. 

Chlorosis  is  markedly  hereditary,  mothers  of  young 
women  with  it  often  stating  that  they  were  similarly 
affected  when  at  their  daughters'  age.  Different  from 
many  secondary  anaemias,  it'is  as  often  found  among  the 
well-to-do  classes  as  among  the  poor  or  poorly  fed. 
Among  European  races,  at  least,  it  is  pretty  equally  dis- 
tributed, being  as  conmion  in  Italy  as  in  England  'or  in 
America.  The  element  of  age,  however,  is  "significant. 
A  first  attack  after  twenty-five  is  almost  unknown,  and 
if  it  does  occur  then  or  later  it  is  a  relapse  from  a  former 
attack.  Chlorosis  may  occur  before  menstruation,  but 
the  commonest  period  is  in  the  quinquennial  between 
fifteen  and  twenty. 

Symptoms.— :Muscidar  power  in  all  animals  is  directly 
proportioned  to  the  activity  of  respiration,  that  is,  to  the 
intake  of  oxygen.  xVs  it  is  the  haemoglobin  in  our  blood 
which  enables  us  to  breathe,  a  deficiency  of  that  element 
will  have  for  its  first  sign  breathlessness.  This  symptom 
therefore,  is  one  of  the  earliest  and  most  constant  iii 
chlorosis.  ^  Miu-al  weakness  of  the  heart,  at  first  dynamical 
and  later  intrinsic  from  fatty  degeneration  is  a  natural 
consequence  of  deficiency  of  oxygen,  and  hence  these 
patients  are  prone  to  palpitation  on  exertion  and  to  at- 
tacks of  syncope.  The  muscular  apparatus  of  the  ali- 
mentary canal  also  suffers,  and  atony  with  passive  dilata- 
tion ot  the  stomach,  and  the  same  condition  in  the 
intestinal  canal,  give  rise  to  the  dyspe,isia  and  constipa- 
tion with  borborygmi  which  characterize  a  maiority  of 
these  patients.  Easy  exhaustion  and  fatigue  of  the 
skeletal  muscles  is  evidenced  by  the  general  sense  of 
languor  and  lassitude  on  the  one  hand,  and  by  a  creat 
variety  of  spinal  aches  on  the  other,  the  commonest 
hicahties  being,  as  we  might  expect,  at  the  naps  of  the 
neck,  where  the  weight  of  the  head  is  felt,  and  in  the. 
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lumbar  region,  where  the  whole  weight  most  tells  on  the 
spinal  column  iu  standing  or  walliiiig.  As  in  all  cases 
in  which  deficient  muscular  power  fails  to  keep  the  verte- 
brto  iu  their  normal  position,  reflected  neuralgias  irom 
pressure  on  the  spinal  roots  are  very  common.  They 
appear  in  tlie  form  of  headaches,  pains  in  the  eyes,  in- 
tercostal pains,  and  others  referred  to  various  points  in 
the  abdominal  walls. 

The  chlorotic  hue  is  absent  in  about  forty  per  cent,  of 
all  cases,  whether  blondes  or  brunettes.  Tlie  examina- 
tion of  tlie  blood  shows  what  a  mistal-;e  it  is  to  suppose 
that  the  disease  necessarily  shows  itself  in  the  tint  of  the 
skin.  Some  clear-complexioned  blondes  and  likewise 
brunettes  show  nothing  but  simple  paleness  as  an  habitual 
state,  with  faces  also  that  readily  heighten  iu  color  on 
excitement.  Nowhere,  however,  is  the  evidence  of  anre- 
mia  so  sure  as  on  the  backs  of  the  hands,  and  next  to 
that  on  the  ears.  The  chlorotic  hue,  however,  may  not 
be  specially  noticeable  about  the  face,  and  yet  be  readily 
noted  on  baring  the  chest.  In  typical  cases  the  discolor- 
ation is  very  characteristic,  especially  about  the  lower 
folds  of  the  skin  of  the  face,  but  that  it  is  in  no  sense 
jaundice  is  revealed  by  the  pale  canuicle  of  the  eye,  tlie 
transparent  conjunctiva,  the  blue  sclerotic,  and  the  ana'- 
mic  mucous  membranes  of  the  mouth.  No  theory  as  to 
the  cause  of  the  chlorotic  discoloration  1ms  yet  seemed  to 
me  satisfactorj'. 

As  to  special  symptoms,  the  pupils  are  often  dilated 
and  so  sluggish  as  occasionally  to  impart  the  same  star- 
ing expression  whicli  is  of  such  unfavorable  import  in 
renal  disease.  An  annoying  dry  cough  is  sometimes 
quite  persistent,  especially  at  night,  or  coming  on  in  ex- 
cited conversation.  It  is  probably  connected  with  the 
functional  dyspncea  of  the  disease  and  is  best  relieved  by 
improving  the  blood  and  not  by  cough  medicines,  though 
it  is  often  temporarily  allayed  by  ten  or  fifteen  grains  of 
ammonium  bromide  with  a  teaspoonful  of  aromatic 
spirits  of  ammonia.  The  pulse  presents  some  peculiar- 
ities. Different  from  other  ana-mias  (except  that  due  to 
kidney  disease),  the  pulse  of  chlorotics  often  shows  con- 
siderable tension.  The  difference  in  this  respect  from  all 
febrile  antemias,  or  from  that  following  loss  of  blood,  or 
in  pernicious  anajmia,  is  cpiite  pronounced.  This  tension 
may  be  due  to  the  full  volume  of  tlie  circulating  fluid 
along  with  capillary  retardation  from  lessened  activity  of 
oxygenation  in  the  tissues.  An  indication  that  capillary 
interchange  is  slow  in  chlorosis  is  found  in  the  general 
puflJness  of  the  face  and  extremities  with  a  tendency  to 
oedema  of  the  ankles. 

In  no  other  anaemia  is  the  venous  hum  so  loud  iu  the 
jugulars,  particularly  the  right,  as  in  chlorosis,  its  loud- 
ness being  increased  on  standing  and  by  light  pressure 
upon  the  vein  with  the  stethoscope.  It  is  a  markedly 
vibratory  sound,  and  the  vibration  of  the  vein  can  often 
be  felt  by  the  finger  laid  upon  it.  It  varies  capriciously 
from  tinie  to  time,  and  as  it  has  little  diagnostic  or  prog- 
nostic value,  we  will  not  enter  upon  the  difliicult  question 
of  the  mechanism  of  its  production. 

Vibration  of  the  arteries  so  that  they  are  seen  to 
throb  also  happens  occasionally  in  chlorosis,  with  now 
and  then  a  systolic  murmur  in  them,  especially  in  the 
left  subclavian,  where  it  might  be  mistaken  for  aneurism. 
Such  arterial  murmurs  may  be  due  to  laxity  of  the  vessels 
from  irregular  vaso-motor  tone  of  their  muscular  coats, 
as  in  Graves'  disease. 

The  condition  of  the  heart  calls  for  more  consideration. 
The  old  term  '  irritable  '  well  expresses  its  usual  state,  for 
it  is  easily  excited  by  physical  exertion  or  by  emotion 
The  impulse  is  diffused  and  weak,  while  the  first  and 
second  valvular  sounds  are  not  merely  loud  but  there  is 
less  difference  between  them  in  quality  than  is  normal. 
Sometimes  the  second  sound  is  louder  at  the  apex  than 
at  the  base.  There  is  often  a  striking  similarity  in  these 
sounds  to  those  observable  in  cardiac  dilatation,  and  that 
they  may  be  due  to  analogous  conditions  is  not  improb- 
able, for  mural  softening"  with  temporary  distensibility 
occurs  both  in  anemia  and  as  a  result  of  poisoning  by 
the  rheumatic  toxin. 


On  the  other  hand,  systolic  functional  cardiac  mur- 
murs are  often  present  in  chlorosis.  In  about  seventy- 
five  per  cent,  they  are  most  pronounced  in  the  pulmonary 
area  and  are  transmitted  to  the  left.  They  often  distinctly 
increase  in  intensity  on  lying  down  and  diminish  on  stand- 
ing up,  or  increase  when  the  patient  is  turned  on  tlie  right 
side  and  again  lessen  when  he  is  turned  on  the  left.  Hold- 
ing the  breath  also  may  diminisli  them,  while  they  become 
louder  with  the  succeeding  deep  inspiration.  Organic 
murmurs,  on  the  contrary,  are  rarely  heard  in  the  pul- 
monary area  and  are  not  much  affected  by  changes  of 
position  except  in  some  cases  of  mitral  stenosis,  A 
systolic  cardiac  murmur  may  be  suspected  to  be  func- 
tional in  character  when  its  point  of  greatest  intensity 
is  found  in  an  unusual  place  for  an  organic  murmur. 
Thus,  as  just  remarked,  organic  murmurs  in  the  pul- 
monary area  are  very  rare,  just  where  functional  mur- 
murs are  common.  But  I  have  also  found  the  junction 
of  the  left  fourth  rib  with  the  sternum  a  frequent  site  for 
these  sounds,  and  in  several  cases  they  were  heard  at 
the  junction  with  the  right  fouith  rib.  True  mitral  sys- 
tolic apex  murmurs  are  also  found  in  chlorosis,  and  of 
the  same  soft  Ijlowing  character  as  that  observed  in  the 
transient  mitral  murmurs  which  develop  in  some  cases 
of  rheumatic  fever,  Ludwig  and  MacAlister  have  shown 
that  the  auriculo-ventricular  muscular  structures  have 
a  sphincter-like  action,  whose  narrowing  of  the  mitral 
orifice  greatly  helps  the  valves  to  close  it.  Any  cause, 
therefore,  which  produces  softening  of  the  cardiac  mus- 
cle, as  the  rheumatic  toxin  does,  or  as  may  also  happen 
in  consequence  of  the  degenerative  effect  of  ana;mia, 
would  tlien  allow  insufficiency  to  occur  without  the 
valves  being  necessarily  diseased  ;  and  hence  with  a  res- 
toration of  the  heart  wall  to  its  normal  vigor  these 
murmurs  would  disappear.  It  should  always  be  feared, 
however,  that  an  undue  overtaxation  of  the  heart  at 
such  times  might  cause  this  curable  condition  to  pass 
into  permanent  organic  change. 

PatholoCxY. — The  pathology  of  this  affection  is  still  a 
matter  of  discussion  and  of  diverse  views.  Pathological 
anatomy  supplies  but  few  data  because  patients  rarely 
die  from  the  affection.  Rokitansky'sand  Virchow's  find- 
ings of  general  arterial  hypoplasia  in  cases  of  this  disease 
must  be  regarded  as  chiefly  coincidences,  because  the  great 
majority  of  chlorotics  recover  after  proper  treatment, 
which  would  not  be  possible  if  they  were  all  the  subjects 
of  congenital  malformation.  Iron  pills  can  hardly  cure 
an  aorta  if  it  be  too  small,  nor  does  this  theory  begin  to 
explain  why  such  a  condition  should  diminish  ha;moglobia 
only  and  not  either  the  leucocytes  or  the  albumen,  and 
lastly  why  too  small  arteries  should  be  thus  operative 
only  in  females.  Many  writers,  from  Andrew  Clarke 
down,  inchne  to  the  operation  of  some  specific  toxin  in 
the  blood  as  the  cause  of  the  impoverishment  of  the  cor- 
puscles. As  other  forms  of  aniumia  are  increasingly 
ascribed  to  toxaimia  it  is  natural  to  infer  the  same  for 
chlorosis.  The  primary  difBculty  of  this  hypothesis  is 
that  it  affords  no  explanation  why  chlorosis  should  occur 
only  about  or  just  after  puberty,  and  it  does  not  easily 
appear  why  such  special  toxin  should  be  formed  in  the 
gastro-intestinal  tract  or  elsewhere  of  young  women  only 
and  not  in  older  women  as  well.  That  the  supposed 
toxiemia  is  of  intestinal  origin  is  negatived  by  the  obser- 
vations of  numerous  investigators  that  neither  indican 
nor  the  ethereal  sulphates  are  in  excess  in  chlorotic  pa- 
tients. The  urine  is  simply  deficient  in  solids,  but  con- 
tains no  excess  of  iron,  as  in  pernicious  anremia,  nor  of 
urobilin.  .      .       ,    .   . 

I  incline  rather  to  the  view  that  the  constitutional  state 
accompanying  the  first  establishment  of  ovulation  is 
characterized  by  a  special  vulnerability  to  certain  injuri- 
ous influences  which  it  takes  time  to  outgrow.  That  the 
innervation  and  functions  of  the  associated  blood-mak- 
iu"-  viscera  in  the  abdomen  are  readily  disturbed  in 
women  by  influences  propagated  from  the  generative 
oro-ans  is  shown  often  enough  at  the  beginning  of  preg- 
nancy when  vomiting  so  induced  may  be  severe  enough 
to  threaten  life.     The  first  onset  of  menstruation  is  not 
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without  its  counterparts  to  the  lirst  disorders  of  preg- 
nanc3^  and  as  tlie  derangements  progress  in  eitlier  case 
we  have  often  the  same  curious  perversions  of  the  ap- 
petite, lilve  the  cravings  for  wholl}'  abnormal  articles. 
Tlie  gastric  troubles  of  pregnane}' are  explained  byi-etiex 
irritation  from  the  ovarian  and  uterine  plexuses,  but  just 
such  reflex  irritation  may  occur  from  deranged  men- 
struation. 

Menstruation  can  bo  arrested  by  putting  the  feet  in 
cold  water,  with  great  risk,  however,  of  inducing  the 
most  pronounced  and  obstinate  disorders  of  the  func- 
tions and  secretions  of  the  entire  gastrointestinal  tract. 
This  irritation  of  cold,  occurring  under  cii-cunistances 
favorable  for  this  elTect,  i.r..  while  the  ovaries  are  ex- 
cited b}'  the  process  of  ovulation,  maj' produce  a  persist- 
ent vaso-motor  contraction  of  the  arteries  of  the  pelvic 
viscera  lirst,  andot  other  abdominal  organs  in  succession, 
which  effect  is  (piite  similar  to  that  sometimes  caused 
b}'  a  puncture  or  mechanical  irritation  of  a  nerve  of  the 
arm  or  of  the  leg,  such  as  the  musculo-spiral  or  anterior 
tibial,  and  whic'li  may  I'adiate  to  all  the  arteries  of  the 
limb  and  produce  tonic  contraction  of  its  muscles  with 
coldness  and  wasting. 

A  remarkable  case,  published  by  me  in  the  Transac- 
tions of  the  State  Medical  Society  of  New  York  for  1867, 
illustrates  very  full)'  how  extensive  and  curious  the 
effects  ma_y  be  of  such  a  reflex  irritation  from  cold  dur- 
ing menstruation.  The  case  was  that  of  a  girl  who  got 
a  wetting  during  a  cold  thunder  shower  while  she  had 
her  courses.  They  were  immediately  arrested,  but  she 
took  no  notice  of  any  effect  therefrom  until  she  became 
so  constipated  that  she  passed  a  week  without  an  evacua- 
tion. She  was  obliged  then  to  admit  that  this  was  the 
case  to  her  teacher  at  school,  because  of  the  excessively 
loud  borborygmi  which  were  heard  by  all  in  the  class- 
room. Two  phj'sicians  were  called  in  consultation,  who, 
finding  they  were  unable  to  cause  a  movement,  and 
stereoraccous  vomiting  having  set  in,  summoned  Dr. 
Wliite,  of  Buffalo,  late  professor  of  obstetrics  in  the 
Bellevue  Medical  College  of  New  York.  He  diagnosed 
intestinal  obstruction,  and  advised  a  course  of  treatment 
which  produced  a  number  of  free  movements,  which 
were  remarkable  for  the  almost  total  absence  of  any 
color,  the  fa'cal  lumps  resembling  coarse  plaster.  On 
my  seeing  the  case  and  recommending  a  free  use  of  nitro- 
muriatic  aeid,  some  copious  "bilious"  discharges  fol- 
lowed, and  hopes  of  recover}'  were  entertained,  when 
the  same  constipation  and  stercoraoeous  vomiting  re- 
turned, along  with  a  singular  and  very  different  train  of 
symptoms.  Her  urine  was  sudden!}'  suppressed  one 
morning,  but  in  twenty-four  hours  the  saliva  and  tears 
welled  out  to  the  extent  of  from  one  to  three  pints  a  day. 
This  continued  for  about  a  week  with  total  suppression 
of  urine  meantime,  when  it  suddenly  ceased  and  the  urine 
commenced  as  before;  and  this  strange  alternation  (.)f 
secretion  reoccurred  again  and  again  about  every  week, 
for  two  months,  with  alternate  arrest  of  the  bowel  move- 
ments to  be  followed  by  f;ccal  vomiting,  until  the  death 
of  the  patient  occurred  from  sheer  exhaustion.  This 
instructive  case  at  least  proves  that  a  shock  of  cold  jiro- 
ceeding  from  the  feet  ma}^  not  onl}'  arrest  the  menses  by 
reflex  irritation  but  may  also  proceed  to  tlie  pioductio'n 
of  virtual  obstruction  o'f  the  intestines  by  paralysis,  and 
then  continue  to  spread  from  one  sympathetic  ganglion 
to  another,  until  the  entire  association  of  secretofy  nerves 
becomes  deranged  in  turn,  and  the  whole  process  of  ali- 
mentation perverted. 

It  is  quite  conceivable,  therefore,  that  until  menstrua- 
tion is  thoro\ighly  estalilislied,  many  yomig  girls  may 
havean  undue  suscei)til)ility  to  sudden  cliill.'iiarticularly 
of  the  feet,  whose  vaso-motor  nerves  are  in  s\ich  close  as- 
sociation with  the  pelvic  cii'culation  that  the  impression 
of  cold  made  upon  tliem  checks,  while  heat  promotes,  the 
menstrual  flow.  The  sudden  derangement  of  menstrua- 
tion thus  induced  by  cold  might  then  be  propagated,  as 
thetirst  eff'ects  of  pregnancy  are  propagated,  until  senlms 
disorder  of  the  gastro-intestinal  .secretions  intervenes,  with 
consequent  impoverishment  of  the  blood.     Clinically  it 
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is  very  frequently  found  that  long  antecedent  to  the  de- 
velopment of  the  special  symptoms,  chlorotic  girls  have 
suffered  from  coldness  of  the  feet,  often  with  muscular 
]iains  in  the  lower  extremities  indicative  of  a  pelvic  vaso- 
motor irritation.  It  may  be  objected  to  this  view  that 
although  amenorrhea  is  the  rule  with  chlorotics,  yet 
some  liave  a  normal  floAv  in  amount  or  even  more  than 
normal ;  but,  even  with  these  cases,  the  function  becomes 
in  time  very  irregular  and  ultimately  is  suppressed. 

Treatment.— Iron  is  the  specific  for  chlorosis,  and  its 
remai-kable  curative  effect  in  this  complaint  is  doubtless 
the  reason  why  iron  is  prescribed  for  every  form  of 
anaemia  under  the  impression  that  it  must  act  as  a  .simple 
restorative  when  the  blood  becomes  deficient  in  red  cor- 
puscles. The  problem,  however,  is  not  so  simple  as  it 
seems,  for  iron  is  actually  mischievous  in  all  febrile  an- 
lemias  and  of  no  avail  in  many  grave  forms  that  are  not 
febrile.  Moreover,  in  chlorosis  the  best  results  are 
secured  by  giving  iron  in  large  and  not  in  small  do.ses, 
in  fact,  in  doses  which  arc  far  larger  than  the  corpuscles 
can  possibly  take  up.  Its  presence  in  the  intestinal 
canal  seems  to  act  as  a  stimulus  to  the  assimilation  of  a 
normal  quantity  of  iron  to  restore  the  deficient  ha?mo- 
globin,  and  clinically  it  makes  but  little  difference  what 
the  preparation  of  the  drug  is.  Certainly  the  elaborate 
forms  advertised  as  closer  imitations  of  nature's  own 
piocesses  for  taking  up  iron  do  not  prove  in  practice  to 
have  any  superiority  over  the  common  and  much  cheaper 
ferruginous  salts.  After  repeated  and  carefid  com- 
parative observations  with  different  preparations,  I  am 
convinced  that  the  sulphate  of  iron  given  in  pill  form  in 
doses  of  from  gr.  iv.  to  vii.,  three  times  a  day,  is  more 
effective  than  most  other  prejiarations,  not  except- 
ing Blaud's  pills.  A  bi-weekly  action  on  the  bowels 
with  aloes  and  rhubarb  seems  to  hasten  the  assimilation 
of  the  iron,  and  in  all  cases  characterized  by  intestinal 
flatulence  it  is  a  good  plan  to  give  gr.  x.  of  sodium 
benzoate  with  gr.  v.  of  salicin  in  capsules  an  hour 
after  meals.  Vt'ilUam  II.  Thomson. 

CHLOR  -SALOL.  — C6Hj(OH)CO,OC6H,Cl  —  Cliloro- 
pheuol  salicylate,  salicylic-chlorophenol-ester.  By  the 
action  of  phosphorus  pentachloride  on  a  mixture  of  ortlio- 
and  para-chlorophenol,  crystals  are  formed  of  the  ortho- 
and  para-salicylic-esters,  differing  from  salol  in  contain- 
ing an  atom  of  chlorine  in  place  of  an  atom  of  hydrogen. 
Both  are  insoluble  in  water  and  soluble  in  alc"ohol,"the 
former  melting  at  5.5'  C.  (131°  F.)  and  the  latter  at  72° 
C.  (161.6=  F.). 

Nencki  found  that  they  split  up  in  the  intestines  into 
a  salicyhc  acid  relative  audchlorophenol,  and  that  Sirlicy- 
luric  acid  appeared  in  the  urine.  Girard  speaks  highly 
of  them  as  intestinal  antisejities  in  diarrhoea  and  cystitis. 
Passerini  obtained  gooil  residts  in  bronchitis  and  pul- 
monary tulierculosis  from  the  inhalation  of  fifteen  drops 
once  or  twice  a  day  for  five  to  ten  minutes.  The  first 
effect  is  said  to  be  irritative,  but  after  a  dav  or  two  the 
cough  begins  to  lessen  and  the  secretion  to  diminish. 
The  dose  by  mouth  is  0.33-1  gm.  (gr.  v.-xv.)  three  to 
six  times  a  day.  "      IV.  .1.  Bastcdo. 

CHOCOLATE.     See  Cacao.  Butter  of. 

CHOL/EMIA.     See  Auto-Intoxication. 

CHOLAGOGUES. — This  term  is  applied  to  medicines 
that  increase  the  secretion  of  bile.  It  has  been  in  use  for 
more  than  two  thousand  years.  The  ancients  observed 
after  the  administration  of  certain  purgatives  that  the 
faeces  became  markedl}-  vellow  or  dark.  "  They  supposed 
this  change  of  color  to  be  due  to  an  increased  secretion  of 
bile,  and  lience  distinguished  the  purgatives  producino-  it 
from  otliers  by  the  term  cholagogues.  ° 

Until  the  middle  of  the  nineteenth  century  clinical  ex- 
liciienec  affortled  the  onl}-  evidence  of  the  existence  of 
cholagogues.  The  color  of  the  fa-ccs  was  held  to  be  a 
certain  criterion  of  the  quantitv  of  bile  excreted  ■  dark- 
colored  stools  indicating  redundancy,  light-colored  ones 
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deficiency  of  bile.  Medicines  tliat  produce  highly  colored 
dejections,  it  was  supposed,  notably  augment  the  secre- 
tion of  bile.  But  the  researches  of  phj'siological  chem- 
ists have  given  little  support  to  this  theory.  While  it 
was  found  in  experiments  on  animals  upon  wliieh  biliary 
fistulre  had  been  made,  and  in  observations  on  patients 
with  accidental  biliary  fistula;,  that  a  considerable  quan- 
tity of  bile  is  secreted  in  twenty-four  hours,  only  very 
small  quantities  could  be  detected  in  the  fa'ces.  Bidder 
and  Schmidt '  estimated  the  quantity  of  bile  in  the  fteces 
passed  by  a  dog  in  five  days,  and'deteeted  only  about 
one-eighth  of  the  amount  of  the  bile  acids  that  had  been 
secreted.  Hence  it  was  evident  that  the  greater  part  of 
the  bile  acids — in  the  dog  seven-eighths— is  reabsorbed. 
Besides,  it  was  shown  by  Frerichs''  that  the  solid  constit- 
uents of  the  bile,  especially  the  pigments,  suffer  great 
changes  in  the  intestine.  These  may'vary  much  in  health 
as  well  as  in  disease,  depending  upon  the  length  of  time 
the  bile  sojourns  in  the  intestines,  the  kind  of  food  eaten, 
the  medicines  taken,  and  other  unknown  conditions. 
Hence  it  followed  that  the  color  of  the  fa'ces  affords  no 
certain  clue  to  the  quantity  of  l>ile  secreted.  It  became 
extremely  doubtful,  therefore,  whether  the  medicines  that 
produce  highly  colored  stools  have  any  influence  on  the 
biliary  fvmction. 

Nor  have  the  numerous  experiments  made  in  the  last 
half -century  to  determine  the  iutluenee  of  medicines  on 
the  biliary  function  fully  dispelled  this  doubt.  Nearly 
all  investigators  found  that  the  niedicines  to  which  an 
eminent  eholagogue  action  had  been  attributed,  especially 
calomel  and  other  mercurials,  are  destitute  of  the  power 
of  increasing  the  biliary  secretion.  And  in  regard  to 
those  medicines  that  have  gained  celebrity  in  the  treat- 
ment of  diseases  of  the  bile  passages,  especially  the  alka- 
lies and  alkaline  mineral  waters,  the  results  of  experi- 
mental researches  have  been  so  discrepant  and  mostly  so 
negative  that  some  of  the  best  authorities  deny  that  their 
utility  is  due  to  a  stimulant  action  on  the  biliary  function. 
Indeed,  no  other  subject  in  the  domain  of  pharmacology 
and  therapeutics  is  in  so  unsettled  a  condition  as  that  of 
cholagogues,  and  some  recent  competent  writers  aver  that 
nearly  all  of  the  experiments  on  animals  which  seemed  to 
demonstrate  that  numerous  medicines  increase  the  secre- 
tion of  bile  were  made  under  such  fault}'  or  abnormal 
conditions  as  to  be  utterly  valueless. 

It  seems  proper,  therefore,  to  consider  in  detail  only 
tho.se  reputed  cholagogues  that  are  of  recognized  value  in 
diseases  of  the  liver  and  bile  passages,  and  to  adduce  the 
experimental  evidence  pertaining  to  their  eholagogue 
action  only  in  so  far  as  it  may  be  conducive  to  a  better 
understanding  of  their  practical  application. 

Bile. — According  to  recent  researches,  bile  Itself  is  the 
mightiest  eholagogue.  Its  power  to  increase  the  secre- 
tion of  bile  has  been  known  for  three  decades.  Scliifl:  * 
observed,  when  he  injected  bile  into  the  duodenum  of  an 
animal  upon  which  a  biliary  fistula  had  been  established, 
that  in  twelve  or  fifteen  minutes  a  very  decided  flow  of 
bile  took  place  from  the  fistula.  In  a  dog  with  a  biliary 
fistula,  the  amount  of  bile  secreted  was  about  2  e.c.  in 
twenty  minutes.  The  injection  of  180  c.c.  of  fresh  ox 
bile  into  the  duodenum  was  followed  by  a  surprising  in- 
crease of  the  amount  of  bile,  so  that  after  a  short  time  10 
c.c.  of  bile  could  be  collected  from  the  fistula  in  twenty 
minutes.  An  analysis  of  the  bile  showed  that  the  solids 
as  well  as  the  water  were  increased. 

Prevost  and  Binet  •*  investigated  the  action  of  numerous 
drugs  on  the  secretion  of  bile  in  dogs  with  biliary  fistuhis. 
Among  those  that  markedly  augmented  the  flow  of  bile 
from  the  fistula?,  bile  itself  had  the  most  pronounced 
effect. 

Doubtless  the  most  important  experiments  demonstrat- 
ing the  action  of  bile  on  the  liver  are  those  of  Pfaff  and 
Batch,*  made  on  a  woman  who  had  a  biliary  fistula  after 
the  operation  of  choleeystotomy.  The  quantity  of  bile 
this  patient  ordinarily  secreted  in  one  hour  varied  from 
8  to  42  c.  c.  Sometimes  the  maximum  was  shortly  before, 
sometimes  shortly  after  meals.  The  secretion,  though 
very  irregular,  generally  increased  after  meals  and  dur- 


ing the  day,  and  lessened  during  the  night,  reaching  the 
minimum  early  in  the  morning.  The  amount  secreted  in 
twenty-four  h(jurs,  estimated  for  three  days,  was  nearly 
constant,  varying  only  from  .OOl  to  .'J25  c.c. 

In  order  to  administer  the  patient's  bile,  it  was  evapo- 
rated and  formed  into  pills  with  glycerin,  so  that  each 
pill  corrusponded  to  2.^j  c.c.  of  bile.  After  three  pills, 
given  in  one  day,  the  amomit  of  Ijile  secreted  in  twenty- 
four  hours  was  546  c.c. ;  after  twelve  pills,  600  c.c,  and 
after  twenty  pills,  685  c.c.  The  solids  of  the  bile  in- 
creased from  1.7  per  cent,  to  2.04  per  cent. 

Ox  gall  dried  to  a  powder  and  made  up  into  pills  with 
glycerin,  each  containing  0.5  gm.  ox  gall,  had  a  more 
notable  effect,  twenty  pills,  given  during  a  day,  increas- 
ing the  bile  secreted  in  twenty-four  hours  to  770  c.c. ;  and 
inerea.sing  the  solids  of  the  bile  from  1.69  to  2.62  per 
cent. 

A  mixture  of  pure  salts  of  glycocholic  apd  taurocholic 
acids  was  given  in  pills,  each  containing  0.25  gm.  of  bile 
salts.  Two  pills,  given  in  a  day,  increased  the  bile  to 
701  c.c.  ;  and  eleven  pills,  given  in  a  day,  increased  the 
bile  secreted  in  twenty-four  hours  to  787  c.c,  and  the 
solids  to  2.18  per  cent. 

Pfall  and  Balch  recommend,  in  cases  indicating  chola- 
gogues, inspissated  ox  gall  in  pills  each  containing  0.25 
gm.,  two  to  five  pills  to  be  taken  three  times  a  day. 
They  suppose  that  bile  may  sometimes  be  useful  in  con- 
stipation and  in  cases  of  defective  absorption  of  fat. 

Stadelmann  "  is  of  the  opinion  that  for  therapeutic  pur- 
poses the  bile  acids  deserve  consideration,  because  they 
are  thrown  out  unchanged  witli  the  bile  and  sometimes 
increase  the  water  of  the  bile  as  much  as  eighty  to  ninety 
per  cent.  Besides,  the  salts  of  the  bile  acids  are  the  best 
solvents  of  cholesterin ;  hence  they  may  be  employed  to 
dissolve  concretions  in  the  gall  bladder  and  to  promote 
the  absorption  of  fat  when  it  is  defective  in  consequence 
of  scanty  secretion  of  bile.  The  presence  of  icterus  con- 
traindicates  their  use,  because  the  toxic  action  of  the  bile 
acids  might  result  in  slowing  of  the  pulse  and  destruction 
of  the  red  blood  corpuscles.  Sodium  glycocholate  has 
been  found  to  be  ten  times  less  poisonous  than  is  sodium 
tauroeholate ;  hence  for  therapeutic  purposes  inspissated 
ox  bile,  which  contains  chiefiy  the  former,  is  an  appro- 
priate preparation.  Gall  stones,  however,  do  not  usually 
consist  of  pure  cholesterin,  but  of  layers  of  lime  salts 
alternating  with  cholesterin ;  hence  bile  or  bile  salts  will 
rarelj'  dissolve  them. 

Gautier'  states  that  he  has  frequentl}' used  ox  gall  with 
success  in  cholelithiasis.  He  began  its  use  in  1891  in  the 
case  of  a  woman  who  for  a  number  of  years  had  suffered 
severely  from  so-called  gastralgia.  After  a  very  severe 
attack,  which  was  followed  by  slight  icterus  and  the  pas- 
sage of  numerous  gall  stones,  Gautier  had  recourse  to  a 
decolorized  and  sterilized  extract  of  ox  gall,  each  deci- 
gram of  which  corresponded  to  about  1  gm.  of  gall. 
This  was  given  in  pills  containing  0.1  gm.  The  patient 
took  one  or  two  of  the  pills  during  meals  for  several 
years.  The  attacks  of  colic  ceased.  Gautier  holds  that 
ox  gall  will  not  dissolve  gall  stones  nor  prevent  their 
painful  passage  through  the  bile  ducts,  but  that  it  will 
prevent  the  formation  of  fresh  concretions,  and  a  relapse 
after  surgical  removal  of  the  calculi. 

Sodium  Salicylate. — This  medicine  has  been  much  em- 
ployed in  various  febrile  affections,  and  as  a  specific  in 
acute  rheumatism,  since  first  recommended  by  C.  B. 
Buss ''  in  1875.  Although  large  doses  were  administered, 
no  effects  were  observed  that  could  be  atti'ibuted  to  an 
increased  secretion  of  bile.  The  credit  of  the  discovery 
of  its  eholagogue  action  belongs  to  Rutherford.'  Having 
found  experimentally  that  the  benzoates  increase  the 
secretion  of  bile,  he  supposed,  from  the  near  chemical 
alliance  of  salicylic  and  benzoic  acids,  and  from  the  fact 
that  both  combine  in  the  body  witli  glycocoll,  that  so- 
dium salicylate  would  exert  some  effect  on  the  secretion 
of  bile.  A  series  of  experiments  on  fasting  dogs  with 
temporary  biliary  flstrdse  gave  a  positive  result.  Within 
half  an  hour  after  the  sodium  salicylate,  dissolved  in 
water,  was  injected  into  the  duodenum,  a  marked  in- 
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crease  of  the  Ijile  flow  ensued.  The  dose  administered 
was  small,  in  one  experiment  gr.  xxv.,  in  all  the  other 
experiments  gr.  xx. 

The  researches  of  Lewaschew '»  confirmed  the  results 
obtained  by  Rutherford.  This  experimenter  made  his 
observations  on  fasting  dogs  with  permanent  biliary  fis- 
tula;, but  in  all  instances  he  gave  the  drug  internally  in 
gelatin  capsules.  He  found  that  the  quantity  of  bile 
secreted  became  greatly  increased  within  an  hour  after 
the  administration  of  0.5  gm.  Such  small  dases  some- 
times, though  very  rarely,  failed  to  augment  the  bile 
flow,  which  never  occurred  when  the  dose  exceeded  1  gm. 
Larger  doses  than  2gm.  did  not  produce  a  corresponding 
increase,  the  maximum  effect  resulting  from  doses  of  1.5 
to  2  gm.,  and  continuing  for  more  tlian  twejity-fonr 
hours.  Lewaschew  found  the  solids  increased,  but  the 
water  much  more,  so  that  the  bile  was  very  fluid. 

Prevost  and  Binet  (lac.  cit.)  also  confirmed  the  results 
obtained  b}'  Rutherford,  noticing  a  very  decided  increase 
of  the  biliarjf  secretion  in  dogs  after  the  administration 
of  sodium  .salicylate.  And  since  then  all  experimenters 
have  found  this  salt  to  be  a  very  powerful  cholagogue. 

Korte  "  observed  the  action  of  sodium  salicylate  on 
two  patients  with  complete  (that  is,  with  occluded  com- 
mon bile  duct),  and  on  several  with  simple  biliary  fi.stula>. 
He  .states  that,  after  doses  of  2  or  3  gm.  of  sodium  salic- 
ylate, dissolved  in  water,  he  noticed  a  decided  increa.se 
of  the  secretion  of  bile.  His  observations  are  very  im- 
portant, since  the}'  prove  that  sodium  salicylate  acts  upon 
the  liver  of  man  in  the  same  manner  as  it  has  been  found 
to  act  on  that  of  the  dog. 

From  the  experiments  on  dogs  and  Kortc's  observa- 
tions on  patients  with  biliary  fistuUe,  we  may  infer  that 
doses  of  0.5  to  2  gm.  will  produce  a  very  marked  flow  of 
watery  bile  in  affections  of  the  bile  ducts  that  may  be 
benefited  by  such  an  increase  of  the  biliary  function. 
Numerous  reports  made  witliin  the  last  decade  have 
shown  that  such  small  doses  proved  efficient.  Thus  Flir- 
bringer  ''•^  stated  that  he  had  obtained  good  effects  from 
sodium  .salicylate  in  cholelithiasis.  In  one  case  four 
times,  in  another  five  times,  both  women,  gall  stones 
were  discharged  on  the  day  after  administering  the  salt. 
As  a  rule,  he  gives  the  medicine  in  do.ses  of  0.5  gm.  with 
an  equal  quantity  of  sodium  bicarbonate,  four  times  a 
day. 

Stiller"  reported,  in  1890,  that  he  had  used  sodium 
salicylate  for  five  years,  and  regarded  it  as  a  powerful 
cholagogue.  In  cases  of  gall  stones  he  gave  0.5  gm.  fmu- 
times  a  day,  generally  with  0.01  gm.  of  extract  of  bella- 
donna. 

In  biliary  colic  Strisower"  at  first  gave  two  doses  of 
antipyrin,  each  0.6  gm.,  at  an  hour's  interval,  and  after- 
ward sodium  salicylate,  0.(5  gm.,  three  or  four  times  a 
day.  The  attacks  became  less  frequent  and  soon  ceased 
entirely. 

In  a  discussion  on  cholagogues  in  the  Berline)-  mccli- 
cinuche  Geselhchaft,  Senator '^  stated  that  he  had  obtained 
good  results  from  the  use  of  sodium  salicylate,  especially 
when  given  in  combination  with  extract  of  belladonna. 
Ewald  claimed  to  have  obtained  undoubted  success  in 
cholelitliiasis  from  sodium  salicylate. 

Nannyn's'"  experience  with  sodium  salicylate  was  also 
favorable.  He  repeatedly  gave  2  or  3  gm."with  success 
in  the  beginning  of  attacks  of  biliary  colic.  "While 
Stadelmuun"  fully  agrees  with  other  investigators  as  to 
the  iiower  of  sodium  salicylate  to  increase  the  biliary 
function,  lie  having  oliserve'd  in  experiments  after  ifivin'g 
2  to  3  gm.  a  very  mai'kcd  increase  of  the  bile  flow,  lie  dis- 
sents from  all  of  tliem  as  totlie  utility  of  lliis  cli(ila£;o<;uc 
action  in  catarrhal  icterus  and  in  cholelitliiasis:  lie 
holds  that  all  cholagogues  are  worse  than  useless  when 
tlie  d\ictus  choledochus  is  occluded,  because  the  bile  is 
secreted  imder  very  low  pressure,  and  cannot  in  any  cir- 
cumstances overcome  a  higher  pressun;  than  120  t"o  220 
mm. 

Soilivin  Biairh,iii,it('.—lt  lias  long  been  observed  that 
mme7-al  waters  containing  a  notable  amoiuit  of  this  salt 
are  of  decided  utility  in  catarihal  icterus,  in  hypera'mia 
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of  the  liver  from  dietetic  excesses,  and  in  cholelithiasis 
Frerichs'*  entertained  the  opinion  that  alkaline  mineral 
waters,  especially  Carlsbad.  Vichy,  and  othcr.s,  produce 
a  copious  secretion  of  alkaline  bile,  and  that  sucii  bde 
exerts  a  solvent  effect  upon  cholesterin,  mucus,  and  lime 
salts.  Ewald '9  also  attributed  to  the  alkaline  mineral 
waters  the  property  of  increasing  the  secretion  of  bile, 
and  rendering  it  more  watery  and  alkaline.  Murchison  '"> 
held  that  the  undoubted  utility  of  alkaline  mineral  waters 
and  alkalies  in  cases  of  gall  stones  is  due  to  improvement 
of  the  general  health,  reduction  of  hepatic  congestion, 
and  such  alterations  of  the  bile  as  prevent  the  formation 
of  fresh  concretions.  Semmola  and  Gioffredi''  say  that 
alkalies  have  a  well-deserved  reputation  in  the  treatment 
of  hepatic  disorders,  not  because  of  a  purgative  or  chola- 
gogue action,  but  because  they  act  upon  the  hepatic  cell, 
upon  the  circulation  of  the  liver,  and  upon  the  composi- 
tion of  the  bile  in  such  a  way  as  to  rest(jre  the  normal 
functional  powers  of  the  hepatic  gland. 

The  eminent  writers  on  diseases  of  the  liver  and  bile 
passages  referred  to  based  their  opinions  chiefly  on  clini- 
cal observations.  These  had  indeed  conclusively  proved 
the  utility  of  alkalies  in  afl'ections  of  the  bile  pa.s.sages, 
but  not  that  they  act  by  rendering  the  bile  more  wateiy 
and  alkaline.  Nor  do  the  recent  experimental  researches 
on  the  physiological  action  of  alkalies  upon  the  biliary 
secretion  sustain  this  view.  Stadelmann,"  after  investi- 
gating the  action  of  alkalies  upon  the  biliary  secretion  of 
dogs  and  finding  that  they  do  not  increase  the  alkalinity 
of  the  bile,  surmises  that  their  favorable  influence  in 
cholelithiasis  is  probably  due  to  inspissation  of  the  bile, 
which,  in  more  concentrated  form,  may  be  capable  of 
dissolving  gall  stones. 

Experiments  to  elucidate  the  influence  of  sodium  bicar- 
bonate upon  the  secretion  of  bile  have  been  made  by 
numerous  investigators.  The  only  one  that  found  a  de- 
cided increase  of  bile  was  Lewaschew.  He  made  a  series 
of  experiments  on  fasting  dogs  with  permanent  biliary 
flstula;.  One  gram  or  less  did  not  alter  the  bile  in  either 
quantity  or  consistenc}',  but  larger  doses  notably  in- 
creased it  in  quantity  for  several  hours,  and  rendered  it 
more  watery,  the  maximum  effect  resulting  from  -I  gm. 
The  change  in  the  compo.sition  of  the  bile  occurred  wlien 
the  dry  salt  was  administered  in  gelatin  capsules,  but 
was  more  pronounced  when  it  was  given  dissolved  in  a 
large  amount  of  ivater. 

Glass.'^a  pupil  of  Stadelmann,  experimented  on  dogs 
to  determine  whether  the  salts  of  sodium,  dissolved  in  a 
large  amount  of  water  and  siven  int  email  v,  render  the 
bile  more  alkaline.  Other  pupils  of  Stadelmann  had 
previously  found  in  experiments  that  neither  water  in 
larj^e  quantities  noralkalies  increase  the  liile  flow  in  doo-s 
with  permanent  biliary  fistuUe.  All  the  conditions  nec- 
essary to  obtain  trustworthv  results  were  observed  in 
the  experimentation:  the  animals  were  in  good  health 
and  were  well  fed  with  a  fixed  diet;  the  bi'le  was  meas- 
ured every  two  hours,  and  the  observations  continued  for 
twelve  hours.  Glass  summarizes  the  results  of  his  exiieri- 
ments  as  follows: 

1.   Alkalies  taken  per  os  do  not  enter  the  bile 
^    2.   The  alkalinity  of  the  bile  is  not  augmented  bv  the 
ingestion  of  alkalies.  "^  •' 

3  The  relative  proportion  of  the  sodium  and  potassium 
salts  111  the  bile  is  constant. 

4  A  cholagogue  action  of  the  sodium  salts  is  not  per- 
cei)tible.  ' 

The  last  conclusion,  it  seems  to  the  writer,  does  not 
follow  irom  t)ie  details  of  the  experiments      I„  five  ex 
p,.nmcnts,  m  each  of  which  the  dog  received  5  gm   of 
sodium  bicarbonate  m  500  c.c.  of  water,  the  avera-e  of 
the  quantity  of  bile  secreted  in  twelve  hiurs  was  1  Yper 
cent   greater   than   in  previously  made  control   experi 
ments.     In  three  experiments  in  which  the  dog  received 
10  gm.  of  sodium  bicarbonate  in  ,500  cc   of  watei    the 
average  increase  was  4.2  per  cent.     In  four  experimen  s 
in  which  15  gm  of  the  salt  were  given  in  the  sa  ne  q u " n 
tity  of  water,  the  average  increase  in  the  amount  of     Ue 
was  1.3  per  cent.     In  four  experiments  in  which  25  nm 
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of  the  salt  were  given  in  tlie  same  amount  of  water,  a 
diminution  of  tlie  biliary  secretion  amounting  to  two  per 
cent.  tool<:  place.  Upon  this  diminution  of  tlie  secretion 
of  bile  by  large  doses  of  sodium  bicarbonate,  Stadelmann 
seems  to  base  his  supposition  that  the  favorable  influence 
of  this  salt  in  cholelithiasis  is  due  to  inspissation  of  the 
bile. 

Sodium  Sulphate.— Thh  salt  is  the  principal  constituent 
of  certain  alkaline  mineral  waters,  as  those  of  Carlsbad 
and  Marienbad,  long  celebrated  in  diseases  of  the  liver 
and  bile  passages.  It  is  the  welbknown  purgative  called 
Glauber's  salt,  which,  on  account  of  its  nauseous  taste,  is 
now  rarely  used. 

The  influence  of  sodium  sulphate  upon  the  biliary  se- 
cretion of  dogs  was  found  by  Rutherford  and  Vigual  to 
be  a  slight  increase ;  so  also  by  Prevost  and  Binet.  "  Glass 
could  find  no  change  eitlier  in  the  amount  or  in  the  com- 
position of  the  bile.  But  Lewaschew  observed  tliat  4 
gm.  markedly  augmented  the  secretion  of  bile,  especially 
increasing  the  water. 

Lewaschew  investigated  also  the  action  of  the  follow- 
ing mineral  waters:  Carlsbad,  Vichy,  and  Essentuck. 
All  rapidly  increased  the  flow  of  bile,  augmenting  both 
sohds  and  fluids,  but  the  latter  more.  Tlie  effects  of  the 
different  mineral  waters  were  nearly  the  same,  and  hence 
Lewaschew  concluded  that  they  act  upon  the  liver  with 
equal  energy. 

The  results  obtained  in  experiments  upon  dogs  by  dif- 
ferent investigators  as  to  the  action  of  sodium  bicarbonate 
and  sulphate  and  the  alkaline  mineral  waters  are  remark- 
ably contradictory  and  may  create  some  doubt  as  to  their 
utility.  It  should  hardly  be  necessary  to  remind  the 
reader  that  the  utility  of  the  sodium  salts  has  been  estab- 
lished be.yond  doubt  by  innumerable  clinical  observations, 
and  cannot  be  shaken  or  made  doubtful  by  negative  ex- 
periments on  dogs.  When  experiments  on  human  beings 
have  been  made  in  sufficient  number,  the  true  solution  of 
their  mode  of  action,  whether  by  an  increase  of  secretion 
or  by  inspissation  of  the  bile  or  otherwise,  will  become 
clear.  Thus  far  only  one  svu-geon  has  utilized  the  oppor- 
tunity of  observing  the  action  of  Carlsbad  salt  upon  his 
patients.  Korte  {loc.  cit.)  gave  this  salt  to  two  patients 
with  complete  and  to  several  with  incomplete  biliary  fis- 
tula;. The  dose  was  one  teaspoonful  dissolved  in  one- 
fourth  litre  of  warm  water.  A  decided  increase  in  tlie 
amount  of  bile  from  the  fistula  was  observed. 

Sodium  Phosphate. — This  salt  is  held  by  some  pharma- 
cologists to  be  a  useful  cholagogue.  Its  action  upon  the 
biliary  secretion  was  investigated  hj  Rutherford  and 
Vignal  in  one  experiment.  They  observed  a  decided  in- 
crease of  the  flow  of  bile,  with  diminution  of  its  consist- 
ency. Lewaschew,  in  a  seiies  of  experiments,  confirmed 
this  result.  Four  grams,  both  in  the  dry  form  and  in 
solution,  produced  a  ver}^  marked  augmentation  of  the 
bile  flow,  and  rendered  the  bile  more  watery.  Doses  of 
1  gm.  and  less  iiad  no  effect,  while  larger  doses  than  4 
gm.  did  not  cause  a  corresponding  increase.  He  con- 
cluded that  sodium  phosphate  acts  as  powerfully  upon 
the  biliary  secretion  as  do  sodium  bicarbonate  and  sul- 
phate, and  tliat  all  of  these  salts  produce  the  maximum 
effect  upon  the  bile  flow  of  dogs  in  doses  of  4  gm. 

Sodium  Benzoate. — Rutherford  and  Dods( toe.  cjY.)  found 
that  this  salt  rapidly  and  decidedly  increased  the,  bile  flow 
from  biliary  fistulas  in  dogs.  Prevost  and  Binet,  in  their 
experiments,  also  observed  a  very  pronounced  cholagogue 
action.  It  greatly  resembles  sodium  salicjdate  in  its  be- 
havior in  the  body,  and  may  be  given  in  the  same  doses, 
from  0.5  to  2  gm.  several  times  a  day. 

Olive  Oil. — Olive  oil  has  been  used  for  many  years  to 
relieve  the  pain  incident  to  the  passage  of  gall  stones. 
Dunglison '"'  quotes  a  case  in  which  olive  oil  was  taken 
to  allay  severe  pains  in  the  stomach  which  were  ascribed 
to  the  passage  of  gall  stones.  It  caused  the  discharge  of 
masses  of  fatty  matter  of  globular  form  varying  in  size 
from  that  of  a  small  pea  to  that  of  a  moderate  grape. 
Flint ''  relates  that  a  patient  who  consulted  him,  having 
suffered  much  from  the  pas.sage  of  gall  stones,  at  one 
time  took,  for  a  number  of  clays,  a  pint  or  more  of  olive 


od  dady,  at  the  suggestion  of  some  one  who  assured  him 
that  m  this  way  lie  had  gotten  rid  of  a  large  number  of 
stones  without  pain.  Tlie  patient  stated  that,  undei-  the 
use  of  this  remedy,  he  discharged  from  the  bowels  an 
immense  number  of  small,  hard  bodies,  which  were  sup- 
posed to  be  biliary  calculi.  Flint  held  these  bodies  to  be 
composed  of  a  concrete  form  of  fatty  matter. 

Rosenberg ««  says,  that,  although  the  masses  of  concrete 
fatty  matter  were  mistaken  for  gall  stones,  the  use  of  olive 
oil  was  often  speedily  followed  by  a  subsidence  of  the 
intense  pain  attending  the  passage  of  biliary  calculi.  He 
refers  to  twenty-one  cases,  three  in  his  own  practice,  in 
nineteen  of  which  the  administration  of  large  doses'  of 
olive  oil  was  followed  either  by  improvement  or  by  com- 
plete cure.  In  a  series  of  experiments  on  a  dog  with  a 
permanent  biliai-y  fistula,  Rosenberg  found  large  doses  of 
ohve  oil  to  cause  regularly  a  marked  increase  of  the  bili- 
ary secretion,  and  he  says  that  the  influence  of  the  oil 
upon  the  hepatic  activity  was  greater  than  that  of  bile 
and  of  salicylate  of  sodium.  He  supposes  that  the  cal- 
culi are  forced  out  cif  the  bile  passages  by  the  rapid  in- 
flux of  a  large  quantity  of  bile,  and  when  they  are  not 
driven  out,  the  pressure  of  the  bile  so  changes  their  posi- 
tion that  the  symptoms  of  impaction  cease  and  the  bile 
finds  its  way  into  the  bowel. 

The  committee  of  the  therapeutic  section  of  tlie  Phila- 
delphia Polyclinic  Medical  Society"  appointed  to  inves- 
tigate the  results  of  the  treatment  of  gall  stones  (hepatic 
cohc)  with  olive  oil,  reported  that  records  of  fifty-four 
cases  had  been  received  ;  of  these  cases  two  had  died,  and 
three  were  not  benefited ;  in  all  the  other  cases,  ninety- 
eight  per  cent.,  positive  relief  was  afforded.  The  bene- 
ficial effects  appeared  to  be  produced  chiefiy  by  the  in- 
creased secretion  of  bile,  and  not  by  a  solvent  action  of 
the  oil  on  the  biliary  concretions. 

Schulz,'8  in  a.  gase  of  pseudo-hepatic  colic  due  to  ob- 
struction of  the  outflow  of  bile  by  carcinoma  of  the  liver, 
observed  that  olive  oil  decidedly  increased  the  secretion 
of  bile,  evidenced  b_v  aggravation  of  the  colicky  pains 
and  great  distention  of  the  gall  bladder;  calomel,  on  the 
contrary,  did  not  increase  the  pain  and  did  not  distend 
the  gall  bladder. 

Troitzky  ^'  observed  a  case  in  which  there  was  a  fistu- 
lous communication  between  the  gall  bladder  and  the 
exterior.  He  found  that,  when  he  gave  olive  oil,  the 
secretion  of  bile  became  more  abundant.  He  supposes 
that,  in  cases  of  gall  stones  in  which  the  administration 
of  olive  oil  appears  to  be  of  benefit,  the  extra  ciuantity 
of  bile  raises  the  pressure  behind  the  calculi,  and  thus 
forces  them  onward,  this  action  being  aided  by  increased 
peristaltic  movements  of  the  bile  ducts. 

It  is  difficult  to  reconcile  the  above  evidence  supporting 
the  view  that  the  favorable  action  of  olive  oil  in  biliary 
colic  is  due  to  an  increase  of  the  secretion  of  bile  with 
the  opinion  of  Stadelmann,^"  that  cholagogues  cannot 
possibly  be  of  service  when  there  are  obstacles  in  the  bile 
passages,  because  increased  secretion  of  bile  is  not  at- 
tended by  augmented  bile  pressure.  Senator,"'  contrary 
to  Stadelmann,  holds  that  in  partial  obstruction  of  the 
bile  passages  it  is  quite  possible  for  an  increase  of  the  bile 
pressure  to  take  place  and  to  overcome  obstacles.  Doubt- 
less he  bases  his  opinion  on  the  fact  that  he  had  often 
obtained  favorable  results  from  olive  oil. 

Podophyllin. — A  cholagogue  action  was  attributed  to 
this  purgative  because  frequently  the  stools  that  it  pro- 
duces have  a  dark  color.  It  had  been  observed  also  that, 
when  the  motions  are  white  or  clayey,  moderate  doses 
often  speedily  restore  the  normal  color  to  the  evacuations. 
Murchison  held  podophyllin  to  be  a  good  substitute  for 
mercury  when  from  any  cause  this  is  contraindicated. 

Anstie  investigated  the  physiological  action  of  podo- 
phyllin on  dogs  and  cats.  He  found  that  occasionally 
liile  was  poured  out  in  large  quantities.  This  he  attrib- 
uted not  to  a  direct  action  on  the  liver,  but  to  irritation 
of  the  mucous  membrane  of  the  small  intestine.  Experi- 
ments on  dogs  with  biliary  fistula;  were  made  by  the  Edin- 
burgh Committee "'  and  by  Rutherford  and  Vignal.  The 
committee  found  that  podophyllin  diminished  the  secre- 
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tion  of  bile.  Large  doses  were  administered  and  free 
purgation  resulted,  which  doubtless,  as  shown  by  later 
investiuations,  prevented  the  action  on  the  liver.  In  the 
experiments  performed  by  Rutherford  and  Vignal,  doses 
that  did  not  purge  severely  always  caused  a  very  decided 
increase  in  the  bile  flow.  The  composition  of  the  bile  did 
not  become  changed.  They  inferred  that  the  augmented 
flow  was  due  to  increased  secretion,  and  not  merely  to 
e.xpulsion.  Since  the  influence  of  bile  itself  has  been 
carefully  investigated  on  dogs  with  biliary  fistuL-e,  the 
decided  increase  of  the  bile  flow  in  Rutherford's  experi- 
ments has  been  attributed  to  the  Ijile  used  asavelucle  for 
the  podophyllin.  Rutherford  says,  in  his  comment  on 
his  ninth  experiment,  in  which  he  had  injected  13.2  c.c. 
of  bile  into  the  dog's  duodenum,  and  about  an  hour  later 
nine  grains  of  podophyllin  suspended  in  12  c.c.  of  bile, 
that  "the  increase  might  possibly  have  been  owing  to 
the  injected  bile"  {op.  cit.,  p.  17). 

That  podophyllin  increases  the  biliary  secretion  in  con- 
sequence of  a  direct  action  on  the  secreting  apparatus  of 
the  liver  is  strongly  sustained  by  an  extended  series  of 
experiments  on  c'ats  and  dogs  by  Podwyssotzki.-'*  He 
investigated  the  physiological  action  of  podophyllin,  and 
of  podophyllotoxin  and  picropodophyllin,  two  active 
principles  he  had  isolated  from  podophyllin  and  from  the 
rhizome  of  Podophyllum  peltatum.  Frequently  the  de- 
jections had  a  bilious  color.  In  the  autopsies  he  found 
the  liver  soft,  very  dark,  and  hyperfemic,  and  the  gall 
bladder  much  distended. 

Neuberger,^^  in  experiments  in  which  he  investigated 
the  action  of  crystallized  podophyllotoxin,  also  found  the 
liver  hypersem'ic  and  the  gall  bladder  enormously  dis- 
tended with  bile.  Loeweuton,'*  one  of  Stadelmann's 
pupils,  found  in  experiments  on  dogs  with  permanent 
biliary  tistuhe  that  small  doses  of  podophyllotoxin  pro- 
moted the  secretion  of  bile. 

Calomel. — This  medicine  was  formerly  supposed  to  be 
a  very  powerful  cliolagogue,  because  it  frequentljr  pro- 
duces green  stools,  and  was  found  useful  in  congestion 
of  the  "liver.  At  the  present  time,  however,  it  is  held 
that,  in  purgative  doses,  calomel  lessens  the  secretion  of 
bile. 

Numerous  experiments  to  elucidate  the  influence  of 
calomel  on  the  biliary  function  have  been  made,  both  on 
himian  beings  and  on  animals.  In  all  the  experiments, 
when  the  methods  were  not  faulty,  small  doses  had  no 
effect,  and  large  purgative  doses  diminished  the  bile  flow. 
But  how  explain  the  green  stools  and  the  undoubted  ben- 
efit resulting  from  the  use  of  calomel  in  certain  hepatic 
affections?  Do  the  stools  contain  large  quantities  of 
bile  ?  Of  this  there  can  be  no  doubt,  since  Jlichea,  Simon, 
Buchheim,  and  Radziejewsky  found  large  ciuantities  of 
bile  in  calomel  stools.  Radziejewsky  found  in  calomel 
stools  also  notable  quantities  of  the  products  of  pancre- 
atic digestion,  peptone,  tyrosin,  and  leucin.  The  presence 
of  these  substances  in  the  dejections  has  been  variousl_y 
explained.  It  was  .supposed  that  calomel,  acting  strongly 
upon  the  upper  part  of  the  small  intestine,  causes  them 
to  be  carried  forward  so  rapidly  that  their  absorption  is 
prevented.  To  the  same  irritant  action  on  the  duodenum 
was  ascribed  also  the  presence  of  large  quantities  of  bile 
in  the  stools,  a  reflex  contraction  of  the  gall  bladder 
and  bile  ducts  resulting  which  expels  the  bile  previously 
secreted. 

It  was  surmised  by  Buchheim  ■''•  that  possibly  the  largo 
quantities  of  green  bile  in  the  evacuations  might  be  ow- 
ing to  arrest  of  decomposition  in  the  intestines.  Wassi- 
lietf's^''  researches  show  that  this  is  probably  the  correct 
explanation.  Under  normal  circumstances  the  bile  pig- 
ments, bilirubin  and  biliverdin,  are  greatly  altered  by  the 
putrefactive  processes  taking  place  in  the  intestines.  Cal- 
omel restrains  or  arrests  these  decompositions ;  hence  the 
biliary  pigment  retains  its  green  color,  and,  in  conse- 
quence of  the  accelerated  peristalsis,  is  discharged  before 
realisorption  can  take  place. 

If  it  be  true  that  calomel  prevents  those  chemical 
changes  of  the  bile  and  of  the  products  of  pancreatic 
digestion  that  naturally  take  place  in  the  intestines,  and 
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in  this  way,  and  in  part  by  accelerating  peristalsis,  pre- 
vents their  ab.sorption,  it  is  readily  understood  why  calo- 
mel should  have  been  found  of  special  utility  in  certain 
hepatic  diseases.  By  diminishing  the  amount  of  material 
absorbed  into  the  portal  circulation,  it  effectually  depletes 
the  liver,  reduces  its  functional  activity,  and  lessens  the 
secretion  of  bile. 

In  a  number  of  experiments  on  dogs  Rutherford  and 
Dods  {oji.  cit.,  p.  147)  had  observed  a  very  decided  in- 
crease of  the  bile  flow  after  injecting  mercuric  chloride 
into  the  duodenum.  All  other  observers  who  have  since 
experimented  on  dogs  or  have  given  this  salt  of  mercury 
to  patients  having  biliary  fistulte  have  been  unable  to 
verify  their  observations.  It  is  supposed,  therefore,  that 
the  increase  of  bile  observed  by  Rutherford  and  Dods 
was  caused  reflexly  by  the  intense  irritation  produced  by 
the  mercuric  chloride"  in  the  duodenum  of  the  fasting 
dogs. 

The  physiological  action  of  numerous  other  medicines 
on  the  biliary  function  has  been  investigated.  The  fol- 
lowing were  found,  by  one  or  another  experimenter,  to 
increase  the  secretion  of  bile :  aloes,  baptisin,  colchicum, 
colocynth,  cathartic  acid,  euonymin,  hydrastin,  iridin, 
ipecacuanha,  jalap,  juglandin,  oil  of  turpentine,  potas- 
sium chlorate  and  sulphate,  phytolaccin,  leptandrin, 
propylamine,  muscarin,  salol,  rhubarb,  and  antipyrine. 

But  with  the  exception  of  oil  of  turpentine,  which  in 
combination  with  ether  has  been  used  longer  than  a 
century,  none  is  of  any  practical  importance. 

Thehtpeutic  Uses  of  Choloffiif/iie.s. — Cholagogues  are  in- 
dicated when  the  secretion  of  bile  is  defective,  and  active 
hyperemia,  inflammation,  and  organic  diseases  of  the 
liver  are  absent.  But  there  are  no  certain  criteria  of  this 
condition.  The  symptoms  pertaining  to  the  alimentary 
canal,  which  generally  supervene  when  the  flow  of  bile 
into  the  duodenum  is  impeded  or  arrested,  such  as  per- 
verted digestion,  flatulenc}',  constipation,  and  impaired 
absorption  of  fat,  may  be  caused  also  b}^  other  patho- 
logical conditions.  If  the  absorption  of  fat  be  found  very 
defective  and  there  be  present  no  evidence  of  retention 
of  bile,  the  secretion  of  bile  is  probably  defective.  Chol- 
agogues may  then  be  carefidly  tried.  If  the  diagnosis 
be  correct,  ox  gall  will  doubtless  give  much  relief. 

Cholagogues  are  sometimes  useful  in  the  complex  dis- 
order known  as  biliousness,  which  is  characterized  by 
symptoms  denoting  disturbance  of  the  alimentary  canal, 
liver,  and  nervous  system.  The  most  SiUient  phenomena 
are  a  disagreeable  or  bitter  taste,  a  coated  tongue,  defec- 
tive appetite,  sometimes  nausea  and  vomiting-;  a  sallow 
complexion,  light-colored  stools,  and  dark  oi'lateritious 
urine;  headache,  giddiness,  dimness  of  vision,  lauguor, 
and  mental  depression.  The  primary  cause  of  the  dis- 
order is  usually  a  notable  derangement  of  the  digestive 
process,  produced  by  dietetic  excesses  or  the  inges'tion  of 
indigestible  or  decomposing  substances.  In  consequence 
of  the  perverted  digestion,  bodies  having  toxic  properties 
are  developed,  which,  being  absorbed  into  the  portal  cir- 
culation, act  deleteriously  upon  the  liver  and  nervous 
system. 

In  the  lighter  forms  of  biliousness,  which  usually  last 
only  a  few  days,  cholagogues  are  not  required.  Absten- 
tion from  food  anil  the  use  of  a  mild  cathartic  generally 
quickly  restore  the  stomach  and  bowels  to  a  normal  state. 
When  the  conqdexion  has  become  stillow,  and  a  deposit 
occurs  in  the  urine,  the  treatment  that  experience  has 
shown  to  lie  useful— nameh',  a  luirirative  dose  of  calomel 
or  other  purgative  mercurial,  followed  by  a  saline  ca- 
thartic—is certainly  apiiropriate.  If  the  disorder  have 
existed  for  some  time,  alkalies  and  the  chola^-ogues  that 
produce  a  free  secretion  of  watery  bile,  sodium  salicylate 
and  benzoate  together  with  laxative  doses  of  podo- 
phyllm,  should  be  resorted  to. 

Cholagogues  are  generally  used  in  cholelithiasis  After 
the  severe  pain  due  to  the  passage  and  often  to  the  im- 
paction of  gall  stones  in  the  cystic  duct  or  in  the  common 
bile  duct  lias  been  relieved,  sodium  salicylate  may  be 
given  in  two  or  three  one-gram  doses  at  intervals  of  an 
hour.     Each  dose  should  be  dissolved  in  a  tumblerful  of 
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hot  water.  Afterward  the  sodium  salicylate  may  lie 
given  in  0.5-gram  doses  four  or  live  times  a  day.  A"t  the 
same  time  it  will  be  useful  to  move  the  bowels  every 
morning  by  means  of  the  artitieial  Carlsbad  salt.  The 
dose  of  this  is  generally  a  heaping  tcaspoouful,  which 
should  be  dissolvecl  in  about  a  pint  of  warm  water,  one- 
fourth  of  which  shinild  be  taken  every  quarter  of  an  hour. 

If  the  patient  have  no  icterus,  and  have  repeatedly 
suffered  from  attacks  of  hepatic  colic,  ox  gall  will  be 
preferable  to  other  cholagoguos.  This  remedy  is  more 
suitable  than  sodiiuu  sahcylate  and  benzoatc,  because  it 
increases  the  bile  acids  as  well  as  the  water  of  the  bile, 
and  thus  tends  to  prevent  the  formation  of  fresh  con- 
cretions, and  possibly  to  disintegrate  calculi,  especially 
if  they  consist  almost  entirely  of  cholesteriu.  But  to  ac- 
complish these  purposes  its  use  must  be  continued  for 
a  long  time. 

If  in  severe  hepatic  colic  sodium  salicylate  and  Carls- 
bad salt  do  not  give  relief  in  a  reasonable  period  of  time, 
recourse  may  be  had  to  olive  oil.  This  should  be  given 
in  large  doses,  from  six  to  eight  ounces.  The  following 
mixture  recommended  bj'  Rosenberg  is  less  disagreeable 
to  take  than  the  pure  oil:  oleum  olivie,  200.0;  "cognac, 
20.0;  vitell.  ovor.  ij.  ;  menthol,  0.2-0.5.  To  be  taken  in 
two  portions  within  one  hour. 

Cholagogues  are  often  used  in  icterus.  When  this  dis- 
ease results  fronr  thickness  and  tenacity  of  the  bile,  a 
condition  that  impedes  its  free  flow  through  the  Intra- 
hepatic bile-ducts  and  causes  its  absorption  by  the  lym- 
phatics, those  cholagogues  should  be  used  that  increase 
onl}^  the  water  of  tlie  bile,  especially  sodium  salicylate 
and  benzoate. 

In  catarrhal  jaundice  not  cholagogues,  but  means  to 
lessen  and  subdue  the  catarrh  of  the  duodenum  and  com- 
mon bile  duct,  are  of  the  first  importance.  Some  of  the 
means,  however,  used  to  meet  this  indication  do  probably 
increase  the  secretion  of  bile  ;  this  is  true  especiallj'  of  the 
sodium  salts.  But  whether  or  not  this  be  the  case,  sodium 
phosphate  in  slightljf  laxative  doses  and  Carlsbad  salt  are 
of  undoubted  value  in  catarrlial  jaundice.  The  former 
may  be  given  in  doses  of  2  to  6  gm.,  in  much  warm  water, 
three  times  a  da}'.  Carlsbad  salt  is  usually  given  earlj- 
in  the  morning  on  an  empty  stomach  in  the  dose  of  one 
or  two  teaspoonfuls.  This  should  be  dissolved  in  a  pint 
of  water  having  a  temperature  of  about  100°  to  105°  ¥., 
and  drunk  in  several  portions  at  intervals  of  ten  or  fifteen 
minutes.  The  patient  should  defer  taking  food  for  one 
or  two  hours  after  the  last  portion.  Often  it  is  found 
that  the  symptoms  rapidljr  abate  under  the  influence  of 
sodium  salicylate,  which  may  be  given  to  the  extent  of  3 
or  4  gm.  daily  for  some  time. 

There  are  cases  of  catarrhal  icterus  of  great  obstinacy, 
and  all  the  cholagogues  mentioned  may  fail  to  cause  the 
bile  to  flow  into  the  intestine.  One  might  then  be 
tempted  to  use  cholagogues  that  increase  the  bile  in 
toto ;  but  these  will  probably  do  no  good  and  may 
greatly  damage  the  patient.  Samuel  NickUs. 
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CHOLECYSTECTOMY, 

Gall  Bladder. 


CHOLECYSTOTOIVIY.     See 


CHOLERA,  ASIATIC.     See  Tub  Appendix. 

CHOLERA  INFANTUM.— (Synonym;  Gastro-Enteritis 
Choleriformis.  Choleraic  Diarrhoea,  Summer  Cholera, 
Acute  Milk  Infection.)  Cholera  infantum  is  an  acute 
gastro-intestiual  catarrh  affecting  j'oung  children,  and 
characterized  by  large  watery  stools,  profuse  vomit- 
ing, high  temperature,  great  prostration,  and  rapid 
wa.sting. 

It  is  the  most  sudden  and  dangerous  form  of  gastro- 
intestinal inflammation  to  which  children  are  liable,  and 
is  largely  instrumental  in  causing  the  excessive  infant 
mortality  of  the  summer  months.  Cholera  infantum  is 
especially  a  disease  of  the  crowded  cities,  but  is  far  from 
uncommon  in  the  sparsely  settled  country  districts. 

The  custom,  so  general  with  physicians  everywhere, 
of  grouping  all  severe  infantile  diarrhoeas  under  the  ge- 
neric name  of  cholera  infantum,  leads  to  much  confu- 
sion, and  seriously  vitiates  the  deductions  drawn  from 
compiled  mortuary  tables.  The  term  cholera  infantum 
should  be  strictly  reserved  for  cases  of  genuine  choleri- 
form  diarrha-a. 

The  line  of  demarcation  between  cholera  infantum  and 
the  ordinary  summer  diarrhoea,  entero-colitis,  cannot  al- 
waj'S  be  sharply  drawn.  Every  epidemic  exhibits  cases 
which,  beginning  with  distinct  choleraic  symptoms,  soon 
subside  into  more  or  less  protracted  intestinal  catarrh, 
and  others  in  which  the  course  of  the  latter  disease  is 
disturbed,  perhaps  abruptly  ended,  by  an  attack  of  in- 
fantile cholera. 

But,  although  this  is  true,  typical  cholera  infantum 
contrasts  so  strongly  in  symptomatology  and  fatality 
with  all  other  forms  of  summer  diarrhoea  as  to  entitle 
it  to  a  separate  chapter  and  a  distinctive  name.  Little 
or  no  difHculty  would  be  experienced  if  the  term  were 
rigidly  restricted  to  the  form  of  gastro-intestinal  inflam- 
mation outlined  in  the  above  definition. 

Etiology. — Cholera  infantum  finds  its  analogue  in 
Asiatic  cholera.  The  clinical  features  of  Tioth  point  un- 
mistakably to  a  bacterial  origin,  although  no  specific 
organism  for  the  infantile  disease  has  been  yet  discovered. 
The  evidences  of  a  profound  infection  are  too  strong  to 
be  ignored. 

Infancy,  excessive  atmospheric  heat,  improper  feeding, 
bad  food,  and  bad  sanitary  surroundings  are  all  important 
factors  in  the  causation.  Except  in  occasional  instances 
they  are  singly  inoperative,  but  together  they  develop 
conditions   tmcler   which   the   specific    germs   or    toxins 
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multiply,  and  exert  their  deleterious  influence    on  the 
heart,  nerve  centres,  and  intestinal  vaso-motor  system. 

Cholera  infantum,  as  the  name  implies,  is  a  disease  of 
early  childhood,  and  in  the  presence  of  favorable  condi- 
tions, the  liability  to  its  development  is  in  direct  propor- 
tion to  the  age  of  the  infant. 

It  occurs  more  often  during  the  first  six  months  than 
at  any  other  period  of  infancy,  and  is  rarely  met  vpith 
after  "the  completion  of  the  first  dentition.  There  is, 
however,  no  ground  for  the  belief  tluit  dentition  is  a 
factor  in  the  causation,  save  that  the  gi'eat  developmental 
and  functional  activity  of  the  intestinal  follicles  during 
this  period  is  a  powerful  predi.sposiug  cause  to  all  kinds 
of  intestinal  derangement. 

C'holera  infantum  is  a  disease  of  the  summer  months, 
and  attains  its  greatest  prevalence  when  the  thermometer 
ranges  the  highest. 

In  this  latitude  cases  begin  to  appear  in  the  latter  part 
■of  May,  and  occur  with  varying  frequency  until  Octobei-. 
The  disease,  however,  rarely  assumes  an  epidemic  form 
except  in  the  months  of  July  and  Aiigust,  when  it  reaches 
its  maximum  prevalence  and  fatality.  High  atmospheric 
beat  exerts  its  deleterious  influence  by  enervating  the 
child's  phj'sical  powers,  by  impregnating  the  air  with  the 
poisonous  exhalations  of  decaying  animal  and  vegetable 
matters,  and  by  ijromoting  the  growth  and  distribution 
■of  all  toxicogenic  germs. 

Improper  food  is  the  cause  of  multiplied  digestive  dis- 
orders in  the  infant,  but,  except  in  the  presence  of  sum- 
mer heat,  rarely,  if  ever,  lights  up  a  choleraic  attack. 
Its  close  dependence  upon  an  impure  milk  supply  is  well 
established.  A  few  writers  maintain  that  "the  cause 
is  invariably  in  the  food,  and  the  poisons  which  induce 
the  symptoms  are  not  known  to  originate  in  any  other 
food  than  milk  or  some  milk  preparation"  (Vaughn). 
Not  infrequently  a  single  improper  meal  will  transform 
a  mild  diarrhcea  into  the  graver  form  of  disease,  and  will 
sometimes  develop  an  attack  when  the  previous  health  is 
undisturbed. 

Premature  weaning,  the  use  of  commercial  baby  foods, 
and  the  American  habit  of  admitting  infants  to  the  fam- 
ily table  invite  the  disease.  Hand-fed  babies,  however 
intelligently  cared  for,  are  prone  to  choleraic  seizures, 
especially  when  exposed  to  the  anti-hygieuie  surround- 
ings, personal  or  domiciliary,  of  tenement  life  in  the  larger 
cities.  For  obvious  reasons  the  disease  attains  its  great- 
est frequency  and  mortality  among  the  children  of  the 
city  poor  and  in  foundling  hospitals. 

iloRBiD  Anatomy. — The  pathological  lesions  vary 
with  the  period  at  which  death  occiu-s,  and  are  rarely  as 
pronounced  as  the  alarming  character  of  the  symptoms 
would  indicate.  In  many  cases  wdiich  proceed  rapidly 
to  a  fatal  is.sue,  the  post-mortem  revelations  are  negative, 
or  at  most  only  disclose  a  few  patches  of  arborescent 
injection  scattered  over  the  intestinal  mucous  membrane. 
In  the  more  protracted  cases,  the  lesions  are  better 
marked,  and  are  very  similar  to  those  found  in  ordinary 
entero-colitis. 

The  mucous  membrane  is  reddened,  thickened  and 
softened,  vmiformly  or  in  patches.  The  intestinal  glands 
exhibit  the  most  constant  change.  Both  the  patches  of 
Peyer  and  the  solitary  glands  are  enlarged,  and  form 
translucent  projections  above  the  surface.  Many  of 
these  enlarged  glands  soften,  break  down,  and  leave  the 
mvicous  membrane  more  or  less  thickly  studded  with 
follicular  ideers.  The  mesenteric  glands  are  congested. 
The  brain  is  anaimic  and  wasted,  and  serum  is  freely 
effused  into  the  ventricles  and  on  its  surface.  More  or 
less  liypostatic  congestion  of  the  posterior  lobes  of  the 
lungs  is  nearly  always  observed. 

Symptoms.— C;hol(>ra  infantum  usually  begins  abruptly 
with  violent  vomiting  and  jturging,  but  it  may  be  pre- 
ceded by  a  short  aiKl  ill-defined  prodromal  stage. 

In  this  latter  event,  anorexia,  fever,  fugitive  abdominal 
pains  and  a  few  li(|uid  stools  precede,  for  a  few  hoiirs, 
■or  a  day  or  two  at  most,  the  peculiar  serous  evacuations 
•which  give  character  to  the  attack. 

It  is  a  matter  of  common  observation  that  the  disease 


very  frequently  occurs  in  the  course  of  a  diarrhcea,  more 
or  less  protracted,  attended  with  emaciation  and  asso- 
ciated with  intestinal  inflammation;  but,  even  in  these 
cases,  the  distinctive  choleraic  symptoms  almost  invari- 
ably begin  suddenly  and  are  sharply  outlined. 

The  antecedent  diarrhrea  unquestionably  exerts  a 
powerful  influence  in  precipitating  the  attack,  but  it  is 
not  an  essential  feature  of,  nor  can  it  be  properly  consid- 
ered a  preliminary  stage  of  cholera  infantum. 

The  stools  first  voided  contain  the  contents  of  the  in- 
testines, milk  curds,  and  particles  of  undigested  food, 
mingled  with  intestinal  mucus  and  liquid  feeces.  As 
long  as  faecal  matters  are  present,  the  discharges  have  a 
peculiarly  fetid  and  penetrating  odor,  which  clings  to 
the  clothing  and  person  after  repeated  washings.  These 
discharges  are  soon  replaced  by  large  odorless  stools,  de- 
void of  ftecal  matter,  and  so  thin  as  to  soak  through  the 
diapers  like  water,  leaving  only  a  greenish  stain.  The 
number  of  the  stools  varies.  Ten,  twenty  or  more  may 
be  passed  in  the  twenty-four  hours;  occasionally  they 
recur  at  long  intervals — four  or  six  hours  apart — but  are 
so  copious  as  to  deluge  the  clothing  and  bedding.  The 
discharges  are  quite  irritating,  and  give  rise  to  an  ery- 
thema about  the  anus,  which  adds  greatly  to  the  child's 
discomfcjrt. 

Abdominal  pains  and  tenderness  on  pressure  are  usu- 
ally not  marked.  Vomiting  soon  succeeds,  or  occurs 
simultaneously  with,  the  intestinal  discharges.  It  may 
precede  them.  It  is  nearly  always  persistent,  and  causes 
the  immediate  rejection  of  everything — food  or  drink — 
taken  into  the  stomach.  The  stomach  is  speedily  emptied 
of  its  contents,  and  afterward  the  ejected  matters  consist 
of  the  food  taken,  a  greater  or  less  quantity  of  serous 
fluid,  the  contents  of  the  duodenum  and  bile.  Even 
should  it  subside  the  taking  of  drink  or  food  provokes  an 
immediate  renewal. 

The  reaction  of  the  vomited  matter  is  at  first  acid,  but 
subsequently  becomes  neutral  or  alkaline  when  the  in- 
testinal fluids  and  bile  enter  largely  into  its  composition. 
The  evacuations,  both  gastric  and  intestinal,  take  place 
suddenly,  with  little  or  no  warning,  and  are  ejected  with 
considerable  force. 

The  two  symptoms  just  enumerated — free  watery 
purging  and  vomiting— recurring  again  and  again,  either 
simultaneously  or  in  close  succession,  constitute  the 
prominent  and  distinctive  features  of  cholera  infantum. 

The  quantity  of  fluid  discharged  in  a  few  hours  through 
these  channels  is  sometimes  enormous.  This  excessive 
depletion  necessarily  causes  rapid  wasting  and  speedy 
exhaustion.  Loss  of  weight  takes  place'more  rapidly 
than  in  any  other  disease  of  childhood.  The  child  soon 
loses  its  plumpness,  the  muscles  become  soft  and  flabby, 
and  the  skin  hangs  in  folds  about  the  joints.  The 
features  become  more  and  more  pinched  and  drawn,  and 
so  changed  in  appearance  as  to  seem  unnatural.  'The 
child  is  exti-emely  restless  and  moans  continuously,  not 
so  much  from  pain  as  from  thirst  and  the  general  ill-feel- 
ing which  comes  from  rapid  exhaustion. 

Fever  is  present  from  the  first.  The  surface  may  seem 
to  the  touch  but  httle  wanner  or  even  cooler  than  natural 
but  measured  by  the  thermometer  in  the  rectum  the 
temperature,  in  a  case  of  ordinarv  severity  will  range 
from  103=  to  105°  p.  "There  is  "no  disease  of  infancy 
in  which  the  temjierature  of  the  blood  is  higher  "  (Smith) 
The  mouth  soon  becomes  dry  and  glazed,  and  the  lips 
deeply  fissured.  The  tongue  is  dry  arid  shining  or  coated 
with  a  brown  fur.  The  loss  of  fluids  causes  intense 
thirst,  and  the  little  patient  eagerlv  accepts  the  proffered 
breast  or  cup  Water  and  ice,  if"  allowed,  are  taken  al- 
most incessantly  though  rejected  by  the  stomach  as  soon 
as  they  are  swallowed. 

^J?\n  Z':!''^'fV'^  """"^  '"  ''^'''^^''^  •'^"■'^tly  diminished, 
and  in  some  of  tlie  graver  cases  totally  suppressed 

Cerebral  complications  develop  in  a"  large  proportion  of 

the  severe  cases.     These  are  sometimes  due,  especiaUy 

when  the  urinary  secretion  is  scanty  or  suppressed   to 

uncmic  poisoning;    but  are  more  often  attributable'  to 

that  torm  of  cerebral  anemia  which  was  first  described  by 
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Marshall  Hall  under  the  name  of  spurious  hydrocephalus. 
When  this  condition  is  imminent,  the  evacuations  sud- 
denly cease  or  recur  at  lengthened  intervals.  The  fever 
disappears  and  the  temperature  sometimes  drops  below 
normal.  The  foutanelle,  if  unclosed,  is  deeply  depressed, 
and,  owing  to  the  wasting  of  the  brain  tissue,  the  bones 
of  the  skull  frequently  overlap  and  render  the  surface  of 
the  cranium  uneven.  If  the  case  does  badly,  the  child 
becomes  dull  and  heavjr,  the  occiput  is  bored  into  the 
pillow,  the  eyelids  remain  lialf-open,  the  cornea  is  bleared 
and  the  pupils  are  irresponsive  to  light.  Drowsiness, 
which  has  been  marked  from  the  first,  gradually  deepens 
into  fatal  coma.  Convulsions  occur  in  many  of  the  fatal 
cases. 

The  duration  of  cholera  infantum  is  short.  Death  niaj' 
occur  in  eight  or  ten  hours  from  the  first  disturbance 
of  the  intestinal  canal.  The  mildest  cases  rarely  last 
longer  than  a  week,  by  which  time  death  ensues  or  con- 
valescence is  assured.  It  must  be  remembered  that  an 
entero-colitis  may  indefinitely  prolong  convalescence  or 
even  cause  a  fatal  termination  long  after  the  disappear- 
ance of  the  choleraic  symptoms. 

In  those  cases  which  pursue  a  favorable  course,  the 
first  indication  of  improvement  is  the  cessation  of  the 
vomiting.  The  child  takes  food  and  retains  it;  next,  the 
diarrhoea  becomes  less  violent,  and  the  fever  soon  abates. 
On  the  other  hand,  if  the  profuse  flux  from  the  gastro- 
intestinal tract  is  not  arrested,  fatal  exhaustion  necessarily 
results.  In  this  event,  the  face  grows  more  and  more 
haggard  and  old-looking;  the  eyes  are  shnmken,  bleared, 
and  surrounded  by  dark  rings;  the  surface  is  cold  and 
cyanosed;  the  respiration  sighing,  and  the  pulse  un- 
countable. 

Prognosis. — The  prognosis  is  grave.  The  frequency 
with  which  collapse  and  brain  complications  arise  in  cases 
apparently  pursuing  a  favorable  course,  always  justifies  a 
guarded  prognosis.  Marked  remissions  in  the  symptoms 
occasionally  occur,  even  in  the  later  stages,  and  these 
lead  to  the  building  of  false  hopes  by  parents  and  friends. 
The  duration  of  the  disease  is  largely  influenced  by  the 
severity  of  the  attack  and  the  vigor  of  the  child.  It 
usually  proceeds  promptly  to  death  or  recovery.  A  con- 
stitution impaired  by  bad  inheritance  or  previous  illness, 
exposure  to  unhealthy  surroundings,  early  age,  and  re- 
cent weaning,  affect  the  prognosis  unfavorably. 

The  mortality  is  greatest  in  children,  under  a  year  old, 
deprived  of  the  breast. 

The  choleraic  attacks  -which  occur  in  the  course  of 
ordmary  summer  diarrhoeas  are  less  amenable  to  treat- 
ment than  those  which  have  developed  in  rugged  health. 
The  occurrence  of  collapse,  or  the  hydrencephaloid 
condition,  unless  promptly  relieved,  renders  the  outlook 
hopeless.  . 

Death  occurs  from  exhaustion  or  cerebral  eflusion. 
(Edema  of  the  lungs,  due  to  failure  of  the  heart,  often 
hastens  the  fatal  termination. 

Diagnosis.— The  diagnosis  is  easily  made.  In  fact, 
there  is  no  disease,  excepting  Asiatic  cholera,  for  which 
it  can  be  mistaken. 

The  severe  serous  vomiting  and  purgmg,  the  high 
fever,  the  rapid  wasting  and  exhaustion,  stamp  it  with 
an  individuality  which  almost  precludes  the  possibility 

of  error.  .   c     , 

Tbbatmbnt.— Every  case  of  true  cholera  infantum 
should  be  looked  upon  by  the  medical  attendant  as  an 
emergency  case.  It  is  essentially  an  acute  poisoning,  in 
which  exhaustion  often  comes  so  quickly  that  intelli- 
gent interference  is  always  demanded  and  demanded 
promptly.  .       , 

In  the  way  of  prophylaxis  the  importance  of  suitable 
food,  good  nursing,  and  proper  hygienic  surroundings 
can  scarcely  be  overstated. 

During  the  hot  months  the  most  scrupulous  cleanliness 
of  person,  clothing,  nursing  bottle,  and  everything  about 
the  infant  must  be  observed.  .   -,   •   .     ^ 

No  case  of  summer  diarrhoea  in  a  hand-fed  infant 
should  ever  be  ignored.  Special  emphasis  should  be  put 
upon  this  axiom,  as  the  writer  is  thoroughly  in  accord 


with  Holt  that  the  choleraic  symptoms  are  almost  always 
preceded  by  some  gastro-intestinal  derangement. 

AVhen  the  attack  develops  the  coolest  and  best-ventilated 
room  in  the  house  should  be  chosen  for  the  patient.  It 
should  be  darkened  and  all  noises  and  sources  of  irrita- 
tion suppressed. 

The  first,  and  an  imperative  indication,  is  to  assist 
nature  in  her  efforts  to  remove  the  poison  from  the  ali- 
mentary tract.  There  is  no  time  to  await  the  action  of 
the  traditional  purge,  if  the  stomach  did  not  promptly 
resent  its  administration,  and  emetics  are  inadmissible. 
This  indication  is  best  fidfllled  bjr  lavage  of  the  stomach 
and  enteroclysis.  The  former  rarelj'  fails  to  lessen  f)r 
sttvp  the  vomiting,  and  should  be  employed  whenever 
this  symptom  is  violent  and  distressing  and  does  not 
promptly  yield  to  milder  means.  The  stomach  should 
be  thoroughly  washed  with  warm,  sterilized  salt  or  soda 
water  until  the  fluid  returns  clear.  Ordinarily  a  quart 
will  be  needed.  Oftentimes  one  thorough  cleansing  will 
suffice,  but  in  obstinate  cases  it  may  be  repeated  several 
times. 

The  flushing  of  the  stomach  should  be  followed  by 
small  doses  of  calomel  (gi-.  ^'^)  dro])ped  on  the  tongue 
every  half-hour  until  from  one  to  two  grains  are  taken. 
Thorough  irrigation  of  the  colon  is  of  the  utmost  im- 
portance. It  should  be  begun  early  in  the  attack  and 
repeated  two  or  more  times  daily  until  convalescence  is 
well  established. 

A  flexible  tube  should  be  introduced  high  into  the 
colon  and  from  one  to  three  cjuarts  of  Avater  used  at  a 
sitting,  allowing  it  to  flow  in  and  out  freely.  The  escape 
of  the  water  may  be  facilitated  by  passing  a  second 
catheter  through  the  sphincter.  To  be  eft'ective  the 
water  must  find  access  to  the  whole  of  the  large  intestine. 
This  douching  should  be  immediately  followed,  after  the 
method  of  Professor  Cantani,  by  an  equally  large  quantity 
of  a  warm  tannin  solution  (gr.  xx.  to  a  pint).  "The  ob- 
ject of  the  tannic-acid  irrigation  is  to  render  inert  any 
soluble  poisonous  proteids  which  may  remain  after  the 
first  washing  "  (Vaughn). 

All  irrigations  should  be  given  slowly,  and  to  prevent 
undue  pressure  the  water  supply  should  not  be  raised 
over  two  or  three  feet  above  the  body  of  the  patient. 

The  child  must  not  be  overfed.  The  intense  thirst 
leads  to  the  eager  taking  of  everything  which  the  mis- 
taken kindness  of  mother  or  nurse  may  profiler.  Healthy 
breast  milk  should  be  supplied  when  practicable.  Cow's 
milk  in  every  form  or  preparation  should  be  positively 
prohibited  until  the  brunt  of  the  attack  is  over.  The 
same  may  be  said  of  proprietary  baby  foods.  Usually 
it  will  be  advisable  to  cut  off  all  foods  (not  drinks)  for 
the  first  ten  to  twenty  hours.  If  this  is  not  deemed 
judicious,  or  when  feeding  is  resumed,  small  quantities 
of  a  thin  rice  or  barley  water  alone,  or  into  which  has 
been  strained  the  white  of  an  egg  and  seasoned  with  salt 
may  he  given.  Later  on,  animal  broths,  beef  juice,  or 
whey  may  be  added  to  the  dietary,  and,  still  later,  pep- 
tonized niilk  and  the  malted  foods. 

To  relieve  the  thirst,  water  may  be  given  freely  but  in 
small  quantities  at  a  time,  or  the  child  may  he  permitted 
to  suck  pieces  of  ice  wrapped  in  a  napkin.  A  very  weak 
tea,  or  water  acidulated  with  phosphoric  or  hydrochloric 
acid  is  both  grateful  and  beneficial.  But  in  severe  cases 
it  is  not  possible  to  replace  the  excessive  intestinal  drain 
with  mouth-given  fluids.  The  indication  is,  however, 
fully  met  with  hypodermoclysis. 

A  saline  solution  (sodium  chloride,  gr.  xlv.  to  the  pint) 
warmed  (110°  F.)and  sterilized  should  be  slowly  injected 
into  the  cellular  tissue  of  the  thigh  or  buttocks.  From 
one  to  two  pints  may  be  given  every  twenty-four  hours. 
There  is  no  one  remedy  in  our  experience  so  generally 
useful  as  opium,  although  its  use  is  condemned  by  ex- 
cellent practitioners.  It  should  always  be  given  alone: 
in  this  way  the  dose  and  frequency  of  administration 
can  be  readily  changed  without  interfering  with  other 
remedies.  It  should  be,  of  course,  carefully  watched 
and  withdrawn  at  the  first  appearance  of  cerebral  symp- 
toms. 
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The  hypodermatic  injection  of  morphine  (gr.  y^^)  and 
atropine' (gr.  g^j)*  give  the  best  results:  other  eligible 
preparations  are  the  deodorized  tincture  of  opium  (gtt. 
i.)  and  paregoric  (gtt.  x.  to  xxx.). 

When  the  violence  of  the  vomiting  has  abated  recourse 
maj'  be  had  to  the  so-called  intestinal  antiseptics.  Sodium 
salicylate  (gr.  i,);  salol  (gr.  ss.);  creosote  (gtt.  i—J); 
resorcin  (gr.  ^),  and  many  other  drugs  are  commended  by 
authors.  The  writer  has  been  accustomed  to  rely  with 
the  most  confidence  on  the  bismuth  preparations,  of 
which  the  subnitrate  (gr.  x.)  and  the  sultgallate  (gr.  ij. 
-ii,i.)  are  the  best. 

i  have  seen  good  results  from  the  aromatic  sulphuric  acid 
(gtt.  iij.)  given  in  a  teaspoonful  of  bitter  almond  water. 
"French  authors  speak  highly  of  the  nitrate  of  silver. 
It  may  be  given  by  the  mouth  (gr,  yVH)  f"'  ^^^'  rectum. 
When  used  bj'  rectal  injection  the  anus  should  be  first 
washed  with  a  solution  of  common  salt,  as  otherwise 
even  weak  solutions  may  cau.sc  severe  tenesmus.  The 
hyperpyrexia,  which  is  in  itself  an  element  of  danger, 
and  the  attendant  nervous  phenomena  are  best  treated  by 
repeated  cold  sponging  or  the  graduated  bath.  The  use 
of  antipyretic  drug.s,  especially  the  coal-tar  derivatives, 
cannot  be  too  strongly  condemned. 

For  the  bath  the  child  is  gently  immersed  in  water  at 
100"  F.  when  the  temperature  is  gradually  reduced  by 
the  addition  of  cold  water  or  ice  to  85°  F.  An  ice  cap 
should  be  worn  on  the  head.  The  immersion  is  con- 
tinued for  from  ten  to  twenty,  minutes  and  should  be  re- 
peated whenever  the  temperature  approaches  the  danger 
line.  It  is  inadmissable  should  symptoms  of  exhaustion 
or  collapse  be  present. 

Stimulants  are  needed  in  nearly  all  cases.  It  is  a  com- 
mon mistake  to  dela}'  their  use  too  long.  If  not  retained 
by  the  stomach  they  should  be  given  hypodermically  and 
per  rectum. 

Good  old  whiskey  in  gtt.  x.  to  xxx.  doses,  repeated 
as  required,  fulfils  everj^  indication.  It  is  surprising 
how  much  whiskey  can  be  profitably  taken  by  a  child 
threatened  with  collapse. 

Strychnine  nitrate  (gr.  ^-J-^)  and  atropine  sulphate  (gr. 
-gi-a)  given  hypodermically  will  often  carry  a  flagging 
heart  over  a  critical  period. 

During  convalescence  the  child  should  be  carefully 
watched,  as  one  attack  increases  the  liability  of  a  recur- 
rence. W.  J.  Conklin. 

CHOLESTEATOMA  is  a  term  applied  to  a  tumor-like 
mass  composed  of  flat,  cornified  cells  which  arc  usually 
packed  more  or  less  closely  together  into  a  spherical, 
pearl-like,  glistening  body. 

The  first  to  call  attention  to  this  tumor  was  Cruveilhier 
in  1829;  he  applied  to  it  the  descriptive  term  tumeur 
perlee.  The  name  cholesteatoma  was  given  it  in  1838  by 
Johannes  MiiUer,  who  was  the  first  to  describe  accurately 
its  gross  and  histological  characteristics.  Virchow  con- 
sidered the  subject  very  fully  in  1855.  Recently  (1897) 
it  has  been  reviewed  in  a  masterly  way  by  Bostroem. 

Typical  cholesteatomata  are  found  chiefly,  perhaps 
exclusively,  in  connection  with  the  central  nervous 
system  and  the  bones  of  the  sk\dl.  Similar  pearl-like 
formations  are  found  in  other  parts  of  the  body,  such  as 
the  middle  ear,  the  ovary,  and  the  testicle,  but  their  ex- 
act origin  has  not  yet  been  determined. 

In  the  central  nervois  system  the  tumors  are  foimd 
chiefly  at  the  base  of  the  brain,  on  the  posterior  surface 
of  the  cord,  and  in  the  ventricles. 

The  tumor  may  form  one  compact  pearl-like  body  or 
consist  of  one  or  more  pearis  and  irregular,  soft,  friable 
masses.  The  form  is  usuallv  round  or  oval ;  the  surface 
may  be  smooth  or  nodular.  "  The  tumor  generally  occurs 
singly,  but  Trachtenberg  has  reported  a  case  in  which 
multiple  tumors  were  present  on  the  surface  of  the  brain 
and  cord,  and  in  the  ventricles. 

The  size  may  vary  from  a  pin -head  to  5  or  6  cm  in 
greatest  diameter. 


*  The  (loses  given  lu  this  artic-le  are  for  a  ehild  one  year  old. 
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The  surface  of  a  cholesteatoma  usually  presents,  at 
least  in  places,  a  white,  glistening,  pearldike  appearance, 
the  peariy  lustre  being  limited  to  the  surface;  on  section 
the  mass  is  of  a  yellowish-white  color.  The  consistence 
of  these  growths  at  the  surface  is  fairly  firm,  but  within 
it  is  usually  soft  and  friable. 

Microscopically  the  growth  consists  of  large,  flattened, 
folded,  dried  up,  and  cornified  cells  usually  disposed  m 
layers.  In  at  least  some  of  the  cells  a  shrunken  nucleus 
can  be  demonstrated.  Between  the  lamella;  of  cells  occur 
cholesteriue  crystals  to  the  presence  of  which  the  tumor 
owes  its  name."  In  sections  the  laminae  of  cells  seen  from 
the  side  resemble  tibrillai. 

The  effect  of  a  cholesteatoma  on  the  adjoining  brain 
tissue  is  purely  mechanical.  It  causes  pressure  atrophy 
with  increase  of  the  neuroglia  tissue. 

The  origin  of  these  tumors  has  led  to  much  discussion. 
Virchow-  believed  tliat  the  dried-up  cells  came  from 
transformed  connective-tissue  cells.  Of  late  years,  how- 
ever, it  generally  has  been  held  that  the  cells  are  of  endo- 
thelial or  epithelial  origin.  Bostroem  in  his  monograph 
comes  out  very  strongl}'  in  favor  of  their  epithelial  origin, 
and  presents  an  array  of  facts  which  would  seem  to  settle 
the  question  for  all  time. 

According  to  him  it  is  ahvaj'S  possible  to  find  at  some 
point  in  the  periphery  of  the  tumor  a  relatively  small, 
sharply  limited  area  covered  with  typical  epidermis.  This 
represents  the  growing  part  of  the  tumor  mass;  the  rest 
of  it  is  made  up  almost  entirely  of  dead,  desquamated 
cells.  The  growing  cells  undergo  corniflcation  and  in  a 
certain  layer,  as  in  the  skin,  produce  granules  of  kera- 
tohyalin.  They  also  give  rise  to  drops  of  eleidin  and 
crystals  of  cholesterine. 

The  epidermis  with  an  underlying  connective-tissue 
laj'er  derived  from  the  pia  or  a  choroid  plexus  forms  a 
membrane  which  may  cover  a  varying  proportion  of  the 
cholesteatoma,  but  never  the  whole  of  it.  The  rest  of 
the  tumor  is  uncovered  or  adjoins  brain  tissue  or  pia. 

Bostroem  believes  that  these  tumors  arise  from  aberrant 
epidcnuic  cells  which  become  included  in  the  central  ner- 
vous system  at  the  time  of  its  formation.  The  aberrant 
cells  develop  in  case  tbej-  find  proper  conditions  for 
nourishment;  this  happens  only  when  thej'  come  in  con- 
tact with  the  vascular  pia  or  a  choroid  plexus.  The 
growing  part  of  the  tumor,  therefore.  Is  always  attached 
to  one  or  the  other. 

The  epidenuic  origin  of  these  cells  is  based  on  their 
arrangement  in  the  form  of  a  pavement  epithelium,  on 
their  producing  keratohvalin  and  undergoing  corniflca- 
tion, and  on  the  formation  of  eleidin  and  of  cholesterine 
crystals.  Bostroem  proposes  that  these  tumors,  in  view 
of  their  origin,  shall  be  called  epidermoids. 

Another  point  in  favor  of  the  epidermic  origin  of  the 
cholesteatomata  is  the  fact  that  a  few  of  them  are  found 
containing  hair.  This  is  to  be  explained  on  the  supposi- 
tion that  the  aberrant  cells  in  these  cases  consisted  of 
cells  not  only  from  the  epidermis  but  also  from  the  cutis. 
The  growing  surface  in  these  cases  contains  hair  follicles 
and  seliaceous  glands.  This  class  of  cholesteatomata 
.should  be  classed  with  the  dermoids. 

The  cholesteatomata  which  occur  in  certain  bones  of 
the  skull  probably  owe  their  origin  also  to  aberrant  epi- 
dermic cells  which  grow  in  the  vascular  marrow  and 
derive  their  nourishment  therefrom. 

We  have  had  at  the  Boston  City  Hospital,  during  the 
past  two  years,  three  cases  of  cholesteatoma  of  the  brain 

The  first  consisted  of  a  peari  the  size  of  a  pea  and  of 
several  small,  irregular,  white,  friable  masses  more  or  less 
embedded  in  the  cerebellar  tissue  on  the  left  side  just 
where  it  joins  the  pons. 

The  second  tumor  was  larger,  measuring  3  5  cm  in 
ihameter  and  3  cm.  in  thickness,  and  was  att^iched  to  the 
velum  interpositum  at  the  posterior  end   of   the  third 

The  third  tumor  was  still  larger.  It  lay  at  the  base 
of  the  brain  on  the  right  side  and  extended  from  the 
optic  commissure  out  beneath  the  right  frontal  lobe  It 
was  irregulariy  oval  in  shape,  measuring  7  cm    in  length 
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and  3.5  cm.  in  diameter.  It  lay  l)cneath  the  pia  and  had 
so  shoved  itself  into,  displaced,  and  compressed  the  ad- 
jommg  brain  tissne  that  it  might  almost  have  )jeen 
thought  to  have  originated  within  it  (Fig.  1290). 

The  histological  appearances   of   these   three   tumors 
agree  in  all  respects  with  the  description  given  aliove. 


FKi.  l^ai.— Section  ol  the  Brain  in  the  Third  Case  Mentioned  Above, 
showing  liovv  the  cholesteatoma  in  its  anterior  portion  lias  pressed 
into  the  substance  ot  the  brain.     (Original.) 

For  a  complete  bibliograph.y  up  to  time  of  publication 
see  Bo.stroem;  CentralblaU  fiir  Biih/Aof/ie,  1897,  viii.,  1. 
For  multiple  cholesteatomata  see  Tracht'enberg,  Virchow's 
ArcJiu;  1898,  cliv.,  374.  F.  B.  Mdlory. 

CHOLESTERIN  (C^eHijO).— As  its  name  indicates  this 
substance  was  first  recognized  as  a  constituent  of  the 
bile  and  was  regarded  as  a  bile  fat  (cholestearin);  but 
its  proper  designation  is  cholesterin  (bile  solid).  When 
pure  it  crystallizes  in  white  mother-of-pearl  leaflets  which 
have  a  fatty  feel  but  possess  no  taste  or  odor.  It  has  a 
neutral  reaction,  melts  at  145"  C,  and  sublimes  without 
change  in  a  vacuum  at  360°  C.  According  to  its  reactions 
it  is  probably  a  monovalent  alcohol. 

Cholesterin  is  insoluble  in  water,  dilute  acids,  dilute 
and  concentrated  caustic  alkalies,  and  in  cold  alcohol. 
It  is  soluble  in  hot  alcohol,  ether,  chloroform,  benzole, 
and  in  the  volatile  fatty  oils ;  but  dissolves  with  ditficulty 
in  solutions  of  the  bile-acid  salts,  and  is  onlj'  slightly 
soluble  in  water  solutions  of  soaps.  The  solution  in 
ether  is  neutral,  and  turns  the  polarized  ray  of  light  to 
the  left. 

From  ether  solutions  cholesterin  crystallizes  on  evap- 
oration in  large,  thin,  transparent,  rhombic  plates,  (C.;b- 
H.140  4-H.20),  whose  edges  and  corners  are  frequently 
irregularljr  notched,  so  that  the  plates  as  they  lie  heaped 
up  have  the  appearance  of  being  cut  out  in  step-like 
forms.  The  formation  of  the  plates  is  frequentl}'  pre- 
ceded by  a  stage  of  fine  needles  which  gradually  change 
into  blunt  cones  and  then  pass  into  the  plate  form. 
Cholesterin  is  unchanged  by  the  action  of  boiling  caustic 
alkalies.  With  concentrated  nitric  acid  it  yields  choles- 
teric  acid  (CqHjcOt)  in  addition  to  acetic  and  butyric 
acids.  Concentrated  sulphuric  acid  gives  cholesterin  a 
red  color,  and  breaks  it  up  into  a  variety  of  isomeric 
hydrocarbons  (chole.sterilin).  When  heated  with  organic 
acids  for  long  periods  of  time  at  300°  C.  cholesterin 
passes  into  ether  combinations  :  as  for  example  with 
acetic  acid  it  forms  acetic-aeid-cholesterin-ether,  (CsoHjs- 
CHsO.O). 

When  treated  with  a  mixture  of  five  parts  concentrated 
sulphuric  acid  and  one  part  water,  cholesterin  crystals 
take  on  a  deep  carmine  red  which  gradually  passes  into 
violet.  A  weaker  solution  causes  a  violet  coloration  of 
the  edges  of  the  crystals  which  on  the  addition  of  water 
becomes  lilac.  Sulphuric  acid  containing  a  trace  of 
iodine  colors  the  crystals  violet,  blue,  green,  and  red. 

If  cholesterin  is  dissolved  in  chloroform  in  a  dry  test 
tube,  and  acetic  acid  anh.ydride  added,  the  addition  of 
concentrated  sulphuric  acid,  drop  by  drop,   produces  a 


rose  color  which  quickly  becomes  blue  and  after  a  few 
minutes  changes  to  vivid  green.  When  only  very  small 
amounts  of  cholesterin  are  present  the  green  color  alone 
appears.  This  is  one  of  the  most  reliable  tests  for  this 
substance,  and  the  presence  of  .05  mgm.  can  be  shown  by 
it.  When  sub.stances  containing  a  small  amount  of 
cholesterin  are  evaporated  with  a  drop  of  concentrated 
nitric  acid  upon  the  water  bath,  a  yellow  coating  is  left 
which  on  the  addition  of  ammonia  becomes  bright  red. 

Cholesterin  is  a  constant  constituent  of  the  bile  of  all 
animals,  in  which  it  is  held  in  solution  by  the  bile-acid 
.salts  and  the  soaps.  The  proportion  in  normal  human 
bile  has  not  yet  been  ascertained.  It  is  also  found  in  the 
intestinal  contents  as  a  result  of  the  presence  of  the  bile. 
In  the  blood  it  occurs  only  in  a  very  small  amount,  which 
is  held  in  solution  by  the  fats  and  soaps  of  the  blood. 
The  various  nerve  structures  contain  it  in  large  pro- 
portion ;  more  than  half  of  the  dry  substance  of  nerve 
fibres  consists  of  fat  and  cholesterin;  the  gray  matter  of 
the  brain  contains  about  one-fifth.  Burchard  has  found 
traces  of  cholesterin  in  every  organ  'and  tissue  of  the 
body.  It  is  found  also  in  roots  and  seeds,  especially  in 
peas,  beans,  and  the  cereals.  From  its  wide  distribution 
cholesterin  may  be  said  to  be  a  constant  and  essential 
constituent  of  both  animal  and  vegetable  protoplasm. 

Under  certain  pathological  conditions  the  cholesterin 
of  the  bile  may  be  separated,  giving  rise  to  the  formation 
of  calculi,  which  con.sist  largely  or  entirely  of  cholesterin 
or  of  cholesterin  in  connection  with  bile  pigment,  phos- 
phates, carbonates,  etc.  An  ethereal  extract  of  the 
crushed  calculi  will  yield  cholesterin  crystals  on  evapora- 
tion. The  tests  mentioned  above  ma}'  be  applied  to  the 
extract. 

Cholesterin  is  also  found  in  old  exudates  and  in  the 
contents  of  cysts,  especially  in  ovarian  and  hydrocele 
fluids.  In  these  it  may  occur  in  so  great  an  amount  that 
the  crystals  may  be  seen  with  the  naked  eye  as  small  shin- 
ing particles.  It  may  be  found  also  in  the  fatty  changes 
occurring  in  atheromatous  conditions  of  the  blood-vessels, 
wens,  cholesteatomata,  caseating  tubercles,  and  degener- 
ating tumors.  It  is  a  constant  constituent  of  pus,  prob- 
ably arising  from  the  fatty  degeneration  of  the  leuco- 
cytes. Cholesterin  crystals  are  also  found  in  echinococ- 
cus  cysts,  and  rarelj'  in  cataractous  lenses. 

The  origin  and  fate  of  cholesterin  in  both  the  plant  and 
the  animal  organisms  are  unknown.  It  is  most  probably 
an  intermediate  product  in  the  metabolism  of  proteids,  but 
the  ph3'siologieal  significance  of  this  substance  remains 
to  be  discovered.  It  is  not  excreted  in  normal  urine.  Its 
pathological  significance  is  likewise  obscure.  Austin 
Flint's  view  that  the  severe  nervous  symptoms  in  icterus 
gravis  are  due  to  the  retention  of  cholesterin  is  not  sup- 
ported by  animal  experiments.  Injections  of  cholesterin 
into  the  blood  stream  of  dogs  produce  no  pathological 
effects.  It  is  more  probable  that  these  symptoms  are  due 
not  to  cholesteriiimia  but  to  the  presence  of  some  poison 
not  yet  discovered.  Aldred  tScott  Wart/tin. 

CHOLINE. — Choline  is  a  basic  body  derived  from  am- 
monium hydroxide;  it  is,  in  fact,  trimethyl-oxyethel- 
ammonium  hydroxide,  and  is  represented  by  the  follow- 
ing formula: 

(CH,)3 
N-JCjH^OH 
OH 

It  was  discovered  by  von  Babo  and  Hirschbrunn  in  the 
seeds  of  white  mustard  and  named  by  them  sinkaline. 

The  same  body  was  isolated  from  the  animal  body  in 
1863  by  Streeker '  and  named  by  him  choline,  since  he 
obtained  it  from  bile.  The  closely  related  but  far  more 
poisonous  base,  ueurine  (trimethyl-vinyl-ammonium 
hydroxide),  was  discovered  about  the  same  time;  the 
name  neurine  has  been  frequently  applied  to  choline,  and 
much  confusion  has  thus  arisen.  Choline  may  be  made 
synthetically  by  the  union  of  ethylene  chlorhydrin  and 
trimethylamine;  it  can  also  be  obtained  from  a  large 
number  of  animal  and  vegetable  tissues.     It  is  obtained 
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with  the  greatest  ease  from  the  yolk  of  eggs  and  from 
brain  by  boiling  these  with  barium  hydroxide.  Free 
choline  forms  a  strongly  alkaline  syrup  which  dissolves 
fibrin ;  it  was  at  one  lime  used  to  dissolve  the  false  mem- 
brane in  diphtheria.  With  acids  it  forms  salts  which  are 
easily  soluble  in  water.  It  is  easily  decomposed  by  heat 
into  trimethylamine  and  glycol. 

Choline  occurs  in  the  animal  body  chiefly,  if  not  exclu- 
sively, in  lecithin  and  its  compounds  or  as  one  of  the  de- 
composition products  of  this  substance.  As  lecithin  is 
found,  so  far  as  is  known,  in  every  animal  and  plant 
cell,  it  is  evident  that  choline  is  very  widely  distributed; 
it  probably  plays  a  more  important  role  in  life  processes 
than  is  generally  recognized.  The  ease  with  which  leci- 
thin is  "decomposed  by  the  simplest  chemical  processes 
makes  it  difticult  to  determine  whether  the  choline  ob- 
tained from  a  given  organ  was  present  as  such  or  was 
split  off  from  the  lecithin  during  the  chemical  manipula- 
tions. So  far  it  has  been  found  with  certainty  in  but  few 
organs  and  fluids— in  the  Ijrain  by  Gulewitsch,'  in  the 
semen  bj' Gumprtfcht^  and  others,  in  the  cerebro-spinal 
fluid  and  blood  of  cases  of  general  paralysis  of  the  insane 
by  Mottand  Halliburton,-'  and  probably  in  the  suprarenal 
gland.  Nesbitt  ^  has  found  it  in  the  intestine  of  the  dog 
after  a  meal  rich  in  lecithin  (eggs);  Marino-Zucco  and 
Dutto  claim  to  have  found  it  in  the  urine  iu  cases  of 
Addison's  disease;  it  has  been  found  in  cultures  of  the 
comma  bacillus  and  other  micro-organisms.  It  can  be 
obtained  from  most  organs  of  the  body  after  decomposi- 
tion has  set  in. 

Choline  was  for  some  time  regarded  as  inert  physio- 
logically;  more  recently  it  has  been  shown  to  be  a  poison 
of  considerable  power.  Thns  Brieger '  found  that  0. 5  gm. 
per  kilogram  is  fatal  to  rabbits.  Many  of  the  statements 
concerning  the  physiological  action  of  choline  are  to  be 
received  with  great  caution,  for  most  of  the  older  and 
some  of  the  more  recent  experiments  were  evidently 
made  with  preparations  mixed  with  the  very  poisonous 
base  neurine.  In  frogs  choline  is  said  to  produce  general 
paralysis  from  a  curare-like  action  upon  the  termina- 
tions of  the  motor  nerves.  Injected  into  mammals  cho- 
line causes  salivation,  diarrhoea,  and  very  characteristic 
changes  in  the  circulation ;  the  latter  have  been  studied 
with  especial  care  by  Mott  and  Halliburton.  The  heart 
is  slowed  from  a  stimulation  of  the  endings  of  the  cardio- 
inhibitory  nerves ;  the  blood  pressure  falls  greatly.  Mott 
and  Halliburton  have  shown  that  the  fall  of  blood  press- 
ure is  due  largely  to  a  dilatation  of  the  peripheral  vessels, 
especially  those  of  the  intestinal  area ;  the  slowing  of  the 
heart  may  account  in  part  for  the  fall  of  blood  pressure. 
These  changes  in  the  circulation  are  very  transient. 
Atropine  is  an  effective  antidote  to  choline. 

Choline  has  attracted  most  attention  from  the  toxico- 
logical  standpoint  on  account  of  its  close  chemical  con- 
nection with  the  highly  poisonous  substances  neurine 
and  muscarine.  By  the  loss  of  one  molecule  of  water  it 
is  converted  into  neurine,  while  on  oxidation  it  yields  a 
very  poisonous  compound  isomeric  with  muscarine,  the 
poisonous  principle  of  many  mu.shrooms.  Neurine, 
which  is  found  in  decomposing  meat,  Ijrains,  mushrooms, 
etc.,  is  always  accompanied  by  choline,  and  it  is  very 
probable  that  the  former  is  derived  from  the  latter.  The 
transformation  of  choline  into  neurine  can  be  easily  ac- 
complished l)y  cheniical  processes,  but  the  conditions 
under  which  tliis  change  takes  place  in  the  animal  body 
are  obscure.  Micro  organisms,  however,  seem  to  bring 
about  this  conversion:  thus  Schmidt '  found  that  when 
choline  was  mixed  with  hay  infusion  or  deccmiposing 
lilood  and  allowed  to  stand  a  few  davs  a  substance  having 
the  chemical  and  physiological  projierties  of  neurine,  and 
probably  identical  with  it,  was  formed.  Nesbitt  has  ob- 
tained a  substance  which  he  considers  to  be  neurine  fnmi 
the  intestine  of  a  dog  after  feedini;  the  yolk  of  eggs;  he 
thinks  this  body  is  derived  from'the  choline  fornTed  bv 
the  decomposition  of  the  lecithin.  The  conversion  of 
choline  into  ueurini^  by  iiutref.'ictioii  may  explain  the 
production  of  poisons  in  foods;  perliaps  the  choline  itself, 
which  has  an  action  similar  to  but  less  powerful  thaii 
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neurine  and  nuiscarine,  may  be  partly  responsible  for 
some  of  the  symptoms  observed  in  cases  of  poisoning 
with  decomposing  meat  or  mushrooms. 

Attention  was  "called  above  to  the  fact  that  Mott  and 
Halliburton  have  found  choline  in  the  cerebro-spinal 
fluid  and  blood  in  cases  of  general  paralysis  of  the  insane. 
They  are  inclined  to  think  it  possible  that  this  substance 
is  responsible  for  the  low  blood  pressure  which  is  found 
in  the  later  stages  of  this  disease.  I  have  been  led  to 
believe  from  investigations  of  my  own  that  there  are 
substances  in  the  brain,  and  also  in  the  suprarenals, 
which  yield  choline  on  decomposition  and  which  have  a 
more  marked  toxic  action  than  choline.  I  have  not  been 
able  to  determine  the  exact  nature  of  these  substances, 
but  it  seems  possible  that  some  of  the  effects  ascribed  by 
Mott  and  Halliburton  to  choline  may  be  due  to  such  an- 
tecedent substances.  Beid  Hunt. 
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CHONDROMA. — (xovipnc,  cartilage.)  Definition. — 
A  chondroma  is  a  histoid  or  connective-tissue  tumor  of 
which  the  essential  constituent  parts  correspond  to  some 
one  or  more  of  the  several  varieties  of  cartilage,  these 
cartilaginous  elements  differing  to  a  greater  or  a  less  de- 
gree from  the  normal,  and  having  associated  with  them 
other  sorts  of  tissues.  The  term  now  includes  those 
cartilaginous  new  growths  which  arise  from  structures 
containing  cartilage  normally,  formerlj'  called  "ecchon- 
droses  " ;  as  well  as  those  which  develop  in  regions  where 
normally  no  cartilage  is  present,  formerly  known  as 
"enchondromata. "  This  form  of  tumor  occurs  ordinar- 
ily in  the  shape  of  sharply  circumscribed,  rounded,  or 
knobbed  growths,  sometimes  multiple,  which  may  reach 
a  very  considerable  size,  and  may  develop  in  almost  any 
part  of  the  bod3%  more  commonly  about  the  bones,  and 
in  certain  glands. 

Varieties. — Several  varieties  of  chondroma  may  be 
recognized,  the  distinction  between  them  being  based 
upon  the  character  of  the  cartilage  present,  and  also  upon 
the  nature  of  the  tissue  or  tissues  associated  with  the 
cartilage  in  the  tumor.  Every  sort  of  cartilage  present 
in  the  body  is  represented  in  chondromata,  and  other 
forms  ma}'  occur  for  which  no  analogue  exists  in  normal 
structures.  Thus,  a  chondroma  maj-  be  found  to  consist 
of  hyaline,  fibro-,  or  elastic  cartilage,  or  to  contain  cells 
distinctly  cartilaginous  in  appearan^ce  and  embedded  in  a 
soft,  semi-gelatinous,  mucoid  substance.  The  complex 
forms  of  chondroma  produced  by  the  association  of  car- 
tilage with  other  varieties  of  new  growth  include;  chon- 
dro-lipoma,  chondro-myxoma,  chondro-flbroma,  chondro- 
angioma,  chondro-endothelioma,  chondro-mvxosarcoma, 
and  osteo-chondroma. 

STisrcTURE. — A  simple  chondroma  is  composed  of  small 
masses  of  cartilage  embedded  in  a  flbrous  connective- 
tissue  stroma.  The  consistence  of  the  tumor  and  the  ap- 
pearance of  the  surface  of  section  are  determined  by  the 
character  of  the  cartilage  and  by  the  nature  and  the  de- 
gree of  development  of  the  stroma.  Chondromata  made 
up  of  hyaline,  flbrous,  or  clastic  cartilage  usually  liave  a 
Arm  consistence,  while  those  in  which  "the  cartilaginous 
elements  present  a  mucoid  intercellular  substance  are 
soft  and  resemble  myxomata.  A  chondroma  in  which 
the  fibrous  C(uinective-tissue  stroma  is  very  abundant 
may  lu'esent  the  macroscojiic  characteristics  of  a  fibroma- 
such  a  chondroma  best  illustrates  the  tendency  whicli 
this  kind  of  tumor  possesses  toward  an  alveolar  tvpe  of 
structure,  the  appearance  of  the  cut  surface  suf  o-'esting 
that  the  growth  is  composed  of  a  great  number  of  small 
tumors  separated  from  one  another  by  septa  of  connec- 
tive tissue.  In  some  instances  large  "masses  of  cartilaffe 
are  found  detached  from  the  main  body  of  the  tumor- 
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these  give  to  the  tumor  its  rough,  knobby  fcol.  It  is 
probable  that  these  separated  masses  liave  assumed  their 
position  as  the  result  of  the  development  of  the  stroma, 
and  that  they  are  not  the  product  of  several  centres  of 
growth.  The  cartilage  cells  of  the  chondroma  may  re- 
semble normal  cartilage  cells,  consisting  of  cell,  nucleus, 
and  capsule;  not  infrequently,  however,  they  are  with- 
out a  capsule,  and  differ  from  the  normal  m  I'umiber  and 
in  size.  At  times,  along  with  cartilage  cells  of  the 
ordinary  form  there  are  stellate  cells,  and  elements 
which  correspond  to  the  round  and  the  spindle-shaped 
cells  of  connective  tissue.  The  cells  vary  much  in 
shape  and  in  size;  in  the  hyaline  chondromata  they  usu- 
ally are  round  and  large;  in  the  fibrous  form  they  are 
often  small  and  irregularly  shaped.  When  the  intercel- 
lular substance  is  soft  and  similar  to  mucus,  the  cells  are 
frequently  spindle-shaped,  with  long  anastomosing  proc- 
esses. Virchow  has  observed  amoeboid  movements  in 
such  cartilage  cells,  and  is  disposed  to  regard  them  as  a 
cause  of  malignity.  JSIost  chondromata  upon  boiling 
yield  ehondrin;  this  is  not  true  of  those  which  have  a 
soft  intercellular  substance,  such  forms  yielding  an 
albuminous  or  a  mucin-containing  material.  In  some 
instances,  the  stroma  of  the  tumor  is  composed  of  embry- 
onic connective-tissue  cells,  and  the  cartilaginous  elements 
consist  of  small  scattered  groups  of  cells ;  such  tumors 
often  occur  in  the  testicle,  and  are  termed  chondro-sar- 
comata. 

The  blood-vessels  of  the  chondroma,  which  lie  in  the 
stroma,  may  be  very  abundant,  especially  in  rapidly 
growing  tumors,  and  not  infrequently  are  embryonic  in 
character.  Neither  lymph  vessels  nor  nerves  have  been 
demonstrated  in  this  form  of  tumor. 

Chondromata  are  often  separated  from  adjoining 
structures  by  a  connective-tissue  capsule.  In  chondro- 
mata which  develop  in  the  centre  of  bones  such  an  en- 
closing capsule  is  composed  of  bone,  formed  probably 
from  the  enveloping  periosteum ;  this  capsule  is  complete 
usually  in  the  early  stages  of  the  growth  only,  subsequent 
development  causing  it  to  be  broken  through. 

Certain  structural  properties  of  the  chondroma  are 
characteristic  of  its  place  of  origin.  The  chondroma 
arising  from  bone  usually  contains  hyaline  cartilage, 
more  rarely  fibrous,  and  sometimes  mucous,  the  malignant 
chondromata  of  bone  ordinarily  being  of  the  latter  sort. 
The  chondromata  of  the  soft  parts  usuallj'  present  fibro- 
cartilage,  more  rarely  hj^aline;  they  seldom  are  simple, 
being  commonly  associated  with  either  my.xoma  or 
sarcoma.  Chondromata  arising  in  these  parts  have  also 
a  tendency  to  ossification  and  to  calcification.  In  a 
chondro-endothelioma  of  the  ear,  von  Dembowski  found 
the  cartilaginous  elements  of  the  tumor  to  arise  by  meta- 
plasia from  the  hyperplastic  endothelium  of  the  widely 
dilated  and  cavernous  blood-vessels  of  the  growth ;  the 
endothelial  cells  became  separated  into  clumps  b,y  a 
hyaline  intercellular  substance,  subsequently  underwent 
further  isolation,  and  finally  passed  from  a  polygonal  to 
a  round  form,  and  developed  capsules. 

Locus;  Mode  op  Growth. — Chondromata  may  de- 
velop from  any  one  of  the  connective  ti.ssues.  The  most 
common  seat  of  origin  is  bone.  Here  the  chondroma  may 
consist  of  a  circumscribed  hyperplasia  of  cartilage,  or 
occur  as  a  new  growth  of  the  medullary  canal  of  the  long 
bones.  In  the  former  instance  the  tumor  has  but  little 
tendency  to  growth,  and  is,  except  from  its  possiltle  posi- 
tion, benign;  it  may  become  pedunculated,  or  even  break 
off  and  thus  form  one  of  the  foreign  bodies  found  in 
joints.  The  tumor  may  also  arise  from  the  fibrous  con- 
nective tissue  of  the  periosteum ;  the  capacity  of  the  latter 
structure  to  form  cartilage  is  shown  by  the  production  of 
it  after  fracture.  Llicke  has  found  that  the  development 
of  cartilage  from  connective  tissue  takes  place  through 
the  agency  of  groups  of  indifferent  cells  in  the  tissue, 
which  secrete  an  intercellular  substance.  Virchow  de- 
scribes a  more  direct  transition ;  he  assumes  that  the 
fibrous  tissue  becomes  more  dense  and  undergoes  a  form 
of  sclerosis,  that  the  cells  increase  in  size,  and  that  in  this 
way  takes  place  a  direct  transformation  into  hyaline  car- 


tilage. The  other  forms  of  chondromata  of  bone  ara 
eUher  peiii)lieral  or  central  in  their  position.  The  periph- 
eral forms  constitute  large,  rough,  knobby  tumors, 
which  may  surround  the  bone,  and  from  pressure  cau.se 
It  to  atroi)hy,  the  soft  ]iarls  heiiig  jiuslied  to  one  side; 
they  usually  i)ossess  a  bony  capsule.  Such  chondromata 
are  most  commonly  found  upon  the  pelvis  near  the 
symphysis,  uixin  the  scapula,  and  upon  the  upper  jaw  • 
they  occur  in  the  later  yeai's  of  life.  The  chondromata 
whicli  develo[i  in  the  medullaiy  portion  of  bone,  known 
as  central  chondromata,  occur  most  commonly  in  the 
phalanges  of  the  fingers  and  the  toes;  they  are  often 
multiple,  especially  in  children,  and  give  rise  to  protu- 
berances known  to  the  older  wi-iters  under  the  name  of 
spina  veutosa.  These  tumors  have  a  partial  or  a  com- 
plete bony  capsule,  although  this  is  sometimes  absent, 
or  is  represented  merely  by  fi'agments  of  a  thin  osseous 
plate.  They  appear  during  the  period  of  life  in  which 
the  skeleton  is  growing  most  actively.  The  long  bones 
of  the  upper  extremity  are  also  often  the  seat  of  these 
tumors. 

Of  the  soft  parts,  certain  glands  are  the  most  frequent 
locus  of  primary  chondromata.  This  form  of  tumor  is 
found  in  the  parotid  gland,  in  the  testicle,  more  rarely 
in  the  submaxillary  gland,  in  the  breast,  and  in  the  ovary. 
It  sometimes  occurs  in  the  lachrymal  gland  and  in  the 
kidney;  the  chondromata  of  the  kidney  are  possibly 
analogous  to  those  tumors  of  this  organ  which  contaia 
striated  muscle  fibres,  and  are  of  embryonic  origin. 
Primary  cartilaginous  tumors  have  also  been  observed 
in  the  thyroid  gland,  in  the  .skin,  and  in  the  lungs. 
Birch-Hirschfeld  has  observed  a  large  chondroma  origi- 
nating from  the  cartilage  of  the  trachea  of  an  old  man, 
which  produced  a  fatal  stenosis  of  the  trachea. 

The  chondroma  has  a  marked  tendency  to  occur  as  a 
multiple  tumor;  cases  have  existed  in  which  all  of  the 
fingers  of  an  individual  were  at  the  same  time  the  seat 
of  this  form  of  new  growth.  In  general,  however,  the 
tumors  are  limited  to  that  portion  of  the  body  in  which 
they  originate ;  they  do  not  tend  to  produce  metastases. 
When  metastasis  does  take  place,  it  is  usually  when  the 
chondroma  is  complex,  and  has  associated  witli  it  osteoma 
or  sarcoma.  AVheu  metastasis  of  simple  chondroma  oc- 
curs, it  is  usually  in  consequence  of  the  breaking  through 
of  the  tumor  into  a  vein,  by  means  of  which  tumor  ele- 
ments capable  of  development  are  carried  as  emboli  to 
more  or  less  remote  parts  of  the  body.  The  most  fre- 
quent locus  of  secondary  chondroma  is  the  lung;  Birch- 
Hirschfeld  has  observed  a  secondary  nodule  upon  the 
endocardium  of  the  right  ventricle  of  the  heart.  la 
Weber's  classical  case,  a  man  of  twentj^-five  years  died 
with  chondromata  scattered  over  his  entire  body ;  the  lar- 
gest of  these  was  seated  upon  the  ilium ;  others  were  upon 
the  scapula,  upon  the  clavicle,  and  upon  the  ribs.  At 
the  autopsy,  numerous  emboli  were  found  in  the  branches 
of  the  pulmonary  artery,  some  of  which  were  of  recent 
origin,  while  others  presented  a  distinct  growth  of  the 
embolus  into  and  around  the  vessel.  Upon  examination, 
the  emboli  were  all  found  to  be  of  the  same  nature  as  the 
tumors  upon  the  skeleton.  The  source  of  the  emboli 
was  a  large  tumor  growing  into  the  left  iliac  vein. 
Paget  has  reported  a  case  very  similar  to  this.  The 
lymph  nodes  are  seldom  involved.  In  one  case  a  metas- 
tatic nodule  has  been  observed  in  the  spleen.  Metastases 
in  the  liver  are  also  very  rare.  The  exemption  of  the 
lymphatic  sj'stem  is  probably  due  to  the  compactness  of 
the  chondroma,  and  the  large  size  of  its  cells,  together 
with  the  fact  that  the  tumor  does  not  stand  in  very  close 
relation  with  the  lymph  spaces.  The  chondromata 
which  arise  from  normal  cartilage,  in  so  far  as  the  pro- 
duction of  metastases  is  concerned,  seem  to  be  wholly 
benign,  and  the  differentiation  of  these  from  other  chon- 
dromata under  the  name  of  "ecchondroses,"  as  was  done 
by  Virchow.  is  of  some  clinical  significance. 

The  rate  of  growth  of  chondromata  is  in  general  slow, 
but  steadily  progressive;  in  some  instances  periods  of 
rapid  growth  alternate  with  intervals  of  repose.  The 
complex  forms,  especially  the  osteo-chondromata,  tend  to 
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grow  more  rapidly  than  do  the  simple  forins.  Notwitli- 
standing  its  slow  rate  of  growth,  the  chondroma  may 
attain  a  very  large  size,  even  that  of  a  man's  head_ 

In  the  course  of  development  of  a  chondroma,  the  sott 
parts  are  crowded  aside;  tendons  may  make  deep  in- 
dentations in  the  tumor,  and  even  run  through  it  m 
canals  made  tiy  the  bridging  over  of  such  indentations. 
In  the  chondromata  of  the  ends  of  the  bones  the  articular 
cartilages  play  no  part  in  the  development  of  the  tumor, 
but  are  overgrown  and  covered  by  the  new  growth.  ^    ^ 

Retrograde  metamorphoses  are  especially  characteristic 
of  the  growth  and  the  development  of  the  chondroma ; 
the  comparatively  small  blood  supply  of  the  tumor  and 
the  difficulty  of  nourishing  the  circumscribed  masses  of 
newly  formed  cartilage  adequately  explain  this.  Cal- 
citica'tion  is  frequent;  it  may  occur  in  the  form  of  scat- 
tered islets  of  calcareous  material,  or  of  hard  lamella;,  the 
latter  being  easily  mistaken  for  bone.  In  the  process  of 
calcification,  calcareous  material  is  deposited  first  in  the 
cell  capsule,  then  in  the  cells,  and  finally  in  the  intercel- 
ular  substance.  Ossification  takes  place  about  as  fre- 
quently as  calcification,  and  occurs  not  only  in  chondro- 
mata of  bones,  but  also  in  those  of  the  soft  parts.  The 
process  is  characterized  by  the  formation  of  spicules  and 
septa  of  bone  which  intervene  between  groups  of  carti- 
lage cells.  Very  often  there  takes  place  the  formation  of 
isolated  osseous  plates,  or  of  a  spongy  bone  with  well- 
marked  Haversian  canals.  In  chondromata  which  de- 
velop from  bone,  the  new  growth  may  contain  remains 
of  the  old  bone  enclosed  in  the  newly  formed  cartilagi- 
nous tissue. 

Myxomatous  softening,  with  associated  cyst  formation, 
is  frequent  in  chondromata.  If  this  metamorphosis  takes 
place  throughout  the  whole  extent  of  the  tumor,  there 
are  formed,  between  the  trabeculae  of  the  stroma,  cysts 
of  varying  size,  with  yellow  or  gray  contents.  The  proc- 
ess is  characterized  by  a  fatty  degeneration  of  the  car- 
tilage cells,  which  thereby  become  filled  with  fat  drops 
and  are  changed  into  granular  corpuscles.  The  inter- 
cellular substance  undergoes  softening,  with  the  forma- 
tion of  a  mucoid  substance,  and  from  the  blood-vessels 
take  place  hemorrhages  which  give  to  the  softened  mass 
a  dark-brown  color.  In  some  rare  cases,  the  skin  over  a 
chondroma  becomes  ulcerated,  and  a  fistulous  opening 
develops  into  one  of  these  cysts  of  softening. 

The  teratomata,  or  mixed  tumors,  especially  those  of  the 
sacrum,  frequently  contain  cartilage  in  association  with 
other  tissues;  these  tumors  constitute  a  distinct  group. 

The  osteo-chondroma,  described  by  Virchow,  is  a  form 
of  complex  chondroma  in  which  ossification  takes  place 
chiefly  by  the  deposition  of  lime  salts  in  the  intercellular 
substance.  The  cartilage  cells  of  this  tumor  are  similar 
to  those  which  occur  in  the  course  of  the  ossification  of 
the  long  bones ;  the  cells  generally  possess  no  capsule, 
and  are  distinguished  from  connective-tissue  cells  by 
their  shape.  This  form  of  chondroma  is  most  often 
found  upon  the  long  bones,  where  it  produces  very  large 
masses.  The  growth  is  usually  surrounded  by  a  bonj' 
capsule  formed  from  the  periosteum.  Softening  in  this 
variety  is  not  common. 

As  to  recurrence  of  chondromata  after  removal,  it  may 
be  said  of  this  class  of  tumors  in  general  that  they  do 
not  tend  to  return.  This  is  true  especially  of  chondro- 
mata of  the  soft  parts,  and  of  those  of  the  phalanges ;  it 
is  not  the  case  with  chondromata  of  certain  other  regions, 
notably  the  bones  of  the  pelvis.  Virchow  reports  one 
instance  in  which  the  tumor  was  removed  seven  times  at 
intervals  of  from  six  months  to  two  years. 

Etiology. — The  beginning  of  the  growth  of  a  chon- 
droma is  often  traceable  to  a  very  early  period  of  life ; 
in  some  instances,  especially  those"  in  which  the  growth 
arises  from  bone,  thetumor'is  congenital.  Chondromata 
of  the  soft  parts  usually  develo])  later  in  life. 

Trauma  is  often  alleged  to  be  a  cause  for  the  occur- 
rence of  a  chondroma  either  in  the  soft  parts  or  in  lione. 
The  form  of  injury  most  frequently  regarded  as  standing 
in  a  causal  relation  to  the  development  of  chondromata 
is  fracture  of  a  long  bone ;   tumor  formation  in  such  a 


case  may  be  looked  upon  as  due  to  some  irregularity  m 
the  reparative  process  which  follows  the  injury. 

For  the  occurrence  of  chondromata  of  the  bones,  ir- 
regularity of  development  is  the  probably  correct  ex- 
planation. In  favor  of  this  point  of  view  may  be  con- 
sidered the  fact  of  the  multiple  character  of  these  tumors, 
and  their  appearance  in  that  period  of  life  m  which  the 
skeleton  is  growing  most  actively.  Cohnheim  s  theory 
of  the  formation  of  tumors,  which  asserts  that  new 
"■rowths  arise  from  vestigial  embryonic  tissue,  seems  to 
find  confirmation  in  the  case  of  the  chondroma.  Virchow 
found  that  remains  of  embryonic  cartilaginous  tissue  are 
often  enclosed  in  the  medulla  of  the  long  bones,  and  it  is 
probable  that  such  remains  are  the  immediate  antece- 
dents of  many  chondromata  of  the  bones.  The  cause  of 
the  persistence  of  this  embryonic  tissue  may  be  a  disturb- 
ance of  blood  supply,  or  an  excessive  growth  of  the 
primary  cartilage.  A  form  of  chondroma  which  arises 
in  the  spheno-occipital  synchondrosis  is  by  some  authori- 
ties believed  to  develop  from  surviving  embryonic  cells 
of  the  chorda  dorsalis.  Irregularity  in  the  post-fo-tal 
development  of  bones,  as  in  rachitis,  is  also  held  to  stand 
in  relation  to  the  occurrence  of  chondromata ;  under  these 
circumstances,  islands  of  cartilage  remain  in  the  bone, 
from  which  tumor  formation  may  proceed  in  childhood 
or  later  life. 

For  the  occurrence  of  chondromata  of  the  soft  parts, 
misplaced  embryonic  cartilaginous  elements  are  probably 
responsible.  Tims,  primary  chondroma  of  the  lungs  may 
proceed  from  detached  portions  of  the  primary  cartilage 
of  the  respiratory  tract,  and  chondroma  of  the  breast  from 
that  of  the  ribs.  The  chondromata  of  the  thyroid  gland 
and  of  the  parotid  gland  may  arise  from  the  cartilage  of 
the  branchial  clefts.  The  same  is  probably  true  of  cer- 
tain cartilaginous  tumors  of  the  skin.  The  simple  chon- 
dromata of  the  testicle  and  of  the  ovary  may  arise  from 
islands  of  cartilage  detached  from  the  primary  cartilage 
of  the  notochord.  The  occurrence  of  the  cartilage-con- 
taining mixed  tumors  in  the  various  organs  may  rightljr 
be  referred  either  to  a  detaching  of  parts  of  an  adjacent 
cartilaginous  Anlage,  or  to  a  heteroplastic  development 
of  mesenchymal  cells. 

Diagnosis. — A  firm,  hard  tumor  seated  upon  cartilage 
or  upon  bone  should  always  suggest  chondroma.  In 
some  instances,  the  early  stages  in  the  development  of  a 
chondroma  may  resemble  an  osteitis,  or  a  periosteitis. 
Chondroma  is  differentiated  from  fibroma  by  its  hardness 
except  when  the  latter  is  calcified,  and  from  other  tumors, 
including  osteoma,  by  its  rough,  uneven  surface.  The 
central  chondromata  of  bones  may  often  be  recognized 
by  the  parchment-like  feel  of  their  bony  capsules.  The 
chondromata  of  the  soft  parts  are  usually  easily  to  be 
diagnosed  from  their  firm  consistence,  uneven  surface, 
and  slow  growth.  Oeorge  Burgi:ss  Magndh. 

CHONDRO-SARCOMA.     See  Sarcoma. 

CHORDEE  (Chorda  venerea)  manifests  itself  in  more 
or  less  jiersisteut  erections,  during  which  the  penis  is 
curved  like  a  bow  or  bent  at  an  angle.  Near  the  centre 
of  the  concave  side  of  the  bow  and  at  the  interior  of  the 
angle,  palpation  reveals  hardening  of  the  tissues.  This 
hardening  may  be  circumscribed  or  diffuse.  The  patients 
compare  their  sensations  during  chordee  to  the  feeling  of 
a  tense  string  or  a  red-hot  wire'drawn  through  the  penis 
or  urethra. 

Chordee  is  due  to  cavernitis,  either  of  the  penis  or  of 
the  urethra,  or  of  both,  in  hyperacute  gonorrhwa;  it  may 
also  be  produced  by  the  use  of  excessively  strong  injec- 
tions, by  an  injury  to  the  urethral  mucosa,  by  the  use  of 
a  sharp-pointed  syringe,  or  by  the  unskilful  introduction 
of  instruments,  during  the  acute  stage  of  urethritis.  It 
may,  futhermore,  be  due  to  infarction  of  urethral  crypts 
and  glands,  with  or  without  consequent  peri-urethral  or 
cavernous  abscess.  In  some  cases  induration  continues 
without  either  of  these  terminations  for  years,  and  may 
then  become  an  impediment  to  copulation  on  account  of 
deflection  of  the  penis  during  erection. 
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lu  chordoe  the  penis  is  lient  in  the  direction  of  tlie  in- 
tiltration  tliat  CiHises  it,  because  tlie  iuliltrated  part  does 
not  take  part  in  tlie  general  turgescence  of  erection.  The 
intense  pain  produced  b.y  such  erections  may  drive  the 
patient  to  desperate  measures,  .such  as  placing  the  organ 
upon  a  hard  surface  and  striking  it  a  violent  blow  "to 
break  the  cord."  Some  patients  have  .sought  relief  by 
coitus.  The  results  of  s\icli  violence  may  be  urethral 
rupture,  fatal  hemorrhage,  iiriuai'y  extravasation,  and 
consecjuent  death  from  urinary  infection,  laceration  of 
the  corpora  cavernosa,  and  gangrene  of  the  penis.  Even 
in  those  cases  in  which  neither  a  stricture  nor  any  one 
of  the  results  jiist  enumerated  occurs,  the  part  of  the 
penis  in  front  of  the  injury  may  thenceforward  be  cut  off 
from  sufficient  blood  supply  to' enable  it  to  participate  in 
erection. 

Treatment. — In  the  acute  stage,  rest  in  lied  under 
light  covering,  a  low  diet,  purgatives,  camphor  or  its 
monobromate,  with  or  without  opium,  may  be  prescribed 
with  advantage;  locally,  hot  sitzbaths,  hot  or  cold  com- 
presses— whichever  the  patient  finds  most  soothing — and 
leeches  to  the  perineum,  are  indicated.  In  hyperacute 
cases,  the  infiltrated  tissues  may  be  punctured  with  fine 
needles,  as  a  last  resort,  if  the  other  treatment  does  not 
sutficc.  If  an  abscess  forms  it  must  be  opened  early  to 
prevent  its  breaking  through  into  the  urethia.  In  chronic 
cases,  where  the  infiltration  has  become  solid  and  gives 
but  little  or  no  pain  during  the  deflected  erection,  gal- 
vanism may  be  used  to  stimulate  absorption  of  the  infil- 
trated material.  If  it  is  employed  the  negative  pole 
should  be  applied  to  the  infiltrated  tissues  and  the  posi- 
tive to  tlie  opposite  side  of  the  jienis.  At  first  a  low 
amperage  should  be  used  for  several  minutes,  but  after- 
ward the  seances  should  graduall_y  be  lengthened  until 
they  reach  a  term  of  from  twenty  to  twenty -five  minutes 
each.  Ferd.  V.  Videntim-. 

CHORDOMA. — The  term  used  by  Ribbert  to  designate 
a  small  tumor  found  occasionally  in  the  median  line  of 
the  clivus,  near  the  union  of  the  sphenoid  and  occipital 
bones;  a  tumor  to  which  Virchow  had  previously  given 
the  name  of  eccliondrous  phymlifera  .iplieno-occipitaUis. 
The  growth,  to  the  naked  eye,  has  a  crilloid  or  gelatinous 
appearance,  and  is  usuall.y  about  the  size  of  a  small 
cherry.  It  arises  out  of  the  spheno-occipital  synchon- 
drosis, and  either  occupies  the  space  between  the  bone 
and  the  dura  mater  '\\hicli  may  not  be  perceptibly  ele- 
vated, or  it  may  break  through  the  dura  into  the  arach- 
noid and  pia.  In  longitudinal  sections  of  the  clivus  the 
tumor  is  fcmnd  to  lie  in  a  small  cavity  which  involves 
only  the  supei-ficial  portion  of  the  bone  or  it  may  extend 
into  the  medullary  portion.  In  young  individuals  whose 
synchondrosial  cartilages  are  still  present  earlier  stages 
of  the  tumor  may  be  found.  In  these  cases  there  is  pres- 
ent beneath  the  dura,  wliich  is  usually  not  elevated,  a 
small  round  or  flattened  mass  of  tumor  tissue  lying  in 
the  cartilage  from  which  it  is  sharply  though  irregularly 
outlined.  "No  evidence  of  transition  between  the  tissue 
of  the  new  growth  and  that  of  the  neighboring  structures 
is  ever  observed. 

The  tissue  of  the  tumor  when  examined  in  the  fresh 
state  is  found  to  consist  of  large  bladder-like  cells  re- 
sembling plant  cells.  These  are  easily  isolated  by  teasing 
in  normal  salt  solution.  They  contain  numerous  vacu- 
oles of  varying  size  which  may  so  fill  up  the  body  of  the 
cell  that  the  protoplasm  appears  to  be  pushed  in  a  narrow 
ring  to  the  cell  periphery.  Few  of  the  cells  are  free  from 
vacuoles.  The  protoplasm  is  clear  and  contains  fine  shin- 
ing granules.  The  small  round  nuclei  appear  bright  and 
clear.  The  gelatinous  portions  of  the  growth  break  up 
in  water.  In  hardened  preparations  the  vacuoles  appear 
still  more  prominent,  but  are  oval  or  flattened  rather  than 
round.  The  protoplasm  appears  in  less  ainount,  but  the 
small  round  nuclei  are  brought  out  very  distinctly. 
These  lie  either  at  the  edge  of  the  vacuoles,  or  when  the 
cells  are  seen  from  above  they  appear  to  be  in  the  centre 
of  the  vacuole.  Between  the  cells  lies  a  homogeneous 
hyaline  intercellular  substance   varying  in  amount  in 


different  portions  of  the  growth.     No  blood-vessels  have 
been  found. 

Virchow  icgarded  the  grriwth  as  a  chondroma  develop- 
ing from  the  remains  of  the  siiheno-occipital  cartilage, 
the  cells  of  the  cartilage  having  undergone  a  peculiar 
blailder-like  degeneration.  But  the  character  of  the 
tissue  as  well  as  the  relations  of  the  tumor  makes  it  veiy 
prohable  tliat  it  represents  remains  of  the  tissue  of  the 
chorda  which  have  taken  on  proliferative  activity. 

Aldred  littitt   WartMn. 

CHOREA. — (Synonyms:  Sydenham's  Disease;  St.  Vi- 
tus' Dance;  Danse  de  St.  Guy,  de  St.  With;  Myotyrhie 
IDartigues];  periodical  jactitation  (R.  Watt] ;"  Choree, 
Veitstanz,  Veitsdands,  Vit-Tancz;  Plasawicy  seelutirbe; 
Corea;  Folic  mu.sculaire  [Bouillaud]. ) 

The  literature  of  chorea  is  extremely  voluminous,  and 
its  histoiy  dates  back  to  the  middle  ages,  when  it  existed 
chiefly  in  its  epidemic  form.  Hecker '  and  others  detail 
the  incidents  of  the  various  religious  pilgrimages  to  the 
shrines  of  St.  .lolm  and  St.  Vitus,  anil  the  imitative  fea- 
tures of  the  outbreak  of  psj'chical  excitement  with  con- 
vulsions and  jactitations  are  of  the  greatest  interest.  In 
many  respects  this  form  of  trouble,  apart  from  its  general 
character,  differs  but  little  from  that  in  which  attacks  of 
hysterical  chorea  majoi-  are  witnessed  to-day.^  Puc- 
cinatti  and  other  wiiters  have  undertaken  to  fix  the 
identitj'  of  sporadic  and  endemic  chorea,  and  to  some 
extent  they  have  succeeded ;  but  when  we  consider  the 
probable  pathology  of  the  disease  from  the  standpoint  of 
modern  investigation,  it  must  be  admitted  that  the  psy- 
chical element  isb}'  no  means  an  important  one.  During 
the  last  twenty-five  or  thirty  j'cars,  thanks  to  Kirke.  Ogle, 
Dickinson,  Dowse,  Jackson,  Eisenlohr,  and  Elisclier, 
the  relations  of  the  disease  to  affections  of  the  heart,  to 
emliolism,  and  to  rheumatism  have  been  made  very  clear, 
and  within  a  comparativelj'  short  space  of  time  the  or- 
ganic variety  known  as  ])ost-hemiplegic  chorea,  or  hemi- 
chorea,  has  been  fully  described  by  Mitchell,  Charcot, 
Hoffman,  Jackson,  and  others. 

Chorea  is  a  disease  which  manifests  itself  in  an  exceed- 
inglj'  irix'gular  manner  as  to  the  parts  affected,  and  the 
degree  of  violence  of  expression,  and  as  to  its  association 
with  or  dependence  upon  other  things.  The  affection  is 
characterized  by  a  peculiar  disorderly  and  nearly  con- 
stant recurrence  of  muscular  contractions  of  an  involun- 
tary character,  which  are  not  (except  in  hysterical  cases) 
at  all  rhythmical.  It  has  been  divided  into  general  charea, 
or  chorea  'major,  and  partial  chorea,  or  chorea  minor,  and 
the  manner  in  wdiich  it  is  associated  with  other  patho- 
logical conditions  still  further  demands  a  series  of  quali- 
fying terms,  siicli  as  hysterical,  satiii'iiine,  procuraiTe, 
habit,  senile,  rheiimatismal,  dental,  enteric,  hereditary,  or 
Huntington's  electric  (of  Dubini  or  Bergeron),  the  chorea 
of  insanity,  the  chorea  of  pregnancy. 

Symptoms. — Chorea  may  follow  some  other  affection 
— one  of  tlie  ordinary  diseases  of  childhood,  for  instance 
—or  it  may  be  the  sequel  of  an  attack  of  acute  rheu- 
matism ;  or  again,  it  may  have  no  basis  except  a  general 
reduction  of  vital  power  witli  anaania  and  its  belongings. 
In  such  cases  the  development  of  the  malady  is  slow  and 
insidious,  and  the  child  for  a  long  time  presents  simply 
those  evidences  of  neural  malnutrition  which  are  so  com- 
mon. It  is  peevish  and  capricious,  and  restless  in  the 
extreme.  Its  petty  exhibitions  of  temper  render  it  a 
nuisance,  and  it  receives  its  full  allowance  of  punishment. 
The  same  caprice  of  disposition  is  found  in  eating — it 
prefers  improper  food,  and  at  best  eats  but  little.  It  is 
listless  and  dufl  at  school,  sleep  is  disturbed,  and  fright- 
ful dreams  produce  night  terrors  and  nocturnal  inconti- 
nence. Its  pale  face  makes  more  conspicuous  the  dark 
spots  under  the  eyes,  and  its  foul  breath  and  dry  teeth 
betoken  a  derangement  of  digestion.  After  a  wdiile  it 
begins  to  shrug  one  shoulder  or  the  other,  and  twitches 
its  hands,  or  fumbles  the  seam  of  the  trousers,  or  opens  its 
mouth  with  a  sort  of  gasping  movement,  or  twitches 
its  lips,  or  corrugates  its  brow,  or  spasmodically  closes 
its  eyes ;  or  does  something  else  that  may  be  regarded  as 
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a  trick  or  b;ul  )ial)it.  Scolding  oi'  whipping  does  not 
effect  a  cliangc  of  bcliavior— in  fact,  it  ratlier  aggravates 
tlie  trouble.  In  a  weelv  or  two  tlie  movements  are  more 
pronounced  or  general,  the  arm  is  swayed  hither  and 
thither  bjr  the  action  of  the  pectoral  muscles,  or  the  hand 
is  siipinated  or  pronated,  the  lingers  restlessly  cramp, 
the  lips  are  pursed,  and  any  attempt  at  speech  is  attended 
by  hesitation  and  embarras.sment,  and  oftentimes  by  great 
indistinctness.  The  patient  breathes  in  a  catchy,  quick 
w-ay,  and  if  the  body  be  stripped  it  will  be  found  that 
the"  action  of  the  inte'rcostals  is  uneven.  There  is  rotary 
swaying  of  the  body,  constant  shrugging  of  the  shoulders. 
The  leg  of  one  side — usually  the  right — is  affected,  and 
after  a  while  there  is  greater  or  le.ss  loss  of  power,  so 
that  there  is  a  well-marked  dragging  of  the  limb,  which 
is  usually  more  noticeable  toward  the  latter  part  of  the 
day.  All  the  voluntary  muscles  are  more  or  less  affected, 
and  as  a  rule  those  are  most  involved  which  are  used  to 
the  greatest  extent  in  acts  which  become  automatic.  In 
the  form  known  as  laryngeal  chorea  the  thyro-hyoid 
muscles  are  affected,  and  jihonation  becomes  seriously 
embarrassed.  The  tongue,  when  protruded,  is  found  to 
be  the  seat  of  jerking  spasms,  and  when  the  patient  talks 
he  makes  a  peculiar  sucking  motion  of  the  lips. 

Symptoms  of  spinal  sensory  irritation  mark  the  prodro- 
mal period,  and  we  are  furnished  with  a  history  of  pains 
and  sensitiveness  of  the  vertebral  spines. 

Pressure  on  the  cervical  region  sometimes  causes  great 
distress,  and  especially  is  this  the  case  when  even  light 
pressure  is  made  upon  the  iiertebra  prominens.  The  pa- 
tient complains  of  pains  in  the  wrists  and  ankles,  which 
suggest  rheumatism,  and  the  bellies  of  the  affected  mus- 
cles are  sore. 

Spots  of  cutaneous  hyperfesthesia  or  anaesthesia  are 
sometimes  detected.  In  hj'sterical  chorea  the  latter  are 
very  often  present,  and  I  have  repeatedlj'  found  hemi- 
anwsthesia  upon  the  left  side. 

The  vision  is  affected,  and,  as  a  rule,  errors  in  accom- 
modation are  found.  So  common  is  hypermetropia  that 
it  has  been  advanced  as  a  cause  of  the  disease,  and  a  most 
absurd  therapeutic  course,  which  involves  the  use  of 
glasses  and  operations,  has  been  advised  by  one  indi- 
vidual; but  Dr.  C.  S.  Bull  exploded  this  theory,  show- 
ing by  statistics  the  frequency  of  hypermetropia  in  non- 
choreic  children  and  others.  In  debiUtated  subjects  it 
is  not  difficult  to  get  a  history  of  dimness  of  vision,  and 
sometimes  we  find  pupillary  alterations  which  consist 
usually  in  dilatation,  and  the  pupils,  as  von  Ziemssen  has 
observed,  are  very  sluggish. 

Electrical  response  is  somewhat  altered.  Rosenthal 
found  an  increase  in  the  electro-muscular  contractility, 
with  weak  currents,  in  those  patients  who  suffered  from 
unilateral  chorea.  Galvanic  excitability  was  pronounced, 
and  cathodal  opening  with  weak  currents  produced  con- 
traction. Benedikt  obtained  the  same  results,  and  also 
found  that  the  electric  sensibility  is  much  exaggerate<l, 
and,  when  the  electrode  is  applied  to  the  cervical  or  dorsal 
region,  eccentric  pains  in  the  limbs  are  complained  of. 

The  presence  of  cutaneous  eruptions  is  not  uncommon. 
Eczema,  as  was  originally  shown  by  Fraenkel  and  myself, 
bears  a  very  close  relation  to  chorea,  especially  in  children! 

The  movements,  as  a  rule,  cease  when  the  patient 
sleeps,  but  this  is  sometimes  not  the  case  in  pronounced 
or  violent  examples.  Of  one  himdred  and  flfty-eight 
cases  collected  by  See  this  was  the  rule,  there  being  but 
six  exceptions. 

Dr.  Robert  Amory  Hare  3  has  conducted  some  investi- 
gations which  go  to  show  that  monochorea  is  associated 
with  elevation  of  temperature  in  the  affected  limb.  Most 
of  the  conclusions  were  arrived  at  by  simply  estimatin'r- 
the  degree  of  heat  by  applying  the  hand  to  the  part  or 
by  the  subjective  complaints  of  the  patient.  When  the 
thermometer  was  used  a  difference  of  four  or  five  degrees 
was  often  found  to  exist  between  the  two  .sides  of  tlie 
body. 

The  psychical  changes  in  cluirca  have  impressed  such 
observers  as  Romberg,  Skoda,  and  Marce.  This  latter 
wnter  has  referred  to  cases  in  which  liallucinations  were 
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present,  and  feelings  of  dread  were  very  pronounced; 
and  Rosenthal  mentions  an  old  woman  who  was  unusu- 
ally garrulous  and  loquacious,  and  gave  "  utterance  to 
savage  cries."  The  hallucinations  are  most  often  pre- 
sented in  the  lialf-waking  state,  and  are,  as  a  rule,  visual. 
A  case  in  which  hallucination  of  an  extremely  interesting 
character  was  a  feature  is  related  by  Ritti  (  Union  medi- 
cale,  3me  serie,  t.  xix.,  p.  721,  1873),  the  subject  being  a 
girl  aged  nineteen.  The  hallucination  depended  upon 
derangement  of  all  the  senses,  but  principally  of  sight. 
She  saw  cats,  bright  lights ;  heard  the  voices  of  men  close 
to  her ;  perceived  imaginary  smells,  tasted  poisonous  sub- 
stances, etc. 

There  ^  reports  a  case  of  melancholia  in  a  chlorotic  girl, 
aged  sixteen,  who  suffered  from  disturbed  menses.  Six 
weeks  after  the  commencement  of  the  melancholia  she 
developed  chorea  which  involved  both  extremities  on 
the  left  side.  She  had  auditory  hallucinations  at  night, 
suicidal  tendencies,  more  aggravated  melancholia;  and 
recovered,  six  weeks  afterward,  when  the  menses  were 
re-established. 

I  have  seen  a  number  of  cases  in  which  mental  perver- 
sion was  conspicuous.  Two  cases  in  particular  now  occur 
to  me.  One  was  that  of  an  old  woman  who  had  general  and 
very  severe  chorea,  and  who  for  ten  or  twelve  years  was 
a  confirmed  chronic  maniac.  The  other  case  was  that  of 
a  young  woman,  aged  twenty-five,  who  suffered  from 
hysterical  mania.  In  the  first  case  the  autopsy  revealed 
very  exten.sive  cortical  degeneration.  I  think,  as  a  rule, 
that  the  form  of  mental  trouble  presented  by  choreics  is 
that  of  excitement,  and  the  psj'chical  derangement  is  more 
common  among  adults  than  among  children. 

Some  writers  speak  of  a  marked  loss  of  memory ;  this 
I  have  never  found  except  when  the  chorea  was  a  symp- 
tom of  dementia. 

The  urine  of  the  choreic  patient  is  often  copious  in 
amount,  and,  in  those  cases  in  which  there  is  a  rheuma- 
tismal  complication,  is  apt  to  be  loaded  with  the  urates  and 
phosphates.  Sugar  is  occasionally  found.  Franque  re- 
ports the  case  of  a  boy  who  suffered  with  chorea  major, 
and  whose  urine  contained  sugar  after  each  violent  attack. 
In  the  intervals  it  was  normal.  This  relationship,  how- 
ever, cannot  be  regarded  as  a  matter  of  very  great  impor- 
tance. Hanfield  Jones,  who  has  repeatedlv  examined  the 
urine  of  these  patients,  thus  tabulates  the  result  of  his 
urinary  examination :  "1.  In  tolerably  severe  cases,  dur- 
ing the  full  sway  of  the  disorder,  tlie  urine  may  be  of 
high  specific  gravity,  1.030  to  1.040,  contains  an  excessof 
urea;  after  crystallizing  copiously  with  half  its  volume 
of  nitric  acid,  deposits  sometimes  lithates,  sometimes 
phosphates ;  its  color  is  full,  and  on  boiling  with  one- 
fourth  its  volume  of  muriatic  acid  it  darkens  extremely. 

2.  The  total  amount  of  urea  and  of  phosphoric  acid  ex- 
creted in  twenty -four  hours  may  be  greatly  in  excess. 

3.  In  convalescence  the  specific  "gravity  falls  consider- 
ably, the  color  becomes  paler,  tliere  i"s  less  darkenin"- 
when  the  urine  is  boiled  with  muriatic  acid  and  the 
amount  of  urea  and  phosphoric  acid  mav  diminish  to  less 
than  one-half.  4.  The  bodilv  weight  "increases  during 
the  period  of  convalescence.  5.  It  does  not  appear  that 
the  nervo-museular  agitation  determines  the  increased 
excretion  of  urea,  as  the  latter  may  be  verv  marked  in 
the  paralytic  torni  of  tlie  malady."  " 

The  relation  of  chorea  to  rheumatism  and  cardiac  dis- 
ease is  one  of  the  utmost  importance.  In  1839  Brii'ht 
first  insisted  upon  the  recognition  of  the  association" of 

h^Ts^VVnd  '^^'o'^^'m  "^  '^'^y'^'  a"d  pericardium,  and 
m  1849  and  1850  Roth  and  See  systematically  described 
tlie  riieumatismal  origin  of  chorea.  Thev  as  well  is 
Roger  and  Axenfeld,  hold  the  following  gencual  view 
Chorea  may  develop  in  the  subject  of  acute  articular 
rheumatisnv     The  jactitations  may  appear  "n  the  corse 

hh/^b  The  h""''"  ^"''■'Y'^'>'  ^'1^'"  th^  temperatu  e 
Ls  high.  The  Chorea  may  take  the  place  of  an  attack  of 
inflammatory  trouble,  and  in  the  same  subject  the  two 
conditions  may  alternate.  In  other  cases  the  two  d  seases 
may  coexist  and  l,e  due  to  the  same  cause.  AxJn?eld 
speaks  of  the  appearance  of  chorea  in  connection  with 
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the  decline  of  the  acute  intlamniatoi\y  s_ymi)toms.  There 
is  a  species  of  antagonism  in  the  velienience  of  tlie  mala- 
dies, says  he,  and  the  choreic  movements,  if  present  at 
all  during  the  fever,  are  of  the  slightest  kind,  and  limited 
to  a  few  grimaces  of  the  face. 

The  relation  of  chorea  to  heart  disease  is  generally 
recognized  to  occur  under  three  conditions,  and  these  are 
tabulated  by  Axenfeld  as:  1.  When  the  chorea  precedes 
the  heart  disease,  a  simple  chorea  without  antecedent 
rheumatic  trouble,  the  cardiac  affection  beginning  from 
three  weeks  to  three  or  four  months  after  the  conmienee- 
ment  of  the  chorea.  2.  When  the  cardiac  trovd)le  pre- 
cedes the  chorea,  e.g.,  when  an  attack  of  pericarditis  is 
followed  in  from  ten  days  to  three  weeks  by  well-estab- 
lished chorea.  8.  When  the  chorea  and  cardiac  affection 
begin  simultaneously,  or  nearly  so. 

There  are  a  variety  of  conditions  which  complicate  the 
disease.  Some  of  these  are  of  an  asthenic  nature,  and 
others  are  coincident  diseases  of  infanc}'.  Sometimes 
these  intercurrent  affections  exercise  a  most  remarkable 
effect  upon  the  disease — cutting  short  the  choreic  attack. 
There  may  be.  perhaps,  a  febrile  attack  of  some  intensit}', 
during  which  the  movements  are  increased  until  the  fever 
attains  the  maximum  intensity,  when  a  diminution  takes 
place.  "When  the  reaction  ceases,  the  movements  dimin- 
ish or  disappear.  Sometimes  such  eruptive  fevers  as 
variola,  when  the  force  of  the  poison  is  exerted  upon 
the  nerve  centres,  produce  an  augmentation  in  the  force 
and  a  continuance  of  the  disease ;  in  fact,  it  is  changed 
perhaps  from  a  simple  fimctional  affection  to  one  of  a 
chronic  nature. 

Chorea  very  often  makes  its  appearance  in  pregnant 
women,  usually  during  the  early  months  of  utero-gesta- 
tion,  and  may  last  until  a  few  weeks  after  delivery,  or 
may  become  a  chronic  affection.  I  have  seen  many  cases 
originating  during  the  latter  part  of  pregnancy,  and 
lasting  for  many  years ;  and  I  am  inclined  to  regard  the 
affection  as  a  very  grave  one  in  many  instances.  In 
these  cases  I  am  of  the  opinion  that  some  grave  embolic 
lesion  takes  place,  and  that  this  is  a  result  of  the  peculiar 
condition  of  the  blood  that  exists  in  certain  chlorotic  sub- 
jects. In  fact,  I  have  several  times  witnessed  the  mast 
serious  accidents — cerebral  venous  thrombosis,  and  the 
like — which  were  due  to  some  such  blood  state.  The 
chorea  of  pregnant  women  is  more  apt  to  be  bilateral, 
and  the  tongue  is  involved.  This  fact  was  first  pointed 
out  by  Romberg.  It  is  more  common  among  primiparw, 
and,  according  to  Axenfeld,  is  quite  likely  to  be  associated 
with  hysteriform  and  epileptiform  convulsions,  which 
lead  to  possible  abortions.  In  one  of  Linck's  cases  the 
movements  were  worse  when  the  patient  was  lying  down. 
There  is  a  lighter  form  than  that  of  which  I  have  spoken, 
which  is  cjuite  common  and  begins  during  the  early 
months  of  pregnancy,  and  the  prognosis  of  which  is  not 
especially  bad. 

Hysterical  chorea  is  rare;  that  is,  the  form  described 
by  Charcot  and  Bourneville,  in  which  it  is  associated  with 
the  hysteric  acc^s,  and  is  manifested  by  rhythmical  move- 
ments. I  have  not  seen  more  than  half  a  dozen  of  these 
cases;  but  it  is  by  no  means  uncommon  to  find  chorea 
developing  in  hysterical  women,  the  disease,  so^  far  as 
the  movements  are  concerned,  differing  little,  if  any, 
from  the  familiar  disorder  of  infancy,  only  being  more 
violent.  . 

The  subject  of  true  hysterical,  rhythmical  chorea  will 
for  hours  repeat,  while  apparently  unconscious,  a  succes- 
sion of  movements,  let  us  say  of  flexion  and  extension ; 
and  while  sitting  in  bed  she  bows  low,  recovering  her- 
self rapidly,  and  goes  through  with  this  for  hours  at  a 
time. 

Adult  chorea  is  an  affection  often  associated  with 
mental  decay.  The  variety  peculiar  to  old  age  (Choree 
des  Vieillards)  is  especially  so,  and  it  is  frequently  met 
with  in  association  with  dementia.  I  have  encountered 
cases  in  which  the  disease  lasted  fifteen  or  twenty  years, 
and  in  one  instance  the  patient  was  upward  of  seventy 
years  of  age.  The  disorderly  movements  are  quite  gen- 
eral, involving  not  only  the  extremities  and  trunk,  but 


the  muscles  of  the  face,  so  tliat  the  subject  makes  the 
most  horrible  grimaces.  In  sucli  patients  there  is  nearly 
always  a  history  of  cardiac  trouble  and  old  rheumatism. 
Congenital  idiots  are  very  apt  to  present  various  dis- 
orders of  motility,  among  which  are  automatic  move- 
ments and  chorea;  in  this  instance  the  chorea  probably 
being  associated  with  cerebral  hemiatrophy  and  differ- 
ence in  development  between  the  two  sides  of  the  body. 

Ireland  *  speaks  of  the  a.ssociation  of  insanity  in  chil- 
dren with  a  chorea  which  is  curable.  Electric  chorea, 
which  was  original!}'  described  by  Duliini,  is  a  disease 
of  endemic  character,  and  it  is  manifested  in  a  variety  of 
ways :  by  rhythmical  movements  which  last  for  weeks ; 
by  paralj'sis  and  atrophy  of  the  muscles  involved  in  the 
spasms;  by  local  epileptiform  convulsions,  general  at 
times;  by  headache  and  coma,  by  delirium,  and,  flnall}^ 
by  death.  Its  peculiar  character  gained  for  it  the  names 
myelitis  convulsiva  (H6rtel)  and  typhus  convulsiva  cere- 
bralis  (Frua).  Delirium  and  head  symptoms  usually  fol- 
low the  first  four  weeks  of  the  disease,  and  precede  the 
coma  (Radclift'e).  The  duration  of  the  affection  is  about 
that  of  ordinary  chorea. 

Two  very  unusual  forms  of  the  disorder  are  known  as 
taraiitism  and  tigretier.  Both  are  varieties  of  chorea 
major,  and  are  undoubtedly  hj'sterical  or  imitative  in 
character.  The  first,  which,  so  far  as  I  can  learn,  is  un- 
known to-day,  was  supposed  to  be  due  to  the  bite  of  the 
tarantula.  The  development  of  the  disease  was  marked 
by  a  period  of  depression  and  stupidity ;  and  when  the 
sound  of  musical  instruments  was  heard,  the  victims 
leaped  into  the  air  and  indulged  in  a  wild  species  of 
dance,  continuing  it  until  powerless  from  exhaustion. 
During  the  epidemic  sexual  excesses  of  all  kinds  were 
rife. 

The  tigretier,  a  disease  of  modern  times,  resembles 
very  much  the  tarantism,  and,  in  fact,  both  of  these  are 
in  many  respects  like  those  forms  of  religious  excitement 
which  "bring  with  them  suspension  of  inhibitory  control 
and  great  disorder  of  muscular  movement.  We  are 
furnished  with  examples  both  in  this  country  and 
aliroad,  and  the  convulsionnaires  in  France  and  the 
jumpers  of  Maine  may  be  instanced. 

Etiology. — Chorea,  as  a  rule,  is  a  disease  of  early  life, 
and  this  may  be  said  to  be  almost  absolute  in  regard  to 
chorea  minor.  The  more  severe  affections,  which  include 
hemichorea,  have,  as  a  rule,  some  basis  of  cerebral  change. 
The  period,  then,  at  whicli  the  disease  is  most  common 
is  between  the  ages  of  eight  and  eighteen ;  from  eight  to 
twelve  it  is  very  common.  Congenital  cases  have  been 
reported  by  Richter  and  Fox,*  and  Simon  has  met  with 
it  in  children  a  few  days  old.  Of  195  cases  reported  by 
Haven,  3  were  said  to  bo  congenital,  11  were  less  than 
six  years  old.  93  between  six  and  eleven,  58  between 
eleven  and  fifteen,  33  between  fifteen  and  twenty-one, 
and  10  between  twenty-one  and  sixty.'  Heller*  also 
presents  a  case.  In  adults  we  find  that  cases  have  been 
reported  at  all  ages,  and,  as  I  have  said  before,  even  in 
advanced  life.  Some  cases  begin  in  childhood  and  con- 
tinue through  hfe,  and  others  recur  every  year  for  several 
years  and  then  subside.  I  have  found,  and  I  think  my 
experience  is  borne  out  by  the  statistics  of  others,  that 
the  disease  is  most  frequent  during  the  spring  or  fall.  I 
have  repeatedly  seen  cases  that  commenced  in  October 
and  continued  until  April  or  May,  but,  as  a  rule,  under 
proper  treatment  the  disease  is  not  so  protracted.  In 
such  cases  I  find  often  a  history  of  eczema  capitis  and 
gastric  derangements,  and  it  is  not  uncommon  to  find  the 
skin  disease  and  the  chorea  in  association.  Sometimes 
the  eczema  takes  the  place  of  the  chorea  and  marks  the 
period  of  subsidence.  So  far  as  local  climatic  influences 
are  observed,  it  would  seem  as  if  the  disease  belonged  to 
cold  or  temperate  countries.  Axenfeld  states,  upon  the 
authority  of  Rufz  de  Lavison,  that  it  is  unknown  in 
Martini(iue,  Guadeloupe,  and  other  hot  places;  and  I  find 
that,  while  not  unknown  in  our  own  Southern  country, 
it  is'of  comparatively  infrequent  appearance  there.  It 
is  certain  that  the  negro  is  exempt  from  the  disease,  as 
Dr.  Mitchell  has  proved  from  inquiries  he  has  specially 
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made.  I  liave  never  seen  a  case  in  a  negro  child.  It  is 
more  common  among  tlie  German  and  American  children 
than  among  the  Irish,  ,so  far  as  m,y  statistics  go,  and  the 
children  of  the  poor  are  particularly'  liable. 

j\Ian}'  authors  agree  as  to  the  influence  of  heredity  in 
cases  which  develop  in  adult  life,  and  instances  are  on  rec- 
ord in  which  the  parents  of  the  patient  had  been  affected. 
Trousseau '  and  Ilanfield  Jones  trace  out  the  development 
in  phthisical  families,  and  Day  calls  attention  to  the  fact 
that,  among  the  Jews,  it  is  very  common  and  is  often  as- 
sociated with  epilepsy,  or  appears  in  the  childi-en  of  epi- 
leptic patients.  It  is  by  no  means  difficult  in  gouty  fam- 
ilies to  learn  not  only  tliat  several  children  of  the  same 
family  have  been  afiected  with  chorea  but  that  also  the 
father  or  the  mother  had  been  a  sufferer  from  The  disease. 

As  to  sex,  it  is  conunouly  a  disease  of  females,  and  the 
ratio  is  as  three  to  one. 

This  is  especially  true  when  the  subjects  are  between 
the  ages  of  twelve  and  fifteen,  the  time  of  puberty.  Of 
Pj^e-Smith's  130  cases,  98  were  females  and  38  males. 
Of  63  patients  affected  between  the  ages  of  si.x  and  ten, 
47  were  females,  and  the  remainder  males,  while  between 
the  ages  of  six  and  fifteen,  of  the  106  cases  74  were 
females  and  the  others  males.  In  the  cases  In  which  the 
disease  appears  later  in  life  there  is  a  much  greater  pre- 
ponderance of  female  patients,  and  this  is  true  even  of 
the  anatomical  form  of  the  disease. 

It  is  scarcely  proper  in  this  place  to  consider  the  variety 
of  chorea  known  as  post-hemiplegic,  for  this,  after  all,  is 
a  distinct  atfection,  and  the  spasmodic  movements  are  by 
no  means  pathognomonic.  A  degeneration  of  the  pyram- 
idal column,  from  whatever  cause,  will  bo  quite  likely 
to  give  rise  to  choreiform  movements. 

The  influence  of  fevers,  especially  those  of  a  zymotic 
nature,  in  the  development  of  chorea,  is  important.  Scar- 
let fever,  measles,  whooping-cough,  and  diphtheria  some- 
times leave  after  tliem  a  most  intractable  chorea,  which 
oftentimes  becomes  a  chronic  affection. 

Barclay,  Bernheim,  and  others  speak  of  typhoid  as  a 
cause  or  complication. 

Onanism  is  mentioned  as  a  cause,  but  I  do  not  attach 
much  importance  to  this  statement,  although  it  appears 
to  find  favor  with  the  Germans. 

Overstudy  has  undoubtedly  much  to  do  with  its  de- 
velopment. Some  years  ago  I  found  by  a  careful  system 
of  inquiries,  instituted  by  means  of  printed  tables,  that 
nearly  twenty  per  cent,  of  the  public  school  cliildren  of 
New  York  suffered  from  some  choreiform  trouble,  which 
varied  from  simple  limited  twitchings  to  well-marked 
chorea.  Dr.  J,  Crichton  Browne,  in  the  report  of  an  in- 
vestigation which  he  had  made  (see  "Report  upon  Over- 
pressure of  Work  in  Public  Elementary  Schools, "  Lon- 
don, 1884),  says  that  while  he  found  much  nervous  motor 
trouble,  he  is  of  the  opinion  that  chorea  is  not  as  common 
as  here,  but  he  admits  that  his  paucity  of  findings  may 
have  lieen  due  to  the  fact  that  children  were  taken  away 
from  school  as  soon  as  affected. 

Saturnine  chorea  may  manifest  itself  in  suddenly  de- 
veloped convulsive  movements  of  the  limbs.  Tanq'uerel 
speaks  of  it  ("Lead  Diseases,  a  Treatise,"  etc.,  by  L. 
Tanquerel  des  Planches,  American  translation,  1850,  p. 
288),  the  "fir.st  form  of  the  convulsive  variety,"  as  fol- 
lows: "The  face,  or  one  side  of  it  only,  one 'or  several 
limbs,  are  agitated  by  rapid  convulsions  analogous  to 
those  produced  by  electi-ic  shocks.  Instead  of  this  effect 
all  the  parts  may  be  struck  with  ]iermanent  contraction 
remammg  a  longer  orshorterlime  without  interruption  " 
It  IS  usually  a  form  of  trouble  connected  with  cerebral 
disea.ses  of  a  grave  type,  and  is  the  precursor  of  the  ruii- 
ture  of  a  blood-ve.ssel. 

The  association  of  chorea  with  epili^psy  is  occasional 
and,  when  found,  is  an  aifection  of  lonu-  standing  ]  have 
met  with  It  frecjuently  in  children,  and  almost  without 
exception  the  attacks  of  epilepsy  involved  tlie  limbs  of 
one  side  of  the  body;  in  fact,  there  were  a  hemiepilepsy 
and  hemichorea  in  association.  In  two  cases  there  were 
general  convulsions,  liegimiiiig  unilaterally  in  association 
with  liemichorea. 
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Chorea  is  occa.sionallj'  of  traumatic  origin,  and  is  then, 
as  a  rule,  dcjiendent  upon  some  grave  cerebral  lesion  or 
meningeal  irritation.  Chauveau  has  reported  a  case  that 
was  dependent  upon  a  cicatrix. 

Kinniciitt  and  Heiuemann  have  pointed  out  the  rela- 
tions of  chorea  to  certain  states  of  malarial  poisoning. 

A  form  of  toxic  chorea  that  is  ob.served  in  adults  is  the 
direct  result  of  tohaeco.  It  is  usually  general,  but  may 
be  confined  to  the  muscles  of  the  face.  I  have  seen  many 
cases  of  this  disorder  in  subjects  who  used  tobacco  to  ex- 
cess. The  movements  were  found  in  association  with 
vague  hyperaisthesiaj,  or  rather  dyssesthesiaj,  consisting 
of  a  "  tightness  "  or  a  "  feeling  of  tension  "  of  the  skin  of 
the  face  and  head,  with  palpitation  and  gastric  disturb- 
ances— manifestations  which  suij.sided  under  the  use  of 
hypophosphitesand  upon  the  discontinuance  of  the  habit. 
In  one  boy,  who  was  addicted  to  the  practice  of  cigar- 
ette smoking,  the  di.sea.se  was  entirely  due  to  this  bad 
habit.  In  all  of  these  cases  the  ficces  were  often  redo- 
lent of  decomposed  nicotine. 

Intestinal  irritation  is  a  most  important  cause  of  chorea, 
wliether  such  irritation  be  from  intestinal  worms  or  from 
undigested  food.  Cases  in  which  the  expulsion  of  lumbri- 
coides  was  followed  by  cure  are  numerous.  Tardieu  re- 
ports a  case  in  which  a  sudden  cure  followed  the  expulsion 
of  eight  lumbricoides.  I  have  frequently  met  with  exam- 
ples of  the  disease  in  which  immediate  relief  was  afforded 
after  the  rectum  had  been  freed  from  a  ball  of  ]iin-worms 
by  a  free  injection  of  quassia  or  a  saline  enema.  It  rareh- 
happens  that  the  source  of  intestinal  irritation  is  a  Tienia 
solium,  but,  strange  to  say,  children  are  sometimes  the 
subjects  of  chorea  from  such  a  cause.  Hanfield  Jones 
speaks  of  a  l)oy,  nine  years  old,  who  was  .sleepless  for 
four  days  and  nights,  who  was  in  a  state  of  constant 
motion,  whose  lips  and  teeth  were  covered  with  sordes, 
and  who  presented  every  appearance  of  collapse.  A 
dose  of  oil  of  male  fern  brought  away  a  tapeworm  seven 
yards  long,  and  in  a  few  days  the  patient  rapidly  con- 
valesced. I  have  reported  elsewhere  a  case  of  this"  kind, 
and  in  this  as  well  as  in  some  other  cases  of  chorea  the 
distinguishing  features  are  the  sudden  development  and 
very  violent  and  general  character  of  the  disea.se. 

The  influence  of  imitntion  a.nd  fn'r/?it  as  exciting  causes 
is  supposed  to  play  a  very  great  part  in  the  genesis  of 
the  malady. 

In  the  epidemic  form  of  the  disorder  there  are  many 
historical  examples.  The  danger  of  as.sociati(m  of  healthy 
with  choreic  children  has  been,  I  am  convinced,  very 
much  exaggerated.  AVhen  the  disease  develops  under 
these  circumstances,  the  victims  are  usually  hysterical 
subjects.  In  a  child  of  weak  nervous  svstem  a  sudden 
fright  may  undoubtedly  cause  much  mischief. 

Strange  considers  the  influence  of  two  forms  of  flight 
(British  Med.  Joiifinil,  July  16th,  1881,  p.  60),  and  he  be- 
lieves that  in  two-thirds  of  the  cases  it  is  the  excitino- 
cause.  "Fright  may  operate  in  various  ways,  some 
simple,  some  more  continuous  and  complicated."  It  need 
not  be  sudden,  though  that  is  generally  the  case.  There 
is  a  kind  of  fear  or  fright  to  which  children  are  exposed 
for  long  periods  of  time.  Ill-tempered  jiarents  especially 
the  mother,  may  keep  a  child  in  perpetual  trepidation 
and  dread  of  punishment  for  unavoidable  di.sasters 
Again,  the  coming  home  of  a  drunken  father  must  often 
be  a  source  of  continual  terror  t<i  a  ilelicate  and  sensitive 
gir  .  Ghost  stories  and  foolish  threats  of  '  Old  Bogies  ' 
and  the  like  so  constantly  u.sed  bv  ignorant  motherland 
bated''"  "'''  *"  ^"'  mentioned  to  be  severely  repro- 

,  The  appearance  of  chorea  in  children  who  have  been 
impro,:|ery  fe,  is  not  always  regarded  witli  the  impor- 
tanc,.  u  shouk  be.  An  excessive  meat  diet  is  often  re- 
spons,l,le  tor  this  as  well  as  other  neuro.ses,  notab  y  epl 
epsy  and  hysteria.  In  these  cases  there  is  very  often  a 
history  o  broken  sleep,  night  terrors,  incontinence  of 
urine,  an,l  not  infrequently  somnambulism 

The  P..\Tii,.T,ooY  of  chorea  has  been  considered  by  a 
number  of  Engli.sh  and  continental  observers,  the  former 
adhering  to  the  theory  of  a  cerebral  origin  of  the  affec 
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tiou.  Todd,  Stc'uliousc  aud  Kirkes,  Broadbcnt,  OgU^, 
Tuckwtll,  Hughlings  Jaekson,  and  Bastian  all  favor  the 
theory  that  it  is  an  embolic  disease,  aud  that  the  corpus 
striatum  is  its  seat.  Thongli  Todd  was  the  tirst  to  point 
out  this  probable  origin  of  the  disease,  starting  from  tlie 
standpoint  of  the  uuilateral  spasui  and  liemiparesis,  it 
was  not  until  1870,  or  thereabouts,  that  Kirkes  stated 
that  chorea  is  the  result  of  irritation  produced  iu  the 
nerve  centres  by  tine  molecular  particles  of  fibrin  which 
are  set  free  from  an  inflamed  endocardiuur  and  washed 
by  the  blood  into  the  eavit'es  of  these  centres.  Appre- 
ciating the  important  relationship  of  the  middle  cerebral 
artery  to  cerebral  nutrition,  the  other  investigators  named 
look  upon  the  corpora  striata  as  tlie  region  most  often 
affected.  Ogle,  Tuckwell,  and  others  have  found  em- 
bolic plugging.  Aitken  believed  the  optic  thalamus  to 
be  affected  as  well,  but  it  would  appear  that  in  the  cases 
under  consideration  there  were  sensory  alterations. 

A  variet_y  of  experiments  have  been  made  by  Raymond 
and  other  i^rench  investigators. 

Raymond  experimentally  caused  chorea  in  dogs  by 
wounding  the  internal  capsule  and  optic  thalamus,  pro- 
ducing chorea  of  the  opposite  side. 

Rosenthal '"  experimented,  for  the  purpose  of  producing 
embolic  occlusion,  by  injecting  pollen  into  the  left  in- 
ternal carotid  of  a  choreic  dog  in  wdiom  the  movements 
were  most  active  iu  the  right  foreleg.  The  result  of  the 
injection  was  that  the  dog  became  pow-erless  to  change 
his  position.  Despite  the  abolition  of  voluntary  move- 
ments, however,  violent  choreic  convulsions  occurred  in 
the  anterior  limbs,  in  the  eyes  and  tail,  and  continued  for 
two  days,  until  the  deatli  of  the  animal  took  place.  Au- 
topsy:  Encephalitis  of  the  left  anterior  lobe,  softening  of 
the  left  corpus  striatum,  embolism  of  the  left  middle  cere- 
bral artery,  etc.  The  conclusion  arrived  at  was  that  the 
abolition  of  function  of  the  motor  ganglia  was  followed 
by  increase  of  choreic  movement  and  irritation  of  the  co- 
ordination centre. 

Other  investigators— among  them  Chauveau,"  Car- 
vaille,  and  Bert— operated  upon  choreic  dogs;  they  cut 
the  cervical  cord  and  determined  that  the  choreic  move- 
ments were  not  dependent  upon  any  influences  emanating 
from  the  cerebrum  or  cerebelhmi.  A  section  made  lower 
down  in  the  dorsal  region  in  tw^o  other  dogs  resulted  in 
diminution  of  the  movements  in  the  tail  and  legs.  They 
concluded,  therefore,  that  chorea  minor  was  a  spinal 
affection. 

Le  Gros  and  Onimus''^  made  further  experiments,  and 
were  also  of  the  opinion  that  chorea  was  a  disease  of  the 
cord.  Excitation  of  the  posterior  column  exaggerated  the 
movements,  and  freezing  this  part  of  the  cord  produced 
a  diminution  in  tlieir  intensity.  The  movements  were  not 
diminished  by  section  of  the  posterior  root  zone,  but  only 
by  the  partial  section  of  the  posterior  columns  and  horns. 
'These  observers  concluded  that  the  seat  of  the  chorea 
was  in  the  cells  of  the  posterior  horns,  or  in  fibres  con- 
necting them  with  the  great  motor  cells. 

Numerous  post-mortem  examinations  have  been  re- 
ported, the  most  important  of  which  are  those  of  Meynert 
and  Elhschcr,"*  who  found  changes  in  the  peripheral 
nerves  as  well  as  cerebral  lesions. 

The  English  authorities  have  made  many  autopsies, 
and  their  researches  have  revealed  obstruction  of  the 
middle  cerebral  and  smaller  cerebral  arteries,  usually  on 
the  left  side  of  the  brain. 

Bastian  found,  in  one  case  of  bilateral  chorea,  embolic 
plugging  by  an  aggregation  of  white  corpuscles,  oblitera- 
tion of  small  vessels  iu  the  corpora  striata,  serous  effusion 
in  the  ventricles,  etc.  Hughes  collected  fourteen  fatal 
cases  in  which  the  meninges  were  either  congested  or 
pale  There  were  effusions  and  subarachnoid  and  ven- 
tricular adhesions  of  the  dura  to  the  skull;  in  fact  there 
was  nothing  distinctive  about  the  findings.  ^  In  eight  of 
these  cases  the  spinal  canal  was  opened,  and  in  these  cases 
the  cord  was  found  to  be  perfectly  healthy,  as  were  also 
the  membranes.  In  one  there  was  slight  congestion.^  In 
the  other  four  there  were  adhesions  of  the  arachnoid  of 
ancient  date,  and  softening  of  the  posterior  columns  and 


gray  mattei-  generally.     In  one  case  softening  was  ffiund 
at  the  level  of  the  third  or  fourth  dorsal  vertebra. 

At  best  these  particular  results  simply  show  that  fatal 
chorea  may  be  found  with  eerebro-spinal  textural  altera- 
tions of  inconstant  character. 

The  observations  of  a  few  English  writers,  among  them 
Bastian,  arc^  of  great  value  in  pointing  to  the  corpora 
striata  as  the  chief  seat  of  trouble. 

The  continental  investigators  have  done  much  more 
accurate  work  and  have  shed  great  light  upon  the  patho- 
logical anatomy  of  the  di.sease. 

Meynert,"  especially,  and  Sehultze"  have  both  ably 
investigated  fatal  cases.  The  former  found  degenera- 
tion of  a  large  number  of  cells  of  the  cortical  substance 
of  the  brain,  some  being  swollen  and  the  others  shrivelled. 
Those  of  the  third  frontal  convolution  were  involved  quite 
extensively,  and  so  also  were  those  of  the  ganglia.  There 
were  general  connective-tissue  thickening,  and  prolifera- 
tion in  the  motor  tracts  of  the  brain  and  cord. 

The  morbid  appearances  found  by  Ellischer  included 
very  extensive  degeneration  of  the  nerve  elements  of  the 
corpus  .striatum,  hyperplasia  of  the  connective  tissue, 
and  proliferation  of  the  nuclei,  especially  of  the  lenticu- 
lar nucleus;  the  walls  of  the  blood-vessels  were  also 
found  to  have  undergone  a  thickening.  At  the  same 
time  the  cord  was  involved,  the  posterior  columns  being 
the  seat  of  some  sclerosis  in  the  gray  matter,  which 
was  hypera^mic;  and  there  was  a  decided  nuclear  pro- 
liferation in  the  gray  substance  adjacent  to  the  cells, 
which  were  more  or  "less  disea.sed,  they  being  pigmented 
and  destitute  of  nuclei.  Besides  these  changes  there  Avas 
a  sclerosis  of  the  peripheral  nerve  fibres,  together  with 
a  certain  amount  of  destruction  of  the  ultimate  nerve 
filaments.  Dana '*  (1898)  practically  agrees  with  certain 
observers  and  has  found  degeneration  of  nerve  cells,  peii- 
vascular  dilatation,  and  infiltration  of  the  cells  of  the 
intima  of  the  small  arteries;  also  fibrinous  deposits  on 
the  walls  of  the  heart. 

As  to  Prognosis,  we  have  to  consider  the  question  of 
duration  of  the  immediate  attack,  its  probable  recurrence, 
and  the  possibility  of  a  fatal  termination.  I  have  already 
called  attention  to  the  two  first,  and  I  shall  simply  add 
that  chorea  minor  is  usually  a  simple  and  curable  affec- 
tion. In  adults  this  is  not  the  case,  for  when  no  other 
cause  can  be  ascertained,  it  is  unhappily  true  that  the 
affection  is  too  often  indicative  of  some  such  gross  cere- 
bral disease  as  tumor  or  sclerosis,  or  is  a  sequence  of 
arterial  rupture.  I  have  seen  many  cases  of  the  simple 
affection  in  chlorotic  young  women,  in  fact  in  women  of 
thirty  to  forty,  which  was  readily  curable;  so  even  this 
rule  has  its  exceptions. 

The  danger  in  fatal  cases  arises  from  exhaustion,  from 
the  debility  caused  by  the  constant  excessive  motion,  and 
by  attendant  insomnia.  In  febrile  cases  the  prognosis  is 
decidedly  bad  if  anything  like  a  typhoidal  state  super- 
venes. 

Numerous  fatal  examples  have  been  reported.  Gris- 
wold  '*  relates  a  case  which  proved  fatal  in  sixteen  days, 
and  Ogle  "  brought  forward  sixteen  other  cases. 

Haven,  of  Boston,  has  made  some  very  interesting  in- 
vestigations, and  has  analyzed  200  eases  of  chorea.  From 
his  table  it  would  appear  that  the  average  duration  of 
the  disease,  in  25  such  cases  as  he  could  follow  up,  was 
94. .5  days.     In  others  it  was  77  days,  when  arsenic  was 

used.  ... 

Gray  and  Tuckwell  have  also  gathered  statistics  m  a 
number  of  cases  when  no  treatment  was  given,  and  the 
average  duration  was  from  73  to  76  days  in  different  sets 
of  cases.  It  is  not  uncommon  to  find  cases  which  recover 
in  six  weeks,  and  sometimes,  under  the  use  of  ferruginous 
tonics,  the  period  may  be  much  shorter. 

The  tendency  to  relapses  is  quite  common;    in  fact, 


Haven  found  that  there  was  1  relapse  in  23  cases. 


2  in  4, 


3  in  3,  4  in  1,  5  in  1,  and  7  in  1,  and  14  of  these  recurred 
in  the  first  six  months  of  the  year.  Von  Ziemssen  refers 
to  the  fact  that  recurrences  are  most  common  at  puberty. 
Of  33  cases  of  chorea  the  notes  of  which  I  have  kept— 
and  the  number  would  have  been  much  larger  were  it 
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not  for  the  fact  that  many  were  observed  at  dispeiisai-ies, 
where  the  attendance  is  so  irregular  and  floating — I  found 
tliat  in  40  per  cent,  of  the  cases  there  were  2  relapses. 

The  residual  paralysis  is  sometimes,  though  rarely, 
quite  lasting.  If  a  hemichorea  exist  for  a  year,  it  is  quite 
litiel_y  to  be  associated  with  some  loss  of  muscular  sub- 
stance. In  one  of  West's  cases — a  girl — it  was  found, 
three  months  after  the  movements  had  ceased,  that  the 
left  arm  was  half  an  inch  smaller  than  the  right.  In 
another  patient — who  had  kept  her  hands  clenched  for  a 
long  time — there  was  wasting  and  contraction. 

The  Diagnosis  of  chorea  should  be  simple  enough,  if 
we  throw  out  of  consideration  those  cases  of  organic 
origin,  the  so-called  " post-hemiplegic  chorea."  The 
movements  themselves  can  liardly  be  confounded  with 
any  others.  They  are  coarse,  jerky,  and  irregulai',  and  in 
no  sense  rhythmical.  The  same  cannot  be  said  of  the 
movements  observed  in  post-hemiplegic  chorea,  in  which, 
besides  eccentric  jactitations,  there  is'usually  more  or  less 
tremor.  The  movements  of  chorea  may  in  simple  cases 
(I  may  say  always  in  chorea  minor)  be  controlled,  in  part 
or  wliolly,  by  the  exercise  of  the  will.  Embarrassment 
and  diversion  of  attention  seem  to  aggravate  the  intensity. 

The  age  of  the  subject  is  also  a  determining  factoV. 
Those  forms  of  degeneration  of  the  brain  or  spinal  cord  in 
which  hyperkinesis  is  a  symptom  are  verv  rare  in  chil- 
dren, the  exception,  perhaps,  being  cerebral  hypertrophy 
and  hemiatrophy;  and  here  we  find  errors  i'n  develop- 
ment and  other  concomitant  symptoms  which  render 
diagnosis  quite  simple. 

In  paralysis  agitans  we  have  an  affection  which  re- 
sembles to  some  extent  certain  varieties  of  adult  chorea. 
We  tind  festination,  associated  movements,  no  aggrava- 
tion by  attempt  at  control,  and  a  "  fineness  "  of  the  spasms 
which  can  hardly  be  called  choreic. 

In  the  diagnosis  of  the  ]iartieular  cases  much  depends 
upon  our  ability  to  determine  the  probable  nature  of  the 
chorea  itself;  whether  it  be  due  to  eccentric  irritation, 
to  antemia ;  whether  it  be  a  sequence  of  one  of  the  zymotic- 
diseases  ;  or  whether  it  be  a  symptomatic  affection,  the 
result  of  some  form  of  tissue  change.  These  things  are 
important  when  we  come  to  predict  the  course  of  the 
malady.  It  will  readily  be  seen  how  much  credit  may  be 
gamed  by  recognizing  the  true  nature  of  a  chorea  de- 
pendent upon  intestinal  worms  or  other  irritative  causes 
and  promptly  curing  the  same  by  expulsion  of  the  in-itat- 
ing  agents.  The  connection  of  the  disease  with  some 
affection  of  the  heart  is  also  most  important  to  recognize 

The  Tbeatmext  of  chorea  lias  probably  received°more 
attention  than  that  of  any  other  nervous  disorder  and  the 
list  of  remedies,  good,  bad,  and  indifferent,  is  very  long 
As  I  have  .said,  there  is  very  little  difference  between  the 
duration  of  the  malady  in  those  patients  for  whom  the 
expectant  treatment  is  ordered,  and  the  duration  in  the 
case  of  those  who  are  subjected  to  a  rigorous  course  of 
medication  of  the  orthodox  kind.  In  the  practice  of 
medicine,  masterly  inactivity  is  not  always  the  most  pru- 
dent method  of  procedure,  but  in  chorea  minor  I  would 
counsel  the  simplest  treatment  possible.  Of  the  vast 
horde  of  remedies,  I  think  we  can  discard  all  but  three 
or  lour,  and  I  will  name  them  in  their  order  of  useful 


ness:  (1)  Arsenic;  (2)  strychnine;  (3)  iron;   (4)  the  fats 

ihere  is  a  second  list  of  remedies  which  are  emploved 
tor  the  purpose  of  reaching  special  conditions,  and  amone 
these  1  may  mention  heat  and  cold,  antheluii     '  ' 


I-         .,      -     ,  ^. ,..-.,  .....i.,.i., unties,  seda- 

tives, the  coal-tar  products,  etc. 

If  we  do  use  any  of  the  remedies  of  the  first  order 

It  mus    be  freely  and  with  the  idea  of  getting  thei,-  full 

physiological  effects;   especially  is  this  true  of  arsenic 

and  strychmne.     In  children  the  ,lnse  .,f  the  former  ,sh„n  d 

be  rapidly  increased  until  slight  .edema  becomes  visible 

below  the  eyes,  wlule  the  good  eifeets  of  strv.-hnine  are 

obtained  only  when  there  is  complaint  of  tension  o      he 

back-leg  muscles.     For  reasons  of  safety  as  well  as  on 

account  ot  greater  efficacy,  a  bulky  solution  of  strychnine 

IS  recommended  in  preference  to  "drops  or  granules        ,i 

comlnnati.in  with  the  syrup  of  the  iodide  of  iron     tl  <■ 

latter  drug  is  of  especial  service  in  the  anauuia  of  chorea: 
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To  this  mixture  maj-  be  added  digitalis,  especially  in 
many  ca.ses  in  which  cardiac  asthenia  is  a  feature.  The 
French  writers  favor  the  division  of  chorea  into  many 
forms  with  relati.m  to  the  etiological  factors.  When  such 
forms  are  clearly  made  out,  of  course  it  becomes  our  aim 
to  direct  special  treatment  to  the  individual  cases.  In 
tho.se  forms  with  r?ieumati><mal  history,  the  salicjdate  of 
.soda,  the  tincture  of  cimicifuga  raceniosa,  sulphur  and 
vapor  baths  and  alkalies,  are  of  great  service  ;  hysterical 
ca.ses  are  most  lielped  by  the  valerianate  of  zinc,  C3'pri- 
pedin,  or  cannabis  indica.  In  many  cases  the  removal  of 
an  ulcerated  wi.sdom  tooth  is  sufficient  to  effect  the  dis- 
appearance of  a  violent  cliorea,  and  when  intestinal  worms 
exist,  we  are  to  turn  to  turpentine,  kousso,  or  santonin. 

Should  the  movements  be  sufficientlj'  violent,  as  they 
often  are,  to  necessitate  the  use  of  restraint,  I  know  of  no 
better  remedies  than  hyoscyamine  or  chloral  hydrate.  Of 
the  benefit  of  calabar  bean  in  .such  cases.  1  have  little  to  say. 
It  has  never  been  of  the  slightest  service  in  several  cases 
in  whicli  I  have  tried  it,  and  I  may  say  the  same  thing 
of  belladonna.  Axenfeld  recommends  opium  in  large 
do.ses,  but  he  wisely  cautions  those  who  administer  it  to 
children.  Gery  and  Fuster  recommend  the  repeated  use 
of  chloroform — in  inhalation — several  times  a  day. 

In  some  cases  the  remedies  cited  above  may  be  used 
hypodermicall}',  but,  as  a  rule,  this  is  an  unnecessarily 
painful  mode  of  treatment.  Arsenic  has  been  used  in 
this  waj'. 

Four  or  five  drops  of  Fowler's  solution  may  be  injected 
daily  in  the  affected  member;  and  by  Radcliffe,  Eulen- 
burg,  and  others,  it  is  .said  to  act  more  quickly  than  when 
administered  by  the  stomach. 

The  use  of  cold  is  occasionally  of  great  benefit  to  the 
choreic  patient.  The  apphcation  of  the  ether  spray  to 
the  entire  spine  every  day,  for  ten  or  fifteen  minutes,  or 
the  application  of  cold  by  means  of  the  ice-bae,  is  ex- 
cellent, especially  in  violent  cases.  I  have  of  late  ap- 
plied the  needle  douche,  using  several  gallons  of  water. 

It  is  of  the  utmost  importance  that  the  patient  should 
be  kept  quiet,  and  that  muscular  exercise  should  be  for- 
bidden. A  few  hours'  seclusion  dailv,  in  a  dark  room, 
works  wonders,  and  at  other  times  the  patient  should  be 
made  to  assume  a  recumbent  position,  if  possible. 

There  is  no  other  nervous  disease  which  is  helped  so 
much  by  proper  diet  as  this.  Fats  are  essential,  and  a  lib- 
eral administration  of  milk  and  cream  as  well  as  fresh  but- 
ter is  highly  recommended.  Good  substantial  soups,  raw 
meat,  and  condensed  nitrogenous  nourishment  should 
be  provided  to  the  exclusion  of  everything  else  which 
simply  satisfies  hunger  or  gratifies  the  capricious  appetite 
of  the  patient.  Sea  air  is  of  immense  service,  and  sea 
baths,  if  not  too  wearisome,  are  to  be  advised.  Still-water 
bathing,  of  course,  is  to  be  preferred  to  surf  bathing 

Moral  treatment  is  of  great  value  in  nianv  "cases 
V\est,  whose  sensible  ideas  of  treatment  I  have  always 
adopted,  when  possible,  calls  attention  to  the  emotional 
perversion  in  choreic  children,  and  speaks  as  well  of  the 
hebetude  and  weariness  of  mind,  which  seem  to  disap- 
pear with  the  movements.  He  considers  moral  thera- 
peutics inapplicable  to  those  cases  of  partial  chorea 
which  sometimes,  though  not  often,  last  throu.-h  life 
1  he  treatment  should  consist  in  removins,-  mentar strain 
abridging  study,  and  instituting  a  regular  lit,-  and  proper 
habits,  and  in  building  up  the  child's  will  power  The 
consciousness  of  the  child,  in  regard  to  his  infirmities, 
sh.m  d  nut  always  be  awakened,  except  when  it  is  cleariy 
a  bad  habit  and  not  the  result  of  disease. 

Allan  McLane  Eamiltim. 
\  ^^},'^^!^  Epirlemics  of  the  Middle  Ages. 
R„s™ti!:i!'p.'  m'^  "°  "^^  '^'^^^'"-^  »'  "^«  Ne^ous  system,  by  M. 

'  I  m  Miocy  and  Imhecillty,  p.  243 
"  British  Mi-diral  Journal;  vol.  il    187.3  n  n 
'  Boston  Med.  and  Surg.  Journal,' IKsi  'n  ' irr 
IsTif  ^xl?!'4sr  "^^^b"™-  t'-^-ea.    ^?ien«  med.  Wochensehrilt, 
'«' o/''r('.'!p'."m  "'™"'  Disorders,  p.  350. 
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^'  Archives  Generales  de  Med.,  March,  186.5. 
1^  Comptes  rendus,  tome  Ixx.,  1H70. 
'=  Archiv  fiir  piith.  Aniit.,  Ixi.,  pp.  4&5-i93,  Berlin,  1874. 
'^Wien.  med.   Woehenschrijt,   18US,   xvlii.,  337,  344;    Wien.  med. 
Presse,  18ii8,  ix.,  Ift4-19B. 
"  Deutsches  Arohiv  liir  lilinischer  Med.,  1877,  xx.,  383,  3%. 
"  Cincinnati  Journal  ot  Medicine,  lsi;7,  ii.,  31is. 
"  British  and  Foreign  Jledico-C'hlr.  Kev.,  1808,  xii.,  308,  40.5. 
IS  Text-Book  of  Nervous  Diseases,  4th  edition,  1898, 

CHORION. — The  chorion  is  the  outermost  of  the  mem- 
Taranes  which  surround  the  embryo,  and  plays  a  most  im- 
portant part  in  its  development,  as  it  soon  comes  in  con- 
tact with  the  decidua  and 
takes  an  active  part  in  the 
formation  of  the  fcetal  por- 
tion of  the  placenta. 

According  to  Minot,  "  the  ^        ^ 

chorion  is  tlie  wliole  of  that 
portion  of  the  extra-embry-  ^ 

onio  somatopleure  wliich  is 
not  concerned  in  the  forma- 
tion of  the  amnion."  This 
definition  is  iindoubtedly 
correct  for  a  large  number 
of  animals,  but  recent  in- 
vestigations render  it 
doubtful  whether  it  applies 
to  man ;  as  all  of  the  earliest 
human  ova  which  have  yet 
been  described  (from  the 
latter  part  of  the  first  and 
the  beginning  of  the  second 
week)  possess  a  distinctly 
formed  chorion  before  there 
is  anj'  apparent  difi'erentia- 
tion  into  somato-  and  splan- 
cho-pleure. 

According  to  Kollmann, 
it  is  more  than  probable 
that  a  distinct  chorion  is 
formed  by  the  time  the 
ovum  reaches  the  uterine 
cavity,  but  unfortunately 
so  young  a  specimen  has 
not  as  yet  been  observed. 

Theoretically,  the  chorion 
Tepresents  the  outer  layer  of 
the  blastodermic  vesicle, 
-and  accordingly  its  epithe- 
lial layer  must  be  derived 
from  the  primary  ectoderm 
of  the  ovum.  The  earliest 
human  ova  whicli  have  yet 
been  described  are  tliose  of 
Teters  and  Graf  Spec,  in 
both  of  which  the  chorion 
is  perfectly  developed,  while 
the  embryo  is  in  a  very  ru- 
dimentary condition. 

Peters  obtained  his  ovum 
at  an  autopsy  upon  a  wom- 
an who  committed  suicide 
three  days  after  missing  a 
menstrual  period,  and  he 
believed  that  it  was  not 
more  than  three  or  four 
days  old.  From  his  descrip- 
tion, however,  it  appears  to 

be  somewhat  older,  but  certainly  not  older  than  ten  days. 
The  ovum  measured  1.6  x  0.8  x  0.9  mm.  in  its  various 
diameters,  and  is  therefore  the  smallest  which  has  thus 
far  been  reported.  It  was  embedded  in  the  decidua  and 
lay  beneath  its  surface,  having  apparently  burrowed  its 
way  through  the  epithelium ;  and  it  gives  most  impor- 
tant information  concerning  the  mode  of  miplantation 
of  the  ovum  and  the  development  of  the  decidua  re- 
flexa  The  ovum  presented  a  well-developed  chorion 
which  consisted  of  two  layers:  an  inner  layer  of  meso- 
derm   and    an  outer  layer   composed  of    many   layers 


of  epithelial  cells,  which  Peters  designated  as  tropho- 
blast. 

Protruding  from  the  surface  of  the  chorion  were  a  few 
elevations,  whose  interior  was  filled  with  connective 
tissue,  repi'esentiug  the  earliest  stage  of  villous  forma- 
tion. The  trophoblast  was  arranged  in  many  layers 
and  surrounded  the  connective  tissue  of  the  chorion 
as  a  distinct  capsule.  It  was  made  up  in  great  part  of 
round  or  polyhedral  cells,  which  stained  deeply  and  pre- 
sented distinct  vesicular  nuclei,  between  which  were  a 
few  masses  of  protoplasm  which  showed  no  tendency  to 


FIG    I291.-Peters'  Early  Ovum.     V.E.,  Uterine  epithelium 

SjXie^ill^bSJSl'eln,^ ;  "i^:???  if  S  wio^^sseSTS^S,  point  or  entrance  ot  ovum 


Bl.L.,  lakes  of  blood;    Cnp.s.,  decidua 
U.Z.,  decidua  vera;    Tr.,  trophoblasts ;    C, 


divide  into  individual  cells,  through  which  were  scattered 
irreo'ularly  shaped,  darkly  staining  nuclei.  The  tropho- 
blastic ceils  were  apparently  growing  very  rapidly,  and 
had  opened  up  dilated  capillaries  in  the  surrounding  de- 
cidua so  that  numerous  small  cavities  were  formed, 
whicli  were  lined  by  trophoblastic  cells  and  filled  with 
blood  and  which  probably  represent  the  earliest  stages 
in   the  formation   of   the   intervillous  circulation   (Fig. 

1291) 

Spec's  embryo  was  cast  ofE  from  the  uterus  as  an  oval 
"  X  6.5  mm.,  and  consisted  of  a  vesicle  —'--"'-  -■ 


body, 


which  en- 
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closed  the  besiiininR  embryo.  In  this  specimen  tlie 
chorion  was  definitely  formed,  and  consisted  of  an  epi- 
thelial and  a  connective-tissue  layer,  and  distinct  villi 
arose  from  one  portion  of  its  exterior  (Fig.  1293).^ 

Very  early  ova  have  likewise  been  described  by 
Reichert,  Mall,  and  Leopold,  the  first  two  having  been 
discharged  from  the  uterus,  while  Leopold's  ovum  was 
still  in  contact  with  the  uterine  wall  and  surrounded  by 
the  decidua  reflexa.  The  specimens  of  Leopold  and  Mall 
presented  well-developed  chorions,  with  villi  over  their 
entire  periphery;  while  in  Reichert's  specimens  they 
were  limited  to  "the  equator  of  the  ovum  (Fig.  1293). 

In  all  early  ova  which  have  thus  far  been  described, 
the  chorion  consists  of  two  layers:   an  outer  epithelial 


e-M- 


FIG.  1292.— Section  througb  Spec's  Early  Ovum.  No.  9  Zeiss.  6  mm. 
Maffnitled  24  times.  Am„  Amnion;  AIL,  allantois :  B.S.,  Bauch- 
stiel;  C.E.,  chorionic  epithelium  ;  C.8.,  chorionic  connective  tissue; 
E.y  beRinninp:  embryo  :  F.,  villi;  F.S.,  yolk  sac. 

and  an  inner  connective-tissue  layer.  We  have  already 
indicated  that  the  epithelial  layer  is  derived  from  the 
ectoderm  of  the  blastodermic  vesicle,  but  it  is  not  so  easy 
to  explain  the  origin  of  the  connective-tissue  layer.  In 
all  the  early  ova,  the  amnion  presents  a  very  rudimentary 
appearance ;  and  it 
is  therefore  improb- 
able that  the  con- 
nective tissue  of  the 
chorion  is  derived 
from  the  somato- 
pleure,  in  the  same 
way  as  in  many  of 
the  lower  animals. 

In  its  earliest 
stages  the  chorion 
consists  of  a  mem- 
branous sac  com- 
posed of  two  layers, 
ectoderm  and  meso- 
derm, and  includes 
within  it  the  begin- 
ning embryo.  In 
all  the  specimens 
which  have  thus  far 
been  observed,  a 
greater  or  lesser 
number  of  villi  arise 
from  the  external 
surface  of  the  chori- 
on. At  first  they 
are  purely  epithe- 
lial in  character, 
anil  in  Peters'  ovum 
are  represented  by 
mere  projections  of 
trophoblastic  cells. 
At  a  little  later  pe- 
riod, however,  the 
centre  of  the  villus 
becomes  filled  with 
connective  tissue, 
which  is  continuous 
with  the  inner  layer 
of  the  chorionic 
membrane.        The 


youngest   chorion  which  I  have  examined  was  obtained 
from  a  two  weeks  ovum  in  the  possession  of  Dr.  Mall. 
Fig.  1393  gives  a  very  good  idea  of  its   structure  and 
shows   that   it   is  made 
up   of  two   parts:   (1)  a 
cliorionic  meml)rane,  and 
(2)  the  villi  which  spring 
from  it. 

The  chorionic  mem- 
brane is  compo.sed  of  an 
inner  layer  (toward  the 
embr3'0)  of  connective 
ti.ssue,  which  is  made  up 
of  branching  and  star- 
shaped  cells,  which  arc 
separated  from  one  an- 
other by  a  large  amount 
of  mucoid  intercellular 
substance,  in  which  no 
trace  of  vessels  can  be 
observed.  Its  exterior 
is   composed  of   ejiithe- 

lial  cells,  which  are  arranged  in  two  layers:  an  inner 
layer  consisting  of  distinct  cuboidal  cells  with  round 
vesicular  nuclei,  and  an  outer  layer  made  up  of  a  band 
of  protoplasm  which  is  not  divided  into  individual  cells, 
and  scattered  through  which  are  numbers  of  irregular- 
shaped,  darkly  staining  nuclei. 

The  villi  are  arborescent  structures  which  project  from 
the  outer  surface  of  the  choiionic  membrane,  and  consist 
of  a  single  trunk  or  stem,  from  which  numerous  branches 
are  given  off  at  something  less  than  right  angles.  The 
tips  of  some  of  the  larger  branches  extend  down  to  the 
decidua,  and  serve  to  fasten  the  chorion  to  it;  but  the 
great  majoi'ity  of  the  smaller  branches,  after  branching 
repeatedly,  end  freely  and  project  into  cavities  which 
are  filled  with  blood,  and  which  constitute  the  intervillous 


Fig.  1294.— Reichert's  Ovum, 
nifled  six  times. 


Mag- 


'i^S*i.^W*,^tCr 


FIG.  1293.— Section 


Civr    Chorionic  Se^T,^ne'raTpitSroTehr.^j''L°L?an^e"°-^c'o1  ^'l^"'^^  ^   «--• 
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spaces  of  the  placenta.  I  do  not  believe  that  there  is  any 
evidence  of  anastomosis  between  tlie  branches  of  the 
ditlerent  villi,  any  more  than  between  the  branches  of 
individual  trees  in  a  park. 

The  villi  consist  of  a  conneclivc-tissue  core  which  is 
continuous  with  the  connective  tissue  of  the  chorionic 
membrane,  and  is  covered  by  two  layers  of  epithelium, 
just  as  is  the  chorionic  memlu'ano.  None  of  the  villi  con- 
tain blood-vessels  at  this  period.  In  several  places  the 
epithelium  covering  them  appears  to  be  arranged  in  many 
layers,  and  this  is  due  either  to  tangential  sections  througli 
the  peripher}'  of  a  villus  or  to  the  formation  of  epithelial 
buds,  which  represent  the  earliest  stage  in  the  formation 
of  new  branches.  At  one  point  in  the  section  (Fig.  1393, 
Tr.)  there  is  a  mass  of  cells  which  present  a  distinctly 
epithelial  appearance.  Such  structures  are  usindly 
designated  as  decidual  islands,  and  are  supposed  to  be 
duetto  sections  through  decidual  septa,  which  extend 
from  the  decidua  toward  the  chorionic  membrane.  But 
in  view  of  the  marked  similarity  of  the  cells  composing 
the  mass  to  those  which  cover  the  villi,  I  am  inclined  to 
believe  that  they  represent  a  remnant  of  trophoblast 
rather  than  a  section  through  a  decidual  septum. 

At  a  little  later  period  the  chorionic  membrane  becomes 
vascularized,  and  large  numbers  of  vessels,  both  arterial 
and  venous,  are  found  just  beneath  its  epithelial  cover- 
ing, branches  from  which  extend  into  the  villi,  where 
they  break  up  into  a  capillary  network.  These  vessels 
are  derived  from  the  umbilical  arteries  and  veins  of  the 
foetus,  and  do  not  communicate  with  maternal  vessels. 
Their  arrangement  is  clearly  shown  in  Fig.  1295. 

It  is  not  definitely  known  how  the  vessels  first  make 
their  way  to  the  inner  surface  of  the  human  chorion.  In 
many  of  the  lower  animals  it  has  been  definitely  demon- 
strated that  they  are  derived  from  a  vesicular  allantois, 
which  grows  oiit  from  the  embryo  between  the  amnion 
and  chorion,  and  eventually  applies  itself  to  the  inner 
surface  of  the  latter.  In  man,  however,  this  does  not 
occur,  as  the  extra-embryonic  portion  of  the  allantois  is 
very  rudimentary  and  does  not  assume  a  vesicular  form, 
being  merely  a  small  epithelial  duct  which  extends  from 
the  intestinal  tract  for  a  short  distance  into  the  umbilical 
stalk  (Bauchstiel)  (Fig.  1393). 

The  Bauchstiel  is  a  prolongation  of  the  caudal  end  ot 
the  embryo,  and  serves  to  connect  it  with  the  inner  sur- 
face of  the  chorionic  membrane.  It  contains  the  um- 
bilical arteries  and  veins,  and  at  a  later  period  becomes 
converted  into  the  umliilical  cord.  ^     , 

At  a  still  later  period  of  development  the  chorionic 
membrane  takes  on  a  more  complicated  structure,  and 
we  are  indebted  to  the  classical  article  of  Langhans  for 
our  first  definite  information  concerning  it.  He  stated 
that  it  was  made  up  of  four  layers:  gelatinous  (Gallert- 
schicht)  fibrillar,  vascular,  and  epithelial.  The  gelatinous 
is  the  innermost  layer  and  lies  in  apposition  with  the 
connective  tissue  of  the  amnion.  It  is  composed  of 
mucoid  connective  tissue,  analogous  to  the  Whartonian 
jelly  of  the  umbilical  cord.  External  to  this  is  the 
fibrillar  layer,  in  which  the  connective-tissue  cells  are 
more  abundant  and  have  become  more  fusiform  in  shape, 
and  are  arranged  in  such  a  way  as  to  give  the^  tissue  a 
distinct  fibrillar  appearance.  External  to  this  is  the 
vascular  layer  which  is  composed  of  loose  connective 
tissue  whit'h  surrounds  large  numbers  of  blood-vessels, 
both  arteries  and  veins;  while  the  outermost  layer  is 
composed  of  epithelial  cells.  The  epithelium  outside  ot 
the  placental  site  consists  of  several  layers  of  round  or 
cuboidal  cells,  which  stain  palely  with  the  ordinary  re- 
agents and  present  distinct  vesicular  nuclei  with  a  taint 
chromatin  network,  which  readily  stains  with  the  ordi- 
nary dyes  At  the  placental  site  these  cells  are  covered 
by  a  layer  of  syncytium,  which  is  lacking  m  other  parts 
of  the  chorionic  membrane. 

The  above-mentioned  cells  were  designated  as  the 
"Zellschicht"  by  Langhans,  who  considered  that  they 
were  of  connective-tissue  origin.  Further  study  how- 
ever convinced  him  that  they  were  epithelial  cells  and 
derived  from  the  ectoderm  of  the  ovum.  This  layer  ot 
Vol.  III.— 4 


cells  has  given  rise  to  a  great  deal  of  misconception,  and 
many  oliservers  believe  that  tliey  are  decidual  in  oiigin, 
having  been  designated  by  KoUiker  as  the  decidua  sub- 
choriaiis,  and  bj'  Wiuckler  as  the  "Schlussplatte  "  of  the 
decidua. 

For  the  first  few  months,  the  entire  periphery  of  the 
chorion  is  covered  to  a  greater  or  less  extent  by  arborescent 
and  branching  villi,  except  in  Reichert's  ovum,  in  which 
they  were  limited  to  its  equator.  Almost  immediately 
after  its  formation 
the  chorion  be- 
comes completely 
enclosed  by  a  cap- 
sule composed  of 
the  decidua  seroti- 
n  a  and  r  e  fi  e  x  a, 
from  which  it  is 
separated  by  the 
growing  villi,  and 
the  spaces  thus 
formecl  become  fill 
ed  with  maternal 
blood  and  consti- 
tute the  intervillous 
spaces.  This  con- 
dition is  very 
clearly  demonstra- 
ted by  the  two  ova 
which  Leopold  has 
lately  described  in 
his  Atlas. 

After  a  few 
months,  however, 
the  villi  which  are 
in  contact  with  the 
decidua  retlexa  be- 
gin to  atrophy,  so 
that  witlun  a  short 
time  the  chorionic 
membrane  and  the 
decidua  reflexa 
come  to  lie  in  inti- 
mate contact,  with  only  the  degenerated  remains  of  the 
villi  separating  them;  while  the  villi  which  are  in  con- 
tact with  the  decidua  serotina  continue  to  grow  and  be- 
come larger  and  larger  and  give  rise  to  the  fffital  portion 
of  the  placenta.  At  this  period  we  distinguish  between  the 
chorion  la?ve  and  the  chorion  frondosnm,  the  latter  being 
the  portion  which  takes  part  in  the  formation  of  the  pla- 
centa. For  further  particulars  concerning  the  structure 
of  the  placenta,  the  reader  is  referred  to  the  article  upon 
that  subject. 

The  villi  of  the  chorion  frondosum,  as  we  have  just 
indicated,  increase  rapidly  in  size  and  complexity,  and 
give  off  numerous  branches  which  form  the  bulk  of  the 
placenta.  But  it  is  not  probalile  that  the  primary  villi 
increase  in  number  after  the  first  few  months,  the  in- 
creased thickness  of  the  placenta  being  due  to  the  branch- 
iuD-  of  the  pre-existing  villi;  just  as  a  row  of  trees,  when 
first  planted,  is  represented  by  a  number  of  isolated 
stems  which  at  a  later  period  are  converted  into  large 
trees  with  myriads  of  brandies  and  twigs.  This  fact  has 
been  strikingly  demonstrated  by  de  Loos,  who  has  shown 
that  one  can  roughly  estimate  the  age  of  a  placenta  by 
the  shape  and  size  of"  its  villi.  Sections  through  a  young 
placenta  show  a  few  large  villi  with  comparatively  few 
branches  ■  while  in  a  more  mature  placenta  one  sees  large 
numbers 'of  small  branches,  which  become  smaller  and 
smaller  as  the  placenta  becomes  older. 

The  stroma  of  the  villi  likewise  undergoes  marked 
chano-es  as  the  placenta  becomes  older.  In  its  early 
stages  it  is  distinctly  mucoid  in  appearance,  and  is  made 
up  of  a  small  number  of  stellate  cells  which  are  separated 
by  a  lar^e  amount  of  mucoid  intercellular  substance. 
aJs  the  vifli  become  older  their  stroma  becomes  denser, 
and  the  cells  are  more  abundant  and  more  fusiform  m 
shape,  so  that  at  the  latter  part  of  pregnancy  it  presents  a 
distinctly  fibrous  appearance. 
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Fig.  139.5.  —  Chorionic  Villus  from  Full- 
Term  Placenta.  Higlily  magnifled.  (Af- 
ter Kollinann.)  Ep,  Epithelial  covering ; 
S,  stroma  of  villus ;  T,  vascular  loop. 
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Coincident  with  tlic  changes  in  the  s  roma  the  villi 
be-omc  more  vascular,  and  in  the  second  half  ot  preg- 
nancy contain  distinct  vessels,    many  ot   which   attain 


is  composed  of  a  single  layei  of  distinc  ly  cuboidal  cells 
with  vesicular  nuclei.  Their  pro  oplasni  stams  very 
lightly  and  thus  contrasts  markedly  with  that  ot  the 
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Fig.  1396.— Bectlon  througb  a  Three-Montlis  Placenta,  Showing  Structure  ot  Chorionic  Villi.    MagniHeil  lid  times.    S,  Stroma  ot  villus ;  Sy, 
syncytium ;  Z,  Zellschlclit ;  S.H.,  syncytial  bud  ;  G.C,  so-called  placental  giant  cells. 


considerable  size,  the  large  arteries  being  surrounded  by 
thick  walls. 

The  epithelium  covering  tlie  chorionic  villi  was  first 
described  by  Dairy mple  in  1843,  and  we  now  know  that 
it  is  arranged  in  two  layers:  an  outer,  which  consists  of 
a  hand  of  protoplasm,  which  is  not  divided  into  individual 
cells,  and  to  which  the  term  "syncytium  "  has  lieen  ap- 
plied ;  and  an  inner  layer  of  definite  cuboidal  cells,  which 
were  designated  by  Langhansas  the  "Zellschicht."  The 
protoplasm  of  the  syncytium  presents  a  coarsely  granular 
appearance,  whicli  on  careful  examination  is  seen  to  be 
due  to  the  presence  of  vacuoles  of  varying  size.  The 
nuclei  which  are  scattered  through  it  are  irregular  in 
shape  and  contain  a  thick  chromatin  network  which 
stains  deeply  with  the  ordinary  dyes.     The  Zellschicht 


syncytium;  while  the  nuclei  have  a  very  delicate  chro- 
matin network,  and  therefore  stain  far  less  darkly  than 
those  of  the  syncytium. 

These  two  layers  are  readily  recognized  during  the 
first  half  of  pregnancy,  and  arc  clearly  shown  in  Fig. 
1296,  which  represents  a  section  from  a  three-mouths 
placenta.  As  the  placenta  grows  older,  however,  the 
inner  layer  gradually  disappears,  so  that  in  the  last 
months  almost  all  trace  of  it  is  lost,  when  the  villi  are 
covered  only  by  syncytium.  The  failure  to  recognize 
this  fact  was  the  cause  of  a  great  part  of  the  discus- 
sion concerning  the  arrangement  of  the  chorionic  epi- 
thelium, and  only  receutl}-  has  it  been  generally  rec- 
ognized; but  it  is  now  universally  admitted  that  two 
layers  of  epithelium    can   always"  be  distinguished  in 
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the  earlier  months,  and  only  one  iu  tlie  latter  months 
of  pregnane}'. 

The  syncytium  is  not  always  arranged  in  a  single  layer, 
and  several  layers  of  nuclei  may  bo  observed  in  many 
places,  while  distinct  buds  of  syncytial  tissue  frequent- 
ly project  from  the  surface  of  the  villi  and  represent  an 
attempt  at  branching.  In  microscopic  sections,  variously 
shaped  masses  of  syncj'tium,  containing  many  nuclei, 
are  frequently  found  lying  free  in  the  intervillous  spaces, 
and  are  frequently  described  as  placental  giant  cells. 
The  examination  of  serial  sections  will,  however,  always 
show  that  they  are  cross  sections  through  such  buds,  or 
are  due  to  tangential  sections  through  the  tips  of  the  villi. 

The  term  syncytium  was  introduced  by  Kossmanu, 
though  its  characteristic  features  were  described  by 
Kastchcncko  in  1885,  who  designated  it  as  Plasmodium. 

The  chorionic  epithelium  has  been  the  subject  of 
marked  controversy  ever  since  it  was  first  described,  and 
various  attempts  have  been  made  to  explain  its  origin. 
The  earlier  writers  supposed  that  the  villi  grew  down 
into  the  uterine  glands  and  obtained  an  epithelial  cover- 
ing from  them.  But  Langhans,  in  1877,  was  the  first  ob- 
server definitely  to  describe  two  laj'ers,  and.  as  we  have 
already  indicated,  designated  the  inner  layer  as  Zell- 
schicht:  At  that  time  he  believed  that  it  Avas  derived 
from  the  stroma,  while  the  outer  or  syncytial  laj'er  repre- 
sented the  fffital  ectoderm.  A  few  years  later,  however, 
he  modified  his  opinion  and  stated  that  both  layers  were 


In  1892-93,  Kossmann  and  Merttens  revolutionized  for 
a  time  the  teachings  upon  the  subject,  l)y  stating  that 
the  Zellscliiclit  represented  the  fa-tal' ectoderm,  while  the 
syncytium  was  derived  from  uterine  epithelium,  which 
then  grew  up  over  the  villi.  Tlieir  articles  were  very 
well  illnstrated  and  plausibly  written,  and  distinctly  de- 
monstrated that  the  uterine  epithelium  could  take  on  a  syn- 
cytial character  iu  places;  but  they  were  in  error  in  sup- 
posing that  it  formed  the  outer  layer  of  the  chorionic 
covering.  I  have  been  able  to  confirm  their  observations 
to  a  certain  extent,  and  have  many  specimens  which 
positively  demonstrate  the  transformation  of  tubal  or 
uterine  epithelium  into  syncytium.  But  the  change  is 
limited  to  isolated  areas,  and'  does  not  affect  the  entire 
epitlielium,  the  gi'eater  part  of  which  gradually  becomes 
cuboidal  and  even  flat,  and  eventuallj'  di.sappears.  I 
theretoi'e  consider  the  formation  of  sync3'tium  from  the 
uterine  epithelium  as  an  accident,  and  perhaps  a  degen- 
erative change  which  has  nothing  to  do  with  the  epithe- 
lial covering  of  tlie  villi.  Indeed,  Gebhard  and  others 
have  shown  that  the  uterine  epithelium  ma}'  present  a 
syncytial  appearance  without  the  existence  of  preg- 
nancy, and  have  reported  cases  in  which  it  was  found  in 
carcinoma  of  the  litems. 

The  theory  of  Kossmann  and  Merttens  was  presented 
so  plausibl}',  and  apparently  so  well  confirmed,  that  it 
was  rapidly  accepted  by  most  wi'iters,  among  whom  we 
ma}'  mention  Marchand  and  Kollmann.     It  gradually  lost 
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epithelial  in  origin.  Langhans'  views  were  soon  adopted, 
and  Minot,  Kastchencko,  and  many  other  investigators 
recognized  the  existence  of  two  layers,  and  considered 
that  they  were  ectodermal  in  origin,  and  that  the  inner 
layer  was  derived  from  the  outer. 


ground,  however,  and  at  present  the  majority  of  the  most 
recent  writers  upon  the  subject,  among  whom  His  may 
be  mentioned,  no  lisnger  believe  in  it,  but  state  that  both 
layers  of  the  chorionic  epithelium  are  ectodermal.  The 
latter  view  has  recently  received  marked  confirmation 
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from  the  work  of  Peters,  who  showed  that  the  chorionic 
epitlielium  In  the  fii'st  week  formed  ii  distinct,  many- 
layered  capsule  which  he  designated  as  ti'ophoblast,  the 
greater  part  of  «iiich  consisted  of  distinct  cells,  though 
iiei-e  and  theie  small  areas  of  syncytium  could  be  observed, 
lie  therefore  concluded  that  the  fcetal  ectoderm  oiigiually 
consisted  of  distinct  cells,  which  assumed  a  distinctly 
S3fucytial  a]ipearance  ^^•here  they  came  in  contact  with 
the  maternal  blood.  Peters'  conclusions  appear  to  be 
borne  out  ))y  the  facts,  and  at  present  most  writers  upon 
the  subject  subscribe  to  them. 

For  years  this  question  has  been  a  ]irolific  sf)urce  of 
discussion,  and  a  voluminous  literature  has  resulted  from 
it.  In  1890  Walde_yer  carefully  analyzed  the  literature, 
and  was  able  to  classify  the  theories  concerning  the  origin 
of  the  chorionic  epithelium  into  ten  groups,  to  which 
several  others  have  recently  been  added,  all  of  which  are 
earetully  consideri'd  in  Peters'  monograph. 

When  the  tips  of  the  villi  come  in  contact  with  the 
decidua  serotina,  the  chorionic  epithelium  proliferates 
and  invades  the  decidua  to  a  greater  or  less  extent.  This 
was  first  recognized  by  Nitabuch,  who  pointed  out  that 
one  could  distinguish  three  layers  in  the  decidua :  a  deep 
layer  composed  exclusively  of  decidual  tissue,  above 
which  was  a  layer  of  fibrin,  and  above  this  another  layer 
of  cells  which  resembled  the  decidual  cells  very  closely, 
but  which  were  really  fcetal  in  origin.  She  pointed  out 
that  the  fibrinous  line,  which  separated  these  two  varieties 
of  cells,  was  probably  the  result  of  degenerative  changes 
in  the  chorionic  epithelium,  and  accordingly  represented 
the  boundary  line  between  the  two  tissues.  Her  views 
have  been  indorsed  by  most  investigators,  and  at  present 
it  is  generally  believed  that  the  decidua  serotina  is  not 
made  up  entirely  of  maternal  (decidual)  tissue,  but  that 
its  upper  portion  contains  large  numbers  of  fcetal  cells. 

On  examining  sections  through  the  chorion  outside  the 
placental  site,  one  finds  at  the  end  of  pregnancy  that  it 
differs  markedly  from  the  chorion  frondosum.  Fig.  1397 
shows  a  section  through  the  fcetal  membranes  and  the 
underlying  decidua,  and  in  it  one  can  clearly  distinguish 
the  following  layers:  1.  The  cuboidal  epitlielium  of  the 
amnion.  2.  The  amniotic  connective  tissue.  3.  The 
chorionic  connective  tissue.  4.  The  chorionic  epithe- 
lium. ~j.  Degenerated  villi.  6.  More  or  less  canalized 
fibrin.     7.  Typical  decidua. 

The  chorionic  epithelium  is  ari-anged  in  a  number  of 
layers,  and  consists  of  definite  cells  whose  protoplasm 
stains  lightly ;  the  nuclei  are  vesicular  in  shape  and  stain 
quite  darkly.  Here  and  there  in  the  chorionic  epithelium 
one  sees  numerous  large,  pale,  oval,  or  round,  more  or 
less  structureless  areas,  which  represent  all  that  is  left  of 
the  villi  of  the  chorion  Iseve.  Occasionally  they  contain 
a  few  connective-tissue  cells,  but  usually  consist  of  a 
mass  of  transparent  hyaline  material.  Beneath  the  epi- 
thelium and  degenerated  villi  one  finds  a  thicker  or  thinner 
layer  of  fibrinous  material,  which  is  evidently  the  result 
of  the  degeneration  of  chorionic  epithelium.  "This  tissue 
was  first  described  by  Langhans  as  canalized  fibrin,  and 
is  characterized  by  the  iiresence  of  numerous  slits  or 
canals  of  varying  size.  External  to  the  canalized  fibrin 
and  chorionic  epithelium  one  sees  typical  decidual  tissue 
with  its  cliaracteristic  large,  pale  epithelioid  cells. 

Where  the  canalized  fibrin  is  absent,  the  chorionic  epi- 
thelium and  the  decidual  cells  come  in  intimate  contact, 
the  former  extending  down  a  slight  distance  into  the 
latter.  Where  the  two  varieties  of  cells  are  commingled, 
it  is  almost  impossible  to  differentiate  between  tliemT  but 
^¥ilen  one  compares  distinct  mas.ses  of  chorionic  epithe- 
lium with  typical  decidual  tissue,  it  is  readily  seen  that 
the  former  is  composed  of  somewhat  smaller  cells  with 
fau-ly  darkly  staining  nuclei,  while  the  latter  is  made  up 
of  larger,  more  irregularly  shaped,  paler  cells,  whose  nu- 
clei stain  less  intensely. 

After  the  first  few  months  degenerative  changes  are 
almost  universally  observed  throughout  the  chorion,  and 
usually  appear  as  canalized  fibrin.  This  tissue  stains 
deeply  with  eosin  and  the  usual  dyes,  and  on  close  exam- 
ination is  seen  to  contain  large  numbers  of  spaces  of  vary- 


ing shape,  whence  its  name.  It  apparently  results  from 
coagulation  necrosis  of  the  chorionic  epithelium,  espe- 
cially of  the  Zellschicht.  And  in  many  villi  one  sees  a 
thicker  or  thinner  layer  of  canalized  fibrin,  lying  between 
the  S3'ncytial  layer  and  the  stroma.  As  the  change  be- 
comes more  marked,  the  syncytial  layer  is  likewise  con- 
verted into  canalized  fibrin,  which  eventually  may  even 
invade  the  stroma.  Large  quantities  of  this  tissue  are 
always  present  on  the  fcetal  surface  of  the  chorionic 
memiji'ane,  especially  where  it  takes  part  in  the  formation 
of  the  placenta,  and  plaj's  an  important  part  in  the  for- 
mation of  placental  infarcts. 

I  have  lately  shown,  in  an  article  upon  infarcts  of  the 
placenta,  that  the  formation  of  canalized  fibrin  and  in- 
farcts is  usuall}'  associated  with  more  or  less  endarteritis 
of  the  villous  vessels,  and  is  to  be  regarded  as  a  .sign  of 
senility  of  the  placenta.  It  occurs  so  frequently  that  I 
believe  it  should  be  described  as  one  of  the  normal  con- 
stituents of  the  chorion.  Similar  changes  are  observed  in 
the  chorion  la;ve,  and  it  is  probable  that  the  degeneration 
of  its  villi  is  brought  about  in  an  identical  manner. 

In  the  early  weeks  of  pregnancy,  only  a  small  portion 
of  the  cavity  of  the  chorionic  membrane  is  occupied  by 
the  embryo  and  the  amnion  (see  Fig.  1393).  This  rap- 
idly changes,  however,  and  in  a  short  time  the  Jimnion 
increases  so  rapidly  in  size  as  to  line  the  entire  interior  of 
the  chorion,  so  that  the  connective-tissue  layers  of  both 
membranes  lie  in  close  contact.  Thej'  do  not  appear  to 
become  organicallj'  united,  as  they  can  be  readily  sepa- 
rated in  the  full-term  placenta  after  birth. 

J.   Whit  ridge  Williams. 
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pathol(,gical,  but  winch  are  now  looked  upon  as  being 
only  an  expression  of  the  senile  decay  of  the  o.gan   thl 
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known  pathological  conditions  of  the  placenta  have  been 
brought  within  very  narrow  limits.  It  must  be  empha- 
sized in  this  connection  that  the  placenta  is  a  temporary 
structure,  and  at  time  of  delivery  represents  a  senile, 
worn-out  organ  whose  tissues  are  in  an  advanced  stage 
of  senile  or  physiological  degeneration.  These  degenera- 
tive changes  have  iu  the  past  been  looked  upon  as  patho- 
logical and  their  true  significance  misunderstood.  Having 
been  interpreted  as  evidences  of  disease,  serious  miscon- 
ceptions have  crept  into  pathologj'  regarding  these  purely 
physiological  changes,  and  as  a  result  the  study  of  pla- 
cental pathology  has  been  greatly  retarded.  The  major- 
ity of  the  conditions  of  the  chorion  described  iu  th(.'  text- 
books as  pathological,  such  as  calcification,  fatty  change, 
sclerosis  of  the  chorionic  vessels,  infarction,  etc.,  are  no 
more  pathological  than  are  the  atrophy  and  sclerosis  of 
old  age,  and  should  be  regarded  as  possessing  a  similar 
significance.  On  the  other  hand,  the  peculiar  pathology 
of  the  placenta — the  causes  of  abortion,  death  of  the  foetus, 
the  part  which  the  placenta  plays  in  the  transmission  of 
disease,  etc. — remains  at  the  present  time  an  imexplored 
field. 

Circulatory  Ch-^-NGes. — It  is  impossible  with  our 
present  knowledge  to  say  to  what  extent  the  disturbances 
of  the  chorionic  circulation  are  pathological.  General 
hyperoemia  and  an«mia  of  the  chorionic  vessels  are  essen- 
tially dependent  upon  similar  conditions  in  the  fu?tal  cir- 
culation, but  the  conditions  of  pressure  to  which  the  pla- 
centa is  subjected  during  delivery  make  it  impossible  for 
us  to  judge  accuratel}' of  the  former  blood  content  of  the 
organ.  Though  the  placental  end  of  the  umbilical  cord 
is  usually  ligatured,  and  the  blood  in  this  way  retained 
in  the  chorionic  vessels,  the  pressure  of  the  uterine  con- 
tractions during  delivery  will  have  materially  altered  the 
amount  of  blood  in  these  vessels,  even  to  such  an  extent 
that  a  previously  existing  hypersemia  may  have  been 
made  to  disappear  entirely.  On  the  other  hand,  if  the 
placental  end  of  the  cord  is  not  ligatured  the  chorionic 
vessels  may  be  rendered  ana?mic  through  hemorrhage 
from  the  severed  umbilical  vessels.  A  general  hyperemia 
of  the  chorion  may  be  caused  by  disturbances  of  circula- 
tion in  the  body  of  the  fcetus,  stenosis  of  the  umbilical 
vein  through  thickening  of  its  wall,  twisting  of  the  cord, 
etc.  General  anemia  of  the  chorion  may  be  due  to  gen- 
eral anaemia  of  the  fojtus,  stenosis  of  the  umbilical  artery, 
twisting,  knotting  of  the  cord,  etc.  Local  hyperiiemia 
of  the  chorionic  villi  may  be  caused  by  some  obstruction 
to  the  onward  flow  in  the  veins  of  the  chorionic  stems,  or 
may  be  collateral  dependent  upon  some  neighboring  anae- 
mic area.  Local  anaemia  of  the  vessels  of  the  villi  may 
be  caused  by  pressure,  obstruction  of  the  larger  arteries 
in  the  chorionic  stems  through  thrombosis,  sclerosis  of 
the  vessel  walls,  etc.  As  a  result  of  thrombosis  of  the 
maternal  sinuses  a  portion  of  the  intervillous  spaces  may 
be  deprived  of  maternal  blood.  The  empty  spaces  col- 
lapse, the  villi  are  pressed  closely  together,  and  as  a  re- 
sult of  the  intraplacental  pressure  the  vessels  of  the 
tightly  packed  villi  become  emptied  of  blood,  giving  rise 
to  pale  pinkish  areas  which  have  been  regarded  as  in- 
farcts. Necrosis  of  the  villi  (infarction)  results  from  any 
severe  degree  of  anaemia.  In  the  case  of  twins  arising 
from  one  ovum  marked  disturbances  in  the  chorionic  cir- 
culation may  arise  from  the  abnormal  relations  of  the 
umbilical  vessels.  If  one-sided  hydramnion  is  also  pres- 
ent the  disturbance  of  the  umbilical  circulation  may  be 
very  severe. 

In  general  hypersemia  of  the  placenta  the  organ  is  deep 
red,  swollen,  bleeds  freely  when  cut,  and  is  of  softer  con- 
sistence than  normal.  "Local  areas  of  hyperaemia  are 
deep  red  to  black  in  color,  and  are  frequently  mistaken 
for  hemorrhage.  In  general  anaemia  the  placenta  is  pale, 
smaller  than  normal,  and  of  firmer  consistence.  Local- 
ized ausemias  appear  as  pale,  pinkish,  or  white  areas. 

IlemorrJiage.— Though  hemorrhage  from  the  maternal 
portion  of  tlie  placenta  is  one  of  the  most  important  patho- 
logical conditions  of  the  organ,  the  escape  of  blood  from 
the  chorionic  vessels  is  of  very  rare  occurrence.  Hemor- 
rhage of  the  fcetal  placenta  has  been  very  frequently  de- 


seril)ed  in  the  literature,  but  as  the  majority  of  these 
descriptions  have  been  ha.sed  upon  the  gross  apjjearanees 
alone,  they  cannot  be  accepted  as  conclusive.  The  term 
"  placental  apoplexy  "  has  been  applied  to  the  circum- 
scribed collections  of  fibrin  and  red  blood  cells  so  fre- 
quently found  in  the  chorion,  which  from  their  occur- 
rence ill  almost  e\ery  ripe  placenta  can  hardly  possess 
a  pathological  significance.  To  the  naked  eye  these 
appear  as  larger  or  smaller  areas,  deep  red  or  black  in 
color,  of  a  firm  consistence,  and  on  section  usually  slightly 
ele\'ated  above  the  cut  surface  of  the  organ.  They  are 
found  in  greatest  number  near  the  maternal  surface,  but 
are  also  of  frequent  occurrence  in  the  eeiifi'al  poition  of 
the  organ,  and  at  times  extend  entirely  through  it.  On 
microscopical  examination  they  consist  of  blood  clots 
lying  iu  the  intervillous  spaces.  The  blood  may  be 
freshly  coagulated,  or  large  masses  of  laminated  or  hya- 
line fibrin  enclosing  degenerating  red  blood  cells  may  be 
found  in  the  spaces  between  the  villi.  The  clot  may  be 
so  large  as  to  compress  the  neighboring  villi  or  to  sepa- 
rate the  chorion  either  partly  or  entirely  from  the  mater- 
nal portion  of  the  placenta.  The  blood  in  these  cases  of 
so-called  "  placental  apoplexy  "  is  of  maternal  origin,  and 
since  the  blood  is  in  the  intervillous  spaces  which  are 
themselves  blood-vessels,  it  is  not  ijroper  to  consider  tliis 
condition  under  the  head  of  apoplexj'  or  hemorrhage. 

Numerous  theories  have  been  advanced  to  explain  this 
condition,  but  none  have  proved  satisfactory.  Busta- 
mente  held  tliat  it  is  probably  due  to  the  occurrence  of 
hemorrhage  into  a  beginning  infarct  formation,  the  ex- 
travasation occurring  into  spaces  bounded  by  necrosing 
villi  instead  of  into  the  normal  intervillous  spaces.  It  is, 
however,  more  probable  that  the  process  is  es.sentially  a 
thrombosis  beginning  in  the  maternal  vessels,  and  spread- 
ing thence  into  the  intervillous  spaces,  involving  a  smaller 
or  larger  portion  of  the  placenta.  The  majority  of  the 
cases  described  in  the  literature  as  ha-matoma  of  the  pla- 
centa are,  from  their  descriptions,  evidentl_y  cases  of  in- 
farction. Organization  and  encapsulation,  calcification, 
liquefaction  with  cyst  formation  have  been  reported  to 
occur  as  sequelse  of  placental  hsematomata;  but  these 
were  probably  cases  of  infarction.  The  causes  ascribed 
are  varied :  trauma,  congestion,  albuminuria,  slow  throm- 
bosis of  the  maternal  sinuses,  excessive  heart's  action, 
etc.  As  a  result  of  large  hsematomata  the  number  of  villi 
destroyed  may  be  so  great  as  to  cause  asphyxiation  of 
the  tce'tus.  True  hemorrhage  from  the  maternal  sinuses 
does  occur,  and  large  extravasations  may  burrow  down- 
ward through  the  decidua  and  escape  i'rom  the  uterus. 
Since  in  these  cases  the  hemorrhage  is  of  maternal  blood, 
serious  symptoms  may  be  produced  in  the  mother.  De- 
cidual hemorrhage  plays  also  an  important  role  in  the 
production  of  abortion. 

Rupture  of  the  umbilical  vessels  or  of  the  larger 
branches  of  the  chorionic  stems  may  lead  to  the  produc- 
tion of  true  chorionic  haimatomata  between  the  amnion 
and  chorion.  Death  of  the  fretus  and  abortion  result  if 
the  hemorrhage  is  at  all  large.  In  some  instances  the 
luematoma  may  contain  all  of  the  blood  of  the  fretal  body, 
the  foetus  having  bled  to  death  into  its  own  structures. 
Small  hemorrhages  from  the  capillaries  of  the  villi  into 
the  chorionic  stroma  are  occasionally  seen.  They  are 
most  probably  dependent  upon  the  changes  in  the  walls 
of  the  chorionic  vessels,  or  in  many  cases  may  be  due  to 
uterine  contractions. 

(Edenui.— (Edema,  of  the  entire  placenta  occurs  in  re- 
tention of  the  dead  fffitus  and  in  connection  with  general 
anasarca  of  the  fa;tus  caused  by  cardiac  or  renal  disease, 
obstructions  to  fatal  circulation,  fatal  leuksmia,  etc. 
The  placenta  is  swollen,  boggy,  and  lighter  in  color,  and 
tears  very  easily.  The  infiltration  may  be  so  great  that 
fluid  exudes  when  the  organ  is  cut.  The  connective 
tissue  of  the  villi  is  separated  by  the  fluid,  and  the  syn- 
cytial cells  may  contain  large  vacuoles.  Hydramnion  is 
usually  associated  with  placental  redema. 

Thro7nbosis.—Vfhne  thrombosis  is  of  very  frequent  oc- 
currence in  the  intervillous  spaces,  it  occurs  much  less 
frequently  in  the  chorionic  vessels.     In  both  places  it  is 
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in  the  mtijority  of  cases  to  be  considered  as  a  physiolog- 
ical process,  a  part  of  the  means  by  which  the  placenta 
is  freed  from  the  uterus.  Thrombosis  of  the  chorionic 
vessels  is  one  of  the  causes  of  placental  infarction.  It 
is  directly  dependent  upon  the  senile  changes  in  the  walls 
of  the  ciiorionic  vessels,  which  are  of  the  nature  of  an 
obliterating  endarteritis.  If  the  thrombus  is  formed  some 
time  before  the  completion  of  term,  it  may  become  or- 
ganized or  undergo  calcification.  Early  or  excessive 
thrombosis  must  be  regarded  as  pathological,  but  the 
conditions  leading  to  this  are  not  yet  clear.  Syphilis, 
maternal  cachexias  due  to  nephritis  and  other  conditions, 
appear  to  be  associated  with  more  extensive  thrombosis 
than  is  found  in  the  chorion  of  normal  placentas.  It  is 
probable  that  any  thrombosis  of  the  chorionic  circulation 
before  the  beginning  of  the  seventh  month  of  gestation 
must  be  regarded  as  pathological.  In  the  case  of  the 
physiological  thrombosis  occurring  after  this  time  the 
obliteration  of  the  affected  vessels  is,  in  the  first  place, 
due  almost  entirely  to  the  proliferating  endarteritis,  the 
obstruction  being  completed  by  the  thrombosis.  Follow- 
ing the  obliteration  of  the  main  chorionic  branch,  there 
is  a  progressive  thrombosis  of  the  smaller  arterioles,  capil- 
laries, and  veins  belonging  to  it.  As  a  result  of  the  shut- 
ting-off  of  the  blood  supply  to  the  villi  there  follow 
marked  degenerative  changes  in  the  structures  of  the  villi 
which  will  be  described  under  the  head  of  infarction. 

Infarction. — The  so-called  anaemic  or  white  infarct  of 
the  placenta  is  one  of  the  oldest  described  conditions  of  this 
organ.  In  the  beginning  mistaken  for  inflammation  of  the 
chorion,  the  history  of  the  placental  infarct  and  that  of 
placentitis  are  for  the  greater  part  identical.  Guillemeau 
in  1648,  Mauriceau,  Portal,  and  Morgagni  a  little  later, 
were  the  tirst  to  note  the  occurrence  of  placental  infarcts, 
but  interpreted  them  as  being  inflammatory  in  nature. 
Later  the  same  appearances  of  the  placenta  were  accorded 
a  great  variety  of  interpretations,  such  as :  atrophy,  he- 
patization, phthisis,  apoplexy,  hsematoma,  fatty  degener- 
ation, hyaline,  amyloid,  gumma,  etc.  In  recent  years  the 
minute  changes  underlying  the  gross  appearances  have 
been  more  clearly  understood,  and  the  present  tendency 
is  to  consider  them  in  the  light  of  an  anaemic  necrosis  de- 
pendent upon  senile  changes  and  having  a  phj^siological 
significance. 

To  the  naked  eye  the  infarcts  of  the  placenta  appear 
as  yellowish-white  or  red  areas,  more  or  less  sharply  out- 
lined, firm  in  consistence,  and  lacking  the  usual  spongy 
appearance  of  placental  tissue.  They  vary  greatly  in 
their  location  and  size.  They  may  ha  very  large,  in- 
volving several  cotyledons  or  even  half  or  two-thirds  of 
the  placenta.  Usually  they  are  of  small  size,  varying 
from  areas  just  visible  to  the  naked  eye  to  wedge- 
shaped  or  irregular  areas  several  centimetres  in  diameter. 
They  occur  most  frequently  just  beneath  the  foetal  and 
maternal  surfaces  of  the  organ,  but  may  extend  entirely 
through  it.  Not  infrequently  they  form  broad  or  narrow 
bands  lying  upon  the  surface  of  the  chorion  just  beneath 


other  cases  red  or  yellowish  areas  are  scattered  through 
the  substance  of  the  organ  and  are  discovered  only  when 
the  placenta  is  cut.  The  red  infarcts  may  vary  in  color 
from  a  pale  pink  to  bla.ck.     They  occur  most  often  upon 
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Fig.  1398.— Placental  Infarction.    Natural  size.     (After  Kaufmann.) 


the  amnion.  These  bands  are  usually  but  a  few  milli- 
metres in  thickness.  They  may  occasionally  run  around 
the  margin  of  the  placenta  (placenta  marginata),  or  they 
may  form  a  zone  around  the  centre  of  the  oigan  some 
distance  from  its  periphery  (margo  placenta),  being  .sep- 
arated from  its  edge  by  apparently  normal  tissue.     In 
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Fig.  1299.— Small  Infarct  of  Chorion.  Several  necrosed  villi  sur- 
rounded by  flbrin.  The  necrosed  villi  have  lost  their  syncytial  coy- 
ering.     (After  Kaufmann.) 

the  maternal  side,  but  may  extend  completely  through 
the  organ.  To  these  red  areas  the  term  "  placental  apo- 
plexy "  has  been  usually  applied. 

The  red  infarct  may  be  elevated  above  the  surface  of 
the  placenta,  and  in  some  cases  the  organ  may  be  studded 
with  small  dark-red  nodules  (placenta  truffe).  The  yel- 
low or  white  infarct  is  more  often  depressed,  and  when 
of  large  extent  ma}'  cause  furrow-like  depressions  over 
the  placental  surface.  On  section  the  light-colored  in- 
farcts have  a  more  or  less  fibrillated  or  laminated  struc- 
ture, but  frequently  appear  cheesy.  The  red  ones  have 
a  more  granular  surface.  Calcification  occurs  with  great 
frecpienc^y  in  the  infarcts  of  all  colors. 

Microscopically  the  infarct  consists  of  chorionic  villi 
more  or  less  necrosed  and  compressed  together,  sur- 
rounded by  fibrin,  red  blood  cells,  and  necrosmg  decidual 
septa.  The  nuclei  of  the  connective-tissue  cells  of  the 
villi  have  either  entirely  lost  their  chromatin  or  are  dis- 
integrating, the  villous  elements  becoming  fused  into  a. 
hyaline  mass,  taking  a  uniform  pink  stam  with  eosin. 
The  syncytial  cells  are  partially  desquamated  and  fused 
into  black-staining  masses  of  chromatin,  while  the  cella 
of  the  decidual  septa  between  the  villi  are  swol- 
len, vacuolated,  and  exhibit  various  stages  of  ne- 
crosis. Fibrin  is  deposited  upon  and  around  the 
vilh,  and  is  made  up  of  closely  packed  fibrilla; 
so  that  It  appears  almost  hvaline.  It  stains 
with  \Yeigerfs  fibrin  stain  in  tlie  same  manner 
as  does  fibrin  found  elsewhere. 

In  other  cases  the  infarct  consists  only  of 
large  masses  of  laminated  fibrin  in  which  no 
traces  of  villi  can  be  found.  Others  contain 
shadows  of  necrosed  villi,  and  between  the  in- 
farcts containing  no  villi  and  those  exhibiting 
necrosmgv  ones  every  stage  of  transition  may  be 
touncl  1  hose  consisting  only  of  fibrin  are  prob- 
fihrin  J^^^'  ?  "^  regarded  as  older  infarcts.  In  the 
nnn  he?«  .  1  '^'^^''''.'''J^'^g  ^d  cells  are  found  in  large 
nfi  trrtA,?of  1°"'  '»f>'«q.™ntly  there  is  a  well-marked 
infiltiation  of  leucocytes  into  the  fibrin.  Lime  salts  may 
be  deposited  n  the  dead  villi,  the  syncytiTcelTs  oi  he 
necrosing  decidual  cells,  or  in  the  fibri,/ Patty  e'-enera 
tion  of  the  necrosing  villi  is  rare.    In  large  infa  cts  S  iqie- 
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faction  or  simple  softening  of  the  central  portion  niii)' 
take  place,  resulting  in  the  formation  of  a  pus-like  fluid, 
which  may  lead  to  an  incorrect  diagnosis  of  abscess  of 
the  placenta.  As  a  rule,  the  villi  immediately  border- 
ing upon  the  infarct  show  no  change,  but  occasionally 
there  maj'  be  a  sequestration  of  the  infarct,  or  forma- 
tion of  a  connective-tissue  capsule  about  it.  Rarely  a 
leucocyte  infiltration  is  seen  about  the  infarct. 

In  small  infarcts  the  changes  are  not  so  marked,  and 
the  villi  (one  or  several  in  number)  may  be  but  slightly 
changed,  and  surrounded  by  a  narrow  ring  of  hj'aline 
fibrin.  The  sync3'tiuni  usually  shows  some  evidence  of 
necrosis  or  desquamation,  but  the  stroma  of  the  villus 
may  remain  unchanged.  Tlie  structure  of  the  surface 
and  central  infarcts  is  csseutiall_v  the  same.  The  large 
pink  infarcts  are  similar  to  the  white  ones  except  in  the 
fact  that  the  red  blood  cells  ai'e  preserved.  The  red  in- 
farcts may  present  a  microscopical  appearance  exactly 
similar  to  that  of  the  white  ones.  In  other  cases  the 
fibrin  composing  them  contains  many  red  cells.  Non- 
flbrinous  infarcts  may  also  occur,  to  the  naked  eye  resem- 
bling the  white  fibrinous  ones,  but  microscopically  con- 
sisting of  necrosed  villi  crowded  closely  together  without 
intervening  fibrin.  Eden  believes  that  these  are  caused 
by  the  shutting  off  of  the  blood  in  the  decidual  sinuses 
whereby  the  supply  to  the  intervillous  spaces  is  ob- 
structed. These,  being  no  longer  filled  with  blood,  col- 
lapse, and  the  villi  being  thus  closely  crowded  together, 
become  anannic  and  undergo  necrosis. 

The  larger  blood-vessels  of  the  chorionic  stem  to  which 
the  infarcted  villi  belong,  show,  as  a  rule,  a  well-marked 
obliterating  endarteritis  and  periarteritis  associated  with 
thrombosis,  and  it  is  probable  that  the  infarction  is  due 
to  these  conditions. 

While  there  is  among  recent  writers  a  universal  agree- 
ment as  to  the  minute  structure  of  placental  infarcts, 
there  is  still  some  diversity  of  opinion  as  to  their  etiol- 
ogy and  pathological  significance.  Two  schools  exist. 
One  holds  that  infarcts  'are  the  result  of  degenerative 
changes  occurring  in  the  decidua  and  extending  thence 
to  the  neighboring  vilU,  the  intervillous  fibrin  masses 
representing  degenerated  decidua.  Proliferation  of  the 
decidua  may  even  first  take  place.  The  changes  in  the 
chorionic  vessels  are  regarded  as  purely  secondary.  The 
other  school  holds  that  the  vascular  changes  in  the  cho- 
rion are  primary,  and  that  as  a  result  of  these,  necrosis 
of  the  villi  occurs  followed  by  the  deposition  of  fibrin 
upon  and  about  the  dead  vilH.  This  school  also  regards 
the  infarction  process  as  physiological  and  not  the  result 
of  disease  changes.  This  latter  view  must  be  accepted 
in  view  of  the  recent  observations  concerning  the  occur- 
rence of  infarcts  in  the  ripe  placenta. 

Delore,  in  1899,  found  in  the  examination  of  several 
thousand  cases  that  infarcts  occurred  iu  one  hundred  per 
cent.  Williams,  in  1900,  states  that  he  lias  found  infarc- 
tion in  greater  or  less  extent  in  every  full-term  placenta 
examined.  The  writer  in  an  exandnation  of  one  hundred 
successive  placentas  found  them  in  every  case.  Many  of 
the  older  writers  at  widely  separated  periods  of  time  ex- 
pressed the  belief  that  infarcts  (described  under  various 
heads)  were  found  in  the  majority  of  all  placentas.  Eden 
was  one  of  the  first  of  the  more  recent  writers  to  empha- 
size the  constant  occurrence  of  placental  infarcts  as  being 
of  a  physiological  nature  and  not  as  evidence  of  disease. 
His  views  have  recently  been  confirmed  by  Williams  and 
others. 

According  to  Ackermann,  Eden,  and  Wdhams,  the 
chief  factor  in  the  production  of  placental  infarction  is 
to  be  found  in  the  changes  occurring  in  the  chorionic 
vessels.  These  are  of  the  nature  of  an  obliterative  end- 
arteritis and  periarteritis,  and  are  usually  most  marked 
in  the  vessels  of  the  chorionic  stems  and  in  the  larger 
arterioles  of  the  villi.  The  degree  to  which  this  cliange 
occurs  varies  greatly ;  in  many  cases  the  lumen  of  the 
vessel  may  be  almost  or  entirely  obliterated,  wliile  in 
others  there  is  but  a  slight  thickening  of  the  intima.  The 
endarteritis  is  similar  "to  that  found  in  other  regions  of 
the  body ;  there  is  a  proliferation  of  the  subendothelial 


connective  tissue  with  resulting  narrowing  of  tlie  lumen, 
the  newly  formed  tissue  becomes  hyidine  and  gradually 
loses  its  nuclei.  There  may  or  may  not  be  an  increased 
number  of  wandering  cells  in  the  vessel  wall.  Calcifica- 
tion occurs  much  less  frequently  than  in  sclerotic  vessels 
in  other  parts  of  the  liody. 

These  sclerotic  changes  occur  in  all  healthy  placentas; 
their  etioldgy  is  uidvnown,  but  inasmuch  as  they  form  a 
part  of  the  life  history  of  the  organ,  the  causes  leading  to 
their  pruduclion  must  be  sought  for  in  the  operation  of 
the  general  laws  f)f  histogenetic  development  and  decay. 
Under  ordinary  conditions,  to  be  regardefl  as  an  expres- 
sion of  senile  degeneration,  these  vascular  changes  can 
come  to  liave  a  pathological  significance  when  they  ap- 
pear at  an  earlier  period  than  normal.  In  such  case  they 
are  to  be  taken  as  an  indication  of  premature  .senility. 

As  a  result  of  these  vascular  changes  disturbed  nutri- 
tion of  the  tis.sues  of  the  villi  occurs.  This  is  shown  in 
the  first  place  by  a  necro.sis  of  the  cells  lying  just  beneath 
the  syncytium.  This  leads  gradually  to  a  desquamation 
of  the  syncytial  laj'er.  Changes  in  the  chromatin  of  the 
syncytial  cells  talce  place  but  slowly,  leading  to  the  in- 
ference that  these  cells  may  derive  some  nourishment 
from  the  maternal  blood.  They  do  not  begin  to  degen- 
erate until  the  tissue  beneatli  has  reached  a  certain  degree 
of  necrosis.  As  tlie  process  advances  the  connective  tis- 
sue of  the  villus  undergoes  necrosis,  becoming  changed 
into  a  hyaline  mass  which  stains  deep  red  with  eosin. 
The  necrosis  of  the  surface  of  the  villi  is  of  the  nature  of 
a  coagulation  necrosis,  fibrin  is  deposited  upon  the  dead 
cells.  As  the  process  advances  larger  pieces  of  syncy- 
tium degenerate,  and  upon  these  dead  cells  tliere  is  de- 
posited a  thick  layer  of  hyaline  fibrin  which  binds  the 
dead  villi  together  in  a  firm  fibrinous  mass.  In  the  oldest 
portions  of  the  infarct  the  villi  gradually  lose  their  con- 
tour, the  central  portion  of  the  infarct  becoming  after  a 
time  an  indistinguishable  mass  which  may  either  liquefy 
or  undergo  calcification.  The  syncytial  cells  may  be 
preserved  for  a  long  time  in  the  meshes  of  the  fibrin,  ap- 
pearing as  deeply  staining  clumps  of  chromatin. 

According  to  Williams,  the  deatli  of  the  stroma  of  the 
villus  is  also  of  the  nature  of  a  coagulation  necrosis  by 
which  the  tissue  of  the  villi  becomes  changed  into  can- 
alized fibrin.  The  writer,  in  the  study  of  a  large  number 
of  infarcts,  has  never  seen  anything  warranting  the  behef 
that  fibrin  may  be  formed  from  necrosing  villous  stroma. 
While  the  dead  villi  stain  similarly  to  fibrin  with  many 
stains,  tlie  proper  management  of  Weigert's  fibrin  stain 
will  always  differentiate  between  the  dead  villi  and  the 
true  fibrin  derived  from  the  blood  elements. 

While  the  great  majority  of  all  placental  infarcts  are 
undoubtedly  due  to  the  vascular  changes  in  the  chorion, 
it  seems  possible  that  in  certain  cases  the  infarction  is  the 
result  of  changes  beginning  in  the  so-called  decidual  septa 
which  extend  into  the  chorion.  Eberhardt,  Williams, 
and  others  believe  that  these  septa  are  of  ectodermal  ori- 
gin and  not  maternal.  If  this  is  the  case  the  primary 
factors  in  the  production  of  infarction  are  to  be  sought 
always  in  fretal  structures.  On  the  other  hand,  StefEeck 
and  others  hold  that  infarction  is  always  of  maternal  ori- 
gin, the  primary  change  taking  place  in  the  cells  of  the 
septa,  the  latter  being  extensions  of  the  maternal  decidua 
into  the  chorion.  The  necrosis  of  these  cells  leads  to  the 
formation  of  fibrin  in  the  intervillous  spaces  which  con- 
tracting compresses  the  villi  and  so  leads  to  their  necrosis. 

The  "pink  infarcts  do  not  differ  in  their  etiology  from 
the  white  ones,  but  are  most  probably  to  be  regarded  as 
more  recent  infarcts,  the  blood  between  the  necrosing 
villi  having  undergone  but  imperfect  coagulation.  The 
large  dark-red  infarcts  commonly  regarded  as  "  placental 
apoplexy  "  are  due  to  dilatation  and  thrombosis  of  the 
intervillous  spaces,  and  are  not  hemorrhages.  Their  eti- 
ology and  significance  are  not  yet  known,  but  it  is  ]3rob- 
able  that  they  are  connected  with  the  thrombosis  of  the 
maternal  sinirses  which  gradually  extends  into  the  inter- 
villous spaces  involving  a  larger  or  a  smaller  portion  of 
the  placenta.  The  origin  of  the  non-fibrinous  infarcts  is 
probably  that  suggested  by  Eden,  as  mentioned  above. 
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As  sequcliE  to  infarction  tliere  may  result  a  gradual 
atrophy  or  absorption  of  the  dead  villi  and  fibrin,  simple 
softening  with  formation  of  a  pus-like  material,  calcifi- 
cation, or  in  rare  cases  organization  may  lead  to  the  for- 
mation of  a  fibroma-like  mass  of  connective  tissue.  Cho- 
rionic cysts  may  also  be  formed  by  the  liquefaction  of  the 
central  portion  of  an  infarct. 

The  sclerotic  changes  in  the  chorionic  vessels  and  the 
resulting  infarctions  must  be  considered  as  purely  physi- 
ological processes  in  the  great  majority  of  all  full-term 
placentas.  Unfortunately,  the  significance  of  these  con- 
ditions is  at  the  present  time  but  little  understood,  and 
consequently  normal  phenomena  have  been  accorded  the 
most  varied  pathological  interpretations.  Such  mistakes 
are  due  entirely  to  a  lack  of  familiarity  with  the  changes 
found  in  normal  placental  tissue.  In  all  healthy  placen- 
tas infarcts  are  constantly  found,  and  are  present  at  all 
stages  of  gestation  from  the  earliest  period  of  chorionic 
development.  A  progressive  atrophy  and  disappearance 
of  the  villi  in  the  chorion  lasve  occur  from  the  very  begin- 
ning of  placental  formation,  and  this  is  the  normal  way  in 
which  the  extraplacental  villi  are  disposed  of  in  the  earlier 
weeks  of  gestation.  In  the  fcetal  placenta  itself  from 
the  very  beginning  there  is  on  one  hand  a  progressive 
formation  of  new  villi  and  a  progressive  destruction  on 
the  other.  This  process  is  but  the  extension  of  that  from 
the  extraplacental  chorion,  and  a  definite  progression  can 
be  traced  between  the  infarctions  of  the  extraplacental 
villi  and  those  of  the  placental  chorion.  As  Eden  has 
pointed  out,  infarction  is  therefore  "not  the  result  of 
pathological  factors  but  forms  a  part  of  the  normal  life 
history  of  the  placenta,  and  its  etiology  is  to  be  looked 
for  in  the  operation  of  the  natural  forces  of  evolution  and 
decay." 

Yet  many  authors  seek  to  give  a  pathological  meaning 
to  the  infarcts  found  in  the  full-term  placenta.  Von 
Franque  holds  that  the  vascular  changes  in  the  chorionic 
vessels  are  pathological  and  lead  to  placental  cedema, 
excess  of  the  amniotic  fluid,  etc.  Colin,  Wiedow,  Mar- 
tin, Pinard,  and  others  believe  that  there  is  some  definite 
relation  between  maternal  albuminuria  and  placental 
infarction,  and  that  the  latter  process  leads  to  marked 
changes  in  the  condition  of  the  foetus  even  to  the  extent 
of  death  and  abortion.  A  relation  has  also  been  claimed 
to  exist  between  infarction  and  eclampsia.  Zilles,  Prinz- 
ing,  Orth,  and  others  believe  that  there  is  a  causal  rela- 
tion between  sj'philis  and  infarction.  Favre,  Martin,  and 
Delore  hold  that  infarcts  are  caused  by  the  presence  of 
bacteria  in  the  blood  of  the  intervillous  spaces,  that  these 
cause  degeneration  and  necrosis  of  the  syncytial  cells 
which  in  turn  lead  to  infarction.  Williams  examined 
twenty  placentas  bacteriologicalljr  and  found  the  infarcts 
to  be  sterile.  The  latter  writer  liolds  that  moderate  in- 
farction is  not  pathological  and  exerts  no  harmful  influ- 
ence upon  either  mother  or  fojtus.  Marked  infarction  he 
believes  to  be  associated  usually  with  maternal  albumi- 
nuria, and  often  results  in  the  death  or  imperfect  develop- 
ment of  the  fcetus.  He  is  unable  to  account  for  the  rela- 
tionship between  the  two  conditions. 

According  to  the  results  of  the  writer's  study  of  a  hun- 
dred full-term  placentas,  large  infarctions  may  be  found 
in  cases  in  which  there  was  no  albuminuria  and  in  which 
both  mother  and  child  were  apparently  normal.  Such 
infarctions  are,  however,  of  greater  frequenc}'  in  the 
placentas  from  mothers  suffering  from  cachectic  condi- 
tions of  all  kinds,  tuberculosis,  syphilis,  nephritis,  anos- 
mia, severe  endometritis,  etc. ;  and  it  is  probable  that  in 
such  conditions  the  infarct  acquires  a  pathological  role 
and  may  affect  the  development  of  the  foatus.  Espe- 
cially is  this  likely  to  be  the  case  when  large  infarctions 
ocoir  in  the  early  months  of  gestation.  The  occurrence 
of  large  infarcts  before  the  seventh  month  seems  to  be  es- 
pecially associated  with  syphilis.  The  significance  of 
chorionic  infarction  may  then  be  summed  up  as  follows: 
1.  Moderate  infarction  of  the  placenta  after  the  seventh 
month  is  physiological. 

3.  Marked  infarction  of  the  ripe  placenta  may  have 
apparently  no  pathological  significance,  but  is  usually 
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associated  with  maternal  cachexias  and  maj'  affect  fcetal 
development. 

3.  Marked  infarction  of  the  placenta  in  the  earlier 
stages  of  gestation  is  especially  associated  with  syphilis, 
tuberculosis,  and  nephritis  of  the  mother,  and  may  result 
in  abortion. 

Atroi)h}/.— There  is  in  the  fcetal  placenta  from  the  very 
beginning  of  its  development  a  progressive  atrophyof 
the  chorionic  villi  on  the  one  hand,  and  a  new  formation 
on  the  other.  The  superfluous  villi  of  the  chorion  teve 
undergo  a  simple  atrophy,  and  the  process  extends  from 
them  "to  the  placental  chorion.  At  term  the  villi  are, 
as  a  rule,  of  much  smaller  size  than  in  the  early  months, 
and  this  decrease  in  size  is  to  be  looked  upon  as  being  of 
the  nature  of  a  histogenetic  or  senile  atrophy.  The 
myxomatous  tissue  of  the  young  villi  takes  on  with  age 
somewhat  of  the  character  of  mature  connective  tissue, 
and  while  many  of  the  villi  never  lose  entirely  their  em- 
bryonic character,  their  interstitial  tissue  becomes  firmer 
and  more  compact,  and  contracting  causes  a  marked  de- 
crease in  size.  The  small  vessels  of  the  villi  are,  how- 
ever, not  affected  by  this  contraction;  on  the  contrary, 
they  become  relatively  much  larger.  If  these  atrophic 
changes  occur  to  any  great  extent  before  the  seventh 
month  they  must  be  regarded  as  pathological.  Prema- 
ture atrophy  may  be  due  to  syphilis,  or  to  marked  ca- 
chexias due  to  other  causes.  The  direct  cause  of  both 
physiological  and  pathological  atrophy  lies  in  the  scler- 
otic chauges  in  the  larger  chorionic  vessels.  Slow  obliter- 
ation of  tliese  vessels  leads  to  simple  atrophy  of  the  villi, 
while  a  more  rapid  shutting-off  of  the  circulation  leads 
to  infarction.  The  first  structure  of  the  villus  to  show 
signs  of  atrophy  is  the  deep  layer  of  the  chorionic  epithe- 
lium. In  the  young  placenta  the  epithelial  covering  of 
the  villi  consists  of  two  layers:  a  superficial  laj'cr  of  nu- 
cleated Plasmodium,  and  a  "deep  one  of  well-defined  nucle- 
ated cells.  After  the  third  month  tliis  deeper  laj-er  un- 
dergoes atrophy  so  that  in  the  ripe  placenta  it  has  almost 
entirely  disappeared,  being  represented  only  by  scattered 
nuclei  beneath  the  plasmodial  laj'er.  The  plasmodial 
layer  undergoes  a  similar  atrophj'  in  the  last  months  of 
gestation.  In  the  ripe  placenta  many  of  the  villi  show 
in  places  complete  atrophy  of  the  Plasmodium,  so  that 
underljdng  capillaries  niaj'  be  directh'  exposed  to  the 
maternal  blood.  The  loss  of  vital  energy  in  the  syncy- 
tium is  further  shown  in  the  last  two  months  by  the 
gradual  cessation  of  bud  and  process  formation  whereby 
the  development  of  new  villi  comes  to  a  standstill.  The 
changes  in  the  stroma  occur  at  the  same  time  with  those 
in  the  syncj'tium.  Fibrin  is  never  deposited  upon  villi 
showing  simple  atrophy  alone,  but  only  upon  those  show- 
ing necrosis  or  degeneration. 

Necrosis. — Necrosis  of  the  villi  occurs  in  infarction  as 
described  above.  It  is  usually  of  the  nature  of  a  simpile 
necrosis,  but  many  writers  regard  it  as  being  a  form  of 
coagulation  necrosis.  The  stroma  just  beneath  the  syn- 
cytium is  the  first  part  affected  :  its  nuclei  become  swollen, 
irregular  in  shape,  and  there  is  a  gi-adual  loss  of  chro- 
matin. The  syncytium  then  necroses  and  fibrin  is  depos- 
ited upon  the  dead  surface  of  the  villus.  The  formation 
of  fibrin  from  the  degenerating  structures  of  the  villus, 
as  claimed  by  Williams  and  others,  is  not  yet  an  estab- 
lished fact.  Necrosis  of  the  villi  occurs  also  in  retained 
placenta  after  the  birth  of  the  foetus,  after  abortion,  or 
in^  connection  with  a  retained  dead  fretus.  Infection 
with  putrefactive  organisms  may  occur,  and  moist  gan- 
grene result.  In  a  number  of  cases  gaseous  emphysema 
of  the  necrosing  placenta  has  been  observed,  and  thcBacil- 
lus  aijrogenes  capsulatus  was  found  to  be  present  both  in 
the  fojtus  and  in  the  placenta.  The  sequeUc  of  necrosis 
of  the  villi  are  the  same  as  those  given  under  infarction. 
Oloudy  Swellinr/.—'Preceding  the  necrosis  in  infarction 
there  is  a  stage  of  degeneration  in  the  syncytial  and  sub- 
syncytial  cells  which  is  analogous  to  the  cloudy  swelling 
of  parenchymatous  organs.  The  cells  become  swollen, 
their  nuclei  larger,  the  cell  outline  irregular,  and  there  is 
a  gradual  disintegration  of  the  chromatin.  Such  changes 
are  very  commonly  found  throughout  the  entire  placenta 
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in  retention  ot  tlie  organ  alter  abortion,  delivery,  or  in 
connection  witli  deatli  of  tlie  fcetus. 

Hydropic  Degeneration. — Tliis  occurs  in  (Edeniatous  pla- 
centas, in  necrotic  placentas  retained  al'ter  abortion  or 
delivery,  in  gangrene,  placental  intlammation,  hydatid 
moles,  and  in  tlie  chorionic  villi  of  ectopic  gestation. 
The  villi  showing  this  degeneration  contain  large  vacuoles 
throughout  their  stroma.  Vacuoles  may  be  found  also 
in  the  syncytimn  and  in  the  cells  of  Langhans'  layer. 

Fatty  Degeneration. — A  very  slight  degree  of  fatty  de- 
generation of  the  villous  stroma  must  be  looked  upon  as 
a  normal  condition  in  the  last  months  of  pregnanc3^  Ex- 
tensive fatty  degeneration  of  the  placenta  was  tirst  de- 
scribed by  Barnes,  but  there  can  be  no  doubt  that  the 
changes  which  he  saw  were  those  of  infarction.  As  the 
result  of  his  error  the  literature  from  1851  to  1890,  both  in 
England  and  in  this  country,  contains  numerous  reports 
of  fatty  changes  of  the  placenta  based  upon  the  gross 
appearances,  and  the  descriptions  in  all  of  these  cases 
correspond  to  the  gross  changes  seen  in  infarction. 
Marked  fatty  degeneration  of  the  villi  is  very  rare,  and 
is  confined  almost  entirely  to  the  villi  in  ectopic  gestation 
after  the  death  of  the  fcetus,  but  the  degeneration  occurs 
to  a  lesser  degree  in  placentitis,  infarction,  retained  pla- 
centa, etc. 

Myxomatous  Degeneration. — The  str(mia  of  the  chori- 
onic villi  and  also  of  the  chorionic  stems  is  during  the 
early  months  of  pregnancj^  of  the  nature  of  myxomatous 
tissue.  In  the  later  months  it  takes  on  more  of  the  nature 
of  mature  connective  tissue,  especially  in  the  stems,  where 
it  comes  to  resemble  fully  de\-eloped  fibrous  connective 
tissue.  Many  of  the  villi,  however,  never  entirely  lose 
their  embryonic  type.  In  some  cases  the  entire  chorion 
may  retain  the  character  of  myxomatous  tissue,  in  other 
cases  there  is  a  myxomatous  degeneration  of  the  mature 
connective  tissue  of  the  stems  and  larger  villi.  This  de- 
generation occurs  in  the  placentas  of  cachectic  individ- 
uals and  in  retained  placentas  after  delivery  at  full  term. 
Associated  with  a  persistence  of  embryonic  type  or  with 
a  myxomatous  degeneration  there  may  be  a  hyperplasia 
of  the  chorion  w'hich  gives  rise  to  the  condition  known 
as  vesicular  mole,  hydatid  mole,  etc.  (see  below). 

Hyaline. — Within  certain  limits  a  hyaline  change  in  the 
walls  of  the  blood-vessels  of  the  chorionic  stems  is  phys- 
iological in  the  ripe  placenta.  Early  or  excessive  change 
of  this  nature  must  be  regarded  as  patliological.^  _  This 
occurs  in  the  pre-senile  condition  caused  by  syphihs  and 
other  cachexias. 

Amyloid. — The  presence  of  amyloid  in  the  chorion  has 
been  reported  a  number  of  times,  but  it  is  highly  proba- 
ble that  the  changes  seen  were  those  of  infarction,  and 
that  hyaline  fibrin  was  mistaken  for  amyloid. 

Calcijieation.—'T\\e  deposit  of  lime  salts  in  the  chorion 
is  also  within  certain  limits  to  be  regarded  as  a  senile 
process.  Small  areas  of  calcification  are  very  conuuon  in 
the  ripe  placenta,  occurring  practically  in  every  one,  and 
are  entirely  without  pathological  significance.  The  de- 
posits may  be  scattered  throughout  the  chorion,  as  many 
as  five  hundred  concretions  having  been  found  in  one 
placenta,  or  the  entire  surface  of  the  chorion  beneath  the 
amnion  may  be  covered  with  a  calcareous  deposit.  In  the 
latter  case  the  deposit  is  found  in  the  layer  of  fibrin  lying 
between  the  amnion  and  the  chorion.  In  the  scattered 
deposits  the  calcification  occurs  chiefly  in  the  intervillous 
fibrin  masses,  but  may  be  found  in  any  portion  of  the 
chorion,  in  the  syncytial  layer,  the  connective  tissue  of 
the  villi,  or  in  the  walls  of  the  blood-vessels  of  the  cho- 
rionic stems.  The  deposits  occur  most  frequently  in  or 
about  areas  of  infarction.  They  are  usually  of  small  size. 
To  the  naked  eye  the  presence  of  calcareous  masses  in 
the  placenta  is  shown  by  whitish  areas  having  a  firm 
consistence,  a  gritty  feel,  and  giving  a  grating  sound 
when  struck  with  a  knife.  Microscopically  the  deposit 
consists  of  irregular  masses  of  calcium  carbonate,  phos- 
phate, or  magnesium  phosphate,  giving  the  characteristic 
staining  reaction  with  htematoxylin. 

Just  when  calcification  takes  on  a  pathological  sigmfl- 
cance  it  is  at  present  impossible  to  say.     Extensive  de- 


po.sits  may  occur  when  both  mother  and  child  are  appai-- 
ently  in  perfect  health.  On  the  other  liand,  il  has  been 
claimed  that  calcification  to  an  extensive  degree  is  asso- 
ciated with  sypliilis  and  death  of  the  foitus,  but  no  con- 
stant association  can  be  shown  to  exist.  In  placentas 
befoi-e  the  seventh  month  calcification  has  the  same 
significance  that  infarction  or  sclerosis  has  at  this  period; 
it  is  to  be  taken  as  an  evidence  of  premature  senility, 
and  dependent  ujjon  nutritional  changes  resulting  from 
syphilis,  tuberculosis,  or  other  cachectic  conditions.  In 
both  syphilis  and  nephrids  a  fatty  degeneration  of  the 
terminal  villi  usually  precedes  the  calcification.  Early 
infarction  dependent  upon  early  obliteration  of  tlie  cho- 
rionic vessels  is  almost  always  followed  by  calcification  if 
the  nutritional  disturbances  are  not  so  great  as  to  produce 
abortion.  Sypliilis  is  tlie  most  commonly  associated  con- 
dition, and  may  therefore  be  regarded  as  an  etiological 
factor.  Since  caleifieation  most  frequently  follows  in- 
farction, tlie  greater  the  number  of  infarcts  the  more  ex- 
tensive the  caleifieation.  It  may  therefore  be  taken  to  a 
certain  extent  as  an  expression  of  the  degree  of  senile 
change,  but  it  must  be  remembered  that  in  many  cases 
infarction  is  not  followed  by  any  deposit  of  lime  siilts. 
In  the  retained  placenta,  either  after  delivery  or  after  abor- 
tion, calcification  is  of  very  frequent  oceurrence.  It  is  also 
very  frequently  found  in  the  chorion  in  ectopic  gestation. 
Both  membranes  and  foetus  may  be  entirely  calcified 
(lithopoBdion),  On  the  other  hand,  sclerosis  of  the  cho- 
rionic vessels  is  but  rarely  followed  by  calcification  of  the 
vessel  wall. 

Pigmentation. — Pigmentation  of  the  chorion  is  very 
rare.  Htematoidin  and  ha;mosiderin  may  be  found  in  old 
infarcts,  but,  as  a  rule,  these  pigments  are  not  formed  in 
the  placenta  from  the  disintegration  of  the  red  cells. 
They  are  of  more  frequent  occurrence  in  retained  pla- 
centas. In  malaria  of  the  mother  the  blood  in  the  inter- 
villous spaces  contains  both  the  malarial  organism  and 
its  pigment.  The  latter  may  be  deposited  upon  the  sur- 
face of  the  syncytium,  but  does  not  pass  through  this 
layer.  Retained  placentas  in  cases  of  severe  icterus  of 
the  mother  become  stained  with  bile  pigment,  the  pig- 
mentation being  confined  to  the  syncytial  layer  except  in 
those  portions  of  the  villi  denuded  of  syncytium  where 
the  stroma  of  the  villus  is  also  bile  stained. 

Fibrinoid  Degeneration. — Much  has  been  written  upon 
the  origin  of  placental  fibrin,  and  the  subject  cannot  be 
said  to  be  definitely  settled,  Ackermann  holds  that  it 
arises  from  the  decidual  cells  and  from  the  plasmodial  and 
cellular  layer  of  the  villi,  and  not  from  the  maternal  blood, 
Minot  also  affirms  that  it  arises  from  a  degeneration  of 
the  chorionic  epithehum.  Williams  believes  likewise 
that  the  syncytium  undergoes  coagulation  necrosis  and  is 
converted  into  canalized  fibrin.  Eden  considers  it  to  be 
largely  a  product  of  the  maternal  blood.  The  process 
has  been  styled  hyaline,  fibrous,  fibrinous,  hyahne-fibrin- 
ous,  and  fibrinoid  degeneration  of  the  placenta  by  the 
various  authors  who  regard  it  as  being  of  the  nature  of  a 
degeneration,  but  who  have  given  but  little  proof  of  their 
assertions.  The  writer,  after  a  careful  study  of  many 
placental  infarcts,  has  been  unable  to  convince  himself 
that  the  placental  fibrin  has  any  other  origin  than  that  of 
the  maternal  blood.  Wliile  with  ordinary  stains  the  in- 
tervillous fibrin  has  a  hyaline,  homogeneous  appearance, 
indistinguishable  from  the  necrosed  syncytium  and  de- 
cidua,  a  differentiation  can  always  be  made  with  Wei- 
gert's  fibrin  stain.  When  stained  by  this  method,  the 
fibrin  alwavs  shows  a  reticulated  structure,  in  the  meshes 
of  which  lie  necrotic  cells  of  the  syncytium  and  decidua. 

Pkogkessivb  Changes.— During  the  first  seven  months 
of  gestation  there  is  a  constant  new  formation  of  chorionic 
villi.  Proliferation  of  the  nuclei  of  the  syncytium  takes 
place,  leading  to  the  formation  of  a  plasmodial  bud  or 
offshoot,  which  becomes  vascularized  from  the  villous 
capillaries,  and  a  stroma  is  formed  for  the  young  villus 
from  the  proliferation  of  the  stroma  cells  of  the  parent 
villus.  During  the  last  two  months  of  pregnancy  the 
formation  of  the  plasmodial  buds  continues,  liut  very 
few  become  vascularized.     The  number  of  buds  is,  more- 
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over,  nfit  sn  great  as  in  the  early  months.  In  sections  of 
the  placenta  these  buds  appear  as  large  plasmodial  giant 
cells  when  cut  transversely.  They  are  frequently  very 
numerous  around  infarcts,  suggesting  a  compensatory 
regeneration.  Rarely  the  placenta  at  full  term  is  in- 
creased in  size,  and  shows  active  proliferation  of  the  villi 
as  in  the  early  months.  With  this  hyperplasia  there  may 
be  associated  a  myxomatous  or  hydropic  degeneration  of 
the  stroma  of  the  villi,  giving  rise  to  the  con(iition  known 
as  vesicular  or  hydatiil  mole.  A  similar  process  takes 
place  after  abortion  or  delivery  in  case  the  placenta  is 
retained,  but  is  much  more  frequent  and  extensive  the 
earlier  the  death  of  the  foetus  occurs.  The  retained  pla- 
centa, after  abortion,  may  live  with  not  only  a  lessened, 
but  frequently  an  increased  vitality  many  months  after 
the  death  of  the  fffitus,  and  this  may  lead  to  a  hyperplasia 
of  the  villi  resembling  in  character  that  of  a  new  growth. 
These  h3fperplastie  growths  of  the  chorion  may  be  found 
in  all  stages  from  the  slightly  increased  activity  in  the  for- 
mation of  syncytial  buds  to  the  development  of  atypical 
buds  infiltrating  the  uterus  wall  and  producing  metas- 
tases in  other  organs.  Various  names  have  been  given 
to  these  growths,  and  their  terminolog.y  is  at  present 
confused.  It  is  difticvdt  to  draw  any  close  distinction 
between  the  simple  hyperplasias  on  the  one  hand  and  the 
new  growths  on  the  other.  For  reasons  of  convenience 
they  will  be  described  under  the  head  of  tumors  of  the 
chorion. 

Placentitis  (C'lwrioniiis). — Though  the  term  placentitis 
occurs  frequently  in  the  literature,  the  actual  anatomical 
observations  of  inflanmiatory  conditions  of  the  fcetal 
placenta  are  so  rare  and  the  interpretation  of  these  so 
varied  and  conflicting  that  the  condition  cannot  be  said 
to  have  a  definite  status  in  pathology.  Throughout  the 
older  literature  there  are  references  "to  placental  inflam- 
mation as  an  occurrence  possible  but  rare.  It  is  first 
definitely  mentioned  bj'  Guillemeau  in  his  "Oeuvres  de 
C'hirurgie, "  1648.  Maurieeau,  Portal,  and  Morgagni  gave 
clinical  descriptions  of  "  placentitis  "  unsupported  by  ana- 
tomical observations.  Cruveilhier,  Murat,  Brachet,  Stein, 
d'Outrepont,  Wilde,  Simpson,  and  Rokitansky  made  many 
observations  by  which  they  declared  the  existence  of  pla- 
centitis to  be  conclusively  proved,  that  it  was  both  acute 
and  chronic  in  its  course,  and  in  common  with  other  in- 
flammations possessed  three  stages.  The  conclusions  of 
these  observers  were  ba.sed  wholly  upon  the  gross  ap- 
pearance of  the  organ  and  upon  a  theoretical  application 
of  the  changes  seen  in  croupous  pneumonia.  The  modern 
reader  can  have  no  doubt  that  they  saw  and  described 
the  placental  infarct.  In  1849  Scanzoni  gave  a  more  ex- 
act description  of  infarction,  showing  that  the  yellowish 
areas  consisted  of  fibrin.  He,  however,  interpreted  the 
condition  as  inflammatory  in  nature  and  designated  it  as 
"phthisis  placenta^."  He  was  supported  in  these  views 
by  Mattel  and  Geoffroy. 

But  doubt  as  to  the  correctness  of  these  views  soon 
arose.  Verdier  and  Bustamente  explained  the  phenomena 
as  due  to  retrograde  metamorphoses  of  blood  clots.  Robin 
especially  opposed  Scanzoni's  views,  and  gave  the  process 
a  wholly  different  interpretation.  According  to  his  ob- 
servations there  did  not  exist  a  true  inflammation  of  the 
placenta,  at  all  events  no  one  had  yet  seen  it.  What  had 
been  taken  for  placentitis  he  aflirmed  was  nothing  more 
than  a  "fibrous"  degeneration  of  the  chorionic  viUi  aris- 
ing from  the  obliteration  of  the  chorionic  vessels.  Doubt 
as  to  the  existence  of  placentitis  then  took  a  more  definite 
form.  Millet,  in  1861,  said:  "Nothing  is  less  preci.se  than 
the  symptomatology  of  this  affection,  nothing  is  less  ex- 
act than  its  pathologic  anatomy,  in  a  word,  nothing  is 
less  proved  than  this  inflammation  itself. "  In  1863  Maier 
and  Hegar  studied  very  carefully  the  phenomenon  for- 
merly described  as  placentitis.  After  a  minute  descrip- 
tion of  the  well-known  appearances  and  structure  of  tlie 
white  mfarct,  they  decided  that  the  partial  necrosis  of 
the  villi  near  the  fibrin  masses  was  tlie  expression  of  an 
interstitial  placentitis  .similar  in  its  nature  to  liepatic  cir- 
rhosis. Maier  noted  also  the  periarteritis  of  tlie  chorionic 
vessels,  and  considered  the  two  conditions  to  be  closely 
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related  and  to  lead  to  the  same  result,  atrophy  and  de- 
generation of  the  villi. 

In  1869  Charpentier  doubted  very  much  the  existence 
of  a  true  inflammatory  condition  of  the  placenta.  The 
pathological  anatomy  of  the  organ  became  more  and  more 
unsettled,  and  the  disposition  to  re,iect  placentitis  alto- 
gether rapidly  increased.  iMany  opinions  were  given  as- 
serting the  inipossibilitj^  of  a  placental  inflammation  in 
the  Cohnheim  sense  of  the  ijrocess,  since  there  "are  no 
capillaries  in  the  maternal  placenta  through  which  a  mi- 
gration might  take  place  and  no  nerves  to  regulate  the 
contractility  of  the  vessels  throughout  (he  organ."  The 
opinion  of  Robin  came  to  be  most  generally  accepted: 
"  What  has  been  taken  for  inflammation  of  the  placenta 
is  nothing  else  than  a  condition  of  transformation  of 
blood  clots  at  different  stages.  What  has  been  regarded 
as  pus  is  only  fibrin  in  the  cour.se  of  disorganization,  and 
in  those  cases  where  true  pus  has  been  found  the  pus  did 
not  come  from  the  placenta  but  from  an  inflammation  of 
the  tissue  of  the  uterine  walls  and  an  accidental  deposi- 
tion in  the  tissue  of  the  placenta. " 

In  1884  Ackermann  declared  all  previousl}'  entertained 
views  to  be  incorrect,  and  explained  all  of  the  observed 
phenomena  on  the  theory  of  an  ancemic  infarct  of  the 
placenta.  His  views  were  accepted  by  the  niajoritj'  of 
pathologists  in  so  far  as  the  question  of  the  existence  of 
placentitis  is  concerned.  An  immense  quantity  of  litem- 
ture  concerning  placental  infarction  now  sprang  into 
existence,  and  from  1884  to  the  present  time  the  question 
of  placental  inflammation  has  been  practically  relegated 
to  a  far  background.  In  summing  up  the  gleanings  from 
the  literature  we  find  that  the  older  writers  believed  in 
the  existence  of  a  placentitis  which  thej-  constructed 
from  clinical  phenomena,  inaccurate  gross  observations, 
and  still  more  inaccurate  microscopical  examinations  and 
weakly  grounded  reasonings  from  analogy.  As  the 
knowledge  of  pathological  histology  developed  the  status 
of  placentitis  became  more  and  more  unsettled,  and  the 
changes  which  the  older  observers  looked  upon  as  in- 
flammatory were  shown  to  be  of  the  nature  of  infarction, 
and  finally,  in  our  own  day,  to  be  considered  as  only  the- 
expression  of  senile  decav  of  the  organ.  The  literary 
history  of  placentitis  is  the  history  of  the  placental  in- 
farct, and  inflammation  of  the  placenta  as  a  definite 
pathological  entity  has  almost  disappeared  from  the  later 
literature,  and  its  existence  is  aflirmed  only  by  scattered 
and  un.satisfactory  observations. 

Small  foci  of  leucocytes  are  not  infrequently  seen  ia 
the  ripe  placenta,  especially  in  the  neighborhood  of  in- 
farcted  areas,  but  their  significance  is  unknown.  A  true 
purulent  inflammation  of  the  maternal  portion  of  the 
placenta  is  relatively  common.  It  may  be  due  to  gonor- 
rhceal  infection,  or  to  an  extension  of  a  neighborino- 
purulent  process  to  the  endometrium  and  decidua  In 
tlie  earher  months  it  may  be  due  to  infection  resulting- 
trom  attempted  abortion.  The  cells  of  the  decidua  un- 
dergo a  liquefaction  necrosis,  and  there  is  a  lar^^e  leuco- 
cyte infiltration  which  may  assume  the  proportions  of 
abscess  formation.  The  leucocyte  infiltration  extends 
along  the  decidua  and  into  the  decidual  septa  but  only 
in  rare  cases  involves  the  chorion,  the  uppermost  layJr 
ot  the  decidua  apparently  acting  as  a  barrier  to  the  ex- 
tension ot  the  process.  The  clnirion  is  most  likely  to  be 
involved  w  uii  the  decidual  inflammation  occurs  in  the 
early  months.  In  such  cases  the  svncvtium  becomes- 
swollen  and  hyaline,  gradually  losin-  its  nuclei  and  tak- 
ing a  very  deep  stain  with  eosin,  but  does  not  give  the 
fibrin  s  am  with  Weigerfs  metho.l.     The  stroma  of    1  e 

In  tucoe'v  "  r^"''V-''  %  ^^■''°"-^'  "^'"'^fi'^d  and  replaced 
by  leucocytes.  Each  villus  may  come  to  have  the  ap- 
pearance ot  a  small  abscess  surromide.l  by  theryncyiu 
^hlc  1  remains  intact  long  after  the  stroma  of  the  vidug 
mvta'l  Ji'.l'.f''^'"'-  Tl.e  formation  of  syncytial  bud 
he^in  Mw  of »  "■'"  '-''  /'"'  .''•'^S'-^-  Fi^'""  is  -formed  in 
1  nW  in  .  ^l''^"'«'.'^"t  is  not  so  homogeneous  and 
1}  aliue  in  character  as  m  the  placental  infarct      Leuco- 

■^"t^nm^-'^'u   "'"'f'  "P""  t^'^  surfaces  ofX 
aUutcd  Mlh,  and  in  the  early  stages  of  chorionitis  there. 
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may  "be  no  coagulation  in  the  intervillous  spaces,  even 
when  the  changes  in  the  syncytium  and  stroma  of  the 


Fig.  1311(1.— Purulent  Cliorionltis.  PlHcenta  and  toetus  removed  one  week  after  at- 
tempted abortion  in  tlie  third  month.  Stroma  of  the  villi  almost  wholly  liqueBed 
and  replaced  by  pus.  Syncytium  swollen  and  hyaline,  gradually  losing  its  nuclei. 
A  few  well-preserved  buds  lying  in  the  intervillous  spaces  which  contain  flbrm 
and  an  increased  number  of  leucocytes.  Camera  luclda  drawing.  Leitz  objective 
No.  3 ;  eyepiece  No.  2 ;  reduced  one-third. 

viUi  are  far  advanced.  The  place  of  extension  of  the 
purulent  process  from  the  decidual  septa  to  the  chorion 
may  usually  be  discovered.  Ultimately  the  complete 
destruction  of  the  affected  portion  gives  ri,se  to  a  well- 
defined  abscess  of  the  placenta.  Death  of  the  foetus, 
general  sepsis  on  the  part  of  the  mother,  may  result,  or 
in  rare  cases  the  pus  may  burrow  downward  through  the 
decidua,  escaping  from  the  uterus,  and  the  gestation  go 
to  full  term.  Purulent  inflammation  of  the  decidua  and 
chorion  is  of  frequent  occurrence  in  the  retained  placenta 
after  abortion  and  delivery,  and  in  the  placenta  of  ectopic 
gestation. 

Interstitial  chorionitis,  both  acute  and  chronic,  has  been 
described.  The  acute  forms  occur  only  in  the  early 
months  of  gestation,  and  are  practically  always  due  to 
syphilis  or  tuberculosis,  and  will  be  described  under  those 
heads.  The  condition  described  as  chronic  interstitial 
placentitis  is  in  reality  only  the  fibroid  change  which 
takes  place  in  the  chorionic  stroma  as  a  result  of  the  nor- 
mal or  premature  obliteration  of  the  chorionic  vessels, 
and  can  hardly  be  considered  as  inflammatory  in  nature.^ 

Periarteritis,  Endarteritis.— The  changes  in  the  chori- 
onic vessels  were  at  a  very  early  period  regarded  as  in- 
flammatory in  nature.  As  before  mentioned,  the  present 
view  is  to  consider  them  in  the  mature  placenta  as  bemg 
of  the  nature  of  senile  changes.  They  acquire  a  patho- 
logical significance  only  when  occurring  prematurely  or 
to  an  excessive  degree.  The  process  begins  as  a  rule  in 
the  terminal  and  medium-sized  arterioles,  later  in  the 
larger  arteries,  while  the  veins  and  capillaries  are  not 
affected  until  the  blood  supplv  is  almost  shut  off  by  the 
arterial  changes.  The  first  indication  of  the  process  is 
shown  ia  a  thickening  of  the  adventitia.  Very  soon  the 
intima  is  involved,  the  subeudothelial  cells  proliferating 
irreo-ularly,  forming  localized  growths  into  the  lumen,  or 
a  nrore  regular  narrowing  of  the  lumen  as  a  whole. 
When  the  lumen  is  almost  entirely  obliterated,  there  is 
usually  a  loss  of  the  endothelium  and  the  obturation  of 
the  vessel  is  completed  by  thrombosis.  In  the  tissue 
about  the  affected  vessels  there  may  or  may  not  be  any 


increase  in  the  number  of  wandering  cells.  These 
changes  begin  as  early  as  the  seventh  month  and  pro- 
gress until  delivery.  They  are  the  direct 
cause  of  infarction. 

Si/philix. — The  changes  in  the  chorion  as- 
cribed to  syphilis  are  numerous  and  varied. 
Infarction,  fatty  change,  calcification,  scle- 
rosis of  vessels,  fibroid  degeneration,  inter- 
stitial placentitis,  etc.,  have  all  been  regarded 
by  various  authors  as  being  of  syphilitic  ori- 
gin. As  seen  above,  many  of  these  condi- 
tions are  physiological  within  certain  limits, 
and  in  the  present  state  of  our  knowledge  it 
is  impossible  to  say  definitely  as  to  when  they 
acquire  a  pathological  significance,  and  their 
relation  to  syphilis  is  still  more  obscure. 
Frankel  has  observed  in  cases  of  early  fatal 
syphilis  transmitted  from  the  father  a  form 
of  acute  interstitial  chorionitis  in  which  there 
is  a  marked  proliferation  of  the  cells  of  the 
villous  stroma.  This  loses  its  myxomatous 
character,  its  blood-vessels  are  obUterated, 
the  villi  become  greatly  thickened,  and  as  a 
result  the  intervillous  spaces  are  decreased 
in  size.  The  newly  formed  stroma  is  of  a 
fibroblastic  character,  rich  in  large  spindle- 
shaped  cells,  having  more  or  less  vesicular 
nuclei.  The  change  may  affect  the  entire 
chorion,  or  scattered  areas  of  the  condition 
may  be  found  throughout  the  organ.  The 
former  is  most  likely  to  occur  when  the  in- 
fection occurs  at  conception,  the  latter  in 
syphilis  acquired  in  the  tirst  months.  In  the 
former  ease  death  of  the  foetus  and  abortion 
invariably  result,  in  the  latter  gestation  may 
go  on  to  full  term  with  the  birth  of  a  child 
showing  marked  syphilitic  manifestations. 
The  filjroblastic  character  of  the  affected  villi 
may  be  maintained  until  delivery  or  the  stroma  may  grad- 
ually assume  a  hyaline  character.     Early  and  marked  scle- 


FiG  1301  —Chorionic  Stem  from  Ripe  Placenta,  Showing  Normal 
Obliteration  of  Chorionic  Arteries.  Fibrin  adhering  to  edge ; 
Camera  lucida  drawing.  Leitz  No.  3  objective ;  eyepiece  No.  i ; 
reduced  one-third. 
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rosis  of  the  chorionic  vessels  accompanies  the  process,  and, 
as  a  result  of  this,  infarction  occurs  to  an  excessive  degree. 
Tliis  form  of  interstitial  placentitis  does  not,  however 
occur  in  all  cases  of  early  congenital  syphilis,  and  fcetal 
svphilis  may  exist  without  any  apparent  changes  in  the 
placenta.  Syphilis  of  the  mother,  acquired  in  the  later 
months  of  gestation,  may  or  may  not  affect  the  chorion. 
The  general  effect  of  maternal  syphilis  upon  the  chorion 
is  the  pro.luction  of  a  premature  senility  as  shown  by 
early  and  extensive  sclerosis  and  infarction.  ]Sone  ot 
the  chorionic  conditions  caused  by  syphilis  has  anything 
specific  in  its  character.  A  similar  interstitial  chorionitis 
(localized  and  not  diffuse)  may  be  caused  by  the  tubercle 
bacillus.  Gummatous  growths  are  not  found  m  tlie 
chorion,  though  they  have  been  described  as  occurring 
in  the  maternal  portion  of  the  placenta. 

Tvbemdosis.—TnheTmlosis  of  the  foetal  placenta  ha.s 
been  repeatedly  observed  during  the  last  decade  (Schmorl, 
Kockel,  Wartliin,  etc. ).  Typical  caseating  tubercles,  with 
giant  cells,  and  containing  tubercle  bacilli,  have  been 
found  in  tlie  chorionic  I'illi,  and  the  writer  has  seen  one 
case  in  which  there  were  localized  areas  of  interstitial 


riG.   1302.— Hydatid  Mole.     Myxomatous  degeneration  of   chorion. 
(After  Ziegler.) 


chorionitis,  with  giant  cells  but  without  caseation,  con- 
taining tubercle  bacilli.  The  foetus  may  be  infected  sec- 
ondarily to  the  tuberculous  condition  in  the  chorion, 
while  in  other  cases,  as  the  one  reported  bj'  Schmorl  and 
Birch-Hirschfeld,  tubercle  bacilli  ma}^  be  found  in  the 
feetus  without  the  occuri-ence  of  changes  in  the  chorion 
characteristic  of  tuberculosis.  It  is  doubtful  if  the  bacilli 
in  the  blood  of  the  maternal  sinuses  pass  through  a  per- 
fectly normal  syncytium,  the  tuberculous  proliferation 
of  the  cells  of  the  villous  stroma  being  either  secondary 
to  a  necrosis  of  the  syncytium,  upon  which  the  bacilli 
have  lodged,  or  the  diseased  villus  had  previously  lost  its 
plasmodial  covering,  wherebjr  the  bacilli  were  brought 
into  direct  contact  with  the  stroma.  Tuberculosis  of  the 
chorionic  villi  may  also  occur  in  ectopic  gestation,  as  in  a 
case  reported  by  the  writer  in  whicli  the  C3'st  wall,  ])la- 
centa,  and  fojtus,  as  well  as  both  Fallopian  tubes,  were 
tuberculous. 

xUelectnsis  of  Chorion. — Kiistner  has  observed  in  the 
1  lowest  portion  of  normal  placentas,  and  esiiecially  in 
placenta  prtevia  marginalis,  certain  areas  in  the  edge  of 
the  organ  which  were  thinner,  firmer,  dryer,  more  homo- 
geneous, and  of  a  browner  color  than  normal.  jMiero- 
scopically,  no  other  pathological  changes  are  found  lic- 
yond  such  a  close  crowding  ofthe  villi  that  the  intervillous 
spaces  are  obliterated.  Hi'  has  exjilained  these  changes 
as  being  the  result  of  a  continual  pressure  from  overlying 
parts  of  the  feetus.  and  comparing  the  condition  to  at'elec" 


tatic  changes  in  tlie  lungs  he  has  designated  the  conilition 
as  chorionic  atelectasis.  ^     t   „f  tho 

7'„,m(„-.<i  — The  most  frequent  and  important  ot   tne 
new  erowths  of  the  chorion  are  those  resulting  from  in- 
creased activity  in  the  syncytium.     These  form  a  large 
class  of  closely  allied  conditions,  ranging  from  a  simple 
hyperplasia  of  the  villi  to  atypical  growths  of  a  malig- 
nant nature.     Since  all  writers  are  not  yet  agreed  upon 
the  genesis  of  the  syncytium,  the  terminology  of  these 
growths  is  unsettled  'and  confused.     They  may,  however, 
be  divided  into  two  large  classes:   the  moles  or  benign 
syncytiomata,  and  the  syncytioma  malignum.^ 
■  ]\i;,ieg  _A  simple  hyperplasia  of  the  chorionic  villi  may 
occur  at  any  time  dunng  the  progress  of  gestation,  or  m 
the  retained  chorion  after  abortion  or  delivery.     This 
hyperplasia  is  essentially  due  to  a  proliferation  of  the 
syncytium,  the  growth  of  the  stroma  being  secondary. 
When  the  growth  is  toward  the  uterine  cavity,  it  may  be 
termed  a  benign  placental  polyp  (fleshy  rirole    placen- 
toma  etc  ).     If  the  newly  formed  villi  consist  of  hbrous 
connective  tissue  a  fibroid  placental  polyp  is  produced 
which  has  been  called  fibroma  chorii.     The  hyperplasia 
is   however,  most  frequently  associated  with  a  myxoma- 
tous degeneration  of  the  stroma  of  the  new  villi.     This 
may  involve  a  limited   number   of   villi   or   the   entire 
chorion  (hydatid  mole,  vesicular  mole,  grape  mole,  blad- 
der   mole,    myxoma    chorii,    etc.).      The    myxomatous 
change  begins  in  the  centre  of  the  villus,  while  at  the 
same  time  there  is  a  peripheral  growth  of  tlie  syncytium 
and  subsyncytial  layer.     As  a  result  of  this  coincident 
proliferation  "and  degeneration  the  villi  come  to  appear 
as  small  cysts  or  bladders  filled  with  a  mucin-containing 
fluid,  which  are  strung  together  by  delicate  pedicles  in  a 
manner  suggesting  bunches  of  grapes  or  resembling  the 
variety  of  "seaweed  known  as  bladder  wrack.     The  indi- 
vidual cysts  have  a  diameter  of  0.1  mm.  or  greater,  and 
are  fastened  to  slender  pedicles  which  arise  from  other 
cysts  or  directly  from  a  chorionic  stem,  which  as  a  rule 
siiows  much  less  change.     The  cyst  walls  are  very  thin 
and  delicate.     Microscopically  the  cysts  are  found  to  be 
much-changed  villi,  the  central  portion  consisting  of  a 
cavity  filled   with  a  serous   or  mucin-containing   fluid, 
through  which  a  few  strands  of  striima  remain  preserved. 
Toward  the  periphery  there  is  a  transition  into  a  more 
dense  myxomatous  tissue,  while  just  beneath  the  syncy- 
tium there  is  a  thin  layer  of  stroma  of  normal  type.     If 
the  degeneration  of  the  stroma  occurs  early  in  the  devel- 
o]iment  of  the  villus,  the  stroma  may  become  entirely 
fluid;   but  if   later,   fibrous   threads  remain,   giving  an 
appearance  more  nearly   resembling   edematous   tissue 
than  myxomatous.     According  to  Marchand,  no  mucin  is 
found  in  the  cysts,  the  process  being  a  hydropiic  rather 
than  a  myxomatous  degeneration.     The  ends  of  the  de- 
generating villi  are  either  free  or  fastened  to  the  uterine 
wall.     If  these  infiltrate  the  wall,  the  hydatid  mole  may 
take  on  a  malignant  character  and  should  then  be  classed 
as  a  malignant  syncytioma.     The  causes  of  the  hyper- 
])lasia  and  degeneration  arc  unknown.     It  maj-  be  assumed 
that  after  the  death  of  the  fietus  the  excess" of  nutrition 
supplied  to  the  chorion  leads  to  increased  formative  activ- 
ity on  the  part  of  the  syncytium,  and  the  degeneration  of 
tlie  stroma  may  be  due  to  an  inability  of  "the  latter  to 
keep  pace  with  the  former  in  proliferati(in.     Hemorrhages 
from  the  decidua  frequently  accompany  the  proliferation 
of  the  villi,  and  large  mas"ses  of  flbriii  may  be  formed 
aiound  the  new  villi  (fibrin  mok-).     Thoug'h  these  cho- 
rionic hyperplasias  most  frequently  follow'abortion  and 
delivery,  they  may  begin  during  tlie  course  of  an  appar- 
ently normal  gestation  and  lead  to  abortion.      After  the 
death  of  the  tVeltis  the  ginwth  may  continue  indefinitely, 
and  may  at  any  time  assume  malignant  cliaracteristics. 
They  may  als<j  arise  in  the  vagina  or  in  the  cyst  walls  of 
ectopic  gestations,  wherever  "chorionic  villi  "may  be  re- 
tained after  death  of  the  fietus.    Since  by  some  Avriters  the 
syncytium  is  regarded  as  lieing  ectodermal  in  origin,  the 
various  forms  of  benign  moles"  have  been  styled"benian 
cliorio-e|)itheliomata,  since  in  all  cases  it  is  tl)"e  syncytirim 
which  governs  the  development  of  the  stroma.     "These 
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growths  mvist  then  be  placed  among  epitlielial  tumors, 
as  the  process  is  essentiallj'  a  sjmcytial  overgrowtli ;  and 
not  among  connective-tissue  tumors  with  wliich  tliej' 
were  formerly  classed. 

Syncytioma  Malign  urn  ( Chorio-EpUhelionui). — Since  the 
chief  factor  in  the  formation  of  the  hydatid  mole  is  the 


Fig.  13U3.— Syncytioma  Mallgmmi.    Infiltration  ut  muscle  of  utenne  wall  by  atypical  plasmodial 
masses  arising  from  tlie  cliorioulc  sjTicytium.     (After  Ziegler.) 


proliferation  of  the  syncytium,  this  growth  bears  a  close 
analogy  to  an  adenoma,  and  when  the  syncytial  buds 
and  cells  infiltrate  the  maternal  tissues,  giving  rise  to 
metastases,  it  becomes  carcinomatous  in  nature.  The 
histological  structure  of  the  mole  does  not  in  itself  give 
evidence  of  its  benign  or  ma- 
lignant character.  Apparently 
benign  moles  may  give  rise 
to  metastases,  while,  on  the 
other  hand,  transported  villi 
may  fail  to  give  rise  to  new 
growths.  The  behavior  of  the 
transported  villi  is  governed 
solely  by  the  covering  epithe- 
lium. Marchand  distinguishes 
between  two  forms  of  ehorio- 
epithelioma,  typical  and  atypi- 
cal. In  the  former  the  chori- 
onic epithelium  appears  as  in 
the  early  months  of  gestation, 
consisting  of  irregular,  branch- 
ing plasmodial  masses.  In  the 
atypical  form  the  cells  are  ir- 
regular and  compact,  with  very 
large  and  deeply  stained  nu- 
clei, and  while  multinuclear 
cells  are  present  there  are  no 
continuous  plasmodial  masses. 
The  atypical  form,  when  infil- 
trating, may  resemble  either 
sarcoma  or  carcinoma,  but  in 
the  secondaries  no  stroma  is 
formed  as  in  carcinoma.  In- 
travascular growths  may  oc- 
cur, and  either  lymphogenous 
or  hematogenous  metastasis. 
Secondaries  are  most  f  req  uently 
found  in  the  vaginal  walls  and 
lungs,  but  occur  also  in  the 
liver,  spleen,  etc.  The  com- 
bination of  branching  plasmod- 
ial masses,  the  presence  of  cells 
corresponding  to  those  in  Lang- 
hans'    layer,    the    absence    of 


Ijlood-vessels  and  connective-tissue  cells  in  the  intravas- 
cular growths  are  charaotei-istics  seen  only  in  growths 
arising  from  chorionic  epithelium. 

The  weight  of  authority  at  the  present  time  accords  to 
the  syncytium  a  feetal  and  ectodermal  origin.  The  ecto- 
dermal nature  of  Langhans'  layer  seems  lo  tie  definitely 
established,  and  between  it  and 
tlie  syncytium  there  exist  transi- 
tional forms  which  point  to  a 
common  origin  for  the  two  lay- 
ers. The  term  chorio-epithelioma 
would  then  seem  to  be  justified. 
Both  the  hydatid  mole  and  the 
cliorio-epithelioma  arise  as  a  result 
of  the  increased  formative  activity 
of  the  chorionic  epithelium  caused 
by  the  increase  of  nutrition  oc- 
curring after  the  death  of  the 
ftetus.  The  normal  inhibition 
being  thus  removed,  the  syncy- 
tium may  continue  to  grow  in- 
definitely and  in  an  atypical  man- 
ner. Its  cells  become  Icjosened 
and  through  chemotaxis  enter  the 
maternal  vessels  giving  rise  to 
metastases.  The  necessitj'  of  an 
earljr  removal  of  all  retained  pla- 
centas is  therefore  clearh'  indi- 
cated, as  malignant  changes  may 
occur  at  any  time. 

C'onnsctim- Tissue  Tumors. — The 
number  of  reported  cases  of 
circumscribed  connective  -  tissue 
growths  of  the  chorion  is  very 
small,  only  36  having  been  observed  up  to  the  present 
time.  Of  these  1-4  were  diagnosed  as  myxoma  fhrosum, 
10  as  fibroma,  9  as  angioma,  3  as  mrcoma,  and  1  as  a 
hyperplasia  of  the  villi.  Of  these  the  two  diagnosed  as 
sarcoma  showed  no  evidences  of   malignancy,  and  the 


Fig.  1301.— Cyst  of  Cliorlon. 


(After  Fenomenow,  Arch.  f.  Gijn.,  Bd.  xv.) 
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one  designated  as  hyperplasia  was  described  as  a  circum- 
scribed tumor.  It  is  probable  that  these  three  be  ong  to 
the  same  class  as  the  others,  and  the  similarity  of  all  these 
growths  in  structure  would  make  the  diagnosis  of  angtoma 
fibro-mymma  applicable  to  all.  In  the  case  of  all  these 
tumors  it  has  been  shown  that  the  chorion  is  the  seat  ot 
growth  and  that  neither  decidua  nor  amnion  is  concerned 
in  their  origin ;  further,  that  the  tumor  arises  from  one 
cotyledon,  even  when  multiple,  having  but  one  artery 
and  vein.  No  degenerative  changes  were  found  in  the 
remaining  portion  of  the  chorion  that  could  be  in  any 
way  associated  with  the  origin  of  the  growth.  Accord- 
ing to  Albert  these  circumscribed  chorionic  tumors  arise 
not  from  the  degeneration  of  an  existing  cotyledon,  but 
represent  an  atypical  proliferation  of  a  portion  of  the 
allantois,  which  through  some  unknown  error  of  devel- 
opment has  failed  of  normal  growth,  and  retaining  its 
embryonic  impulse  to  proliferation  leads  to  the  formation 
of  an  atypical  mass  which  may  consist  chiefly  of  myxo- 
matous tissue  (myxoma),  connective  tissue  (fibroma), 
branching  vessels  (angioma),  or  of  combinations  of  these. 
If  the  resulting  formation  is  very  cellular,  it  may  be  taken 
for  a  sarcoma,  but  has  not  the  malignant  characteristics 
of  this  form  of  growth.  No  name  has  as  yet  been  pro- 
posed for  these  growths  which  will  indicate  both  their 
origin  and  nature. 

Cysts. — Aside  from  the  cases  which  are  very  evidently 
to  be  classed  with  the  hydatid  mole  few  cysts  of  the 
chorion  have  been  reported.  These  have  been  large  thin- 
walled  cysts  filled  with  a  clear  fluid,  situated  on  the  fce.tal 
surface.  In  a  few  an  epithelial-like  lining  has  been  ob- 
served. According  to  Jaquet,  four  varieties  of  placental 
cysts  are  found ;  Gelatinous,  arising  from  the  space  be- 
tween the  chorion  and  amnion,  perivascular  cysts,  blood 
cysts,  and  degeneration  cysts  of  the  villi.  Hegar  and 
Maier  believe  that  chorionic  cysts  may  arise  from  the  en- 
capsulation and  absorption  of  old  hemorrhages.  They 
majr  also  arise  from  the  simple  softening  of  infarcts  or  as 
a  sequel  of  chorionitis.  Further,  cysts  may  arise  from 
disturbances  in  the  development  of  chorion  and  amnion. 
In  the  case  of  the  large  monolocular  chorionic  cysts  the 
cause  and  manner  of  formation  are  wholly  obscure. 

Parasites. — The  micro-organisms  found  in  the  maternal 
circulation  will  appear  in  the  blood  of  the  maternal 
sinuses:  It  is  a  question  whether  these  are  able  to  pass 
through  a  perfectly  normal  and  intact  syncytium,  but 
the  present  opinion  is  that  the  chorionic  epithelium  in  a 
normal  state  acts  as  a  barrier  to  the  passage  of  organisms 
from  the  maternal  blood  to  that  of  the  foetus.  Some 
lesion  of  the  syncytium,  such  as  necrosis  or  desquama- 
tion, seems  to  be  necessary  for  the  passage,  and  this  in- 
jury may  be  caused  b_y  the  organisms  themselves  or  be 
due  to  other  causes.  In  the  human  species  the  bacilli  of 
tuberculcsis,  typhoid  and  cholera,  the  pus  cocci,  pneu- 
mococcus,  recurrens  spirillum 
have    been   known    to  have 

passed  through   the   chorion  -■-,, 

and  to  have  infected  the  foe- 
tus. The  virus  of  smallpox, 
scarlatina,  and  syphilis  may 
pass  through  the  placenta, 
either  with  or  without  ap- 
parent local  changes.  In  the 
case  of  tuberculosis  the  ba- 
cilli may  be  found  in  the  fav 
tus  when  none  can  be  demon- 
strated in  the  chorion.  The 
important  problems  associat- 
ed with  placental  transmis- 
sion of  disease  have  as  yet 
been  barely  touched  upon, 
and  remain  a  ripe  field  for 
future  investigations. 

Edampsia. — Schmorl  has  observed  in  this  disease  the 
presence  of  emboli  of  giant  cells  in  the  pulmonary  vessels, 
which  he  considers  to  be  of  syncytial  origin.  According 
to  his  theory  these  emboli  give  rise  to  multiple  thrombo- 
sis of  the  pulmonary  vessels,  which  are  the  direct  cause 


of  the  eclampsic  convulsions.  This  theory  cannot  at 
present  be  said  to  stand  upon  a  very  secure  foundation. 
It  is  possible  that  in  some  of  the  cases  of  eclampsia  in 
which  pulmonary  emboli  of  giant  cells  have  been  ob- 
served the  giant  cells  were  of  bone-marrow  origin  and 
not  placental,  inasmuch  as  the  differential  diagnosis 
between  placental  giant  cells  and  those  of  the  bone  mar- 
row is  impossible  except  in  those  cases  in  which  large  syn- 
cytial masses  are  present.  Emboli  of  placental  cells  have 
been  observed  in  cases  in  which  there  were  no  symptoms 
of  eclampsia.  Further,  multiple  thrombosis  of  the  lungs 
produced  by  multiple  emboli  of  liver  cells  does  not  give 
rise  to  eclampsic  symptoms.  The  whole  question  of 
placental-cell  embolism  is  at  present  somewhat  unsettled. 
Infarction,  hemorrhage,  fatty  degeneration,  etc.,  of  the 
chorion  have  also  been  believed  to  bear  a  causal  relation 
to  the  phenomena  of  eclampsia. 

Abortion.^lhe  minute  pathology  of  abortion  is  for 
the  chief  part  an  unknown  field.  Fatty  degeneration, 
infarction,  hemorrhage,  calcification,  myxomatous  de- 
generation, etc.,  have  in  many  cases  been  supposed  to 
have  been  the  exciting  factor  of  the  death  and  expulsion 
of  the  foetus.  Just  what  relation  these  changes  actually 
bear  to  the  production  of  abortion  it  is  at  present  impos- 
sible to  say.  In  the  majority  of  cases  we  are  unable  to  say 
whether  the  placental  changes  are  primary  or  secondary. 
The  association,  however,  of  these  changes  in  the  chorion 
with  a  relatively  large  number  of  cases  of  abortion  makes 
it  possible  that  when  present  to  an  excessive  degree  they 
may  lead  to  abortion.  Aldred  Scott  Warthin. 

CHOROID,  DISEASES  OF.— Anatomical  Considera- 
tions.—The  choroid  is  of  mesoblastic  origin:  in  connec- 
tion with  the  ciliary  body  and  iris  it  forms  the  vascular 
tunic  of  the  eye.  It  originates  as  a  differentiation  of 
mesoblastic  formative  cells  over  the  outer  surface  of  the 
secondary  eye  vesicle ;  its  first  appearance  being  mani- 
fested by  a  plexus  of  capillaries  lying  next  to  the  outer 
surface  of  the  secondary  eye  vesicle.  These  capillaries 
eventually  form  the  choriocapillaris.  At  first  indistin- 
guishable from  that  portion  of  the  mesoblastic  tissue  which 
later  becomes  sclerotic,  it  soon  becomes  differentiated,  its 
princii^al  structure  being  separated  from  the  sclera  hy  the 
perichoroidal  lymph  space.  The  choroid  extends  through- 
out the  whole  of  the  posterior  part  of  the  globe,  its  ante- 
rior boundary  being  the  ora  serrata.  The  choroid  consists 
of  five  layers,  which,  from  without  inward,  are: — 

First,  the  svpraclioroid  layer,  consisting  of  a  few  non- 
vascular lamellae  of  pigmented  fibres  which  remain  at- 
tached to  the  sclera  when  the  choroid  is  torn  from  it. 
Numerous  trabeculfe  pass  from  the  lamina  suprachoroidsea 
to  the  layer  of  large  vessels  traversing  the  suprachoroidal 
lymph  space. 

Second,  tlie  layer  of  large  vessels,  which  contains  large 


riG.  130.5.— Section  of  Cliorold, 
capillaris  is  just  above  it; 
cboroldea. 


(From  Qualn,  after  Cadiat.)    a.  Membrane  of   Bruch— tbe  chorio- 
fi,  vascular  layer ;    c,  vein  with  blood  corpuscles ;    ci,  lamina  supra- 


arterial  and  venous  trunks,  numerous  nerve  fibres  and 
connective-tissue  stroma  throughout  which  are  scattered 
many  pigmented  branching  cells. 

Third,  the  elastic  layer  of  Battler,  a  thin,  rather  dense 
layer  composed  largely  of  elastic  connective-tissue  fibres. 
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It  lies  between  tJie  layer  of  liirge  vessels  and  the  cliorio- 
capillaris. 

Fovirtli,  the  c?wriocapillari«,  a  layer  of  capillaiies  wliicli 
anastomose  freely,  forming  a  close  network.  The  capil- 
laries are  most  dense  at  the  yellow  spot,  the  meslies 
becoming  larger  as  the  periphery  is  approached.  The 
choriocapillaris  is  continuous  through  the  entire  area  of 
the  choroid.     The  capillaries  anastomose  with  those  of 


Fig.  laOfi.— Lateral  View  o(  tUe  Arteries  ol  tlie  Choroid  and  Iris. 
(From  Quaiu,  after  Arnold.)  a.  Optic  nerve  ;  7i,  part  ot  the  sclera 
left  behind  ;  c,  region  of  ciliary  muscle  ;  (/,  iris  ;  1,  posterior  ciliary 
arteries  piercing  the  sclera  and  passing  along  the  choroid  ;  3,  one  of 
the  long  ciliary  arteries  ;  3,  anterior  ciliary  arteries. 

the  optic  nerve,  but  never  with  those  of  the  retina.  The 
function  of  this  laj'er  is  to  supplj'  nourishment  to  the 
posterior  layers  of  the  retina. 

Fifth,  the  lamina  vitrea,  a  thin  homogeneous  membrane 
separating  the  pigment  layer  of  the  retina  from  tlie 
choriocapillaris. 

Blood  Supply. — The  blood  supply  to  the  choroid  is  by 
the  short  posterior  ciliary  arteries,  twelve  to  fifteen  in 
number,  which  pierce  the  sclera  diagonally  about  the 
optic  nerve.  On  reaching  the  choroid  they  anastomose 
rather  freely  in  the  layer  of  large  vessels,  sending  numer- 
ous small  branches  to  the  choriocapillaris  into  which  the 


FIG.  1307.— Lateral  View  of  the  Veins  of  the  Choroid.  (From  Quain, 
after  Arnold.)  1,  1,  Two  trunks  of  the  vena^  vorticosae  at  the  place 
■n;here  they  leave  the  choroid  and  pierce  the  sclerotic  coat.  The 
other  lettering  is  the  same  as  in  Fig.  13IJti. 

arterial  blood  flows.  About  the  optic  nerve  the  arteries 
form  a  vascular  circle,  known  as  the  circle  of  Haller,  from 
which  some  small  branches  pass  to  the  retina.  Anteriorly 
they  anastomose  with  the  anterior  ciliary  arteries.  The 
blood  is  returned  from  the  choriocapillaris  by  numerous 
small  veins,  which  pass  to  larger  venous  branches  in  the 
layer  of  large  vessels.  The  veins  anastomose  very  freely 
and  finally  converge  to  form  from  four  to  six  large  veins, 
known  as  the  vense  vorticosfe,  which  pierce  the  sclera  at 
the  equator  of  the  globe,  emptying  into  the  large  venous 
trunks  of  the  orbit. 

The  amount  of  pigment  present  in  the  pigmented  cells 
of  the  choroid,  as  in  the  pigment  layer  of  the  retina, 
differs  largely  in  different  individuals.    In  the  blond  it  is 


relalively  scanty,  in  the  brunette  and  negro  very  den.se. 
In  tlie  albino  the  pigment  is  wanting  and,  by  means  of 


Fig.  1308.— Coloboma  of  the  Choroid.     (Haab.) 

the  ophthalmoscojie,  the  larger  veins  and  arteries  of  the 
clioroid  can  be  distinctly  seen. 

Congenital  Ano.malies. — Colohorna  of  Ihe  Choroid  is  a 
defect  which  is  usually  situated  in  the  lower  part  of  that 
membrane.  It  is  ])i-imarily  due  to  imperfect  closure  of  the 
retinal  fissure  in  the  development  of  the  eye  and  the  con- 
.sequent  imperfect  formation  of  the  choroid  over  the  sec- 
ondary eye  vesicle.  The  retinal  fissure,  which  begins  to 
close  at  its  posterior  extremity,  should  be  completely 


1309.  —  Macular  Coloboma  of  the  Choroid. 
Masselon.) 


(De  Wecker  and 


closed  by  the  end  of  the  second  month  of  fa^tal  life;  it 
may  be  arrested  at  any  stage  of  development;  hence  the 
various  difl'erences  in  shape  seen  in  coloboma  of  the  cho- 
roid. Tlie  defect  is  usually  separated  from  the  optic  disc 
by  a  bridge  of  normal  choroid ;  it  broadens  out  and  ex- 
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tends  toward  the  ciliary  bod}'.  Tlie  border  of  tlie  defect 
is  irregularly  pigniented.  The  anterior  layers  of  the  ret- 
ina pass  over  tlie  defect,  but  all  perceptive  elements  are 
wanting.  Viewed  with  the  ophthalmoscope  the  defect 
presents  a  pearly-white  appearance  traversed  by  a  few 
retinal  vessels.  Cololioma  of  the  iris  not  infrequently  ac- 
companies coloboma  of  the  choroid,  and  coloboma  of  the 
lens  is  sometimes  observed.  Bulging  of  the  sclera  at  the 
site  of  the  coloboma  is  sometimes  present;  this  may  as- 
sume the  character  of  a  cyst.  The  globe  in  these  cases  is 
frequently  microphtlialmic.  Imperfect  development  of 
the  central  nervous  system  and  of  the  cranium  is  some- 
times observed  in  these  cases. 

Extra-PitpiUdry  C'olobomaiii  are  sometimes  seen.  These 
are  irregularly  circular  in  shaiie  and  are  generally  located 
in  the  macular  region.  So  often  is  this  the  case  that  they 
are  termed  macular  colobomata.  Various  theories  have 
been  advanced  to  explain  the  origin  of  these  defects,  but 
none  of  them  has  been  substantiated.  Angio-cavernomata 
are  sometimes  observed  as  congenital  defects  in  the  cho- 
roid.    They  may  occur  in  any  part  of  the  membrane. 

Eyperamia  nf  tlie  Choroid. — This  condition  is  undoubt- 
edl_y  present  much  more  frequently  than  it  is  recognized. 
Hypertemia  of  the  choroid  is  present  under  the  following 
conditions:  In  congestion  of  the  head;  as  the  tirst  evi- 
dence of  a  general  or  localized  inflammation  of  this  part 
of  the  eye;  as  an  accompainment  of  an  exudative  reti- 
nitis; and  as  a  symptom  of  either  leucocytha>mia  or 
pernicious  anaemia.  A  deepening  in  the  color  of  the 
fundus  and  slight  reddening  of  the  optic  disc  accom- 
pany this  condition;  however,  unless  one  eye  alone  is 
affected,  the  change  in  the  appearance  of  the  fundus  is 
so  slight  that  it  is  impossible  to  diagnose  it  by  means  of 
the  ophthalmoscope.  It  is  held  by  some  writers  that 
hyperajmia  of  the  choroid  is  accompanied  by  certain  sub- 
jective symptoms,  such  as  meteoric  flashes  of  light,  wavy 
effects  like  those  produced  by  the  atmosphere  when  radi- 
ated from  a  heated  surface,  and  at  times  photopsia. 
These  phenomena  are  due  to  disturbance  of  the  percep- 
tive elements  of  the  retina,  and,  as  they  often  precede 
destructive  processes,  they  should  be  given  careful  at- 
tention. 

Choroiditis.— The  term  choroiditis  is  not  sufficiently 
comprehensive  to  include  all  of  the  pathological  processe"s 
which  aff'ect  the  choroid,  since  not  all  of  the  processes 
are  inflammatory.  It  is  therefore  logical  to  divide  the 
affections  of  the  choroid  into  inflammatory  and  non- 
inflammatory ;  to  the  first  the  term  choroiditis  properly 
applies,  to  the  second  the  term  choroidal  atrophy  applies. 
All  forms  of  choroiditis  are  exudative;  for  convenience 
they  may  be  divided  into  non-suppurative  and  suppura- 
tive. The  non-suppurative  forms  include  the  sero-plas- 
tic,  plastic,  disseminate,  diffuse,  areolar,  circumscribed, 
hemorrhagic,  sclero-choroiditis  anterior,  and  some  forms 
of  central  choroiditis. 

Causes.  The  causes  of  choroiditis  are  the  same  in  all 
except  the  embolic  or  metastatic,  the  piu-uleut,  tubercu- 
lous, traumatic,  and  atrojihic  forms,  and  may  be  consid- 
ered before  descriptions  of  the  various  form's  are  o-iven 
The  most  frequent  cause  is  syphilis,  either  inhcrifed  or 
acquu-ed.  That  due  to  inherited  svphilis  (which  is  liv 
far  the  most  frequent  cau.se)  is  often  discovered  only  after 
the  clearing  up  of  an  interstitial  keratitis.  It  is  probable 
that  m  some  cases  the  choroidal  di.sease  precedes  the  cor- 
neal, liut  no  (loul)t  the  reverse  is  true  also  in  many  cases 
The  choroiditis  of  acquired  syphilis  may  follow  thV  initial 
lesion  in  a  few  months,  but  it  is  rare  at  so  early  a  period  ■ 
It  may  occur  years  later.  In  all  but  tlie  sero-tilirin.ius  an(i 
retmo- choroidal  forms  the  choroidal  lesion  due  to  s\'nhilis 
IS  circular  in  .shape,  and  in  some  forms  of  disseminate  cho- 
rniditis  the  arrangement  of  the  spots  suggests  tlie  paiul- 
lary  syphihde  as  observed  on  the  skin.  Pvheumatism  and 
gout  may  account  for  some  of  the  cases  of  choroiditis  for 
winch  syphilis,  as  a  cause,  cannot  be  traced  The  liis- 
t.iry  IS  apparently  sufticient  in  some  cases  to  warrant  this 
supposition  and  the  treatment  by  the  .salicylates  is  suffl- 
ciently  productive  of  results  to  sustain  the  ojunion  Lcii- 
rosy  IS,  according  to  Knies,  a  cause  of  irido -choroiditis  in 
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rare  cases.  Gonorrhfea  in  a  verj'  few  cases  is  undoubt- 
edly the  cause.  The  form  produced  is  the  sero-librinous 
varietj',  with  involvement  of  the  wdiole  uveal  tract.  Re- 
lapsing fever  is  sometimes  accompanied  by  a  diffuse, 
sero-plastic  anterior  choroiditis;  typhoid  fever  is  also 
sometimes  a  cause  of  this  form  of  choroiditis. 

Sero- Plastic,  Ghoroiditi.i. — This  disease  is  characterized 
by  a  relatively  sudden  on.set  and  the  appearance  of  a  sero- 
fibrinous exudation  in  the  vitreous.  Tlie  same  exudation 
is  present  in  the  posterior  and  anterior  chambers  in  many 
eases.  There  are  more  or  less  congestion  of  the  deep  ves- 
sels of  the  ocular  conjunctiva  and  diminution  of  vision. 

Symptoms.  Unless  the  ciliary  body  or  iris  is  involved 
no  pain  is  experienced  in  the  cases  which  do  not  result 
in  increase  of  tension.  Acute  glaucoma  may  supervene. 
If  this  occurs  the  pain  becomes  intense.  The  vitreous 
becomes  filled  with  minute  particles  of  fibrin  which  ob- 
scure the  view  of  the  fundus,  and  the  aqueous  may  be 
invaded  by  the  particles  which  often  become  attached  to 
the  posterior  surface  of  the  cornea  in  the  form  of  a  p^-ra- 
mid.  The  vision  is  correspondingly  obscure.  Photopsia 
is  not  a  prominent  symptom.  The  anterior  chamber  is 
shallow  because  of  an  increase  in  the  contents  of  the 
vitreous  chamber.     The  pupil  is  moderately  dilate<l. 

Course.  The  disease  runs  its  course  in  from  six  weeks 
to  as  many  months.  The  opacities  in  the  aqueous  humor 
gradually  disappear.  Those  in  the  vitreous  ma_y  entirely 
disappear,  but  in  manj'  cases  some  large  shreds  "of  exuda- 
tion remain  and  are  movable  in  the  vitreous,  indicating  a 
partial  fluidity  of  that  body.  No  evidence  of  changes  in 
the  choroid  is  discernible  in  some  cases;  in  others  some 
atrophic  patches  at  the  periphery  may  be  seen  after  the 
acute  stage  has  passed.  In  some  cases  vision  returns  to 
the  degree  of  acuity  present  before  the  inflammation 
began,  in  others  there  is  a  permanent  partial  loss.  If 
atropine  is  not  instilled,  adhesion  between  iris  and  an- 
terior lens  capsule  may  occur  and  the  synechiae  become 
permanent.     Recurrence  is  not  uncommon. 

Pathology.  In  this  form  of  choroiditis  pericorneal  in- 
jection is  sometimes  found;  the  choroidal  vessels  are  en- 
gorged with  blood.  The  choroid  is  slightly  a>dematous. 
The  exudation  contains  some  fibrin.  When  the  acute 
stage  has  passed  there  may  be  little  chansre  in  the  choroid, 
but  in  not  a  few  cases  slight  atrophic  changes  occur' 
affecting  the  choriocapillaris  principally. 
_  Treatment.  Quite  vigorous  antisypliiiitic  treatment  is 
indicated  in  all  cases  which  are  not  clearly  attributable  to 
some  other  disease  of  the  s^-stem.  If  there  is  reason  to 
believe  that  a  rheumatic  clement  is  present,  the  salicylates 
and  the  bicarbonate  of  soda  may  be  employed  It  'is  not 
w-ise  to  omit  antisypliiiitic  treatment  even  if  no  history 
of  syphihs  can  be  elicited.  The  effect  of  potassium  and 
mercury  to  prevent  plastic  formations  is  valuable  in  the 
non  syphilitic  as  well  as  in  the  syphilitic  ca.ses  Iron 
tonics  are  also  of  value.  If  the  tension  of  the  eye  is  not 
increased,  it  is  necessary  to  apply  atr.iiune  locall'y  The 
solution  of  tills  drug  should  be  instilled  sufticiently  often 
o  prevent  the  formation  of  posterior  synechia      It  is 

stage  of  the  disease  has  subsided.     Leeches  and  cold  or 

hot  apphcaticms  are  of  doubtful  value 

midAi^^t)^'i'!i-''  ^s;„-A,V,Y/,-„.---Since  in  all  forms  of  cho-    ' 

mire  '^-^c  n  V, '";;''"  ^"'  ^'^  "i^PHfated,  it  would  be 
°nd  c.Ue  tl?r  -r''  'w-  '''''"'-'  *"  ^^'1  ■'*'  "'e  t^'nns  used 
yovement  nf^^^^^^^  "^  choroiditis  ;  but  as  the 

unolvement  of  the  retina  is  not  a  strikin.v  iiart  of  tlie 

r  Z-.^li«™^;:!t'^'  "'f  '^"^'^^^  "^  .mn/oF'thel™ 
(-hoioi.htis,  that  membrane  is  not  mentioned      Some 

'll  V;::.!'.'™^  'f"-"'^-'^  f^?  ^etuia  very  seriously,  and  toZe   . 

to 

lied. 

"d  to 

per- 

The  difTiis,'.'l,.,Vi,r   '■■  ■;"',"""!'"''*  ""'"  '^'^^s  tlie  latter. 

to  a  modS^  e^"  r^.,^  :f  j'::::'?;^  p'---'^  -™"y 

vitreous   and  il,liV.,iV  C-^ndation  appear  in  the 

occur  uteehoi        T,"'^'  "•'  ""''"  ^'^'^^^  "^  exudation 
tilt  c  hoi  Old.     The  retina  appears  hazy  because  of 


REFERENCE   HANDBOOK   OF   THE  MEDICAL   SCIENCES. 


Clioroid. 
Clioroid. 


cedema,  and  retinal  hemorrhages  may  oceur.  The  evi- 
dence of  perivasculitis  of  the  retinal  and  choroidal  vessels 
is  unmistakable.  The  vision  is  greatly  diminished,  and 
flashes  of  light,  pliotopsia,  micropsia,  and  maero]isia  may 
be  experienced.     Slight  injection  of  tlie  ocular  conjunc- 


FIG.  1310.— Syphilitic  Chorioretinitis.     (De  Weclier  and  Masselon.) 

tiva  may  occur  in  the  acute  stage.  Pain  is  not  present. 
In  many  of  these  cases  the  diagnosis  can  be  made  at  any 
stage  of  the  disease,  as  the  vitreous  remains  snfflciently 
transparent  to  permit  of  a  more  or  less  satisfactory  ex- 
amination of  the  fundus.  The  exudation  into  the  choroid 
and  retina  is  serous  and  plastic.  The  plastic  exudation, 
which  takes  place  in  the  form  of  circular  patches,  under- 
goes the  same  changes  as  those  which  characterize  tlie 
exudation  of  disseminate  choroiditis  ;  atrophy  being  tlie 
terminal  stage  in  both  cases.  As  a  result  of  plastic  exu- 
dation in  the  retina,  Cicatricial  bands  may  develop  in  that 
membrane,  and  they  may  also  develop  in  the  vitreous,  in 
the  plastic  exudation  that  sometimes  extends  into  that 
part  of  the  eye.  Detachment  of  the  retina  as  a  result  of 
the  traction  of  cicatricial  bauds  in  the  vitreous  is  rare, 
owing  to  the  fact  that  the  choroid  and  retina  are  adherent 
in  many  places ;  but  detachment  of  the  choroid  and  retina 
together  is  sometimes  seen  following  degenerative  changes 
in  the  vitreous.  A  cataractous  condition  of  the  lens  and 
atrophy  of  the  globe  are  rare  results. 

The  inflammatorj'  stage  usuall}'  responds  quite  readily 
to  treatment,  but  the  treatment  must  be  vigorous  and 
long  continued. 

Diffuse  Choroiditis. — This  form  of  choroiditis  is  char- 
acterized by  the  appearance,  in  the  choroid,  of  large  pale 
plaques  of  exudation  which  are  found  to  be  most  exten- 
sive at  the  peripherJ^  These  patclies  at  first  are  of 
quite  a  uniform  orange  or  pale  yellowish-pink  color,  not 
bordered  Ijy  pigment.  The  retina  over  the  areas  of  exu- 
dation is  slightly  cedematous.  The  patches  coalesce, 
forming  irregular  areas  with  indentations  of  the  normal 
fundus.  Tlie  forms  assumed  have  been  likened  to  conti- 
nents and  islands  and  have  been  termed  "map-like." 
Sometimes  they  assume  the  shape  of  leaves,  which  has 
caused  them  to  be  termed  "leaf  like." 

The  disease  is  extremely  slow  in  its  development.  Tlie 
exudate  slowly  appears  and  as  slowdy  disappears,  leaving 
iri-egular  scanty  pigmentation  over  the  affected  areas  and 
in  some  places  a  little  pigmentation  at  their  borders. 
The  pigment  layer  of  the  retina  and  the  superficial  layer 
of  the  choroid,  the  choriocapillaris  particularly,  undergo 
atrophy  and  disappear.  The  deeper  layers  of  the  choroid 
remain  nearly  if  not  quite  intact.  There  ma)^  also  be 
found  evidences  of  perivasculitis  and  occasionally  of 
almost  complete  conversion  of  the  larger  vessels  of  the 
choroid  into  connective-tissue  bands.  By  ophthalmo- 
scopic examination  the  larger  choroidal  vessels  and  ti)e 
deep  choroidal  stroma  can  be  readily  seen.  The  retinal 
vessels  in  severe  cases  become  reduced  in  size,  and  the 
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optic  disc  presents  hazy  I'dges  and  becomes  slightly  pale, 
giving  evideno;  of  partial  secondary  atrojdiy  of  the  oi)tio 
nerve. 

Individuals  thus  affected  almost  always  present  tlie 
stigmata  of  inlierited  syphilis. 

Si/iiijitoiiis.  The  patient  experiences  no  pain  nor  is 
there  any  injection  of  tlie  external  ocular  tissues.  Night 
Ijlimlness  is  sometimesexperienced,  and  there  is  limitation 
of  tlie  visual  lields  in  the  parts  corresponding  to  the  af- 
fected areas  of  tlie  choroid. 

Prognosis.  The  prognosis  for  recovery  of  vision  is  not 
good,  l)ut  much  can  be  done  to  prevent  the  further 
advance  of  tlie  disease.  Treatment  is  similar  to  that  of 
disseminate  choroiditis. 

Ui-fseminate  Glioroiditis. — Tliis  form  consists  in  the  de- 
velopment of  foci  of  exudation  which  are  spread  out  over 
a  large  part,  often  the  entire  fundus,  in  the  shape  of  cir- 
cular patches  which  vary  in  size,  but  as  a  rule  average  in 
diameter  less  than  thatof  the  optic  disc.  After  a  time 
the  exudation  becomes  absorbed  or  changed  into  fixed 
products,  and  atrophic  areas  occupy  the  site  of  the  areas 
of  exudation.  The  disease  may  for  convenience  be  di- 
vided into  two  stages — the  acute  and  the  stage  of  atrophy. 

The  Acute  Stage. — In  the  early  part  of  tlie  acute  stage 
circular  spots  of  exudation  appear  in  certain  parts  of  the', 
fundns,  usuallj'  beginning  at  the  periphery;  they  are 
paler  than  the  surrounding  normal  fundus.  These  spots 
have  not  very  sliarply  defined  borders.  The  retina  im- 
mediately over  the  masses  of  exudation  is  not  elevated,  as 
may  readily  be  determined  by  examination  with  the  oph- 
thalmo-scope,  but  there  is  often  an  invasion  of  the  retina 
by  tlie  exudate,  as  evidenced  by  the  hazy  appearance  of 
the  retina  at  these  points.  The  spots  multiply  in  num- 
ber if  not  interfered  witli,  resembling  in  many  cases  the 
groupings  of  papillary  syphilides  as  they  appear  on  the 
skin.  The  areas  of  exudation  are  primarily  discrete,  but 
may  eventually  coalesce.  The  greater  part  of  the  fundus 
may  become  studded  over  witli  these  spots  of  exudation 
In  the  course  of  two  or  three  weeks,  but  in  not  a  few 
cases  some  of  the  spots  will  be  found  to  liave  pas.sed  to 
the  second  stage  when  others  have  but  just  appeared. 

Ordinarily  tlie  cornea  and  media  remain  clear,  but  in 
some  cases  a  i)arench3'matous  keratitis  may  occur  at  the 
time  of  the  onset  of  the  choroiditis,  and  the  presence  of 
the  affection  of  tlie  choroid  may  not  be  discovered  until 
the  cornea  again  becomes  clear. 

IVie  Stage  of  Atrophy. — Tlie  first  stage  passes  slowljr  into 
the  .second  stage.     Gradually  the  exudation  disappears. 


Fig.  1311.— Disseminate  ClLonrfditls.     (De  Weclier  and  Masselon.) 

the  spot  becomes  paler,  and  the  border  of  the  affected  area 
ordinarily  becomes  irregularljr  pigmented,  the  pigment 
being  heaped  up  at  certain  points.  Flecks  of  pigment 
are  often  observed  over  the  area  of  the  spot  itself.  En- 
tire aliseuce  of  pigment  is  not  infrequently  observed. 
The  exudate  either  entirely  disappears  or  a  portion  is 
converted  into  cicatricial  tissue.     All  degrees  of  change 
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may  occur  in  all  the  layers  of  the  choroid,  from  slight 
impairment  to  complete  atrophy,  with  a  disappearance  of 
all  vessels  and.  the  presence  of  cicatricial  ■  tissue,  which, 
lying  over  the  exposed  sclera,  presents  a  whitish  patch, 


Fig.  1313.— Guttate  Choroiditis.    (De  Wecker  and  Masselon.) 

tinged  slightly  with  yellow,  in  the  fundus.  The  pig- 
ment changes  noted  are  due  to  destruction  and  more  or 
less  complete  disappearance  of  the  retinal  and  choroidal 
pigment  of  the  part  affected.  The  peculiar  arrangement 
of  pigment  at  the  border  of  the  spot  is  due  to  depo.sits  of 
retinal  pigment  which  in  some  cases  is  apparently  in- 
creased in  quantity.  In  many  cases  not  interfered  with 
by  treatment,  the  affected  parts  coalesce  and  form  large 
areas ;  it  is  also  known  that  atrophic  spots  may  enlarge 
and  affect  increased  areas  without  the  appearance  of  fresh 
exudation,  probably  because  of  the  interference  with  the 
nutrition  of  adjacent  tissues. 

Symptoms.  These  are  common  to  all  forms  of  choroidi- 
tis—namely,  loss  of  vision  in  portions  of  the  fields  of  vi- 
sion corresponding  to  the  affected  areas,  and  diminution  of 
vision  in  contiguous  parts  from  impairment  of  nutrition. 
Photopsia  is  manifested  variously  during  the  acute  stage ; 
there  is  slight  photophobia  in  the  acute  stage  in  some 
cases. 

Duration.  The  acute  stage,  if  not  interfered  with, 
may  last  for  a  period  of  years ;  as  a  rule  the  exudation 
disappears  in  from  six  months  to  two  years,  and 
the  stage  of  atrophy  takes  possession  until  the  end. 
Fresh  outbreaks  of  exudation  may  occur.  A  choroid 
that  has  remained  quiet  for  years  may  present  recent 
foci  of  exudation. 

Results.  More  or  less  atrophy  follows  the  disap 
pearance  of  the  exudation,  the  atrophy  affecting  not 
only  the  choroid  but  also  the  posterior  layers 
of  the  retina.  Destrnction  of  the  choriocapil- 
laris  probably  always  occurs  at  the  point  of 
exudation.  With  destruction  of  this  layer  the 
posterior  layers  of  the  retina,  including  the 
perceptive  layer,  are  deprived  of  ade- 
quate^ nutrition  and  degenerate,  and 
cicatricial  tissue  is  found  not  only  in 
the  choroid  but  often  involving  "the 
deep  layers  of  the  retina.  Impairment 
of  the  retina,  if  exten.sive,  results  in 
atrophy  of  many  of  the  afferent  nerve 
axis  cylinders  and  consequent  partial 
atrophy  of  the  optic  nerve.  The  portions  of  the  retina 
that  are  sufficiently  nourished  will  preserve  the  axis 
cylinders  which  go  from  them.  Following  the  impair- 
ment of  nutrition  degenerative  changes  in  the  vitreous 
and  m  the  crystalline  lens  take  place.^these  changes  co"- 
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responding  in   degree   to   the  impairment  of   the  nutri- 
tion. 

Treatment.  Much  can  be  accomplished  by  vigorous 
judicious  treatment  in  the  acute  stage  of  disseminate 
choroiditis,  but  nothing  of  importance  can  be  done  to 
correct  the  condition  when  the  atropine  stage  has  been 
reached.  The  treatment  is  almost  wholly  constitutional. 
The  exudation  is  due  to  localized  perivasculitis,  usually 
of  syjihilitic  origin,  and  must  be  treated  as  .such.  Mer- 
cur3'  and  iiotassium  arc  the  remedies  on  which  most  reli- 
ance can  be  placed.  Iron  should  also  be  given.  Nour- 
ishing diet  must  be  insisted  upon.  Rest  in  bed  is  valuable 
in  the  early  part  of  the  acute  stage.  The  use  of  colored 
glasses  and  the  prohibition  of  the  use  of  the  eyes  for  close 
work  should  be  enjoined.  In  the  acute  stage  mercurj-  by 
inunction,  by  the  stomach  or  hypodermieally,  should  be 
given  to  saturation  and  potassium  iodide  until  the  phy.si- 
ological  effects  are  obtained.  These  remedies  should  be 
continued,  a  little  short  of  saturation,  until  the  exudation 
has  very  nearly  or  quite  disappeared.  The  treatment  in 
a  less  vigorous  manner  should  be  continued  for  six  months 
to  two  years,  according  to  the  exigencies  of  the  case. 

(Jlwroiditis  Areolaris  (Foerster). — This  form  is  proba- 
bl}f  a  varietj'  of  choroiditis  di.s.seminata.  It  usually  be- 
gins at  or  near  the  posterior  pole  of  the  eye  and  first  pre- 
sents itself  as  a  plaque  of  pigment.  Soon  the  centre  of 
the  plaque  thins  and  presents  a  lighter  color.  The  light 
centre  enlarges  and  we  eventually  have  an  atrophic  patch 
surrounded  by  a  relatively  broad  border  of  pigment. 
These  patches  coalesce  and  form  rather  large,  irregular 
patches  situated  at  or  near  the  posterior  pole  of  the  globe; 
exceptionally  they  are  found  at  the  periphery.  There 
are  seldom  more  than  two  or  three  patches. 

This  form  of  choroiditis  is  met  with  in  young  children, 
and  is  thought  to  be  congenital  in  some  cases.  It  de- 
velops also  at  all  ages.  There  may  be  few  or  many 
patches.  The  vision  may  remain  very  good  for  a  number 
of  years.  It  may  fail  quite  suddenly  without  apparent 
cause. 

Treatment.     The  same  as  in  disseminate  choroiditis. 
Outtate  Glwroiditis  (Hutchinson  and  Tay ). — The  region 
of  the  macula  is  occupied  by  a  number  of  small,  whitish 
or  yellowish  dots  which  resemble  the  deposits  that  oc- 
cur in  the  deep  layer  of  the  retina  in  albuminuric  retini- 
tis, but  are  more  yellow  and  are  circular.     They  seldom 
reach  more  than  one-fourth  the  diameter  of  the  "disc  and 
are  often  very  minute.     These  spots  luay  be  very  numer- 
ous.    They  do  not  tend  to  disappear ;  "on  the  contrary 
they  continually  increase,  but  produce  no  impairment  of 
vision.     This  condirion  is  due  to  the  formation  of  excres- 
cences on  the  lamina  vitrea  which  project  into  the  retina 
They   are   peculiar   to   advanced  life.     These  spots  are 
often  observed  scattered  more  or  less  densely  over  the 
entire  fundus. 

Treatment  is  of  no  avail. 
Embolic  Choroiditis;  Metastatic,  Plas- 
tic, and  Suppurative  Choraidifis.~F.m- 
bohsm  of  one  or  more  choroidal  vessels 
probalily  occurs  more  frequentlv  than  is 
recognized.  The  dozen  or  more  small 
arteries  that  pierce  the  sclera  anastomose 
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FIG.  1313.— Excresc 


■enoes  on  the  L^nnna^Vitrea,  in  Guttate  Choroiditis.    (De  Wecker  and 

phSriii?';"f  'o,?'  ''f'  *'>'  ''^'"■"'^'  consequently  the 
wUh  thf  c  vc^  Vi  '-^  ?f"  ™'''^«  l"'t  little  difference 
!•  enters  ,'^,.  "V""'  nierabrane.  If  the  plug 
pUhoeenic^ern  H*  ^'hary  artery  does  not  contain 
pathogenic  germs  the  disturbance  occasioned  is  slight 
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Knapp(.-lrf/,./.  Oy*,,  xiv.,  Ddoscribe.l  two  cases  of  sim- 
ple embo  ism  m  which  the  onset  of  the  symptoms  was 
qiJite  sudden.  Tlie  patient  noticed  a  blurring  of  vi.sion 
which  at  hrst  included  the  whole  field,  but  later  became 
confined  to  the  central  portion.  In  one  case  the  vision 
equalled  oue-teuth,  in  the  other  case  the  patient  could 
read  the  finest  print;  the  patient  noticed  a  large  scotoma 
lying  near  the  axis  of  vision.  There  were  marked  cliro- 
matopsia  and  photopsia.  On  ophthalmoscopic  examina- 
tion a  circumscribed  cloud  or  veil  was  oli.served  in  the 
central  portion  of  the  fundus  corresponding  to  the  sco- 
toma, which  involved  the  retina  and  had  extended  to  the 
disc.  The  condition  was  evidently  due  to  embolism  of 
some  of  the  choroidal  vessels  at  tliis  point,  the  elfusion 
and  hyperemia  following  as  a  result.  In  each  case  vi- 
sion was  completely  restored.  Each  patient  had  well- 
marked  cardiac  disease.  Not  infrequently,  from  a  sup- 
purative process  taking  place  in  some  distant  part  of  the 
body,  a  minute  mass  of  pyogenic  or  pathogenic  micro- 
organisms enters  the  circulation  and  is  conveyed  to  the 
choroid  on  one  or  both  sides;  there  will  then  be  set  up  a 
plastic  or  suppurative  choroiditis.  Ilcerative  processes 
located  in  the  alimentary  canal  or  in  the  genital  tract, 
or  affecting  the  cutaneous  surface  or  any  other  part  of 
the  body,  may  be  the  foci  from  which  micro-organisms 
proceed  by  way  of  the  blood  to  the  choroid;  when  this 
takes  place  the  processes  just  alluded  to  are  established. 
Direct  extension  from  the  meninges  of  the  brain  to  the 
eye  is  said  to  occur  (Wells,  the  American  edition,  p. 
542).  Metastasis  may  occur  in  cerebrospinal  meningitis, 
puerperal  fever,  pya-mia,  smallpox,  pneumonia,  erysip- 
elas, cholera,  and  malignant  pustule.  It  has  been  met 
with  in  ulceration  of  the  umbilical  cord  in  the  new-born. 
Plastic  choroiditis  and  tuberculous  choroiditis  are  .seldom 
due  to  injury,  but  suppurative  choroiditis  is  frequently 
the  result  of  perforating  wounds  of  the  eyeball  as  well 
as  of  metastasis. 

Plastic  Choroiditis. — The  onset  of  this  disease  is  similar 
to  that  of  purulent  choroiditis,  but  is  not  quite  so  severe. 
The  vitreous  becomes  hazy;  the  anterior  chamber  usually 
shallow,  but  sometimes  deepened  ;  the  ocular  conjunctiva 
hypera?mic.  The  iris  is  bound  down  to  the  anterior  cap- 
sule. During  the  first  stage  there  is  pain,  which  is  of  a 
dull,  continuous  character.  The  vision  at  an  early  stage 
is  soon  reduced  to  perception  of  light  only  and  may  fail 
entirely.  Soon  a  j'cUowish  reflex  is  observable  from  be- 
hind the  pupil,  due  to  the  presence  of  plastic  Ij'mph  in 
the  vitreous  chamber.  The  plastic  13'mph  may  fill  the 
whole  vitreous  chamber  or  it  may  be  spread  in  a  layer  of 
varying  thickness  over  the  fundus.  The  globe  is  usually 
soft,  but  in  the  early  stage  it  ui&y  have  a  slightly  in- 
creased tension.  In  the  average  case  of  this  form  of 
choroiditis  the  globe,  which  at  first  appears  to  be  slight!}' 
distended,  gradually  shrinks,  becoming  smaller  tlian  its 
fellow;  it  maintains  this  shrunken  condition,  the  vision 
being  entirely  lost.  In  the  very  mild  cases  some  degree 
of  vision  may  be  retained. 

Diagnosis.  In  the  severe  cases  the  inflammatory  reac- 
tion is  so  marked  and  the  progress  of  the  case  to  atrophy 
of  the  globe  is  so  unmistakable  that  the  diagnosis  is  readily 
made ;  but  in  the  milder  cases  the  color  of  the  reflex,  the 
degree  of  tension  and  the  size  of  the  globe,  the  presence  of 
blood-vessels,  and  the  situation  of  the  exudate  are  such 
that  it  is  very  difficult  to  separate  these  cases  from  those 
of  glioma  and  other  intraocular  tumors.  In  making  a 
differential  diagnosis  the  history  of  the  case  in  every  par- 
ticular must  be  obtained,  as  this  is  the  most  important 
factor.  A  history  of  meningitis  or  of  some  one  of  the 
eruptive  fevers,  or  of  a  suppurative  process  just  preced- 
ing or  occurring  at  the  time  of  the  onset  of  the  e}' e  disease, 
aids  much  to  clear  up  the  diagnosis.  Locally,  adhesions 
between  the  iris  and  lens  with  a  broadening  of  the  sinus 
of  the  anterior  chamber,  atrophy  of  the  iris,  minus  ten- 
sion, reduction  in  the  size  of  the  globe  occur  in  metastatic 
plastic  choroiditis,  but  they  are  seldom  met  with  in 
glioma.  There  may  be  tenderness  on  pressure,  but  this 
maj'  also  be  present  in  glioma. 

Treatment.     In  the  mild  cases  the  use  of  mercury  and 
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iodide  of  potassium  seems  to  exert  a  beneficial  effect  bv 
preventing  plastic  formations ;  some  decree  of  vision  may 
be  retained  in  these  cases.  In  all  cases  in  which  vision 
IS  ml  and  the  question  of  glioma  cannot  be  settled  or  in 
which  the  globe  is  at  ail  painful,  enucleation  may  be  re- 
sorted to.  Recurrent  inflammation  may  also  render  enu- 
cleation advisable. 

^  Siqqmratite  Choroiditis  (P(iiiopMhahiiitis).—iiu'i>\mm- 
tive  processes  originating  in  the  choroid  are  not  confined 
to  this  membrane  but  involve  all  the  tissues  of  the  interior 
of  the  eye,  often  perforating  the  sclera  or  cornea.  The 
general  nature  of  the  affection  entitles  it  to  the  term 
panophthalmitis. 

Cause.  The  cause  is  most  commonl}'  an  injury,  accom- 
panied by  the  introduction  of  pyogenic  or  pathogenic 
germs.  Metastasis  may  be  the  manner  of  infection,  pus- 
producing  micro-organisms  being  carried  to  the  choroid 
from  purulent  processes  occurring  in  distant  parts  of  the 
system.  The  germ  most  often  found  is  the  staphylo- 
eoccus,  but  the  streptococcus  and  the  pneumococcus  liave 
been  found  as  causative  factors. 

Symptovis.  Severe  continuous  pain  is  experienced  al- 
most from  the  beginning.  The  sight  is  lost  very  early.  Af- 
ter the  infectious  material  has  ettected  a  lodgment  a  period 
of  from  twenty-four  to  forty-eight  hours  elapses  before 
the  disease  obtains  suflicient  headway  to  occasion  great 
discomfort.  Then  the  ocular  conjunctiva  becomes  swol- 
len and  hyperasmic.  Chemosis,  sometimes  to  an  enormous 
degree,  causing  the  conjunctiva  to  protrude  between  the 
lids,  exists.  The  lids  are  frequently  enormously  swollen. 
The  tissues  of  the  orbit  also  partake  of  this  condition, 
causing  the  eyeball  to  bulge  forward.  The  flow  of  tears 
is  increased  and  some  muco-purulent  discharge  from  the 
conjunctiva  is  often  observed.  The  anterior  chamber 
becomes  shallow  and  the  aqueous  humor  turbid.  A  yel- 
low reflex  is  often  seen  through  the  pupil.  The  ten- 
sion is  often  much  raised,  although  in  some  cases  it  is 
reduced.  The  cornea  becomes  gray  and  in  many  cases 
sloughs,  permitting  the  escape  of  pus  from  the  interior  of 
the  eye  through  the  opening  thus  formed.  The  pain  is 
not  confined  to  the  eyeball,  but  is  experienced  in  the  side 
of  the  head  corresponding  with  the  affected  eye.  After 
some  days  the  inflammation  subsides,  pain  diminishes,  and 
at  the  end  of  three  or  four  weeks  the  acute  stage  of  the 
process  terminates.  The  globe  gradually  shrinks  and 
passes  into  the  condition  known  as  phthisis  bull)i. 

Treatment.  Hot  applications  by  means  of  hot  water 
or  poultices,  with  the  administration  of  laxatives,  is  often 
resorted  to ;  but  the  more  modern  treatment  is  to  regard 
panophthalmitis  as  an  abscesss  or  phlegmon  of  the  eye- 
ball and  to  treat  it  as  abscess  or  phlegmon  is  treated  wlien 
it  occurs  in  other  parts  of  the  body.  A  crucial  incision 
through  the  cornea,  followed  by  frequent  cleansing  of  the 
eye  with  an  antiseptic  .solution  (bichloride  1  to  5,000)  and 
by  hot  poulticing,  does  much  to  shorten  the  process  and  to 
relieve  pain.  Complete  evacuation  of  the  contents  of  the 
globe  (evisceration)  is  much  better  treatment  in  the  early 
stage  of  the  affection.  This  is  accomplished  by  exci.sing 
the  cornea,  removing  the  entire  contents  of  the  sclera  by 
means  of  a  suitable  curette,  cleansing  the  cavity  thus 
formed  with  bichloride  (1  to  2,000),  packing  with  aseptic 
gauze,  and  bandaging.  The  bandage  and  packing  are 
changed  as  often  as  required.  This  treatment,  which  has 
never  resulted  fatally  to  the  patient,  stops  the  process  to- 
gether with  all  its  attendant  discomforts  and  pain  at  once, 
and  converts  a  pus-forming  process  into  a  surgical  wound. 
Recovery  is  rapid.  The  cavity  becomes  filled  with  gran- 
ulation tissue.  Packing  the  cavity  is  to  be  discontinued 
as  healing  advances,  and  eventually  the  sclera  and  its 
contained  gnmulation  tissue  shrink  and  form  a  small 
irregularly  spherical  mass,  which  is  not  sensitive  and 
over  which  an  artificial  ej^e  can  be  worn. 

Tuberculosis  of  the  Clwroid. — It  is  usually  due  to  the 
formation  of  miliaiy  tubercles  in  the  stroma  of  the  cho- 
roid. It  is  metastatic  in  origin  and  commonly  accom- 
panies miliary  tuberculous  processes  in  other  parts  of  the 
body.  The  disease  appears  most  frequently  in  children 
and  is   more  common   in  individuals  who  suffer  from 
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tuberculous  meningitis.  Micliel  (Avgenhcilk.,  p.  404) 
jiuts  the  percentage  of  cases  of  tuberculosis  of  the  cho- 
roid accompanying  tuberculous  meningitis  in  children  at 
thirty -five  to  forty  per  cent.  This  seems  to  the  author 
to  be  very  much  too  high. 

Siimptoms.  The  patient  complains  of  no  pain.  The 
condition  is  diagnosed  by  use  of  the  ophthalmoscope. 
The  tubercles  usually  appear  at  the  posterior  part  of  the 
fundus,  and  are  not  visible  until  they  occasion  disturb- 
ance of  the  retinal  pigment  kyer.  At  first,  there  is  ob- 
served a  small  spot  of  pigment  slightly  more  pronounced 
than  the  surrounding  fundus;  this  is  clue  to  slight  promi- 
nence of  the  pigment  layer  over  the  tubercle.  Soon  the 
centre  of  the  pigment  patch  takes  on  a  pale  whitish  color, 
circular  or  oval  in  shape,  due  to  absorption  of  the  retinal 
pigment,  and  this  reaches  the  size  of  the  optic  disc — 
sometimes  a  little  smaller,  sometimes  larger.  If  a  num- 
ber of  miliary  tubercles  are  grouped  together,  as  is  often 
the  case,  the  size  and  shape  of  the  patch  are  changed. 
Many  tubercles  may  be  scattered  over  the  fundus,  or 
there  may  be  but  one  or  two  tubercles  present.  Retinal 
vessels  pass  over  the  patch,  the  retina  is  slightly  raised, 
and  in  some  cases  a  slight  local  detachment  of  the  retina 
occurs.     Vision  is  but  little  interfered  with,  except  in  the 


Fig. 
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portion  of  the  field  corresponding  with  the  .site  of  the 
tubercle,  where  there  is  a  relative  or  complete  scotoma. 

Treatment.  Since  the  patient  usually  succumbs  to  the 
effects  of  the  disease  in  other  parts  of  the  sy.stem  noth- 
ing can  be  done  to  relieve  the  local  condition.  Large 
tuberculous  tumors  are  sometimes  met  with  in  the  choroid 

Hemorrhiigic  GJioroielitis.—The  vessels  of  the  choroid 
like  those  in  other  parts  of  the  body,  are  from  time  to 
time  the  seat  of  disease,  and  their  walls  may  become  so 
weakened  that  the  fluid  and  at  times  the  corpuscular 
portions  of  the  blood  may  escape  into  the  tissue  of  the 
choroid  and  also  beneath  the  retina.  The  escaped  blood 
may  break  through  the  retina  and  enter  the  vitreous 
Ihe  appearance  presented  is  that  of  large  irregular 
patches  of  blood  clot  which  often  cause  the  retina  to 
bulge  forward.  Through  the  action  of  gravity  the  upper 
border  assumes  a  horizontal  line,  the  lower  border  beine 
curved.  Above  the  clot  the  tissues  are  tinged  a  vel 
lowish  red  by  the  partly  absorbed  blood  pigment.  The 
clot  gradually  becomes  absorbed,  leaving  a  white  patch 
ot  atrophy  with  some  pigment  scattered  over  it  Cho- 
roidal hemorrhage  may  produce  acute  glaucoma 

Ireatment.  The  treatment  is  restricted  U>  the  care  of 
the  general  condition, 

DetaeJirnent  of  iU  Choroid  is  rarelv  met  with  but  it 
sometimes  follows  an  exudative  inflammatory  process  in 
which  the  exudation,  serous  or  filmnous  and  lar-^e  in 
amount,  tmds  its  way  between  the  choroid  and  the  sclera 
It  may  be  due  to  the  presence  of  a  tumor  or  to  hemor' 
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rhage,  and  it  ma}'  accompany  a  degeneration  of  tlie  vitre- 
ous during  the  cour.se  of  an  irido-cyclo-choroiditis. 

Non-Inflammatory  Affection  of  the  Choroid. — The  atro- 
phy accompanying  myopia  is  rarely  inflammmatory. 
The  axial  elongation  of  the  globe  in  myopia  is  due  to 
the  thinning  of  the  posterior  segment  of  the  sclera,  and,  as 
shown  by  the  ophthalmoscope  and  by  post-mortem  sec- 


FIG.  1315.— Sflero-Choroiditls  Posterior  ot  HlRh  Degree,  with  Changes 
at  the  Macula.     (De  Wecker  and  Masselon.) 

tion,  the  greatest  stretching  of  the  sclera  takes  place  at  or 
near  the  optic  disc.  The  chanse  in  the  tissue  of  the  sclera 
is  not  accompanied  by  any  infiltration  of  small  cells  (the 
characteristic  accompaniment  of  inflammatory  processes), 
nor  do  we  find  such  infiltration  of  small  cells  in  the  issue  of 
the  choroid.  The  small  myopic  crescent  is  not  a  condition 
due  to  pathological  changes  in  the  choroid,  but,  as  Michel 
has  shown,  the  bulging  of  the  sclera  causes  the  optic 
disc  to  become  more  oblicxuely  placed  to  the  antero-pos- 
terior  axis  of  the  globe  than  i.s'tlie  case  in  the  normal  eye. 


Fig.  131B.-Retlnltis  Pigmcmosa. 


(.De  Wecker  and  Masselon.) 


and  the  transparent  tissue  of  the  optic  papilla  nermits 

(.f  tlisc  V     /''';/"'"''  '-^^  ""l^'^'  '""^■■-  lo^^'«-  quadrant 

"m       v^  d efi t  r       r;^'^-  ,   '^^"  ""«^1  «ifle  of  the  disc 

lefi'i«  '  -In  ,fi       -1^"'  the   lower  temporal  side  is  ill- 

S,r  noh  ol  f.  '-■^''''''  of  myopia  the  choroid  at  the 

postciioi  pole  of  the  eye  suffers  most-  at  the  nerinberv 

Tile  me  lies  bet  ,  h  "'°''".V^  '^  t'""^"'  t»^«^  normal, 
laris  and  between  t.  *^'  ^"PiUaries  of  the  choriocapil- 
are  enkit  c^  %l.e  r''^'^'?  ^"  '^'  ^^-^'^  °f  '"'ge  vessels 
and  tbe  re  inal  n  1  .  • ''''^^  P'^ment  is  more  spread  out 
anu  mc  ictiual  pigment  is  also  rendered  much  less  dense 
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In  e.yes  thus  affected  the  white  sclera  sliines  throutth  to 
a  greater  extent,  giving  the  fundus  a  pale  appGarance, 
often  referred  to  as  rarefaction  of  the   choroid      The 


FlS.  1317.— Rupture  of  Choroid.     (De  Wecker  and  Masselon.) 


Stretching  of  the  vascular  tunic  may  be  so  great  that  small 
choroidal  hemorrhages  appear  at  or  near  the  macula,  and, 
because  of  atrophy  of  the  choroid  at  this  point,  a  condi- 
tion sometimes  known  as  central  choroiditis  is  produced. 
Superficial  Senile  Choroiditis. — This  condition  is  due  to 
atrophy  of  the  choriocapillaris,  accompanying  which  we 
have  a  disappearance,  often,  of  the  retinal  pigment  and 
at  the  same  time  a  deep  atrophy  of  the  choroid  corre- 
sponding to  an  obliterating  arteritis  of  some  of  the  larger 
arterial  branches. 

Chorioretinitis  Pigmentosa  is  an  example  of  a  non-in- 
flammatory process.  A  non-inflammatory  degeneration 
takes  place,  affecting  the  vessels  of  both  membranes  and 
also  affecting  the  structure  of  both  membranes.  This 
atrophj'  proceeds  from  the  periphery  toward  the  posterior 
pole.  In  some  cases  the  vascular  degeneration  is  accom- 
panied by  an  escape  of  portions  of  the  blood,  which  may, 
on  becoming  absorbed,  leave  atrophic  spots  in  the  choroid, 
or  rather  spots  in  the  choroid  from  which  all  pigment  has 
disappeared.  Ordinarily,  in  cases  of  general  atrophy  of 
the  choroid,  the  choroidal  pigment  is  changed  but  little. 
A  change  in  the  retinal  pigment  is  often  noticed,  some- 
times amounting  to  an  hyperplasia  of  the  pigment,  as  is 
the  case  when  the  bone-corpuscle  figures  are  seen.  Some- 
times the  change  is  of  such  a  character  that  the  retinal 
pigment  is  heaped  up,  as  in  cases  in  which  a  deeply  pig- 
mented margin  occurs  about  an  atrophic  choroidal  patch. 
The  ganglion  cells  of  the  retina  and  the  axis  cylinders 
perish  as  the  disease  advances,  and  secondary  atrophj'  of 
the  optic  nerve  follows  as  a  consequence. 

It  sometimes  happens  that  this  passive  atrophy  begins 
at  the  posterior  pole  of  the  choroid,  and  there  is  then  pro- 
duced that  variety  of  the  condition  to  which  the  name 
chorioretinitis  centralis  has  been  given.  In  this  t3'pe 
of  the  affection  the  vision  fails  as  the  disease  advances. 
If  tlie  periphery  is  first  attacked  the  field  of  vision  is 
narrowed  concentrically;  if  the  process  first  appears 
at  the  posterior  pole,  a  relative,  negative,  or  positive 
central  scotoma  follows.  The  affection  under  discus- 
sion is  termed  chorioretinitis  pigmentosa  or  retinitis  pig- 
mentosa, according  to  the  degree  of  visible  involvement 
of  the  choroid.  If  some  atrophic  choroidal  patches  are 
seen  the  affection  is  termed  chorioretinitis  pigmentosa ; 
if  no  such  patches  are  present,  the  affection  is  supposed 
to  involve  the  retina  principally  and  is  termed  retinitis 
pigmentosa.  In  reality  these  processes  are  one  and  the 
same  so  far  as  their  pathology  is  concerned.  On  ex- 
.  amination  with  the  microscope  both  membranes  are  found 
to  be  in  a  condition  of  atrophy. 

Chorioretinitis  pigmentosa  is  often  congenital  in  origin 
and  is  sometimes  accompanied  by  degenerative  processes 
in  other  tissues  of  the  body.     It  is  influenced  by  heredity. 


The  intermarrying  of  relatives  is  supposed  to  produce  it 
as  is  also  inlierited  syphilis. 

The  obscure  affection  known  as  retinitis  proliferans  is 
also  a  disease  in  which  atrophy  of  the  choroid  is  an  ac- 
companying condition. 

Traumatism  of  the  Choroid.— It  may  affect  the  mem- 
In-ane  in  a  number  of  ways.  Hemorrhage  and  rupture 
of  the  choroid  are  frequently  met  with  as  a  result  of  a 
non-perforating  blow  on  the  eye,  the  lesion  u.sually  ap- 
pearing at  a  spot  opposite  to  the  point  of  impaction;  the 
rupture  is  due  to  contrecoup.  Hemorrhage  may  be  from 
the  capillaries,  which  is  most  frequently  the  case,  or  from 
large  vessels.  In  rupture  of  the  choroid  the  injured  por- 
tion is  obscured  by  the  hemorrhage  and  by  exudation 
which  usually  goes  on  for  a  few  hours.  The  exudation 
passes  into  the  retina  and  extends  into  the  vitreous.  When 
the  exudation  and  blood  have  become  absorbed,  a  crescen- 
tic  atrophic  patch  is  usually  seen  in  the  posterior  part  of 
the  fundus,  concentric  to  the  optic  disc.  The  retinal  ves- 
sels pass  over  this  patch,  showing  clearly  that  it  affects 
a  tissue  beneath  tlie  retina.  Although  usually  arranged 
in  a  manner  concentric  to  the  disc,  ruptures  of  the  choroid 
may  assume  almost  any  shape.  The  ruptures  may  be 
single  or  multiple.  A  scotoma  is  present  in  the  visual 
field  corresponding  with  the  location  of  the  rupture. 

Perforating  Wounds  of  the  Choroid  are  of  all  kinds  and 
of  all  degrees :  perforating,  lacerating,  incised,  clean,  in- 
fected. Perforating  wounds  of  the  choroid  always  in- 
volve other  membranes,  and  consideration  of  these  must 
necessarily  involve  consideration  of  other  parts  of  the 
eye.  Clean,  incised  wounds,  if  not  too  extensive,  will 
heal  without  destruction  of  the  eye.  If  the  blood  clot 
extends  into  the  vitreous,  we  may  apprehend  the  forma- 
tion of  fibrous  bands  in  the  vitreous,  and  these  may  ulti- 
mately result  in  detachment  of  the  retina.  Infected 
wounds  often  lead  to  panophthalmitis. 

Treatment.  In  rupture  of  the  choroid  from  contrecoup 
but  httle  can  be  done.  It  is  probably  best  to  put  the 
patient  to  bed  and  to  give  remedies  that  will  prevent  the 
development  of  plastic  processes  or  the  organization  of 
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plastic  products.  If  left  without  treatment  the  clot  and 
exudation  will  become  absorbed,  and  almost  if  not  quite 
as  favorable  results  will  be  obtained. 

Prognosis  is  favorable. 

In  clean,  lacerating  wounds  the  eyeball  can  often  be 
saved  by  properly  caring  for  it. 

Infected  wounds  result  in  panophthalmitis,  which 
should  be  treated  as  heretofore  advised. 

John  E.  Weeks. 

CHROATOL.— C,oH,,,2HI— terpin-iodo-hydrate.  This 
occurs  in  greenish -j^ellow  crystals  of  aromatic  odor,  in- 
soluble in  water,  soluble  in  alcohol,  glycerin,  benzol,  and 
acetic  ether,  and  slightly  soluble  in  ether  and  chloroform. 
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In  toii-per-cent.  ointment  or  powder  it  lias  l5een  employed 
for  psoriasis,  alopecia,  and  other  affections  of  the  skin. 

W.  A.  Bastedo. 

CHROMIDROSIS.  — (83'nonj-ms:  Ephidrosis  tincta; 
stearrhtva  or  seb6rrha?a  nigricans;  pityriasis  nigricans; 
Fr.,  Cfiano}i(ithie  cutanee.) 

D?;Fixrn(ix. — A  disorder  of  the  perspiratory  glands  in 
"which  the  sweat  assumes  various  shades  of  color,  as  blue, 
red,  yellow. 

Tliis  is  an  exceedingly  rare  disease,  so  rare  that  many 
doubt  its  existence,  but  so  many  well-authenticated  cases 
have  been  reported  that  further  doubt  is  scarcely  war- 
ranted. On  the  other  hand,  some  of  the  cases  observed 
have  proved  to  be  impostures. 

The  disease  is  most  frequently  observed  upon  the  eye- 
lids, cheeks,  forehead,  abdomen,  and  scrotum.  The  dis- 
tribution may  be  unilateral  or  symmetrical,  the  disease 
occuring  in  small  patches.  Often  the  affected  area  changes 
from  place  to  place.  The  color  varies  from  a  yellow  to 
a  dark  brown,  brick-dust-like,  green,  blue,  or  red  tint. 
There  is  usuallj'  mixed  with  the  sweat  a  certain  amount  of 
fat  which  upon  drying  leaves  an  amorphous  granular  de- 
posit upon  the  skin,  and  which  may  be  partially  if  not  en- 
tirely' removed  hy  water  or  ether. 

Most  cases  have  occurred  in  neurotic  or  hysterical  un- 
married women,  in  conjunction  with  uterine  or  ovarian 
disorders  and  with  chronic  constipation.  It  was  for- 
merly thought  that  the  absorption  of  indican  from  the 
intestinal  canal  in  the  latter  condition  was  the  principal 
factor,  but  this  has  not  been  confirmed,  as  the  pigment 
in  the  sweat  does  not  give  the  indican  reaction. 

The  amount  of  pigment  in  these  cases  varies  from  day 
to  day,  and  may  clisappear  for  weeks  or  months  to  recur 
again.     The  disease  usuallj'  lasts  for  years. 

Green  or  blue  sweat  occurs  quite  freciuently  in  work- 
ers in  copper,  from  internal  introduction  of  the  metal. 

Blue  sweat  has  been  known  to  occur  after  taking  large 
ciuantities  of  iron  and  also  from  potassium  iodide ;  in  the 
latter  case  the  blue  reaction  was  caused  by  the  starch 
in  the  shirt  (Taylor). 

Phosphorescent  sweat  has  been  observed  after  taking 
phos])horus  and  after  eating  phosphorescent  fish. 

Red  sweat  occurring  in  moist  regions  of  the  body  like 
the  axilla  and  pubes  is  produced  by  micro-organisms 
(Bacterium  prodigiosum),  and  is  associated  with  concre- 
tions on  the  hairs  (lepothrix). 

H;ematidrosis  cruenta  is  jiroduced  by  hemorrhage  into 
the  sweat  glands  or  ducts,  causing  a  reddish  sweat  (see 
Pvi-jiiira). 

The  Treatment  of  chromidrosis  depends  upon  the 
cause.  In  the  idiopathic  forms  the  general  condition 
should  be  treated — bowels,  uterine  conditions,  etc. 

In  those  cases  which  are  due  to  the  introduction  of 
metals  or  drugs  into  the  system  the  treatment  is  obvious. 

The  forms  produced  by  micro-organisms  can  be  easily 
relieved  by  mild  antiseptic  applications. 

Williain  A.  Hardaway . 

CHROMIUIVI. — Compounds  of  chromium  are  constitu- 
tionally highly  poisonous  to  the  animal  system,  and 
chromic  acid  and  its  sohilile  salts  are  also  intensely  irri- 
tant, and  even  caustic.  Medicinally,  preparations  of  the 
mineral  are  used  only  for  local  purposes.  The  United 
States  Pharmacopceial  compounds  are  the  following ; 

Acidiiiii:  Chrondcmn,  Chromic  Acid  (chromium  tri- 
oxide,  CrOa).  This  compound  is  in  "small,  needle-shaped 
crystals,  or  rhoml)ic  prisms,  of  a  dark  purplish-red  color 
and  metallic  lustre;  odorless;  destructive  to  animal  and 
vegetable  tissues;  deliquescent  in  moist  air.  Very  solu- 
ble in  water,  forming  an  orange-red  solution.  Wlien 
brought  in  contact  with  alcohol,  cthei-,  glycerin,  and 
otlier  organic  solvents,  decomposition  takes  place,  some- 
times with  dangerous  violence"  (U.  S.  P.).  On  Jieating, 
chromic  acid  first  fuses  to  a  reddish-brown  liquid,  aiid 
then  decomposes  into  green  cliromic.  oxide  and  free 
oxygen.  From  its  poweiful  cli<'iiiieal  action,  c'hromic 
acid  should  be  kept  in  glass-stoppered  Ijottles  and  never 


brought  into  contact  with  any  kind  of  oxidizable  organic 
matter..  In  concentrated  application  chromic  acid  is  a 
powerful  and  penetrating  caustic,  and  is  available  in 
surgery  when  a  deep  and  thorough  cauterization  is  de- 
manded. But  it  should  not  be  applied  over  an  extensive 
area,  lest  enough  be  absorbed  to  produce  constitutional 
poisoning.  It  is  generally  used  by  mixing  the  crystals 
with  a  drop  of  water  to  the  forming  of  a  paste.  The 
acid  is  also  a  powerful  oxidizer  and  antiseptic,  thus 
proving  disinfectant,  both  by  destroying  low  forms  of 
living  things,  and  also  by  oxidizing  foul  products  of 
zymotic  processes.  But  its  corrosive  properties  make 
the  disinfectant  virtues  generally  unavailable.  Chromic 
acid  is  of  use,  however,  for  the  preservation  of  organic 
tissues  in  the  laljoratory,  particularly  nerve  structures 
intended  for  microscopical  examination,  since  it  both 
preserves  and  somewhat  hardens  the  specimen  while 
changing  but  little  its  histological  appearance.  It  is 
used  for  such  purpose  in  very  weak  aqueous  solution. 
Chromic  acid  should  not  be  prescribed  for  internal  medi- 
cation, and,  in  prescription  for  any  purpose,  the  explosi  ve- 
ness  of  its  mixture  with  glycerin  and  other  oxidizable 
matters  must  carefully  be  borne  in  mind. 

Potassii  Bichromas,  Potassium  Bichromate  (K2Cr207). 
This  well-known  salt  is  in  "large,  orange-red,  transpar- 
ent, triclinic  prisms  or  four-sided  tables,  odorless,  and 
having  a  bitter,  metallic  taste.  Permanent  in  the  air. 
Soluble  in  ten  parts  of  water  at  1.5°  0.  (59°  F. ),  and  in 
1.5  parts  of  boiling  water,  insoluble  in  alcohol "  (U.  S. 
P.).  On  heating,  the  salt  first  fuses  to  a  dark-brown 
liquid,  and  then  decomposes  into  neutral  potassium 
chromate  and  green  chromic  oxide,  with  evolution  of  free 
oxj'gen.  Potassium  bichromate  is  severel}'  irritant  and 
poisonous,  and  is  not  used  in  medicine.  In  weak  aque- 
ous solution  it  is  a  convenient  preservative  for  histological 
specimens,  producing  effects  similar  to  those  of  chromic 
acid.  Mueller's  fluid  is  compounded  of  from  two  to  two 
and  a  half  parts  of  potassium  bichromate  and  one  part  of 
sodium  sulphate,  dissolved  in  one  hundred  parts  of  water. 
Potassium  bichromate  is  official  in  the  Pharmacopoeia 
for  use,  in  solution,  as  a  chemical  test. 

Edirard  Curtis. 

CHROMIUM,  POISONING  BY.— All  soluble  com- 
pounds of  chromium  are  poisonous.  The  compounds  of 
most  toxicological  interest  are  the  trioxide,  commonly 
called  chromic  acid,  CrOs,  the  dichromates  such  as  the 
sodium  and  the  potassium  dichromate,  KjCrjO,,  and  the 
neutral  chromates,  potassium  chromate,  K2Cr04,  and 
lead  chromate,  PbCrOj.  Potassium  dichromate,  or  bi- 
chromate, is  the  comuKm  red  salt  of  commerce,  and  has 
caused  more  fatal  cases  of  chromium  poisoning  than  any 
of  the  other  compounds  of  this  metal.  Chrome  yellow, 
normal  lead  chromate,  and  chrome  red,  a  basic  salt,  are 
capable  of  causing  chromium  poisoning  if  ingested  in 
sutficient  quantity  at  one  time,  but  when  taken"  in  small 
quantities  through  long  periods  of  time  the  symptoms 
are  those  of  chronic  lead  poi.soning.  The  salts  of  chro- 
mium, such  as  chrome  alum,  KCr(S04)2,  are  not  known  to 
have  produced  poisoning  in  man.  The  form  of  poisoning 
due  to  the  local  action  cTf  the  dust  of  the  chromates  is  not 
uncommon  in  factories  where  tliese  chemicals  are  used, 
but  cases  of  acute  poisoning  are  unfrequent,  though  a 
considerable  total  number  luis  been  reported.  The  cases 
have  been  largely  accidental,  though  there  have  been 
some  suicides,  and  in  some  the  dichromate  has  been  taken 
as  an  abortifacient. 

Uses  nf  Chromium  Compounds. ~Q\nomK  acid  is  used 
in  medicine  as  an  escharotic,  and  in  the  manufacture  of 
organic  chemicals  as  an  oxidizing  agent.  The  alkaline 
chromates,  especially  potassium  dichromate,  are  used 
extensively  in  dyeing,  calico-printing,  and  tanning,  in  cer- 
tain photographic  reproduction  processes,  ancl  in  the 
preparation  of  other  chromium  compounds,  especially 
certain  pigments,  as  chrome  yellow.  The  lead  chromates 
are  much  used  in  painting,  and  have  been  employed  for 
coloring  confectionery,  and  by  bakers  for  giving'  a  yel- 
low color  to  cakes,  etc. 
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Action  of  Chromic  Acid  and  tub  Chromates. — 
L(X-(d  Action. — Chromic  acid  is  an  active  oxidizing  agent, 
and  wiien  concentrated  readily  destroys  tissues  witli 
wliicli  it  comes  in  contact.  It  is  hence  used  as  an  escha- 
rotic  in  tlie  form  of  crystals  and  in  strong  aqueous  solu- 
tion. In  strong  solutions  it  acts  on  the  sound  epidermis 
slowly,  but  (ui  long  contact  it  jienetrates  the  skin  and 
maybe  absorbed  in  this  way  in  sulticient  amounts  to  give 
rise  to  constitutional  effects.  It  acts  violently  on  nuicous 
membranes  and  wo\inded  surfaces,  from  both  of  which 
it  is  readily  absorbed.  Fatal  ac\ite  poisoning  has  fol- 
lowed its  external  use,  as,  for  example,  in  a  case  in  which 
the  solid  arid  was  applied  to  a  carcinoma  of  the  breast 
and  death  followed  in  a  few  hours  with  symptoms  of 
chromium  poisoning.  The  alkaline  chromates,  and 
especially  the  dichromates,  have  a  caustic  action  similar 
to  that  of  the  acid  but  are  much  less  active.  Emplo3'ees 
exposed  to  the  dust  of  these  compounds  in  factories  suffer 
from  their  caustic  action  in  two  ways:  through  its  action 
on  the  mucous  membranes  of  the  nose,  moutli,  and  ej'es, 
and  upon  the  skin  on  various  parts  of  the  body.  The 
effect  of  the  dust  is  seen  soon  after  exposure  begins, 
sometimes  on  the  first  day.  The  first  sj-mptoms  are 
those  of  a  coryza,  becoming  more  severe  with  the  increas- 
ing irritation  until  there  is  established  obstinate  ulcera- 
tion which  ends  in  the  perforation  and  destruction  of  the 
septum  narium.  At  the  same  time  there  may  develop 
severe  inflammation  of  the  eyelids,  and  in  the  moutli  and 
throat  ulcers  elosel}^  resembling  those  due  to  syphilis. 
The  dust  attacks  the  site  of  any  injury  to  the  skin  with 
the  residt  that  there  are  formed  obstinate  circumscribed 
ulcers  which  penetrate  deepl}',  going  to  the  bone  and 
even  into  it.  These  ulcers  may  be  developed  on  any 
part  of  the  body,  even  those  parts  covered  by  the  cloth- 
ing, and  have  been  especiall_y  observed  about  the  genitals. 
As  the  result  of  long  exposure  and  irritation  the  external 
skin  majf  show  chronic  skin  disorders  of  the  nature  of 
eczema,  psoriasis,  etc.  ' 

Acute  Poisoning. — The  alkaline  cliiomates  arc  readily 
absorbed  after  ingestion,  and  produce  symptoms  Avliich, 
together  with  those  due  to  the  local  action  in  the  stomach 
and  intestines,  give  a  marked  type  of  acute  poisoning. 
The  salts  have  a  metallic,  bitteV  taste.  The  symptoms 
produced  by  them  are,  first,  those  of  a  severe  gastro- 
enteritis; nausea,  vomiting  of  yellow  colored  material 
which  may  be  bloody ;  diarrhoea,  and  even  bloody  move- 
ments; thirst;  abdominal  pain;  colic;  tenesmus;  cramps 
in  the  legs;  great  anxiety  and  prostration;  cold  and 
clanimv  skin;  rapid  and  "feeble  pulse.  These  symp- 
toms are  followed  by  pain  in  the  region  of  the  kidneys 
accompanied  by  the  passage  of  albuminous  bloody  urine 
containing  renal  tube  casts,  and  even  by  suppression  of 
the  urine.  The  respiration  becomes  feeble  and  irregular, 
the  patient  loses  consciousness  and  dies  in  coma  or  con- 
vulsions. If  the  fatal  result  is  delayed  beyond  the  first 
day,  jaundice  appears  as  a  result  of  fatty  degeneration  of 
the  li'ver.  In  some  cases  the  gastrointestinal  symptoms 
are  not  as  prominent  as  in  the  typical  case,  and  they  may 
be  wanting.  If  the  case  be  prolonged  the  symptoms 
referable  to  the  kidneys  and  l)ladder,  and  to  the  live)-, 
become  more  prominent.  Deatli  has  commonly  resulted 
in  from  four  to  fourteen  hours  (Falk),  but  has  been  de- 
layed to  fifty-four  hours. 

Post-Mortem  Appearances.— "Y^hc  signs  of  inflammatory 
action  are  usually  found  in  the  alimentary  tract,  though 
they  may  be  absent.  These  signs  have  been  ob.served  in 
all  porliisns  of  the  tract  and  have  indicated  all  grades  of 
intensity  of  action:  hypersemia,  swelling,  ecchymoses, 
brownish  injection  of  the  mucous  membrane;  corrosion 
and  ulceration.  Signs  of  inflammatory  action  have  also 
been  found  in  the  bladder,  the  lungs,  the  endocardium, 
and  the  pericardium.  The  kidneys  have  been  reported 
as  hypercemio  and  as  showing  structural  changes  in  the 
epithelium  of  the  tubules  with  abundant  cast  formation. 
Fatty  degeneration  has  been  observed  in  the  liver  and 
heart  muscle,  and  the  blood  has  been  found  viscid  and 
very  dark  The  dark  appearance  is  said  to  be  due  to  the 
presence  of  methsmoglobin  (Priestley).     The  gums  may 


show  a  bluish-gray  line  about  the  teeth  which  is  ascribed 
to  the  reduction  of  chromic  acid  to  chromic  oxide,  Cr^Oa. 

Fatal  Doxe. — The  amoimt  of  alkaline  chromates  re- 
quired to  produce  death  is  not  accurately  known,  but 
small  doses  of  potassium  dichromate  (.03-.20  gm.)niay 
produce  distressing  symptoms,  and  under  favorable  con- 
ditions a  few  centigrams  (0.2 — (l..'j  gm.)  may  ])roduce 
threateuing  symptoms.  Falk  mentions  four  cases  of  re- 
covery after  doses  varying  from  0.2.5  to  4  gm.,  and  recov- 
ery has  followed  dosQS  u]i  to  two  ounces  in  cases  pi'op- 
erly  treated.  The  smallest  dose  known  to  have  been 
fatal  to  an  adult  appears  to  have  been  that  in  Mr.  Wood's  ' 
ea.se,  in  which  7.7  gm.  (  3  ij.)  caused  the  death  of  a 
woman  in  four  hours  (Taylor).  Rabbits  and  dogs  are 
killed  by  doses  of  O.U6-0.3(i  gm.  of  dichromate,  and  rul)- 
bits  from  subcutaneous  doses  of  0.20  gm.  of  the  ucutial 
chromate  (Gergens).  Con.sidering  these  data  and  the 
effects  seen  after  doses  of  a  few  centigrams  in  man,  it  is 
probable  that  the  miuimum  fatal  dose  for  man  is  con- 
siderably smaller  than  the  one  thus  far  observed,  7.7  gm. 

Treatment. — The  first  indication  in  acute  poisoning 
is  the  neutralization  and  removal  of  the  poison.  The 
acid  salt  may  be  converted  into  the  less  irritating  neutral 
chromate  by  the  administi'ation  of  magnesia  fir  sodium 
bicarbonate.  Lead  acetate  has  lieen  recommended  with 
the  view  of  forming  the  difficultly  soluble  lead  chromate, 
but  it  should  obviously  be  used  with  caution.  More  im- 
portant than  these  cliemieal  antidotes  is  prompt  remfival 
of  the  contents  of  the  stomach  by  the  use  of  emetics  if 
there  be  little  vomiting,  but  better  by  very  thorough 
washing  with  the  stomach  pump.  The  sub.sequent  treat- 
ment of  the  gastro-enteritis  is  that  of  metallic  poisons  in 
general,  though  subuitrate  of  bismuth  would  seem  to  be 
specially  indicated  because  of  the  nearly  insoluble  bis- 
muth chromate  that  would  be  formed  with  the  traces  of 
poison  remaining. 

E.rperiments  on  AnimaU. — The  highly  poisonous  char- 
acter of  cliromic  acid  and  its  soluljle  salts  has  been 
abundantly  shown  by  experiments.  The  symptoms  and 
post-mortem  appearances  seen  in  the  lower  animals  have 
iDcen  similar  to  those  described  as  occurring  in  man,  and 
are  referable  especially  to  the  irritant  action  of  the  poison 
on  the  alimentary  tract  and  on  the  kidney.  The  struct- 
ural changes  in  the  kidney  have  been  uniforndy  found 
on  microscopic  examination,  even  when  not  obvious  from 
their  macroscopic  appearances.  In  long-continued  cases 
typical  appearances  of  contracted  kidney  have  been  ob- 
served, and  several  authors  indicate  this  condition  as  one 
of  the  most  likely  sequeUc  to  poisoning  by  chromates. 
According  to  Priestley  the  vaso-motor  centres  are  first 
stimulated  and  then  paralyzed,  and  general  paralysis  pre- 
cedes the  convulsions.  The  elimination  of  chromic  acid 
takes  place  chiefly  by  way  of  the  urine,  but  in  part  also 
in  the  fseces.  It  is  found  in  the  mucous  membrane  of 
the  intestines,  and  in  fasces,  even  after  subcutaneous  in- 
jection (August  Mayer).  The  elimination  is  rapid,  so 
that  within  eight  hours  sixty  per  cent,  has  been  removed, 
and  at  the  end  of  four  days  only  traces  of  chromium 
are  to  be  foimd  in  the  urine  and  fteces  (Viron). 

Chronic-  P(jis<>niii(j. — The  form  of  poisoning  seen  in 
workers  in  factories,  and  due  to  local  action  of  the  dust 
or  strong  solutions  of  the  chromate,  may  properly  be 
considered  as  a  chronic  poisoning,  but  the  marked  struct- 
ural changes  seen  in  acute  poisoning  suggest  the  inquiry 
wdiether  there  is  also  a  chronic  general  poisoning  due  to 
the  absorption  of  small  amounts  of  chromate.  There  has 
been  abundant  opportunitj'  for  the  occurrence  of  cases 
of  such  poisoning  among  employees  in  factories  where 
chromates  are  largely  used,  and  also  as  the  result  of  the 
therapeutic  use  of  potassium  dichromate,  in  the  form  of 
Giintz'  solution,  in  syphihs.  It  appears,  however,  that 
no  chronic  condition  ascribable  to  this  cause  has  as  yet 
been  observed  in  man.  It  is  possible  that  the  rapid  elim- 
ination of  the  chromate  is  a  sufficient  protection  in  the 
case  of  man  against  the  effects  of  small  doses,  but  as  a 
chronic  intoxication  has  been  produced  in  dogs  by  very 
long-continued  action  of  chromates  (Viron),  the  possibility 
of  its  occurrence  in  man  should  be  recognized. 
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Compounds  of  Ciieomium. — There  appear  to  ]w  no 
recorded  cases  of  poisoning  in  man  Ijy  salts  of  the  metal 
cliromium,  but  experiments  on  animals  indicate  that  tlicy 
are  capable  of  producing  the  same  lesions  as  the  chromates, 
but  that  the  dose  i-equired  is  very  mueli  gi-eater,  and  tliat 
even  with  moderately  large  doses  the  action  is  much 
slower.  Pander  found  that  using  chromium  sodium 
lactate  hypodermically,  tlie  lethal  dose  for  wai'md)looded 
animals  'is  about  oue'hundred  times  that  of  the  dichro- 
mate.  The  elimination  is  also  very  rapid.  These  ob- 
servations indicate  that  very  large"  doses  indeed  would 
be  required  to  produce  serious  effects  on  man. 

Herbert  E.  .Smi/h. 

CHROMOSOME.— (j/3"/'a,  a:P"/'«™f.  color,  and  aii/ja,  a 
body. )  The  substances  forming  the  nucleus  of  a  cell  may 
be  roughly  divided  into  two  groups.  One  of  these  is 
distinguished  by  the  ease  with  which  the  material  may 
be  colored  with  "the  basic  aniline  dyes,  while  the  other, 
like  most  C3'toplasmic  structures,  is  not  readilj'  stained 
with  these  dyes.  The  former  is  called  chromatin,  the 
latter  achromatin.  During  the  stages  pre]5aratory  to  the 
mitotic  division  of  the  nucleus  the  chromatin  becomes 
segregated  into  a  deiinite  number  of  equal  portions.  The 
bodies  thus  formed  are  the  chromosomes. 

The  dilference  in  staining  reactions  tliat  the  chromo- 
somes exhibit  when  compared  with  most  of  the  other 
structures  in  the  cell  indicates  a  difference  in  chemical 
or  physical  condition.  If  a  quantity  of  yeast,  pus  cells, 
nucleated  red  blood  corpuscles,  or  other  ordinary  cells 
be  subjected  to  artificial  digestion  with  pepsin  and  hy- 
drochloric acid,  the  albumens  are  dissolved  and  may  lie 
removed,  leaving  a  residue  which  is  more  or  less  soluble 
in  weak  alkalies  and  may  be  precipitated  bj'  hydrochloric 
acid.  After  being  purified  this  residue  is  found  to  be  a 
colorless,  amorphous  substance  insoluble  in  alcohol  and 
ether,  and  insoluble  or  very  slightlj'  soluble  in  water,  pep- 
sin and  hydrochloric  acid,  or  in  weak  mineral  acids.  Mi- 
croscopical examination  of  the  undissolved  residue  shows 
that  it  consists  chiefiy  of  u\iclear  material,  and  the  chem- 
ical substance  which  is  isolated  after  purification  has  ac- 
cordingly been  named  by  Miescher  r(«rf(?/«.  Truenuclein 
is  further  characterized  by  its  property  of  giving  off 
xanthin  bodies  when  boiled  with  dilute  acids;  and  when 
treated  with  an  alkali  it  is  split  into  two  substances,  an 
albumin  and  nuch-iiiic  acid,  as  was  shown  by  Altmann. 
Nucleinic  acid,  like  nuclein,  is  rich  in  phosphorus,  and 
Miescher  gives  as  the  fornuda  for  nuclein  obtained  from 
.salmon  sperm  C40H54N14P.1O2,.  But  there  are  undoubt- 
edl_y  several  varieties  of  nucleinic  acid,  so  it  is  impos- 
sible to  give  a  general  formula  for  the  series.  Both  nu- 
clein and  nucleinic  acid  are  stained  readily  with  the  basic 
aniline  dyes.  While  similarity  of  staining  reaction  does 
not  necessarily  indicate  similarity  of  chemical  composi- 
tion, and  the  reaction  of  parts  of  a  cell  depends  largelj- 
upon  its  previous  tieatment,  the  evidence  as  a  whole  goes 
to  show  that  the  chief  chemical  substance  by  which  the 
cln'omosomes  are  distinguished 
from  other  structures  in  the  cell 
is  )uicleinic  acid. 

In  form  and  structure  the 
clu-omosomes  differ  greatly  in 
different  organisms,  in  different 
cells,  and  in  different  stages  of 
develo]iment  of  the  same  organ- 
ism. They  vary  in  form  from 
minute  globular  or  elliptical 
bodies  (Fig.  1310)  to  elongated 
I'ods,  ofti'U  bent  or  twisted,  and 
fi'e(iuenll3'  in  a  V-  or  U-shape 
(Figs.  1322  and  1333).  In  the 
jirocess  of  matvu'ation  of  the 
gei-m  cells  of  both  animals  and 
plants  the  chromosomes  appear 
In  the  form  of  tetrads,  practically  four  chromosomes  more 
or  less  joined  togetlier.  During  the  formation  of  the 
tetrads  the  chromo.somes  often  asstime  the  lorm  of  rings 
or   crosses,  and   both  of  these   foi'nis   may  appear  with 
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Fifi.  1319.— Sperm  atogo- 
iiiiirn  of  the  Earthworm 
<Liiiiibricus),  Showing  the 
IMitntic  Figure  in  ttie  Late 
rropliasc.  Twerilv  -four 
of  U)o  thirty-two  s 
rtiroinosotues  may  tie 

KHttiered  at  the  eijuator 
of  tile  spindle.  X  uliout 
l.mi.     (After  Calkins.) 


Others  in  the  same  cell,  as  Calkins  found  to  be  the  case 
in  certain  ferns.  (See  article  Jleduction  Dirision,  also 
articles  Ovum  and  SpermaUjzoa^) 

Many  observers  have  noticed  that,  when  highly  magni- 
fied, in"  numerous  cases  the  chromosomes  may  be  seen  not 
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rifi.  13in.— Auxocyte  (Prlinaiy  Sperrnatoeyte)  of  Batrachoseps.  Nu- 
eleus  in  the  spireme  stage.  One  or  two  large  chromoplasts  are  seen 
in  the  lower  part  of  the  nucleus.     /.  about  1,.5IX).     (After  Eisen.) 

to  be  homogeneous,  but  to  be  composed  of  smaller  units, 
minute  granules  of  chromatin.  In  a  recent  paper  on  the 
spermatogenesis  of  a  Pacific  coast  salamander,  Batracho- 
seps, Gustav  Eisen  (190(3)  describes  the  chromosomes  as 
being  composed  of  a  homogeneous  chromoplasm  contain- 
ing a  definite  number  of  minute  bodies,  which  he  calls 
chromiules  (Fig.  1322)  and  believes  to  be  fundamental 
elements  of  the  nucleus.  These  are  arranged  in  two 
rows,  one  on  each  side  of  the  chromosome.  The  latter 
is  constricted  slightly  at  reguhir  intervals,  and  is  thus 
divided  into  segments,  or  chromomeres  (Fig.  1321).  In 
the  fully  developed  chromosome  of  this  species  there  are 
six  chromomeres,  each  containing  six  chromioles. 

Chromosomes,  as  a  nde,  appear  only  during  cell  division 
and  their  origin  and  late  are  intimately  associated  with 
that  process,  for  a  description  of  which  'the  reader  should 
consult  the  article  on  CM,  Here  we  are  concerned  only 
with  the  important  part  played  by  the  chromosomes.  In 
the  so-called  resting,  or  vegetative,  stage,  the  chromatic 
material  is  generally  scattered  througdiout  the  nucleus 
in  the  form  of  fine  granules,  although"more  or  less  of  it 
maybe  gathered  together  forming  "net-knots,"  or  "chro- 
matin-nucleoli." According  to  Eisen  the  granules  are 
chromioles.  To  the  chromatin-nucleoli  he  gives  the  name 
of  chromojila.itn.  and  believes  them  to  he  of  equally 
fundamenttrl  importance  with  the  chromioles.  Prepara- 
tory to  division,  tlie  chromatin  becomes  united  into  one  or 
more  slender  threads  coiled  within  the  nuclear  membrane 
and  forming  the  spireme  (Fig.  1320).  Next  the  spireme 
thread  shortens  and  thickensT  and  finally  it  is  divided  by 
transverse  fis.sion  into  a  number  of  separate  segments": 
these  are  the  chromosomes.  According  to  Eiseii,  in  the 
cells  of  the  testes  of  Batrachoseps  the  chromoplasts  are 
the  centres  of  activity  in  the  formation  of  the  spireme. 
The  chromioles  become  arranged  in  rows  and  connected 
by  an  enveloping  chromoplasn'i,  forming  slender  threads, 
or  "leaders,"  and  this  takes  place  in  connection  with  the 
chromoplasts.  each  one  having  several  lettders  radiating 
from  it  (Fig.  1320).     The  usual  shorteuint;-  and  thicken- 
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ing  of  the  leaders  takes  place,  and  the.y  become  reduced 
in  number  until,  in  somatic  niit<jses,  there  are  twenty- 
four.  Finally,  the  chromoplasts  divide  so  that  there  are 
formed  twenty -four  separate  cliromosomes,  eacli  one  pro- 
vided with  a  clu'omoplast  at  one  end. 

In  tlie  mean  time  tlie  achroniatin  spindle  lias  been 
formed,  and  the  nuclear  Avail  has  faded  uway  leaving  the 
chromosomes  lying  free  in  the  cytoplasm.  The  chromo- 
somes now  niigi'ate  toward  tlie  equator  of  tlie  spindle 
until  they  become  arranged  in  a  circle  around  it  (Fig. 
1331).  Then  follows  the  most  important  and  essenlial 
operation  in  the  division  of  the  nucleus,  the  separation 
of  each  chromosome  into  two  exactly  equal  lialves  (Fig. 
1332).  This  is  preceded  by  a  longitiaUiuil  fission,  which 
takes  place  in  some  species  at  this  stage,  in  olheis  at 
various  earlier  stages  as  far  back  as  the  spireme.  The 
separation  having  been  accomplished,  one-half  of  each 
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Fig.  1321.— AuxocTte  ot  Batraclioseps  In  a  Stace  Immediately  Preced- 
ing the  Metaptiase.  Eight  ol  the  twelve  ehronir),sumes  are  seen  ap- 
proaching ttie  eciuator  of  the  spindle.     ,\  about  l.WIJ.     (After  Eisen.) 

chromosome  moves  to  one  pole  of  the  spindle,  tlie  other 
to  the  other  pole ;  so  that  in  the  anaphase  there  are  col- 
lected at  each  pole  of  the  spindle  the  same  number  of 
chromosomes  that  ivere  formed  in  the  mother-nucleus 
(Fig.  1323).  Each  of  these  groups  of  chromosomes  then 
forms  a  new  daughter-nucleus.  This  may  take  place  in 
one  of  two  ways:  either  the  chromosomes  may  unite  to 
form  a  spireme  thread,  after  which  the  cliromatin  be- 
comes more  diffused  and  a  nucleus  membrane  is  formed 
around  the  whole ;  or  else  each  chromosome  may  swell 
and  form  a  vesicle,  and  the  ve.sicles  then  fuse  to  form  the 
new  nucleus.  When,  after  a  resting  stage,  the  nucleus 
again  prepares  for  division,  the  chromosomes  wdiich  reap- 
pear within  it  are  of  the  same  number  as  those  of  w-hich 
it  was  originally  formed. 

It  is  now  established  as  highly  probable,  that  every 
species  of  animal  and  plants  has  a  constant  and  charac- 
teristic number  of  chromosomes,  which  appears  at  each 
successive  division  of  the  somatic  cells.  Wilson  gives  a 
list  of  seventy-two  species  in  which  the  number  has  been 


determined.  Thus,  in  the  worm  Ojihryotroclia,  there 
are  four;  in  Nais,  Spirogyra,  Limax,  Piiius,  and  Allium 
there  are  sixteen,  and  man  has  been  supposed  to  have 


Fig.  1322.— Auxoevte  of    Batrachoseps  in    the  Metaphase,  Chromo- 
somes Dividing,     /  aliout  1,500.     (After  Eisen.) 

this  same  number;  eighteen  are  found  in  the  sea  urchin, 
Echinus,  and  in  Ascidia;  the  salmon,  frog,  mouse,  and 
lily  have  twenty-four;  thirty -six  have  been  found  in 
Torpedo  and  certain  sharks ;  and  the  crustacean.  Artemia. 
is  said  to  liave  one  hundred  and  sixty-eight.  It  will  be 
noticed  that  in  each  of  tln.'se  cases  the  number  is  an  even 
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Fig.  1323.— Auxocyte  of  Batrachoseps  in  the  Late  Anaphase,  Daughter- 
Chromosomes  Collecting  at  the  Poles  of  the  Spindle.  X  aljout  1,.5CI0. 
(After  Eisen.) 

one ;  and  in  each  of  these  cases  and  the  others  mentioned 
in  Wilson's  table  the  nuclei  of  the  mature  male  and  fe- 
male germ  cells  have  been  found  to  contain  exactly  half 
as  many  chromosomes  as  the  somatic  cells. 
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In  the  ferns  and  their  allies  there  is  iin  alternation  of 
generations.  A  prothallium  derived  from  a  non-sexual 
spore  produces  male  and  female  germ  cells.  These  give 
rise  to  the  fern  plant,  which  in  tui'n  produces  non-sexual 
spores.  In  several  of  the  ferns  and  Hepaticas  it  has  been 
found  that  the  reduction  in  the  number  of  chromosomes 
does  not  take  place,  as  in  animals,  in  the  formation  of  the 
germ  cells;  but  it  occurs  during  the  development  of  the 
spores,  and  all  the  cells  of  the  prothallium,  both  somatic 
and  germ  cells,  have  half  the  number  of  chromosomes 
found  in  the  somatic  cells  of  the  fern  plants.  (See  Re- 
duction Division. ) 

That  interesting  parasite,  Ascaris  mefjdlocephala,  pre- 
sents a  curious  exception  to  the  law  of  the  number  of 
chromosomes.  The  mature  germ  cells  of  this  species 
have  only  one  chromosome  (var.  univalent!),  or  two  (var. 
bivalens),  and  the  first  blastomeres  in  the  dividing  ovum 
have  correspondingly  two  or  four  chromosomes.  This  is 
true  also  of  the  cells  which  in  later  stages  are  destined 
to  form  the  germ  cells  for  the  next  generation.  But  in 
the  subsequent  divisions  of  the  purely  somatic  cells  the 
chromatin  becomes  divided  into  a  large  number  of  very 
minute  chromosomes;  it  is  probable,  however,  that  the 
number  is  constant. 

(July  in  rare  instances  do  the  chromosomes  persist  in- 
tact from  one  cell-division  to  the  next.  Still  there  are  a 
number  of  facts  which  seem  to  indicate  that  the  chromo- 
somes which  appear  preparatory  to  the  division  of  a 
nucleus  are  individually  the  same  as  those  which  formed 
that  nucleus  after  the  previous  division. 

The  evidence  for  this  view  may  be  considered  under 
three  heads;  1.  The  correspondence  between  the  number 
of  chromosomes  entering  into  the  formation  of  a  niicleus 
and  the  number  issuing  from  it.  2.  The  correspondence 
in  position  between  the  place  of  disappearance  of  the 
chromosomes  and  the  place  where  they  reappear.  3. 
The  observed  distinctness  of  the  groups  of  chromosomes 
derived  from  the  male  and  female  parent  respectivel^y. 

The  law  that  "whatever  be  the  number  of  chromo- 
somes entering  into  the  formation  of  a  reticular  nucleus, 
the  same  number  afterward  issues  from  it,"  has  been 
found  to  hold  good  in  all  normal  cell-divisions  that  have 
been  observed,  except  in  the  special  cases  of  the  spermat- 
ocj'te  and  oocyte  in  animals  and  the  corresponding  spore 
cells  of  plants.  These  special  cases,  which  will  be  fully 
considered  in  the  article  on  liedvction  Dimsion,  do  not 
detract  from  the  force  of  the  evidence  furnished  b}'  the 
general  rule.  The  force  of  this  rule  is  most  strikingly 
illustrated  Ijy  certain  abnormalities,  especially  in  the 
eggs  of  Ascaris. 

In  the  conmioner  variety  of  Ascaris  megaloeephala,  var. 
biralens,  the  oocyte,  or  immature  egg,  has  the  chromatic 
elements,  of  the  nucleus  arranged  in  two  groups  of  fours, 
tetrads.  One  tetrad  goes  into  the  first  polar  body ;  the 
other  divides  into  two  dyads,  and  one  goes  into  the  second 
polar  body  and  the  other  dyad  forms  the  two  chromo- 
somes of  the  female  pronucleus.  Thus  we  have  in  the 
first  polar  body  four  chromosomes,  two  in  the  second 
polar  body,  two  in  the  female  pronucleus,  and  the  sper- 
matozoon brings  in  two  more,   making  a  total  of  ten. 

The  variety  unimdens  presents  the  same  phenomena 
except  that  the  numbers  are  just  one-halt  of  these. 
Fortunately  in  these  wonderful  eggs  the  polar  bodies 
persist  until  tlie  formation  of  the  embryo  is  well  under 
way,  and  the  chromosomes  in  them  may  be  C(umted. 

Now  Boveri  and  Ilerla  liave  shown  tliat  while  develop- 
ment ordinarily  follows  the  normal  course,  various  ab- 
normalities may  occ  in-;  Ijut,  witli  tlie  exception  of  two  or 
three  possibly  doubtful  cases,  the  total  number  of  chro- 
mosomes may  always  be  accounted  for  according  to  the 
rule.  For  example,  in  var.  liivolviis  it  sometimes  happens 
that  two  small  female  pronuclei  are  present  instead  of 
one  large  one,  and  when  the  chromosomes  are  formed  it 
is  found  that  only  one  chromosome  ai)])ears  in  each  of 
the  small  pronuclei,  the  total  numlier  remaining  the  same. 
In  othereggs  four  chromosomes  werefo\u)d  inthe  female 
pronucleus  or  six  in  the  lirst  cleavage  spindle,  but  the 
second  polar  body  was  not  to  be  found  and  had  evidently 


not  been  extruded.  Again,  cases  were  found  in  which 
tliere  were  only  three  chromosomes  in  the  tirst  polar 
body,  and  the  missing  one  was  discovered  in  the  second 
maturation  spindle  or  in  the  female  pronucleus. 

Herla,  however,  found  one  female  in  which  all  the 
eggs  showed  the  normal  polar  bodies  of  var.  bi-valens,  but 
in  the  first  cleavage  spindle  and  subsecpient  stages  there 
were  only  three  chromosomes.  But  in  the  same  intestine 
he  found  other  worms  of  the  var.  •unvtiilens.  There  is 
strong  reason  to  believe  that  this  was  a  case  of  crossing, 
the  female  of  one  variety  having  been  impregnated  by 
the  male  of  the  othei',  and  thus  the  rule  would  still  hold 
good.  In  other  worms  from  the  same  source  a  few  cases 
were  found  of  j-edundancy  of  chromosomes  with  normal 
polar  bodies.  Herla  explains  these  as  due  to  the  entrance 
of  two  spermatozoa,  which  Van  Beneden  has  shown  to 
occur  rarely.  In  short,  all  the  abnormalities  are  suscepti- 
ble of  explanation  in  accordance  with  the  rule,  there  be- 
ing only  two  or  three  ver}'  rare  cases  in  which  the  valid- 
ity of  the  explanation  miglit  be  questioned. 

The  rule  is  further  confirmed  by  observations  of  Brauer 
on  the  parthenogenetic  eggs  of  the  crustacean  Artemia, 
and  Boveri  and  Morgan  have  made  the  interesting  dis- 
covery that  it  is  possible  to  fertilize  fragments  of  echino- 
derm  eggs  which  contain  no  fenjale  pronucleus  and  to 
obtain  larvos  whose  cells  contain  just  half  the  normal 
number  of  chromosomes,  the  number  introduced  by  the 
spermatozoon.  Very  recentlj^  E.  B.  Wilson  has  found 
that  the  .same  is  trm^of  echinoderm  embrj'os  derived  from 
eggs  which  have  been  stimuhited  to  develop  by  Loeb's 
chemical  method  without  the  entrance  of  a  spermatozoon. 

In  all  these  cases,  wherever  the  number  of  chromosomes 
in  the  first  cleavage  spindle  has  been  altered  as  the  result 
of  .some  accident  of  maturation  or  fertilization,  this  .same 
number  is  found  to  reappear  in  subsequent  stages.  Thus 
these  abnormalities  contribute  striking  proof  of  the  law 
of  equalit}'  in  the  number  of  chromosomes. 

While  it  is  true  that  if  the  chromosomes  maintain  their 
individuality  in  the  reticular  nucleus,  the  same  number 
must  appear  at  the  close  of  the  resting  period  as  were 
present  at  the  beginning,  the  demonstration  that  this  is 
the  fact  does  not  prove  that  the  new  chromosomes  con- 
tain the  same  elements.  There  niav  be  an  entire  rear- 
rangement of  the  chromatin  during  the  reticular  stage. 
Therefore,  if  it  can  be  shown  that,  besides  being  equal 
in  number,  the  chromosomes  are  reformed  in  the  same 
part  of  the  reticulum  where  they  disappeared,  we  shall  • 
have  greatly  strengthened  the  evidence  for  their  iudivid- 
ualitj'. 

So  far  the  only  form  tliat  has  supplied  such  evidence 
is  Ascaris.  Here  in  the  two-cell  stage  when  the  chromo- 
somes unite  to  become  the  nucleus,  the  ends  of  the  chro- 
mosomes project  from  the  general  mass  and  persist  dur- 
ing the  resting  stage  as  reticular  lobes,  and  the  first  step 
in  preparation  for  the  second  division  is  the  concentration 
of  the  chromatin  in  these  same  lobes  to  form  the  ends  of 
the  new  chromosomes.  The  ends  of  the  chromosomes  in 
this  case,  therefore,  appear  to  be  composed  of  the  same 
chromatin  before  and  after  the  resting  stage.  As  to 
whether  this  is  true  of  the  middle  part  or  not  the  evi- 
dence is  inconclusive. 

Finally  there  is  a  certain  amount  of  evidence,  that  if 
not  the  chromosomes,  at  any  rate  the  mass  of  chromatin 
derived  from  each  parent,  remains  distinct.  In  the  hybrid 
eggs  of  Ascaris,  Ilerla  found  that  the  female  pronucleus 
gave  rise  to  a  single  thread  of  chromatin  which  divided 
transversely  to  form  the  two  chromosomes,  while  the 
male  pronucleus  produced  a  much  shorter  thread  that 
did  not  divide.  In  subsequent  divisions  of  the  series 
leading  to  the  formation  of  the  primordial  germ  cells 
of  the  embryo  he  obser^'cd  that  the  three  chromosomes 
arose  in  the  same  way,  indicating  a  persistent  distinction 
between  the  chromatin  of  maternal  and  that  of  paternal 
origin. 

In  a  little  copcpod,  Cyelops  strenuiis,  Hflcker  andRuck- 
ert  have  demonstrated  that  the  twelve  chromosomes  of 
each  germ-nucleus  remain  distinct  and  give  rise  in  the  two- 
cell  stage  to  a  distinct  half  of  the  bilobed  nucleus  of  each 
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cell.  Two  spiremes  are  formed  in  the  next  stage,  produc- 
ing separate  groups  of  twelve  chromosomes,  and  Riickert 
traced  the  maternal  and  paternal  gi-oups  of  chromosomes 
in  this  way  through  several  successive  cell-divisions  and 
found  evidence  of  the  dual  nature  of  the  nuclei  as  late 
as  the  stage  of  the  formation  of  germ-layers. 

In  conclusion  it  may  be  said  that  wliile  it  is  not  possi- 
ble at  present  to  give  a  rigorous  proof  of  the  individual- 
ity of  the  chromosomes,  the  thi-ee  lines  of  evidence  just 
reviewed  give  to  the  hypothesis  a  considerable  degree 
of  probability. 

The  physiology  of  the  chromosomes  is  the  most  diffi- 
cult question  that  we  have  to  consider,  Ijecause  experi- 
ment is  wellnigh  impossible,  and  we  can  draw  inferences 
as  to  their  functions  only  from  the  appearances  oljserved 
in  the  various  stages  of  cell  activity. 

There  are  a  number  of  observations  and  experiments, 
however,  to  show  that  the  nucleus  pla.vs  a  very  im- 
portant part  in  the  economy  of  the  cell'  Thus,  if  the 
body  of  a  unicellular  organism  be  divided  so  that  one 
part  contains  no  nuclear  "material,  this  part  may  remain 
alive  for  some  time  but  is  imable  to  digest  food  or  to  re- 
pair the  damage,  while  the  part  ccmtaining  the  nucleus 
can  do  all  of  this  and  soon  becomes  as  perfect  as  before. 

That  the  chromatin  is  the  most  essential  part  of  the 
nucleus  seems  to  be  evident  from  the  phenomena  of 
mitosis.  Here  we  see  every  part  of  the  mechanism  de- 
signed apparently  to  effect  the  exactly  equal  distribution 
of  the  material  to  the  two  daughter-cells ;  and  when  the 
daughter  nuclei  are  re-formed  they  are  produced  entiiely 
by  the  transformation  of  the  chromosomes.  Ruckert  has 
found  that  in  a  shark,  Pristiurus,  the  chromosomes  per- 
sist during  the  growth  period  of  the  egg.  At  first  they 
are  small  and  stain  darkly.  During  the  growth  of  the 
egg  they  increase  enormou.sl3r  in  size  and  lose  in  staining 
capacity,  and  at  the  end  of  the  period  they  contract  to 
one-sixth  of  their  original  length  and  stain  very  darklj'. 
"  As  Ruckert  points  out,  the  great  increase  of  surface  in 
the  chromosomes  is  adapted  to  facilitate  an  exchange  of 
material  between  the  chromatin  and  the  surrmmding 
substance;  and  he  concludes  that  the  coincidence  between 
the  growth  of  the  chromosomes  and  that  of  the  egg 
points  to  an  intimate  connection  between  the  nuclear  ac- 
tivitj'  and  the  formative  energy  of  the  cytoplasm. "  "  We 
may  infer  that  the  original  chromosomes  contain  a  high 
percentage  of  nucleinic  acid ;  that  their  growth  and  loss 
of  staining  power  is  due  to  a  combination  with  a  large 
amount  of  albuminous  substance  to  form  a  lower  member 
of  the  nuclein  series,  probably  a  nucleo-proteid ;  that 
their  final  diminution  in  size  and  resumption  of  staining 
power  is  caused  by  a  giving  up  of  the  albumen  constitu- 
ent, restoring  the  nuclein  to  its  original  state  as  a  prepa- 
ration for  division."  Ordinarily  these  chemical  changes 
and  interchanges  between  chromatin  and  achromafin 
take  place  in  the  reticular  stage  of  the  nucleus,  and  the 
chromosomes,  as  they  are  usually  observed,  probably  have 
nothing  to  do  with  them.  The  reticidar  nucleus  is  prob- 
ably not  at  all  in  a  "resting  stage  "  but  is  a  seat  of  lively 
metabolic  activit}',  and  it  is  more  probable  that  the 
chromatin  of  the  chromosomes  is  in  more  nearly  an  in- 
active condition.  Why  the  chromatin  should  assume 
this  form  at  the  time  of  division  is  not  known,  but  the  pres- 
ence of  the  chromosomes  at  almost  everj^  cell-division  in 
the  whole  range  of  forms  from  the  protozoa  to  man  and 
the  higher  plants  indicates  that  their  formation  is  an 
essential  step  in  the  process. 

The  most  important  function  that  has  been  ascribed  to 
the  chromosomes  is  that  of  transmitting  the  physical  basis 
of  heredity  from  one  generation  to  the  next.  Statistical 
studies  of  Galton,  Pearson,  and  others  indicate  that  on  the 
whole  the  heritages  from  the  two  parents  to  the  offspring 
are  equal.  There  must  be  in  the  fertilized  egg,  then, 
some  material  body  derived  in  equal  proportion  from  the 
two  parents,  and  the  chromosomes  are  the  only  bodies 
that  so  far  have  been  found  to  meet  this  requirement. 
Moreover,  during  the  first  cleavage  of  the  egg  each  chro- 
mosome is  divided  by  longitudinal  fission  into  exactly 
equal  parts,  which  are  distributed  to  the  two  daughter- 


cells  so  that  each  one  has  an  exactly  eiiual  number  of 
chromosomes  of  paternal  and  of  maternal  origin.  If  the 
individuality  of  the  chromosomes  be  a  fact,  then  this 
equal  distribution  of  chromatin  from  the  two  .sources  is 
e.vtended  to  all  the  cells  of  the  liodv.  If  we  further  as- 
sume as  proven  that  the  chromatin  is  the  seat  of  the  form- 
ative activity  of  the  cell,  then  we  licgiii  to  f^ain  some 
insight,  apparently,  into  the  manner  in  which  the  mater- 
nal and  paternal  characteristics  are  commingled  in  all 
parts  of  the  olfspriug. 

^  It  maj'  be  asked,  and  with  good  reason.  How  is  it  pos- 
sible for  the  complex  f)f  hereditary  qualities  of  a  gifted 
father  to  ha  transmitted  to  his  distinguished  son  through 
a  few  ultra-microscopic  threads  of  nucleinic  acid?  The 
theories  of  heredity  will  be  discu.ssed  in  another  article 
(see  Heredity),  but  it  may  be  pointed  out  here  that  nuclein 
and  nucleinic  acid  are  the  products  of  dead  nuclei.  We 
have  no  knowledge  of  the  chemical  substances  in  the 
living  nucleus  and  chromosomes  beyond  the  fact  that 
they  are  so  combined  that  when  their  vital  activities  have 
ceased  they  yield  to  the  chemist  bodies  of  the  nuclein 
.series.  The  nucleins  are  certainly  very  complex  bodies, 
but  thei-e  can  be  little  doul)t  that  the  living  chromosomes 
are  infinitely  more  complex  than  anything  we  can  dis- 
cover with  the  microscope  or  by  chemical  analysis. 

liobert  Payne  Bigelow. 
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CHRYSAROBIN.— CiiBYSAROBiNUM,  U.  8.  P.  A  neu- 
tral ijrinciple,  in  its  commercial,  more  or  less  impure 
form,  extracted  from  Goa  powder,  a  substance  found 
deposited  in  the  heart  wood  of  Vouacnpoua  Araroba 
(Aguaiar)  Lyons  (fam.  Leguminosa).  This,  sometimes 
misnamed  chrysophanic  acid,  is  the  crystalline  substance 
of  which  "  Goa  powder  "  principally  consists.  It  has  long 
been  used  in  Brazil,  whence  its  eiuploymeut  has  spread 
through  Portuguese  commerce  to  India  and  the  East. 
Its  general  European  and  American  emiilojunent  is  com- 
paratively recent.  Goa,  or  Araroba,  is  a  pulverulent 
substance,  contained  in  long  and  large  canals  in  the  older 
wood  of  the  trunks,  and  also  in  large  irregular  cavities 
in  the  same,  foriued  b}'  erosion  or  degeneration  of  the 
wood  itself.  It  is  obtained  by  cutting  and  splitting  up 
the  trees,  and  scooping  or  scraping  out  these  canals  and 
cavities.  It  is  considerably  irritating  to  the  skin  and 
mucous  membranes,  and  severe  inflammation  of  the  face 
and  eyes  of  those  who  collect  it  is  not  unusual.  Lachryma- 
tion  and  sneezing  are  readily  produced  by  sifting  or  han- 
dling the  powder.  Crude  Goa  is  a  coarseish  powder,  mixed 
with  lumps  and  fine  bits  and  fibres  of  wood,  varying 
from  dull  yellow  (when  fresh)  to  reddish  brown,  or  even 
a  greenish  or  violet-brown  color,  with  the  other  proper- 
ties of  its  purified  product  as  described  below.  Besides 
small  amounts  of  sugar,  gum  resin,  and  cellular  tissue, 
it  contains,  as  was  first  shown  by  Professor  Attfield, 
eighty-tive  per  cent,  of  a  yellow  crystalline  substance, 
which  he  supposed  was  clirysopluinie  aeid,  but  which 
Lieberman  afterward  proved  to  be  a  mixture  consisting 
iTiostly  of  a  peculiar  substance,  chrysarobiii,  having  many 
points  of  resemblance  to  the  above-mentioned  acid,  con- 
taining a  little  of  it,  and,  in  fact,  capable  of  being  trans- 
formed into  it  by  oxidation.  The  impure  chrysarobin 
of  the  Phanuacopffiia  is  thus  described :  "  A  pale,  orange- 
yellow,  microcrystalline  powder,  odorless  and  tasteless, 
turning   brownish  yellow   on    exposure   to   air.      Very 
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slightly  soluble  in  cold  water  or  alcohol;  soluble,  with- 
out leaving  more  than  a  small  residue,  in  150  parts  of 
boiling  alcohol ;  also  soluble  in  33  parts  of  boiling  benzol, 
and  in  solutions  of  the  alkalies." 

Chrysarobin  taken  internally  is  an  active  irritant  to  the 
alimentary  canal,  causing  violent  and  persistent  catharsis 
and  vomiting.  It  is  eliminated,  partly  unchanged  and 
partly  converted  into  chry.S()i)hanic  acid,  by  the  kidnej'S, 
whici)  glands  are  extremely  irritated  by  it,  and  luvmaturia 
and  interstitial  nephritis  "may  follow.  It  is,  however, 
here  never  given  internally,  its  use  being  confined  to  lo- 
cal applications  as  an  ii-ritant  and  parasiticide  in  chronic 
psoriasis,  pityriasis  versicolor,  and  tinea  tonsurans.  It 
produces  an  active  acute  inflammation,  which  as  it  sub- 
sides leaves  the  original  malady  in  an  improved  condition. 
C'hrysaroliin  stains  both  skin  and  clothing  badly.  TIk^ 
ointment  (Unr/iientiiin  (JJiri/xiovhiii.V.  S.  P.,  strength  five 
per  cent.)  is  of  a  suitable  strength  for  inunction. 

11'.  P.  BoUes. 

CHRYSOIDIN.  —  C„IIr,N,NCJl3(NII.2)  JICl— Diamido- 
azo-benzol  hydrochloride.  This  is  a  red-brown  crystal- 
line powder  soluble  in  water  and  used  in  solution  as  an 
antiseptic  mouth  wash.  IK.  .1.  Bastedo. 

CHRYSOPHANICACID.— iJ/(«>.4«rf.  Rhein.  CmH^- 
<CH3)(OH)20.2.  This  is  a  bright  yellow  crystalline 
powder  extracted  from  rhubarl),  to  which  it  imparts  the 
yellow  color.  It  is  insoluble  in  water  and  onlj-  slightly 
soluble  in  alcohol,  but  dissolves  in  both  ether  and  chloro- 
form. It  is  highly  irritant,  and  has  the  same  properties 
and  uses  as  Chrysurobiit,  which  see.  //.  H.  Rimhy. 

CHUCANDIRO.— jMichoacan,  Mexico.  These  waters 
enjoy  a  great  reputation  in  the  country  because  of  their 
warmth  (which  is  that  of  the  normal  human  body),  their 
clearness,  and  their  curative  properties.  They  contain  a 
high  percentage  of  hydiochloric  acid  in  solution. 

-ZV.  J.  Ponce  de  Leon. 

CHYLANGIOMA.     See  Angioma. 

CHYLE. — The  term  chyle  is  applied  to  the  milk-white, 
opa(iue  fluid  which  fills  the  lacteals,  or  lymphatic  ducts, 
of  the  small  intestine  during  the  digestion  of  food  con- 
taining fat.  Since  the  fluid  from  the  lacteals  preponder- 
ates in  that  of  the  thoracic  duct  and  causes  the  latter  to 
assume  a  similar  appearance,  the  term  chyle  is  also  fre- 
cjuentljr  applied  to  the  contents  of  the  thoi'acic  duct  dur- 
ing the  absorption  of  fats.  The  physical  and  chemical 
properties  of  this  fluid  vary  at  different  times  and  under 
various  circumstances;  the  most  important  factor  deter- 
mining its  projierties  is,  however,  the  character  of  the 
food  in  the  intestinal  canal.  In  a  starving  animal  or  in 
one  which  has  received  only  fat-free  food,  the  liciuid  of 
the  lacteals  is  not  to  be  distinguished  either  in  appearance 
or  in  chemical  composition  from  ordinar}'  Ij'mjjh. 

Much  of  our  knowledge  of  the  character  and  composi- 
tion of  chyle  has  been  derived  from  experiments  upon 
the  lower  animals,  and  especially  from  experiments  upon 
the  dog.  In  this  animal  it  is  not  difticult  to  insert  a 
cannula  into  the  thoracic  duct  where  it  joins  the  left  sub- 
clavian vein  at  the  root  of  the  neck ;  in  this  manner  the 
chyle  may  he  collected  for  any  desired  period  and  the 
factors  affecting  the  composition  and  rate  of  flow  studied. 
Unfortunately,  the  fluid  collected  in  this  manner  is  not 
pure  chyle,  but  consists  of  a  mixture  of  chyle  iind  (jf 
lyni|)h  coming  from  the  lymphatics  of  the  liver,  kidneys, 
pelvis,  abdominal  walls,  lower  extremities,  etc.  In  large 
herbivorous  animals  eannulie  have  l)een  inserted  inio  the 
lacteals  directly  and  pure  chyle  obtained.  The  chyle  of 
man  has  seldom  been  studied;  in  rare  cases  flstulie  con- 
necting with  the  lacteals  or  with  tlie  thoracic  duct  have 
been  described  and  the  fluid  esca]iing  therefrom  examined. 
Cases  are  also  reported  in  wliich  the'lhoracic  duct  became 
occluded  and  ruptured,  allowing  the  chyle  to  escape  into 
the  pleural  or  piiltoneal  cavity,  from  wliich  it  Avas  re- 
moved by  puncture. 


Chyle  obtained  by  one  of  the  above  methods  is,  when 
a  mi.xed  diet  has  been  given,  a  white,  opaque  fluid ;  oc- 
casionally it  is  colored  slightly  red  or  yellow  from  the 
accidental  jjresence  of  red  blood  corpuscles.  In  herbiv- 
ora  it  may  liave  a  greenish  tinge  from  chlorophyl  derived 
from  the  "food.  It  has  an  alkaline  reaction  due  to  car- 
bonates and  phosphates  of  sodium.  The  specific  gravity 
is  1.018  to  1.035.  It  has  a  salty  taste  and  the  odor  (due 
to  volatile  fatty  acids)  peculiar  to  the  animal  from  which 
it  is  derived.  It  coagulates  upon  standing,  sometimes 
more,  sometimes  less,  readily.  Examined  microscopically 
chyle  is  found  to  contain  t"T\'o  kinds  of  formed  elements, 
leucocytes  and  fat  granides.  The  leucocytes  have  their 
origin  chiefly  in  the  lymphoid  tissue  of  the  intestinal  tract 
and  the  lymph  glanrls  of  the  mesentery ;  chyle  obtained 
fi-om  the  "lacteals  before  they  pass  through  lymph  glands 
is  found  to  contain  fewer  leucoc_ytes  than  that  from 
vessels  which  have  passed  through  "these  glands.  A  con- 
stant stream  of  leucocytes  thus  passes  from  the  chyle 
into  the  blood;  this  forms  an  important  source  of  the 
white  corpuscles  of  the  latter.  The  fat,  which  exists  in 
a  state  of  the  finest  division,  will  be  discus.sed  below. 

Since  chyle  is  but  a  form  of  lymph  we  should  expect 
to  find  a  close  resemblance  between  the  chemical  com- 
position of  these  two  fluids;  the  following  table  from 
Munk,  giving  the  results  of  analyses  of  chjde  and  of 
lymph  of  man,  shows  that  this  is  the  case. 


fjne  liundred  parts. 

Water 

Solids 

Fibrin 

Proteids  

rats  (lecitbiu  and  cholesterln)  . 

Extractives 

Salts 


Cbyle. 


Lymph. 


9; 


>2.2 

9.5.2 

7.8 

4.8 

.1 

.1 

3.2 

3..5 

3.3 

Traces 

.4 

.4 

.S 

.8 

This  table  shows  very  clearly  that  chyle  differs  from 
ordinary  lymph  in  but  one  important  point,  viz.,  in  con- 
taining a  larger  percentage  of  fat.  In  exceptional  cases 
chvle  contains  a  larger  percentage  of  sugar  than  does 
lymph;  this  point  will  be  discussed  below.  Since  chyle, 
like  lymph,  is  derived  from  the  blood,  it  is  of  interest  to 
compare  the  composition  of  the  blood  serum  and  the 
chyle  of  the  same  animal.  The  following  table  is  from 
analyses  made  b)' Hoppe-Seyler ;  the  fluids  were  obtained 
from  a  dog. 


Chyle. 

Serum. 

Water 

90.67 

.11 

2.1(1 

6.48 

.2:! 

79 

93  60 

Fibrin 

Fat  (lechithin  and  cholesterinf. . 

68 

Other  organic  substances 

29 

Salts 

87 

These  analyses  show  that  chyle  differs  from  serum  in 
two  important  particulars;  it  contains  a  larger  percent- 
age of  fats  and  a  smaller  jiercentage  of  proteids.  Lymph 
similarly  contains  a  smaller  jiercentage  of  proteids  than 
does  blood  serum.  The  amount  of  urea  in  the  chyle  is, 
according  to  Grchant  ami  Quiuquaud,  greater  than  that 
in  the  blood;  they  found  from  46  to  95.5  mgm.  of  urea 
in  100  gm.  of  chy'le,  and  only  about  one-half"as  much  in 
blood. 

The  salt  occurring  in  the  greatest  abundance  in  chyle 
is  sodium  chloride  (.58  per  cent.);  then  come  sodium 
carbonate  (.15-. 30  percent.)  and  the  jihosphates  of  the 
alkalies  and  alk;dine  earths  (.0-1  per  cent.).  Other  salts, 
as  potassium  iodide  and  potassium  ferrocyanide,  are  oc- 
casionally found  in  the  chyle  as  abnormal  constituents. 
At  times  a  small  amount  of  lactic  acid  is  present. 

The  proteids  of  the  chyle  are  serum  albumin  and  serum 
gloliulin ;  the  former  is  two  and  a  half  to  four  times  as 
abundant  as  the  latter.  Cholesterin  and  lecithin  are  con- 
stant constituents  of  the  chvle;  in  analyses  they  are  fre- 
quently reckoned  with  the  fats  in  the  ""ethereal "extract." 
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Some  analyses  showed  from  18  to  103  mgm.  of  eholesterin 
per  100  gm.  of  chyle;  lecithin  wus  fouiul  iumucli  smaller 
cjuantity — only  about  half  as  much  of  this  being  present, 
as  a  rule,  as  of  eholesterin. 

It  has  already  been  shown  that  the  only  important  dif- 
ference between  chyle  and  ]ym]>h  is  the  presence  in  the 
former  of  a  large  amount  of  fat.  If  the  contents  of  the 
laeteals  be  examined  in  an  animal  which  has  received  no 
food  for  many  hours  or  only  fat-free  food,  this  difference 
does  not  obtain,  and  the  contents  of  the  laeteals  cannot 
be  distinguished  from  ordinary  lymph.  These  considera- 
tions suggest  that  fats  are  at)S(.irbed  by  the  laeteals,  and 
that  this  is  the  case  has  long  been  known.  The  question 
is  often  raised.  Are  the  laeteals  the  only  path  for  the 
absorption  of  fats'?  While  this  question  is  usually  an- 
swered in  the  altirmati\'e,  the  proofs  ure  by  no  means 
complete.  The  amount  of  fat  absorbed  from  the  intes- 
tines is  easily  determined  by  weighing  the  amount  of 
fat  fed,  and  that  remaining  in  the  digestive  tract  after  a 
.  given  period;  the  difference  gives  the  total  amount  ab- 
sorbed. The  fat  absorbed  by  the  laeteals  is  determuied 
by  collecting  the  chyle  as  it  flows  from  the  thoracic  duct 
and  weighing  the  fat  it  contains.  When  the  amount  of 
fat  obtained  from  the  thoracic  duct  is  compared  with 
that  absorbed  from  the  intestines,  a  marked  deficit  is  al- 
ways found;  the  most  careful  work  has  failed  to  recover 
more  than  sixty  per  cent,  in  this  way.  The  fate  of  the 
rest  of  the  fat  is  not  known;  there  is,  liowever,  no  evi- 
dence that  any  of  it  passes  into  the  portal  s_ystem. 

Fat  does  not  seem  to  be  absorbed  by  the  lymphatics  of 
either  the  large  intestine  or  the  stomach,  for  the  con- 
tents of  these  are  always  clear;  the  epithelial  cells  lining 
these  organs  are,  however,  sometimes  found  filled  with 
fat  droplets,  but  it  is  not  known  what  finally  becomes  of 
the.se. 

The  amount  of  fat  in  the  chjde  varies  within  wide 
limits,  being  determined  hy  the  amount  and  character  of 
the  fat  of  tile  food.  It  is  said  that  the  chyle  of  the  dog 
may  contain  as  much  as  fifteen  per  cent,  of  fat;  the 
maximum  amount  found  by  Munk  in  man  was  about  five 
per  cent.  The  time  after  a  meal  at  which  fat  appears  in 
the  chyle  is  very  variable,  being  determined  largely  by  the 
character  of  the  fat  fed.  Zawilski  (Ludwig's  "  Arbeiten," 
ii..  1876,  p.  147)  introduced  into  the  stomach  of  a  dog 
150  gm.  of  fat  (the  variety  is  not  stated).  Two  hours 
afterward  fat  was  detected  in  the  chyle ;  the  maximmn 
amount  was  found  in  the  tenth  hour,  and  fat  was  still 
present  after  nearly  thirty  hours.  Munk  and  Rosenstein 
(to  whom  we  are  indebted  for  nearly  all  of  our  knowl- 
edge of  the  absorption  of  fat  in  man)  carried  out  a  similar 
series  of  experiments  on  a  human  being  (Virchow's 
ArcliiB,  133,  p.  330).  These  investigators  had  the  op- 
portunity of  observing  and  experimenting  upon  a  girl 
who,  as  a  result  of  elephantiasis  of  one  leg,  had  a  fistula 
in  the  thigh  which  communicated  through  the  left  lum- 
bar lymphatic  duct  with  some  of  the  laeteals.  It  was 
found  that  when  fat  was  given  to  this  patient,  two-thirds 
of  it  could  be  recovered  in  the  fluid  escaping  from  tlie 
fistula  in  the  following  twelve  hours;  further,  examina- 
tion of  the  blood  at  the  height  of  digestion  showed  no 
more  fat  to  be  present  than  when  the  patient  was  fasting. 
Munk  and  Rosenstein  concluded  from  these  observations 
that  nearlv  all  the  chyle  escaped  througli  the  fistula.  A 
unique  opportunity  was  thus  offered  to  extend  to  man 
the  experiments  which  had  been  made  upon  animals  as 
to  the  absorption  of  fats.  Some  of  the  more  important 
results  will  be  given  below.  In  one  experiment  the  pa- 
tient was  giveri  41  gm.  of  olive  oil ;  the  fluid  escaping 
from  the  fistula,  and  which  had  hitherto  been  clear,  be- 
came milky  in  appearance  during  the  second  hour  and 
chemical  examination  showed  the  presence  of  much  fat. 
The  maximum  amount  of  fat  was  found  in  the  Huid 
escaping  during  the  fifth  to  the  sixth  hour;  the  fluid 
now  contained  4.3  per  cent,  of  fat,  and  5.6  gm.  passed  out 
during  the  hour.  The  percentage  of  fat  in  the  chyle 
rapidly  decreased  from  this  time  on,  and  from  the  eleventh 
to  the  thirteenth  hour  only  0.8  gm.  was  obtained.  In 
all,  60  per  cent,  of  the  fat  fed  escaped  from  the  fistula. 


When  a  fat  with  a  high  melting  point  (like  mutton  tat 
which  is  solid  at  ordinaiy  tetnperatures)  was  given,  the 
course  of  absorption  -was  sinnlar,  except  that  the  maxi- 
numi  percentage  of  fat  in  the  chyle  (3.8  per  cent.)  ap- 
peared somewhat  later — between  the  seventh  and  the 
eighth  hour;  that  is,  the  mutton  fat  was  absorbed  with 
more  diHieuIty  than  was  tlie  olive  oil.  The  greatest 
amount  recovered  in  one  hour  was  4.7  gm.,  and  of  the 
entire  amount  55  per  cent,  was  obtained  from  the  chyle. 
When  cream  was  given  to  the  patient,  as  nmch  as  il.3 
gm.  of  tat  was  obtained  in  one  hour. 

From  earlier  experiments  on  lower  animals  ilunk  had 
found  that  when  fatty  acids  are  fed  they  appear  in  the 
chjde  as  neutral  fats;  he  was  able  to  confirm  this  result 
on  the  patient  in  (juestion.  F(n'  example,  w  hen  17  gm. 
of  eriieie  acid  was  given,  8  gm.  of  the  corresponding 
neutral  fat  (erncin)  was  obtained  from  the  chyle  escaping 
during  the  f(.iliowing  ten  hours;  in  other  words,  a  union 
of  erueic  acid  and  glycerin  (derived  from  the  tissues)  had 
occurred  during  the  course  of  absorption.  Very  little 
free  acid  Avas  found  in  the  elijde.  Munk  also  tried  exper- 
iments with  spermaceti,  a  fat  which  melts  at  a  temjiera- 
ture  (137"  F.)much  above  that  of  the  bod}',  and  in  which 
the  pahnitic  acid  is  combined  with  cetyl  alcohol  instead 
of  with  glycerin  as  in  ordinary  fats.  In  these  experi- 
ments the  fatty  acid  appeared  in  the  clijde  in  combination 
with  glj'cerin :  that  is',  the  spermaceti  had  been  decom- 
posed and  the  palmitic  acid  had  combined  with  g^jcmn 
during  the  course  of  absorption.  These  experiments 
also  show  that  fats  which  are  solid  at  the  temjierature  of 
the  body  can  be  absorbed  ;  the  earlier  view  was  that  such 
fats  escaped  absorption  altogether.  When  a  fat  contain- 
ing amyl  alcohol  instead  of  glycerin  was  given,  the  fat 
of  the  ciiyle  was  a  triglyceride,  showing  again  that  a  de- 
composition and  syntJiesis  had  occurred  during  absorp- 
tion. In  other  experiments  oil  in  the  form  of  an  emulsion 
was  given  by  the  rectmn ;  four  to  six  per  cent  of  the  fat 
was  absorbed  and  appeared  in  the  chyle  in  the  course  of 
eight  or  nine  hours. 

It  is  held  by  some  that  fats  are  absorbed  from  the  in- 
testines chiefly  in  the  form  of  soaps ;  if  this  is  the  case 
they  are  transformed  into  neutral  fats  very  soon  after 
absorption,  for  soaps  are  present  in  but  very  small  quan- 
tities in  the  chyle — only  to  the  extent  of  about  0.3  per 
cent.  In  fact  the  soaps  of  the  alkalies  have  been  shown 
bv  Munk  to  produce  poisonous  effects  similar  to  those 
caused  by  the  albumoses  when  they  are  injected  intra- 
venously. Very  little  free  fatty  acid  has  been  found  in 
the  chyle,  and  the  amount  is  not  increased  by  the  inges- 
tion of  fatty  acids. 

Thus  the"  fat  of  the  chyle  is  almost  entirely  in  the  form 
of  neutral  fats;  it  is  suspended  in  the  liquid  as  an  ex- 
tremely fine  emulsion.  The  fat  granules  are  less  than  1  ^ 
in  diameter  and  show  Brownian  movements.  This  emul- 
sion is  much  finer  and  more  uniform  than  that  which  is 
formed  in  the  intestine;  the  fat  granules  in  the  latter 
vary  in  size  from  1  to  20  ji  or  even  more.  The  emulsion 
of  the  chyle  also  differs  from  ordinary  fat  emulsions  in 
that  it  is  not  destroyed  by  acids.  There  is,  however,  no 
protecting  membrane,  as  was  once  thought  to  be  the  case ; 
the  fat  is  easily  removed  by  shaking  with  ether  which 
causes  the  liquid  to  become  transparent. 

Many  experiments  have  been  made  to  determine 
whether  substances  other  than  fats,  such  as  proteids  and 
carbohydrates,  pass  from  the  intestinal  tract  into  the 
chyle.  The  numerous  experiments  upon  the  lower  ani- 
mals and  those  of  Munk  and  Rosenstein  upon  man  agree 
in  showing  that  normally  fat  is  the  only  food-stuff  which 
takes  this'path.  Water  and  substances  easily  soluble  in 
water,  such  as  salts,  proteids,  and  sugars,  are  absorbed  by 
the  blood-vessels.  When,  however,  very  large  amounts 
of  sugar,  etc.,  are  fed,  some  may  be  absorbed  by  the 
laeteals  and  so  appear  in  the  chyle.  Munk  and  Rosen- 
stein, for  example,  found  that  after  giving  100  gm.  of 
sugar  the  percentage  of  sugar  in  the  chyle  rose  from  0.1 
to  0.33  per  cent.  ;  only  0.5  per  cent,  of  the  total  amount 
absorbed  from  the  intestine  was  found,  however,  in  the 
chyle.     These  authors  found  no  appreciable  increase  in 
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the  amnunt  of  proteid  in  tlie  chyle  after  feeding  103  gm. 
of  all)umiu.  Aslier  andBarbera  (Centmlblatt  fiir  Phi/,4- 
olofjie,  xi.,  p.  403,  1897),  on  the  other  liand,  found  tljat 
wlien  a  xary  large  amount  of  proteid  (200  gm.)  was  in- 
troduced into  a  clog's  stomach,  as  much  as  6.4  per  cent, 
of  it  could  be  recovered  from  the  chyle;  such  results  are 
not  obtained  when  moderate  amounts  of  proteids  are 
used. 

The  quantity  as  Avell  as  the  character  of  the  chyle 
varies  considerablj'  during  the  cour.se  of  a  day.  It  in- 
creases during  the  period  of  digestion  and  decreases 
markedly  during  fasting.  Jlost  of  the  observations  upon 
this  point  have  been  made  upon  the  lower  animals. 
Colin,  using  figures  derived  from  an  experiment  in  wdiich 
cliyle  was  collected  from  one  of  the  large  lacteals,  calcu- 
lated that  in  a  young  bull  weighing  200  kgm.  about  1.5 
kgm.  of  chyle  was  formed  per  day.  There  are  no  obser- 
vations which  allow  of  more  than  an  appropriate  estima- 
tion of  the  amount  of  ch^yh^  formed  in  man.  Munk  and 
Ro.senstein  found  in  tlie  exiieriments  described  above  that 
from  70  to  130  gm.  of  chyle  escaped,  per  hour,  from  the 
fistula  before,  and  150  gm.  after  a  meal.  Noel  Paton 
(Journal  of  Phy-iiology,  ii.,  p.  109)  observed  the  flow  of 
lymph  from  the  thoracic  duct  in  a  case  in  which  this  duct 
liad  been  injured  during  an  operation  for  sarcoma  of  the 
neck;  he  estimated  the  normal  amount  to  be  from  130  to 
195  c.c.  per  hour.  Of  course  in  both  of  these  cases  the 
liquid  was  not  pure  chyle,  but  was  a  mixture  of  chyle 
and  lymph  from  other  sources;  in  Noel  Paton's  case, 
moreover,  the  patient  was  in  a  \eTj  abnormal  condition. 

Chyle,  in  addition  to  being  the  medium  of  the  absorp- 
tion of  fats,  is  the  lymph  of  the  small  intestines;  it  serves 
the  same  purpose  and  is  formed  in  the  same  way  as  the 
lymph  of  other  organs.     (See  article  Lymph.) 

lieid  Ilinii. 

CHYLOUS  AND  ADIPOSE  ASCITES.— Medical  litera- 
ture of  the  sixteenth  and  seventeenth  centuries  abounds 
in  instances  of  traumatic  lymphorrhagia  and  Ij'mphor- 
rhoea,  especially  after  venesection.'  Reviewing  the  rec- 
ords, we  cannot  avoid  the  conclusion  that  a  large  num- 
ber of  these  cases  were  of  chronic  jiyogenic  or  tuberculous 
infection.  Nuck-  and  Practicus^  have  recorded  (1695) 
cases  of  milky  saliva,  and  Rommel  one  in  which  a  milk- 
like fluid  exuded  from  the  exterior  surface  of  the  ab- 
domen. Milk-like  discharges  recorded  in  puerperal 
women  are  probablj'  pyemic  processes.  Dilated  lymph 
vessels,  lymphatic  varices,  liave  been  observed  in  serous 
membranes,  the  heart,  lungs,  small  intestines,  liver, 
spleen,  conjunctiva,  and  tunica  vaginalis. 

Kamienski  (Jahrbiich  fiir  Kinderlieilkiinrle,  1896,  Bd. 
xli.,  p.  429)  deals  with  the  relation  of  lymphangioma  in 
the  abdominal  h'mph  vessels  to  chylous  ascites.  The 
causes  of  lymphatic  varices  are  hlaria,  adenitis,  peri- 
orchitis lux'morrhagica,  Ij'mphatic  obstruction,  and  per 
haps  l3aT)phangitis  gonorrh(eica.  Lymphocele  is  increas- 
ing in  frequency  both  in  tliis  covmtry  and  abroad.'' 

Chylopericardium  is  extremely  rare,  there  being  but 
two  cases  on  record ;  one  case  resulted  from  leakage  of 
chylous  fluid  from  the  pleura,  and  the  second  instance 
was  due  to  rupt\ire  of  chyle  vessels.  Hasebroeek'  re- 
ports a  case  in  wliicli  albumin  7.0,  cholesteiln  0.3,  lecithin 
0.1,  fat  1.0,  alcoholic  extractives  0.2,  aijiieous  extrac- 
tives 0.2,  and  salts  0.9  per  cent.,  were  found. 

Chylotliorax  is  more  fre(juent,  abo\it  fort)' -five  cases 
being  recorded.  Some  sixteen  (Wiescher,  "  Zvu-  Casuistik 
der  Verletzung  des  Duct.  Thoracicus,"  Dent.  ZeiU.  fiir 
Mill,.  (JUir.,  Bd.  xxxviii.,  II.  4,  5;  also  contains  account 
of  experimental  work  upon  the  thoracic  duct;  Ojorgevic 
[Langenbeck'sYl;r/(n',  1870,  S.  653j)  resulted  from  direct 
trauma  to  the  thoi-acic  duct.  Ru]iture  of  the  tlioracic 
duct  is  uncommon  on  account  of  its  iirotected  location, 
and  it  heals  readily  on  account  of  low  pressure  there,  al- 
though it  has  been  stated  that  recovery  never  follows 
rupture.  Other  causes  of  chylotliorax  are:  chylous  elfu- 
sions  (Quinke),  altered  pus  (Gueneau  de  Mussy),  and 
chyliform  tbnds  distinct  from  serous,  purulent,  aiid  sero- 
fibrous effusions  (Debove). 
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Effusions  into  the  thoracic  cavities  are  divided  accord- 
ing to  Rotmann  into  chylous  and  chyliform  as  follows: 

I.   Chylous.—Rupture  or  Traxscd-ition  of   Chvle   theocgh 
Vessel  Walls. 

External  violence 8 

Carc-inoma  of  pleura -5 

Closure  suljclavlan  vein 4 

Tumois  c-ompressinff  thoracie  duct 2 

Malitniant  lytnplionia 2 

Ectasia,  sclerosis  of  lymph  vessels 3 

Stopyiinii:  thoracic  duct 1 

Filaria  I ;'  i 1 

Over-e.xertion 1 

Total 26 

LeaKaf^e  through  diaphragmatic  lymph  vessels  from  peri- 
toneum      1 

II.  Chyliform. 

A.  Fatty  cells. 

Carcinoma  of  pleura 5 

Tuberculous  picuritis 3 

Non-tul:)erculous  pleuritis 3 

Lung  abscess  (?) 1 

B.  Llp*mia  (Debove) '! 1 

Total 13 

The  most  recent  cases  of  chylothorax  are  those  of  Simon 
{Ulitth.  Orenzgeh.  Med.  iind  GMr.,  Bd.  v.,  H.  2),  in  which 
a  lymphangioma  of  the  leg  reached  the  thorax  and  burst 
into  the  pleura;  Ceconi,  Ra.ssius,  Hampbell,  Corselli, 
Frisco,  Bayer,  and  Henssen.  Bayer  has  C(jllected  twenty 
cases  of  combined  chjdothora.x  and  chylous  ascites. 

The  peritoneal  cavitj',  more  frequently  than  any  other 
serous  sac,  is  the  seat  of  those  unusual  exudates  and 
transudates  known  as  chylous,  chyliform,  lactiform,  oily, 
or  adipose  ascites.  The  fii'st  authentic  case  is  Poncy's 
(1699),  but  during  the  last  two  centuries  the  literature, 
carefully  considered,  gives  150  cases.  Three  have  fallen 
under  my  personal  observation. 

Pathogenesis. — Letulle  {lien/e  de  Med.,  November, 
1885,  p.  960)  holds  that  chylous  and  adipose  eft'usions  are 
always  formed  by  peritonitis,  independently  of  an_v  open- 
ing or  connection  with  the  lacteal  vessels.  He  espouses 
the  view  of  Gui^neau  de  Mussj',  that  products  of  serous 
or  purulent  inflammation  are  slowly  transformed  by 
leucocytes  into  a  granulo-fatty  emulsion.  All  cases, 
then,  of  chylous  ascites  are,  according  to  Letulle,  mere 
instances  of  chronic  tuberculous,  cancerous,  and  neo- 
membranous  peritonitis.  On  comparison  of  pus,  chylous 
effusions,  and  ascites,  he  finds  that  chylous  extravasations 
and  pus  are  quite  similar  as  regards  the  percentage  of 
albumin,  amount  of  salts,  and  total  solids,  and  he  con- 
cludes that  chylous  fluids  are  residual,  occupying  a  posi- 
tion intermediate  between  ascites  and  pyo-peritoneum. 
The  aiuount  of  fat  is  not  sufficient  to  cau'se  the  opacity, 
which  he  refeis  rather  to  the  regi-essive  process.  In  one  of 
Meher's  cases  there  was  only  0.48  gm.  of  fat  per  kilogram, 
yet  the  fluid  Avas  opaque.  Laissaigne  (Joiini.  de  chem. 
med.,  1835,  t.  i.  ;  cit.  Gendrin,  "  Ilistoire  anat.  des  inflam.," 
t.  ii.,  p.  548)  and  Robin  ("Traite  des  humeurs  ")  claim 
that  fat  is  present  in  the  flbriu  of  serous  exudations,  as 
in  chronic  pleuritis.  Cidlen  ("Med.  pratique,"  edit. 
1787,  t.  ii.,  p.  .580)  and  Gendrin  remarked  the  lactiform 
appearance  of  chronic  inflanmiatory  serositis.  Broussais 
(■'Hist,  des  phlegmasies  on  inflam.  "chron.,"  t.  iii.,  ch.  iv., 
Paris,  1831)deseiilieil  a  lactiform  elf  usion  with  thickened 
peritoneiun  and  De  Laharpe  (Arrhire.s  gen.  demed..  1842. 
t.  xiv.,  ]i.  3.58)  mentions  tlie  occurrence  of  a  milky  fluid 
whose  opalescence  was  due  to  particles  of  fat.  "Slehu 
((ijorgevic,  Langenbeck's  .Irc/f/r,  1870,  p.  653)  says  that 
fat  and  often  also  cliolesterin  Avere  found  in  ovarian 
cysts,  hydrocele  of  the  tiniica  vaginalis,  old  cysts,  ascites, 
and  very  old  lia-matoceles.  Letulle  thinks  tliat  this 
(|  notation  solves  the  entire  problem.  Gueneau  de  Mussy 
also  explains  fatty  pleurisv  by  fatty  degeneration  of  en- 
dothelial cells  {0/iii.  med..  t.  i.,  p.  658).  Veil  agrees 
witli  Ijctulle,  and  Sainton  with  Debove  (Mem.  Soc.  Med. 
des  Hop.,  1881,  \\  49)  claims  that  ruptures  in  the  chyle 
system  found  fiy  others  were  made  by  post-mortem  vio- 
lence. The  symptoms  of  chylous  effusions  are  not  those 
of  suppurative  pleuritis  or  peritonitis,  and  he  therefore 
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excludes  pyogenic  processes  fn^m  the  etiology.  These 
effusions  are  then  a  special  variety  of  exudate  "of  wliose 
genesis  and  pathology  we  remain  ignorant.  Peree  (  Thhe 
de  Paris,  1H81,  No.  383)  and  Secret'an  deny  the  possil)ility 
of  lacteal  rupture.  The  Fi-ench  writeis  have  in  general 
hesitated  to  admit  that  effusions  were  chylous,  yet  Littre 
early  in  the  eighteenth  century  pid dished  the  fom-tli 
case  on  record,  Depoix  (Thhe  de  Paris.  1SS9)  adnuts  the 
possibility  of  rupture.  Rokitansky  and  Oppolzer  (1861) 
in  Austria  described  cases,  but  until  twenty  years  ago 
chylous  and  adipose  ascites  were  regarded  in  "Germany 
as  mythical.  Less  scepticism  has  been  felt  in  Amei'ic'a 
and  in  England  wdiere  the  first  case  was  recorded. 

Debove  contests  that  Quincke  cannot  prove  his  con- 
tention that  rupture  of  the  thoracic  duct  explained  any 
of  the  cases  he  reported,  insomucli  as  they  were  not  de- 
monstrable post  mortem.  Tons  Debove'sobjection  does 
not  appear  wholly  valid,  since  lesion  in  the  duct  could 
well  have  healed  before  death.  Debove  considers  it  vm- 
likely  that  fluid  passes  from  the  pleura  to  the  peritoneum 
or  from  the  peritoneum  to  the  pleura.  He  reports  an  in- 
stance of  chyle-like  effusion  into  the  left  ]deural  cavity, 
apjiarently  similar  to  Klebs'  case  of  ascites  adiposiis,  due 
to  fatty  endothelial  cells. 

Definition  op  Terms. — Much  confusion  has  arisen 
from  inaccurate  nomenclature.  Chylous  ascites  properly 
designates  an  effusion  of  chyle.  Adipose  ascites  includes 
fluids  containing  a  large  percentage  of  fat  with  no  chy- 
lous admixture.  Some  authors  use  the  term  "adipose" 
and  "  chyliform  "  as  interchangeable.  Boulengier  ("  Con- 
trib.  a  i'etude  des  epanch.  chvlif,"  Presse  med.  Beige, 
Brux.,  1890,  No.  3,  p.  33,  anifNo.  4,  p.  49)  prefers  the 
terms  "  chyliform  "  and  "  lactiform  "  to  "  chylous, "  on  the 
ground  that  the  fluid  is  rarely  chyle.  While  this  state- 
ment is  too  sweeping,  3'et  the  distinction  is  well  made 
where  the  nature  of  the  fluid  is  tiiib  judice.  Ch_yliform 
ascites  is  a  chyle-like  fluid  in  which  lymph  or  chyle  may 
be  mixed  with  exudates  or  even  transudates.  It  is  often 
impossible  to  differentiate  sharply,  for  two  varieties  may 
coexist  or  transition  forms  raay  intervene.  Ascites  and 
hydrothorax  do  not  mean  effusions  of  fluid  into  the  peri- 
toneal and  thoracic  cavities,  but  transudates  into  said  sacs 
with  normal  vessels.  Transudates  are  not  symptoms,  and 
the  term  transudates  elucidates  neither  the  etiology  nor 
the  patholog3f,  hence  the  tenn  hydro]3S  chylosus  is  but 
imperfectly  explanatory.  The  name  hydrops  adiposus, 
first  employed  by  Quincke  and  Oppolzer,  is  more  explicit 
and  refers  to  fatty  degeneration  of  the  cells  of  an  exu- 
date, or  implies  at  least  that  the  le.sion  has  no  relation  to 
the  lymph  vessels  nor  to  their  contents. 

Etiology. — Excluding  unruptured  chvde  cysts  ("  Ch_yle 
Cysts,"  excellent  summary  in  Virchow's  Archiv,  Bd. 
cxxxiv.,  H.  1.,  S.  118,  b3'  Leydhecker,  who  also  gives 
exhaustive  review  of  entire  pathology  of  thoracic  duct ; 
Weichselbaum  [see  table],  Orth,  Ziegler,  Gusserow, 
Charite  Annalen,  1890,  p.  163),  there  are  one  hundred 
and  fifty-five  cases  of  adipose  and  chylous  ascites.  They 
occur  from  birth  to  the  sixty-seventh  year.  Winnewarter 
and  Kamienski  report  the  only  cases  observed  in  .suck- 
lings. Sex,  race,  occupation,  and  social  status  appar- 
ently play  no  causal  role.  It  is  striking  that  a  little  over 
one-half  of  the  cases  have  been  observed  in  the  last  dec- 
ade and  about  three-quarters  since  1870. 

A.  Effusions  into  Peritoneum. 

I.  C?i i//oi(.s.— Solution  of  continuity  ot  the  vessel  wall,  from  trauma, 
mural  disease  with  transudation,  etc. 

Special  cmtscs  .- 
Compression  of  thoracic  duct  or  lymph  system  hy  glands, 

neoplasms,  etc 21 

Non-tuberculous  peritonitis 10 

Occlusion  of  left  subclavian  vein 7 

Pressure,  lifting,  coughing,  etc 5 

Peritoneal  cancer 5 

Filaria i 

Occlusion  of  thoracic  duct  (division  thrombosis,  etc.) 4 

Occlusion  of  lymph  glands 3 

Occlusion  of  lymph  vessels 3 

External  violence 3 

Malignant  lymphoma 2 

Liver  disease 5 

Syphilis 2 


Primary  disease  (angioma)  of  lymph  vessels 0 

Calculus  in  teceptaculum 2 

AnciiT'isiii  (if  rermi  artery 1 

Calcillradou  Willi  i;irrliosis  of  mesentery 1 

Enlarged  spleen 2 

Pulmonary  disease  (stasis) 3 

Nt^phrltis 1 

Heart  disease ...'.'.'..'.  4 

Sarcoma fj 

Tuberculous  peritonitis 1 

Rupture  may  occur  in  any  part  of  the  lymphatic  system ; 
in  the  thoracic  duct  (3  cases),  receptaculum  (3),  "lacteal 
vessels  (6),  lymph  gland  (4),  and  chylous  cysts  (3).  Chyle 
may  extra vasate  into  a  serous  effusion  by  mural  alteration 
in  the  lymphatic  vessels  or  by  violent  contraction  of  the 
abdominal  muscles  of  the  diaphragm  —  indeed,  by  in- 
testinal peristalsis.  Busey  (excellent  article  in  Ame'rican 
Jour  mil  i>f  tlie  Medicfd  Heieneen,  vol.  xc,  p.  373)  lias  writ- 
ten upon  the  relation  of  obstructed  cardiac  action  to 
h'lnph  .stasis,  wliile  Niemeyer  ("Handb.  d.  Path.  u. 
therap.,"  Bd.  i.,  S.  120)  and" Hertz  (Ziemssen's  "Handb. 
des  Path.  u.  Ther.,"  Bd.  xv.,  S.  382)  have  also  recognized 
its  importance. 

II.  Chiilifnrm  (yl(!ipo.5c).— Admixture  of  fatty  cases  (endotbelial 
and  neoplastic). 

Tuberculosis  of  peritoneum,  gland,  et« 12 

Carciunitia  of  glands,  peritoneum,  and  lymph  vessels,  etc.. .  13 

Li\'er  cirrhi.tsis u 

Heart  disease t 4 

Sarcoma  of  omentum,  mesentery,  etc 3 

Non-tuberculous  peritonitis 3 

Primary  fatty  endothelial  degeneration 1 

Liptemia 1 

Busey  insists  that  all  abnormalities  in  the  entire  Ij'm- 
phatic  system  must  be  absent  in  adipose  a.scites :  "  Adipose 
or  chyliform  ascites  is  that  variety  of  milky  ascites  in 
which  the  lymph  and  chyle  vessels,  lymph  glands,  lac- 
teals,  and  mesentery  are  free  from  disease,  distention, 
pressure,  or  obstruction,  and  normal  in  structure,  size, 
and  position.  .  .  .  We  must  exclude  the  effusion  of 
lymph  or  chyle  by  transudation  or  escape  bj^  solution  of 
continuity  in  any  part  of  the  Ij'mpliatic  system.  ,  ,  .  The 
milky,  fattj^,  chyle-like,  opalescent  fluid  must  necessarily 
be  a  morbid  product."  Senator's  formula  includes  as 
possible  sources,  fatty  degeneration  of  cellular  and  other 
formed  elements  in  effusions,  chiefl_y  from  endothelial 
cells,  carcinomata,  and  rarely  also  from  pus  cells,  fibrin, 
and  inflammatory  products.  Personal  experimental  re- 
searches have  shown  that  a  serous  ascites,  produced  by 
artificial  right-heart  disease,  may  become  chyliform,  whic'h 
places  the  pure  hypotheses  of  the  French  observers  upon 
a  somewhat  firmer  basis,  and  may  elucidate  the  pathol- 
ogy of  some  of  the  ca.ses  reported.  A  chronic  peritonitis 
may  therefore  result  in  an  ascites  chyliformis  or  adiposus. 
In  ten  cases  of  chyliform  ascites  collected  from  the  litera- 
ture, the  fluid  at  first  .serous  became  opaque  later.  It  is 
too  much  to  say  that  pus  infection  was  the  cause  in  all 
instances.  (In  the  above  tabulation,  it  is  very  often 
most  difficult  to  distinguish  between  the  two  types 
chylous  and  adipose.) 

'jS'atiireoftlie  Fluid. — Straus'  case  is  the  clearest  ex- 
ample of  chylous  ascites — chemically  typical  chyle  ex- 
travasated  through  two  fistulaj.  Ingested  butter  was 
recognized  in  the  fluid  withdrawn  Ijy  paracentesis  from 
the  abdominal  cavity,  although  Minkowsky  (Arehivf. 
exper.  Pathol.  11.  Pluir.,  1886,  Bd.  xxi.,  p,  381-384)  has 
concluded  that  fatty  acids  may  reach  the  peritoneum 
without  lymph-vessel  rupture.  Senator's  latest  case 
gave  similar  results  with  the  administration  of  olive  oil. 

Chylous  Ascites. — Diabetes  must  be  excluded.  Chylous 
ascites  contains  sugar — which  fact  is  a  diagnostic  datum 
when  diabetes  is  excluded.  Senator,  who  thinks  sugar 
one  of  the  most  constant  criteria  for  the  recognition  of 
chyle,  admits,  however,  that  its  absence  is  not  equally 
significant.  Sugar  when  primarily  present  may  disap- 
pear later  (Whitla's  case).  Its  presence  is  as  rare  as  it  is 
suggestive,  having  been  detected  not  more  than  two 
dozen  times.  Of  late,  many  writers  are  inclined  to  dis- 
count the  i^resence  of  sugar  as  a  diagnostic  test.  Bock 
(Archiv  fur  Anatomie  it.  Physiologie,  1873,  p.  620)  found 
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sua:ai-  (.04  to  .07  per  ceut.)  in  all  rases  of  hydrops,  and 
Eichhorst  (ZeiUchr.f.  klin.  Med.,  Bd.  iii.,  p.  537)  found 
sugar  in  ten  out  of  seventeen  cases  of  pleural  exudate. 
Still  the  copper  test  alone  is  not  reliable,  since  boiling  of 
Lion's  casein-like  substance  reduced  Fehling's  solution. 

When  sugar  amounts  to  more  than  .02  per  ceut.  the 
effusion  is  chylous.  Leydhecker  maintains  that  sugar 
appears  in  the  transudate  only  "when  the  lymph  vessels 
of  the  liver  participate  in  the  effusion.  As  Rotmann 
suggests,  Leydhecker's  proposition  implies  that  the  lesion 
of  a  chylous  ascites  must  be  either  above  the  ending  of 
the  hepatic  vein  or  that  the  hepatic  lymphatics  be  as- 
signed as  a  cause  for  the  appearance  of  sugar  in  the 
ascitic  fluid.  Rotmann  tinds  tliat  eases  in  which  sugar  is 
found  correspond  to  Leydhecker's  hypothesis.  Eisen- 
sehlitzconcludesthat  the  presence  of  sugardoes  not  make 
a  milky  efi'usion  a  chylous  transudate,  since  in  a  case  of 
Mo.scatelli  0.15  per  cent,  of  sugar  was  detected  in  an 
ascites  from  liver  cirrhosis.  A  small  amount  of  fat  speaks 
for  chyle.  Landois  estimates  the  percentage  of  fat  in 
chyle  at  nine-tenths  of  one  per  cent.  Chylous  ascites 
als'o  is  rich  in  solids,  especially  mineral  salts  and  albumen. 
Albumen  and  fat  occur  conjointly  in  small  punctiform 
granules  susceptilile  of  differentiation  by  chemical  tests. 
Slicroscopio  examination  may  differentiate  between  chj'- 
lous  and  adipose  fluids  by  the  size  of  the  fat  globules  or 
fat  and  albumen  granules.  » 

Adipose  or  Ghyliform  Ascites. — Adipose  ascites  is  cliar- 
aeterized  by  the  absence  of  sugar  and  the  higher  percent- 
age of  fat.  The  degree  of  opacity  is  no  index  to  the 
amount  of  fat,  since  the  turbidity  may  be  due  to  the 
presence  of  emulsiouized  albumin.  Fat  occurs  in  most 
cases;  its  maximum  percentage  is  5.25  (Schmidt)  and  in 
our  case  6.4  per  cent.,  but  it  may  be  diluted  by  venous 
stasis  or  inflammation,  while  concentration  of  the  fluid 
raises  the  percentage  of  fat  (Minkowski).  Contrary  to 
the  older  conceptions,  milky  fluid  need  not  contain  fat, 
as  shown  by  Lion's  case  in  which  a  proteid,  like  ca.sein, 
produced  the  opacitjr.as  well  as  in  the  cases  of  Quincke, 
Verdelli,  Achard,  Sainton,  Apert,  C'econi,  and  Bascb. 
Fat  is  recognized  by  the  osmic  acid,  the  alkanna  stain, 
and  solubilitjr  tests.  The  granules  of  albumen  and  fat 
are  much  coarser  in  adipose  than  in  chylous  ascites. 
Hydropic  and  fatty  carcinoma  cells  may,  if  numerous, 
cause  a  creamy  laj'er,  and  their  microscopic  detection 
favors  a  diagnosis  of  hydrops  adiposus. 

Inflammatory  products  may  obscure  the  pathogenesis, 
and  hence  conclusions  cannot  be  dogmatized  from  every 
analysis.  Again,  the  fluid  changes  with  time,  the  blood 
absorbing  parts  of  the  original  fluid — in  cachexia,  for 
example.  Lymph  or  chyle  may  escape  into  a  serous  ex- 
udate or  transudate  of  earlier  origin. 

The  fluid,  of  whatever  kind,  usuall_y  clears  with  ether 
and  caustic  potash.  It  is  said  to  resist  decomposition  on 
account  of  the  emulsion  of  fat  and  a  supernatant  fatty 
layer ;  to  which  proposition  one  of  our  own  cases  is  an 
exception.  The  reaction  is  usually  neutral  or  alkaline, 
although  it  was  once  recorded  as  acid.  The  fluid  is 
opalescent  from  suspended  molecular  fat  and  emulsiouized 
albumen.  Some  fluids  coagulate  spontaneous!}',  others 
do  not.  Poncy  noted  the  odor  of  ingested  food,  while 
Nickerson  proncjunced  the  taste  in  his  ease  cadaveric.  A 
specimen  standing  ten  days  (Qinncke,  "  Ueber  Ascites," 
De^t.  Arch,  fih-  klin.  Med.,  1883,  pp.  569-587)  became 
acid,  due,  to  the  formation  of  fatty  acids.  Specific  grav- 
ity varies  from  1.007  to  1.036,  the  average  being  1.016. 
Reaction  ami  siieciflc  gravity  do  not  differentiate  between 
the  various  forms.  Macroscopically,  nrjthing  is  seen 
except  oil  globules.  Microscopically,  flne  ])oint-like 
granules  of  fat  are  visible,  which  often  have  n}oleeular 
movement  and  are  soluble  in  etlier.  Large  fully  cells, 
lymphoid,  endothidial,  carcinoma,  and  .sarcoma  cells  are 
observalile.  Red  blood  discs  occur,  as  do  also  filjriu 
(seven  times),  filaria  (Winkel),  ca.sein  (Straus  and 
Omerod),  mucin,  sodium  alkali  albuminate  (Oppolzer), 
bile  (Omerod),  acetone,  hydro]>sin,  peptone  (eight  times), 
lecithin  (twice),  cholesterin  (tliree  times),  flbrinogen 
(twice),   a  diastatic  ferment   (twice),   variovrs   inorganic 


compounds  of  calcium,  sodium,  sulphur,  phosphorus, 
potassium,  and  chlorine.  Urea  has  been  recorded  three 
times  (Quincke,  Remond,  Foot).  Tubercle  bacilli  have 
never  been  found.  The  highest  percentage  of  albumen 
is  6.08  (Ballmann). 

SyMPTOM.\TOLO0Y  AND  Dr.\GN0sis.— The  symptoms 
possible  with  such  a  \'aried  etiology  are  not  limited  in 
number  or  character.  The  primary  disease  does  not  in- 
dicate the  character  of  the  ascites,  for  ascites  adiposus 
chylosus  is  no  morbid  entity.  In  conjunction  with  chylo- 
peritoneum,  chylous  fluid  may  be  vomited  (Sprague, 
Pelhtier,  Foot,  Nickerson)  or  discharged  per  anum  (Pel- 
liticr,  Nickerson).  The  association  of  ascites  with  chylo- 
thorax  is  suggestive,  even  before  abdominal  paracentesis. 
The  only  conceivable  etiological  hints  relate  to  diseased 
lymphatic  glands  and  vessels,  affections  of  the  thoracic 
duct  or  left  subclavian  vein  {i.e.,  compression),  or  chy- 
luria.  "The  chylous  nature  of  an  ascites  may  be  sus- 
pected when  associated  with  sudden  anorexia,  acute 
amtmiia,  and  emaciation"  (?).  Rapid  recurrence  may 
indicate  chyle  fistukie.  Temperature  is  neither  frequent 
nor  significant.  If  transudation  through  lymph-vessel 
walls  be  the  cause,  the  clinical  course  is  less  stormy  in 
onset  and  less  I'apidly  progressive  than  is  observed  with 
antecedent  rupture.  A  diagnosis  has  never  been  made 
prior  to  puncture,  except  in  the  single  instance  of  Mor- 
ton's early  case.  The  blood  varies,  of  course,  with  the 
fundamental  disease.  Lipremia  was  observed  once  (Pop- 
ham).  The  local  signs  and  symptoms  do  not  differ  from 
those  of  serous  ascites.  It  is  probable  that  many  eases 
diagnosed  as  the  vulgar  ascites,  healing  without  treat- 
ment, are  instances  of  chylous  hydinps,  and  the  increas- 
ing frequency  of  the  disease  is  best  explained  thereby. 
It  is  not  easy  to  difl'erentiate  between  chylous  and  adi- 
pose effusions  as  Quincke  would  have  it,  and  even  at 
necropsy  an  exact  diagnosis  is  often  impossible.  Indeed, 
Senator  and  Leydhecker  have  recently  spoken  of  mixed 
types.  In  many  cases  of  our  classification,  even  where 
full  details  are  given,  it  is  often  dilHcult  to  decide  whether 
the  effusion  be  chylous  or  chyliform  (adipose). 

Prognosis. — Reference  to  the  collected  cases  shows 
that  81  per  ceut.  died,  8  per  cent,  were  not  followed,  11 
per  cent,  recovered.  Considering  only  those  in  which 
the  ultimate  issue  is  known,  88  per  cent,  died  and  13  per 
cent,  recovered.  Bianchi  says  that  the  prognosis  is  better 
in  any  rupture  than  in  cases  of  chylous  transudation. 
Rupture  is  more  likelj'  to  heal  when  it  is  due  to  trauma 
than  when  caused  by  mural  disease,  since  thrombosis 
occurs  more  readily  in  trauma.  Wiescher  ( "  Zur  Casuistik 
der  Verletzung  des  Duct.  Thoracicus,"  Deut.  Zeits.  fiir 
klin.  Chir.,  Bd.  xxxviii.,  H.  4,  5;  also  contains  account 
of  experimental  work  upon  thoracic  duct),  reviewing 
sixteen  cases  of  chylothorax  from  rupture  of  the  thoracic 
duct,  concludes  that  rupture  is  almost  invariably  fatal. 
Rupture  of  the  lymph  vessels  or  reccptaculumchyli  may 
be  compatible  with  life  by  the  formation  of  thrombi  and 
establi-shment  of  a  collateral  circulation  (experiments 
of  Monro,  Lower,  Cooper,  Dupuytren,  Schmidt-Muhl- 
heim,  Leichmann,  Leuret.  Lassaigne,  Colin,  Flandrin, 
Magendie,  Nocckhcr,  Rogerd,  also  citation  of  Wiescher 
above).  Jlonro  stabbed  the  recepUiculum  of  a  pig,  but 
effusion  was  prevented  b}'  thrombosis.  If  there  be  no 
coiumuuicatiou  left  between  the  blood-vascular  and 
lymph-vascular  systems,  progressive  inanition  and  death 
are  inevitable.  A  chylous  fistula  increases  the  gravity 
of  the  iirognosis,  as  copicjus  and  continuous  chylous  dis- 
charge is  invariably  fatal.  I  believe  the  immediate  prog- 
nosis is  l)ctter  in  adipose  ascites.  Extensive  obstruction 
to  the  lymiili  stream  is  always  serious.  The  prognosis  is 
impressed  by  concomitant  or  causative  visceral  lesions. 
A  close  analysis  of  rejiorted  recoveries  to  deternune 
favorable  prognostic  characters  demonstrates  that  3  cases 
were  puerperal  and  therefore  fabvilous;  1  was  chloro- 
sis; 1  was  compression  of  the  thoracic  duct  by  enlarged 
glands;  1  was  filarious  disease;  33  were  ruptured  lymph 
vessels;  5  were  ruptured  chyle  cysts;  1  was  tuberculous 
peritonitis;  1  was  chronic  recurrent  peritonitis  (possibly 
tuberculous).     Only  the  last  3  cases  were  adipose,  while 
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the  first  9  were  chylous  hydrops.  Therefore  the  ulti- 
mate prognosis  is  better  in  chylous  effusions,  the  converse 
being  true  of  adipose  accumulations.  Chylous  ascites  is 
to  adipose  ascites  as  2^  is  to  1,  while  recoveries  stand  as 
5  to  1.     Laparotomy  improves  the  prognosis. 

Tkeatment. — Analysis  vindicates  surgical  interference 
under  two  restrictions:  first,  laparotomy  is  indicaled  as 
prophylaxis  against  possible  chylous  rupture  with  con- 
sequent constitutional  depletion;  second,  laparotomy  for 
tuberculous  peritonitis,  l^aracentesis  should  be  avoided 
as  far  as  possible,  save,  first,  as  a  preliminary  diagnostic 
resort,  and,  second,  as  an  ultimate  resort  against  com- 
pression of  the  thoracic  viscera.  (Otherwise  puncture  de- 
pletes the  organism,  especially  in  the  genuine  chylous 
form.  The  perit(meum  should  be  allowed  to  resorb  all 
it  can  of  the  chylous  transudate.  A  diet  readily  digesti- 
ble and  absorbable  by  the  stomach  is  adviseil  (P.  J.  Mur- 
phy), to  permit  healing  by  thrombosis  of  ruptured  lymph 
vessels.  The  use  of  water  should  be  restricted.  For 
fllariosis,  Laucereaux  recommends  mercurial  inunctions 
and  local  injections  into  the  diseased  lymph  glands; 
Guiteras  remarks  there  is  no  hope  short  of  tlie  death  of 
the  adult  worm.  Other  than  mercurial  parasiticides  are 
probably  useless.  The  therapy  iu  other  directions  is  ab- 
solutely symptomatic.  Arthiif  E:  EdwanU. 
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CHYLURIA;  GALACTURIA.— Defixition  and  Eti- 
ology.—Chyluria  signifies  the  presence  of  chyle,  and  con- 
sequently of  fat  in"a  state  of  emulsion,  and  albumin  in 
the  urine.  Sugar,  a  constant  ingredient  of  chj'le,  is  so 
rarely  found  iii  chyluric  urine  that  its  presence  would 
warrant  the  suspicion  of  coincident  diabetes  mellitus. 

There  are  two  varieties  of  chyluria,  the  parasitic  and 
the  non-parasitic,  the  former  being  by  far  the  more  com- 
mon. It  has  been  customary  to  speak  of  these  two  forms 
as  "tropical"  and  ■' non-tropical,"  but  since  the  demon- 
stration of  parasitic  chyluria  in  temperate  zones  this 
division  is  no  longer  appropriate.  It  is  nevertheless  true 
that  iu  the  vast  majority  of  cases  of  parasitic  chyluria 
the  patients  have  become  infected  in  tropical  or  sub- 
tropical countries.  Data  regarding  the  etiological  influ- 
ence of  age,  sex,  and  occupation  are  either  scanty  or  absent 
entirely.  According  to  Senator,  chyluria  has  not  been 
ob,served  in  childhood  or  in  the  aged.  There  is,  however, 
no  reason,  in  the  nature  of  things,  why  it  should  not  occur 
at  any  period  of  hfe,  for  its  cause  is  mechanical  obstruc- 
tion of  the  thoracic  duct  and  this  may  be  seated  within 
the  calibre  of  that  tube,  in  its  walls,  or  outside  of  it. 

Much  the  most  common  cause  of  chyluria  is  obstruction 
of  the  thoracic  duct  cither  by  adult  or  embryonic  forms 
of  the  Filaria  sanguinis  hominis  nocturna.  In  the  great 
majority  of  cases  of  chyluria,  embryonic  filarite  may  be 
readily  detected  iu  a  drop  of  blood  from  any  part  of  the 
surface  of  the  body,  provided  the  blood  be  obtained  at 
night.  During  the  day,  the  embryos  of  filaria  nocturna 
are  very  scantily  present  in  the  surface  capillaries  or  are 
absent  "from  them  altogether.  Manson,  observing  the 
embryonic  characters  of  the  circulating  filarife  and  their 
presence  in  the  surface  capillaries  chiefly  or  solely  dur- 
ing the  night,  came  to  the  conclusion  that  they  must 
reach  a  further  stage  of  development  outside  of  the  body 
in  the  Interior  of  some  nocturnal  blood-sucking  animal. 
He  exposed  a  patient  with  "filnriasis"  to  the  bites  of 
mosquitoes,  and  found  the  embryos  in  the  bodies  of  these 
insects,  in  which,  in  the  course  of  from  five  to  seven 
days,  they  attained  a  length  of  one-tlfteenth  of  an  inch. 
In  the  blood  of  man  they  measure  from  one-seventieth  to 
one-eightieth  of  an  inch,  and  are  enclosed  in  a  sheath  from 
which  they  make  their  escape  in  the  viscid  blood  of  the 
mosquito.  The  mosquitoes  with  the  embryonic  fllariK  in 
their  interior  seek  water  in  which  to  deposit  their  eggs. 
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This  function  accomplished,  they  perish;  the  embryonic 
filariie  are  liberated,  and  through  the  medium  of  the 
water  in  Avhich  they  exist,  gain  access  to  the  human 
system.  Man,son's  Ititest  researches  have  practically  de- 
monstrated that  the  filaria  may  be  transmitted  directly 
from  the  infected  to  tlie  non-infected  by  the  agency  of 
the  mosquito  (Culcx  ciliaris  or  pipiens)  in  the  same  man- 
ner as  the  Hicmatozoon  malariix;  is  transmitted  by  another 
species  of  the  same  insect — Anophcli'S  f;laviger  (Bulletin 
de  r Aeademie  de  Mklecine,  23  Jlai,  1900).  Two  or  more 
of  the  ingested  parasites  attain  maturity  in  the  lympliatic 
system  and  continue  for  an  indefinite  period  (sometimes 
for  many  years)  to  produce  swarms  of  embryos.  The 
presence  of  filaria  embryos  in  the  blood  does  not  neces- 
sarily give  rise  to  disease,  their  transverse  diameter  (Tj-^xm 
inch )  being,  as  a  rule,  such  as  to  enable  them  to  traverse 
the  narrowest  channels  of  the  blood  and  lymph.  Occa- 
sionally, however,  they  occlude  these  vessels,  and  this  is 
believed  liy  Ma.nson  to  be  due  to  the  fact  thattheembrj'os 
are  jirematurely  born  enclosed  in  a  sac  or  sheath  of  glo- 
bular form,  the  transverse  diameter  of  which  is  about 
,J-jj  inch.  Disease  in  man  occasioned  by  the  filaria  is 
tlierefore  the  result  of  disease  in  the  filaria  itself.  If  the 
ailult  female  filaria  produces  the  young  in  a  ])hysiologi- 
cal  manner  they  are  innocuous  to  their  host ;  if,  through 
disease  or  irritation,  she  brings  them  forth  prematurely, 
they  obstruct  the  lymph  channels  and  cause  one  or  more 
of  the  diseases  grouped  under  the  title  of  " Jilariasis." 

The  principal  diseases  to  which  the  tilaria  gives  rise 
are  abscesses,  lymphangitis,  dermatitis  and  cellulitis, 
erj'sipelas,  orchitis,  chyluria,  chylous  dro])sy  of  the 
peritoneum,  chylous  dropsy  of  the  tunica  vaginalis, 
varicose  groin  glands,  lymph  scrotum,  and  elephantiasis. 
Chyluria  is  not  common  even  in  tho.se  countries  in 
which  filariasis  prevails. 

As  above  stated,  obstruction  of  the  thoracic  duct  from 
any  cause  may  give  rise  to  chyluria.  As  stated  by 
Manson,  the  "cause  of  chyluria  is  obstruction  of  the 
thoracic  duct,  and  this  may  be  brought  about  in  any 
climate  by  pressure  on  the  duct,  by  tumors,  b_y  infarcts, 
by  growths,  etc.  ;  but  in  the  form  of  chyluria  endemic  in 
the  "tropics  .  .  .  the  cause  of  the  obstruction  is  the  par- 
ent filaria  nocturna." 

A  case  is  reported  by  Mr.  Leigh  Hunt  in  which  tran- 
sient chyluria  was  produced  by  traumatism,  a  fall  upon 
a  pile  of  stones  (British  Med.  Jowrn.,  February  23d,  1890). 

Stjiptoms  and  Signs.— The  onset  of  chyluria  may  be 
preceded  by  no  symptoms  whatever.  In  some  cases, 
however,  there  is  a  sense  of  discomfort  or  pain  iu  the 
lumbar  region  or  the  groins,  the  perineum  or  testes,  be- 
fore the  chylous  urine  appears.  The  first  symptom  may 
be  retention  of  urine  due  to  the  intravesical  formation 
of  coagula  which  occlude  the  neck  of  the  bladder  or  the 
urethra. 

In  the  great  majority  of  cases  chyluria  is  intermittent, 
being  dependent,  for  example,  upon  posture,  digestion, 
bodily  exertion,  etc.  In  one  of  my  cases  it  first  ap- 
peared during  the  expulsive  pains  of  labor,  gradually 
ceased  after  parturition,  and  did  not  return  until  about 
two  years  later  at  the  birth  of  another  child.  The  influ- 
ence of  posture  is  shown  by  the  fact  that  in  some  cases 
the  nocturnal  urine  is  chylous  while  that  of  the  day  has 
a  normal  appearance.  The  general  health  is,  as  a  rule, 
well  maintained,  although  if  the  discharge  of  chyle  is 
long  continued,  emaciation,  anjemia,  and  great  debility- 
set  in  and  the  patient  dies  from  exhaustion. 

The  appearance  of  chylous  urine  is  highly  character- 
istic. On  careless  inspection  it  might  readily  be  juistaken 
for  milk,  but  when  examined  more  closely  it  will  usually 
be  foimd  to  contain  coagula  of  a  delicate  pinkish  tinge  or 
more  deeply  colored  like  ordinary  blood  clots.  The  gross 
appearances,  in  a  case  of  my  own,  are  thus  described: 
"  The  urine,  after  standing  for  several  hours  in  a  narrow 
cvlindrical  vessel,  separates  into  two  portions,  of  which 
the  lower  is  distinctly  hemorrhagic;  while  the  upper  has 
tiie  appearance  of  milk  or  cream.  Floating  on  the  upper 
chylous  layer  are  numerous  coagula  of  a  delicate,  pinkish 
hue  and  almost  translucent,  while  at  the  bottom  are  a 
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few  small  blood  clots  "  (Medical  Keies,  May  2d,  1896).  In 
some  cases,  after  standing  for  a  short  time,  the  entire 
mass  of  the  urine  coagulates  so  as  to  resemble  blanc- 
mange. 

Diagnosis. — There  is  no  difficulty  -whatever  in  making 
the  diagnosis  of  chyluria.  Lipuria,  which  signifies  liter- 
ally the  presence  of  fat  in  the  urine,  should  never  be  con- 
founded with  it.  In  chyluria  the  fat  is  in  the  form  of  an 
emulsion  so  flue  as  to  require  the  strongest  objectives  to 
resolve  the  droplets  of  fat.  In  lipuria,  on  the  other  hand, 
fat  globules  are  seen  with  comparatively  low  powers, 
either  free  or  enclosed  in  cells  or  tube  casts.  It  is  very 
seldom  that  lipuria  exists  iu  such  degree  as  to  alter  the 
macroscopic  appearance  of  the  urine,  wdnle  in  chyluria 
it  commonly  resembles  milk.  The  presence  of  clots  is 
also  diagnostic  of  chyluria.  The  fat  maj^  be  separated 
from  chylous  urine  by  shaking  it  up  with  ether.  The 
ether,  with  the  dissolved  fat,  rises  to  the  surface  and  is 
then  decanted.  On  its  evaporation  the  fat  is  deposited. 
The  urine  from  which  the  fat  has  been  thus  extracted 
and  consequently  rendered  more  or  less  transparent  may 
now  be  tested  for  albumin,  which  is  constantly  present  in 
greater  or  less  degree.  In  addition,  chylous  urine  eon- 
tains  cholesterin  and  lecithin,  and  among  the  albuminous 
bodies,  in  addition  to  serum  albumin,  it  contains  fibrin- 
ogen, hemialbumose  or  propeptone,  and  peptone.  It  is 
stated  positively  by  Senator  that  chylous  urine  does  not 
contain  sugar.  This  remarkable  fact — namely,  the  ab- 
sence from  chylous  urine  of  a  constant  ingredient  of 
chyle — has  given  rise  to  the  opinion  that  chyluria  is  not 
caused  by  a  direct  admixture  of  chyle  with  the  urine.  In 
the  opinion  of  the  writer  this  view  is  absolutely  refuted 
by  the  post-mortem  appearances  observed  in  cases  of  fatal 
chyluria.  These  consist,  for  the  most  part,  of  a  state  of 
varicosity  of  the  lymphatics  in  immediate  relation  with 
the  urinary  tract.  In  a  case  of  my  own,  "the  lymphatic 
vessels,  especially  those  of  both  renal  vessels,  were  enor- 
mously dilated  and  convoluted,  many  of  them  being  of 
the  calibre  of  an  ordinary  lead  pencil.  The  dilatation 
was  most  marked  on  the  right  side,  and  in  the  pelvis  of 
the  corresponding  kidney  there  was  a  pale  Ij^mph  clot 
similar  to  the  coagula  passed  with  the  urine  during  life  " 
(loc.  supra  cit.).  In  this  case  the  communication  be- 
tweeu  lymphatic  and  urinary  tracts  was  practically  de- 
monstrated. It  is  possible  that  the  absence  of  sugar  from 
chylous  urine  ma}'  be  due  to  the  presence  of  some  as  yet 
unrecognized  glycolitic  ferment  in  the  renal  secretion. 

In  all  eases  of  chylmla  both  the  blood  and  the  \irine 
should  be  examined  for  the  filaria.  In  the  former  there 
is  little  difficulty  in  finding  it  provided  the  blood  be 
withdrawn  (by  needle  puncture  of  finger  or  ear)  during 
the  night.  In  the  urine  the  parasite  is  apt  to  escape  de- 
tection because  it  is  frequently  enclosed  in  coagula. 
These  should  therefore  be  broken  up  with  a  glass  rod 
and  the  urine  allowed  to  stand  in  a  conical  glass,  at  the 
bottom  of  which  the  liberated  filaria;  may  be  found. 

Prognosis. — The  prognosis  of  chyluria  is  not  unfavor- 
able, but  depends  largely  upon  the  mode  of  life  of  the 
patient.  Manual  labor  and  severe  physical  exertion  of 
any  kind  tend  both  to  develop  and  to  perpetuate  the  dis- 
ease. In  women  the  pregnant  condition  is  a  serious  com- 
plication. 

TiiEATMENT. — With  a  view  to  prophylaxis,  a  sedentary 
occupation  should  be  recommended  in  preference  to  one 
demanding  physical  exertion,  and  with  the  same  object 
in  view,  straining  at  stool  should  be  avoided  by  the  oc- 
casional use  of  laxatives.  As  long  as  the  urine  is'chylous, 
the  strength  should  be  maintained  liy  nutritious  food, 
tonics,  and  stimulants,  and  the  patient  kept  at  rest.  It 
is  doulitful  whether  any  among  the  numerous  remedies 
employed  in  chyluria  are  of  the  slightest  direct  tjcnefit. 
With  a  view  to  their  supposed  efficacy  in  checking  the 
discharge,  astringent  preparations  of  iron,  gallic  acid  in 
large  doses,  and  various  vegetable  decoctions  containing 
tannin  have  been  administered.  In  the  parasitic  form 
of  the  disease  attempts  have  been  made  to  destroy  the 
filaria  with  thymol  and  otlier  vcrmicudes,  none  of  which, 
in  the  opinion  of  the  writer,  has  the  slightest  effect  iii 
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this  direction,  I  have  elsewhere  discussed  the  treatment 
of  fllariasis.  and  will  therefore  confine  myself  to  the  state- 
ment that  there  is  no  drug  that  will  kill  either  the  adult 
filaria  or  its  embryos  while  they  circulate  in  the  blood, 
and  that  even  if  such  a  drug  were  known  it  would  be 
wisest  to  refrain  from  its  employment.  When  the  adult 
filaria  has  its  seat  in  one  of  the  extremities  and  dies,  an 
abscess  usually  results;  or  it  is  perhaps  more  correct  to 
say  that  adult  filarite  have  been  found  in  such  abscesses, 
the  presumption  being  that  the  latter  are  caused  by  the 
former.  If,  however,  the  adult  filaria  should  die  in  the 
thoracic  duct,  with  consequent  aUscess,  the  result  would 
be  of  necessity  fatal*  Frederick  P.  Henry. 

*  F.  P.  Henry,  M.D.  :  Report  of  a  Case  of  Indijrenous  Parasitic 
Chyluria;  Med.  News,  May  2d,  189tj.  Remarks  on  Filaria;  Proceed- 
ings of  the  Academy  of  Natural  Sciences  of  Philadelphia,  18913,  p.  271. 

CHYME. — The  term  chyme  is  applied  to  the  contents 
of  the  small  intestines,  or,  in  a  more  restricted  sense,  to 
the  matter  ejected  from  the  stomach  into  the  duodenum 
during  the  course  of  digestion.  It  consists  of  food  in 
various  stages  of  digestion  mixed  with  the  different  di- 
gestive juices.  It  is  a  mixtui'e  of  extreme  complexity 
and  of  very  variable  compositifin.  Its  composition  at  any 
one  time  is  determined  b}'  a  number  of  factors,  the  most 
important  of  which  are  as  follows:  (1)  The  character  and 
composition  of  the  food  ;  (3)  the  digestive  juices — the 
saliva,  gastric,  and  pancreatic  juices,  the  succus  entericus 
and  the  bile  ;  (3)  the  extent  to  wdiich  absorption  Jias  oc- 
curred ;  (4)  the  motility  of  the  stomach  and  small  intes- 
tines. Under  normal  conditions  the  food  ingested  is  the 
most  important  factor  in  deteftilining  the  character  and 
composition  of  the  chyme.  The  food  not  onlv  contrib- 
utes its  own  constituents,  which  ma}-  be  extremely  com- 
plex, but  also  determines,  to  a  large  extent,  the  amount 
and  nature  of  the  secretions  of  the  glands  of  the  alimen- 
tary tract  which  are  added  to  the  chyme;  further,  one 
secretion  may  influence  another,  and  both  a  third,  and  all 
undergo  certain  chemical  reactions  with  the  food  and 
with  each  other.  The  movements  of  the  stomach  and  in- 
testines are  influenced  largely  by  the  character  of  the 
food  and  the  secretions  caused  by  it ;  the  chvme  may  re- 
main a  longer  or  a  shorter  time  in  the  intestines,  aiid  so 
offer  the  digestive  juices  varying  opportimities  to  act 
upon  it.  All  these  factors — chara'cter  of  food,  tlie  secre- 
tions, and  especially  the  intestinal  movements — influence 
the  absorption  of  certain  constituents  by  the  intestines. 

It  is  obviously  impossiljle,  when  dealing  with  such  a 
complex  and  variable  mixture  as  chyme,  to  give  anv  ac- 
count of  either  the  chemical  or  physical  properties  which 
will  appl}'  to  any  but  individual  cases.  In  considering 
these  properties  it  will  he  necessary  to  discuss  in  each 
case  the  influences  modifying  them. 

A  great  many  of  the  facts  known  concerning  the  chyme 
have  been  obtained  from  experiments  upon  the  lower 
animals,  but  thei'e  have  been  reported  a  number  of  cases 
in  man  in  which  the  contents  of  the  small  intestines  have 
escaped  through  an  arriflcial  anus.  Elaborate  studies 
have  been  made  in  some  of  these  cases.  The  case  most 
carefully  studied  was  one  reported  by  .IMacfavdcn,  Nencki, 
and  Sieber  (Arcliirfitr  e.rper.  Path,  'iind  PiiarmakoL.  x\\., 
p.  93,  1891).  These  authors  had  under  investigation  a 
woman  iu  whom,  as  a  result  of  an  operation  f(.ir  .strangu- 
lated hernia,  an  anus pro'ternatinrdin  had  been  established 
at  the  lower  end  of  the  ileum,  and  from  which  the 
chyme  could  be  collected.  Jankowski  (Arciiiu'S  des 
sciences  hiolugiques  puhlies  par  Viustit.  de  med.  e.rper.  a  St. 
Petersbourg,  i.,  p.  m7,  1893)  studied  a  case  very  similar 
to  the  aliove.  Other  cases  which  may  be  mentioned  are 
those  of  Busch  (Virchow's  Archie.  14,  p.  140,  1858),  in 
which  the  fistula  was  but  a  very  short  distance  below 
the  duodenum;  of  Lossnitzer  (Dissert.,  Leipsic,  18(i4);  of 
Braune  (Virchow's  ^4rc7((r,  19,  p.  470,  1860),  and  of  Ewald 
(ibid..  75,  p.  409,  1879).  The  objection  has  been  made  to 
all  such  cases  as  these  that  the  intestine  is  not  in  its  nor- 
mal condition;  that  when  an  artificial  anus  is  established 
the  i)art  of  the  intestine  immediately  above  becomes, 
functionally,  the  rectum  ;  and  it  is  thought  by  some  that 
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bacteria  normally  present  in  the  large  intestine  may  de- 
velop here  and  produce  changes  not  normally  occurring. 
Entirely  satisfactory  evidence  that  such  objections  are 
valid  has  not  yet  been  offered,  but  it  is  important  to  re- 
member them  and  to  check  tlie  observations  on  jiatients 
with  such  fistuUie  by  experiments  on  normal  animals 
whenever  possible. 

Chyme,  as  obtained  from  a  fistula  in  man  or  directly 
from  the  small  intestines  in  an  animal,  is  a  fluid  or  semi- 
pasty  mass  with  a  yellow  or  yellowish-brown  or  orange 
color.  The  chjane  of  the  stomach  or  of  the  upper  part 
of  the  duodenum  is  usually  more  grayish  in  appearance, 
although  it  may  be  colored  brown  from  partly  digested 
blood,  or  green  from  chlorophyl  of  the  food.  The  j'ellow 
color  observed  in  the  lower  part  of  the  small  intestine  is 
due  largelj'  to  the  admixture  of  bile. 

The  odor  of  chyme  is  usually  not  very  marked ;  that 
which  is  present  resembles  that  of  fatty  acids.  Occasion- 
ally it  has  a  slightly  facal  odor  (resembling  iudol)  like 
that  of  the  large  intestine  ;  but  this  is  rare,  as  very  little 
putrefactive  decomposition  of  proteids  (which  is  the 
cause  of  the  odor  of  the  contents  of  the  large  intestine) 
occurs  in  the  small  intestines. 

The  consistence  of  the  chyme  varies  in  different  parts 
of  the  small  intestine.  When  it  leaves  the  stcnnach,  it  is 
a  thin  fluid  holding  solid  masses  of  various  sizes  in  sus- 
pension. As  it  passes  down  the  intestine  water  (and 
bodies  soluble  in  water)  are  absorbed;  but  this  loss  is 
about  balanced  by  that  added  by  the  secretions  of  the 
digestive  glands,  so  that  the  consistence  remains  nearly 
uniform  in  the  upper  two-thirds  of  the  small  intestine. 
In  the  lower  third  or  fourth,  however,  the  water  absorbed 
exceeds  that  secreted,  and  the  chj'me  becomes  thicker 
and  may  be  pasty  or  semi-solid.  The  nature  of  the  food 
has,  moreover,  an  important  effect  upon  the  consistence 
of  the  chyme. 

The  quantit}'  of  chj'me  which  passes  from  the  ileum 
into  the  cfecum  varies  greatly,  being  dependent  largely 
upon  the  character  of  the  food.  The  following  figures 
are  taken  from  the  paper  of  Macfaj'den,  Nencki,  and 
Sieber.  The  patient  was  fed  upon  a  diet  consisting  of 
360  gm.  of  bread,  100  gm.  of  meat,  two  eggs,  200  gm.  of 
barley  gruel,  20  gm.  of  peptone,  60  gm.  of  sugar,  100 
gm.  of  milk,  and  1,050  gm.  of  bouillon;  in  addition  to 
this  she  was  allowed  200  gm.  of  water,  200  gm.  of  wine, 
and  150  gm.  of  "grog."  The  chyme  was  collected  as  it 
escaped  from  the  lower  end  of  the  ileum.  With  the 
above  diet,  in  which  nitrogenous  food  preponderated,  the 
intestinal  contents  ■were  of  thin  consistence  and  contained 
on  an  average  5  per  cent,  of  solids  and  95  per  cent,  of 
water.  At  times  they  had  the  appearance  of  diarrhanc 
stools.  When  the  patient  received  a  vegetable  diet  the 
discharge  became  more  consistent  and  contained  on  an 
average  10  per  cent,  of  solids.  The  maximum  amount 
of  the  thin  discharge  in  twenty-four  hours  was  550  gm. 
with  4.9  per  cent,  of  solids.  The  maximum  amount  of 
the  more  consistent  discharge  was  232  gm.  with  11.23  per 
cent,  of  solids.  Very  similar  figures  were  obtained  by 
Busch,  although  in  his  patient  the  fistula  was  above  the 
middle  of  the  small  intestine. 

The  solid  constituents  of  the  chyme  are  derived  almost 
entirely  from  the  food,  and  hence  show  great  diversity. 
Before  the  food  reaches  the  small  intestines  it  has  been 
exposed  to  the  action  of  the  saliva  and  the  gastric  juice 
and  undergone  marked  changes — the  character  and  ex- 
tent of  which  are  determined  by  the  time  during  which 
it  has  been  exposed  to  the  action  of  these  secretions. 
Foods  containing  proteids  and  gelatin  are  most  profoundly 
modified.  Thus,  in  a  fragment  of  meat  the  muscle  fibres 
have  been  usually  separated  from  each  other  by  the  solu- 
tion of  the  connective  tissue  binding  them  together;  the 
fibres  themselves  are  in  a  partially  disintegrated  condi- 
tion, some  having  been  split  longitudinally,  others  trans- 
versely, forming  the  so-called  "Bowman's  discs."  Some 
of  the  muscle  may  be  completely  dissolved  by  the  gastric 
juice,  but  the  chyme  always  contains  many  more  or  less 
altered  muscle  fibres ;  these  are  frequently  in  the  form 
of  a  granular  mass.     The  red  corpuscles  contained  in  the 


blood-vessels  of  the  meat  are  partially  digested  in  the 
stomach,  and  the  hajmoglobin  changed  into  h:cmatin; 
the  latter  appears  in  the  chyme  and  is  one  of  the  sub- 
stances contributing  to  tlie  brown  color  which  this  fluid 
now  assumes.  If  much  milk  has  been  taken,  masses  of 
casein,  coagulated  by  the  rennin  of  the  gastric  juice,  are 
found  in  the  chyme ;  part  of  the  fat  is  free  while  part  is 
enclosed  in  the  coagulum. 

The  walls  of  the  fat  cells  of  adipose  tissue  and  the 
ccmnective  tissue  binding  the  cells  together  aie  also  dis- 
solved by  the  gastric  juice;  the  fat  thus  freed  forms 
larger  or  smaller  drops  and  appears  in  the  chyme  in  this 
form.  A  little  fat  is  broken  up,  in  some  way,  into  fatty 
acid  in  the  stomach. 

Pieces  of  tendon,  elastic  fibres,  bone,  and  cartilage  are 
not  attacked  by  the  gastric  juice,  and  ,so  appear  in  the 
chyme  almost  unaltered.  Uncooked  vegetable  tissues  are 
not  nuich  changed  by  the  gastric  juice  owing  to  the  mem- 
brane of  cellulose,  which  is  not  dissolved  in  the  stomach, 
protecting  the  cell  contents.  If  the  vegetables  have  been 
cooked,  however,  many  of  the  cell  walls  have  been  burst 
and  the  proteids,  starch,  etc.,  of  the  contents  exposed  to 
the  action  of  the  gastric  juice;  the  proteids  may  be  for 
the  most  part  dissolved,  but  the  starch  granules  are 
scarcely  altered. 

Man}'  gas  bubbles  are  present ;  these  consist  largely  of 
nitrogen  and  carbon  dioxide  and,  to  a  smaller  extent,  of 
h_ydrogen.  The  nitrogen  comes  from  the  air  swallowed 
with  the  food ;  tlie  carbon  dioxide  is  derived  from  the 
blood  by  diffusion,  from  fermentation  of  carbohydrates, 
and  from  the  neutralization  of  the  acid  of  the  gastric 
juice  by  the  carbonates  of  the  intestinal  secretions.  Oxy- 
gen is  not  found,  or  is  found  in  very  small  amounts; 
that  swallowed  with  the  air  is  soon  absorbed. 

While  the  chj-me  contains  much  matter  in  suspension, 
there  is  but  very  little  substance  in  solution.  If  the  solid 
parts  be  filtered  off,  the  filtrate  is  found  to  contain  salts, 
hydi'ochloric  acid,  and  a  small  amount  of  peptones  and 
albumoses  and  usually  sugar.  A  piece  of  proteid  added 
to  this  clear  filtrate  is  rapidly  dissolved,  showing  the 
presence  of  pepsin. 

The  above  description  applies  to  the  chyme  of  the 
stomach,  or  to  that  which  has  j  ust  reached  the  duode- 
num. In  the  duodemmi  the  chyme  undergoes  marked 
changes  both  in  appearance  and  in  chemical  composi- 
tion ;  these  are  brought  about  largely  by  the  admixture 
with  the  bile,  pancreatic  juice,  and  succus  entericus,  and 
the  chemical  reactions  resulting  therefrom.  Other  fac- 
toi-s  in  producing  changes  in  the  chj^me  are  bacterial  de- 
composition and  the  absorption  of  some  of  its  constituents. 
The  flow  of  the  secretions  into  the  intestines  has  long 
been  known  to  be  closely  dependent  upon  the  presence 
of  the  chyme  in  the  duodenum,  but  the  details  of  this  re- 
lation have  been  worked  out  only  in  very  recent  years  by 
Pawlowand  his  pupils  (see  the  ArcMees  d.  sciences  hiolog., 
St.  Petersburg).  Tliese  investigations  of  Pawlow,  which 
form  one  of  the  most  marked  advances  in  the  physiology 
of  digestion  of  late  years,  show  that  not  only  does  the 
quantity  of  the  pancreatic  juice  and  the  bile  and  their 
rate  of  secretion  depend  upon  the  presence  of  food  in  the 
digestive  tract,  but  also  that  there  is  a  wonderful  adap- 
tation of  the  constituents  of  these  secretions  to  the  char- 
acter of  the  food  to  be  digested.  The  experiments  were 
made  upon  dogs  with  permanent  fistulse;  a  few  of  the 
more  important  results  whicli  are  of  interest  in  this  con- 
nection will  be  noted.  We  will  begin  with  the  pancre- 
atic juice. 

When  the  stomach  was  empty  and  the  dog  fasting, 
there  was  no  flow  whatever  from  the  pancreatic  duct; 
the  mere  sight  of  food,  however,  caused  some  secre- 
tion, this  being  brought  about  in  part  by  the  entrance 
of  the  acid  gastric  juice  into  the  intestines.  As  soon  as 
food  entered  the  stomach  an  active  secretion  of  pancreatic 
juice  began  ;  the  amount  and  character  of  this  depended 
upon  the  kind  of  food  which  had  been  taken.  Thus,  in 
one  experiment  600  c.c.  of  milk  caused  45  c.c.  of  pan- 
creatic juice  to  be  secreted,  while  250  gm.  of  bread  caused 
a  secretion  of  151  c.c,  and  100  gm.  of  meat  a  secretion  of 


83 


Cliyine, 
Cliyiue. 


KEFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


141  c.c.  Examination  of  tlie  ferments  in  these  experi- 
ments sliowed  that  in  tlie  pancreatic  juice  secreted  after 
mill-c  the  fat-splitting  ferment  was  veiy  aljimdant,  wliere- 
as  iKit  little -was  present  in  that  obtained  after  bread;  the 
amylolytic  ferment  was  pi-escnt  in  larger  quantities  after 
bread  tjian  after  meat.  These  differences  in  the  relative 
amounts  of  the  ferments  were  not  proportional  to  the 
differences  in  the  amount  of  the  secretion;  in  fact,  they 
might  occur  in  an  inverse  proportion.  Thus  after  milk 
twice  as  much  of  the  fat-splitting  ferment  was  found  as 
after  bread,  although  a  much  larger  amount  of  pancre- 
atic juice  was  obtained  in  the  latter  case.  After  the  in- 
troduction of  an  emulsion  of  pure  fat  into  the  stomach, 
the  fat-splitting  ferment  was  much  increased.  These 
variations  in  the  amounts  of  the  ferments  of  the  pancre- 
atic juice  show,  in  a  marked  way,  an  adaptation  to  the 
kind  of  food  ingested ;  the  secretion  contains  that  ferment 
in  greatest  abundance  which  is  most  needed.  This  regu- 
lation is  brought  about  by  the  nervous  system;  the  differ- 
ent constituents  of  the  food  stimulate  different  nerve 
endings  in  the  mucous  membrane  of  the  alimentary  canal, 
and  thus  cause  reflex  changes  in  the  pancreas  of  such  a 
nature  that  the  secreting  cells  produce  the  ferments  called 
for.  The  nerve  endings  respond  only  to  their  specific 
stimuli,  i.e.,  to  certain  constituents  of  the  food.  Another 
constituent  of  the  chyme  having  a  specific  effect  upon 
the  secretion  of  the  pancreatic  juice  is  the  acid  of  the 
gastric  juice;  this  causes  an  increase  in  the  alkalinity  of 
the  pancreatic  juice  as  well  as  an  increase  in  the  amount 
of  fluid  secreted. 

A  similar  series  of  experiments  has  been  carried  out  by 
Br\mo  (Archives  d.  sciences  Mologiqves,  St.  Petersburg, 
1899)  on  the  factors  determining  the  flow  of  bile  into  the 
intestine.  His  chief  results  may  be  summarized  as  fol- 
lows :  1.  The  rate  of  the  secretion  of  bile  into  the  intestine 
is  more  or  less  typical  for  the  various  kinds  of  food.  2. 
the  reaction  of  the  contents  of  the  small  intestine  is  not 
a  factor  in  the  excretion  of  the  bile;  this  is  contrary  to 
the  generally  accepted  view.  The  excretion  of  the  bile 
differs  in  this  respect  from  that  of  the  pancreatic  juice, 
with  which,  as  we  have  seen,  the  reaction  of  the  chyme 
is  an  important  factor.  3.  Proteid  does  not  act  as  a 
stimulus  to  the  excretion  of  bile,  although  some  of  the 
products  of  proteid  digestion  do  have  this  action.  4. 
Starch  does  not  stimulate  the  flow  of  bile.  5.  Fat  acts 
as  a  powerful  stimulus  to  the  excretion  of  bile;  it  stimu- 
lates nerve  endings  in  the  gastro-intestinal  mucous  mem- 
brane, and  thus  causes  a  marked  reflex  excretion  of  bile 
into  the  intestine.     Meat  extract  has  a  similar  effect. 

The  above  experiments  show  that  the  character  of  the 
food  ingested  has  a  remarkable  effect  upon  two  of  the 
secretions  into  the  intestine — the  pancreatic  juice  and  the 
bile.  The  relation  between  the  food  and  the  third  of 
the  intestinal  secretions — the  succus  entericus — has  not 
been  very  thoroughly  studied,  but  the  experiments,  as 
far  as  they  go,  show  a  similar  adaptation  of  the  secretion 
to  the  food.  Thus  a  ferment,  lactase,  which  has  the 
power  of  hydrolj'zing  milk  sugar,  can  be  extracted  from 
the  mucous  membrane  of  the  intestine  of  some  animals. 
Weinland  (Zeitschrift  fiir  Binloijie,  xxxvii.,  p.  329)  finds 
that  by  feeding  milk  this  ferment  can  be  obtained  from 
animals  (e.g.,  adult  rabbits),  in  wliich  it  is  not  normally 
present. 

We  may  now  briefly  sketch  the  changes  which  the 
chyme  undergoes  after  it  comes  into  contact  with  these 
secretions;  the  details  of  the  chemical  changes  produced 
by  the  enzymes  are  discussed  elsewdiere  in  this  IIandbodk 
(see  articles  on  Bifiestion,  Bile,  Enzymes,  etc. ).  One  of  flic 
first  changes  occiirring  in  the  chyme  after  it  enters  the 
duodenum  is  a  cliange  in  its  reaction.  (In  what  follows  we 
refer  to  tlie  reaction  wliich  the  chyme  shows  to  litmus. 
As  is  well  known,  the  same  sulistance  may  show  an 
alkaline  reaction  with  one  indicator  and  an  acid  reaction 
with  another;  mucli  confusion  lias  arisen  from  writers 
neglecting  to  specify  the  indicator  used.)  The  chyme  of 
the  stomach  lias  a  strongly  acid  reaction,  due  largely  to 
the  hydrochloric  acid  of  the  gastric  juice;  all  thc^  secre- 
tions into  the   intestine  are   alkaline,   largely  from  the 
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presence  of  sodium  carlionate.  The  hydrochloric  acid 
and  the  sodium  carbonate  react  with  the  formation  of 
carbon  dioxide,  water,  and  sodium  chloride.  If  new 
factors  were  not  introduced  the  chyme  would  soon  be- 
come alkaline ;  this  was  formerly  universally  believed  to 
be  the  case.  But  as  the  hydrochloric  acid  is  neutralized 
other  acids  are  produced,  so  that  the  chyme  has  a  varia- 
ble and  changeable  reaction.  In  fact,  the  reaction  of 
the  contents  of  the  small  intestine  has  been  a  matter  of 
much  dispute  among  physiologists;  this  has  resulted  in 
part  from  the  fact  that  different  experimenters  have  used 
different  methods  and  different  animals,  and  in  part  from 
their  neglecting  the  influence  of  food.  The  reaction 
further  varies  in  different  layers  of  the  chyme.  At  the 
beginning  of  the  duodenum  it  is  doubtless  acid  through- 
out; farther  down,  the  layer  next  to  the  intestinal  wall, 
wliich  comes  into  more  intimate  contact  with  the  alkaline 
succus  entericus,  bile,  and  pancreatic  juice,  liecomes  al- 
kaline while  the  central  part  is  still  acid.  Finally  toward 
the  end  of  the  small  intestines  the  contents  niaj-  be  neu- 
tral or  alkaline  throughout;  the  latter,  however,  seldom 
seems  to  be  the  case  in  man — at  least  with  a  mixed  diet. 
Thus  in  the  patient  studied  by  Macfayden,  Nencki,  and 
Sieber  the  chyme  as  it  escaped  from  the  lower  end  of  the 
ileum  was,  with  an  ordinary  diet,  invariably  acid;  the 
same  has  been  noticed  in  other  cases.  Braune,  for  exam- 
ple, found  the  chyme  as  it  escaped  from  a  fistula  at  the 
end  of  the  ileum  to  be  acid;  if,  however,  the  litmus  paper 
were  applied  to  the  wall  of  the  intestine  the  reaction  was 
alkaline.  Gushing  (Johns  Hopkins  Hospital  Bulletin,  x., 
p.  136,  1899)  reports  a  case  of  fistula  of  the  upper  jejunum 
in  which  the  chyme  expelled  was  invariabl}'  acid,  al- 
though it  had  been  mixed  with  the  pancreatic  juice. 
Busc-h,  however,  found  the  reaction  to  be  alkaline  in  a 
similar  case.  This  acid  reaction  is  due,  according  to 
Macfa3-den,  Nencki,  and  Sieber,  to  organic  acids,  and 
chiefiy  to  acetic  acid ;  hydrochloric  acid  is  never  found 
in  the  lower  part  of  the  small  intestine.  This  acid  was 
found  to  be  equivalent  to  0.1  per  cent,  acetic  acid;  besides 
acetic  acid  small  amounts  of  lactic  and  succinic  acids  and 
volatile  fatty  acids  were  found.  These  acids  were  thought 
by  the  above-mentioned  authors  to  be  formed  from  car- 
bohydrates by  bacterial  decomposition.  Results  in  entire 
accordance  with  these  have  been  obtained  l.iy  Jankowski. 
The  results  of  the  above  authors  differ  from  those  ob- 
tained by  IMoore  and  Rockwood  (Jonrnfil  of  Phy-iiulogy, 
xxi.,  p.  373,  1897)  in  experiments  upon  lower  animals. 
These  investigators  found  the  reaction  of  the  small  intes- 
tine in  vari(ms  classes  of  animals  (dog.  ratibit,  sheep, 
guinea-pig,  etc.)  to  be  alkaline,  the  alkalinity  increasing 
in  the  lo^\-er  part  of  the  intestine.  Fat  in  "the  food  of 
carnivora  caused  an  acid  reaction  which  persisted  imtil 
the  lower  third  of  the  intestine  was  reached:  this  acid  re- 
action was,  according  to  Moore  and  Rock^vood,  probably 
due  to  fatty  acids  dissolved  by  the  bile.  A  carbohydrate 
diet  caused  an  alkaline  reaction  of  the  chyme  in  carnivora 
— a  result  which  would  not  be  expected  if  rnv  extensive 
formation  of  organic  acids  occurred  from  dec'omposition 
of  carbohydrates.  Jloreover.  the  alkalinity  of  the  chyme 
of  the  herbivora,  which  consume  large  quantities  of  "car- 
bohydrates, is  nin-mally  greater  than  that  in  carnivora. 
These  results  are  opposed  to  the  view  that  normally 
much  bacterial  decomposition  of  carboliydrates  occurs  in 
the  small  intestine,  ^foore  thinks  it  is  doubtful  whether 
the  intestines  in  the  above-mentioned  patients  with  fls- 
tula>  were  in  a  sulflcieiitly  normal  condition  to  allow  of 
tnistworlhy  inferences  being  drawn  as  to  the  reaction  in 
the  intestine  of  luan  under  ordinary  circumstances.  As 
regards  the  general  health  of  some  of  these  patients,  there 
can  be  no  doubt  that  it  was  entirely  satisfactory ;  in  fact, 
it  seems  to  have  lieen  nuich  more  nearly  normal  than  that 
of  some  of  the  dogs  in  which  similar  fis'tuhe  were  made  for 
the  purpose  of  studying  the  reaction  of  the  chyme.  More- 
over, it  is  interesting  to  note  that  when"  ;Macfayden, 
Nencki,  and  Sieber's  patient  was  given  a  purely  vegeta- 
ble diet  the  reacrion  of  the  chyme  became  neu'tral."  On 
the  whole,  the  evidence  seems  "to  be  that  in  man  with  a 
mixed  diet  the  chyme  is  acid  throughout  the  length  of 
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the  small  intestine ;   the  layer  next  to  the  walls  is  doubt- 
less alkaline. 

When  the  eh_ymc  of  the  stomaeh  conies  into  contact 
with  the  bile  in  the  duodenum,  certain  constituents  of 
each  are  precipitated.  Thus  some  of  the  products  of  the 
gastric  digestion  of  proteids  (syntouin  and  pc]itone)  are 
more  or  less  completely  precipitated  by  the  bile  salts; 
these  precipitated  proteids  adhere  to  the'intestiual  walls,' 
and  are  consequently  longer  subjected  to  the  action  of 
the  pancreatic  juice  than  they  would  be  if  they  remained 
in  solution,  Tlie  mucin  of  the  bile  is  precipitated,  as  are 
also  the  biliruliin  and  eholesteriu  and  glycocholic  acid ; 
these  form  a  thick,  resinous,  colored  coating  of  the  mu- 
cous membrane.  The  pepsin  is  carried  down  with  these 
precipitates,  and  as  bile  has,  independently  of  this  pre- 
cipitating action,  a  retarding  influence  upoii  peptic  diges- 
tion, the  latter  ceases;  as  soon  as  this  mixture  l)ecomes 
alkaline  the  pepsin  is  destroyed.  The  tryptic  digestion 
of  the  proteids  now  begins;  the  solid  fraginents  of  meat, 
etc.,  are  eroded  and  the  proteid  conyerted,  apparently 
directly,  into  deutero-albumose.  Primary  albumoses, 
such  as  are  formed  in  peptic  digestion,  do  not  seem  to  be 
formed  at  all  in  tryptic  digestion.  There  is  some  doubt 
as  to  how  far  the  tryptic  digestion  of  proteids  is  carried 
in  the  small  intestine.  When  proteids  are  subjected  to 
the  action  of  pancreatic  juice  outside  of  tlie  body,  not 
only  is  peptone  formed,  but  some  of  this  is  broken  up 
into  crystalline  compounds  of  much  simpler  composi- 
tion; among  these  latter  are  leucin,  tyrosin,  aspartic  and 
glutamic  acids.  JIacfayden,  Nencki,  and  Sieber  found 
neither  leucin  nor  tyrosin  in  the  chyme  of  the  person 
upon  whom  they  experimented;  they  think  that  if  these 
compounds  are  formed  in  the  small  intestine  at  all,  their 
amount  must  be  very  small  and  their  absorption  yery 
rapid. 

Pats, when  they  enter  the  duodenum  from  the  stomach, 
are  in  the  form  of  large  di'ops.  The  pancreatic  juice 
splits  the  fat  (or  at  least  a  part  of  it)  into  fatt_y  acid  and 
glycerin ;  the  former  may  be  dissolved  by  the  bile  or  maj' 
unite  with  alkalies  to  form  soaps.  "When  fat,  soaps,  and 
alkalies  (such  as  are  present  in  the  bile  and  pancreatic 
and  intestinal  juices)  are  brought  together  an  emulsion 
results.  The  conditions  in  the  intestine  are  fayorable  for 
the  formation  of  an  emulsion,  and,  in  fact,  the  fat  of  the 
chyme  is  usually  in  a  state  of  line  emulsion.  This  change 
in  the  condition  of  the  fat,  brought  about  bj-  the  bile  and 
pancreatic  juice,  aided,  perhaps,  bj'  the  peristaltic  con- 
tractions of  the  small  intestines,  causes  a  change  in  the 
appearance  of  the  chj'me;  it  now  becomes  a  creamy-look- 
ing fluid.  Although  the  fats  are  usuall_y  emulsified,  this 
is  not  always  the  case,  and  it  does  not  seem  necessary  for 
their  absorption;  there  can  be  no  doubt,  however,  that 
their  absorption  is  rendered  much  more  easy  and  rapid 
when  they  are  emulsified.  What  proportion  of  the  fat 
is  broken  up  into  fatty  acid  and  glycerin  in  the  small 
Intestine  is  not  known.  The  earlier  investigators  thought 
that  only  a  very  small  amount  of  fatt_y  acid  was  formed, 
but  this  view  rested  upon  insufficient  evidence ;  some 
now  hold  that  practically  all  the  fat  is  decomposed  into 
fatty  acids,  and  that  the}'  are  absorbed  either  in  this  form 
or  after  they  have  combined  with  alkalies  to  form  soaps. 
It  is  also  not  known  to  what  extent  soaps  are  formed  in 
the  small  intestine ;  the  fact  that  very  little  soap  can  be 
obtained  from  the  chj'me  at  any  one  time  has  led  to  the 
view  that  it  is  not  formed  to  anj^  great  extent.  Others 
maintain,  however,  that  the  reason  why  so  little  soap  is 
found  is  that  it  is  absorbed  almost  as  rapidl}'  as  it  is 
formed;  according  to  these,  it  is  converted  into  neutral 
fat  as  it  passes  through  the  villi,  and  appears  in  the  chyle 
in  this  form.  In  any  case  very  little  soap  is  found  in  the 
lacteals. 

In  whatever  way  the  fats  are  absorbed,  whether  as 
an  emulsion  as  is  generally  believed,  or  as  fatty  acids  and 
soaps  as  some  recent  writers  maintain,  it  slowly  disap- 
pears from  the  chyme,  and  all  observers  are  agreed  that 
the  pancreatic  juice  and  bile  play  an  important  role  in  its 
absorption.  After  removal  of  the  pancreas,  or  occlusion 
of  its  duct,  the  amount  of  fat  absorbed  is  greatly  dimin- 


ished, and  exactly  the  same  result  is  observed  wlien  the 
bile  is  prevented  from  reaching  tlie  small  intestine. 

]\rueh  of  the  starch  disajipears  from  the  chyme  under 
the  iufluenceof  tlie  pancreatic  juice;  it  isconvcrted,  with 
the  formation  of  certain  intermediate  products,  into  sugar, 
wiu'ch  is  then  absorbed.  The  s\iccusentei'icus  may  liave 
an  action  u])on  carl)ohydrates  similar  to,  but  much  less 
powerful  than,  that  of  the  pancreatic  juice.  Cane  sugar 
is  inverted  liy  the  succus  entericus  ancl  the  invert  sugar 
absorbed.  The  decomposition  of  starch  is  often  not  very 
complete,  so  that  some  of  it,  or  of  one  of  its  decomposi- 
tion products,  dextrin,  may  be  obtained  from  the  lower 
part  of  the  small  intestine  or  from  the  large  intestine. 

Besides  the  changes  produced  in  the  chyme  l.)y  the  in- 
testinal secretions  there  are  others  caused  by  the  action 
of  b.acteria;  there  is  considerable  difference  of  opinion  as 
to  the  extent  and  importance  of  these  latter  changes.  It 
has  even  beensupi)osed  that  the  changes  produced  in  the 
sinall  intestine  Ijy  Ijaeteria  are  essential  to  life,  but  tliis 
view  has  l.ieen  shown  to  lie  erroneous  by  the  experiments 
of  Nuttall  and  Thierfelder  (Zeitselmft  filr  physiol.  Ohem 
xxi.,  p.  109,  1895,  and  xxii.,  p.  62,  1896).  These  authors 
removed  guinea-pigs  from  the  uterus  by  Cesarean  section 
under  strict  aseptic  precautions;  the  animals  were  then 
kept  in  an  aseptic  chamber  and  fed  upon  sterilized  food. 
The  guinea-pigs  lived  and  did  as  well  as  normal  ones  fed 
on  a  similar  diet.  The  alimentary  canal  was  found  to 
be  entirely  free  from  bacteria  of  any  kind. 

The  most  elaborate  studies  on  the  bacteria  of  the  small 
intestine  were  made  by  Macfayden,  Nencki,  and  Sieber. 
A  number  of  bacteria  were  isolated  by  these  investigators 
from  the  chyme  as  it  escaped  from  the  lower  end  of  the 
ileum ;  tlie  flora  varied  considerably  fi'oni  time  to  time 
and  with  change  of  diet.  No  bacteria  were  discovered 
which  seemed  to  be  specially  bound  to  and  constantly 
found  in  the  small  intestine,  as  is  the  case,  for  example, 
with  the  bacillus  coll  communis  in  the  large  intestine. 
"  One  characteristic  mark,  however,  for  the  bacteria  of 
the  small  intestine  is  this — that  by  preference,  so  to  say, 
they  decompose  carbohydrates  and  not  proteids. "  None 
of  the  characteristic  products  of  the  bacterial  decomposi- 
tion of  proteids  (indol,  skatol,  phenol,  etc.)  could  be 
found ;  acetic,  lactic,  succinic,  and  butyric  acids,  ethyl 
alcohol,  and  other  products  of  the  action  of  bacteria  upon 
carboh3'drates  were  isolated.  The  organic  acids  seemed 
to  prevent  the  putrefaction  of  the  proteids.  The  bac- 
teria and  other  micro-organisms  attack  not  only  the  sugar, 
but  also  starch  and  cellulose;  in  addition  to  the  organic 
acids,  carbon  dioxide  and  hydrogen  are  formed  in  consid- 
erable quantities  as  a  result  of  this  action.  The  relative 
amounts  of  these  gases  are  determined  in  part  by  the 
kind  of  food,  in  part  by  the  relative  activity  of  the  vari- 
ous micro-organisms.  With  a  leguminous  diet  h3'drogen 
is  formed  in  large  quantities ;  the  same  is  true  when  the 
butyric-acid  fermentation  predominates.  In  other  cases 
the  amount  of  hydrogen  may  be  very  small;  thus  there 
was  found  in  the  small  intestine  of  an  executed  criminal 
twentj'-eight  per  cent,  of  carbon  dioxide,  sixt3'-eight  per 
cent,  of  nitrogen  (and  oxygen),  and  only  four  per  cent, 
of  hydrogen.  Marsh  gas  is  also  present  at  times  in  large 
amounts ;  this  is  especially  abundant  in  the  intestines  of 
herbivora,  which  consume  large  amounts  of  cellulose. 

Prom  the  moment  when  the  chyme  enters  the  duode- 
num until  it  passes  into  the  large  intestine  its  composi- 
tion is  being  altered  by  the  absorption,  through  the  walls 
of  the  intestines,  of  some  of  its  constituents.  The  rate 
and  extent  of  absorption  are  dependent  upon  the  charac- 
ter of  the  food  and  the  time  during  wdiich  it  remains  in 
the  small  intestine.  All  the  forms  of  food-stuffs  are  ab- 
sorbed from  the  small  intestine,  but  they  do  not  all  take 
the  same  jDatli;  carbohydrates,  proteids,  salts,  and  other 
soluble  constituents  jiass  into  the  blood-vessels  while  the 
fats  are  taken  up  by  the  lacteals.  Under  normal  condi- 
tions the  absorption  in  the  small  intestine  is  so  complete 
that  the  clij'me  as  it  leaves  the  ileimi  has  largely  lost  its 
nutritive  value;  Macfayden,  Nencki,  and  Sieber,  for 
example,  found  the  chyme  at  the  lower  end  of  the  ileum 
to  contain  less  than  one  percent,  of  albumin  and  from  0.3 
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to  4.75  per  cent,  of  sugar.  Some  of  the  constituents  of 
tlie  secretions  pouredinto  tlie  small  intestine  are  reab- 
sorbed by  it;  the  best-known  case  of  this  kind  is  the  re- 
absorption  of  the  bile  salts.  Some  of  the  water  is  also 
reabsorbed,  but  most  of  this  reaches  the  large  intestine 
and  is  absorbed  there.  The  completeness  of  the  absorp- 
tion of  the  food  in  the  small  intestine  is  shown  by  the 
fact  that  patients  with  intestinal  fistulfe  through  which 
the  contents  escaped  without  reaching  the  large  intestine 
have  remained  in  a  condition  of  good  nutrition  for  years. 
The  patient  of  Jankowski,  for  e.vample,  had  had  a  fistula 
at  the  lower  end  of  the  ileum  for  thirty-five  years  and 
had  remained  in  good  health;  the  large  intestine  was 
found  atrophied  from  the  ciECum  to  the  rectum.  Similar 
cases  have  been  reported  bj^  others,  and  the  same  results 
obtained  in  experiments  on  animals.  Harley  (Proc.  Roy. 
Soc. ,  London,  64,  p.  255)  removed  the  entire  large  intestine 
from  dogs  and  found  that  they  did  not  suffer  from  mal- 
nutrition ;  on  the  contrary,  they  gained  weight. 

While  all  of  the  food-stuffs  are  absorbed  to  a  greater  or 
less  extent  by  the  small  intestines,  some  authors  state 
that  one  kind  (proteids,  for  example),  others,  that  other 
kinds  (fats  or  carbohydrates)  are  best  absorbed.  These 
differences  seem  to  depend  upon  the  form  in  which  the 
food  is  given  rather  than  upon  its  chemical  composition. 
In  the  experiments  of  Harlej^  removal  of  the  large  intes- 
tine had  no  effect  upon  the  absorption  of  fats  and  carbo- 
hydrates ;  that  of  proteids  was  decreased  by  ten  per  cent. 
The  completeness  of  the  absorption  of  proteid  from  the 
small  intestine  may  be  illustrated  by  the  following  figures 
from  Macfayden,  Neueki,  and  Sieber.  Food  containing 
10.6  gm.  of  nitrogen  was  given  the  patient;  only  1.6  gm. 
of  nitrogen  was  found  in  the  liquid  escaping  from  the 
fistula  in  the  next  twenty-four  hours.  Thus,  about  six- 
sevenths  of  the  proteids  had  been  absorbed  by  the  stom- 
ach and  small  intestine.  That  a  large  amount  of  proteid 
may  be  absorbed  from  the  upper  part  of  the  small  intes- 
tine (and  stomach)  is  shown  by  the  observation  of  Busch 
upon  a  patient  who  had  a  fistula  near  the  lower  end  of 
the  duodenum;  five-eighths  of  the  albumin  and  two- 
thirds  of  the  gelatin  given  by  the  mouth  were  absorbed 
by  this  small  part  of  the  alimentary  tract.  In  the  case 
reported  by  Cushing,  however,  in  which  the  fi.stula  was 
also  in  the  upper  part  of  the  jejunum,  the  patient  suf- 
fered extremely  in  nutrition,  not,  however,  from  any 
inability  on  the  part  of  the  mucous  membrane  to  absorb 
the  food,  but  because  the  peristaltic  contractions  were  so 
powerful  that  the  food  did  not  remain  in  the  intestine 
long  enough  for  much  absorption  to  take  place ;  if  food 
of  such  a  character  was  given  that  it  did  not  escape  easily 
from  the  fistula  but  occluded  the  opening,  then  consider- 
able absorption  occurred.  In  all  cases  the  extent  of  ab- 
sorption is  determined  in  part  by  the  time  during  which 
the  chyme  remains  in  the  small  intestine,  and  this  in  turn 
is  determined  to  some  extent  by  the  composition  of  the 
chyme.  Chyme  is,  in  fact,  the  normal  stimulus  to  the 
movements  of  the  small  intestine;  when  it  contains  ab- 
normal constituents,  or  certain  normal  ones  (such  as  cel- 
lulose and  organic  acids)  in  excessive  amounts,  it  may 
so  stimulate  peristalsis  that  the  contents  of  the  small  in- 
testine are  expelled  before  much  absorption  has  taken 
place.  The  time  during  which  the  chyme  normally  re- 
mains in  the  small  intestine  was  investigated  by  Mac- 
fayden, Nencki,  and  Sieber;  boiled  unmashed  green  peas 
(which  escaped  from  the  .small  intestine  unchanged)  or 
salol  (which  can  be  easily  detected  by  its  cliemical  reac- 
tions) were  given  to  the  patient,  and  the  time  at  which 
they  were  found  in  the  liquid  escaping  from  the  fistula 
observed.  It  was  found  that  at  least  two  hours  elapsed 
before  these  substances  appeared  at  the  opening  of  the 
flstida,  and  that  they  continued  to  be  discharged  for  nine 
to  fourteen  hours.  The  passage  of  the  food  mass  from 
the  ileum  to  the  cajcum  was  a  constant  one.  During  the 
night  it  .sank  to  a  minimum,  probably  because  the  patient 
received  only  a  stimulant  now,  whereas  during  the  day 
she  broke  her  fast  five  times.  The  evacuation  took  place 
without  the  patient  being  con.scious  of  the  act. 

lieid  Hunt. 
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C\Q01\[iW.—Penghawar-Bjamhi.  The  hairy  mass  ob- 
tained from  the  rhizomes  and  stipes  of  Cihotium  Djam- 
hianmn  Hook,  and  some  other  large  ferns  of  tropical 
Asia  and  Polynesia.  Besides  a  very  extensive  use  in 
mattress-stufting  and  similar  work,  this  substance  has 
been  considerably  employed  as  a  ha?mostatic.  Although 
the  juice  of  the  rhizome  is  astringent  and  styptic,  the 
cibo'tium  appears  to  act  in  a  purely  mechanical  way,  like 
lint.  In  ordinary  surgery  we  have  many  preferable 
agents,  but  these  natural  substitutes  should  be  known  to 
ail  army  surgeons  and  others  likely  to  require  them  in 
extreme  cases.  Henry  II.  Rushy. 

CICATRIX. — (Synonyms:  Cicatrice,  scar;  Lat.,  cica- 
trix; Ger. ,  JVarbe ;  Ft.,  cicatrice.)  The  new  tissue 
formed  in  the  healing  of  wounds,  or  during  the  process 
of  repair  of  loss  of  substance  by  disease  or  injury,  is  a 
cicatrix. 

Old  cicatrices  are  usually  whiter  than  the  normal  skin, 
but  may  be  pink  or  bluish,  and  are  often  pigmented. 
Usually  depressed,  smooth,  and  glistening,  they  may  be 
elevated,  or,  more  rarely,  on  a  level  with  the  surrotmding 
skin.  Pigmentation  is  found  especially  in  the  cicatrices 
of  chronic  and  syphilitic  ulcers,  or  when  pigments  or 
particles  of  coal  or  gunpowder  have  been  left  embedded 
in  the  skin. 

Once  fully  formed,  cicatrices  are  a  permanent  part  of 
the  body,  growing  with  its  growth,  so  that,  if  they  occur 
of  a  certain  relative  size  in  a  child,  this  relation  will  be 
found  to  persist  in  the  adult.  Small  cicatrices  occasion- 
ally entirel}'  disappear,  but  this  never  happens  when  the 
cicatricial  ti.ssue  is  at  all  abundant.  Cicatrices  are  thus 
of  great  importance  in  establishing  identity.  They  also 
frequentl}'  furnish  reliable  information  of  previous  dis- 
ease, as  in  the  case  of  cicatrices  following  syphilitic 
lesions  of  the  skin,  suppurating  bubo,  or  suppurating 
joint  diseases. 

The  structure  of  cicatrices  is  the  same  in  all  parts  of 
the  body.  When  a  wound  of  skin  and  subcutaneous 
connective  tissue  has  just  healed,  the  young  cicatrix  is 
redder,  firmer,  less  pliable  and  yielding  than  the  sur- 
rounding parts.  It  may  be  on  a  level  with  the  adjacent 
skin,  or  elevated  above,  or  depressed  below  it.  Its  shape 
and  size  depend  chiefly  on  those  of  the  original  gap  in 
the  tissues  which  it  fills  in.  The  new  scar  is  composed 
of  granulation  tissue  or  embrj'onic  connective  ti.ssue  cov- 
ered by  a  thin  pellicle  of  epithelium.  It  contains  no 
papillip,  nerves,  lymphatics,  muscle,  or  glandular  tissue. 
In  most  cases  the  epithelial  cells  have  been  derived  from 
the  rete  Malpighii  of  the  surrounding  skin.  During  the 
process  of  cicatrization  its  cells  form  new  nuclei,  and  in- 
crease in  size  and  number,  and  send  out  epidermal  wan- 
dering cells.  These  wandering  cells  spread  over  the 
granulations  of  the  wound,  forming  a  delicate  epithelial 
membrane  that  gradually  diminishes  in  thickness  toward 
the  middle  of  the  wound.  This  transparent,  glistening 
pellicle  can  almost  always  be  seen  to  spread  inward  on 
all  sides  from  the  edges  of  the  wound.  But  it  is  some- 
times observed  to  advance  centrifugally  from  an  "island" 
of  epithelium  in  the  midst  of  the  wound.  Usually  the 
cells  originate  from  sweat  glands,  sebaceous  follicles,  or 
epidermis  that  have  survived  the  original  injury.  Some- 
times they  are  derived  from  new  cells  scattered  on  the 
granulating  surface  by  design,  as  by  tlie  application  of 
skm  grafts,  or  by  accident,  the  cells  falling  unobserved 
on  the  wound  while  the  dressings  arc  removed.  Beneath 
this  pellicle,  numerous  small  polygonal  nucleated  cells, 
separated  by  soft  transparent  or  granular  intercellular 
substance,  are  irregularly  arranged'in  the  meshes  of  em- 
bryonic blood-vessels.  The  cells  are  either  white  blood 
cells  or  connective-tissue  cells.  The  blood-vessels  are 
derived  from  those  of  the  adjoining  part  by  the  chan- 
nelling of  protoplasmic  sprouts.  The  tendency  of  this 
tissue  IS  to  develop  into  the  white  fibrous  tissue 'found  in 
old  cicatrices.  Many  of  the  young  cells  are  destroyed 
m  this  process;  the  rest  become  at  first  spindle-shaped, 
and  finally  acquire  the  characters  of  connective-tissue 
cells.     The  intercellular  substance,  at  first  not  very  abun- 
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dant,  becomes  fibrillar  and  separates  the  remaining  cells 
more  widely.  The  whole  cicatrix  is  now  denser  and  drier 
than  at  first.  Then  the  fibrillar  intercellular  substance 
contracts  and  condenses  still  further,  the  process  only 
terminating  wdien  dense  white  fibrous  tissue  is  formed. 
The  contraction  pulls  on  the  neighboring  parts,  causing 
more  or  less  wrinkling  near  the  scar  and  drawing  the  ad- 
jacent tissues  from  their  places.  The  blood-vessels  also 
undergo  changes.  Many  of  them  disappear  entirely, 
and  those  which  persist  form  a  delicate  anastomosing 
network  of  capillaries  and  small  vessels  communicating 
with  those  in  the  normal  tissues  on  all  sides  of  the  cica- 
trix. The  whole  process  is  analogous  to  the  development 
of  embryonic  tissue  into  adult  connective  tissue.  In 
course  of  time,  the  cicatrix  becomes  loosened  from  its 
adhesions  by  the  formation  of  adipose  tissue  beneath  it. 
It  becomes  flexible,  pliable,  and  easily  movable,  losing 
its  adhesions  to  fasciie  and  bone  in  many  cases.  Lym- 
phatics and  nerves  also  reappear,  and  in  old  cicatrices 
there  are  sometimes  found  a  few  elastic  fibres.  But 
cicatrices  never  contain  hair,  papilla,  sweat  glands,  or 
sebaceous  follicles,  except  when  they  remain  from  the 
original  tissue,  not  having  been  destroyed  by  the  injury 
or  disease  that  has  preceded  the  cicatricial  process.  Cica- 
trices of  mucous  membranes  are  similar  to  those  of  the 
skin.  They  are  more  apt  to  be  the  cause  of  serious  trou- 
ble on  account  of  the  greater  frequency  of  damaging 
contractions,  producing  "strictures  of  the  mucous  tubes, 
as  of  the  oesophagus  or  urethra.  Cicatrices  of  the  glands 
are  composed  of  fibrous  tissue.  Wounds  of  nerves  and 
muscle  are  at  first  united  by  cicatricial  tissue,  but  regen- 
eration often  occurs  in  these  tissues  under  favorable  cir- 
cumstances. 

Cicatrices  produce  certain  changes  in  adjoining  parts 
of  the  body,  and  are  liable  to  defects  and  diseases. 

The  amount  of  contraction  depends  on  the  quantity  of 
new  cicatricial  tissue  and  the  resistance  of  the  neighbor- 
ing parts.  Wounds  healed  by  first  intention  are  followed 
by  much  less  shrinking  than  when  allowed  to  granulate 
and  suppurate.  The"  cicatrices  of  burns  and  scalds, 
wounds  in  the  flexures  of  joints,  and  lacerated  wounds 
usually  produce  the  greatest  deformities.  The  remark- 
able contractions  that  follow  burns  are  due  not  to  any 
peculiarities  in  the  structure  of  the  cicatrix,  but  to  the 
great  amount  of  new  tissue  and  the  facility  with  wdiich 
the  surrounding  tissue  yields.  Slight  contractions  at  the 
flexures  of  joints  may  s'eriously  interfere  with  their  func- 
tions and  greatly  impair  the  usefulness  of  the  limb.  In 
many  cases  disfiguring  and  disabling  contractures  follow 
burns  and  wounds  treated  with  the  utmost  care.  They 
are  only  to  be  avoided  by  securing,  where  possible,  the 
primary  union  of  the  wound.  Cicatrization  must  be 
liastened  by  the  application  of  skin  grafts,  and  by  careful 
attention  to  bring  about  the  most  rapid  healing  of  the 
wound  possible  under  the  circumstances.  Splints  and 
bandages  are  sometimes  of  .service  in  preventing  deform- 
ities, if  properly  employed  during  and  after  cicatrization. 
But  untoward  results  occasionally  are  seen,  contraction 
beginning  when  the  apparatus  is  laid  aside,  weeks  or 
months  after  the  completion  of  cicatrization.  Or  the 
wound  may  remain  obstinately  open  while  contraction  is 
prevented,"  and  heahng  will  occur  only  at  the  exi)ense  of 
more  or  less  extensive  deformity.  For  the  relief  of  de- 
formities resulting  from  cicatricial  contractions,  appara- 
tus may  be  used  to  stretch  the  scar,  or  various  operations 
mav  be  performed. 

Weak  cicatrices  are  frequently  found  wdien,  during 
cicatrization,  the  granulations  have  been  inflamed  or  pale 
and  flabby.  They  are  most  common  in  the  lower  ex- 
tremities and  over  the  subcutaneous  bones. 

Cicatricial  bands  and  masses  may  do  serious  damage 
when  they  contain  or  compress  important  vessels  or 
nerves.  Obstinate  oedema  of  parts  supplied  by  the 
blood-vessels  may  follow.  Impaired  motion  and  sensa- 
tion sometimes  occur  when  nerve  trunks  are  compressed 
by  cicatricial  tissue.  The  only  remedy  is  to  dissect  out 
tlie  flattened  nerve  from  the  dense  cicatrix,  hoping  that 
it  may  be  subject  to  less  pressure  in  its  new  position. 


When  nerves  are  divided  and  tlieir  ends  contained  in 
cicatrices,  besides  the  loss  of  motion  and  sensation  the 
cicatrix  is  apt  to  be  painful.  The  nerves  are  sometimes 
found  to  be  bulbous,  or  the  seat  of  fibrous  degeneration. 
Here  a  portion  of  the  nerve  may  be  excised,  or  the  ends 
dissected  out  of  the  cicatrix  and  sutured  together. 

Cicatrices  also  sutler  from  inflammation,  wounds,  con- 
tusions, and  tumors. 

Inflammation  occurs  in  the  same  way  as  in  other  con- 
nective tissue.  Abscess  often  occurs  in  recent  cicatrices 
as  a  result  of  retention  of  some  foreign  body,  or  of  infec- 
tion. 

Wounds  of  cicatrices  usually  heal  readily. 

Cicatrices  sometimes  undergo  degenerative  changes, 
leading  to  the  formation  of  elevated,  scaly,  itching  nod- 
ules, called  keloid.  This  is  a  fibrous  or  fibro-cellular 
tumor,  often  of  a  pink  color.  The  only  treatment  is  ex- 
cision, and  the  keloid  is  very  apt  to  recur.  It  follows 
even  slight  cicatrices — for  example,  those  of  acne  and 
chickenpox.  It  is  more  frequent,  however,  in  cicatrices 
of  burns  and  lacerated  wounds. 

Carcinoma  of  cicatrices  may  be  either  primary  or  sec- 
ondary. 

Prii'nary  carcinoma  is  usually  of  the  epithelioma  vari- 
ety. It  occurs  most  commonly  in  cicatrices  situated  over 
bones,  and  following  burns  and  gunshot  wounds.  ^  It 
usually  appears  in  cicatrices  that  have  been  much  irri- 
tated or  exposed  to  pressure  and  ulcerated,  and  presents 
no  unusual  phenomena. 

Secondary  carcinoma  in  cicatrices  usually  develops  in 
three  weeks  or  six  months  from  the  time  of  operation. 
It  may  appear  in  the  cicatricial  tissue,  but  usually  in 
nodules  in  the  subjacent  or  surrounding  connective 
tissue. 

Sarcoma  is  also  found  occasionally  in  cicatrices. 

Wm.  G.  Le  Bovtillier. 

CICUTA  AND  CICUTOXIN.      See   Poisonous  Plunts. 

CIENEGA  (Mananriales  de  la).— These  springs  are  sit- 
uated in  the  low  grounds  between  Sisal  and  Campeche. 
They  are  said  to  contain  large  quantities  of  iron. 

N.  J.  Ponce  de  Leon. 

CIENEGA  DE  MATA.— These  .springs,  situated  in  the 
district  of  Jimenez,  Chihuahua,  Mexico,  are  employed  in 
the  treatment  of  rheumatism.  j\'.  /.  Ponce  de  Leon. 

C\y[\C\V\iGI'i.— Black  Snakeroot.  Black  Cohosli.  "The 
rhizome  and  roots  of  Gimicifuga  racemma  (L.)  Nutt.  (fam. 
Eantmculacm)"  (U.  S.  P.).  This  is  a  large,  perennial 
herb,  with  slender,  upright  stems,  from  one  to  two  and  a 
half  metres  high,  smooth  and  cylindrical ;  they  bear  two 
or  three  ternately  compound  leaves,  the  lower  very  large, 
twice  or  thrice  pinnate;  the  upper  ones  successively 
smaller  and  more  simple ;  leaflets  pointed,  serrate,  ovate, 
or  more  or  less  three-lobed.  Inflorescence  of  one  or  sev- 
eral long,  slender,  upright,  cylindrical  racemes  (35  to  50 
cm.  long).  Flowers  very  numerous,  something  over  a 
centimetre  across,  consisting  of  four  white,  concave  sep- 
als, which  drop  as  they  expand,  very  numerous,  free, 
slender,  spreading  stamens,  and  a  single,  one-celled, 
ovoid  pisril,  containing  several  ovules.  Petals  none,  a 
few  of  the  outer  stamens  somewhat  petaloid. 

Cimicifuga  is  a  common  American  plant,  growing  in 
Canada  and  in  most  of  the  United  States.  It  is  collected 
in  various  parts  of  the  country,  and  has  been  used  as  a 
medicine  for  nearly  a  century. 

The  oflicial  description  of  the  dried  rhizome  is  as 
follows:  "Horizontal,  hard,  2  in.  (5  cm.)  or  more  long, 
about  1  in.  (35  mm.)  thick,  with  numerous,  stout,  up- 
rio-ht,  or  curved  branches,  each  terminated  by  a  cup- 
sliaped  scar,  and  with  numerous  wiry,  brittle,  obtusely 
quadrangular  roots,  about  one-twelfth  of  an  inch  (3  mm.) 
thick;  the  whole  brownish  black,  nearly  inodorous,  and 
having  a  bitter,  acrid  taste.  Rhizome  and  branches  have 
a  smooth  fracture,  with  a  large  pith,  surrounded  by 
numerous  sublinear,  whitish  wood  rays,  and  a  thin,  firm 
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bark.  Tlic;  roots  l)reak  with  a  short  fracture,  liave  a 
tliick  bark,  and  contain  a  ligneoirs  cord  branching  into 
three  or  four  ray,s."  Cimicifuga,  it  is  said,  should  be 
collected  in  the  autumn ;  it  should  be  used  moderately 
fresh,  as  it  grows  much  less  active  with  the  lapse  of  time. 

Composition. — Not  satisfactorily  determined:  starch, 
sugar,  gum,  rm/i,  which  were  early  recognized,  are  com- 
mon vegetable  derivatives,  and  found  in  mast  plants. 
Couard  obtained  a  neutral,  crystalline,  ver}'  acrid  sub- 
stance (allied  perhaps  to  aneuionhi).  Trimble,  woi'king 
more  recentlj',  was  unable  to  get  Couard's  cr3'stals,  but 
obtained  an  acrid,  amorphovis  substance.  No  alkaloid 
appears  to  be  present,  unless  Couard's  crystalline  sub- 
stance proves  to  be  such,  as  surmised  by  Mr.  Falck,  who, 
in  1884,  obtained  it  from  the  fresh  rhizome. 

Action  and  Use. — There  is  no  question  that  recently 
dried,  or,  still  better,  fresh,  cimicifuga  is  an  active  sub- 
stance. Vomiting,  diarrha?a,  and  cardiac  depression  are 
caused  by  large  doses;  faintness,  restlessness,  and  dizzi- 
ness, foul  breath,  and  dryness  of  the  pharynx  are  com- 
mon results.  Smaller  doses  are  said  to  be  tonic,  to  im- 
prove the  appetite  and  digestion,  and  to  strengthen  the 
heart's  action.  It  is  reputed  to  be  aphrodisiac  and  ecbolic, 
but  is  not  at  all  reliable  in  these  directions.  The  most 
important  and  acknowledged  uses  of  cimicifuga  are, 
however,  established  empiiically.  It  has  for  many  }■  ears 
had  a  reputation  in  chorea,  and  is  generally  believed  to 
be  useful  in  that  obstinate  disease.  It  is  also  given  in 
chronic  rheumatism,  and  occasionally  in  pulmonary  trou- 
bles. 

The  official  extract  is  given  in  doses  of  .06  to  .5  gm. 
(gr.  i.  to  viij. ) ;  the  fluid  extract,  2  to  4  c.c.  (fl.  3  ss.  to  i.) ; 
the  twenty-per-ceut.  tincture,  3  to  8  c.c.  (fl.  3  ss.  to  ij.). 

W.  P.  Boltes. 

CINCHONA. — In  use,  this  word  has  three  distinct  sig- 
nifications, differing  in  their  comprehensiveness. 

Cinchona  L.  is  a  genus  of  some  forty  species  of  trees 
or  shrubs  of  the  family  liubiacea;,  natives  of  the  eastern 
slope  of  the  Andes,  from  Southern  Bolivia  northward, 
many  of  them  destitute  of  medicinal  properties,  others  so 
inferior  as  not  to  be  in  use. 

Ginchona,  Quina,  Quinquina,  and  Peruvian  Bark,  in 
materia  medica,  are  names  applied  to  the  barks  of  manj' 
of  the  above-mentioned  species,  and  to  at  least  one  of  an- 
other genus,  which  contain  active  alkaloids.  The  most 
of  these  barks  are  so  weak  and  inferior  that  their  use  is 
to  be  discouraged,  and  mention  of  them  is  deferred  until 
the  close  of  this  article. 

Cinchona  and  Cinclwna  Succiruha,  U.  S.  P.,  are  the 
official  names  of  a  few  of  these  barks  which  reach  a  cer- 
tain standard  of  alkaloidal  excellence,  and  these  will  now 
be  separately  considered. 

Cinchona  Calisaya,  Yellow  Bark. 

"The  bark  of  Cinchona  Calisaya  Wedded,  Cinchona 
officinalis  Linne,  and  of  hybrids  of  these  and  of  other  spe- 
cies of  Cinchona,  (nat.  ord.  Rubiacece),  yielding  not  less 
than  five  per  cent,  of  total  alkaloids,  and  at  least  2.5  per 
cent,  of  quinine"  (U.  S.  P.). 

A  thorough  knowledge  of  cinchona,  even  of  its  thera- 
peutics, calls  for  a  perfect  understanding  of  this  defini- 
tion. The  name  C.  Ledgeriana  Moens  should  precede 
"C.  Calisaya."  It  was  omitted  by  the  Pharmacopceia  re- 
visers in  the  belief  tliat  it  was  but  a  variety  of  the  latter, 
but  there  is  little  doubt  that  the  two  are  distinct  species, 
and  the  Ledger  bark  is  by  far  the  richest  known.  The 
bark  of  C.  officinalis,  which  will  be  considei-ed  in  oui-  sup- 
plementary notes,  never  attains  to  the  ofiicial  standard, 
but  is  included  because  some  rich  hybiid  Ijarks  are  of  its 
]iarentage.  C.  Ledgeriana  and  C.  Calisaya  originated  in 
Northern  Bolivia  and  Southern  Peru,  at  an  elevation  of 
2,500  to  6,000  feet.  The  former  was  always  rare  and  was 
known  to  the  natives  as  "Zaml)a,"  and  recognized  as 
very  superior.  The  hybrids  were  not  at  tliat  time  differ- 
entiated, though  they  were  recognized  as  being  numer- 
ous.   The  present  alkaloidal  standard  was  rarely'reached. 
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Indeed,  the  barks  were  for  a  long  time  not  examined  in 
this  way,  but  were  selected  solely  upon  their  aiopearance. 
The  threatened  extermination  of  the  species  led  to  their 
cultivation,  in  which  the  Dutch  and  British  governments 
were  concerned.  The  French  made  early  attempts,  but 
were  not  concerned  in  the  practical  oi^erations.  The 
history  of  this  industry  is  of  the  greatest  interest,  and  has 
an  extensive  literature.  Only  the  most  important  facts 
relating  to  it  can  be  here  considered.  T)ie  attempt  was 
made  to  select  the  best  varieties  and  forms  for  cultiva- 
tion. This  attempt  but  partially  succeeded,  and  large 
quantities  of  inferior  material  came  into  the  plantations. 
Mistakes  of  nomenclature  also  occurred,  and  some  of 
them  persist  to  this  day.  At  the  same  time,  very  supe- 
rior varieties  also  came  into  cultivation.  These  were 
propagated  as  soon  as  recognized,  at  the  expense  of  the 
poorer  ones.  The  mere  processes  of  cultivation  and  soil 
enrichment  increased  the  richne.ss  of  the  barks.  Hybrid- 
ization occurred  freely,  and  was  resorted  to  artificially, 
and  astonishingly  rich  products  were  thus  originated  and 
multiplied.  Special  methods  of  treatment  were  devised, 
such  as  allowing  the  bark  to  grow  with  the  light  ex- 
cluded by  some  covering  ("  mossing  ")  and  removing  strips 
of  bark  to  allow  the  spaces  to  be  again  covered  under  the 
above-mentioned  condition  ("renewing"),  which  also 
resulted  in  astoni.shiug  gains  in  the  percentage  of  active 
comstituents.  At  the  same  time  that  this  increase  of 
quality  was  taking  place,  there  was  an  even  greater 
cheapening  in  the  cost  of  producing  and  marketing.  The 
result  was  that  the  wild  barks  were  practically  driven  out 
of  the  market,  and  now  occup}'  a  very  unimportant  place 
in  commerce. 

The  young  bark  is  deficient  in  alkaloids.  It  reaches 
its  full  strength  at  from  .six  to  nine  years  of  age,  when 
the  trunks  are  five  to  eight  inches  in  diameter,  and  this 
"  rijjeness  "  is  indicated  by  a  characteristic  appearance. 
The  root  bark  is  much  richer  than  the  stem  bark. 

The  regions  of  cultivation  are  chiefly  the  Dutch  East 
Indies,  especially  Java,  and  British  India  and  Ceylon. 
Rather  large  areas  of  cultivation  exist  in  Bolivia,  but 
they  are  relatively  unimportant,  chiefly  because  of  the 
great  cost  of  getting  the  product  to  the  coast.  Mexico, 
Brazil,  Jamaica,  Australia,  and  Africa  have  had  experi- 
mental plantations,  but  these  have  failed  to  become  of 
importance.  The  bark,  from  selling  in  1880  to  1885  at 
from  three  to  four  dollars  per  pound,  is  now  (1889).  in 
doubly  rich  quality,  to  be  had  at  much  less  than  twenty 
cents.  The  trees  ultimately  reach  a  great  height  and  a 
trunk  diameter  of  several  feet.  They  are  very  beautiful, 
with  opposite,  large,  luxuriant  dark  "glossy-green  leaves, 
often  bright  purple  underneath,  and  Targe"  terminal  lilac- 
like panicles  of  very  fragrant  flowers,  white  or  of  vary- 
ing shades  of  pink  or  purple. 

Dbsckiption,— Detailed  descriptions  of  the  bark  are 
for  the  most  part  no  longer  of  importance,  as  manufac- 
turers' bark,  and  to  a  great  extent  "  druggists'  bark  "  also, 
are  now  purchased  upon  the  testimony  of  chemical  assay. 
Nevertheless,  it  is  perfectly  easy  to  "determine  the  good 
quality,  as  well  as  the  identity  of  liark  for  jiharmacists' 
use,  by  the  external  a]ipearance  alone.  Such  bark  arrives 
mostly  in  the  form  of  entire  or  but  little  broken  quills. 
Formerly,  it  all  arrived  in  this  form,  but  economv  in 
transportation  now  leads  to  its  being  broken  up  ("c'hip- 
bark"),  and  this  is  known  as  mamrfacturers'  bark  Of 
this,  the  root  bark  is  distinguished  bv  a  brown,  instead 
of  a  gray,  outer  surface,  and  bv  the  warped  curvature  of 
the  pieces,  with  crookedness  o"f  grain,  or  striation.  In- 
ferior branch  bark  may  be  known  by  its  thinness  and  the 
lesser  roughness  and  lesser  grayness  of  the  outer  surface 
Druggists'  bark,  in  which  we  are  more  interested  is  in 
quills  of  one  and  a  half  to  two  feet  long  and  one  or  two 
inches  m  diameter.  They  are  frequently  rolled  in  at 
both  edges,  the  so-called  "double  quill  "  "  The  bark  is  3 
to  5  mm.  (t-V  to  \  in.)  thick.  The  inner  surface  is  of  a 
light  cinnamon  brown  and  finely  striate,  the  outer  bright 
gray  (a  bluish  or  steel  gray  trom  Bolivia,  a  tawny  or 
yellowish  gray  trom  Java).  Deep,  for  the  most  part 
completely  circular,  transverse  fissures  mark  the  nodes  of 
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the  stem,  smaller  and  incomplete  ones  being  numerous  in 
the  iutei-veniug  space,  and  much  interconnected  by  ir- 
regularly vertical  ones.  The  surlace  thus  becomes  cut 
up  into  angular  scales  resembling  tliose  upon  the  tarsus 
of  a  fowl.  The  abundance  and  closeness  of  this  "  chicken- 
leg  "  marking  is  indicative  of  high  quality.  C.  o-fficiiuilis 
pai-entage  is  indicated  by  a  broad  and  gaping  condition 
to  these  Assures,  at  least  the  principal  ones,  and  the  bark 
is  thicker  relatively  to  the  size  of  the  quills.  A  distinct 
longitudinal   ridging   is  characteristic  of   C.  mccirubra 
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parentage.  The  bast  layer  has  a  finely  splinter_y,  the  outer 
a  shoit,  fracture.  The  odor  is  slight  but  characteristic, 
the  taste  bitter  and  slightly  astringent.  The  powder  is 
light  3rellow,  whence  the  common  name  of  the  bark. 
Flat,  tahla,  or  table  bark  is  the  inner  bark  only,  flat- 
tened out,  the  outer  surface  of  a  cinnamon  brown  and 
smoothish. 

Composition. — The  distribution  of  the  principal  con- 
stituents of  the  cinchona  barks  will  be  exhibited  in  a  table 
toward  the  close  of  this  article.  The  nature  and  proper- 
ties of  the  important  individual  alkaloids  will  be  fully 
discussed  after  our  discussion  of  the  barks.  Their  per- 
centage, absolutely  and  relatively  to  one  another,  varies 
with  the  age  of  the  bark,  as  well  as  with  the  condi- 
tions described  above.  Exposure  to  rain  during  curing 
or  in  transit,  or  to  sea  water,  also  injuriously  modi- 
fies the  composition.  As  will  be  seen  from  the  table 
of  substances  presented  below,  the  variety  now  being 
considered  contains  about  three  per  cent,  of  tannin,  wax, 
gum,  sugar,  a  trace  of  volatile  oil,  red  coloring  matter, 
and  resin-like  acids.  These,  however,  do  not  require  at- 
tention, except  from  pharmaceutical  considerations,  as 
calisaya  is  used  for  the  antiperiodic  effect  of  its  alkaloids, 
more  especially  of  the  quinine.  It  contains  from  five  to 
ten,  rarely  twelve  to  fifteen  per  cent.,  of  total  alkaloids, 
about  three-fourths  of  which  is  ciuinine.  Owing  to  this 
preponderance  of  quinine,  calisaya  is  used  for  the  effect 
of  that  alkaloid  (which  see),  and  mav  be  considered  thera- 
peutically as  its  equivalent.  It  is  like  the  others  an  ex- 
cellent simple  bitter  and  tonic,  but  when  these  effects  are 
desired  the  red  bark  is  more  commonly  employed.  The 
powdered  bark  is  sometimes  given,  in  doses  of  0.6  to  4 
gm.  (gr.  x.-lx.),  the  equivalent  of  lU  x.  to  Ix.  of  the  ofiJ- 
cial  fluid  extract,  or  of  gr.  ss.  to  iij.  of  quinine.     The 


official  extract  is  given  in  do.ses  of  0.3  to  1  gm 
XV.),  the  20-per-cent.   tincture,  2  to  8  c.c.  (tl.  3  ... 
and  the  0-per-cent.  infusion,  80  to  60  c.c.  (fl.  §  i.-ij  ) 
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Cinchona  Rubua,  Red  Cinchona. 

"  The  bark  of  Cinclwna  siiceirubra  Pavon,  containing 
not  less  than  five  per  cent,  of  its  peculiar  alkaloids  "  (U. 
S.  P.).  This  tree  is  native  upon  the  slopes  of  Mount  Chim- 
borazo  and,  hke  the  last,  becomes  a  large  tree.  It  also 
has  been  largely  introduced  to  cultivation  in  the  East 
Indies,  but  has  not,  in  consequence,  undergone  such  great 
changes.  Its  characters  can  be  best  discussed  bj'  com- 
paring it  with  the  last. 

It  more  fi-equently  occurs  in  quills,  and  the  bark  is 
connuonly  thicker  and  more  splintery  in  fractures.  The 
inner  surface  is  usually,  though  not  always,  of  a  deeper 
color,  varying  to  deep  red.  The  outer  surface,  in  typical 
.samples,  is  almost  wanting  in  the  checkered,  scaly  ap- 
pearance, and  indeed  fissures  are  commonly  almost  want- 
ing. It  has  instead  longitudinal  ridges,  "originating  in 
rows  of  warts  which  afterward  become  confluent.  In 
old  barks,  these  ridges  become  fissured  longitudinally. 
The  powder  is  of  a  deep  red,  which  gives  the  common 
name  to  the  bark.  In  general,  its  composition  is  the  same 
as  that  of  calisaya.  It,  however,  contains  far  more  red 
coloring  matter  and  more  astringent  principles,  and  only 
about  one-fifth  of  its  alkaloid  is  quinine,  the  re.st  be- 
ing mostly  cinchonidine  and  cinchouine.  Its  properties 
difl'er  accordingly.  It  is  accounted  decidedly  inferior  as 
an  antiperiodic.  and  its  use  is  commonly  as  a  vegetable 
bitter.  However,  following  the  diiferences  in  the  alka- 
loids described  below,  this  is  no  mean  antiperiodic,  and  is 
frequently  of  great  service  in  cases  not  favorably  influ- 
enced by  quinine.  The  only  official  preparation  is  the 
compound  tincture,  or  Huxham's  Tincture,  consisting 
of  ten  per  cent,  of  this  bark,  eight  of  bitter  orange  peel, 
two  of  serpentaria,  and  seven  and  one-half  of  glycerin. 
The  dose  is  4  to  16  c.c.  (fl.  3  i.-iv.). 

The  Cinchona  Alkaloids. 

The  alkaloids  reported  in  cinchona  barks  are  numer- 
ous. Many  of  them  are  known  or  believed  to  have  orig- 
inated in  the  chemical  manipulation  of  the  bark.  Others 
exist  in  very  small  amount,  or  in  barks  which  possess 
but  little  value.  Most  of  them  are  therefore  of  cheiuical 
interest  merely,  and  only  those  of  practical  importance 
will  be  here  discussed. 

Quinine  (C^oHsiNjOn  -j-  SHjO)  is  the  most  common, 
abundant,  active,  and  important,  and  is  thus  described  in 
the  Pharmacopoeia: 

A  white,  flaky,  amorphous,  or  crystalhne  powder,  odor- 
less, and  having  a  very  bitter  taste ;  permanent  in  the 
air. 

Soluble,  at  15°  C.  (59°  F.),  in  1,670  parts  of  water,  and 
in  6  parts  of  alcohol ;  in  760  parts  of  boiling  water,  and 
in  2  parts  of  boiling  alcohol ;  in  23  parts  of  ether,  5  parts 
of  chloroform,  and  200  parts  of  glycerin;  also  soluble  in 
carbon  disulphide,  benzin,  benzol,  ammonia  water,  and 
diluted  acids. 

When  heated  to  about  57°  C.  (134.6°  P.),  it  melts;  at 
100°  C.  (212°  P.),  it  loses  about  9  per  cent,  (or  about  two 
molecules)  of  its  water  of  crystallization,  the  remainder 
being  expelled  at  125°  C.  (257°  P.).  The  anhydrous  al- 
kaloid, when  pure,  melts  at  173°  C.  (343.4°  P.).  Upon 
ignition  it  is  consumed,  leaving  no  residue. 

Quinine  has  an  alkaline  reaction  upon  litmus  paper. 

A  solution  of  cfuinine  in  diluted  sulphuric  acid  has  a 
vivid,  blue  fluorescence. 

On  treating  10  c.c.  of  an  aqueous,  acidulated  solution 
(about  1  in  1,500)  of  quinine  with  two  drops  of  bromine 
water,  and  then  with  an  excess  of  ammonia  water,  the 
liquid  will  acquire  an  emerald-green  color.  With  proper 
adjustment  of  the  reagents,  more  dilute  solutions  will 
give  a  paler  tint,  while  more  concentrated  ones  will  ac- 
cjuire  a  deeper  color,  or  deposit  a  green  precipitate. 

Quinine  should  not  impart  more  than  a  faintly  yellow- 
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ish  tint  to  couoentrattd  sulphuric  acid  (limit  of  readily 
carlHiniznUe,  organic  iiiipurities),  uor  produce  a  red  color 
with  nitric  acid  (difference  from  morphine). 

If  2  gm.  of  quinine  be  mixed,  in  a  small  mortar,  with 
1  gm.  of  ammonium  sulphate  and  10  c.c.  of  distilled 
water,  the  mixture  thoroughly  dried  on  a  water-bath, 
the  residue  (which  should  be  strictly  neutral  to  test 
paper)  agitated  with  20  c.c.  of  water,  then  allowed  to 
macerate  for  half  an  hour  at  15'  C.  (59'  F.),  with  occa- 
sional agitation,  and  filtered  through  a  pellet  of  glass- 
wool,  5  c.c.  of  tlie  filtrate,  transferred  to  a  test  tube  and 
gently  mixed,  without  shaking,  with  7  c.c.  of  ammonia 
water  (specific  gravity,  0.960),  should  produce  a  clear 
liquid.  If  the  temperature  during  the  maceration  has 
been  16°  C.  (60.8°  F.),  7.5  c.c.  of  ammonia  water  may  be 
added;  if  17°  C.  (62.8°  F.),  8  c.c.  (In  each  case,  a  clear 
liquid  indicates  the  absence  of  more  than  small  propor- 
tions of  other  cinchona  alkahidx. ) 

Quinine  yields  two  official  preparations.  Ferri  et  Qiii- 
nina!>  Citras,  or  Citrate  of  Iron  and  Quinine,  contains  85  per 
cent,  of  ferric  citrate,  3  of  citric  acid,  and  12  of  quinine. 
It  is  slowly  soluble  in  water  and  not  completely  solu- 
ble in  alcohol.  The  soluble  form  {Ferri  et  Quininm  Ci- 
tras Soluhilis)  is  made  with  the  addition  of  a  little  am- 
monia water,  and  is  rapidly  soluble  in  water.  It  is  in 
greenish,  golden-yellow  scales;  the  former  in  reddish- 
brown  scales.  The  dose  of  each  is  0.3  to  0.6  gm.  (gr.  v.- 
X.).  The  soluble  form  is  used  to  make  the  bitter  wine  of 
iron  {Viiniin  Ferri  Amarurn). 

A  very  great  number  of  salts,  as  well  as  a  number  of 
double  salts,  have  been  formed  with  quinine,  nearly  a 
hundred  in  all  being  listed  by  manufacturers.  The  fol- 
lowing are  official. 

Quinine  Sulphate,  soluble  in  740  parts  of  water,  30  of 
boiling  water,  or  65  of  alcohol.  It  is  neutral  to  litmus 
paper.  About  three-fourths  of  it  is  Ciuinine.  It  enters 
into  the  formation  of  the  official  Syriipus  Ferri  Quininm 
et  StryehniniB  Phosphatum,  the  dose  of  which  is  4  to  8  c.c. 
(fl.  3  i.  toij.). 

Quinine  Bisulphate,  soluble  in  10  parts  of  water  and 
32  of  alcohol,  and  acid  to  litmus  paper.  About  five- 
eighths  of  it  is  quinine. 

Quinine  liydrohromide,  soluble  in  54  parts  of  water 
and  0,6  of  alcohol,  neutral  or  faintly  alkaline  to  litmus 
paper. 

Quinine  Hydrochloride,  soluble  in  34  parts  of  water  and 
3  of  alcohol,  reaction  like  the  last. 

Quinine  Valerianate,  soluble  in  100  parts  of  water  and 
5  of  alcohol,  reaction  like  the  last. 

The  acetate,  citrate,  bitartrate,  benzoate,  salicylate,  and 
phosphate  are  also  considerably  used,  as  is  the  carbamide 
(hydrochlorate  of  quinine  and  urea).  Being  very  soluble, 
they  are  specially  useful  for  hypodermic  injection. 

The  quinate  is  supplied  on  the  guess  that,  being  the 
natural  salt  of  the  living  plant,  it  might  be  more  effi- 
cient. It  is  very  soluble  in  both  water  and  alcohol,  and 
is  used  hypodermically. 

The  tanuate  has  been  very  much  used,  but  most  testi- 
mony is  against  its  efficacy.  It  has  little  taste,  but  this 
is  because  of  its  great  insolubility. 

The  arsenite,  arsenate,  antimonate,  etc.,  may  be  re- 
garded rather  as  medicinal  forms  of  the  associated  sub- 
stances. 

Action  and  Uses  of  Quinine. — In  using  quinine  it  is 
always  to  be  borne  in  mind  that  under  alkaline  condi- 
tions it  is  precipitated.  The  anti.septic  properties  of 
quinine  are  very  similar  to  those  of  salicylic  acid.  It  is 
especially  antizymotic,  and  one-half  per  cent,  may  be 
added  as  a  preservati  ve  to  solutions,  Advantage  is  taken 
of  this  property  to  prevent  urinary  decompo.sition  by  in- 
jecting it  into  the  bladder.  It  may  also  be  applied  in 
jiowder  or  solution  to  unhealthy  sores  as  a  disinfectant. 
It  is  at  the  same  time  stimulating  to  the  healing  tissues, 
but  care  must  be  taken  to  avoid  undue  irritation.  As 
a  parasiticide  it  works  very  irregularly  and,  upon  the 
whole,  uncertainly  ;  yet  its  domestic  repute  as  a  hair  tonic 
is  probably  due  to  some  destiuctive  or  inhibitory  eftVet 
upon    the   micro-organisms  of   the  .sculp.      A   solution 
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painted  upon  the  nares  has  in  some   casc-s  aborted  an 
attack  of  hay  fever,  but  the  mode  of  action  is  uncertain. 

Quinine,  so  applied  as  to  be  maintained  in  solution,  is 
stimulant  or  irritant  to  mucous  membranes.  It  passesses 
precisely  the  same  appetizing,  stomachic,  and  tonic  prop- 
erties as  other  vegetable  bitters,  tends  like  them  to  inhibit 
digestion  of  the  food  mass  in  wliich  it  is  contained,  and, 
like  them,  should  be  administered  for  these  purposes  in 
small  doses,  well  diluted  and  taken  slowly  just  before 
meals.  After  long  administration,  gastric  irritation  and 
indigestion  are  very  apt  to  be  produced  and  may  be  reflect- 
ed by  an  erythematous  or  urticarious  eruption  of  the 
skin.  In  some  persons  even  small  dases  will  produce 
these  very  distressing  symptoms.  Tlic  reflex  stimulation 
of  quinine  through  the  stomach  appeal's  to  be  rather  un- 
important. Its  absorption  is  almost,  if  not  wholly,  from 
the  stomach,  so  that  the  conditions  for  rapid  absorption 
should  be  .secured.  There  should  be  an  abundance  of 
water  taken  with  it,  and  if  drink  is  avoided  for  some  time 
previous  to  the  dose  absorption  is  favored.  A  slight 
amount  of  alcohol  favors  absorption.  If  these  conditions 
are  ob.served,  the  very  large  do.ses  required  in  treating 
the  jiernicious  malarias  of  the  tropics  can  be  readily  ab- 
sorbed. In  most  cases,  quinine  is  a  remed}'  the  effect  of 
which  is  particularlj'  strengthened  by  prompt  absorption. 
Authorities  are  agreed  that  it  exists  in  the  blood  as  the 
chloride.  It  favors  alkalinitj'  of  the  blood.  Elimination 
is  almost  wholly  by  the  kidneys,  except  for  the  unab- 
sorbed  portion  which  passes  out  with  the  fwces.  Elimi- 
nation begins  very  quickly  but  proceeds  rather  slowlj'. 

Concerning  the  systemic  effects  of  quinine  after  ab- 
sorption, a  very  great  amount  of  research  has  been  re- 
corded. The  results  are  here  very  briefly  summarized 
for  the  reason  that  their  bearing  upon  the  two  leading 
therapeutic  uses  of  the  drug  is  very  simple,  and  other 
relations  will  be  discussed  under  Toxicologj'. 

Its  most  important  power  is  that  of  killing  the  malarial 
Plasmodia  and  of  inhibiting  their  propagation.  This  it 
does  directly,  proraptl^y,  and  in  proportion  to  the  percent- 
age in  solution  in  the  blood.  This  perfectly  explains  its 
antiperiodic  properties,  but  not  its  effects  in  removing 
neuralgia  and  other  sequel*  of  malaria  after  the  disap- 
pearance of  the  plasiuodia  from  the  system.  It  is  natural 
to  ascribe  these  results  to  the  tonic  action,  through  nu- 
tritive restoration;  but  sometimes  the  result  is  immediate, 
from  large  doses,  and  it  must  be  due  to  some  unexplained 
nerve  action. 

Its  next  most  important  effect  is  to  reduce  the  temper- 
ature of  fever,  which  it  will  not  do  to  the  normal  temper- 
ature. This  is  done  in  two  ways:  1.  The  drug  has  a 
marked  power  to  lessen  the  oxidation  of  haemoglobin,  as 
well  as  the  transfer  of  oxygen  to  the  tissues,  thus  decreas- 
ing heat  production.  2.  It  inhibits  the  heat-producing 
centres.  All  metabolism  and  tissue  waste  are  strongly 
checked,  one  of  the  factors  favorable  to  its  tonic  action ; 
consequently  there  is  markedly  decreased  elimination  of 
urea,  uric  acid,  etc. 

The  above  facts  will  partly  explain  the  power  of  qui- 
nine to  check  inflammatory  processes.  This  is  further 
explained  by  the  fact  that  the  drug  is  a  general  depress- 
ant of  vital  powei'.  It  depresses  both  the  irritability  and 
power  of  muscular  tissue,  being  thus  a  cardiac  and  arte- 
rial depressant.  In  this  way,  and  by  acting  upon  the 
cardiac  ganglia  and  the  vaso-molor  centres,  if  markedly 
reduces  blood  pressure.  It  must  be  understood,  however, 
that  this  is  a  secondary  effect  and  an  effect  of  large  doses, 
and  that  it  is  jiossible  to  so  administer  small  doses  as  to 
get  a  slight  vaso-motor  and  cardiac  stimulation,  not  fol- 
lowed by  any  appreciable  reaction. 

These  facts  in  turn  have  a  bearing  upon  the  power  of 
quinine  to  inhibit  pus  formation.  The  further  claim  is 
made  that  it  checks  the  migration  of  leucocytes,  as  it  cer- 
tainly lessens  their  activity.  Although  the  counter  claim 
is  made  that  this  migration  is  checked  only  by  impracti- 
cably strong  solutions,  the  former  view  appears  sustained. 
The  i-cflex  inhibitory  centres  are  also  stimulated,  resulting 
in  a  pseudo-reflex  depression. 

Quinine  causes  contraction  of  the  spleen,  especially  if 
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enlarged.  The  cerebral  effect  appears  in  contrast  to  the 
generally  depressing  effects,  being  that  of  a  direct  and 
prolonged  increase  of  circulation,  with  correspondingly 
increased  functional  activity.  This  contrast  is  in  reality 
misleading,  as  the  principal  cause  appears  to  bo  depres- 
sion or  paralysis  of  the  arterial  walls,  leading  to  local 
congestion.  The  symptoms  induced  constitute  the  state 
known  as  cinchonism,  in  which  there  is  fulness  in  the 
head  and  often  a  slight  dull  headache,  ringing  iu  the  ears, 
usuall_y  with  some  deafness,  and  some  disorders  of  vision. 
These  symptoms  are  taken  to  indicate  the  full  physiologi- 
cal effect  of  the  drug,  and  preliminary  to  acute  poison- 
ing, iu  which  there  are  dizziness,  blindness,  and  unsteady 
gait,  going  on  to  great  muscular  depression,  convulsions, 
and  generally  the  condition  of  collapse,  with  failure  of 
respiration. 

Most  of  the  uses  of  quinine  are  directly  in  line  with  its 
activities  as  above  defined.  As  a  tonic  and  restorative,  one 
to  three  grains  may  be  given  before  meals  for  some  time. 

In  malaria,  its  great  field  of  usefulness,  the  methods  of 
administration  differ  widely.  There  are  two  principal 
rules,  one  to  administer  a  tew  large  doses,  the  other  many 
small  doses,  and  each  has  many  adherents.  The  latter 
method  is  most  likely  to  disturb  the  stomach.  Proximity 
of  the  paroxysms  to  one  another  frequently  renders  the 
former  method  unavoidable,  as  the  effects  of  administra- 
tion during  the  parox3'sm  are  not  so  favorable.  It  has 
been  suggested  that  just  after  a  paroxysm  of  fever  the 
Plasmodia  are  at  their  weakest  and  hence  most  easily 
affected  by  the  quinine.  All  considered,  the  most  rational 
method  appears  to  be  the  administration  of  a  large  dose 
of  five  to  ten  grains  just  after  the  paroxj'sm  and  then  say 
two  grains  every  two  hours  to  keep  the  system  under  its 
influence  until  the  danger  of  recurring  attacks  is  past. 
At  intervals  of  seven  days  there  is  special  danger  of  re- 
currence, and  the  prophylactic  dose  should  be  doubled 
at  that  time.  After  each  seven  days  the  dose  may  be 
progressively  reduced,  ceasing  after  the  twenty-eighth 
day.  If  the  patient  continue  exposed  to  infection,  the 
cure  need  not  be  regarded  as  permanent  except  upon  the 
best  of  evidence,  and  many  such  persons  have  to  take 
quinine  habitually.  There  can  be  no  question  of  the 
frequent  injuriousness  of  the  drug  under  such  circum- 
stances, in  spite  of  all  stjxtements  to  the  contrary.  Gas- 
tric and  cutaneous  disorders,  as  well  as  disturbances  of 
sight  and  liearing,  are  not  uncommon.  Quinine  should 
be  used  with  caution  when  there  is  aural  inflammation, 
and  generally  when  cerebral  congestion  exists,  and  it 
should  be  lessened  when  gastric  irritation  comes  on. 

In  the  pernicious  malaria  of  the  tropics,  very  large 
doses,  up  to  fifty  or  sixty  grains,  preferably  of  the  bisul- 
phate,  with  abundance  of  water,  often  prevents  immedi- 
ate death,  and  permits  of  cure.  A  little  alcohol  greatly 
aids  its  action.  The  disagreeable  cerebral  symptoins 
which  would  ensue  from  such  large  doses  may  be  avoid- 
ed by  an  accompanying  dose  of  bromide.  The  use  of 
mercurials  favors  the  effects  of  quinine.  The  certainty 
of  the  antiperiodic  action  of  quinine  was  established  l)y 
an  Indian  Government  commission,  which  determined 
the  proportion  of  failures  to  be  not  more  than  seven  per 
thousand  cases. 

The  antipyretic  action  of  this  alkaloid  can  be  secured 
by  the  administration  of  twenty  grains  or  more.  If  the 
temperature  is  ascending  at  the  time,  more  is  required. 
It  is  then  also  slower  in  its  action,  requiring  only  about 
an  hour  under  the  most  favorable  circumstances. 

Acute  tonsillitis  is  apt  to  be  most  favorably  affected  by 
a  prompt  dose  of  ten  grains,  and  an  impending  cold  may 
often  be  averted  in  the  same  way.  Here,  again,  a  small 
or  moderate  dose  of  alcohol  will  emphasize  the  effect  of 
the  quinine. 

Various  methods  have  been  resorted  to  to  disguise  the 
bitter  taste  of  this  drug,  exceedingly  objectionable  to 
many  persons.  The  use  of  tannin  and  substances  contain- 
ing 'it  weakens  its  medicinal  effect.  Yerba  santa  prob- 
abfy  acts  chiefly  in  this  way.  Probably  there  is  nothing, 
in  the  liquid  form,  better  than  licorice  for  this  purpose. 
The  best  general  method,  however,  is  the  use  of  the  soft 


gelatin  capsule,   or,  almost  as  good,  the  ordinary  hard 
gelatin  capsule. 

Othek  Alkaloids. — The  only  other  alkaloids  which 
require  mention  are  quinidinc,  einchonidine,  and  cincho- 
nine,  the  last  of  eoniparativel}^  little  value.  As  to  dos- 
age, it  is  taught  tliat  for  antiperiodic  pur])oses,  tlie  dose  of 
quinidine  and  einchonidine  is  about  one-tliird  mf)re  than 
that  of  qiuniue,  that  of  ciuchoninc  double  that  of  quinine. 
The  failures  per  thousand  stand  6  for  quinidine,  7  for 
quinine,  10  for  einchonidine,  33  for  cinchonine.  The  rela- 
tive antipyretic  effects  are,  quinine  10,  quinidine  9,  ein- 
chonidine 7,  cinchonine  4.  As  stomachics  and  tonics, 
there  is  little  difference  among  them,  with  the  injurious 
effects  more  pronounced  from  quinine.  Cinchonidine, 
and  still  more  cinchonine,  is  less  apt  to  cause  the  disagree- 
able effects  of  cinchonism,  and  they  may  frequently  be 
given  to  those  who  cannot  tolerate  quinine.  Cinchonine 
and  its  sulphate,  and  the  sulphates  of  cinchonidine  and 
quinidine,  are  official  and  their  descriptions  foflow,  as 
well  as  brief  accounts  of  some  rather  important  alka- 
loidal  substances. 

CinchoniiM  or  Cinchonine  (CisHjjNjO). — White,  lus- 
trous prisms  or  needles,  without  odor,  at  first  almost 
tasteless,  but  soon  developing  a  bitter  after-taste,  and 
permanent  in  the  air. 

Soluble,  at  15°  C.  (59°  P.),  in  3,760  parts  of  water,  and 
in  116  parts  of  alcohol;  in  3,500  parts  of  boiling  water, 
and  in  26.5  parts  of  boiling  alcohol.  Also  soluble  in  536 
parts  of  ether,  and  in  163  parts  of  chloroform. 

At  240°  C.  (464°  F. )  the  crystals  fuse  together,  and  at 
258°  C.  (496.4°  F.)  .they  melt,  forming  a  brown  liquid. 
When  ignited,  they  are  consumed  without  leaving  a  resi- 
due. 

When  placed  on  moistened  red  litmus  paper,  cincho- 
nine shows  an  alkaline  reaction. 

On  adding  to  a  neutral  or  not  more  than  faintly  acid 
solution  of  cinchonine,  or  of  one  of  its  salts,  enough  po- 
tassium ferrocyanide  T.  S.  to  redissolve  the  precipitate 
first  formed,  and  afterward  an  acid,  a  golden-yellow  pre- 
cipitate will  be  formed,  which,  when  redissolved  by  gen- 
tly warming  the  liquid,  will  separate,  on  cooling,  in  mi- 
nute scales  or  needles. 

On  adding  an  excess  of  ammonia  water  to  a  solution  of 
cinchonine  iu  a  dilute  acid,  the  alkaloid  will  be  preeijii- 
tated. 

The  precipitate  is  but  feebly  soluble  in  ammonia,  and 
should  require  not  less  than  800  parts  of  ether  for  solu- 
tion. 

Its  sulphate  is  neutral,  and  is  soluble  in  66  parts  of  wa- 
ter and  in  10  of  alcohol. 

Cinchonidine  Sulphate  (C,^R.,il^.i0).JiS0,  +  ZB.,O).— 
White,  silky,  acicular  crystals,  without  odor,  having  a 
very  bitter  taste  and  slightly  efflorescent  on  exposure  to 
air. 

Soluble,  at  15°  C.  (59°  P.),  in  70  parts  of  water,  and  in 
66  parts  of  alcohol  in  1.43  parts  of  boiling  water,  and  in 
8  parts  of  boiling  alcohol.  Also  soluble  in  f,316  parts  of 
chloroform,  and  almost  insoluble  in  ether.  The  presence 
of  sulphates  of  other  cincfiona  alkaloids  increases  its  sol- 
ubility in  ether  and  chloroform. 

At  100°  C.  (313°  P.)  the  salt  gives  off  its  water  of  crys- 
tallization. At  315°  C.  (419°  P.)  it  melts,  and,  when  ig- 
nited, it  is  consumed  without  leaving  a  residue. 

The  salt  is  neutral,  or  has  a  faintly  alkaline  reaction  on 
litmus  paper. 

On  adding  ammonia  water  to  the  aqueous  solution  of 
the  salt,  a  white  precipitate  (cinchonidine)  is  produced, 
which  is  but  slightly  soluble  in  ammonia,  but  dissolves 
in  about  75  parts  of  ether. 

If  concentrated  sulphuric  acid  be  added  to  a  small 
quantity  of  the  salt,  not  more  than  a  faintly  yellowish 
color  should  be  developed  (limit  of  readily  carbonizable, 
orqanie  impurities).  Upon  adding  to  this  liquid  a  crys- 
tal of  potassium  dichromate,  a  yellowish-green  color  is 
produced,  which  gradually  changes  to  grass-green. 

Addition  of  barium  chloride  T.  S.  to  an  aqueous  solu- 
tion of  the  salt  produces  a  white  precipitate  insoluble  in 
hydrochloric  acid. 
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A  solution  of  tlie  salt  (about  1  iu  1,000)  iu  diluted  sul- 
phuric acid  should  not  exhibit  more  than  a  faint  blue 
fluorescence  (absence  of  more  than  traces  of  the  sulphates 
of  (jiiiidne  or  fpiiniiline). 

'  If  1  gm,  of  the  salt  be  dried  at  100'  C,  (312°  F,)  until 
it  ceases  to  lose  weight,  the  residue,  cooled  in  a  desicca- 
tor, should  weigh  not  less  than  0,920  gni,  (absence  of  an 
limine  amount  of  water). 

If  0,5  gm,  of  the  salt  be  macerated,  with  frequent  agi- 
tation, at  the  ordinary  temperature,  with  20  c,c,  of  dis- 
tilled water,  0,5  gm,  of  potassium  sodium  tartrate  then 
added,  the  maceration  continued,  under  repeated  agita- 
tion, for  one  hour  at  15°  0.  (59°  F,),  and  the  mixture 
then  filtered,  the  addition  of  one  drop  of  ammonia  water 
to  the  filtrate  should  not  produce  more  than  a  slight  tur- 
bidity (absence  of  more  than  small  proportions  of  the 
sulpliates  of  cinchonine  or  qvinidiiie). 

Qiiinidine  Sulphate  (C^MiJ^2(h)^US0 >  +  21120)'  is 
soluble  in  100  parts  of  water  or  in  8  of  alcohol,  and  is 
neutral  or  faintly  alkaline, 

Qainoiiline.  (Jhinoidine,  or  Black  Stick,  is  a  blackish, 
resinous,  alkaloidal  mass  precipitated  from  the  mother 
licpior  and  without  definite  composition.  It  is  nearlj' 
equal  in  efficacy  to  quinine,  and  may  often  be  used  in  the 
same  dose  as  quinine  in  clironic  malaria,  when  other 
alkaloids  have  failed,  or  when  quinine  cannot  be  used, 

Fehrifufje  is  a  name  applied  to  an  alkaloidal  mass  man- 
ufactured in  India  as  a  cheap  substitute  for  quinine  for 
home  consumption.  One  form  is  made  of  the  total  alka- 
loids of  red  bark,  another  as  a  bj'-product  after  the  ex- 
traction of  quinine,  with  the  addition  of  the  alkaloids  of 
some  hybrid  bark.  It  is  used  on  an  immense  scale.  Its 
composition  is  reported  by  Hooper  (Pharmacographia 
Indica)  as  quinine  15,1  per  cent,,  cinchonidine  29  per 
cent,,  cinchonine  33,5  per  cent.,  amorphous  alkaloids  17 
per  cent.  It  is  a  pale  yellowish-white  powder,  of  peculiar 
odor.     The  dose  is  slightly  larger  than  that  of  quinine. 

Unofficial  Cinchona  Barks. 

Only  two  of  these  are  important,  namely,  Pale  Bark 
and  Maracaibo  Bark. 

Pale  Bark. — This  is  the  product  of  Cinchona  officinalis 
L,  and  its  several  varieties.  These  vary  so  greatly  in 
appearance  that  there  are  various  forms  of  this  bark  rec- 
ognized, as  Crown,  Huanuco,  Cuenca,  Loxa  or  Loja. 
The  native  bark  came  from  Ecuador,  and  still  does  so  in 
rather  large  amounts.  It  comes  from  large  shrubs  and 
occurs  in  rather  crooked,  thin  quills,  from  the  thickness 
of  a  lead  pencil  to  that  of  the  finger,  and  is  rather  thick 
for  the  size  of  the  quill.  It  is  generally  of  a  dark  brown, 
the  Huanuco  a  rather  light  brown,  and  is  very  apt  to  be 
exces.sively  shaggy  with  lichens,  when  it  is  highly  prized 
and  really  contains  more  alkaloid,  as  a  result  of  the  exclu- 
sion of  light  during  growth.  It  is  less  bitter  than  the  other 
barks.  It  and  various  hybrids  have  come  largely  into 
cultivation,  but  this  cultivation  is  not  now  continued  on 
the  same  scale.  These  hybrid  forms  grow  much  larger, 
the  quills  becoming  as  large  as  an  ordinary  calisaya! 
They  retain  their  proportionally  greater  "  thickness. 
They  are  usually  of  a  dingy  gray  and  the  fissures  are 
wide  and  gaping.  The  color  of  the  powder  is  very  light, 
giving  the  name  "pale."  This  bark  (if  typical)  usually 
contains  about  three  per  cent,  of  alkaloids,  one-half  to 
nearly  two-thirds  being  quinine.  It  is  chiefly  consumed 
in  Southern  Europe.  It  was  formerly  official,  and  its  fluid 
extract  is  still  a  favorite  with  many  American  phy.sicians. 
Tliis  preference  is  however  erroneous,  unless  a  double 
dose  is  given  to  secure  the  same  effect. 

Maracaibo  fiw*.— This  is  from  one  of  the  most  north- 
eriy  growing  species.  What  that  species  is,  is  not  cer- 
tam.  The  bark  occurs  in  warped,  chiji-like,  thick  pieces 
conunonly  as  large  as  the  hand,  and  is  of  coarsely  stri- 
ated structure,  and  bard  and  lieavy.  It  is  of  a  bright 
but  pale  yellow,  with  silviTy  .soft'patches  of  periderm 
easily  scraped  off  witli  the  tliunil)-nail.  Its  only  interest 
is  because  many  ignorant  pharmacists  iiurehase  it,  uniler 
the  name  of   "yellow  bark,"  for  calisaya.     It  is  quite 
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worthless  except  as  a  vegetable  bitter,  containing  a  great 
amount  of  resin,  but  practically  no  quinine  or  other  val- 
uable alkaloid. 

The  other  unoflieial  barks,  Cuprea,  Pitaya,  Gray,  Hard, 
and  Soft  Colombian,  Hard  and  Fibrous  Carthagena,_  Ha- 
malies,  Cuzco,  Cocola,  Pajinal,  are  in  the  market,  if  at 
all,  only  as  relics.  They  are  no  longer  collected.  When 
cinchona  was  valuable,  great  quantities  of  these  were  ac- 
cumulated in  London,  and  when  the  price  fell  they  were 
stored  to  await  a  favorable  market.  This  never  came, 
and  many  tons  are  still  there,  for  which  their  owners 
would  be  glad  to  take  five  per  cent,  of  the  cost  price. 
From  time  to  time  small  quantities  of  these  are  worked 
off  u]ion  ignorant  or  careless  buyers,  but  their  use  can  be 
regarded  only  as  objectionable, 

Eemijia. — One  of  these,  Cuprea  Bark,  is  the  product  of 
the  related  genus  Remijea  and  contains  a  small  amount 
of  quinine. 

The  following  composition  table  hj  Dr,  Bolles,  taken 
from  the  last  edition  of  this  work,  is  of  Interest: 

1,  Alkaloids. 


Name. 


Quinine . 


Quinidlne , , 
Cinchonine, 


Cinchonidine, 

Homocincho  - 

nidine, 
Quinamine, , , 


Cinchamidlne 


Aricine 

Cusconine 

Cusconidine, , 
Cuscamine , , 
Cuscamidine, 
Paricine 


Discovery, 


Pelletier     and 
Caventou,1820, 


Henry  and  De, 
londre,  ISIB, 

Pelletier  and 
Cav-entou,1820, 


Winclfler,  184 

Hesse,  1877, . , 
Hesse,  1873, , . 

Hesse,  1881,.. 


Pelletier     and 

Coriol,  1829  . , , 

Hesse,  1877 


Hesse,  1877.... 
Hesse,  1880  (. 
Hesse,  1880  )  '  • 
Winckler,  1814, 


Composition. 


C2oH24^2e)2 


Same  formula 

C,bH22N20 

Same  formula 

CifiH22N202. 

C,,H2jN20, 

C2oH26N'20, 


C23H26N2O4, 
C23H26N2O4, 

Not  analyzed. 
Not  analyzed. 


Source, 


In  all  the  best  cincho- 
nas, especially  C. 
Calisaya,  Ledgeri- 
ana,  officinalis,  Ian- 
cifolia,  pitayensis, 
etc.,  associated  with 
cinchonine,  etc. 

C.  pitayensis  and  other 
good  species. 

Red  bark,  C.  ^tcciru- 
hra,  also  in  most  of 
the  others,  common 
and  abundant, 

C.  tucujen&is,  also  in 
other  species. 

South  American  red 
bark. 

G,  Ledoeriana,  offici- 
nalis, etc,  also  in  Re- 
mi  jia. 

From  the  mother  liquor 
of  tiomocinchonidine. 
Frequently  present  in 
commercial  cincho- 
nidine. 

C.  puhesce7is,  etc., 
Arica  or  cusco  bark. 

Acco rapanying  the 
above. 

C  pellet icfiai^a  ("cusco 

bark"). 
C.  .sHccinibra    (Hesse, 

1877). 


2.  Acids. 


C  i  n  chon  ic 
acid,  kinic 
acid. 

Chinovic  acid. 


Cinchotannic 
acid. 


Hoffman,  1790, 


Hlasiwetz, 


Berzelius  . 


CHijO,, 


CsjHseO^. 


tn  all  cinchonas  and 
many  other  plants.  A 
widely  distributed 
vepetable  acid. 

In  cultivated  cinchonas; 
priibably  more  gen- 
eral. Also  in  Tor- 
mentilla. 

All  cinchonas. 


3.  Neutral  a.nd  Miscellane 


Chinovin.     A 

glucoside. , , 

Cinchona  red , 

Pelletier     and 

Caventou,1821. 

Reuss,  1812 

CsfiHgyOg, 
C2(,H320n, 

Cinchonas,       Remijias, 

■•nn}  uthi'T  Cinchoneec. 

All  .■inrlH.iias,  especial- 

Lignoin 

Cinch  0  c  e  r  0- 
tin 

Reichel,  1856.,, 
Kerner,  1859  , , , 

C20H23NO8, 

CjiH.sOj, 

Cinchonas— d  0  u  b  t  f  u  1 

substance. 
Calisaya. 

Water 

Henry  II.  Rushy. 

CINCINNATI,  the  chief  city  of  Ohio,  is  situated  on  the 
north  bank  of  the  Ohio  River.  "It  is  surrounded  by 
hills  from  400  to  46o  feet  m  height,  forming  one  of  the 
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f'incinnall. 
C'liiiiaiiioii. 


most  beautiful  amphitheatres  on  the  contineut,  from 
whose  liilltops  may  be  seen  the  splendid  panorama  of  tlie 
cities  below,  and  the  winding  Ohio  "  (Appleton's  "  Guide 
to  the  United  States  and  Canada  ").  It  is  a  eitj^  of  three 
hundred  thousand  or  more  inhabitants,  more  than  a  third 
of  whom  are  Germans  or  of  German  parentage.  The 
chief  public  park  is  Eden  Park,  situated  on  a  hill  afford- 
ing a  striking  view  of  the  city,  the  valley  of  the  Ohio, 
and  the  surrounding  coimtry.  "  The  climate  is  indicated 
by  the  accompanying  chart. 

Climate  op  Cinci.nnati,  Ohio.— Latiti'df.,  39°  6';  Longitude, 
St"  ;5U'.  Period  of  Observations,  December  1st,  1870,  to 
December  31st,  ISSi. 


Data. 

Temperature  (Fahr.) 

Average  or  normal 

Average  daily  range 

Mean  of  warmest 

Mean  of  coldest 

Hlgbest  or  maximum 

Lowest  or  minimum 

Humidity- 
Average  relative 

Precipitation — 
Average  in  incties 

Wind- 
Prevailing  direction 

Average  hourly  velocity  in  miles 

Weather- 
Average  number  of  clear  days 

Average  number  of  fair  days 

Average  number  of  clear  and  fair  days 


January. 

July. 

34.4° 

78.3° 

14.0 

1K.3 

41.4 

8tj.8 

27.4 

7I).,5 

1)9.0 

ia3..5 

-lU.O 

58.2 

72.3% 

64.4,'S 

3.^54 

4.29 

S.W. 

S.W. 

li.4 

4.8 

4.8 

9.2 

10.2 

13.3 

15.0 

21.4 

5.5.90° 


06!S 

44.3IJ 

N.W. 
5.8 

94.9 
140.4 
2a5.3 


E.   0.   Otis. 

CINCINNATI  ARTESIAN  WELL.— Hamilton  County, 
Ohio.  This  well  is  located  at  the  Cincinnati  gas-works, 
and  is  1,345  feet  in  depth.  There  is  a  continuous  flow  of 
water.     The  following  analysis  is  by  E.  S.  Wayne: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Magnesium  carbonate 8. 14 

Calcium  carbonate 17.33 

Potassium  sulphate 27.27 

Sodium  chloride 519.60 

Magnesium  chloride 18.14 

Calcium  chloride 22.26 

Potassium  chloride 3.27 

Magnesium  bromide 26 

Magnesium  iodide 19 

Iron  o.\ide 37 

SiUca 49 

Total 617.33 

Gases.  Cu.  in. 

Sulphureted  hydrogen 7.76 

Carbonic  acid 10.32 

This  is  a  very  rich  saline  sulphureted  water,  and  ought 
to  be  of  value  in  the  treatment  of  diseases  for  which  such 
waters  are  used.  James  K.  Crook. 

CINNAMIC  ACID  AND  CINNAMATES.— Cinnamic  or 

phenyl-ncrylk  acid  (CsHjO.)  results  from  oxidation  of  oil 
of  cinnamon,  the  oil  being  chemically  cinnamic  aldehyde, 
and  it  also  exists  ready  formed  in  conj  unction  with  ben- 
zoic acid,  to  which  it  is  closely  related,  in  many  balsams, 
such  as  the  balsams  of  tolu,  of  Peru,  and  of  benzoin.  It 
can  be  formed  synthetically  also.  Cinnamic  acid  is  a 
colorless  crystalline  body,  volatilizable  without  taste  or 
smell,  freely  soluble  in  alcohol,  but  only  feebly  so  in  water 
(one-tenth  per  cent.).  The  commercial  article  is  obtained 
chiefly  from  styrax. 

Cinnamic  acid  is  non-poisonous,  and  is  said  to  resem- 
ble salicylic  and  benzoic  acids  in  antiseptic  power.  It 
has  been  suggested  as  a  practical  antiseptic  for  use  in 
surgical  dressings.  Lint,  jute,  etc.,  may  be  charged 
with  the  acid  by  soakage  in  an  alcoholic  solution.  It  has 
also  been  employed  for  the  constitutional  treatment  of 
phthisis,  by  the  intravenous  injection,  twice  a  week,  of 
a  few  minims  of  a  flve-per-cent.  emulsion  of  the  acid. 
Such  injection  Is  practised  upon  a  vein  of  the  forearm. 


witli  iiroper  antiseptic  precautions,  and  the  treatment 
continued  for  at  least  three  niontlis. 

Cinnamic  acid  is  oxidized  readily  into  licnzoic  acid, 
and  it  is  su|)posed  that  tliis  action  takes  place  in  the  hu- 
man .system,  since  the  two  acids  liave  the  same  eft'ect 
upon  tlie  urine  and  its  constituents. 

iSoiliiriii:  ciiiitaiiiotc  is  a  s;dt  freely  solulil(!  in  water,  and 
has  been  proposed  as  a  siiljstitute  for  ciunaniic  acid  be- 
cau.sc  of  such  free  solubility.  Edward.  Cartis. 

CINNAMON.— The  cinnamon  products  include  cinna- 
mon and  cassia  liarks,  ca.ssia  chips,  cassia  leaves  and  cas- 
sia flowers,  and  the  oils  distilled  therefidm.  Tliey  are 
all  yielded  by  species  of  the  genus  Ciiiroiiiiiniiuiri  Blurae, 
in  the  family  Loiiraeere.  The  genus  contains  some  flfty- 
four  species,  all  natives  of  tropical  Asia  and  Au.stralasi'a. 
The  section  containing  the  camphor  tree  is  markedlj-  dis- 
tinct, and  would  prfibably  be  better  regai-ded  as  forming 
a  separate  genus.  Many  of  the  species  yield  useful  prod- 
ucts of  minor  importance,  and  these  will  be  enumerated 
at  the  close  of  this  article.  Three  species,  two  of  them 
known,  the  third  doubtful,  yield  the  highly  esteemed 
and  official  cinnamon  barks,  and  will  now  be  considered 
separately. 

1.  Cevlon"  Cinnamon,  Cinnamomuji  ZEVLANicnr. — 
"The  inner  bark  of  the  shoots  of  Oi rrrumiomitm  Zeylani- 
cum  Breyne"  (U.  S.  P.).  This  well-known  species  is  a 
native  of  the  hills  and  woods  of  the  island  of  Ceylon.  It 
has  also  been  long  cultivated  in  the  same  island,  and  it  is 
from  these  cultivated  plants  that  all  the  true  cinnamon 
now  comes.  It  has  also  been  introduced  into  other 
islands  of  the  Indian  Ocean,  and  into  the  mainland  of 
Asia,  as  well  as  into  the  West  Indies,  but  it  produces  in 
these  places  inferior  barks.  On  the  cinnamon  planta- 
tions the  trees  are  trimmed  down  to  make  them  send  up 
sprouts  from  the  base ;  these  are  alhjwed  to  grow  until 
they  are  about  two  years  old  and  3  or  4  cm.  in  diameter, 
when  they  are  cut,  and  the  bark  is  peeled  off  in  pieces 
about  30  cm.  (1  ft.)  in  length.  These  strips  are  then 
put  together  in  rolls  and  allowed  to  wilt  for  a  day  or  so, 
wlien  they  are  separated  and  each  piece  is  laid  upon  a 
suitable  stick  around  which  it  will  fit,  and  the  outer  cel- 
lular layers  of  the  bark  are  scraped  off  and  rejected. 
The  quills  of  inner  bark  so  prepared  constitute  cinna- 
mon, and  are  rolled  together  in  successive  layers  until  a 
solid  cylinder  about  a  metre  long  and  1..5  or  2  cm.  thick 
is  formed  (1  yd.  by  0.5  or  0.75  in.),  of  .sometimes  a  dozen 
layers  of  brittle,  splintery  bark.  The  Pharmacopoeia 
thus  describes  the  bark : 

"  Ceylon  cinnnmon  is  in  long,  closely  rolled  quills, 
composed  of  eight  or  more  layers  of  bark  of  the  thick- 
ness of  paper;  pale  yellowish  brown;  outer  surface 
smooth,  marked  with  wavy  lines ;  inner  surface  scarcely 
striate;  fracture  splintery;  odor  fragrant;  taste  sweet 
and  warmly  aromatic. " 

This  is  altogether  the  finest,  and  in  general  the  best 
cinnamon  of  the  market,  though  it  is  not  nearly  so 
strong,  sweet,  or  expensive  as  the  third  variety.  If  ta- 
ken young  and  of  good  qualit}^,  it  has  .scarcely  a  trace 
of  bitterness  and  but  little  astringency.  It  contains  only 
a  moderate  amount  of  sugar  and  mucilage.  It  yields  a 
large  percentage  (up  to  five  per  cent.)  of  ash.  It  is  rich 
in  oil,  yielding  up  to  one  and  a  half  per  cent.,  and  this 
oil  is  very  fragrant.  The  features  of  this  cinnamon,  as  a 
perfuming  and  flavoring  agent,  are  its  delicacy  and  per- 
manence. It  is  the  only  species  official  in  the  British 
Pharmacopo'ia. 

2.  Cassia  Cinnamon,  Cinnamomum  Cassia,  Cassia 
LiGNEA,  Cassia  Vbea. — "The  bark  of  the  .shoots  of  one 
or  more  undetermined  species  of  Cinnamomum  grown  in 
China"  (U.  S.  P.).  In  spite  of  this  statement,  the  arti- 
cle is  known  ti.i  be  the  product  of  C.  Cassia  (Nees) 
Blume.  Like  Ceylon  cinnamon,  it  is  collected  both  from 
wild  and  from  cultivated  trees,  mostly  the  latter.  It 
comes  from  Southern  China,  and  is  therefore  often  called 
Chinese  cinnamon.  The  name  is  a  bad  one,  however,  as 
it  does  not  distinguish  it  from  No.  3.  The  trees  are  cut 
down  when  about  six  years  old.  and  the  long  straight 
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shoots,  about  an  iuch  in  thickness,  are  jjeeied  in  lengths 
of  about  a  foot.  Each  quill  is  usually  the  bark  from 
half  the  circumference.  The  outer  bark  is  not  carefully 
scraped  away  as  in  the  last,  but  is  roughly  and  imper- 
fectly shaved  off  with  an  instrument  i-esembling  a  spoke 
shave.  The  quills  are  dried  and  packed  separately. 
The  description  of  this  species  is  as  follows:  "In  quills 
of  varying  length  antl  about  1  mm.  or  more  in  thickness; 
nearly  deprived  of  the  corky  layer;  yellowish  brown; 
outer  surface  somewliat  rough ;  fracture  nearly  smooth  ; 
odor  fragrant ;  taste  sweet  and  warmly  aromatic. "  This 
variety  tends  much  more  to  bitterness  and  astringency 
than  the  last.  Its  better  grades  also  contain  more  sugar 
and  gum.  Its  yield  of  oil  is  ordinarily  less,  and  this  is 
usually  not  quite  so  fine,  though  it  is  the  ordinary  com- 
mercial sort.  The  special  feature  of  this  cinnamon  is  its 
variability.  Its  best  varieties  are  rather  sweeter  than 
the  last  in  flavoring,  but  tlie  taste  does  not  endure  .so 
well.  Its  poorer  varieties  are  scarcely  fit  for  use.  The 
best  varieties  are  the  "Java"  and  "Bataviau."  They 
are  very  carefully  prepared  from  young  shoots.  The 
outer  hark  is  entirelj^  removed,  the  color  is  a  pale  yellow- 
brown,  the  taste  fragrant,  sweet,  and  very  mucilaginous. 
The  latter  character  rather  disqualifies  it  for  pharmaceu- 
tical uses,  but  makes  it  better,  if  anything,  for  culinary 
purposes.  The  poorest  grades  are  the  cheap  "  Chinese 
Mats."  In  preparing  them,  each  packer  has  three  lots  of 
material  to  draw  upon.  First,  some  long  quills  of  fair 
Ciuality  ;  second,  some  broken  material  and  chips  of  verjr 
inferior  grade;  third,  sand  or  other  heavy  foreign  mate- 
rial. These  he  uses  in  regular  proportions  and  packs 
neatly,  with  the  good  bark  in  a  thin  layer  upon  the  out- 
side. Two  small  rolls  are  sewn  into  a  mat.  Cassia  is 
the  cinnamon  almo.st  exclusively  used  in  the  household, 
and  the  most  of  this  is  of  the  poorer  grades,  besides 
which  the  ground  article  is  enormously  adulterated. 

Saigon  CrNNAM0N,CiNNAM0>ruM  Saigonicum,  "God's 
Cinnamon." — To  this  variety  also  the  name  Chinese 
Cinnamon  is  applied.  "The  bark  of  an  undetermined 
species  of  Ciunamomum"  (U.  S.  P.).  We  are  entirely 
ignorant  of  the  botanical  origin  of  this  variety.  Al- 
though it  has  frequently  been  assumed  that  it  is  from  the 
same  plant  which  yields  the  last,  its  characters  almost 
certainljf  prove  the  contrary.  For  many  years  we  heard 
of  a  cinnamon  iu  the  unvisited  regions  of  Southern  China 
which  was  unknown  in  civilization,  and  of  wondrousl.y 
fine  quality.  Its  curative  properties  were  almost  deified 
b_v  the  Chinese.  At  length  some  small  lots  were  bi'ought 
out,  and  it  has  now  become  a  regular  article  of  commerce. 
Little  is  known  of  the  methods  of  its  collection  or  drj'- 
ing.  It  comes  in  single  quills  of  a  foot  in  length,  none 
of  the  outer  bark  being  removed.  These  are  tied  neatly 
in  bundles  about  ten  inches  in  diameter.  Each  case  con- 
tains i-olls  made  uji  of  bark  of  different  respective  thick- 
ness, the  intermediate  being  the  best.  The  thinnest  is 
smoothish  and  of  a  dark  red-brown.  The  others  are  gray 
or  gray -brown  and  rough,  the  intermediate  granular^  the 
thickest  fissured.  Saigon  cinnamon  sometimes  comes  in 
chips  of  very  thick  bark,  sometimes  a  third  to  a  half  inch 
thick.  At  its  best,  this  entire  tliickness  is  free  from  astrin- 
gency and  bitterness,  fragrant  and  very  sweet,  differing 
markedly  in  this  cliaracter  of  the  outer  layers  from  either 
of  the  others.  It  is  also  peculiar  in  its  sugar}^  sweetness. 
Its  aromatic  property  also  is  quite  distinct,  being  biting 
rather  than  mild.  Altogether,  it  is  the  sweetest  and 
strongest  of  the  cinnamons,  but  at  the  same  time  the 
least  permanent  as  to  rtavor  and  odor.  It  is  clearly  nearer 
to  cas.sia  than  to  Ceylon  cinnamon.  Its  best  grade  is 
much  the  most  expensive  variety  of  cinnamon,  it  is  .sub- 
ject to  substitution  by  a  false  article,  very  closely  resem- 
bling it,  both  naturally  and  in  its  packing.  This  article 
is  a  cinnamon,  and  looks  as  though  it  might  be  selected 
from  unpeeled  cassia.  The  intermediate  size  is  that 
adopted  by  the  Pharmacopa'ia,  and  is  thus  described: 

"  In  ((uills  about  1.5  cm.  long,  and  10  to  15  mm.  in  diam- 
eter, the  bai-k  3  or  3  mm.  thick;  outer  surface  gray  or 
light  grayish  brown  with  whitish  jiatches,  more  or  'less 
rough  from  numerous  warts  and  some  transverse  ridges 


and  fine  longitudinal  wrinkles;  the  inner  surface  cinna- 
mon-brown or  dark  brown,  granular  and  slightly  striate; 
fracture  short,  granular,  in  the  outer  laj^er  cinnamon- 
colored,  and  near  the  cork  with  numerous  whiti.sh  striae 
forming  an  almost  uninterrupted  line;  odor  fragrant; 
taste  s«'eet,  warmly  aromatic,  somewhat  astringent." 

Some  other  cinnamon  species  and  products,  including 
the  oil  of  cinnamon,  will  be  discussed  at  the  close  of  the 
article. 

Comfiositioii. — The  general  composition  of  the  bark  has 
already  been  given.  The  only  constituent  that  can  by 
any  reasoning  be  classed  as  medicinall}'  active  is  the  oil, 
which  exists  in  the  proportion  of  one-half  to  one  and  one- 
half  per  cent. 

Action  and  Lhes. — Aside  from  its  use  as  a  condiment, 
and  as  an  adjuvant  in  the  pliarmacy,  its  properties  and 
uses  are  entirely  those  specified  under  the  title  of  the  oil. 

Preparation. — The  only  medicinal  preparation,  strictly 
speaking,  other  than  those  of  the  oil,  is  the  ten-per-cent. 
tincture,  made  from  the  Cejdon  variety,  the  dose  being 
4  to  8  c.c.  (fl.  I  i.-ij.).  The  dose  of  powdered  cinnamon 
of  any  variety  is  0.5  to  3  gm.  (gr.  viij.-xxx.).  Ceylon 
cinnamon  enters  into  the  aromatic  powder,  and  ca.ssia 
into  the  compound  tinctures  of  cardamom,  catechu,  and 
lavender,  but  none  of  these  are  proper  preparations  of 
cinnamon  as  such.  Saigon  cinnamon  enters  into  no 
preparation. 

Cassia  Chips. — These  are  the  trimmings  of  cassia  bark 
which  cannot  be  utilized  as  cinnamon,  but  which  yield 
a  certain  amount  of  oil  upon  distillation. 

Cassia  Buds  or  Cassia  Flowers  are  the  unripe  fruits,  not 
only  of  the  species  above  named,  but  also  of  C.  Tamala 
Nees  ab  Eberm.  and  C.  dulce-  N.  ab  E.  C.  daphnoides 
Sieb.  and  Zuec.  and  C.  Loureirii  Nees  3-ield  a  verv  poor 
quality  of  a  false  cinnamon.  The  leaves  of  C.  ohtusifo- 
lium'Nees,  C.  iners  Reinw.,  C.  nitiduni  Hook.,  C.  Tamala 
N.  ab  E.,  and  some  other  species  have  been  articles  of 
commerce  under  the  name  of  Malabathrum  leaves.  The 
bark  of  various  species  have  found  minor  uses  in  medi- 
cine, chiefly  as  auti-diarrho^al  agents,  acting  partly  by 
their  tannin  and  partly  by  the  volatile  oil. 

Hen  ry  H.  Rusby. 

CINNAMON,  OIL  OF.— Oleu.m Ctnnamomi.  The  ori- 
gin of  this  oil  has  been  sufficiently  explained.  Our 
Pharmacopoeia  directs  that  it  be  distilled  from  cassia 
cinnamon,  not  because  that  of  Ceylon  cinnamon  is  un- 
.satisfactory,  but  because  the  two,  if  first  class,  are  hardly 
to  be  distinguished,  and  practically  all  of  the  oil  of  com- 
merce comes  from  cassia.  JMuch'of  the  commercial  oil 
is  said  to  be  distilled  from  the  leaves.  While  ordinary 
oil  of  cinnamon  can  be  had  f<u-  two  or  three  dollars  a 
pound,  that  of  the  Ceylon  brings  twentv,  and  is  no  bet- 
ter.    The  following  is  its  official  description : 

"A  yellowish  or  brownish  liquid,  becoming  darker  and 
thicker  by  age  and  exposure  to  the  air,  having  the  char- 
acteristic odor  of  cinnamon,  and  a  sweetish, "spicy,  and 
burning  taste.  Specific  gravity,  1.055  to  1.065  at  15°  C. 
(59°  F. ).  Soluble  in  an  equal  volume  of  alcohol,  the 
solution  being  slightly  acid  to  litmus  paper:  also  soluble 
in  an  equal  volume  of  glacial  acetic  acid.  When  shaken 
with  a  satuiated  solution  of  sodium  bisulphite,  it  solidi- 
fies to  a  crystalline  mass.  If  foiu-  drops  of  the  oil,  con- 
tained in  a  test  tube,  be  cooled  to  0°  C.  (33°  F.),  and  then 
shaken  with  four  di-ops  of  fuming  nitric  acid,  crystalline 
needles  or  plates  will  be  formed.  "  If  a  portion  of  the  oil 
l)e  shaken  wilh  water,  and  the  liquid  passed  throuffh  a 
wet  filter,  the  clear  filtrate  should  give,  with  a  few  drops 
of  basic  lead  acetate  T.  S.,  a  white  turbiditv,  without  a 
yellow  color  (absence  of  oil  of  cloves).  If  four  drops  of 
the  oil  be  dissolved  in  10  c.c.  of  alcohol,  the  subsequent 
addition  of  a  drop  of  ferric  chloride  T.  S.  should  produce 
a  brown,  but  not  a  green  or  blue,  cohn-  (absence  of  oil  of 
cloves  or  of  carbolic  acid).  If  1  c.c.  of  the  oil  be  mixed 
with  3  c.c.  of  a  mixture  of  three  volumes  of  alcohol  and 
one  volume  of  water,  a  clear  solution  should  result ;  and  if  ' 
tc3  this  solution  there  be  gradually  added  3  c.c.  of  a  satu- 
rated solution  of  lead  acetate  in  a  mixture  of  three  volumes 
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of  alcohol  and  one  volume  of  water,  no  precipitate  should 
he  produced  (absence  of  petroleum,  or  of  colophony)." 

The  active  constituent  of  this  oil  is  cinnamic  aldehyde. 
It  should  contain  not  less  thau  seventy -live  per  cent,  of 
it,  and  eighty-five  per  cent,  is  easily  attainable.  Since 
the  relative  values  of  different  samples  are  exactly  pro- 
portional to  the  percentage  of  this  substance,  and  since 
the  latter  can  be  purchased  and  its  purity  readily  deter- 
mined, a  great  gain  would  be  made  by  using  it  instead  of 
the  oil.  It  is  readily  oxidized  into  cinnamic  acid.  Oil  of 
cinnamon  possesses  the  ordinary  jiroperties  of  volatile  oils 
(see  Active  Constituents  of  I'luiits)  and  is  peculiar  among 
them  because  of  its  being  generally  regarded  as  the  most 
agreeable,  and  because  it  is  prol)ably  the  most  highly 
antiseptic  of  them  all.  The  dose  is  ni  i.  to  v.  AVe  have 
two  official  preparations,  the  water,  strength  oue-tifth  of 
one  per  cent,  and  dose  15  to  30  c.c.  (§  ss.-i.),  and  the 
spirit,  strength  ten  per  cent,  and  dose  0.5  to  2  c.c.  (8  to 
30  m.).  Henry  H.  Rushy. 

CINNAMYL-META-CRESOL.     See  Iletocresol. 

CIRCULATION  OF  THE  BLOOD.— I.  Compakattve 
AND  HisTOKiCAL  INTRODUCTION. — The  term  circulation 
as  applied  to  the  blood  was  first  used  in  physiology  by 
Cesalpino  (1569)  to  describe  the  true  path  talien  by  it  in 
its  passage  from  the  right  to  the  leftside  of  the  heart. 
The  Galenic  doctrine,  according  to  which  this  passage 
was  made  by  way  of  pores  in  the  intraventricular  sep- 
tum, was  accepted  without  question  until  Servetus  (1553) 
and  Vesalius  (1555)  established  anatomically  the  sound- 
ness and  impermeability  of  the  septiim  of  the  heart. 
The  idea  of  the  actual  path  by  way  of  the  pulmonary 
vessels  seems  to  have  suggested  itself  immediately,  this 
course  being  correctly  described  in  the  writings  of  Ser- 
vetus and  Columbo  (1559) ;  and  although  a  pure  surmise 
from  the  logical  necessities  of  the  case  and  unsupported 
by  experimental  proof,  it  quickly  gained  acceptance  and 
w'as  named  "circulation." 

By  extension  the  term  has  come  to  be  applied  to  the 
motion  of  the  blood  in  animals  generally,  however  irregu- 
lar and  variable  this  may  be.  The  comparative  physiolo- 
gist speaks  of  the  circulation  of  the  blood  even  in  those 
invertebrate  animals  in  which  neitherheartuorve.s.sels  ex- 
ist, and  in  which  a  sluggish  ebb  and  flow  of  the  blood 
through  irregular  tissue  spaces  and  perivisceral  cavities 
alone  occurs,  the  movement  being  the  result  of  contrac- 
tions of  the  alimentary  canal  and  the  body  generally. 
Etymologically  the  word  circulation  would  be  applicable 
only  to  the  conditions  found  in  the  fishes,  birds,  and 
mammals.  The  accompanying  diagrams  of  the  vascular 
systems  of  the  crayfish,  fish,  frog,  and  mammal  will  serve 
to  illustrate  some  of  the  fundamental  differences  found 
in  the  animal  series  in  respect  to  these  organs. 

As  to  the  invertebrate  type,  represented  here  by  the 


Fig  132.5  —Heart  and  Blood- Vessels  and  Gills  ol  the  Crayfish,  f ,  Heart  in  a  blood  sinus, 
with  P.S,  several  pairs  of  ostla;  Ac,  cephalic  aorta;  A.ab,  abdominal  aorta;  As,  ster- 
nal artery. 

crayfish,  two  distinguishing  peculiarities  are  to  be  noted. 
In  the  first  place,  the  heart  and  blood-vessels  do  not 
form  a  closed  system  of  channels.     However  highly  de- 


veloped the  vascular  system  in  them  may  he,  it  will 
be  found  that  in  some  part  or  parts  of  the  body  the  ves- 
sels terminate  and  the  blood 
flows  into  so-called  "lacunfe  " 
or  tissue  spaces  not  bounded 
by  any  limiting  membrane. 
This  condition  obliterates  the 
distinction  between  blood  and 
l_ymph  and  leads  to  the  use 
of  such  terms  as  "hydro- 
Ij'mph"  and  "hix'inolymph  " 
for  the  blood  of  these  ani- 
mals. The  other  character- 
istic feature  consists  in  the 
fact  that  the  blood  returns  to 
the  heart  from  the  respira- 
tory apparatus  where  one  is 
present,  instead  of  from  the 
body  generally,  constituting 
a  so-called  "arterial  heart." 

Compare  in  botli  these  re- 
spects the  diagrams  of  the 
circidation  of  the  lobster  (Fig. 
1335)  and  fish  (Fig,  1320). 
In  the  latter  the  system  of 
vessels  is  a  closed  one,  and 
the  heart  functions  as  a 
venous  organ.  In  the  air- 
breathing  vertebrates  further 
changes  in  the  circulatory  or- 
gans accompany  the  appear- 
ance of  pulmonary  respira- 
tion. The  tubular  heart  of 
the  fish,  with  its  four  con- 
secutive chambers,  is  replaced 
by  an  organ  with  a  median 
partition.  In  the  frog  (Fig. 
1327)  the  right  and  left  auri- 
cles are  completely  separated 
in  this  way,  while  the  ven- 
tricle remains  a  single  cliam- 
ber,  A  partial  ventricular 
septum  of  increa,sing  pro- 
portions is  found  in  the  tur- 
tles, snakes,  and  lizards,  be- 
coming complete  only  in  the  highest  of  the  reptilia,  the 
crocodiles,  as  it  is  in  birds  and  mammals. 

The  above  variations  In  the  structure  of  the  heart  are 
attended  by  certain  changes  in  the  arrangement  and  con- 
nections of  the  main  vessels  arising  from  it,  especially  as 
regards  tlie  extent  of  the  communication  between  the 
aortic  and  pulmonary  arteries.  The  result  of  both  series 
of  changes  is  to  secure  an  increasing  amount  of  separa- 
tion between  venous  and  arterial  blood.  The  venous 
blood  of  the  right  auricle  in  frogs  mingles  rather  freely 
with  the  arterial  blood  of  the  left  auri- 
cle when  they  reach  the  common  ven- 
tricle. This  occurs,  to  a  diminishing 
extent,  as  the  interventricular  septum 
develops;  but  even  in  the  crocodilia,  in 
which  it  is  complete,  the  mixing  of  the 
two  kinds  of  blood  is  not  wholly  avoid- 
ed, since  there  remains  a  communica- 
tion— the  foramen  of  Panuzzi — be- 
tween the  right  and  left  aortic  arches. 

In  birds  and  mammals  the  motion  of 
the  blood  again  becomes  a  true  circu- 
lation, and  a  particle  of  it  starting  at 
any  point  of  the  system  must  make  a 
complete  circuit  before  it  passes  that 
point  again.    Accomplishing  this  it  will 
traverse  at  least  two  caiiillary  networks, 
the    systemic   and   the  respiratory,  as 
was  the  case  in  fish  also;  but  besides, 
it  passes  twice  through  the  heart,  in 
this  respect  differing  from  the  fishes.     The  venous  heart 
of  the  latter  has  been  replaced  by  a  double  organ  with 
a  right  venous  side  which  transfers  the  blood  from  the 
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FIG.  1326.— Diagram  of  the  Cir- 
culatory Organs  of  an  r)sseous 
Fish.  F,  Ventricle  ;  Ba,  aor# 
tic  hulb,  with  the  arterial 
arches  which  carry  the  venous 
blood  to  the  gills;  Ao,  dorsal 
aorta,  into  which  open  the  ves- 
sels from  the  gills  or  branchial 
veins,  Ah ;  N,  kidney ;  D,  ali- 
mentary canal ;  ik,  portal 
circulation. 
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systLMiiic  veins  to  tlie  pulmonary  arteries;  aud  a  left 
arterial  side,  which  returns  it  again  from  the  pulmonary 
veins  to  the  aorta,  each  half  being  further  subdivided 
into  an  aui-icular  and  a  ventricular  chamber. 

A  third  set  of  capillaries  may  be  interpolated  in  the 
course  of  a  single  circuit.  Thus,  the  l)lood  which  sup- 
plies the  stomach,  intestines,  pancreas,  aud  spleen  is  col- 
lected in  the  portal  vein  and  must  pass  through  the  capil- 
laries of  the  liver  before  it  can  reach  the  heart.  This 
constitutes  what  is  known  as  the  "  pcjrtal  or  the  hepatic 
portal  circulation,"  and  the  arrangement  is  universal 
among  all  the  vertelirates.  An  analogous  condition  is 
found  in  the  " renal  portal  circulation"  of  the  reptiles, 
ampliil)ia,  and  tish. 

The  perpetual  motion  of  the  blood  in  a  circle  through 
the  heart,  arteries,  and  veins  was  discovered  by  William 
Harvey  in  1616.  Guided  by  the  important  anatomical 
discoveries  of  the  preceding  century,  the  true  signitieance 
and  import  of  which  he  tirst  correctljr  appreciated,  the 
illustrious  Harvej' succeeded  by  a  series  of  wisely  planned 

and  skilfully  exe- 
cuted experiments 
in  overcoming  the 
prevailing  miscon- 
ceptions and  in 
giving  us  an  ac- 
count of  the  circu- 
lation which  in  all 
its  general  features 
remains  substan- 
tially correct  after 
the  lapse  of  more 
than  three  centu- 
ries. Beginning 
with  the  heart,  he 
studied  both  the 
rhythm  and  the  se- 
quence of  its  beat, 
aud  emphasized  the 
fact  that  the  systole 
constituted  the  ac- 
tive phase  while 
the  diastole  was 
passive.  He  noted 
the  beginning  of 
the  beat  in  the  auri- 
cles, which  con- 
tracting together, 
discharge  their  con- 
tents into  the  ven- 
tricles; that  these 
then  follow  with  their  contraction,  the  right  ventricle 
driving  the  blood  into  the  pulmonary  artery,  the  left  ven- 
tricle into  the  aorta.  The  lesser  circulation  through  the 
lungs  having  been  described  before,  Harvey  could  only 
confirm  this  fact  by  new  evidence  from  comparative  an- 
atomy and  embryology.  His  essential  contribution  cf>n- 
sisted  in  tracing  the  fate  of  the  blood  pimiped  into  the 
aorta,  and  .showing  that  this  travelled  peripherally  in  tlie 
arteries,  was  transferred  somehow  to  the  veins,  and  iu 
them  was  carried  in  a  centripetal  direction  liack  to  the 
right  auricle.  The  nature  of  the  connection  between  the 
arteries  and  veins  at  the  periphery  Harvey  was  unable 
to  make  out,  although  the  fact  of  its  existence  was  indis- 
putably established.  This  last  link  which  was  needed  to 
complete  the  circuit  came  with  the  discovery  of  the 
capillaries  by  Malpighi  (1661),  four  years  after  Harvey's 
death. 

Confirmation  of  the  work  of  Harvey  soon  accumulated 
from  varicms  sources,  Leeuwenhoek  (1669)  saw  the  cir- 
culation of  the  blood  in  the  vessels  of  tlic  bat's  wing,  the 
tail  of  the  tadpole,  and  the  fins  of  fishes.  About  the 
same  tini(.'  the  methods  of  injection  were  carried  to  a  high 
degree  of  perfection,  so  that  Swanuuenlam  and  Ruysch 
by  this  means  also  deirionstrated  tlie  continuity  of"  the 
arteries  and  veins  at  tlje  peiiphery.  (Jur  knowledge  of 
the  circidarion  has  been  extended  and  perfected  since  that 
time  in  many  directions.     Some  of  the  more  notable  ad- 
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Fig.  1337.— Clrciiliitory  Organs  of  the  Frog. 
P,  Left  lung — right  lung  Is  removed  ;  Ajj, 
pulmonary  artery  ;  Vp,  pulmonary  vein  ; 
Vc,  vena  cava  inferior  ;  Ao^  dorsal  aorta ; 
N.  kidney :  K,  alimentary  canal ;  iJf, 
portal  circulation. 


vances  include  the  discovery  of  the  lacteals  (Asselli,  1663) 
and  lymphatics,  of  the  cardiac  (E.  H.  and  E.  F.  Weber, 
1845;  von  Bezold,  1«60-1866;  M.  and  E.  Cyon,  1866; 
Schmiedeberg,  1870)  and 
vaso-motor  nerves  (CI.  Ber- 
nard, 1849)  and  the  intro- 
duction and  application  of 
the  graphic  method  to  the 
stud}^  of  the  moveurents 
of  the  heart  and  blood-ves- 
sels (Ludwig,  Marey,  etc., 
etc.). 

II.  Mechanics  op  the 
C  I  It  c  u  L  A  T  I  o  N.  —  The 
closed  system  of  channels 
through  which  the  blood 
circulates  includes  the 
heart,  arteries,  capillaiies, 
and  veins.  The  first  of 
these  is  essentiallj^  a  mus- 
cular force  pumij  whose 
rhythmical  strokes  at  the 
rate  of  about  73  per  min- 
u  t  e  drive  the  blood 
through  the  vessels  in  a 
constant  direction  with  a 
considerable  velocity.  Be- 
fore taking  up  the  action 
of  the  central  pump,  it 
will  be  convenient  to  note 
the  general  features  of 
this  blood  current. 

Its  stud}'  is  essentially  a 
physical  problem  in  hy- 
drodynamics whose  com- 
plete theoretical  treatment 
is  rendered  practically  im- 
po.ssible  by  the  complex 
arrangement  and  mode  of 
branching  of  the  vessels, 
by  the  constant  change  in 
the  physical  properties  of 
their  walls  along  their 
length,  and  by  the  con- 
tinual interaction  of  their 
physiological  activities. 
An  account  of  the  me- 
chanics of  the  flow  in  the  vessels  must  be  based  mainly 
on  empirical  data,  and  the  fundamental  laws  of  hydro- 
dynamics which  are  here  introduced  are  intended  nierely 
to  assist  in  the  interpretation  of  these  data. 

A.  The  Flow  nf  LiquuU  in  Rigid  and  Elastic  Tubes.— 
Torricelli's  theorem  states  that  when  water  escapes  from 
an  aperture  in  the  side  of  a  reservoir  tilled  to  a  constant 


Fig.  132.?.— Diagram  of  the  Circula- 
tion in  an  Animal  with  a  Com- 
pletely Separated  Right  and  Left 
Ventricle  and  a  Double  Circula- 
tion. (After Huxley.)  ^rt.  Right 
auricle  receiring  the  superior  and 
inferior  venae  cavse,  Vcs  and  Vc\ ; 
I>(/i,  thoracic  duct,  the  main  trunlc 
of  the  l.vmphatic  system:  Ad, 
right  auricle;  Td,  right  ventri- 
cle :  Aij,  pulmonary  artery ;  P, 
lung  ;  Tp,  pulmonary  vein  ;  As, 
left  auricle ;  I's.  left  ventricle ; 
An,  aorta  :  D,  intestine  ;  L,  liver; 
Vp,  portal  vein  ;  Lv,  hepatic  vein. 


'''S-  V',~'!l;~;"''^*^''^"\"'"'^'™""~t'^e  '''"W  of  Liqtiids  in  a  Horizontal 
Rigid  Tube  of  tuilform  Calibre,  when  connected  with  a  reservoir. 
(Iroiii  Rollett.) 

level,  the  velocity  of  outflow  theoretically  is  given  by  the 
formula  V  =  V3gH,  in  which  g  equals  the  accelei-ation 
of  falling  bodies  prodticed  bv  gravity  and  H  equals  the 
height  ot  the  column  of  liquid  aliove  the  aperture.  The 
actual  velocity  is  obtained  by  dividing  the  amount  which 
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flows  out  in  a  unit  of  time  by  the  cross  section  of  tlie 
aperture,  and  experiment  shows  tliat  tliis  is  less  tlian  tlie 
theoretical  value.  A  |)art  of  the  enera;v  of  position  rep- 
resented l)y  the  colunuiof  liquid  H  is  lost  at  the  apert\ire 
through  the  mutual  interference  of  the  pai'ticles  of  watei- 
as  they  approach  the  opening  from  dilferent  diiecUoiis 
the  result  of  Avhioh  is  the  so-called  "contraclio  venie  " 
near  the  beginning  of  the  jet.  If  the  lost  fVaction  of  the 
total  energy  be  represented  by  a  cohnnu  of  licpiid  e(|ual 
to  ho,  and  the  energy  spent  in  giving  velocity  by  h  then 
the  total  height  H  =  li„  +  h.  Now  suppo.se  a  liorizi)ntal 
rigid  tube  of  some  length  attached  to  the  aperture  in  the 
reservoir  (see  Fig.  1^39).  The  velocity  of  outflow  from 
the  end  of  the  tube  can  again  be  calculated  from  the  vol- 
ume of  outflow  and  the  cross  section  of  the  tube ;  then  by 
substituting  this  value  of  v  in  the  fornmla  v  =  ^/liglt 
it  will  be  found  that  h,  the  portion  of  the  total  energy 
of  position  II  that  is  available  for  velocity,  is  less  thanTn 
the  case  of  the  free  aperture.  A  seiond  portion  of  II  has 
been  consumed  in  overcoming  the  resistance  iu  the  tulie 
Call  this  part  h,,  then  II  =  h„  +  h  -|-  h,. 

When  li(piids  wet  the  sides  of  the  tube  through  which 
they  are  flowing,  the  laj-er  of  partic:les  ne.xt  the  wall  of 
the  tube  may  be  considered  practically  at  I'est  on  acco\mt 
of  adhesion.  The  layer  next  within  luoves  along  slowly, 
the  next  a  little  faster,  etc.,  the  \elocity  increasing  witli 
each  successive  layer  to  the  axis  of  the  tube,  where  it 
reaches  a  maximunii.  By  the  velocity  f)f  the  whole  stream 
as  calculated  for  the  tube  above  i.s  meant  the  mean  or 
average  velocity  of  all  the  layers,  and  it  has  been  shown 
that  when  the  bore  of  the  tube  falls  within  certain  limits 
so  that  the  movement  of  each  particle  of  liquid  is  i)aral]el 
to  the  axis,  this  mean  velocity  e(iuals  ohe-half  the  axial 
or  maximal  velocity. 

The  resistance  to  the  flow  of  li(iuids  in  tubes  thus  ap- 
pears as  a  case  of  internal  friction,  as  if  the  whole  cohnnn 
of  liquid  were  made  up  of  a  series  of  concentric  cylin- 
ders, each  moving  a  little  faster  tlian  tlie  next  larger,"  and 
the  outermost  one  completely  at  rest  against  the  sides  of 
the  tube.  This  internal  friction  constitutes  a  resistance 
which  retards  the  flow  and  puts  the  liciuid  under  tension 
felt  as  lateral  pressure  against  the  walls.  Gauges  ar- 
ranged along  the  tube  (hj.ha.hj.h,,,  Fig.  1339)  to  indicate 
this  pressure  show  that  at  each  point  it  is  proportional  to 
the  amount  of  resistance  be3fond  and  that  it  becomes  zero 
at  the  free  outlet.  In  tubes  of  uniform  calibre  the  lateral 
pressure  drops  uniformly ;  but  where  narrower  and  wider 
sections  alternate,  the  fall  is  irregular  for  obvious  reasons. 

Liquids  being  incompressible,  the  amount  of  fluid  pass- 
ing each  cross  section  anj'where  along  the  tube  iu  a  sec- 
ond must  be  the  same;  the  rate  of  flow,  therefore,  at  each 
point  will  be  inversely  proportional  to  the  width  of  the 
tube.  The  more  rapid  flow  and  consequent  increase  of 
internal  friction  in  the  narrow  portions  make  heavier 
draughts  on  the  store  of  available  energy,  and  the  lateral 
pressure  falls  more  quickly  here  than  in  the  wider  por- 
tion. 

In  a  sj'Stem  of  tubes  like  the  blood-vessels,  in  which 
the  main  channel  subdivides  dichotomously  into  numer- 
ous smaller  branches  whose  total  sectional  area  far  ex- 
ceeds that  of  the  original  trunk  and  in  which  these 
branches  are  gathered  again  into  a  single  small  tube,  the 
velocity  is  determined  by  the  same  law  of  inverse  propor- 
tion to  the  width  of  the  bed,  and  is  therefore  slowest  in 
the  smaller  tubes  where  the  total  area  is  greatest.  On 
account  of  the  slowness  of  the  current,  the  pressure 
should  fall  slowly  in  this  region;  but  the  increa.se  of  sur- 
face in  the  numerous  narrow  channels  operates  the  other 
way,  so  that  the  actual  rate  of  fall  in  the  pressure  will 
depend  on  the  relative  magnitude  of  these  two  opposing 
factors. 

As  regards  the  nature  of  the  tube,  the  same  laws  apply 
with  equal  force  whether  the  walls  are  rigid  or  elastic 
provided  only  the  flow  is  continuous  and  uniform.  When, 
instead  of  the  steady,  continuous  pressure  of  a  column  of 
liquid,  an  intermittent  force  is  used  to  drive  the  liquid 
into  the  tube,  the  character  of  the  wall  makes  its  influ- 
ence felt.  The  capacity  of  a  rigid  tube  being  invariable. 
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the  inflow  and  outflow  must  be  synchronous  and  equal 
ui  amount;  an  intermittent  charge  iicees.sarilv  implies  an 
intermittent  discharge.  An  ela.stic  lube  when  short  and 
wule  behaves  in  the  same  wav;  but  if  fiom  increase  of 
length  or  constriction  at  the  outlet  resistance  arises,  the 
outlldw  no  longer  corresponds  iu  time  to  the  inflow.  The 
mje<ted  liiiuid  is  iiartly  retained  by  tlietube.  whose  walls 
yield  to  the  distending  force  cjf  the  lateral  pressure,  and 
is  discharged  only  in  the  succeeding  interval  by  their 
elastic  recoil. 

If  Ihe  intermittent  influx  is  rhythmically  repeated  at 
■sulliciently  short  intervals,  each  new  chai'ge  ari-iving  be- 
fore the  previous  one  has  been  displaced,  the  outflow  be- 
comes continuous.  By  properly  adjusting  the  resistance 
in  the  tube  to  the  force,  rate,  and  stroke  of  the  pump,  an 
elastic  tube  can  be  made  to  convert  a  rhythmic  intermit- 
tent current  into  a  continuous  even  stream,  just  as  the 
elastic  air  cushion  does  in  the  ordinary  Are  engine. 

B.  T/ic  Bldoil,  Floin  ill  t/ie  Vcxirlx.—l.  Genei'al  Account 
of  the  Vascular  System.  The  arteries  and  veins  physio- 
logically are  merely  conducting  channels  to  and  from 
the  capillaries,  which  alone  are  fltted  by  the  structure  of 
their  walls  to  liriiig  the  blood  into  nutritive  relarion  with 
the  ti.ssues  and  enable  it  to  fulfll  the  function  of  an  in- 
ti'rnal  medium.  The  arteries  possess  stout  walls  which 
are  both  elastic  and  contractile.  Their  elasticity  is  slight 
but  iierfeet,  yielding  ix-adily  to  a  distending  foi'ce,  but 
returning  to  their  oiiginal  size  as  soon  as  the  distending 
force  is  removed.  As  in  skeletal  muscle,  the  coefficient 
of  elasticity  is  not  constant;  it  increases  with  the  load, 
and  the  curve  of  extensibility  is  approximately  an  hyper- 
liola.  The  result  is  that  tlie  distention  of  the  arteries 
under  llie  influence  of  a  rising  blood  pressure  soon  ap- 
proaches the  point  where  any  further  increase  of  size  re- 
quires a  disproportionately  great  rise  of  pressure.  The 
cohesion  of  the  \-essel  walls  is  also  con.siderable  and  capa- 
ble of  withstanding  many  times  the  strain  norniallv  put 
upon  them  in  the  body.  The  carotid  of  the  sheep,  for 
exanqile,  is  ruptured  only  when  fourteen  times  the  usual 
pressure  it  is  called  upon  to  bear  is  put  upon  it,  and  the 
human  carotid  resists  a  pressure  of  eight  atmospheres. 
The  relative  proportion  of  mu.scular  and  elastic  tissue 
varies  in  different  arteries,  the  elastic  tissue  predominat- 
ing in  the  larger  arteries  near  the  heart,  while  the  smaller 
ones  nearer  the  periphery  are  eminently  musciilar  and 
contractile.  It  appears  from  the  data  available  u  p  to  this 
time  that  for  a  given  rise  of  pressure  the  distensibilitj^  of 
the  arteries  increases  with  tlieii-  distance  from  the  heart. 
These-  physical  properties  evidentlj'  adapt  the  arteries  to 
the  work  of  converting  the  intermittent  di.scliargcs  of  the 
heart  into  a  continuous  and  steady  flow  in  the  capillaries 
and  of  regulating  the  distribution  of  the  blood  according 
to  the  needs  of  the  several  organs.  As  they  leave  the 
heart  the  arteries  continually  lireak  up  into  smaller 
branches  until  they  terminate  in  the  capillaries.  At  each 
point  of  bifurcation  the  resulting  branches  individually 
are  smaller  than  the  parent  vessel,  but  taken  together 
their  area  is  greater.  Hence  the  sectional  area  of  the  ar- 
terial bed  increases  steadily  toward  the  capillaries,  the 
total  cross  section  of  which  is  several  hundred  times  that 
of  the  aorta. 

The  capillaries  with  their  (h.'licate  endothelial  walls  are 
elastic,  and  yield  readily  to  changes  of  internal  pressure. 
This  alone  wf)uld  account  for  the  observed  variation  in 
the  size  of  their  lumen  within  the  wide  limits  of  5  to  20  /i ; 
but  in  addition  they  are  believed  to  possess  the  power  of 
active  contractility.  The  veins  have  thin  walls  in  which 
white  fibrous  tissue  predominates,  but  in  which  some 
elastic  and  muscular  elements  also  occur.  Their  curve 
of  extensibility  is  similar  to  that  of  the  arteries,  while 
their  cohesion  is  even  greater.  Given  a  vein  and  an  artery 
of  the  same  thickness,  a  greater  pressure  is  required  to 
rupture  the  former  than  the  latter.  The  elasticity  and 
contractility  of  the  veins  serve  mainly  to  adapt  the  ca- 
pacity of  tiie  whole  vascular  system  to  variations  in  the 
quantity  of  blood,  and  thus  to  regulate  the  filling  of  the 
heart  in  diastole.  The  cross  section  of  the  bed  again  di- 
minishes in  the  veins  in  passing  from  the  capillaries  to 
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the  beavt ;  but  since  the  veniB  cavic  together  have  nearly 
twice  the  area  of  the  aorta,  the  total  capacity  of  tlie  veins 
far  exceeds  that  of  the  arteries.     The  veins,  in  fact,  can 


*liani.=  3 
pres.=  T  til  Omni. 


iam.=  1 :  veloc.  =  0.44  m. 
Tvs.=  IHU  mm. 


FIG.  133(1. 


illam.=  SOO;  velnc.=  O.UOI  in.;  pres.=  BDmm. 

-St-bfiiia  of  tlm  Major  Circulation.     AC,  Arterial  cone; 
(T,  venous  cone  ;  C,  capillary  expanse. 


mercury  manometer  was  substituted  by  Poiseuille  (1838) 
to  meet  the.se  difficulties,  and  this  instrument,  with  a  float 
and  writing  style  added,  marks  the  beginning  of  the  use 
of  the  graphic  method  in  physiology.  The  mercury 
manometer  satisfies  the  requirements  in  all  cases  involv- 
ing questions  of  mean  blood  pressure  and  remains  in  gen- 
eral use  for  this  purpose.  On  account  of  its  great  iner- 
tia, however,  it  cannot  I'ccord  with  accuracy  the  finer 
shades  of  variations,  especiall}'  when  sudden  and  exten- 
sive, like  those  jjroduced  by  the  .sj'Stole  and  diastole  of 
tlie  heart.  Various  forms  of  spring  manometers  have 
lieen  devised  to  i-egister  these  changes  of  pressure,  some 


easily  hold  the  total  blood  fif  the  body,  as  is  practicall}^ 
the  case  after  death  when  the  arteries  are  empty,  and  in 
the  paradoxical  experiment  of  bleeding  an  animal  to 
death  into  its  own  veins. 

3.  The  Blood  Pressure.  Familiar  experiences  of  daily 
life  have  long  since  made  some  of  the  differences  between 
the  cliaracter  of  the  current  in  the  arteries  and  in  the 
veins  a  matter  of  common  knowledge.  The  arteries 
present  to  the  finger  a  sense  of  resistance  which  increases 
rhythniicall}'  at  each  heart  beat  and  expands  their  walls 
— producing  the  so-called  "  pulse."  When  an  artery  is 
severed,  the  blood  spurts  from  its  central  end  with  con- 
siderable force,  the  jet  being  continuous  but  not  equable. 
Pinall}'  when  an  artery  is  ligated,  it  swells  on  the  proxi- 
mal side,  while  on  the  distal  side  the  pulse  disappears 
and  its  walls  collapse.  Compare  with  all  this  the  beha- 
vior of  the  veins:  they  are  soft  and  easily  compressed; 
there  is  no  pulse;  the  blood  issues  in  a  gentle,  continuous 
stream  from  the  distal  cut  end,  and  a  ligature  distends 
them  on  the  peripheral  side.  These  facts  demonstrate 
a  difference  not  only  in  the  direction  of  the  current  in 
the  two  kinds  of  vessels,  but  also  in  the  tension  or  inter- 
nal pressure. 

Stephan  Hales  first  measured  the  pressure  in  the  arte- 
ries of  living  animals  (1733).  His  method  was  to  con- 
nect the  central  end  of  an  artery  with  a  vertical  tube  and 


Fk;.  1.331,  A  and  1).-Hiirthlc  Sprins  Mammieter. 

to  read  off  the  height  to  which  the  blood  rose.  Owing 
to  tlie  error  from  loss  of  blood  and  to  inconvenience  from 
frequent  clotting  in  the  ttilie,  the  original  method  is  not 
suited   for  prolonged  and  accurate  observations.      The 


Fig.  I.'i32. — Sphyyiinnnanumeter  of  Mosso. 

of  them  having  developed  the  capacity  of  responding 
accuratel)'  to  a  change  of  10,000  mm.  of  mercury  per 
second. 

These  methods  are  rarelj'  applicable  to  man  as  the}'  re- 
quire vivisection,  and  special  devices  had  to  be  invented 
to  obtain  records  of  the  blood  pressure  in  human  beings. 
Among  these  the  sphygmomanometer  of  von  Basch  has 
been  found  of  some  practical  value  by  clinicians.  The 
instrument  in  reality  determines  the  pressure  required  to 
obliterate  the  pulse  beyond  the  point  of  application,  and 
gives  therefore  only  an  approximate  idea  of  the  blood 
pressure ;  it  can,  moreover,  be  used  only  on  supei'flcial  ar- 
teries whose  position  provides  for  a  firm  background. 
While  the  absolute  values  which  it  gives  are  unreliable, 
the  limits  of  error  extending  from"  33  to  78  mm.  Hg 
(Tigerstedt),  it  is  fairly  well  adapted 
for  obtaining  relative  values  for  a 
given  individual  and  within  certain  time 
limits. 

More  recently  Hill '  and  Mosso '  have 
constructed  instruments  which  promise 
better  results.  They  are  based  on  the 
principle  that  the  amplitude  of  the  pulse 
oscillations  is  greatest  when  the  blood 
pressure  on  the  inside  of  an  artery  is  ex- 
actly balanced  by  pressure  from  without. 
These  instruments  also  have  their  prac- 
tical limitations,  but  valuable  data  are 
confidently  expected  to  accumulate  when 
they  become  more  widely  known. 

Direct  measurement  by  one  or  another 
of  the  methods  enumerated  above  shows 
that  :  First,  the  mean  blood  pressure  is 
highest  in  the  aorta,  and  that  it  dimin- 
ishes along  the  arterial  tract  from  the 
heart  toward  the  capillaries.  For  exam- 
ple, aortic  pressure  in  the  dog  =  180  to 
ISO  mm.  Hg;  ralibit=  100  to  130  mm. 
Hg;  horse  =  1,50  to  300  mm.  Hg. 

In  man  the  aortic  pressure  cannot  be 
determined  directly ;  but  in  view  of  the  comparatively 
small  difTerences  among  niaminals  of  all  sizes  it  is  usu- 
ally assumed  to  be  about  1.50  mm.  Hg,  an  estimate  which 
IS  entirely  consistent  with  the  results  obtained  on  more 
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peripheral  arteries  as  given  liy  various  observers.  Tims 
Albert'  found  tlie  pressure,  iu  the  tibial  artery  of  a  boy, 
100-160;    von  Basch,''  in   tlie   radial  of  man,   135-165; 


Fig  1:»3  a  —Tracing  of  tbe  Blood  Pressure  from  a  Kiihbit  Taken  by 
the  Mercury  Manometer.  B.P.,  Curve  of  blood  pressure.  Tbe  hon- 
zontal  line  at  the  base  shows  the  position  of  the  zero  pressure. 
Time  tracing  in  seconds.  B.-Normal  Blood-Pressure  Record 
TaHen  from  the  Rabbit  with  a  Hurthle  Manometer.  The  hori- 
zontal line  again  shows  the  position  of  the  zero  pressure.  Time  in 
seconds. 

Faivre  =  in  the  brachial  of  man,  110-130;  Hill,'  in  the 
brachial  of  man,  100-120;  and  Mosso,-  m  the  digital 
artery  of  man,  100. 

The  pressure  in  the  arteries  sliows,  moreover,  rhytlimic 
oscillations  synchronous  with  the  systole  of  tlie  lieart. 
The  relative  extent  of  these  variations  as  compared  ivitli 
the  mean  blood  pressure  was  recognized  only  after  tlie 
introduction  of  spring  manometers,  as  the  inertia  of  tlie 
mercury  largely  damped  the  individual  beats.  Compare, 
for  example,  the  following  records : 

In  tlie  aorta  of  a  rabbit  Hlirthle  found  the  difference 
between  diastolic  and  systolic  pressure  to  equal  40  to  50 
mm.  Hg,  i.e.,  about  one-third  the  total  mean  pressure. 
These  os'ciliat'ious  diminish  iu  amplitude  as  the  distance 


from  the  heart  increases,  and  disappear  altogetlier  in  the 
'capillaries  and  veins  under  ordinary  circumstances. 

Secondly,  tlie  mean  pressure  is  low  in  tlie  veins  through- 
out, but  liiglier  in  the  small  veins,  gradually  becoming 
less  toward  the  heart;  in  the  external  jugular  and  similar 
vessels  close  to  the  lieart  it  may  even  fall  beloAV  zero. 

Thus,  in  the  sheep  the  following  figures  have  been  ob- 
tained; Pressure  in  the  external  facial  vein,  3  mm.  Hg; 
pressure  in  the  brachial,  4  mm.  Hg ;  branches  of  brachial, 
9  nun.  Hg;  crural  vein,  11.4  mm.  Hg. 

The  pressure  in  the  capillaries  must  be  determined  by 
indirect  methods.  Valuable  indications  of  changes  of 
pressure  within  tliein  are  gained  from  simultaneous  rec- 
ords of  the  pressures  in  the  cori-esponding  artery  and 
vein.  To  obtain  a  measure  of  the  absolute  capillary 
pressure  von  Kries  applied  pressuieto  the  skin  or  mucous 
surface  and  determined  the  weight  necessary  to  pioduce 
a  visible  change  of  color  (blanching),  which  was  taken  to 
mean  collapse  of  the  eai)illaries.  The  result,  which  he 
places  at  33  mm.  Hg  for  the  rabbit's  gum,  is  regarded  as 
a  rough  approximation,  but  it  is  sufficient  to  indicate  that 
the  capillary  pressure  is  intermediate  between  tliat  of  the 
arteries  and  veins  respectively. 

There  is  consequently  a  continuous  though  irregular 
decline  of  pressure  from  the  aorta  to  the  right  auricle. 
The  fall  is  slow  and  gradual  in  the  arteries  and  veins,  but 
between  the  small  arteries  and  small  veins,  i.e.,  in  the 
region  of  the  arterioles,  capillaries,  and  ventiles,  it  is 
marked  and  sudden.  The  curve  of  pressure  would, 
therefore,  have  some  such  form  as  that  represented  in 
Fig.  1334. 

The  circulation  in  the  peripheral  region,  where  the 
greatest  changes  obviously  take  place,  can  be  directly 
observed  in  transparent  organs  with  a  microscoj^.  The 
blood  is  there  seen  to  pass  in  a  continuous  stream  from  the 
small  arteries  tlirough  the  capillaries,  to  the  veins.  The 
velocity  is  greater  in  the  arteries  than  in  the  veins,  and 
greater  in  both  than  in  the  capillaries.  Faint  pulsations 
synchronous  with  the  heart's  beat  are  also  visible  in  the 
arteries,  but  these  disappear  in  the  capillaries  and  veins. 
In  the  small  capillaries  tlie  corpuscles  are  pressed  through 
in  single  file  and  occupy  the  whole  bore,  but  in  larger  cap- 
illaries, and  especially  in  the  small  arteries  and  veins 
which  permit  the  passage  of  more  than  one  corpuscle 
abreast,  the  red  corpuscles  run  in  the  middle  of  the  chan- 
nel, forming  a  colored  core,  while  a  colorless  layer  of 
transparent  plasma  is  left  between  it  and  the  sides  of  the 


ABT^RBS 


CAPILLAIKBS 


VBINBS 


Fir,  law  —Schematic  Representation  of  the  Variations  of  Pressure, 
Velocity,  and  Sectional  Area  of  the  Different  Parts  ol  the  Circulatory 
System.     (Modified  from  Gad.) 

\-essel  These  are  known  respectively  as  the  "  axial  cur- 
rent" and  the  "peripheral  zone,"  or  "Poiseuille's  space." 
In  the  plasmatic  laver  white  corpuscles  are  frequently 
=een  chnging  to  the  sides  of  the  vessel,  sometimes  rolling 
slowly  along,  and  in  general  having  an  irregular  motion 
with  frequent  temporary  stops.  In  all  cases  the  blood  as 
it  passes  through  the  capillary  stretches  and  expands 
the  walls,  and  "the  flow  is  subject  to  many  variations. 
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Rarely  are  tlio  capillaries  equally  distended  throughout 
a  given  field,  and  Irec^uently  the  eorpuseles  will  appear 
to  remain  stationarj'  iu  one  or  more  of  them  for  a  brief 
]ieriod  and  then  to  move  on  again.  The  whole  picture 
manifestly  shows  that  the  passage  through  the  capillaries 
is  attended  with  considerable  difficulty.  The  resistance 
to  the  flow  of  the  blood  caused  by  friction  is  small  in  the 
large  arteries;  it  increases  gradually  as  they  divide,  but 
receives  its  chief  and  most  imp<n'tant  addition  in  the  mi- 
nute arteries  and  capillaries,  esjieeially  in  the  former,  on 
account  of  the  flow  being  more  rapid  in  them.  This  con- 
stitutes wdiat  is  so  frequently  referred  to  as  the  "  periph- 
eral resistance  "  and  is  one  of  the  important  physical  fac- 
tors in  explaining  the  circulation. 

The  high  pressure  and  pulsatile  flow  in  the  arteries,  the 
steady  stream  through  the  eapillai'ies,  and  the  low  press- 
ure and  uniform  flow  in  the  veins  can  all  be  explained 
on  purely  physical  principles.  In  the  systole  of  I  he  ven- 
tricle (1),  driving  a  certain  (piantity  of  blood  into  the  aorta 
at  regular  intervals  and  with  a  certain  force ;  the  long 
stretch  of  elastic  branehiugarteries(2),  and  the  ])eriplieral 
resistance  (8)  are  provided  all  the  conditions  which  were 
shown  above  to  be  necessary  for  the  conversion  of  an 
intermittent  into  a  contiiraous  current,  while  the  veins 
afford  a  free  and  easy  passage  for  the  blood  back  to  the 
heart  when  the  greater  part  of  the  energy  imparted  by 
it  to  the  blood  has  been  expended  in  passing  the  periph- 
eral resistance.  The  circulation  in  the  vessels  at  any  mo- 
ment represents  a  state  of  dynamic  equilibrium  which  is 
subject  to  constant  variations.  The  energy  of  the  heart's 
action  may  be  altered  by  variations  in  the  rate,  volume, 
and  force  of  its  strokes.  Again,  the  peripheral  resistance 
may  vary  in  consequence  of  changes  in  the  calibre  of  the 
vessels.  Constriction  on  tlieir  part  over  any  considerable 
area  wall  raise,  witlespread  dilatation  will  lower,  general 
arterial  pressure. 

Changes  in  both  heart  and  arteries  are  constantly  tak- 
ing place,  and  indeed  are  necessary  and  essential.  A  fixed 
and  rigid  condition  of  the  circulatory  apparatus,  devoid 

of  adjustments  with- 
in wide  limits  to 
adapt  the  blood  flow 
to  the  varying  needs 
of  the  several  organs, 
would  be  worse  than 
useless;  it  would  be 
positively  harmful. 
The  mechanisms  by 
which  these  changes 
are  effected  will  be 
considered  later  on. 

A  third  factor 
which  may  exert 
some  influence  on  the 
blood  pressure  is  the 
q  u  a  n  t  i  t  y  of  blood 
contained  in  the  ves- 
sels. The  amount 
normally  present 
would  be  able,  in  a 
state  of  static  equi- 
librinm,  the  heart 
being  at  rest,  to  pro- 
duce a  uniform  mean 
]iressure  of  only  5  to 
10  mm.  Hg  through- 
out the  vascular  sys- 
tem in  dogs.*  But 
during  life  "the  heart 
maintains  a  continu- 
ous circulation  by  ac- 
cumulating the  blood 
in  the  arteries  und(!r  a  positive  pressure,  thanks  to 
the  peripheral  resistance  and  the  elasticity  of  tlieir 
walls,  while  the  veins  are  emptied  to  a  corresponding 
extent  and  the  pressure  within  them  reduced  below 
the  mean.  Experimental  investigation  as  to  what 
would   be   the   effect   of  increasing"  or  diminishing  the 
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quantity  of  the  circulating  medium  has  shown  that 
variations  in  both  directions  and  within  con.siderable  lim- 
its have  a  surprisingly  little  ettect  on  the  arterial  press- 
ure, compensating  mechanisms  being  provided  for  quick- 
ly restoring  it  to,  and  preserving 
it    at,    the    normal    level.     The.se  )( 

mechanisms    are     manifold     and  i 

complex,  and  a  brief  enumeration 
is  all  that  can  be  attempted  here. 
Taking  the  ca.se  of  a  copious  in- 
travenous  injection,   say  of   defi- 
brinated   blood   or   normal   saline 
solution,  the  increased  volume  of 
blood  is  first  provided  for  by  re- 
laxation   and    dilatation    of     the 
ve.s.sels.     The  veins  especially  ex- 
pand to  accommodate  the  increas- 
ing mass,  and  when  the  infu.sion 
becomes   large   enough   the  main 
veins  are  seen  to  be  overfilled  and 
the   liver   becomes  as  hard    as   a 
board.     By    this    means  and    by 
partial   failure  of  the  heart's  ac- 
tion   from    overdistention    of    its 
cavities  the  blood   pressure  tends 
tf)  remain  at  or  near  the  normal. 
More  permanent  relief,  however, 
is  oljtaineiJ   by   other  means  and 
with   striking   rapidity.     Transu- 
dation into  the  tissues  removes  a 
part   of  the   injected    fluid    from 
the    vessels,  while    the    secretory 
activity  of   the   kidneys   and   in- 
testinal    mucosa     is    enoimously 
heightened   and   thus  disposes  of 
another    portion.     The    character 
of  the   injection    naturally   exer- 
cises a   decided   influence  on  the 
relative    share    of     these    several 
mechanisms    iu    the   total  result. 
In    the    case    of    hemorihage,   of 
course,     the     reverse     series     of 
changes  are    noted.     There    is   a 
more   complete   emptying  of    the    ] 
heart  at   each   systole,   a   general 
contraction   of  the   vessels,  a  re- 
stricted  secretion   from   the    kid- 
neys, salivary   and   other   glands, 
and  a  rapid  alisorption  of  lymph 
into  the  vascular  system. 

In  conclusion,  two  general  facts  in  regard  to  the  blood 
pressure  deserve  special  mention:  First,  its  remarkable 
constancy  under  ordinary  circumstances  iu  S]ute  of  many 
modifying  influences;  second,  the  important  and  exten- 
sive variations,  seemingly  out  of  all  proportion  to  the  ex- 
citing causes,  occasionally  produced  by  trifling  and  insi'^- 
niticant  stimuli.  .'  °  ° 

3.  Velocity  of  the  Blood  Current.  In  considering  the 
rateof  flow  in  the  vesselsit  is  important  to  distinguish  be- 
tween the  average  velocity  for  a  given  period  of  time  and 
the  actual  velocity  which  constantiv  oscillates  above  and 
below  this  mean  with  every  phase  of  the  heart's  beat  and 
with  every  variation  of  the  peripheral  resistance 
^  Volkraaiui  first  measured  the  mean  velocity  in  the  arte- 
ries in  tM4(i  with  his  luemodromometer. 

The  prini-iple  of  the  method  is  simply  to  determine  the 
volume  of  blood  flowing  through  an  arterv  in  a  given 
period  and  dividing  by  its  cross  .section.  The  quotient 
represents  the  length  of  a  cylindrical  column  of  blood 
with  a  base  ecpial  to  that  cross  section,  and  therefore 
measures  the  average  velocity  in  that  time.  Ludwig  af- 
terward devised  a  more  convenient  instrument,  the  strom- 
uhr  or  rheometer,  by  means  of  which  numerous  data 
have  been  collected. 

^  The^results  are  not  entirely  exact,  on  account  of  many 
imperfections  in  the  method,  but  thev  mav  be  regarded 
as  approximately  true.  Even  in  theV'Ourse  of  a  single 
expeninent  the  mean  velocity  in  the   carotid   or  other 


"ifi.  ISai-Ludwig  and 
Dogiel's  Rheometer. 
X,  Y,  Axis  of  rotation  ; 
A,  B,  glass  bulbs ;  h,  If, 
cannul*  inserted  in  the 
divided  artery,  e,  e,  ro- 
tates on  grf ;  c,  d,  tubes. 
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large  tirtc'i->'  is  found  to  vary  onnsulurably  for  reasons 
wliieh  will  be  stated  presently.  DisreKardinj;-  these  vari- 
ations for  the  moment,  tlie  rate  of  flow  in  the  carotid  of 
the  dog  or  horse,  and  probal)ly  also  of  man,  may  be 
placed  at  from  300  to  500  mni.  pvr  second.  The  rate 
diminishes  in  the  smaller  arteries  the  further  one  .noes  out 
from  the  heart,  and  becomes  slowest  iu  the  capillaries. 
As  measured  in  the  web  of  a  fro,<j;'s  foot  under  the  micro- 
scope, it  is  about  0,5  mm.  per  second.  There  are  reasons 
for  supposing  it  somewliat  greater  in  the  ea])illaries  of 
manunalia,  wliere  it  lias  been  estimated  at  about  0.8  mm. 
per  second.  On  leaving  the  caiiiliaries  tlie  How  is  quite 
slow  in  the  venous  radicles  emerging  from  them,  but  it 
increases  as  these  join  into  largei-'  trunks,  until  thially  it 
attains  a  velocity  approximately  ecjual  to  one-half  that 
with  which  it  started  in  the  aorta.  These  changes  in  the 
mean  velocity  along  the  system  are  determined  iucording 
to  one  of  the  simple  laws  of  hydrodynamics  stated  in  the 
preceding  section.  A  continuous  ('irctdation  in  a  closed 
system  implies  that  an  etpial  quantity  of  Huid  jiasses  each 
cross  section  in  a  given  time.  Now  tlie  quantity  which 
passes  may  be  expressed  as  the  product  of  the  velocity 
by  the  cross  section,  thus  Q  =  V  X  A.  And  similarly 
Q'  =  V  X  A',  etc.  But  Q,  Q',  etc.,  being  equal  to  one 
another  V  X  A  =  V  X  A',  hence  V  :  V  : :  A'  :  A,  or  the 
velocity  varies  inversely  as  the  cross  section  along  the 
system. 

It  was  stated  above  that  the  arterial  tree  widens  out 
steadily  from  the  aorta  to  the  capillaries  (see  Fig,  1330). 
Comjiarison  of  the  respective  velocities  at  tliese  two 
points  now  shows  that  the  amount  of  this  increase  must 
be  sometliing  like  five  hundred  times.  For  a  grajihic  rep- 
resentation of  the  velocities  in  the  vascular  system  and 
the  relation  to  the  sectional  area  see  Fig,  1334  abovi-. 

This  dependence  of  the  velocity  on  the  width  of  the 
bed  applies  of  course  onlj-  to  the  general  rate  of  the 
wliole  system,  and  manj'  special  and  transient  variations 
constantly  occur.  Since  the  real  caxise  of  the  How  from 
one  point  to  another  is  the  difference  of  pressure  between 
those  points,  the  actual  velocity  at  each  moment  must 
depend  on  the  amount  of  this  difference  of  pressure  and 
the  resistance  against  which  it  is  working.  A  clian.ue  in 
either  of  these  factors  will  necessarily  affect  the  veloc- 
ity. An  illustration  of  this  is  found  in  the  following 
observations  on  the  rate  of  flow  in  the  carotiil  of  the  dog 
by  Dogiel : 


The  slowing  of  the  current  observed  in  each  ease  is  not 
referable  to  incipient  coagulation  or  other  experimental 
error,  at  least  not  to  anj'  great  extent;  on  the  contrary, 
it  is  due  to  changes  in  the  condition  of  the  peripheral 
area  supplied  by  the  carotid  artery.  Blood  pressure  re- 
maining the  same,  the  rate  of  flow  becomes  essentially  a 
function  of  tlie  peripheral  resistance.  The  temporary 
interference  with  the  circulation  during  the  adjustment 
of  the  instrument  destroys  the  tone  of  the  vessels  beyond, 
and  lowers  the  resistance,  so  that  the  observed  rate  is  at 
first  too  liigh.  With  circulation  re-established  the  normal 
calibre  is  regained,  the  resistance  increases,  and  a  corre- 
sponding retardation  is  observed. 

It  will  be  noticed  that  this  quickening  influence  of  a 
local  dilatation  is  in  no  sense  a  contradiction  to  the  gene- 
ral principle  that  the  rate  of  flow  is  inversely  proportional 
to  the  width  of  the  bed.  The  local  change  is  not  exten- 
si^'e  enough  to  affect  the  total  cross  section  of  that  level 
appreciabl}^  but  by  reducing  the  resistance  along  one  of 
numerous  alternative  paths  increases  the  flow  in  that 
direction  at  the  expense  of  the  others.  In  such  cases  the 
flow  of  blood  through  the  widened  artery  or  arteries  is 


for  the  time  being  increased  in  rapidity,  not  only  in  spite 
of,  but  actually  in  eonse(|uence  of  the  artery  being  wid- 
ened.    The  influeuec  of  changes  in  the  blood  pressure  on 
the  velocity  is   shown 
in  the  effect  produced 
oil  the  latter  by  each 
beat     of      the     heart. 
When   the  velocity  of 
riiiw    i.s    recorded     by 
means  of  an  instrument 
which  will  register  its 
liner     variations,     ,say 


Fig.  1S37.— II,  Dromograph.  A,  B,  Tube  inserted  in  tlie  artery ;  C, 
lateral  tube  connecaed  with  a  manometer;  7j,  index  moving  in  a 
rubber  membrane,  a  ;  G,  handle.    Ill,  Curve  obtained  by  dromo- 

ji^rapli. 

with  the  Iniemodromograph  of  Chauveau  and  Lortet,  at 
the  same  time  that  a  pressure  curve  is  taken  with  a 
spring  manometer,  the  result  shown  in  Fig,  1338  will 
be  obtained. 

The  record  shows  a  very  marked  acceleration  during 
cardiac  systole,  the  rate  in  the  carotid  of  the  horse  rising 
to  520  mm.  per  second  as  compared  with  150  mm.  during 
diastole  ;  and,  indeed,  the  difference  maj'  be  even  gieater 
than  this  after  a  general  vaso-dilatation  siich  as  that  fol- 
io-wing section  of  the  spinal  cord,  when  the  diastolic  rate 
falls  extremely  low. 

The  variations  in  the  rate  of  flow  in  the  arteries  can 
be  measured  in  man  by  an  indirect  method.  When  the 
volume  of  the  arm  is  recorded  by  means  of  a  plethys- 
mograph,  the  changes  which  are  observed  are  due  to  va- 
riations in  the  size  of  the  arteries  and  indicate  correspond- 
ing \ariations  in  the  rate  at  which  the  blood  enters  them, 
the  outflow  from  the  veins  being  uniform.  From  the 
volume  curve  (see  Fig.  1340)  Fick  constructed  the  curve 
of  velocity,  and  found  that  it  resembles  closely  the  curve 
of  Lortet  obtained  by  the  direct  method  on  tlit'  horse. 

4.  The  circulation  in  the  veins  is  influenced  by  a  num- 
ber of  accessory  factors,  whose  combined  effect  renders  it 


Fic.  ISjS.— Curves  of  Velocity  (V)  and  Pressure  (P)  from  the  Carotid 
of  the  Horse.  (Aeeording  to  Lortet.)  The  lines  1,3,  3,  4  mark  cor- 
responding points  in  the  two  curves.  The  ventricular  systole  be- 
gins at  1 ;  the  diastole  begins  somewhere  between  3  and  4. 

somewhat  irregular  perhaps,  but  which  on  the  whole 
promote  and  ((uicken  it.  Among  these  secondary  helps 
to  the  circulation  the  following  are  usually  included, 
although  the  fact  must  not  be  lost  sight  of  that  the  real 
cause  of  the  venous  flow  is  the  ventricular  stroke,  enough 
of  whose  energy  remains,  after  driving  the  blood  past 
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the  periplieral  resistance,  to  eany  it  along  the  veins  baeli 
to  the  lieart. 

a.  Aspii-iitiiiii,  of  the  Thorax. — It  lias  l)een  stated  above 
tliat  the  pressure  in  the  great  veins  near  the  lieart  sinks 
))el()W  zero  or  atmospheric  pressure.  This  is  due  to  the 
pei'iiianent  negative  pressure  in  the  thora.x ;  and  since 
every  inspiration  increases  and  every  expiration  dimin- 
ishes the  amount  of  this  negative  pres,sure,  the  breathing 
movements  assisted  by  the  ari-angement  of  the  valves 
constitute  a  virtual  pump,  which  sucks  the  blood  from 
the  vena3  cavic  and  promotes  the  flow  of  blood  in  the 
direction  of  the  normal  circulation. 

/3.  Gontraation  of  the  Skdetnl  Miisdes. — JIany  of  the 
veins  possess  valves  which  open  freely  toward  the  lieart 
but  effectuallj'  block  the  pa.ssagc  of  the  lilood  in  tlie  op- 


retuins  to  the  right  side  of  the  heart  in  excessive  and 
dangerous  amounts  the  liver  is  supposed  to  play  the  role 
of  a  shunt  by  taking  uj)  aconsidei'able  quantity  of  blood, 
much  in  the  same  way  as  it  does  after  profuse  intrave- 
nous injections  (see  above). 

5.  The  Time  of  a  Complete  Circulation.     This  was  first 
determined  by  Hering  (1829)  by  injecting  potassium  fer- 
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Fig.  13:39.— Plethysmograpli.    (According  to  Mosso.) 

posite  direction.  External  pressure  on  such  veins  forces 
their  contents  along  toward  the  heart  while  they  1311  again 
from  the  peripheral  end  when  the  pressure  is  removed. 
Something  of  this  sort  occurs  in  all  bodily  movements  in 
which  the  muscles  by  their  alternate  contraction  and  re- 
laxation provide  the  intermittent  compression.  It  has 
been  suggested  that  the  pulsation  of  the  arteries  may 
similarly  possess  a  mechanical  function  from  the  regu- 
lar rhythmic  shocks  against  the  closely  applied  venai 
comitcs. 

)'.  P".«<i/re.— Changes  in  the  position  of  the  limbs  and 
body  also  affect  the  pressure  in  the  veins  by  altering  the 
tension  of  their  walls  (Braune).  Thus  in  walking,  the 
femoral  vein  where  it  passes  under  Poupart's  ligament 
collapses  when  the  leg  is  rotated  backward  and  outward, 
but  fills  again  when  the  leg  returns  to  its  first  position! 
the  whole  movement  making  a  kind  of  suction  and  press- 
ure apparatus. 

&.  (r/v/e/^//.— In  the  upright  position  of  the  body,  the 
difference  of  hydrostatic  pressure  in  the  ves.sels  of  the 
head  and  feet  amounts  to  1.75  metres  of  water  m  139  mm. 
mercury.  This  naturally  opposes  an  u)iward  current  and 
assists  a  downward  one,  so  that  (hi'  effect  on  tlie  arteries 
and  veins  is  ecjual  but  opposite  in  direction.  The  result 
is  that  it  modifies  the  distriliution  rather  than  the  rate  of 
flow  of  the  blood,  as  may  be  seen  on  comparing  the  pale 
anjemic  condition  of  the  hand  when  the  arm  is  raised 
with  its  full,  red  appearance  when  the  arm  hangs  down 

When  from  any  combination  of  eii-etimstances  the  blood 
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Fig.  13i0.— Plethysmocraphlc  Curve  (Upper  Continuous  Line),  Pulse 
Curve  (Lower  Continuous  Line),  and  the  Vehx-ity  Curve  (Inter- 
rupted Line)  in  Man.  (According  to  Ficl;.;  To  be  i-ead  from  left  to 
right. 

rocyanide  into  the  central  end  of  the  jugular  vein  and 
observing  the  time  of  its  first  appearance  in  the  blood 
issuing  from  the  peripheral  end  of  the  same  vessel.  To 
reach  the  latter  point  a  complete  circuit  had  to  be  made, 
and  the  tiiue  thus  detennined  was  found  to  tie  31. .'5 
seconds  in  the  horse;  16.7  seconds  in  the  dog:  7.79 
seconds  in  the  rabbit. 

Tiie  time  is  not  much  affected  by  the  length  of  the 
course  in  the  same  animal,  be'cause  the  difference 
between  the  longest  and  shortest  path  would  be 
made  up  mostly  of  the  larger  trunks,  where  the 
rate  of  flow  is  inost  rapid.  "  Dividing  the  time  in 
seconds  given  above  by  the  length  of  the  cardiac 
cycle  for  the  corresponding  animal,  it  appears 
that  the  circulation  time  covers  from  26  to  28  heart 
beats.  The  .same  rule  applied  to  man  would  give 
as  the  circulation  time: 

27  X  ff  =  22.. 5  seconds. 
These    measurements    possess    only    a    relative 
value,  because  the  method  does  not  "take  into  ac- 
count the  error  arising  from  the  <liffusion  of  the 
salt  during  the  time  of  its  transit  and  from  the 
fact  that  the  first  appearance  of  the  salt  is  really  deter- 
mined by  the  maximal  or  axial  velocity  of  the  current 
The  meantime  .should  therefore  be  takenasat  least  twice 
as  great  as  the  observed  time. 

6.  The  Pulse.  The  intermittent  character  of  the  circu- 
lation in  the  arteri<'s  has  lieen  referred  to  in  more  than 
one  connection.  -With  each  svstole  of  the  ventricle  a 
temporary  increase  of  iiressure,  size,  and  velocitv  above 
the  mean  results  from  the  sudden  accession  of  the  extra 
volume  of  blocxl  to  that  already  present  in  this  part  of 
the  system.  The  pressure  oscillations  are  readily  felt  in 
superficial  arteries,  and  the  resulting  expansion  has  long 


''sniwInno.Sl'.lh*^'";'^ ""  1'''^'^"  '''"'"  'h''  "'""""l  Artervwit.h  a  Marev 
liplit  (Ac-orilnife'  to  Langendorll'.)     Read  from  left  to 

been   known    technically   as   the 
graphically  recorded,  as  V' 
Marey   soon   after-ward 


sphygmograiih  in  order  to  obtain 
tiou  of  the  movement  in 


"pulse."      It   can    be 

ierordt  first  showed  (1S55).  and 

(1800)   devised    his   well-known 

an  accurate  reprciduc- 

its  phases.     When  recorded 
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(in  a  travelling  surface,  the  curve  or  spliygmograni  like 
that  represented  in  Fig.  1841,  i,s  obtained. 

The  rise  of  the  curve  is  quite  siidden,  while  the  down- 
stroke  is  more  gradual  and  interrupted  by  one  or  moie 
secondary  Avaves.  The  phencnuenou  of  the  pulse  is  en- 
tirely explained  by  the  interaction  of  a  number  of  phys- 
ical factors,  resulting  as  it  does  from  the  sudden  infec- 
tion of  the  contents  of  the  ventricle  into  the  elastic  arteries, 
which  are  already  full  and  whose  outlet  is  partially 
blocked  by  the  peripheral  resistance.  The  actual  height 
and  form  of  a  given  pulse-curve  depends  much  on  the 
adjustment  of  the  instrument;  but  if  a  series  of  cui'ves 
are  taken  from  different  arteries  under  the  saTue  condi- 
tions, it  is  found  that  their  character  undergoes  definite 
changes  according  to  the  distance  of  the  corresponding 
arteries  from  the  heart.  The  carotid  curve,  for  example, 
rises  higher  and  more  suddenly  than  the  radial  curve ; 
this  in  turn  is  higher  and  steeper  than  the  tibial  pulse 
curve.  In  other  words,  the  pulse  curve  grows  lower  and 
flatter  towaril  the  capillaries,  and  under  ordinary  condi- 
tions it  disappears  entirely  bj'  the  time  they  are  reached. 

The  more  rapid  rise  and  greater  amplitude  of  the  pidse 
near  the  heart  is  the  immecliate  result  of  the  suddenness 
with  which  the  ventricle  is  emptied.  The  additional 
i|uantity  of  blood  thus  'thrown  into  the  arteries  starts  a 
wave  of  positive  pressure  down  the  arterial  tree,  but  on 
account  of  the  resistance  ahead  it  lirst  expands  the  aorta 
and  its  largest  branches.  The  distant  arteries,  therefore, 
do  not  feel  the  full  force  of  the  systole  as  would  be  the 
case  in  a  system  of  rigid  tubes ;  when  the  wave  reaches 
them  it  has  been  damped  by  a  longer  or  shorter  stretch 
of  elastic  arterial  wall.  The  recoil  of  this  wall  is  less 
sudden  than  the  contraction  of  the  heart,  and  so  the  ex- 
pansion of  the  successive  segments  becomes  more  gradual. 

The  loss  in  amplitude  is  also  readily  explained  by  the 
clastic  character  of  the  vessels.  The  energy  of  the  wave 
is  gradually  spent  in  spreading  over  an  increasing  area  of 
elastic  tubes  everj'  portion  of  which  for  a  brief  period  re- 
mains distended  a  little  more  than  before.  Each  section 
of  artery  thus  makes  a  levy  on  the  extra  expansion  as  it 
is  passed  along,  and  transmits  it  to  the  next  section  di- 
minished by  that  much.  This  is,  in  fact,  the  only  way  in 
which  the  mean  arterial  pressure  can  be  produced  and 
maintained.  This  process,  of  cour.se,  is  further  accele- 
rated by  the  rapid  increase  of  elastic  surface  as  the  bed 
widens,  not  to  mention  the  loss  resulting  from  partial  re- 
flections with  consequent  interferences  of  the  wave  at 
every  bifurcation  of  the  vessels. 

Under  certain  circumstances  the  pulse  may  pass  through 
the  capillaries  into  the  veins  beyond.  The  increased 
vascularity  of  organs  during  periods  of  lieigbtened  func- 
tional activity  is  secured  by  a  wide  dilatation  of  their 
small  arteries.  The  peripheral  resistance,  so  essential  in 
bringing  the  elasticity  of  the  arteries  into  play,  is  thereby 
localls'  diminished  and  the  dilated  vessels  cease  to  do 
their  share  toward  destroying  the  remnant  of  the  pulse 
which  comes  down  to  them  from  the  larger  arteries. 
The  blood  flows  more  readily  through  the  widened  chan- 
nels, and  frequently  issues  from  the  corresponding  veins 
in  a  rapid,  pulsating  stream. 

•This  true  venous  pulse,  appearing  under  special  con- 
ditions in  the  small  periplieral  veins,  must  be  distinguished 
from  the  pulsations  which  are  sometimes  observed  in  the 
great  veins  near  the  heart.  The  latter  are  caused  by 
changes  of  pressure  transmitted  backward  from  the  heart 
and  thorax,  and  are  often  described  as  constituting  a 
"  venous  pulse." 

The  special  features  of  the  pulse  curve,  including  the 
number  and  character  of  the  secondary  elevations,  are  in- 
teresting on  account  of  the  suggestions  and  indications 
they  give  concerning  the  action  of  the  heart,  the  condi- 
tion of  the  vessels,  and  the  state  of  the  blood  pressure. 
For  these  the  reader  is  referred  to  the  special  article  on 
the  pulse  (see  Sphygmngraphy). 

The  rate  of  transmission  of  the  pulse  wave,  w-liieh 
must  not  be  confounded  with  the  onward  movement  of 
the  blood  itself,  is  found  by  taking  simultaneous  records 
of  the  pulse  from  arteries  unequally  distant  from  the 


heart.  If  the  distance  of  the  two  jioints  from  t)ie  heart 
is  known,  the  rate  of  propagati(in  is  easily  calculated,  and 
it  has  been  found  to  vary  normally  between  5  and  10  m. 
per  second.  The  rate  dejiends  mainly  on  the  degree  of 
rigidity  of  the  arteries,  the  wave  travelling  slowly  when 
the  niean  blood  pressure  is  low  anil  in  the  soft  distensible 
arteries  of  chiiih'cn,  while  its  velocity  is  increased  by 
high  arterial  ju'essure  and  the  hardening  of  the  arteries 
in  old  a,ge.  In  an_7  case  tlie  pulse  wave  moves  many 
times  faster  than  tlie  blood  itself,  being,  as  we  have  seen, 
merely  a  wave  of  |iressure  which  is  started  in  the  aorta 
and  which  travels  over  the  blood  exactly  as  a  water  wave 
passes  over  the  surface  of  a  stream  independently  of  the 
rate  and  direction  of  the  latter's  own  current.  The  ordi- 
nary pulse  cui've  does  not  retm-n  to  the  base  line  from 
which  it  started  vuitil  the  rise  due  to  the  next  wave  be- 
gins, indicating  that  the  wave  requires  the  entire  time  of 
a  cardiac  cycle  to  pass  a  given  point.  With  a  lieart 
beating  at  the  rate  of  73  per  minute,  this  would  equal  |f 
second,  and  taking  the  velocity  of  the  wave  at  6  m.  per 
second,  we  would  have  as  the  "length  of  the  wave  0  X  -°|- 
=  5  m.  This  is  several  times  greater  than  the  distance 
of  the  farthest  cajiillaries  from  the  heart,  showing  that  the 
beginning  of  the  pulse  wave  is  lost  at  the  periphery  some 
time  before  the  end  of  it  leaves  the  aorta. 

7.  The  Pulmonary  Circulation  and  its  Relation  to  the 
S}-stemic. 

a.  The  maintenance  of  the  cireidation  as  a  whole  im- 
plies that  the  average  oiitput  of  the  two  ventricles  of  the 
heart  is  the  same.  Considering  the  relatively  small  ca- 
pacity fif  the  pulmonary  circuit,  which  normally  contains 
only  one-twelfth  of  the  total  blood  (Hegel  and  Sprehl), 
the  time  spent  in  this  part  of  the  vascular  system  nmst 
be  much  shorter  than  that  taken  for  the  major  circuit. 
The  pressure  in  the  pnlmonarjf  arteries  has  been  meas- 
ured upon  various  animals  by  numerous  observers  with 
very  discordant  results ;  in  general  it  seems  to  range  be- 
tween one-third  and  one-flfth  of  the  aortic  pressure,  being 
given  at  30  to  3.')  mm.  Hg.  for  the  dog.'  This  indicates 
a  low  resistance  in  the  pulmonary  capillaries,  and  the 
great  distensibility  and  slight  tone  of  the  pulmonary  ves- 
sels are  perhaps  the  most  striking  features  of  the  lesser 
circulation. 

The  influence  of  the  respiratoi'y  movements  on  the 
pulmonary  circulation  is  a  complex  one  and  depends  on 
several  factors.  The  expansion  of  the  lungs  in  a  normal 
inspiration  has  been  shown  to  dilate  the  pulmonary 
vessels.  This  diminishes  the  resistance  and  tends  to 
lower  the  pressure  in  the  pulmonary  artery.  At  the 
same  time  the  output  of  the  right  ventricle  is  augmented 
b}'  the  increased  aspiratory  action  of  the  thorax,  which 
we  have  seen  hastens  the  return  of  the  blood  to  the  right 
auricle  and  so  increases  its  diastolic  distention.  This 
factor  would  tend  to  raise  pulmonary  pressure,  and  actual 
measurement  alone  can  determine  which  of  the  ojjposing 
tendencies  will  have  the  upper  hand.  In  certain  cases,  at 
least,  it  has  been  shown  that  the  dilatation  more  than 
compensated  for  the  increased  output  of  the  heart  and 
the  pressure  in  inspiration  fell  (Talma).  In  natural  ex- 
piration the  conditions  are  reversed  and  the  pressure 
again  i-ises.  The  course  of  events  is  entirel_y  different 
during  artiticial  respiration,  when  the  lungs  are  inflated 
under  positive  pressure  with  the  thorax  open. 

The  great  range  of  adaptibility,  as  regards  its  capacity, 
shown  by  the  pulmonary  circuit  deserves  special  men- 
tion. In  dogs  about  three-fourths  of  this  vascular  area 
was  occluded  without  producing  any  effect  on  aortic  blood 
pressure  (Lichtheim).  Since  the  systemic  venous  press- 
ure in  this  experiment  also  remained  normal,  the  amount 
of  blood  passing  through  the  lungs  was  evidentl_v  not  re- 
duced hy  this  extensive  narrowing  of  the  path.  The 
pressure  in  the  remaining  pulmonary  artery  was,  how- 
ever, i-aised  by  the  operation,  and  it  is  supposed  that  this 
rise  of  prcssui'C  distended  the  open  channels  sufficiently 
to  ex])lain  the  undiminished  flow  through  the  lungs.  It  is 
doubtful  whether  this  observation,  made  under  abnormal 
conditions,  can  be  applied  generally  :  at  least  in  rabbits 
with  pleural  cavities  intact  clamping  of  one  pulmonary 
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artery  caused  a  decided  dio|)  in  tlie  sj'steinic  blood  press- 
ure. It  is  nierelj' given  to  illustrate  the  possibilities  of 
capacity  change  in  the  lung  vessels.  They  can  easily  bo 
distended  so  as  to  retain  enough  blood  to  lower  the  carotid 
pressure  to  zero,  as  shown  in  some  experiments  on  diller- 
ential  respiration.* 

The  pulmonary  circidation  is  affected  not  only  by  the 
condition  of  the  systemic  circuit  at  its  venous  end,  but 


Fl(i.  l;)4^'.  — Carotid  Rlond-Prrs.siire  Tracin.S'Of  Doff.     Yajri  not  diviilpd. 
I,  Inspiration  :  K,  e-xiiiration.     (Stirlinji.i 


also  by  that  of  the  arterial  side.  An  excessi\-e  transfusion 
or  ;i  powerful  geuei'al  constriction  may  so  increase  the 
work  of  the  left  ventricle  that  it  fail's  to  empty  itself 
completely  at  each  sy.stole.  A  stagnation  extending 
from  the  left  ventricle  to  the  left  auricle  and  thence  to 
the  pulmonary  veins  results,  and  tlie  ]ire.ssui'e  in  the  lesser 
circuit  is  rai.sed.  The  thi-eateiied  danger  from  this  source 
to  the  right  ventricle  with  its  thin  walls  is  averted  by 
the  power  of  expansion  which  has  been  dwelt  ujion  .so 
fully;  so  that  the  lungs  may  be  said  to  i)lay  the  .same 
r61e  in  regulating  the  blood"  flow  to  the  left  ventricle  iis 
that  ascribed  to  the  liver  for  the  right  ventricle  (Ti"-er- 
stedt). 

jS.^  Respiratory  changes  of  lilood  ju-essure  in  the  sys- 
temic arteries.  The  pulmonary  circulation  reacts  U|ioii 
the  systemic  pressure  by  modifying  the  inflow  to  the  left 
auricle.  It  has  been  stated  that  the  ]iuhnonary  vessels 
expand  during  inspiration  and  constrict  during  exjiira- 
tiou.  While  the  distention  is  in  theaet  of  developinsr.  the 
blood  flow  is  momentarily  retarded  and  the  left  heart  re 
ceives  a  smaller  charge;  but  once  the  maximal  dilatation 
has  been  reached,  the  residting  diminution  of  the  resistance 
will  augment  tlie  flow  and  tlie  left  heart  receives  a  more 
abtindant  supply.  On  the  contrary,  expiration  primarily 
increases  the  flow  by  narrowing  tlie  calibre  of  the  dilate'd 
vessels  and  forcing  on  their  contents,  iind  secondarily 
diminishes  it  by  increa.sing  the  resistance.  The  effect  o"f 
these  changes  in  the  lungs  on  the  pressure  in  the  aorta 
dejiends  largely  on  the  rate  and  depth  of  the  iesi>inUory 
movements.  When  these  are  very  shallow,  no  etteet 
wliatever  is  ob.served  in  the  systemic  arteries.  Wlien 
they  are  both  quick  and  strong.'only  the  primary  effects 
appear,  and  the  aortic  pressure  falls  in  inspiration  iind 
rises  in  expiration.  The  typical  result  is  .seen  only  in 
ordinary  bi-eathing  when  the  rate  is  slow  enoii!,di  to  jier- 
mit  both  the  primary  and  the  secondary  chanues  to  pro 
duce  their  proper  effect  (see  Fig.  1:3413) .'  in  this  case  the 
pressure  first  falls  during  inspiiiition  to  a  minimmn  (pri 
mary  effect)  and  then  ri.ses  again  (secondary  effect);  in 
the,  succeeding  expiration  the  rise  continues  for  a  sliorl 
time  to  the  maximum  (primary  effect)  and  then  the 
pn'ssure  falls  again  (secondiiry  eifect).  The  main  effr^cl 
of  inspiration,  tlii-refore,  is  to  rai.se  the  jircssiire  and  llie 
mam  effect  of  expinilion  to  lower  it.  The  curve  fre 
quently  shows  also  changes  in  the  rate  of  the  heart  which 
beatsslower  during  expiration  and  faster  in  ins))iralion 
These  changes  are  bnuight  about  through  nervous  in- 
fluences tliiit  must  be  considered  later,  iind  it  need  onlv 
be  stated  in  this  connection  that  they  are  not  of  suflici|.ut 
moment  to  affect  the  general  course  of  the  phenomena 
here  described. 

y-  The  Mvrh.iiiicx  nfihe  Ihnii.—TUv  circulation  of  the 
blood  through  the  vessels  is  maintained  by  the  eiiiT"-y  of 
the  beating  heart.  I5efore  considering  the  causi's  wiiieh 
generate  this  beat  and  which  determine   its  character 


force,  and  frequency,  it  will  be  convenient  to  take  uji  a 
number  of  mechanical  problems  which  the  heart  presents 
when  regarded  as  a  valvular  jiuni])  in  action. 

1.  External  Phenomena  of  the  Beat.  a.  When  the  liv- 
ing heart  is  observeil  directly,  either  in  a  mammal,  or,  bet- 
ter slill,  in  a  cold-blooded  animal  like  the  frog  or  terrapin, 
each  lieat  is  seen  to  begin  with  a  contraction  of  the  great 
\  ('ins  in  the  neighborhood  of  the  heart.  The  contraction 
proceeds  as  a  peristaltic  wave  whose  progress  can  be 
ri'iulily  followed  in  the  cold-blooded  heart  as  it  spreads 
flrst  over  the  auricles  and  then  over  the  ventricles.  In 
tlie  maminal  the  wave-like  character  of  the  beat  is  diffi- 
cult to  recogni/,e  on  accmint  of  the  great  rapidity  of  the 
movement.  Here  the  auricles  ajipcar  to  contract  sud- 
denly over  their  whole  extent,  the  auricular  appendages 
being  ilrawn  inward  and  the  rest  of  the  wall  pres.sing 
towaril  the  auriculo-ventricular  oriflces,  without,  how- 
ever, completely  obliterating  their  cavities.  As  .soon  as 
the  contraction  of  the  auricles  is  completed  the  ventricles 
innnediately  follow  with  theirs.  The  contraction  of  each 
section  of  the  heart  is  sjioken  of  as  its  systole,  and  the 
succeeding  relaxation  as  the  diastole.  A  complete  beat 
or  "cardiac  cycle"  comprises  an  auricular  and  a  ven- 
tricuhir  systole  and  a  heart  pause,  (luring  \vhich  all  parts 
of  the  heart  are  at  rest.  The  sj-stole  and  diastole  of  the 
two  auricles  are  perfectly  synchronous  in  a  normal  heart 
as  are  also  those  of  the  "two  ventricles,  the  synchronism 
resulting  from  the  peculiar  arrangement  of  the  muscle 
fibres  in  their  Avails. 

In  the  aiu-icles  these  consist  of  a  supcilici;il  .set  common 
to  both  sides  iind  of  deeper  fibres  proper  to  each.  The 
supei-flciiil  fibres  run  transversely,  being  best  developed 
on  the  antei-ior  suiface,  and  some  of  them  turn  in  at  the 
auricular  sejitum.  Of  the  deep  fibres,  some  iiass  over 
the  auricle  in  the  form  of  an  open  loo]i  to  be  attached  at 
both  exti-emities  to  the  auriculo-ventricular  ring;  these 
iiie  Ciijled  the  "looped"  fibres.  Othei-s,  known  as  "an- 
nular" fibres,  encircle  the  auricular  appendages  and  sur- 
rounil  the  openings  of  the  vena=  cavs  and" pulmonary 
veins. 

The  complex  nature  of  the  arrangement  of  the  fibres 
in  the   veiitiicles  appears  from   the  fact   that   a    vertical 


'''at 'tht''i:e'veu^?hri''i;v''^  "  V';';";':,"""'  f™tracted  Human  Heart, 
at  the  LeNel  of  the  Lou, -rand  Middle  Third.     (Aoeoi-dintrto  Krehl.) 

U^l'Z^l  ""'i'i  ''"'"f  *^''™   ^*  '^l""^^t  '^"V   p,.int  shows 
ni     ,  H     •      '  ^^''t^;;- «>"face  crossing  the  di,-ecti,m  of 
those  on  the  inner,  while  between  these  every  intermediate 
direction   may  be  represiwited.      The  left  -yentricle  pos 

A^M^f^He"w '"'"■' •'"':T''''^"'  ">'>«'''>la»">v  than  the  r  ght 
vent  icle.  bit.  as  m  the  <ase  of  the  auricles  a  large 
numbc.rol  fibres  are  common  to  both;  in  fac  the  o  t^er 
wall  of  the  right  ventricle  is  so  largely  made  up  o    fib  es 
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rnniin);  from  tlie  left  that  the  former  appears  in  seetioiis 
of  the  heart  like  a  eleftor  poeket  in  the  wall  of  the  latter 
(see  Fig.  1343). 

Schematically  the  fibres  may  be  described  as  f;illiiig 
into  a  number  of  more  or  less  well-detiued  groups  ae- 
cording  to  the  geucral  direction  of  their  course.  The 
supei'ficial  oblique  fibres  constitute  the  lirst  of  these 
groups.  They  take  their  origin  in  the  fibrous  rings  at 
the  base  of  the  heart  and  have  a  general  trend  obliquely 
downward  and  to  the  left.  They  form  a  thin,  superficial 
stratum  on  the  wall  of  the  right  ventricle,  but  on  the  left 
side  they  increase  greatly  in  number,  and  on  reaching  the 
apex  many  of  them  turn  in  to  form  the  whorl,  whence 
they  ascend  on  the  inner  surface  to  terminate  in  the 
papillary  muscles  and  chorda;  tendinea'  or  to  jiass  all  thi' 
way  up  to  the  auricido- ventricular  ring. 

Between  the  inner  and  outer  hu'crs  of  oblique  fibres  a 
second  group  proper  to  the  Ictt  ventricle  is  interposed. 
The  fibres  of  this  class  are  more  or  less  transverse  in 
direction  and  may  be  described  as  the  circular  fibres  of 
this  chambei-,  of  the  thickness  of  whose  wall  they  make 


Fir,  1344.— Intermediate  reaver  of  Circular  Fibres  nt  the  Lett  Ventn- 
fle.  The  outer  and  inner  fll)res  have  heen  removed,  and  the  outllni.'s 
of  the  entire  heart  schematically  Indicated.     (According  to  Krehl.) 

up  a  considei-able  share.  Taken  as  a  whole,  they  form  a 
truncated  hollow  cone  through  the  narrow  apical  open- 
ing of  which  the  fibres  of  the  whorl  enter. 

The  right  ventricle  also  contains  fibi'es  of  its  own,  and 
one  set  of  these  can  be  traced  on  the  inner  surface  of  its 
outer  wall.  These  take  their  origin  at  the  uppei-  border 
of  the  septum,  follow  this  down  for  a  vajiable  distance, 
then  turning  toward  the  lumen,  stietch  across  to  th(^ 
outer  wall.  There  they  ascend  in  bundles,  forming 
trabeculfE  and  columnie.  carnea',  and  end  partly  as  pap- 
illary muscles,  partly  by  short  tendons  in  the  fibro-ten- 
dinous  ring  at  the  base. 

The  portion  of  the  right  ventricle  known  as  the  conus 
arteriosus  has  its  own  special  fibres,  which  in  its  outer 
wall  arrange  themselves  into  an  inner  longitudinal  and 
an  outer  circular  laj-er,  the  latter  merging  insensibly  into 
the  superficial  oblique  fibres  of  the  general  surface. 

The  anatomical  basis  for  the  observed  synchronism  of 
the  two  sides  of  the  heart  is  thus  provided  for  in  the 
large  number  of  fibres  which  pass  across  and  are  common 
to  "the  chambers  of  the  same  name.  The  progressive 
character  of  the  contraction,  not  easily  recognized  by 
direct  observation,  can  be  demonstrated  by  means  of  the 
accompanying  electrical  phenomena,  which  are  similar  in 
the  case  of  the  heart  to  those  observed  in  skeletal  muscle. 
An  electrical  change  or  current  of  action  accompanies 


each  heart  beat;  in  the  fi-og's  heart  tlie  variation  shown 
by  the  capillaiy  electrometer  is  diphasic. 

For  the  lumian  heart  the  later  work  seems  to  show  a 
triphasic  current,  first  Ijase  negative  to  ape.v,  then  a])e.x 


Fill.  l;i4.'i.— Simultaneous  Ptiotogram  of  a  Single  iicat  (Black  Line) 
and  of  the  Ac<-ompanvinfr  Electrical  Chaui-'c,  inilicated  by  Uic'  level 
of  the  black  area,  which  shows  the  varylnt;  level  of  mcjvui'y  in  a 
capillary  electrometer.  I,  First  phase,  base  negative  tu  apex  ;  II, 
second  pliase,  apex  negative  to  base.     (W  aller.) 

negative  to  base,  and  then  again  base  negative  to  apex. 
The  aeciini]ianying  cmwe  has  been  constructed  to  repre- 
sent these  elec:ti'ieid  vai'iations. 

From  them  it  is  inferred  that  the  contraction  begins  at 
the  base  of  the  heart  and  advances  toward  the  apex  ;  that 
for  a  time  (tlie  interval  S  to  T  in  the  curve)  the  entire 
ventricle  is  unifoi-mly  contracted;  finally,  that  tlie  con- 
tiaction  ends  by  disappearing  first  at  the  apex.  It  evi- 
dently follows  the  recurrent  path  of  the  superficial  oblique 
fibres,  beginning  anif  ending  at  the  auricido-ventricular 
groove.  Another  deduction  drawn  from  the  electrical 
phenomena  of  the  heart  is  that  its  contraction  is  com- 
parable to  a  simple  muscle  twitch  and  is  not  to  be  re- 
garded as  a  summafed  or  tetanic  contraction. 

/3.  Changes  in  the  form  and  position  of  the  heart.  In 
diastole  tlie  heart  c;in  luinlly  be  .said  to  possess  a  definite 
shape  of  its  own,  although  it  is  frequently  described  as 
a  hemi  spheroid  with  a  rounded  apex  and  somewhat  flat- 
tened anterior  and  posterior  surfaces.  On  account  of  its 
soft,  flabby  condition  its  shape  changes  according  to  the 
position  of  the  body  under  the  influence  of  its  own 
weight.  Not  so  in  systole;  the  heart  tlien  becomes  hard 
and  rigid  and  its  shape  approaches  that  of  a  regular  cone 
with  a  circular  base.  The  changes  in  the  three  diameters 
during  this  transition  must  depend  on  its  previous  form 
in  diastole.  Under  normal  conditions  in  which  the  lieart 
is  suppcirted  by  the  lungs  as  by  an  elastic  cushion,  there 
is  probably  no' extensive' fiatteiiing  in  any  one  plane.  In 
tills  case  entrance  into  svstole  would  involve  a  shortening 
in  all  directions  while  the  apex  became  sharper  or  more 
jjointed. 

When  the  lieart  is  examined  in  the  ordinary  way  in 
animals   with    open  thorax,   it    unquestionably  flattens 


Fig  1346  —Diagrammatic  Curve  of  the  Action  Currents  of  the  Human 
Heart.  (Einthoven.)  K,  Beginning  of  ventricular  contraction  ;  S, 
apex  negative  to  base  ;  T,  third  phase,  base  negative  to  apex.  The 
small  diphasic  variations  represented  by  P  and  Q  are  caused  by  the 
auricular  systole. 

out  during  diastole,   the  transverse   diameter  elongates 
at  the  expense  of  the  antero-posterior,  and  the  base  takes 
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the  form  of  au  ullipse.  In  this  case,  wheu  tlie  elliptical 
base  passes  into  the  circular  systolic  form,  the  transverse 
and  the  longitudinal  axes  shorten  while  the  antero- 
posterior diameter  increases  in  length.  On  account  of 
the  oblique,  spiral  direction  of  many  of  the  fibres,  the 
apex  is  also  seen  to  rotate  somewhat  to  the  left  and  for- 
ward, and  the  longitudinal  axis  aiiproaches  the  vertical 
to  the  plane  of  the  base.  As  regards  the  displacement 
of  the  heart  as  a  whole,  it  is  interesting  to  note  that  tlie 
apex  is  the  stationary  point,  while  tlie  base  is  drawn 
toward  it  in  proportion  to  the  decrease  in  the  longitudinal 
axis.  The  suspension  of  tlie  heart  from  the  lai-ge  arteries 
should  a  priori  make  the  base  the  relatively  fixed  point; 
its  movement  toward  the  apparently  free  apex  is  ex 
plained  by  the  recoil  of  the  blood  as  it  is  driven  forcilily 
through  the  arterial  ostia  and  by  the  elongation  of  the 
great  vessels  under  the  increased  sj'stolic  pressure. 

The  effect  of  the  contraction  upon  the  cavities  of  the 
ventricles  consists  in  a  more  or  less  extensive  obliteration 
of  their  lumen.  Examination  of  maximally  contracted 
hearts  after  death  shows,  however,  that  fhis  is  not  coni- 
jilete.  On  the  left  side  the  short,  tubular  cliamber  of  the 
relaxed  organ  is  reduced  in  systole  to  a  mere  stellate  slit 
at  the  level  of  the  papillary  muscles,  while  above  their 
summits  this  slit  widens  to  an  appreciable  space  of  an 
irregular  conical  form  (see  Fig.  1343  above).  In  the  right 
ventricle  also,  when  the  crescentic  cavity  is  reduced  to  a 
mere  slit  by  the  approximation  of  the  outer  wall  to  the 


Fig.  1347.— CardiOM:ram  Taken  with  Marey's  Canliojrraiih.  A.  Auric- 
ular systole  ;  V,  ventricular  sy.stole  ;  D,  diastole.  The  arrow  shows 
the  direction  in  which  the  tracing  is  to  be  read. 

septum,  an  appreciable  opening  is  left  in  tlie  upper  part 
below  the  tricuspid  valves,  and  more  especially  in  the 
region  of  the  conus  arteriosus. 

)'.  The  apex  beat.  At  each  sj'stole  of  the  ventricles 
a  shock  or  impulse  may  be  felt  in  tlie  fourth  or  fifth  in- 
tercostal space  about  an  inch  below  an<l  a  little  to  the 
median  side  of  the  left  nipple.  Tliis  is  where  the  apex  lies 
against  the  chest  wall  uncovered  by  the  lungs,  and  hence 
the  name  "  apex  beat  "  or  "  cardiac  impulse  "  for  this  famil- 
iar phenomenon.  In  diastole  the  flaccid  wall  of  the  heart 
yields  to  the  more  rigid  thorax  and  the  apex  is  not  per- 
ceptible to  the  touch.  The  sudden  hardening  of  the 
ventricles  as  they  contract  upon  their  contents  enables 
them  to  exert  pressure  against  the  chest  wall  so  that  now 
the  apex  can  be  felt  distinctly,  its  contact  with  the  thoiax 
being  made  even  closer  by  the  forward  rotation  already 
referred  to.  The  elevation  of  the  cliest  thereby  pro- 
duced can  be  recorded  graphically,  and  the  tracings  ob- 
tained are  known  as  cardiograms. 

The  cardiogram  gives  valuable  information  as  to  the 
pressure  and  volume  changes  of  the  heart;  its  analysis 
will  be  attempted  in  connection  w-ith  records  of  tlie  heart's 
action  taken  by  other  methods.  Sjiecial  interest  attaches 
to  tliese  curves  from  tlie  fact  that  tliey  re|iresent  the  onlv 
direct  record  of  tlie  iieart  beat  that  can  be  obtained  froiii 
man.  (See  the  section  on  Cardiography  in  the  article  on 
11,11  rt.) 

ly  The  heart  sounds.  Another  ])Iiysical  sign  by  which 
the  heart's  action  can  be  studied  are  the  .sounds  wliieh  it 
emits.  Normally  two  sounds,  dilTering  in  pitch  and 
duration,  are  audible  in  each  cardiac  cycle:  the  first  a 
comparatively  long,  dull,  booming  sound,  the  second  a 
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short,  sharp,  sudden  one.  The  interval  between  the  first 
sound  and  the  second  is  very  sliort,  but  betw^een  the 
second  and  the  succeeding  first  sound  there  is  a  distinct 
pause.     The  first  sound  is  coincident  with  the  .systole  of 


Fir..  KWK.-Hurnan  Tricuspid  Valve— Ventricular  Surface  Spread  Out 
Flat.  A,  Inferior;  B,  anterior;  C,  septal  segment;  D  D' D',  lesser 
segments;  M,  anterior  papillary  muscle;  O  O',  papillary  muscles 
attached  directly  to  ventricular  septum  :  P,  papillary  muscle  at^ 
tached  to  columnse  camese ;  R  R'  v,  portion  of  right  ventricular 
wall,  show^lnp  bundles  of  fibres  continuous  with  chordae  t^ndineiE ; 
XX',  line  of  insertion  of  segments  into  auriculo-ventrlcular  ring. 

the  ventricles,  more  particularly  with  the  closure  of  the 
auriculo-ventricular  valves,  and  it  is  generally'  regarded 
as  a  mixed  or  combination  tone  in  regard  to  its  origin. 
It  can  be  heard  distinctly  in  a  contracting  heart  contain- 
ing neither  blood  nor  air  (Ludwig  and  Dogiel),  so  that  it 
is  partly  at  least  a  muscle  tone.  At  the  same  time,  it  is 
probable  that  iu  the  normally  beating  heart  the  sudden 
closure  and  tension  of  the  auriculo-ventricular  valves 
throw  them  and  the  blood  into  viliration,  and  it  is  possi- 
ble that  similar  vibrations  arise  at  the  opening  of  the 
semilunar  valves  (Tigerstedt).  The  sounds  resulting  from 
these  vibrations,  by  fusing  with  the  principal  element, 
the  muscle  sound,  have  some  share  in  the  total  effect  and 
thus  help  in  determining  its  final  character. 

The  second  sound,  which  marks  the  end  of  systole,  is 
purely  valvular  in  origin,  being  produced  by  the  closure 
of  the  semilunar  valves.  A  sound  exactl_y  similar  in 
quality  can  be  obtained  from  the  excised  aorta  by  pro- 
ducing sudden  tension  of  its  valves.  Considering  the 
mode  of  production  of  the  heart  sounds,  it  is  evident  that 
each  side  of  the  heart  must  have  a  first  and  second  sound 
of  its  own,  making  a  total  of  four  sounds.  The  fact  that 
only  two  are  ordinarily  heard  (the  two  first  sounds  fus- 
ing together  and  similarly  the  two  second  sounds)  proves 
again  the  perfect  synchronism  of  the  ventricular  eon- 
tractions.  Pathological  alterations  affecting  either  the 
structure  of  the  valves  or  of  the  cardiac  muscle  mav  dis- 
sociate  the  elements   of   the  mixed  sounds,   modifying 


Fic..  1.349.— Human  Mitral  Valve— Ventricular  Surface  Spread  Out 
ilat.  A,  Largest  cusp  close  to  aortic  valve,  aortic  segment ;  B,  next 
argestcusp,  pani4al  segment;  (;(!',  lesser  cusps  ;  M,  anterior  papil- 
lary muscle;  P  P'  posterior  papillary  muscles;  T  T',  method  of 
branching  of  ch.)rd*  tendineie;  XX',  line  of  insertion  of  cusps 
Into  auriculo-ventricular  ring. 

their  usual  character  and  quality  and  even  giving  rise  to 
new  ones.  These  abnormal  sounds  are  known  as'cardiac 
murmurs,  and  from  a  study  of  their  riiythin,  their  posi- 
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tion  of  maximal  intensity,  aud  tlie  direction  in  wliieli  tliey 
are  propagated  information  of  great  diagnostic  value  i's 
obtained. 

3.  Internal  Events  of  the  Beat.  a.  During  diastole, 
when  thevvliole  heart  is  at  rest  and  its  chambeis  rela,\e(l! 
the  semilunar  valves  are  closed  by  the  higli  pressure  in  the 
arteries.  The  blood,  returning 'in  the  veins  with  a  fair 
velocity  and  under  low  pressure,  meets  witli  no  resistance 
and  enters  freely  into  tlie  auricles,  and  tlicnce  passes 
onward  into  the  ventricles.  The  auriculo-vcntrieular 
valves  at  this  time  are  throAvn  open  by  the  blood  stream, 
but  their  cusps  are  more  or  less  api)roxinuited  by  the 
eddies  which  return  along  the  walls  of  the  ventricles  and 
carry  the  blood  between  them  and  the  valve  flaps.  Pres- 
ently the  systole  begins  in  the  ends  of  the  veins  and  with 
a  sharp,  short  stroke  passes  quickly  over  the  auricles. 
Without  completely  emptying  themselves,  they  drive 
part  of  their  cimtents  into  tiie  ventricles  where  the  press- 
ure is  lower  than  in  the  veins,  and  thus  comi)lete  the 
filling  of  those  chambers.  The  same  reflux  eunents 
which  previously  floated  up  the  cusps  continue  for  an 
instant  after  the  flow  into  the  ventricles  has  ceased,  and 
thus  the  edges  of  the  valves  are  brought  into  apposition 
even  before  the  ventricular  systole  begins.  Their  perfect 
closure  is  facilitated  by  the  anatomical  arrangement  of 
the  papillary  muscles  and  chordte  tendinene. 

Each  auriculo-ventricular  valve  may  be  regarded  as  a 
membranous  tube  attached  to  the  auriculo-ventricular 
ring  by  one  end  along  its  whole  circumference  while  the 
other  end  is  deeply  incised  so  as  to  form  a  number  of 
separate  flaps.  These  are  attached  to  the  inner  surface 
of  the  ventricle  and  papillary  muscles  by  tendinous 
chords  arising  not  only  from  their  free  edges  but  also 
from  their  under  surfaces.  Each  flap,  moreover,  sends  its 
chordiB  to  more  than  one  papillary  muscle,  and  each  of 
these  in  turn  is  attached  to  more  than  one  valve  flap. 

As  the  systole  of  the  ventricles  begins  and  the  pressure 
on  their  contents  increases  there  is  no  regurgitation  into 
the  auricles.  The  pressure  only  more  firmly  secures  the 
apposition  of  the  thin  free  edges  of  the  valves,  and  as 
they  are  put  under  tension  the  first  sound  is  heard.  The 
chordoe  tendineaa  prevent  the  eversion  or  even  the  bulg- 
ing of  the  valves  into  the  auricles,  while  tlie  papillary 
muscles,  contracting  along  with  the  rest  of  the  heart  mus- 
cle, serve  to  take  in  any  slack  in  tlie  chords  which  might 
result  from  the  approximation  of  the  base  and  apex,  and 
so  keep  them  taut.  An  accessory  factor  in  the  closure 
and  support  of  the  valves  which  deserves  mention  is  found 
in  the  reduction  in  size  of  the  base  of  tlie  heart  during 
systole  with  its  consequent  narrowing  of  the  auriculo- 
ventricular  apertures. 

The  pressure  continues  to  rise  in  the  ventricles  until  it 
exceeds  that  in  the  arteries,  when  the  semilunar  valves 
open  and  the  discharge  begins.  The  pressure  on  the 
arterial  side  of  these  valves  being  always  considerable, 
their  opening  must  not  be  thought  of  as  a  sudden  burst- 
ing open  with  the  separate  folds  thrown  against  the  sides 
of  the  artery,  but  rather  as  a  gentle  yielding  as  the  press- 
ure on  the  "ventricular  side  gains  the  upper  hand.  The 
free  edges  of  the  valvular  folds  are  considerably  removed 
from  the  w'alls  of  the  sinuses  of  Valsalva,  and  this  taken 
in  connection  with  the  thick  projecting  muscular  cushions 
at  the  arterial  apertures,  reduces  the  opening  through 
which  the  blood  is  discharged  to  a  somewhat  narrow  slit. 
Eddies  and  whirls  are  formed  in  the  wider  space  beyond, 
constantly  tending  to  bring  the  valves  together,  and  the 
moment  the  outflow  from  the  ventricle  ceases  they  close 
with  such  rapidity  that  no  regurgitation  occurs  and  the 
second  sound  is  produced.  The  ventricle  once  more  re- 
laxes, the  auriculo-ventricular  valves  open  under  press- 
ure from  the  auricular  side,  and  the  whole  cycle  of  events 
is  repeated. 

(i.  Intracardiac  pressures.  A  record  of  the  pressure 
changes  in  the  several  heart  cavities  during  the  course  of 
a  complete  cardiac  cycle  gives  the  truest  account  of  the 
force-  and  suction-pump  action  of  the  organ,  and  valuable 
hints  for  the  determination  of  the  time  relations  of  the 
successive  events  which  go  to  make  such  a  cycle.     Many 


methods  liave  been  devised  to  obtain  such  a  record,  and 
while  the  curves  differ  considerably  in  some  respects, 
certain  general  conclu.sions  have  been  obtained  from 
them.  In  the  first  place,  the  upper  and  lower  limits  of 
the  pressure  reached  in  the  course  of  an  observation  ex- 
tending over  a  series  of  beats  can  be  accurately  measured 
hy  means  of  a  mercury  manometer  with  valves  attached 
so  as  to  convert  it  into  a  maximum  or  minimum  manom- 
eter (Goltz  and  Gaule).  This  method  shows  that  the 
maximum  pressure  in  the  ventricles  is  distinctly  greater 
than  the  mean  pres.sure  in  the  conespondingarteries,  that 
of  the  left  ventricle  being  about  3.5  times  as  great  as  that 
of  the  right.  In  an  actual  experiment  I)e  Jaeger  Unmil 
the  maximum  pressure  in  the  left  ventricle  of  tlie  dog 
3U0  mm.  Ilg,  and  in  another  case  Fiek  found  it  160  mm. 
The  pressure  in  the  auricles  is  considerably  lower,  the 
maximum  as  measured  on  the  right  side  being  usually 
given  at  20  mm.  Hg.  The  minimum  pressures  in  the 
cavities  of  the  heart  may  fall  lielow  that  of  the  atmos- 
phere. Thus,  in  the  left  ventricle  of  the  dog,  it  varied 
from  —53  to  —20  mm.  Hg,  in  the  right  ventricle  it  was 
—  17  mm.  Hg,  and  in  the  right  auricle  —13  to  —7  mm. 
Hg.  Such  values,  however,  are  obtained  only  when  the 
chest  is  closed,  and  the  negative  pressure  of  the  tliorax 
is  partly  responsible  for  these  low  pressures. 

When  the  heart  was  exposed  and  the  pericardium 
opened  the  lowest  pressure  in  the  left  ventricle  was  —7  to 
—35  mm.  Hg,  and  in  the  right,  —1  to  —3  mm.  Hg,  accord- 
ing to  Goltz  and  Gaule.     This  observation  has  beencon- 


FiG.  13.50.— Showing  Curve.s  ot  Pressure  (A)  and  Velor-itv  (Bl  In  the 
Coronary  Artery  ot  the  Horse.     (Chauveau  and  Hebatel.) 

firmed  and  denied  repeatedly,  but  the  balance  of  evidence 
seems  to  favor  the  view  that  the  diastolic  expansion  of  the 
heart  walls  may  in  itself  produce  a  certain  amount  of 
suction,  depending  largely  on  the  force  and  suddenness 
of  the  foregoing  systole.  Various  suggestions  have  been 
made  to  account  for  it. 

An  elastic  expansion  of  the  ventricular  walls  has  been 
assumed  in  this  connection  by  some,  hut  the  evidence  is 
all  opposed  to  this  view.  A  more  efficient  cause  is  prob- 
ably to  be  found  in  the  passive  expan.sion  which  results 
from  the  peculiar  conditions  surrounding  the  coronary 
circulation.  The  filling  of  the  blood-ves.sels  in  the  walls 
ot  the  heart  should  open  up  its  cavities  much  in  the  same 
way  that  a  double-walled  bag  is  distended  by  filling  the 
space  between  the  two  layers.  Brticke's  theory  of  the 
"  Selbststeuerung  des  Herzens "  was,  in  fact,  based  on 
this  sort  of  mechanism.  It  assumed  that  the  semilunar 
valves  were  thrown  back  during  systole  far  enough  to 
prevent  the  entrance  of  blood  into  the  coronary  arteries, 
wdiose  distention  at  that  time  would  oppose  the  sj'stole ; 
hut  when,  at  the  onset  of  diastole,  the  coronaries  are 
opened  and  the  blood  enters  under  strong  pressure  from 
the  aorta,  the  diastolic  expansion  would  be  materially 
assisted.  This  theory  has  since  been  shown  to  be  a  curi- 
ous mixture  of  truth  and  error.  Martin  and  Sedgwick  ' 
demonstrated  that  the  pulse  in  the  coronaries  was  syn- 
chronous with  that  in  other  systemic  arteries ;  therefore 
Brlicke  was  wrong  so  far  as  the  mechanism  hy  which  the 
systolic  dilatation  of  the  coronar}^  vessels  is  prevented  is 
concerned.  The  semilunar  valves  do  not  shut  up  the 
orifices  of  these  arteries.  Measurements  of  the  velocity 
of  the  blood  flow  in  the  coronary  arteries  by  Chauveau 
and  Rebatel  have  shown,  on  the  other  hand,  that  he  was 
right  as  to  the  facts.'" 

Their  curves  (see  Fig.  1850)  show  that  the  tension  and 
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rate  (if  flow  both  increase  in  the  coronai\y  artery  at  the 
liegiuningof  systiile  (n):  i.e.,  l)lood  streams  intd  it  at  this 
time.  Then  a  second  rise  of  pressure  is  obser\etl  during 
whicli,  liowever,  the  velocity  curve  di'ops  below  the 
abscissa  (i).  This  is  the  moment  when  the  contraction 
of  the  ventricle  becomes  powerful  enough  to  compress 
the  intramural  vessels  and  squeeze  out  their  contents; 
hence  the  rise  of  pressure  and  the  reverserl  current  in  the 
main  vessel.  Lastly,  a  new  acceleration  of  the  rate,  not 
accompanied  by  a  rise  of  pressure,  appears  (c) ;  Ihe 
diastole  has  begun,  the  vessels  are  once  more  free,  and 
the  flow  of  blood  through  them  is  re-established. 

Porter"  has  recently  added  new  testimony  on  this 
point  in  the  form  of  observations  on  the  outflow  from 
the  coronary  veins  during  different  phases  of  the  heart's 
action.  Among  other  results  he  found  that  the  volume 
of  blood  passing  through  the  coronary  vessels  is  inci'eased 
by  an  increase  in  either  the  force  or  the  frequenc_y  of  the 
heart  beat,  the  increase  of  volume  being  accomplished 
largely  through  the  periodical  emptying  of  the  intramural 
vessels  by  the  sj'stolic  sqiieeze  of  the  fibres  around  them. 
Some  other  points  of  interest  concerning  the  coronary 
circulation  may  be  briefly  mentioned  in  this  connection. 
The  old  controversy  as  to  the  terminal  chai'acter  of  the 
arteries  of  the  heart  has  been  answered  in  the  afflrmative 


Fk;.  Kill.— EndociirdiaoPressiirp  Curves  from  the  Hor.se.  or.D  Right 
aurifle;  Vfiit.I),  ritrht  ventricle;  Vent.Cr,  left  ventricle.  (Accord- 
inff  to  t'hauveau  and  Marey.) 

by  the  recent  work  from  the  Harvard  laboratory.  It  was 
shown  that  ligatuie  of  the  individual  branches  results  in 
infarction  and  necrosis  of  circumscribed  areas  correspond- 
ing to  the  distribution  of  those  branches.  The  effect  of 
such  a  ligature  on  the  action  of  the  heart  as  a  whole 
seems  to  depend  entiiely  on  the  extent  of  the  area  in- 
\-olved,  arrest  of  the  heart  following  ligature  of  the  R. 
eircumnexus  in  64  per  cent,  of  the  cases;  of  the  R. 
descendens  in  28  per  cent. ;  of  the  R.  septi  in  0  per  cent., 
and  of  the  A.  coronaria  dextra  in  14  per  cent. 

The  old  theory  of  a  lociilized  coordinating  centre  upon 
which  the  maintenance  of  the  normal  beaf  depends  can 
no  longer  be  defended  in  the  face  of  these  results.  Finally 
the  relation  between  the  volunie  of  the  coronary  circula- 
tion and  the  rliythmic  contractility  of  heart  ni'uscle  has 
lieen  investigated  by  means  of  an  artificial  circulation, 
the  applicability  of  which  to  the  hearts  of  warm  blooded 
animals  was  demonstrated  by  i\Iartin.  •''  The  work  .shows 
that  a  surprisingly  small  flow  suffices  to  maintain  a 
rhythmic  beat,  the  ordinary  volume  used  in  the  experi- 
ments of  McGrath  and  Kennedy  '^  upon  vigorous  cat 
hearts  ranging  from  B.r,  to  13.5  c.c.  per  minute.  Va- 
riations m  the  amount  of  blood  fed  to  the  heart  influ- 
enced the  force  of  the  beats,  wlule  the  rate  was  but  little 
affected. 

To  return  to  the  subject  of  intracardiac  pressures, 
the  oscdlations  between  the  limits  given  above  must 
recur  in  the  coui-.se  of  every  cycle,  and  the  rate  at 
which  the  changes  of  ])re.ssure  are  made  must  be  quite 
swift.  It  has  been  estimated  that  the  pressure  within  the 
left  ventricle  rises  at  the  rate  of  more  than  3,000  mm.IIg 
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per  .second.  To  obtain  an  exact  record  of  sucli  a  change 
calls  for  an  instrument  with  a  quick  response  and  low 
inertia;  but  the  records  obtained  with  the  most  improved 
spring  manometers  of  recent  j'ears  agree  so  nearly  with 
the  older  curves  of  Chauveati  and  Mare}'  in  all  essential 
points  that  we  may  assume  for  the  present  the  correct- 
ness of  their  curves. 

The  auricular  curve  shows  a  quick,  sudden  rise  of 
pressure  which  reaches  its  maximum  in  about  0.1  second, 
but  returns  again  immediately  so  as  to  form  a  .single 
rounded  peak.  This  agrees  exactly  "with  the  sudden 
brief  systole  of  this  end  of  the  heart. 

Tlie  steep  rise  of  the  two  lower  curves  (Fig.  1351)  .shows 
that  the  ventricular  sj'Stole  follows  immediately  upon 
that  of  the  auricles  and  that  the  pressui'e  goes  U])  with 
great  rapidity.  Then  there  follows  a  portion  of  the 
curves  which  goes  by  the  name  of  the  "  ventricular 
plateau  "  because  it  extends  in  a  direction  more  or  less 
parallel  to  the  abscissa,  sometimes  I'ising,  sometimes 
falling  a  little,  according  to  the  method  used.  It  repre- 
sents graphicall_v  the  maintenance  in  contraction  of  the 
ventricles,  their  systole  lasting  about  0.4  second.  The 
lever  finally  sinks  back  abruptly'  to  the  base  line  and  be- 
yond, as  shown  in  the  de.scending  limb  of  the  curve. 

Intra -i-entricular  pressure  curves  always  present  second- 
ary elevations  distributed  over  the  main  curve.  They  are 
not  constant  as  to  nimiber  or  form,  seemingly  changing 
with  the  kind  of  instrument  used,  and  some  of  them  are 
unquestionably  artefacts.  Others  correspond  to  definite 
proces.ses  going  on  inside  the  heart,  as,  for  example,  the 
small  wave  which  is  nearl}'  alwa_vs  seen  preceding  the 
large  rise  due  to  the  ventricular"  systole.  Its  position 
shows  that  it  is  synchronous  with  the  systole  of  the 
auricle,  the  effect  of  which  on  the  pressure  in  the  ventricle 
is  thus  recorded. 

There  is  no  indication  on  the  record  either  of  the  closure 
of  the  auriculo-ventricular  valves  or  of  the  opening  of 
the  semilunar  valves.  An  apprecialile  rime  must  elapse 
after  the  beginning  of  the  systole  before  the  pressure 
mounts  high  enough  to  force'open  the  semilunar  valves 
against  tlie  arterial  pressure;  but  this  being  a  gradual 
process,  as  we  have  already  stated,  an  effect'in  the  form 
of  a  break  or  notch  upon  the  curve  would  hardly  be  ex- 
jiected.  By  taking  simultaneous  records  of  the  pressure 
in  the  left  ventricle  and  in  the  aorta  it  ha.s  been  shown 
that  the  pressure  in  the  latter  beeins  to  rise  about  0  1 
second  later  than  in  the  ventricle.  "The  ]ioint  on  the  curve 
which  corresponds  to  the  time  of  opening  of  the  valves 
must  be  situated,  therefore,  near  the  top  of  the  ascending 
limb  and  is  not  marked  in  any  way. 

Tlie  same  indirect  method  "must  be  relied  on  to  deter- 
mine, upon  the  curve,  the  po.sirion  corresponding  to  the 
closure  of  the  semilunar  valves.  They  will  cdose,  of 
course,  the  instant  the  pressure  within  tlie  ventricle  falls 
below  that  in  the  artery,  and  upon  the  curve  must  be 
represented  high  up  on  the  descending  limb  not  far  from 
tlie  beginning  of  the  steep  descent^from  the  plateau. 
1  he  curve  again  shows  no  record  of  this  event. 

)'.  The  duration  of  the  component  elements  of  a  com- 
plete cardiac  cycle  is  found  most  accurately  from  such 
records  as  have  just  been  described.  For  the  human 
heart,  however  it  must  be  estimated  from  observations  on 
the  heart  sounds  and  from  cardiographic  and  sphyirmo- 
graphic  curves. 

Leaving  out  of  account  the  slight  differences  in  the 
figures  as  given  by  various  observers,  the  duration  of  the 
pha.ses  of  the  human  heart,  bearing  at  the  rate  of 
minute,  may  be  stated  as  follows;' 


70  per 


Ventricular  systole  . 
Ventricular  diastole 


0.379  second. 
.483 


Auricular  systole.. 
Auricular  diastole  . 


0.1     second. 
.702 


.sua 

oower  l',fr,f-'r'  '"  "''"  '■='"'■  "!""'«  "^SS  second.     The 
povvei  of  lapid  recuperation  of  the  musculature  of  the 
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heart  is  impressively  shown  by  these  fiiriires.  Aiintlier 
point  of  funilumental  importance  should'  he  noted  in  this 
connection.  It  will  be  shown  later  that  the  rate  of  the 
lieart  varies  within  wide  limits  at  different  times  and 
under  different  conditions;  but  throughout  these  exten- 
sive variations  tlie  duration  of  the  ventricular  systole  re- 
mains remarkably  uniform.  In  man,  for  example,  it  has 
been  found  that  the  ventricular  svstole  vai'ied  only  be 
tween  0.382  second  and  0.190  second  wlien  the  pulse"  rate 
ranged  from  32  to  124  per  minute.  The  variations  in  the 
rate  of  the  heart  are  essentially  dependent  on  changes  in 
the  duration  of  the  pause,  while  the  systole  is  but  slightly 
affected.  Even  the  pressure  in  the  arteries  has  been 
shown  to  have  no  aiiju-eciable  influence  on  the  duration 
of  the  systole,  the  heart  apparently  possessing  in  a  high 
degree  the  power  of  adapting  its 'work  to  the  varying 
demands  made  upon  it  without  loss  of  time. 

(!.  The  Avork  done  by  the  heart.  In  considering  the 
work  of  the  heart,  it  is  treated  praeticallv  as  a  force 
pump  which  discharges  a  certain  volume  of  liquid  with 
a  known  velocity  against  a  given  resistance.  The  auifcles 
from  this  standpoint  Ijecome  unessential  attachments  to 
the  apparatus,  although  physiologicallv  they  may  be  im- 
portant enough.  They  not  only" provide  reservoirs  for 
the  reception  of  the  blood  during  therelativelj^  long  ven- 
tricular systole,  therel.iy  avoiding  stagnation  or  danmiing 
back  in  the  veins,  but,  as  we  shall  see  latei-,  they  consti- 
tute a  regulating  mechanism  for  the  work  of  the  ven- 
tricles by  determining  both  the  rate  of  their  beat  and  the 
extent  of  their  charge. 

The  suction  of  the  ventricles  already  explained  is  here 
also  disregarded.  This  suction,  together  with  that  of  the 
thorax  as  a  whole,  is  favorable  to  the  circulati(ra  in  that 
it  assists  the  return  of  the  blood  in  the  veins.  It  may  be 
neglected  at  present  as  it  is  quite  iusignitlcant  in  com- 
parison with  the  other  factor  concerned,  and  the  blood 
would  return  to  the  heart  without  its  aid  under  the  in- 
fluence of  the  impulse  given  to  it  by  the  heart  at  the 
arterial  end. 

The  work  done  by  the  heart  is  expended  in  two  ways: 
(1)  The  contents  of  the  ventiicles  must  be  discharged 
against  a  resistance  measured  by  the  mean  pressure  in  the 
aorta  and  pulmonary  arteries.  Taking  the  left  side  alone 
for  the  present,  vfork  will  be  done  at  each  beat  equal  to 
P  X  R,  P  being  the  "pulse  volume"  or  the  amount  dis- 
charged in  a  single  systole  and  R  the  mean  blood  pressure 
in  the  aorta.  (2)  Work  is  done  in  conferring  upon  the 
blood  discharged  a  certain  velocity.  Now  the  kinetic 
energy  represented  by  a  mass  in  motion  is  expressed  by  the 
formula  imv'^  which  if  m  equals  the  weight  of  a  body 


under  the  influence  of  gravity,  may  be  written 


pv'-* 


Ap- 


plied  to  the   heart,  p  in  this  formula   represents  again 

the  pulse  volume,  v  the  velocity  in  the  aorta,  and  g  the 

accelerating  force  of  gravity,  i.e.,  9.8  m,  (32  feet).     The 

Pv' 
total  work  of  the  left  ventricle,  therefore,  eq  uals  PR  4-  ^— 

2g 

and  can  be  calculated  if  we  know  the  pulse  volume  of 
the  heart,  the  mean  aortic  pressure,  and  the  rate  of  flow 
in  the  aorta.  The  two  latter  have  been  detei'mined  with 
a  fair  degree  of  approximation  and  may  be  taken  at  150 
mm.  Hg  for  the  pressure  and  500  mm.  per  second  for 
the  velocity.  Neither  of  these  figures  is  very  exact,  but 
the  error  introduced  by  inaccuracies  in  them  has  little 
effect  on  the  result  as  compared  with  that  due  to  our 
ignorance  of  the  pulse  volume.  An  exact  determination 
of  the  latter  would  furnish  the  key  to  many  problems  in 
the  mechanics  of  the  circulation,  and  frequent  attempts 
have  been  made  to  get  at  it.  The  estimates  given  for  the 
human  heart  vary  all  the  way  from  45  to  188  gm. ;  for 
the  present  100  gm.  may  be  taken  as  a  fair  average,  al- 
though the  true  result  will  probably  be  found  somewhat 
less  than  this. 

Substituting  the  given  values  in  the  formula  and 
making  the  correction  for  the  specitic  gravity  of  mer- 
cury (13.6),  we  obtain  as  the  work  of  the  left  ven- 
tricle : 


100  X  0.150  X  13.0  + 


100  X  0.500' 


3  X  9.8 
or      w  =  204  +1.38  gm. -metres  of  work. 

Tlie  calculation  for  the  right  ventricle  is  made  in  the 
same  way,  the  jiidse  volume  of  the  two  sides  of  the  heart 
being  assumed  to  be  e<iual  and  the  mean  pressure  in  the 
jmlmonary  arteries  being  taken  at  |  that  in  the  aorta. 
The  work  of  the  light  ventricle  is  therefore  e(iual  prac- 
tically t(]  f  of  205.28,  or  82.11  gm. -metres. 

jAIidtiplying  the  work  of  both  sides  (287.39  gm. -metres) 
by  the  number  of  beats  per  minute  (70)  and  by  the  niunber 
of  nu'nutes  in  twenty-tVnu'  hours  (1,440),  the  work  of  the 
heart  done  in  one  day  is  found  to  equal  28,969  kgm. -metres 
as  a  conservative  estimate.  This  represents  a  considerable 
percentage  of  the  total  energy  production  in  the  body, 
when  it  is  remembei'ed  that' the  mechanical  work  done 
by  a  man  in  eight  hours  is  estimated  at  about  135,000 
kgm. -metres  and  that  of  the  mu.scles  of  respiiation  in 
twenty-four  hours  amounts  only  to  11,700  kgm. -metres. 

^  e.  Tlie  rate  of  the  heart.  It  'is  a  matter  of  s(jme  prac- 
tical importance  to  the  physician  to  know  the  normal  rate 
of  beat  of  the  heart,  and  on  this  account  numerous  statis- 
tics have  been  compiled  with  the  view  of  determining 
the  relative  influence  of  the  various  conditions  and  cir- 
cumstances which  afEect  it.  Ordinarily  the  pulse  rate 
presents  more  m  less  regular  and  extensive  variations  in 
the  course  of  a  day,  which  are  sometimes  designated 
"  diurnal. "  They  are  hardly  the  expression  of  an  inherent 
rhythmicity,  since  they  almost  disappear  when  the  sub- 
ject rests  quietly  in  bed  and  abstains  from  food  and  drink, 
but  rather  the  result  of  the  complex  and  ever-changing 
activities  which  characterize  the  successive  periods  of  a 
complete  da}'. 

The  most  potent  of  these  physiological  factors  which 
atlect  the  heart  I'ate  in  any  given  individual  are  tempera- 
ture and  exercise.  Experiments  on  the  isolated  mam- 
malian heart '■*  have  shown  that  the  rate  increases  with 
rise  of  tenqierature  up  to  about  41°  C.  Beyond  this 
optimum  point,  a  further  rise  of  temperature  becomes 
harmful  and  t|uickly  the  lethal  point  is  reached  (45°  C). 
A  change  of  temperature  may  arise  from  internal  causes, 
as  in  fevers  with  their  characteristically  accelerated  pulse, 
or  it  may  come  from  external  sources,  such  as  the  inges- 
tion f)f  hot  or  cold  substances.  The  latter  fact  accounts 
in  part  for  the  distinct  rise  in  the  daily  temperature  curve 
after  meals,  although  the  quickened  pulse  at  those  times 
may  be  due  partly  to  the  increased  chemical  and  mus- 
cular activity  of  the  alimentary  tract. 

The  effect  upon  the  pulse  rate  of  muscular  exercise, 
wliich  is  familiar  to  every  one,  is  both  sudden  and  marked, 
and  it  may  almost  be  stated  as  a  law  that  the  increase  in 
the  rate  is  proportional  to  the  duration  and  intensity  of 
the  work  done.  On  this  account  the  pulse  is  slow  during 
sleep,  when  the  minimum  is  usually  reached,  and  the  in- 
crease in  rate  on  sitting  up  or  standing  over  that  of  the 
recumbent  position  is  probably  the  result  of  the  muscular 
efforts  involved  in  maintaining  the.se  upright  positions. 
The  effect  of  exercise  may  be  quite  transient  or  it  may 
persist  for  a  considerable  time,  depending  on  the  length 
of  the  previous  exertion.  Thus  a  walk  of  a  mile  or  two 
at  an  ordinary  moderate  gait  will  keep  the  pulse  rate 
quickened  for  thirty  or  even  sixty  luinutes  thereafter,  and 
this  long-lasting  after-effect  must  be  taken  into  account 
whenever  observations  on  the  normal  rate  are  to  be  made. 

Extensive  data  in  which  accidental  variations  from  the 
preceding  causes  were  guarded  against  have  been  tabu- 
lated in  order  to  determine  the  influence  of  sex,  age,  and 
size  upon  the  rate  of  the  heart.  The  conclusions  so  far 
reached  may  be  briefly  summarized  as  follows : 

Arie. — The  average  pulse  rate  is  highest  the  first  year 
after  birth,  being  given  at  134  per  minute  in  one  series 
of  observations;  it  sinks  steadily  up  to  the  twenty -first 
year  when  a  rate  of  73  is  reached ;  it  remains  at  this  level 
to  about  the  sixty-lifth  year,  after  which  it  begins  to  go 
up  again  slightly,  rising  perhaps  to  79  or  80  per  minute 
at  the  eightieth  year. 

Hize. — The  differences  just  noted  depend  in  large  meas- 
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ure  on  differences  in  size,  although  age  in  itself,  apart 
from  size,  has  some  influence.  Taking  the  average  of  a 
great  number  of  cases,  there  is  no  doubt  that  tall  indi- 
viduals have  a  slower  lieart  than  smaller  ones  of  the  same 
age,  the  difference  being  as  much  as  23  beats  per  minute 
in  the  tirst  year,  but  sinking  into  insignificance  later  on 
in  life. 

Sf.r.  — Comparing  males  and  females  of  the  same  age, 
the  pulse  i-ate  is  found  to  be  more  rapid  in  the  latter  at 
all  ages  from  the  second  3'ear  on.  Women  on  the  ave- 
rage are  a  little  smaller  than  men,  so  that  a  correction  for 
size  should  be  introduced.  Even  when  this  has  been 
done  the  general  statement  remains  true,  altliough  the 
differences"  then  are  smaller  tlian  they  ordinarily  appear. 

The  following  tables,  abridged  from  those  given  by 
Volkmann,  furnish  the  basis  of  the  foregoing  generaliza- 
tions : 

Table  I. 


Heart  Rate. 

Number 
of  ob- 
servations. 

Ma.xiimim. 

Minimum. 

Average. 

0-  1 

160 
VM 
1(J6 
112 

'.)9 
104 
104 

94 
100 
KM 

9H 

101 
70 
.56 
66 
.59 
.5H 
.50 
.52 
.54 
.54 
63 

i:i4 

98 

87 

71 
70 

72 
73 
75 
79 

,59 

.5-6 

m 

1(1-11 

73 

1.5-16. 

77 

20-al 

3(KJ5 

67 
125 

4(1-45 

10.5 

.50-.55 

42 

6(1-65 

60 

70-75 

44 

80 -H 

31 

Table  II.* 


Age. 

Mean-  Pulse  Rate. 

Male. 

Female. 

.1    J 

97 
84 
76 
73 
70 
68 
70 
67 

98 

8-14 

94 

14-21        

S3 

21  28 

86 

•ZSS)                    

78 

3.5-42 

78 

42-49 

77 

49-56 

76 

*  The  average  rates  in  this  table  were  obtained  by  (iuy  from  twenty- 
five  observations,  in  each  case  taken  at  midday  upon  fasting  indi- 
viduals who  were  at  rest  in  a  sitting  position. 

Table  III. 


Height  in  millimetres. 

Mean  Pulse  Rate. 

Male. 

Female. 

.525 

1,58 
110 
JOl 
97 
91 
88 
87 
85 
75 

144 

875 

107 

975 

1  075 

98 

1,175 

94 

1  275. . 

95 

1,375 

1,475 

84 

1,575 

From  a  teleological  point  of  view  the  correlation  be- 
tween the  pulse  rate  and  the  conditions  enumerated  above 
is  easily  understood.  It  provides  an  arrangement  foi- 
adapting  tlie  circulation  to  the  iuten.sity  of  general  metab- 
olism through  the  rate  of  the  heart.  Tlie  smaller  the 
•size  of  the  body,  the  greater  will  be  the  ratio  of  the  sur- 
face to  the  mass  and  hence  the  more  rapid  the  heat  dis- 
.sipation;  hence  to  keep  up  body  temperature  heat  pro- 
duction must  be  raised  in  the  same  jiroportion,  i.e.,  greater 
metabolic  activity  is  required  which  in  turn  demands  a 
more  rapid  circulation  and  a  faster  heart.  In  the  same 
way  the  chemical  activity  of  the  muscles  is  heightened 


by  exercise  and  again  the  circulation  is  accelerated.  The 
exact  mechanism  by  which  the  quickened  pulse  is  ob- 
tained is  diiflcult  to  determine,  being  in  most  cases  of  a 
complex  character.  The  effect  is  sometimes  a  direct  one 
on  the  heart  itself,  effected  through  the  altered  physical 
and  chemical  conditions  of  the  blood ;  at  other  times  it 
is  mainly  produced  indirectly  through  the  nervous  .system 
by  way  of  the  extrinsic  nerves  of  the  heart ;  usually  it  is 
the  conibined  result  of  various  interacting  factors. 

III.  The  Regulation  and  Adaptation  op  the 
Vascular  Mechanism. — A  rigid  cii'culatory  system 
working  with  the  regularity  of  a  dead  model  and  sup- 
plying each  organ  witli  the  same  steady  stream  of  blood, 
irrespective  of  its  needs,  would  by  its  very  regularity 
work  its  own  destruction.  In  a  living  organism  tliere 
must  be  a  continual  adjustment  in  the  blood  supply  to 
each  part  with  every  change  in  external  or  internal  con- 
ditions. The  regulating  mechanism,  as  we  actually  find 
it,  comprises  two  parts :  one  connected  with  the  lieart, 
which  being  central  produoes  general  effects  only ;  the 
other  with  the  peripheral  bloo(i-vessels,  through  which 
both  local  and  general  effects  can  be  brought  about.  As 
usual,  the  coordination  and  regulation  of  tlie  blood  vas- 
cular S3'Stem  are  obtained  through  the  mediation  of  the 
nervous  .system,  the  relation  of  which  to  the  heart  and 
blood-ves.sels  must  now  be  described. 

A.  The  Innervation  of  the  Heart. — It  is  customary  to 
speak  of  the  nerve  supply  of  the  heart  as  consisting  of 
an  extrinsic  and  an  intrinsic  mechanism.  The  extrinsic 
nerves  include  efferent  fibres,  which  are  supplied  by  the 
vagi  and  the  cardiac  rami  of  the  sj'mpathetic  chain,  and 
which  approach  the  hsart  at  its  venous  end,  and  afferent 
fibres,  which  pass  from  the  heart  at  its  arterial  end  and 
are  chai'acterized  by  their  larger  size  and  the  presence  of 
the  medullary  sheath. 

In  the  mammal  the  extrinsic  nerves  terminate  in  plex- 
uses around  the  arch  of  tlie  aorta,  and  from  these  the  in- 
trinsic nerve  supply  is  derived.  Branches  proceed  to  the 
junction  of  the  great  veins  with  the  lieart  to  be  distributed 
to  the  various  parts  of  the  organ.  Ganglia  are  abundant 
on  the  superior  vena  cava  and  are  found  also  on  the  pul- 
monary veins,  in  the  walls  of  the  auricles,  in  the  auriculo- 
ventricular  groove  and  for  an  undetermined  distance 
down  the  ventricular  walls.  Both  nerves  and  ganglia  he 
for  the  most  part  superficiall_y  under  the  pericardium,  and 
as  they  are  traced  along  the  heart  from  the  point  of  en- 
trance it  may  be  said  in  general  that  the  proportion  of 
medullated  to  uon-medullated  fibres  goes  on  decreasing, 
and  that  the  number  of  ganglion  cells  likewise  diminishes, 
disappearing  entirely  at  or  near  the  apex. 

The  ganglia  are  often  clas.sifled  as  sinus  ganglia  and 
auriculo-ventricular  ganglia.  This  separation  into  groups 
is  obscure  in  mammals,  but  in  the  frog's  heart  comes  out 
distinctly,  the  sinus  ganglion  located  at  the  junction  of 
sinus  venosus  and  auricles  being  known  as  the  ganglion 
of  Remak,  the  auriculo-ventricular  ones  as  the  ganglia  of 
Bidder. 

In  the  frog  the  vagus  and  sympathetic  fibres  reach  the 
heart  in  a  common  trunk,  one  on  each  side,  passing  along 
the  superior  cavw  to  the  ganglion  of  Remak.  From  this, 
in  addition  to  scattered  fibres,  two  main  cords,  the  anterior 
and  posterior  septal  nerves,  proceed  to  the  ganglia  of 
Bidder.  From  the  latter  smaller  twigs  penetrate  the 
substance  of  the  ventricle,  scattered  nerve  cells  occurring 
for  some  little  distance  along  their  path;  but  the  lower 
part  of  the  ventricle,  perhaps  the  lower  two-thirds,  is 
said  to  be  quite  free  from  them. 

1.  The  Development  of  the  Normal  Beat.  In  order  to 
appreciate  the  part  played  by  the  nervous  apparatus  of 
the  heart,  it  will  be  necessary  to  consider  the  mode  of 
develoimient  of  its  normal  beat,  of  which  the  automatic- 
ity,  the  rhythmieity,  and  the  regular  sequence  of  the 
several  chambers  constitute  the  most  striking  features. 

a,  Autoraaticity.  It  has  long  been  known  that  the 
heart  of  a  cold-blooded  animal  will  continue  to  beat  for 
hours  and  even  days  after  it  has  been  removed  from  the 
body.  There  was  every  reason  to  think  that  the  mechan- 
ism by  which  the  beat  is  developed  is  the  same  in  all  the 
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vertebrates,  and  mucli  of  the  physiology  of  the  heart  as 
worked  out  on  the  frog  was  applied  to  the  mammal. 
More  recently  H,  Newall  Martin  '*  succeeded  in  keeping 
alive  the  isolated  heart  of  the  latter  also  by  supplj'ing  it 
with  a  suitable  artificial  circvilatiou,  and  the  question  of 
its  automaticitj'  was  definitively  settlcil.  The  nerves 
reaching  the  heart  from  without  were  evidently  not 
essential  to  the  beat,  for  which  all  the  conditions  were 
contained  within  the  organ  itself.  The  heart  is  an  auto- 
matic organ  whose  activit}'  depends  on  some  internal 
stinmlus,  and  the  question  as  to  the  nature  of  this  stimulus 
and  its  point  of  attack  immediately  arises.  Two  an- 
swers have  been  given  and  are  still  current  in  physiology 
under  the  names  of  t  he  "  neurogenic  "  and  the  myogenic 
theories  of  the  genesis  of  the  heart  beat. 

The  neurogenic  theory  is  based  on  the  following  con- 
siderations: Muscular  tissue  in  general,  and  especiallj- 
the  more  highly  differentiated  types  of  it,  depends  upon 
its  motor-nerve  impulses  to  set  it  into  action,  whereas 
nerve  cells  constitute  the  automatic  tiss\ie  of  the  body 
par  excellence.  Assuming  similarity  of  function  or 
properties  in  all  nerve  cells,  those  within  the  heart  in- 
cluded, an  (?asy  explanation  of  the  automatic  beat  of  this 
organ  would  be  furnished  by  the  rhythmic  motor  im- 
pulses sent  to  the  cardiac  muscle  by  its  intrinsic  ganglion 
cells.  Those  who  adopt  this  view  urge  in  its  support 
the  interesting  correlation  between  the  number  of  gan- 
glion cells  distributed  to  each  segment  of  the  heart  and 
the  degree  of  spontaneity  and  rhythmicity  which  that 
part  possesses.  .  Thus  upon  the  frog's  heart,  in  which  the 
normal  beat  begins  in  the  large  veins  leading  to  the  heart 
and  sweeps  over  the  sinus  venosus,  auricles,  ventricle, 
and  bulbus  arteriosus  in  regular  sequence,  the  following 
observations  can  be  easily  verified. 

When  the  heart  in  dying  ceases  to  beat  the  several 
segments  come  to  rest  in  turn,  beginning  at  the  arterial 
end.  The  ventricle  fails  first,  then  the  auricles  fail,  and 
lastly  the  sinus  venosus  fails.  Further,  on  testing  the 
irritability  of  the  quiescent  heart  from  time  to  time  by 
means  of  gentle  mechanical  stimulation,  its  eventiial  dis- 
appearance is  found  to  follow  the  same  order  as  the  fail- 
ure of  the  natural  beat.  Lastly,  if  by  means  of  a  series 
of  transverse  sections  carried  through  the  heart  at  diiler- 
ent  levels  the  ventricular  apex  alone,  or  the  entire  ven- 
tricle, or  the  ventricle  with  some  auricular  tissue,  be  in 
turn  separated  from  the  venous  end  of  the  heart,  it  will 
be  found  that  the  sinus  venosus  possesses  the  greatest 
potentiality  to  beat,  that  the  power  of  generating  rhythmic 
spontaneous  beats  diminishes  in  the  isolated  piece  as  the 
plane  of  section  approaches  the  apex,  and  that  the  apex 
itself  will  not  beat  spontaneously  at  all.  The  several 
segments  of  the  frog's  heart  form,  as  regards  their  irrita- 
bility and  spontaneity,  a  descending  series:  sinus  venosus, 
auricles,  entire  ventricle,  lower  third  of  ventricle — very 
similar  to  the  series  they  foi-m  when  arranged  with  refer- 
ence to  the  number  of  contained  nerve  cells.  The  infer- 
ence that  the  rhythmic  beat  is  the  result  of  the  activity 
of  these  nerve  cells  is  natural  and  easy,  and  though  based 
on  observations  upon  the  frog's  heart  it  has  been  extended 
to  the  vertebrates  generally. 

The  myogenic  theory  of  the  heart  denies  the  immediate 
physiological  connection  between  the  ganglion  cells  and 
the  development  of  the  beat,  and  at  present  finds  in  them 
merely  nutritive  and  distributing  centres  for  the  in- 
trinsic nerve  fibres,  putting  them  on  a  level  with  the  cells 
of  the  sympathetic  and  other  peripheral  ganglia  rather 
than  with  those  of  the  central  nervous  system.  The 
origin  and  nature  of  the  beat  are  referred  entirely  to  the 
peculiar  properties  of  cardiac  muscle,  and  much  evidence 
has  accumulated  in  support  of  this  view. 

It  is  known  in  the  first  place  that  hearts  or  strips  of 
heart  muscle,  entirely  free  from  nerve  cells,  may  under 
proper  conditions  pulsate  rhythmically  in  a  normal 
manner.  Not  to  speak  of  the  invertebrate  heart,  it  is 
a  familiar  fact  that  the  heart  begins  to  beat  in  the 
fcetus  long  before  any  nerve  cell  appears  in  its  vicmit)', 
while  a  common  laboratory  experiment  consists  in  sus- 
pending under  slight  tension  a  strip  of  the  terrapm's 


ventricle  and  recording  for  hours  its  rhythmic  contrac- 
tions. 

In  the  .second  place  cardiac  muscle  does  possess  peculiar 
properties  not  found  in  other  forms  of  nniseular  tissue, 
properties  which  seem  to  afford  an  adeijuate  explanation 
of  the  rhythmicity  of  the  heart,  while  its  automatieity 
and  normal  sequence  are  at  least  as  easily  explained  on 
the  mjrogouie  as  on  the  ne\irogenic  theory. 

As  to  the  causation  of  the  beat  on  the  myogenic  theory, 
the  suggestion  has  been  made  that  the  internal  stimulus 
consists  merely  in  the  spontaneous  dissociation  of  the 
contractile  sub.stance.  Heart  muscle  is  admitted  to  be 
less  highly  differentiated  histolfigieally  than  skeletal 
muscle,  and  may  plausibly  be  assumed  to  have  preserved 
in  a  greater  degree  the  primitive  and  fundamental  at- 
tributes of  undifferentiated  protoplasm.  Its  spontaneity 
would  be  an  exhibition  of  the  same  propertj'  which  is 
inherent  in  the  amteba  as  well  as  in  the  ganglion  cell  and 
calls  for  no  sjieeial  explanation. 

Another  view  has  come  to  the  front  in  the  last  decade, 
and  the  stimulus  for  the  contractions  of  the  heart  is  found 
again  in  the  blood,  as  it  was  at  the  beginning  of  the  cen- 
tur_v.    The  new  idea  developed  in  connection  with  the 
work  on  the  nutrition  of  heai-t  muscle.     It  was  long  con- 
tended that  serum  albumin  is  a  necessary  constituent  of  ar- 
tificial nutritive  media  for  the  isolated  heart,  the  proteid 
being  adiled  to  the  mixture  directly  or  else  supplied  acci- 
dentally by  the  residue  of  blood  and  lymph  adhering  to 
themes'hesof  the  heart  wall.     For  this  reason,  itwasmain- 
tained,  isolated  hearts  could  be  kept  beating  on  a  physio- 
logical saline  solution  for  a  cemparativel_y  short  time  only. 
It  was  found,  however,  that  a  heart  which  had  been  com- 
pletely run  down  on  0.6  per  cent.  NaCl  solution  would 
beat  again  for  a  time  if  a  small  amount  of  NanCOs  was 
added,  and  when  it  had  come  to  rest  on  this  mixture, 
could  be  started  up  a  second  time  by  the  addition  of 
soluble  calcium  salts,  giving  a  long  series  of  strong  and 
regular  contractions.       These   remarkable   observations 
were  the  beginning  of  a  prolonged  study  of  the  action  of 
the  inorganic  salts  upon  the  heart,  which  is  still  in  prog- 
ress.    One  result  of  this  work  has  been  to  direct  atten- 
tion to  the  high  degree  of  tonicity  possessed  by  heart 
muscle.     In  normal   diastole  the  heart  does  not  relax 
completely ;  it  stops  in  a  condition  of  permanent  partial 
contraction,  which  constitutes  its  tone.     This  is  obvious 
on  comparing  the  normal  diastole  of  a  heart  with  the  ex- 
treme relaxation  of  complete  vagus  inhibition  or  of  death. 
The  tone  or  tonicity  of  the  heart,  measured  by  the  extent 
of  its  diastolic  relaxation,  was  found  to  vary  with  the 
reaction  of  the  medium  and  with  the  kind  and  amount  of 
the  inorganic  salts  present.     Weak  acids  dimini.sh,  alka- 
lies increase  the  tone,  and  a  similar  antagonism  holds  good 
between  the  potassium  and  calcium  salts.     The  tone  of 
the  heart  is,  therefore,  intimately  dependent  on  the  nutri- 
tive  exchanges  going   on   within  its  substance,  and  its 
diminution  or  loss  may  be  an  important  factor  in  cases 
of  dilatation  of  the  heart.     The  subject  of  tonicity  of  the 
heart  thus  becomes  a  matter  of  practical  importance  from 
the  standpoint  of  clinical  medicine.     Another  result  was 
the  discovery  of  the  special  relation  of  the  inorganic  salts, 
particularly  of  calcium  and  potassium  salts,  to  the  causa- 
tion of  the  beat'"  '«.     Calcium  not  only  diminishes  re- 
laxation and  increases  the  tone,  but  it  promotes  contrac- 
tion so  that  excess  of  this  reagent  brings  the  heart  to  a 
standstill  in  powerful  systole.     Potassium  produces  the 
opposite  effect,  and  a  normal  rhythmic  beat  can  be  main- 
tained only  by  preserving  a  proper  ratio  within  compara- 
tively nai-row  limits  of  these  two  classes  of  salts.     From 
these  and  similar  observations  along  the  same  line  the 
conclusion  has  been  reached  that  the  beat  of  the  heart  in 
its  normal  relations  in  the  body  is  the  result  of  the  inter- 
action of  the  inorganic  constituents  of  the  blood  with 
the  heart  muscle,   the  former  providing  the  adequate 
stimulus,  the  latter  the  irritable  agent  whose  complex 
living  molecule  responds  to  the  stimulus  with  an  explo 
sive  decomposition  and  furnishes  the  energy  of  the  con- 
traction. .  ,     .    ,,      r 
p.  Rhythmicity.     On  the  assumption  made  in  the  tore- 
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going  punigrapli  tlic  stimulus  t<i  tlie  Iieart  is  coiistiuit 
wliilt  tlie  response  is  intermittent  and  rliytliniie.  Tliis 
kind  ol:  relation  between  a  continuous  stimulus  and  an 
intermittent  reaction  is  not  peculiar  to  the  heart,  although 
it  is  perhapsmost  conveniently  demonstiated  ujion  strijis 
of  ventricular  muscle.  When  these  are  suspended  under 
a  certain  tension,  the  mechanical  stretching  of  the  tibres, 
acting  as  a  constant  stini\dus,  causes  them  to  gi\'ea  series 
of  rhythmical  contractions.  The  reason  f(]i-  this  is  found 
in  the  peculiar  alterations  in  irritability  which  accompany 
the  beat  of  the  heart.  When  the  contraction  of  the  whole 
heart  or  of  an  isolated  strip  of  heart  muscle  is  recorded 
by  means  of  a  lever,  the  curve  of  contraction,  after  a 
relatively  long  latent  period,  ri.ses  slowly  to  a  ma.vinnnn 
and  as  slowly  declines  again.  The  entire  duration  of  it 
varies  in  different  animals;  I)Ut  the  curve  shows  an  >ni- 
niistakable  rcsendjlance  to  the  simple  contraction  cui've 
of  skeletal  muscle.  The  electrical  changes  in  the  heait 
accompanying  its  beat  corroborate  tlie  view  that  the 
beat  corresponds  to  a  single  twitch,  and  the  dictum 
that  "the  heart  knows  no  tetanus"  has  long  been  cui-- 
rent  in  physiology.  Recently  Walther "  showed  that 
under  ceitain  abnormal  conditions  a  limited  amount  of 
fusion  and  sunmiation  of  contractions,  and  hence  incom- 
]>lete  tetanus,  could  be  obtained  in  the  ease  of  the  frog's 
lieart ;  but  normally  this  is  never  supposed  to  occur. 
The  reason  why  heart  mu.sele  never  gives  tetanic  con- 
tractions but  responds  rhythmically  to  rapidly  repeated 
or  constant  stinudi  is  found  in  the  so-called  "refractory 
period"  (Ivronecker,  1874;  jNIarey,  1876),  whicli  prevents 
fusion  of  contractions,  and  in  the  "  law  of  maximal  con- 
traction "  (Bowditch,  1871)  ^vhich  pi'cvents  summation. 

When  one  stimulates  a  skeletal  muscle  with  a  strong 
stimulus,  a  large  contraction  follows;  when  a  weak 
stimulus  is  applied,  the  contraction  is  small;  within 
linuts  the  contraction  is  proportional  to  the  stimulus. 
Not  so  with  the  heart.  The  beat  is  alwaj's  the  best 
which  the  ventricle  can  accomplish  at  the  time  f)eing,  be 
the  stimulus  weak  or  strong,  provided  only  it  is  efficient 
to  provoke  a  response  at  all.  With  the  heart  it  Is  "  all 
or  nothing. "  Moreover,  the  effect  of  a  stimulus  applied 
to  the  ventricle,  when  it  is  lieatiug  rhythmically  cither 
spontaneously  or  as  the  result  of  rhythmic  stiuuilati(m, 
will  depend  upon  the  exact  phase  of  the  cycle  of  the 
beat  at  which  it  is  thrown  in.  If  it  is  thrown  in  just  as 
a  relaxation  is  taking  place,  a  beat  follows  prenraturely 
before  the  next  beat  would  naturally  follow,  this  prema- 
ture beat  being  obvi(jusly  produced  by  the  stimulus. 
But  if  it  be  thrown  in  while  a  contraction  is  going  on, 
no  premature  beat  follows;  the  ventricle  does  not  seem 
to  feel  the  stimulus  at  all.  This  period,  during  which 
the  ventricle  is  insensible  to  stimuli,  is  called  the  "refrac- 
tory "  period.     From  this  it  results  that,  when  a  succes- 


Fi<;.  ]:«;.  riirpi'i,  stiniulali(iri(.f  the-  Is.)l:iteil  Hwirt  nt  Uie  (■at.  (Ac- 
.■onlinir  In  I,;iii[rc.n,l.,rlT.i  T<.  lie  n-ad  from  left  to  rJKllt ;  svstole  is 
ivpivscntpii  liy  llic  ilowii-.stroliH.  TIih  stiiiuilus  Itirown  in  at  a,  l)e- 
l-nnnirif,'  of  systole,  rciijalns  inKlTcctive  ;  stiiriulatiun  at  h,  middle  of 
diastole,  causes  an  extra  contractitjn.  The  compensatory  pause  and 
the  increased  contraction  lullowintc  it  are  also  shown. 

sion  of  stimuli  repeated  at  a  certain  rate  arc  sent  into  the 
ventricle,  the  number  of  beats  does  not  correspond  to  the 
number  of  stimuli;  some  of  the  stimuli  falling  into  re- 
fractory periods  are  ineffective   and  jtroducc'  iio   beat. 
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Ilcncethe  impossibility  of  producing  tetanus  of  the  heart 
by  means  of  rapidly  repeated  stimuli,  the  usual  effect  of 
which  is  to  throw'tlic  heart  into  the  condition  of  inco- 
ordinated  contractifm  known  as  fibiiUary  conti-action  or 
heart  delirium.  AVhcn  a  prematui-e  extra-contraction  is 
induced  by  sending  an  intercurrent  stimulus  in  during 
the  diastole,  this  conti'action  will  be  larger  the  later  the 
stimulus  is  thrown  in.  After  this  contraction  a  longer 
]iause  than  usual  follows,  the  ci>iiipeu.mtory  pause,  and 
the  succeeding  systole  will  be  correspondingly  increased, 
so  that  both  the  rate  of  beat  and  the  work  done  are  regu- 
lated by  this  compjcnsation. 

)'.  Sequence  of  the  beat.  Thelieatof  the  heart  normally 
begins  at  the  venous  end  and  sweeps  over  the  organ  to 
finish  at  the  arterial  end.  The  myogonic  theory,  there- 
fore, must  provide  a  plausible  explanation  for  the  origin 
of  the  beat  at  one  point  anil  its  propagation  in  one  direc- 
tion over  the  heart.  In  cold-blooded  animals  as  well  as 
in  mammals  (Kent)  there  is  direct  muscular  continuity 
between  the  several  segments  of  the  heart,  so  that  ana- 
tomically there  is  no  difficulty  in  assuming  the  propaga- 
tion of  tlie  contraction  wave  from  muscle  tibre  to  muscle 
fibre  through  the  entire  length  of  the  orgari.  Measure- 
ments of  the  rate  at  which  the  contraction  wave  advances 
have  been  made;  in  the  frog's  heart  at  8'  to  12'  C.  it  is 
80  to  90  umi.  per  second,  in  the  excised  mammalian  heart 
about  8  m.  per  second  (Waller  and  Reid).  This  would 
indicate  that  the  above  assumption  is  true,  these  rates 
being  very  much  slower  than  the  rate  of  conduction  in 
nerves.  It  remains  only  to  inquire  why.  the  beat  begins 
at  the  venous  end.  It  was  shown  above,  in  connection 
with  the  neurogenic  theory,  that  the  potentiality  of  beat- 
ing was  greater  in  the  .sinus  of  the  frog's  heart  than  in 
the  other  parts.  The  isolated  ventiicle,  when  it  beats  at 
all,  does  so  with  a  slower  rhj-thm  than  the  sinus.  Simi- 
larly it  C'an  be  shown  on  the  terrapin's  heart  that  inter- 
ference with  the  muscular  substance  of  the  auricle,  when 
carried  to  a  certain  extent,  prevents  the  beat  of  the  auricle 
from  passing  over  to  the  ventricle  so  that  the  sequence  is 
broken  after  the  auricle  beat.  If,  for  instance,  the  auricle 
be  cut  through  until  only  a  narroAv  bridge  of  muscle  be 
left  connecting  the  sinus  end  with  the  ventricular  end  of 
the  heart,  or  if  this  part  of  the  auricle  be  compressed  with 
a  clamp,  a  point  may  be  reached  in  which  every  second 
or  every  third  beat  only  of  the  sinus  is  followed  by  a 
beat  of  the  ventricle.  Then  if  the  bridge  be  still  further 
narrowed  or  the  clamp  tightened,  the  ventricle  stops  al- 
together, or  it  may  after  a  while  set  up  an  independent 
rhythm  of  its  own,  slower  than  that  of  the  sinus.  Experi- 
ments \\\Mm  isolated  strips  taken  from  the  sinus,  auricle, 
and  ventricle  respectively  show  that  the  concentration  of 
salts  in  the  blood  is  adjusted  to  the  irritability  of  the 
venous  end.  Sinus  strips  begin  to  beat  at  once  in  solu- 
tions of  that  degree  of  concentration;  ventricular  strips 
remain  quiescent  until  the  concentration  is  altered  to  suit 
their  jieculiar  state  of  irritability.  The  normal  sequence, 
therefoi-e,  is  merely  the  residt  of  the  fact  that  the  normal 
stimulus  of  the  heart  is  attuned,  so  to  speak,  to  the  phys- 
iological properties  of  the  venous  end ;  the  beat  once 
inaugurated  travels  along  from  tibre  to  fibre  until  the 
cycle  is  completeil.  And  so  the  auricle,  as  has  lieen  stated 
before,  becomes  the  pacemaker  of  the  entire  lieart  and 
an  imiiortaut  regulator  of  its-work. 

3.  The  Extrinsic  Nerves  of  the  Iieart.  While  the  heart 
contains  within  itself  all  the  conditions  necessary  to  the 
development  of  a  regular  rhythmic  beat,  its  activity  is 
constantly  controlled  and  modified  by  impulses  coming 
to  it  through  the  extrinsic  cardiac  nerves.  It  has  already 
been  statetl  that  these  nerves  are  derived  from  two 
souices,  and  their  anatomical  cour.sc  from  the  cardiac 
plexus  to  their  central  origins  may,  for  the  various  mam- 
mals, be  broadly  represented  by  the  diagram  (Fig.  1353). 

The  vagus  (inhibitory)  fibres,  shown"  by  black  lines, 
run  in  the  upper  (bulbar)  roots  of  the  spinal  accessory, 
by  the  internal  branch  of  the  spinal  accessory,  past  the 
ganglion  trunci  vagi,  along  the  trunk  of  the  vagus,  and 
so  by  branches  to  the  cardiac  plexus.  The  syuTpathetic 
augmentor  tibres,  also  shown  by  black  lines,  pass  from 
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thf  spinal  cord  by  the  anU'iiov  roots  of  the  second  and 
third  tlioraeie  nerves  (possibly  also  fi-oni  the  tirst,  fourth, 
and  fifth,  as  indicated  by  br()l<en  black  lines),  and  reach 

the  sympathetic  chain 
GJ  ^  in    the    corres|ionding 

white  rami  conim\nii- 
caiites.  They  |iass  the 
stellate  .iranjiiion  by 
the  annuliis  of  Vieus- 
sens  to  the  lower  cer 
vical  ganf,'lion,  from 
whence,  as  also  from 
the  annidus  itself,  they 
pass  along  the  cardiac 
rami  to  the  jilcvus, 

a.  The  inhibitory 
nerves  of  the  heart. 
The  brothers  AVeber 
discovered  in  1845  that 
stimnlation  of  the  pe- 
ripheral stum|)  of  the 
ilivided  vagus  nerve 
with  the  faradic  cu)- 
rent  caused  either  a 
slowing  or  complete 
cessation  of  the  heart 
lieat,  according  to  the 
intensity  of  the  stimu- 
lus; that  the  va.gus, 
in  other  words,  con- 
tains inhibitory  fibri'S 
for  the  heart.  Section 
of  both  nerves  they 
found  to  be  followed 
by  an  acceleration  of 
the  pidse,  the  etVect  be- 
ing more  ])ronounced 
in  animals  of  slow 
pulse.  The  inhibitory 
action  of  the  vagus  on 
the  heart  is  conveni- 
ent 1  y  demonstrated 
upon  a  blood-pressure 
record,  in  which  the 
altered  heart  rhythm 
as  well  as  its  intlvience 
on  the  height  of  arterial 
pressure  is  immediately 
apparent. 

The  slowing  of  the 
beat  is,  however,  not 
the  only  effect  of  va- 
gus stimulation  on  the  heart.  The  force  and  extent  of 
the  individual  beats  are  also  diminished,  and  the  effects 
upon  the  rate  and  force  are  to  a  certain  extent  independ- 
ent of  one  another,  so  that  in  a  given  case  the  rate  may 
remain  entirely  imchanged  while  the  contractions  go  on 
diminishing  iii  extent  and  force  until  complete  rest  re- 
sults. The  contrary  effect  of  a  slowing  in  rate  without 
simultaneous  diminution  in  size  is  not  known  to  occur. 
Finally  stimulation  of  the  vagus  produces  a  partial  or 
complete  loss  of  tone,  thus  allowing  more  complete  re- 
laxation and  giving  rise  to  the  characteristic  over-dis- 
tended and  engorged  appearance  of  the  completely  in- 
hibited heart. 

The  inhibition  from  vagus  stimulation  tells  much  more 
on  the  auricles  than  on  the  ventricles,  the  extent  of  the 
auricular  contraction  being  especially  affected.  The 
auricles  may  be  brought  to  a  complete  standstill  wdiile 
the  ventricles  continue  to  beat,  the  latter  then  exhibiting 
that  independent  rhythm  spoken  of  above.  In  a  some- 
what similar  manner  the  stimulation  of  the  vagus,  by 
affecting  the  rhythm  of  the  auricles  more  than  that  of 
the  ventricles,  may  lead  to  a  lack  of  coordination  be- 
tween the  two,  the"  specially  slowed  auricles  beating  at 
one  rate,  the  ventricles  at  a'nother.  The  {question  as  to 
whether  the  vagus  acts  directly  on  the  ventricles,  as  it 
does  on  the  auricles,  or  whether  the  effect  on  them  is  of  a 
Vol.  III.— 8 


Fig.  1353.— Diagrammatic  Representa- 
tion of  the  Cardiac  Inlilbltory  and 
Augmentor  Fibres  in  the  Dog.  The 
upper  portion  ol  the  figure  represents 
the  inhibitory,  the  lower  the  au^ien- 
tor  fibres. 


secondary  nat\ireca\ised  liy  the  changes  in  the  auricles, 
must  for  the  piesent  be  left  undecided. 

fi.  Accelerator  nerves.  Diametrically  opposite  changes 
are  set  up  in  the  heai't  on  stimulating  the  iieiiplieral  end 
of  one  of  the  accelei'ator  nerves.  These  nerves  are  char- 
acterized by  their  lesser  irritability,  a  longer  latent  period 
of  stimulation,  and  a  more  lasting  after-effect  wdien 
compared  with  the  lineumogastrics.  With  a  suitable 
stinndus  an  acceleration  of  the  heart  amounting  to  from 
five  to  one  hundi'cd  per  cent,  may  be  olttained  according 
to  llieinitial  rate  on  which  the  maximum  acci'leration  that 
can  be  obtained  seems  to  be  independent.  As  in  the  case 
of  the  inhibitoiy  fibres,  the  effect  is  of  a  dual  nature,  the 
increase  in  rate  being  generally  accompanied  by  an  in- 
ci'ease  in  the  size  and  force  of  both  auiicidar  and  ven- 
tricular contractions.  Either  eft'ect  may  moreover  ap- 
pear alone,  so  that  the  name  "augmentor  "  has  come  to 
be  used  side  bj'  side  with  that  of  "accelerator"  for  these 
nerves.  In  fact,  the  suggestion  has  been  ollered  that  the 
heart  really  I'cceives  four  ilistinrl  varieties  of  nerve  fibres 
through  its  extrinsic  ner\-es  instead  of  two,  correspond- 
ing to  the  various  I'esults  obtained  by  artificial  stimula- 
tion— namely,  accelerating,  retai'ding,  augmenting,  and 
depressing  fibi'cs. 

It  is  interesting  to  iiole  the  I'tlcct  of  simultaneous 
stimulation  of  both  inhil)itiiry  and  accelerator  nerves.  It 
was  long  liclieved  that  even  feeble  stimulation  of  the 
vagi  was  able  lo  overcome  comparatively  sti'ong  stiimi- 
latif)!!  of  the  accelerators,  so  that  when  both  nerves  were 
stimulated  logetherthe  inhibitory  ctfect  predominated  so 
long  as  the  stimulus  lasted.  L'pou  the  cessation  of  the 
latter,  however,  the  chara<-teristic  accelerator  after-effect 
showed  itself  in  a  seconilary  (juii  kening  of  the  heai't,  in- 
dicating that  the  effect  of  the  stimulus  on  the  accelerator 
nerves  was  only  temponirily  sujierseded. 

The  iccent  woik  on  this  subject  has  shown  that  these 
two  .sets  of  ner\es  are  true  antagonists,  and  that  the  effect 
of  simultane(jus  stimulation  is  determined  entirely  by  the 
relative  strength  of  the  stimuli  applied  to  them.  Hunt" 
concludes  that  in  all  cases  the  icsult  is  aiiproximately 
the  algebraic  sum  of  the  results  of  stimulating  them 
separateljf. 

The  mechanism  through  which  these  nerves  produce 
their  (liaractei'istic  effects  ujion  the  lieait  and  the  nature 


Fh;    13;>t —Bldod-Pressurp  Tracing  IRabhiti.    Vagus  stimulated  at  I. 
Stimulus  stronger  in  B  than  in  A  (Hiirthle's  spring  manometer). 

of  the  ultimate  changes  underlying  the  inhibition  and 
acceleration  are  also  points  of  f\in(lameutal  theoretical  im- 
portance. 

As  to  the  first  part,  it  has  been  supposed  that  some  of 
the  intrinsic  ganglia  of  the  heart  constitute  peripheral 
nervous  mechanisms  wdiich  mediate  between  the  extrinsic 
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nerves  and  the  heart  muscle.  Reasons  lia  ve  ah'eudy  been 
given  for  denj'ing  to  these  ganglia  any  share  in  the 
maintenance  of  tlie  noi'mal  beat,  and  hence  the  suggestion 
that  they  niaj'  act  as  local  inhibitory  and  local  augnien 
tor  centres.  The  evidence  adduced  in  support  of  this 
view  is  based  on  the  action  of  certain  heart  drugs  like 
nicotine,  atropine,  and  muscarine,  and  on  the  interesting 
cla.ssical  experiment  known  as  the  "ligatures  of  Stan 
nius. "  Since  neither  of  these  series  of  experiments  is 
thoroughly  understood  and  both  admit  of  various  er|ually 
plausible  explanations,  they  have  furnished  no  crucial 
test  or  detinitive  solution  of  the  problem.  In  fact,  it 
may  be  said  that  the  alternative  view  is  gaining  in  favor, 
according  to  %Yhich  the  cells  on  the  course  fif  the  fibres 
in  the  heart  are  rather  stations  where  the  fibres  lose  their 
medulla  and  where  possibly  other  anatomical  changes 
and  rearrangements  occur,  than  important  intermediate 
mechani.sms  which  essentially  modify  the  ])hysiological 
impulses  faUing  into  them  and  which  shape  the  visible 
resiUts  that  follow  these  impulses. 

In  this  case  the  effect  of  both  inhibitory  and  acceler- 
ator fibres  would  be  upon  the  muscular  tissue  direct,  and 
this  leads  to  the  second  part  of  the  question  as  to  the 
ultimate  nature  of  the.se  effects.  On  this  point  our  in- 
formation is  a  little  more  definite,  although  far  from  satis- 
factory. The  most  plausible  theory  as  to  the  action  of 
the  inhibitory  nerves  is  the  trophic  theory  of  Gaskell. 
While  the  augmentor  nerves  are  compared  to  ordinary 
motor  nerves  which  increase  katabolic  and  destructive 
changes,  the  vagus  is  supposed  to  have  a  contrarj'  in- 
fluence on  the  chemical  changes  going  on  in  the  heart  so 
as  to  give  them  a  trophic  or  anabolic  or  constructive 
turn,  and  thus  to  lessen  for  the  time  being  the  destruc- 
tive changes  underlying  the  muscular  contraction.  Ac- 
cording to  Gaskell  the  natural  consetiuence  of  inhibition 
should  be  a  stage  of  increased  etflciency  and  woiking 
power  when  the  inhibition  has  passed  away,  and  the 
natural  consequence  of  augmentation  should  be  temporary 
exhaustion.  Experiment  shows  that  this  is  exactly'  w'hat 
occurs.  The  activity  of  a  weak  heart  has  freqiiently  been 
heightened  by  vagus  stimulation,  while  a  fairly  vigorous 
heart,  especially  a  bloodless  one,  ma}-  bj^  repeated  stimu- 
lation of  the  accelerator  fibres  be  reduced  to  a  very 
feeble  condition.  In  support  of  the  view  that  the 
changes  set  up  in  the  heart  b_y  vagus  stimulation  are 
of  a  constructive  anabolic  kind  nuist  be  mentioned 
the  positive  variation  of  the  demarcation  current  wliieh 
accompanies  such  stimulation.  If  the  ordinary  con- 
ception that  the  negative  variation  accompanying  func- 
tional activity  in  various  tissues  is  an  ind'ioation  of 
increased  katabolism  be  accepted,  it  is  fair  to  infer  from 
a  positive  variation  that  changes  of  an  opposite  char- 
acter are  going  on. 

But  the  clearest  proof  of  the  trophic  nutritive  influ- 
ence of  the  vagus  on  the  heart  is  obtained  from  the  stud}' 
of  the  pathological  changes  appearing  in  that  organ  as 
a  result  of  unilateral  vagotomy  in  animals.  All  other 
organs  remain  normal  while  the  heart  alone  presents  an 
area  of  atrophic  degeneration  (not  fatty  degeneration), 
varying  in  po.sition  according  to  which  nerve  was  cut 
(Fantino). 

As  to  the  normal  mode  of  functioning  of  these  two  sets 
of  antagonistic  nerves,  it  is  to  be  noted  in  the  first  place 
that  both  are  in  a  state  of  tonic  activity ;  section  of  both 
vagi  causes  a  marked  acceleration  while  sub.scquent  de- 
struction of  the  accelerators  distinctly  slows  the  rate 
again.  These  facts  point  to  centres  of  origin  which  are 
in  a  state  of  constant  activity  either  automatically  or  I'e- 
flexly,  and  a  change  in  the  rate  of  the  heart  in"  either 
direction  may  evidently  he  brought  atiout  in  two  ways, 
by  increasing  or  diminishing  tlie  activity  of  either  of 
these  centres.  Nature  seems  to  provide  here  an  excess 
of  regulating  mechanism  with  unwonted  and  super- 
fluous extravagance,  but  the  general  occurrence  of  this 
double  mechanism  throughout  the  series  of  vertebrated 
animals,  and  even  among  certain  invertebrates,"  indicates 
that  some  u.seful  end  nuist  be  gained  ))y  this  arrangement; 
possibly  the  great  mobility  and  power  of  adaptation  so 
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necessary  in  this  central  oi'gan  may  be  one  of  the  ad- 
vantages derived  thereby. 

It  is  by  no  means  a  unique  arrangement  in  the  living 
organization  as  wc  find  it  paralleled  by  the  double 
mechanism  of  the  iris  and  by  the  familiar  structure  of 
joints  with  antagonistic  muscles. 

The  inhibitory  and  accelerator  nerves  can  be  stimu- 
lated along  their  course  to  the  heart  only  under  excep- 
tional circumstances  in  the  intact  body.  A  tumor  or  an 
aneurism  may  occasionally  press  upon  the  nerve  trunks, 
or  it  maybe  possible  in  some  individuals  to  compress  the 
vagus  against  the  vertebral  column,  but  the  impulses 
which  regulate  the  activity  of  the  heart  are  normally 
discharged  from  the  centres  which  lie  in  the  medulla 
oblongata.  AVhile  there  is  no  .satisfactory  evidence  to 
indicate  the  existence  of  automatic  activity  in  these  cen- 
tres, various  conditions  are  known  to  modify  their  activ- 
ity, and  practically  every  afferent  nerve  of  the  body 
comes  into  reflex  relation  with  them. 

The  medullary  centres  of  the  cardiac  nerves  are  well 
known  to  be  influenced  Ity  the  higher  brain  centres. 
Various  psychical  states,  such  as  ijleasure,  pain,  hope, 
and  fear,  may  quicken  or  slow  the  heart,  and  occasionally 
individuals  are  able  by  a  voluntary  effort  markedl}-  to 
accelerate  the  pulse. 

The  state  of  the  blood  pressure  also  modifies  the  activ- 
ity of  these  centres.  An  isolated  heart  does  not  react  by 
a  change  of  rate  to  variations  of  either  arterial  or  venous 
pressures  within  physiological  limits ''"  "  '" ;  but  in  the 
body  with  its  nerve  connections  intact  it  may  be  almo.st 
put  in  the  form  of  a  law,  that  "the  rate  of  tlie  beat  is  in 
inverse  rutio  to  the  arterial  pressure  ";  a  rise  of  pressure 
being  accompanied  by  a  diminution  and  a  fall  of  pressure 
by  an  increase  of  the  rale.  "When  the  vagi  are  di^•ided, 
this  relation  is  no  longer  observed :  hence  it  is  inferred 
that  increased  pressure  causes  a  slowing  of  the  beat, 
when  the  vagi  are  intact,  because  the  inhibitorv  centre 
is  stimulated  by  the  high  pressure,  either  directly  by  the 
pressure  obtaining  in  the  blood-vessels  of  the  medulla, 
or  in  some  indirect  manner,  and  the  heart  in  con.sequence 
is  more  or  less  inhibited.  Nothing  definite  is  known  as  to 
the  conduct  of  the  accelerator  centre  over  against  these 
variations  of  blood  pressure. 

The  afferent  impulses,  which  reflexly  modify  the  activ- 
ity of  the  medullary  centre,  arise  every'where  in  the  bodv, 
including  the  heart  itself,  and  only  a  few  special  cases 
need  be  referred  to  here. 

The  heart  is  supplied  with  centripetal  nerves  which, 
while  they  are  not  known  to  mediate  conscious  sensa- 
tions, may  evoke  muscular,  vascular,  and  cardiac  re- 
flexes. 

Wooldridge  described  fibres  on  the  anterior  and  posterior 
surfaces  of  the  ventricle,  stimulation  of  whose  central  end 
gave  either  reflex  acceleration  or  inhibition. 

The  depressor  nerve  of  Cyon,  which  will  be  referred  to 
in  more  detail  later,  also  takes  its  origin  in  the  heart  and 
reflexly  inhibits  it  when  the  central  end  is  stimulated,  the 
vagi  being  intact.  Reflex  inhibirion  results  also  from 
the  stimulation  of  the  following  nerves:  the  central  end 
of  either  vagus,  the  other  being  intact;  the  .superior 
laryngeal  nerve ;  the  splanchnic,  and  the  trigeminal. 

Reflex  acceleration  is  obtained  by  forcible  inflation  of 
the  lungs,  and  in  man  whenever  intrapulmonary  pressure 
is  increased,  as  in  loud  talking,  .singing,  etc. 

Sensory  nerves  proper  and"  the  u'erves  of  special  sense 
give  either  inhibition  or  acceleration,  the  result  appar- 
ently depending,  in  part  at  least,  on  the  iutensitv  of  the 
stimulus,  feeble  stinuilation  giving  acceleration'  strong 
stinuilation  inhibition.  It  is  rarelv  possible  to  interpret 
the  res\dt  m  a  given  case  and  to  state  through  the  media- 
tion of  which  centre  it  is  obtained,  or  whether  both  cen- 
tres cooperate,  since,  as  we  have  seen,  either  centre  may 
be  utilized  to  obtain  both  slowing  and  quickening  of  the 
heart.  The  older  phy.siologists  attributed  the  main  share 
of  the  reflex  regulation  to  the  cardio-inhiliitory  centre, 
assigning  to  the  augmentor  mechanism  a  subordinate  and 
auxiliar}^  role.  At  present  there  is  a  distinct  tendency 
to  magnify  the  importance  of  the  accelerator  mechanism 


REFERENCE   HANDBOOK   OP   THE   MEDICAL   SCIENCES. 


€ii-ciiIalIon  of  tlie 
Blood. 


and  to  place  the  two  halves  of  the  heail-regulatim;  ap- 
paratus on  equal  footing. 

B.  yitso-^r,>u>r  Kerirs. — Prom  what  lias  heen  said  about 
the  influence  of  gravity  and  the  respiratory  movements 
on  the  blood  flow  in  the  veins,  it  may  be  'inferred  that 
these  mechanical  factors  influence  the  distribution  of  the 
blood  in  the  body,  more  especially  that  in  the  veins. 
Aside  from  such  changes,  however,  the  vascularity  of  the 
various  organs  undergoes  incessant  fluctuations"  which 
are  evidently  correlated  in  part  with  changes  in  their 
f imctioual  activity  anil  in  part  related  to  the  heat  regu- 
lation of  the  body.  These  changes  in  blood  supply  are 
not  the  passive  effects  of  mechanical  factois  like  those 
just  mentioned,  but  are  brought  about  by  local  changes 
in  the  walls  of  the  vessels  themselves,  especially  those  of 
the  small  arteries,  liy  which  their  calibre  is  increased  or 
diminished:  and  these  changes  throughout  the  body  arc 
so  coordinated  that  in  general  it  may  be  said  that  the  blood 
flow  to  each  organ  is  constantly  adapted  to  the  existing 
state  of  its  physiological  activity. 

By  holding  the  ear  of  a  rabbit  up  before  the  light  or 
watching  the  web  of  a  frog's  foot  under  the  microscope, 
such  changes  in  the  calibre  of  the  arteries  may  be  readily 
seen.  It  will  be  noticed  that  these  vessels  frequently  ex- 
pand and  contract  without  any  apparent  cause,  rarely  re- 
maining at  rest  for  any  great  length  of  time.  The  size  of 
the  vessels  thus  oscillates  about  a  mean  state  of  moderate 
contraction,  which  is  habitual  though  vaiiable  and  which 
is  spoken  of  as  their  tone  or  tonicity.  The  arteries  owe 
this  tone  to  the  peculiar  properties  of  the  non-striated  in- 
voluntary m\iscle  tissue  which  enters  so  largely  into  the 
structure  of  their  walls,  forming  as  it  does  practically  the 
whole  thickness  of  the  middle  coat  in  the  smaller  arteries, 
where  the  changes  in  question  are  most  marked.  His- 
tological examination  shows,  moreover,  that  these  muscle 
fibres  are  richly^  supjilied  with  nerves  by  which  their  ac- 
tivity is  regulated  and  controlled,  and  to  which  therefore 
the  name  of  vaso-motor  nerves  has  been  given. 

The  study  of  the  vaso-motor  nerves  becomes  of  para- 
mount importance  in  view  of  the  intimate  relations  they 
bear  to  the  activity  of  every  organ  and  tissue  of  the  bod.v. 
The  fact  that  the  apparently  spontaneous  irregulaiiy 
rhythmic  changes  in  calibre  of  the  arteries  are  under  the 
control  of  special  vaso-motor  nerves  was  discovered  by  CI. 
Bernard  in  1851  when  he  divided  the  cervical  sympathetic 
nerve  in  the  rabbit.  He  observed  as  the  result  of  this 
operation  that  the  vessels  of  the  ear  on  the  same  side 
visibl)'  expanded,  small  arteries  and  veins  standing  out 
distinctly  which  before  could  not  be  recognized.  The 
temperature  of  the  ear  rose,  and  from  a  divided  vein 
blood  of  a  bright  hue  flowed  in  a  rapid  stream.  Tlie 
spontaneous  changes  of  calibre  had  disappeared.  On 
stimulating  the  head  end  of  the  divided  nerve,  the  arteries 
again  contracted,  the  venous  blood  streamed  out  slowly 
with  the  usual  dark  color,  and  the  temperature  of  the  ear 
once  more  fell.  Nerves  which  thus  bring  about  contrac- 
tion of  the  vessels  when  stimulated  are  called  vaso-con- 
strictor  nerves,  and  the  experiment  cited  above  shows 
that  tlje  vaso-constrictors  di.stributed  to  the  rabbit's  ear 
are  in  tonic  activity  so  long  as  their  normal  connection 
with  the  central  nervous  S3'stem  is  left  intact. 

Since  the  time  of  Bernard's  classical  experiment  the  dis- 
tribution of  nerves  of  similar  function  to  practicall}'  every 
vascular  area  of  the  body  has  been  demonstrated  and  their 
anatomical  course  traced  out.  In  general  their  path  is 
much  the  same  for  all  the  mammalia,  and  may  be  briefly 
described  as  follows.  Leaving  the  spinal  cord  in  the  an- 
terior roots  of  the  nerves  belonging  to  the  middle  region, 
say  from  the  second  thoracic  to  the  fourth  lumbar  nei've, 
they  pass  by  the  visceral  branches  of  the  mixed  trunk  to 
the  corresponding  thoracic  and  abdominal  sympathetic 
ganglia.  Those  destined  for  the  head  and  neck  come 
out  chiefly  in  the  second  and  thii'd  thoracic  nerves,  then 
turn  upward  through  the  anuulus  of  Vieussens  to  the 
lower  cervical  ganglion,  and  thence  up  the  cervical  sym- 
pathetic nerve  to  their  final  distribution.  Similarly^  those 
for  the  abdominal  viscera  pass  to  the  splanchnic  and  to 
smaller  nerves  joining  the  inferior  mesenteric  ganglion. 


extremities  and 
along  the  sym- 
comuuuiicantes 


The  fibres  which   arc  intended   for  the 
trunk,  after  a.  longer  or  shorter  course 
Itathetic  chain,  leturn  in  the  gray  rami 
to  the  spinal  nerves,  and  so  reach  tlie 
brachial  plexus,  the  sciatic  plexus, 
or  other  spinal  nerve,  as  the  case 
may  be,  to  pass  out  to  their  apjiro- 
priate  area  of  distribution. 

The  vaso-constrictor  nerve  fibres 
are  of  the  fine  mcdullated  variety 
when  they  leave  the  spinal  cord, 
but  it  has  been  shown  by  the  nico- 
tine test  of  Langley  that  they  early 
lose  their  medullary  sheaths  in  some 
one  or  other  of  the  sympathetic 
ganglia  through  wdnch  they  pass 
and  are  continued  as  non-medullat- 
ed  fibres.  Thus  the  vaso-constrictor 
fibres  of  the  cervical  sympathetic 
lose  theirs  in  the  superior  cervical 
ganglion.  The  fibres  of  the  abdom- 
inal splanchnics  are  connected  with 
cells  of  the  solar  plexus,  while 
others  still  undergo  this  change 
while  yet  in  the  main  symjiathetic 
chain.  Two  apparent  exceptions 
to  the  above  general  statement  are 
found  in  the  vaso-constrictor  fibres 
which  occur  in  the  n.  auricularis 
cervicalis  and  in  the  vagus.  The 
former  have  been  traced  through 
the  second  and  third  nerves  of  the 
cervical  plexus  and  are  distributed 
to  the  tip  and  sides  of  the  ear.  The 
vagi,  according  to  various  authors, 
contain  vaso-constrictors  going  to 
the  heart,  stomach,  inte.stines,  "kid- 
neys, spleen,  and  lungs.  The  ma- 
jority of  authors  agree  that  the 
lungs  receive  their  chief  supply  in 
the  usual  way  from  fibres  coming 
out  in  the  third  to  fiftli  thoracic 
spinal  nerves,  and  it  is  possible  that 
the  apparent  exceptions  noted  may 
in  reality  be  derived  from  the  sym- 
pathetic system. 

Another  type  of  vaso-motor  nerve 
is  represented  in  the  fibres  supplied 
b}'  the  lingual  nerve  to  the  sub- 
maxillary gland  and  adjacent  struc- 
tures. 

When  these  fibres  are  divided  no 
effect  is  observed ;  but  on  stinuilat- 
ing  their  peripheral  ends  the  ves- 
sels of  the  gland  are  seen  to  dilate 
and  swell,  and  the  blood  gushes 
fiom  the  efferent  veins  with  a  dis- 
tinct pulse  and  a  bright  a)terial 
color.  This  class  of  fibres,  desig- 
nated "  vaso-dilator"  nerves,  is  not 
in  tonic  activity  like  the  vaso-con- 
strictors and  their  influence  can  be  exerted  in  one  direc- 
tion only,  viz.,  to  dilate  the  blood-vessels.  The}'  seem 
to  be  used  on  special  occasions  only,  while  the  vaso- 
constrictor nerves,  which  owing  to  their  tonic  activity 
can  be  worked  both  in  a  positive  constrictor  and  in  a 
negative  dilator  direction,  appear  to  find  a  more  general 
application  in  the  body.  At  the  .same  time  the  vaso- 
dilators have  also  been  shown  to  be  widely  distributed 
and  possiblj'  occur  wherever  the  vaso-constrictors  are 
found.  The  demonstration  of  vaso-dilator  fibres  when 
they  occur  alone  as  in  the  lingual  nerve  or  in  the 
nervi  erigentes  is  not  difficult,  but  when  they  are  com- 
bined in  the  same  nerve  trunk  with  vaso -constrictor 
fibres,  as  is  usually  the  case,  special  devices  must  be  used 
to  show  their  presence.  Simidtaneous  stimulation  of 
both  kinds  of  fibres  generally  produces  vaso-coustriction, 
although  marked  dilatation  may  appear  as  the  after-effect. 
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Fig.  1.3.0.1 -Diafrram  II- 
lustiatiriK  tlie  Paths  of 
Vaso  -  Constrictor  Fi- 
bres aloiiu  tlie  Cervi- 
cal Sympathetic  and 
(Part  of)  tlie  Abdomi- 
nal Splanchnic.  Aur., 
Artery  of  ear ;  G.C.s.. 
superior  cervical  gan- 
glion; Abd.SpL.  upper 
roots  of  and  part  of  the 
abdominal  splanchnic 
nerve;  V.M.C.,  vaso- 
motor centre  in  spinal 
bulb ;  O.Sy.,  cervical 
sympathetic ;  G.  C, 
lower  cervical  gan- 
glion ;  An. v.,  annu- 
lus  of  Vieussens ; 
G.St.,  stellate  gan- 
glion ;  G.Th.^  G.Th.», 
G.Th.«,  G.Th.',  G.- 
Th.s,  thoracic  gan- 
glia; D.I,  D.II,  D.V, 
thoracic  spinal  nerves. 
The  paths  of  the  con- 
strictor fibres  are 
shown  by  the  arrows. 
The  dotted  line  along 
the  middle  of  the 
spinal  cord,  Sp.C,  is 
to  indicate  the  passage 
of  constrictorinipulses 
down  the  cord  from 
the  vasomotor  centre 
in  the  spinal  bulb. 
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Tlie  vaso-ililatoi-s  differ  from  the  constrictors  pliysiologi- 
cally  in  several  ways.  Wtien  stinuilated,  tire  latent  period 
seems  somewhat  longer,  the  eflx'ct  reaches  a  niaxinmni 
more  slowly  and  it  persists  much  longer.     Their  initabil- 


C/l.t' 


Fig,  1:3.36.— Oifigrammatic  Representation  of  the  Submaxillar.v  Gland  of  the  Dop- 
witli  Its  Nerve  and  Blood-Vessels,  f^iii.uhl..  The  submaxillary  gland.  Into  tho 
duct  Um.d.)  of  which  a  cannula  has  been  tied.  The  sublingual  gland  and  dint 
are  not  shown,  n.l.,  n.V,  the  lingual  branch  of  the  (Ifth  nerve,  the  part  ii.l.  is 
going  to  the  tongue  ;  ch.t.,  c/i.C,  ch.f.  the  chorda  tympanl.  The  part  rh.f  Is  |iro- 
ceedlng  from  the  facial  nerve  ;  at  eh.V  It  becomes  conjoined  with  the  lingual  ii.l' 
and  afterward  diverging  passes  as  ch.t.  to  the  gland  along  the  rturt.  The  con- 
tinuation of  the  nerve  in  company  with  the  lingnal  ?i.(.  Is  not  shown,  a'".!/!.. 
the  submaxillary  ganglion  with  its  several  roots ;  a.cnr.,  the  carotid  aitery,  two 
small  branches  of  which,  a.f<m.a.  and  r.>im.p.,  pass  to  the  anterior  and  posterior 
parts  of  the  gland  :  v..'i.m.,  the  anterior  and  posterior  veins  from  the  gland,  fall- 
ing into  V.J.,  the  jugular  vein:  r..s.iy;(i.,  the  conjoined  vagus  and  sympathetic 
trunks ;  gl.cer.s.y  the  upper  cervical  ganglion,  two  branches  of  which,  forming 
a  plexus  ia.f.)  over  the  facial  artery,  are  distributed  {n.^ym.m  )  along  the  two 
glandular  arteries  to  the  anterior  and  posterior  portions  of  the  gland. 


ity  is  also  of  a  different  kind,  disappearing  more  slowly 
after  section  of  the  nerve  or  on  cooling  and  making 
them  more  sensitive  to  wealv,  slowly  repeated  stimuli. 
These  differences  furnished  the  means  of  tracing  these 
nerves  even  in  themi.xed  trunks  and  of  determining  their 
anatomical  paths.  Some  of  them  appear  to  run  much 
the  same  course  as  the  vaso-constrictors.  Such  are  the 
vasodilator  tibres  running  in  spinal  nerves  like  the  sciatic 
and  brachial,  those  which  seem  to  be  present  in  the 
splanchnics,  and  certain  fibres  of  the  cervical  sympathetic 
which  act  as  dilators  to  parts  of  the  mouth  and  face. 
All  of  these  issue  from  the  cord  in  the  anterior  roots 
of  the  lower  cervical,  thoracic,  and  upper  lumbar  spinal 
nerves  and  pass  in  their  course  outward  through  the 
sympathetic  system  in  essentially  the  same  way  as  the 
constrictor  fibres. 

The  more  distinct  and  notable  vaso-dilators,  however, 
do  run  a  different  course.  These  are  fcjund  in  the  nerves 
coming  from  the  cranial  and  sacral  regions  of  the  central 
nervous  system  whence  no  vaso-constrictor  fibres  are 
known  to  issue.  Thus  the  vaso-dilator  fibies  for  the 
submaxillary  may  be  traced  back  through  the  chorda 
tympani  to  the  facial  or  seventh  cranial  nerve  (see  Fig. 
13.'J6).  By  the  same  path  vaso-dilator  fibres  are  supplied 
to  part  of  the  tongue  also.  Of  the  remaining  cranial 
nerves  the  glosso-pharyngcal  contains  vaso-dihi'tor  fibres 
for  the  parotid  gland,  the  trigeminal  for  the  eye  and  jiart 
of  the  face  (although  tlie  latter  alsd  leceives  dilator  fibres 
for  the  li])S,  etc.,  from  the  second  to  fifth  thoracic  nerves 
through  the  cervical  .sympathetic),  and  the  vaitus  for  the 
coronary  arteries  of  the  heart.  The  Viiso-dilator  fibres 
which  pass  into  the  nervi  erigentes  leave  the  sacral  region 
of  the  cord  by  the  anterior  roots  of  the  sacral  nerves  and 
reach  the  penis  by  way  of  the  hypogastric  plexus.  In 
these  in.stances  the  vaso-dilator  filires,  as  they  leave  the 
central  nervous  system,  are  like  the  vaso-constrictor 
fibres,  fine,  medullated  nerves ;  but  unlike  the  majority,  at 
least,  of  tlie  vaso-constrictors,  they  reluin  their' meihilla 
for  the  greater  part  of  tlieir  course  and  lose  it  only  near 


their  termination  in  the  tissue  whose  blood-vessels  they 
supply.  It  shotild  be  mentioned  ahoas  a  curious  and 
remarkable  anomtily  that  some  of  the  vaso-dilator  fibres 
leave  the  spinal  cord  in  a  number  of  the  posterior  roots. 
First  discovered  in  the  lumbar  regiim  (Striek- 
er, Morat),  they  have  been  recently  shown '" 
to  occur  in  the  posterior  roots  of  the  fourth, 
fifth,  sixth,  and  seventh  lumbar  and  first 
sacral  nerves  for  tlie  posterior  extremity,  and 
also  in  the  roots  of  the  cervical  and  bracliial 
plexuses,  esiiccially  the  seventh  cervical  and 
first  thoi-acic,  for  the  anterior  extremity. 

\'i//ii>'Mi)tiir  yerei'S. — The  statements  made 
thus  far  concerning  vaso-niotor  nerves  apph' 
entirely  to  the  arterial  portion  of  the  vascu- 
lar .system.  Now  the  veins  are  also  provided 
with  muscular  filires  and  contain  plexuses  of 
nerve  fibi'es  in  their  walls.  It  has,  moreover, 
been  known  for  a  long  time  that  they  contract 
in  response  to  various  stimuli,  and  that  in  cer- 
tain localities,  as  in  the  wing  of  the  bat, 
rhythmiciil  contractions  are  displaj-ed.  It 
has  onl,y  recently  been  .shown  physiologically 
that  the  veins  are  supplied  with  vaso-motor 
nerves,  and  the  instances  on  record  are  still 
too  few  to  justify  any  general  statements.  In 
lHi)2  Mall  demonstrated  the  va.so-constrictor 
fibies  to  the  portal  vein  in  the  splanchnic  nerve, 
and  showed  that  through  their  stimulation  as 
much  as  twenty-seven  per  cent,  of  the  total 
blood  could  be  displaced  fidin  the  splanchnic 
area  and  di'iven  foiward  to  the  right  heart. 
Since  that  time,  similar  fibres  have  been  traced 
for  tlie  veins  of  the  hind  limb,'--'  anil  their  gen- 
eral coui-se  ;md  arrangement  found  to  corre- 
spond to  that  of  the  arterial  vaso-motor  fibres 
to  that  limb.  In  this  connection  it  may  be 
interesting  to  refer  to  the  ob.servations  of  Bert 
and  Laffont  in  1SS'>  and  the  more  recent  work 
of  Camus  and  Glej' ,'•'■'  according  to  which  the  receptae- 
ulum  chyli  and  thoracic  duct  both  receive  dilator  and 
constrictor  fibres  through  the  thoracic  sympathetic  chain 
and  splanchnic  nerves.  It  seems  plausible  to  conjec- 
ture that  the  distribution  of  these  two  kinds  of  fibres 
may  be  general  to  all  jiarts  of  the  vascular  system 

As  to  the  mechanism  through  which  the  vaso-motor 
nerves  influence  the  calibre  of  the  vessels,  little  can  be 
said.  The  constrictor  fibres  represent  the  motor  fibres, 
wdiose  impulses  increase  the  tone  or  degree  of  contraction 
of  the  involuntary  muscle  tissue  in  the  coats  of  the  ves- 
sels, while  the  removal  of  constrictor  influences  previously 
exerted  is  followed  by  a  pas.sive  dilatation  under  the  in- 
fluence of  tlie  blood  pressure  from  within.     AVhether  the 


Fio.  KKT.— Plethysniograms  (Hind  Limb  ot  Cat),  To  be  read  from 
right  to  left,  (in  the  left  hand  is  shown  the  effect  ot  slow  stimula- 
tion ot  the  sciatic  (1  per  second) ;  on  the  right  hand  the  eftect  of 
rapid  stimulation  (M  per  second). 

influence  of  these  fibres  is  a  direct  one  on  the  mu.scle  cells 
themselves,  or  whether  a  peripheral  ganglionic  mechanism 
is  interposed,  must  be  left  undecided  as  in  the  case  of  the 
cardiac  nerves. 

The  dilator  nerves  are  usuallj'  compared  to  the  inhibi- 
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tory  (ibrt'S  of  the  heart  und  the  dihiliitidn  wliieh  the_y  pro- 
duce is  considered  a  passive  one.  It  has  been  maintained, 
liowever,  that  tliey  cause  an  active  dilatation  of  1lie  \cs- 
sels  Avliicli  is  independent  of  tlie  pressure  within,  an<l  in 
support  of  tliis  view  there  are  on  record  some  interesting 
observations  on  tlie  frog's  toii,a:ue  by  Frey  (1H76),  wliich 
liave  lieen  recently  repeated  and  perfected  liy  Siawcillo.'-"' 
According  to  these  observers  an  active  exi)ansion  of  tlie 
smallest  arteries  and  capillaries  made  s\dlicient  suction 
to  start  a  current  in  the  vessels  after  the  blood  had  come 
to  absolute  rest  undcra  uniform  zero  pressure  An  active 
elongation  t)f  the  muscle  cells  and  of  the  capillar)'  endo- 
thelium in  respon.se  to  the  nerve  sthuulus  alone  could 
account  for  such  an  active  dihdation,  and  if  proven  this 
would  be  the  first  instance  of  the  kind  on  record. 

Viixii-Miitdr  Cciitris. — The  vaso-dilator  nerves,  whose 
use  is  simplitied  liy  the  absence  of  habitual  tonic  influ- 
ences, occur  in  connection 
with  organs  used  chiefly 
at  least  as  parts  of  retle.\ 
mechanisms,  and  arise 
from  centres  placed  in 
dilferent  regions  of  the 
central  nervous  sj'Stem. 
Thus  the  reflex  centre  for 
the  fibres  descending  in 
the  chorda  tympani  lies 
in  the  medulla  oblongata, 
while  the  centre  of  origin 
of  the  fibres  in  the  nervi 
erigentes  is  placed  in  the 
lower  part  of  the  cord ; 
and  in  general  the  centre 
may  be  said  to  lie  in  the 
central  nervous  system, 
not  far  from  the  superficial 
origin  of  the  nerves  in 
which  the  vaso-dilator 
fibres  run.  Nothing  more 
definite  can  be  said,  al- 
though it  is  possible  that 
a  chief  centre  for  these 
nerves  may  exist  in  the 
medulla,  where  the  cen- 
tres for  so  many  vegeta- 
tive functions  are  concen- 
trated. 

The  vaso-constrictor  nerves  are  distinctly  under  the 
control  of  a  general  centre  situated  in  the  medulla,  oc- 
cupying a  region  wliich  extends  from  a  point  4  to  5 
mm.  above  the  point  of  the  calamus  scriptorius  to 
within  1  to  2  mm.  of  the  corpora  tpiadrigemina.  This 
centre  is  in  continued  tonic  activity,  so  that  section  of  the 
cord  below  the  medulla  results  in  a  general  loss  of  tone 
throughout  the  vascular  system  and  a  great  fall  of  blood 
pressvu-e.  The  existence  of  one  presiding  centre  confers 
upon  the  constrictor  mechanism  the  power  of  producing 
general  elfects,  and  its  utility  is  further  increased  by 
reason  of  its  tonic  activity,  since  tlu'  same  fibres  may  by 
an  increase  in  the  impulses  passing  along  them  be  the 
means  of  constriction  and  by  the  removal  or  diminution 
of  the  tcmic  influence  be  the  means  of  dilatation.  When 
an  animal  whose  cord  has  been  divided  in  th(.'  thoracic 
region  is  kept  in  good  condition,  the  arteries  of  the  hind 
limbs  and  hinder  part  of  the  body  which  became  ililated 
at  the  time  of  the  section  after  a  while  re-establish  a 
normal  or  nearly  normal  tone.  This  and  the  fact  that 
they  undergo  reflex  changes  of  calibre  indicate  that  there 
are  other  centres  for  the  vaso-constrictor  nerves  scattered 
along  the  spinal  cord.  These  centres  seem  to  be  less 
irritable  than  the  medullary  centre  under  wdiose  control 
they  normally  stand,  but  their  great  power  of  endurance 
would  indicate  that  they  may  play  an  important  role  in 
maintaining  a  normal  vascular  tone.  Finally,  experiment 
has  shown  that  the  vessels  may  slowly  recover  their  tone 
after  extirpation  of  a  very  large  part  of  the  spinal  cord. 
They  are  at  first  completely  paralyzed  and  maximally 
distended;   graduallv,   however,   their  tone  returns  and 


tliey  begin  to  react  to  local  a]iplications  of  heat  or  cold 
much  as  they  do  under  normal  conditions.  It  follows 
that  the  vessel  walls  themselves  possess  the  power  of 
exhibiting  independent  tonic contractilit)',  or  else  this  re- 
covery indicates  the  existence  of  vaso-niotor  centres  of  a 
third  order  in  the  ])eriphcral  ganglia  distributed  along 
the  coui-seof  the  nerve  trunks.  Such  a  tone  of  [leripheral 
origin  wouhl  explain  the  adilitional  dilatation  observed 
on  stimulating  vaso-dilator  nerves  to  i)arts  whose  vaso- 
constrictor nerves  had  previously  been  divided.  l<'"rom 
what  has  been  said  it  follows  that  the  simplest  eflereut 
path  along  which  vaso-motor  impulses  can  pass  may  be 
considered  as  built  up  of  two  neurones,  one  with  its  cell 
body  in  the  central  nervous  system  and  the  other  in  a 
symi)athetic  ganglion.  Since,  however,  the  spinal  vaso- 
motor centres  are  under  the  control  of  the  chief  centre 
in  the  medulla,  the  axis-cylinder  processes  of  tlie  cells  of 
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luriiiff  Klectrifal  stiiniilaticm  dt  the  Ijepri'ssor  Nerve.    To  he  read  from 
stimuiation  is  indieated  by  the  vertical  lines  (i     >  =  1»  seconds). 

the  bulbar  centre  must  come  into  relation  with  the  spinal 
vaso-motor  cells,  and  so  the  complete  efferent  path  comes 
to  include  tliree  nerve  units. 

Vaso-Moior  i^c/fe.rcs.  — The  activity  of  the  centres  in  the 
medulla  and  cord  from  which  the  vaso-constrictor  and 
vaso-dilator  fibres  take  their  origin  is  determined  in  large 
measure  by  the  impulses  fidling  into  them  along  various 
afferent  nerve  channels  giving  rise  to  reflex  vaso-motion. 

The  possible  afferent  paths  include  piactically  every 
centriiietal  nerve  in  the  body,  those  distributed  to  the 
vessel  walls  not  excepted;  while  the  response  may  vary 
from  a  slight  local  effect  in  the  region  wdience  the  afferent 
impulse  startcil  to  a  change  involving  an  extensive  vascu- 
lar area  sufficient  to  produce  variations  in  the  general 
blood  pressure. 

The  local  reflexes,  such  as  the  congestion  of  the  skin 
on  the  application  of  w;irmth,  are  commonly  dilatations, 
although  constrictions  idso  occasionally  result.  Of  the 
general  reflexes  tlio.se  occurring  in  the  great  splanchnic 
area  iire  perhaps  the  most  frequent,  sensory  stimulation 
causing  constriction  there  with  special  ease.  Stimulation 
of  sensiiry  nerves  may,  however,  cause  reflex  dilatation  in 
the  splanchnic  region,  while  in  the  vessels  of  the  skeletal 
muscles  this  is  the  rule.  In  them  the  reaction  affects  first 
the  muscles  which  stand  in  a  more  or  less  intimate  func- 
tional relation  with  the  stimulated  nerve,  but  it  may  be- 
come general  and  so  become  an  efficient  means  of  bringing 
on  a  general  fall  of  blood  pressure.  It  is  apparent  that 
the  effect  on  the  blood  pi-cssure  of  stimulating  a  sensory 
nerve  will  depend  on  the  lelative  extent  of  the  antago- 
nistic changes,  both  of  which  are  usually  present,  and  the 
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question  as  to  the  conditions  which  determine  the  pre- 
ponderance of  vaso-dilatation  in  one  case  and  of  vaso- 
constriction in  another  is  one  of  unusual  interest. 

AVe  know  at  present  but  one  nerve,  the  so-called  depres- 
sor nerve  of  Cyon,  which  witli  all  degrees  of  stimulation 
regularly  brings  on  a  fall  of  blood  pressure.  This  is  the 
sensory  nerve  of  the  heart  which  has  already  been  referred 
to  as  causing  reflex  inhibition  of  the  heart.  The  effect 
on  blood  pressure  is  not  dependent  on  this  heart  action, 
as  it  still  occurs  after  section  of  both  vagi,  but  is  due  to 
an  extensive  vaso-dilatation  in  which  the  splanchnic  area 
has  a  prominent  share,  although  the  vessels  of  other  parts 
of  the  body  also  participate.  The  dilatation  appears  to  be 
due  to  an  inhibition  or  depression  of  the  tonic  activity  of 
the  vaso-constrictor  centre,  since  the  effect  is  diminished 
or  abolished  by  agencies  which  reduce  or  destroy  the 
irritability  of  this  centre,  and  hence  the  name  of  "  de- 
pressor" for  this  nerve.  Since  sensfiry  nerves  in  general 
produce  both  kinds  of  effects,  "  pressor  "  anil  "  depressor, " 
the  interesting  discussion  has  arisen  as  to  whether  they 
contain  two  distinct  varieties  of  nerve  fibres  or  whether 
the  different  results  depend  entirely  on  the  condition  of  the 
centres  and  the  character  of  the  stimuli  used.  Thatbotli 
of  the  latter  factors  may  influence  the  result  can  be  easiljr 
shown.  A  sensory  nerve  like  the  sciatic,  whose  stimula 
tion  regularly  produces  vaso-constriction  and  rise  of 
blood  pressure  in  an  animal  under  curare,  will  frequently 
give  a  fall  of  pressure  when  chloral  or  etlier  is  used  for 
the  anesthetic.  Again,  meclianical  stimulation  of  the 
sensory  nerves  in  muscles  by  kneadiug  or  massage  regu- 
larly causes  reflex  vaso-dilatation,  while  electrical  stimu- 
lation of  the  same  nerves  gives  reflex  constriction. 

On  the  other  hand  there  is  strong  evidence  for  the  view 
that  there  are  botli  "  pressor  "  and  "  depressor  "  or  "  reflex 
vaso-dilator  "  fibres  in  the  sciatic  and  similar  nerves.'" 
The  pressor  fibres  ordinarily  have  the  upper  hand,  but 
by  subjecting  the  nerve  to  the  action  of  cold  or  stimulat- 
ing the  nerve  at  a  certain  stage  of  regeneration  after  sec- 
tion, the  depressor  effect  may  be  obtained.  The  depressor 
fibres  seem  to  retain  their  power  of  conduction  longer 
than  do  the  pressor  fibres  when  cooled,  and  when  the 
nerve  is  cut  and  sutured  they  regenerate  earlier.  There 
is  also  a  certain  amount  of  evidence  to  indicate  that  the 
fall  of  pressure  from  stimulation  of  the  sciatic  and  similar 
nerves  is  of  a  different  nature  from  that  resulting  from 
stimulation  of  the  depressor  nerve  of  the  heart.  In  the 
former  case  the  dilatation  occurs  lai'gely  in  the  limbs  and 
is  probably  due  to  a  reflex  stimulation  of  dilator  fibres,  so 
that  the  name  "reflex  vaso-dilators"  has  been  suggested 


I'lo.  i:i%i.— I'ressnr  Effect  Pnirluceil  by  stiiiiuIiitiiiK  the  Central  End  fit 
tbe  Sciatic  of  a  t'urarlzcd  Cat  Under  Morpbinc.  Time  tracing  in 
seconds.    Reduced  one-hall. 

for  this  class  of  fibres  to  distinguish  theiu  from  tlie  "de- 
pressor" fibres  proper  whicli  act  by  inhiliiting  the  vaso- 
constrictor centre. 

The  complicated  nervous  mechanisms  thus  associated 
with  the  circulatory  appai-atus  enable  the  nervous 
system,  directed  by  the  afferent  impulses  which  reach  it 
along  various  channels,  to  coordinate  the  action  of  tlie 
heart  and  vessels  and  to  direct  the  blood  flow  according 
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to  the  needs  of  the  body.  The  blood  supply  of  the 
organs  is  continually  shifting  according  to  their  varying 
activit}^  but  dilatation  and  increased  blood  flow  to  the 
active  organs  is  met  by  compensatory  constriction  else- 
where, thus  preventing  a  wasteful  use  of  cardiac  energy 
which  woiild  otherwise  be  required  to  keep  up  the  gen- 
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Fk;.  1360.— Dog.  Ether.  Vagi  intact.  Fall  of  pressure  in  carotid  and 
portal  vein,  and  rise  in  femoral  vein  on  stimulation  of  sciatic  at  10°. 
All  the  curves  have  the  same  base  line :  the  curves  of  venous  press- 
ure being  drawn  to  indicate  the  pressure  in  millimetres  NagCOj,  the 
curve  of  arterial  pressure  in  millimetres  Hg.  The  changes  of 
pressure  in  the  ounces  must  be  multiplied  by  two  to  obtain  the 
absolute  changes.    Tracing  from  right  to  left. 

eral  blood  pressure.  This  reciprocal  relation  is  particu- 
larh'  conspicuous  between  the  blood-vessels  of  the  somatic 
and  those  of  the  splanchnic  divisions  of  the  body,  thereby 
providing  the  chief  means  ))y  which  the  blood  pressure 
is  regulated  and  bj'  which  tlie  maintenance  of  a  normal 
body  temi^erature  is  in  large  measure  secured. 

George  P.  Dreyer. 
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CIRCULATION,  PATHOLOGY  OF. -The  state  of  the 
circijlation  is  dependent  upon  the  work  of  the  heart,  the 
condition  of  the  l)loo(l-vessels,  and  the  amount  and  char- 
acter of  the  blood.     Through  the  rhythmical  contractions 
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of  the  auricles  and  ventricles  the  bluod  is  kept  in  motion 
within  the  vessels,  where  it  flows  vmder  a  certain  press- 
ure whieli  is  dependent  upon  tlie  elasticitv  of  the  vessel 
walls  and  the  amount  of  i)erii]lieral  resistance.  This 
pressure  is  relatively  high  tliroughout  the  systemic  arti- 
rial  circulation,  but  is  low  in  tho  veins.  "The  venous 
pressure,  however,  varies  with  the  location  of  the  vein 
being  greatest  where  the  vessel  supports  a  high  column 
of  blood.  In  the  great  veins  of  the  tliorax  the  pressure 
is  very  sKght,  or  negative  during  inspiration  when  the 
negative  pressure  within  tlie  thorax  causes  an  asjiiraticm 
of  the  blood  from  the  veins  outside  of  the  thoracic  cavity. 
In  forced  expiration  the  pressure  within  both  thoracic 
and  systemic  veins  is  increased.  The  factors  directly 
controlling  the  blood  pressure  are :  the  mass  of  blood,  the 
worlvof  the  heart,  and  the  resistance  of  the  blood-vessels. 
Tlie  latter  factor  is  chiefly  tlcpendent  upon  tlie  degree  of 
tension  exerted  by  the  elastic  contTactile  vessel  walls.  In 
the  systemic  circulation  tlie  tension  is  normally  much 
greater  than  that  in  tlie  pulmonary  vessels;  the  pressure 
in  tiie  pulmonary  artery  being  only  about  one-third  of 
that  in  tlie  aorta.  Tlie  worlc  of  the  heart  is  governed  by 
the  condition  of  its  muscle  and  gans>dia,  and  of  the  nerves 
and  centres  regulating  its  action.  "The  blood-vessels  are 
also  under  nervous  control,  and  the  circulatory  conditions 
are  influenced  to  a  large  extent  by  this  innervation  as 
well  as  by  changes  in  the  walls  tfieraselves.  Every  le- 
sion of  the  heart  or  blood-vessels,  as  well  as  any  disturb- 
ance of  the  nervous  mechanism  conti-olling  tlie  Idood  flow, 
will  be  followed  by  pathologic;il  disturbances  in  the  cir- 
culation in  case  such  le.sions  are  not  compensated  by  in- 
creased work  of  otlier  parts  of  the  eirculatoiy  apparatus. 
Further,  the  tone  of  the  lieart  muscle  and  blood-vessels 
as  well  as  that  of  the  ganglia  and  nerve  centres  is  directly 
affected  by  pathological  changes  in  the  amount  or  com- 
position of  the  blood;  therefore  the  pathological  states 
of  the  circulation  arise  as  the  result  of  those  pathological 
changes  which  lead  either  to  disturbances  of  heart  or 
blood-vessel  function  or  to  an  alterecl  state  of  the  blood. 
These  may  be  considered  in  the  following  order: 

Increase  of  Heart's  Action. — An  increase  in  the  rate  of 
tlie  heart's  contractions  without  decrease  in  force  causes 
an  increased  velocity  of  the  blood  flow  with  rise  of  arte- 
rial pressure.  The  force  of  each  beat  maj'  or  ma}^  not  be 
increased  at  the  same  time,  or  it  may  be  strengthened 
without  change  in  the  rate.  The  effect  upon  the  circula- 
tion is  the  same  at  first  in  both  cases.  As  a  result  of  in- 
creased muscular  activity  the  heart  undergoes  a  compen- 
satory hypertrophy  in  case  its  nutrition  is  proper!}'  kept 
up.  When  both  rate  and  force  are  increased  the  com- 
pensatory reserve  of  the  heart  muscle  is  sooner  exhausted, 
as  the  short  diastoles  lead  to  fatigue,  the  products  of 
waste  are  not  thoroughly  removed,  and  the  nutrition  of 
the  muscle  suffers.  As  a  result  fatty  degeneration  may 
take  place,  and  with  this  a  failure  of  compensation.  As 
long  as  the  nutrition  of  the  muscle  is  kept  up  to  meet  the 
increased  demand  compensation  will  be  maintained.  The 
left  ventricle  is  the  first  to  become  hypertrophic,  but  as 
the  right  ventricle  receives  a  larger  amount  ol^  blood  dur- 
ing diastole  because  of  the  quickening  of  the  blood  cur- 
rent its  muscle  has  also  an  increased  amount  of  work  to 
perform  and  likewise  becomes  enlarged.  The  increased 
work  of  the  heart  may  be  caused  by  excessive  bodily 
labor,  over-exercise  ("athletic  heart"),  high  living,  ab- 
normal irritability  of  the  cardiac  nerves  ("smoker's 
heart,"  "sexual  heart,"),  etc.  Obstruction  to  the  out- 
flow of  blood  from  the  heart  or  in  the  aorta,  abnormal 
positions  of  spine  or  thorax,  chronic  nephritis,  etc. ,  may 
also  be  accompanied  by  increase  in  rate  and  strength  of 
the  heart's  action.  In  all  of  these  conditions  when  com- 
pensation is  fully  maintained  the  pulse  is  full,  quick,  and 
of  high  tension.  The  heart  sounds  are  increased  in  force, 
especiallj'  the  aortic  second  sound.  The  first  sound  at 
the  apex  is  frequently  accompanied  by  a  soft  blowing 
murmur  even  when  compensation  appears  to  be  perfect. 
Impairment  of  Heart's  Action. — The  etflciency  of  the 
work  of  the  heart  may  be  impaired  by  pathological 
changes  in  the  heart  muscle:   anaemic  infarction,  fatty 


degeneration  and  infiltration,  atrophy,  coagulation  necro- 
sis, myocardilis,  etc.  In  the  acute  infectious  fevers  and 
in  many  of  the  intoxications,  tro|)hic  disturbances,  pro- 
longeil  over-work,  etc.,  the  heart  may  become  inadequate 
without  discoverable  anatomical  cli'anges.  Obstruction 
of  the  e(n-oiiary  vessels  may  lead  to  heart  failure  so  ra|)idly 
that  the  anatomical  changes  produced  may  bi;  too  slight 
to  be  reef)gnized.  Likewise  in  the  acute  heart  failuie 
resulting  from  a  sudden  over-strain  im  microscopical 
changes  may  be  found  in  the  heart  muscle.  Pericardial 
and  pleural  adhesions  and  elTiisions,  deformities  of  the 
thorax,  thoracic  tumors,  aneurisms,  high  position  of  the 
diaphragm,  etc.,  may  hinder  the  filling  of  the  heart  dur- 
ing diastole,  so  that  the  blood  becomes  dammed  back  in 
the  venous  .system  while  a  less  amount  is  supplied  to  the 
aorta.  Pericardial  adhesions  may  alsn  hinder  the  ampli- 
tude of  the  systole.  Stenosis  and  iiisulfieiency  of  the 
valves  of  the  heart  are  the  most  cominon  and  important 
causes  of  impaired  heart's  action.  In  stenosis  of  any 
valvular  orifice  the  onward  flow  of  blood  is  impeded;  in 
insullieiency  of  the  mitral  and  tricus])id  the  ventricular 
systole  forces  blood  back  into  the  auricles,  and  in  pulmo- 
naiy  and  aortic  insufficiency  there  is  during  diastole  a 
liaekward  flow  into  the  ventricles.  Valvular  vegetations, 
thrombi  either  free  or  situated  upon  the  valves  or  be- 
tween the  trabecule  of  the  heart  muscle,  may  interfere 
with  the  free  passage  of  the  blood  through  the  heart. 

The  effects  of  impairment  of  cardiac  efficiency  are  in 
all  cases  the  same:  there  is  a  decreased  amount  of  blood 
supplied  to  the  arteries,  and  an  over-filling  of  the  veins. 
This  leads  to  a  fall  in  arterial  pressure,  while  the  venous 
jiressure  rises.  As  a  result  of  the  engorgement  of  the 
veins  and  capillaries,  the  surface  of  the  body  becomes 
cyanotic,  and  stagnation  oedema  may  occur.  If  the  dif- 
ference between  arterial  and  venous  pressure  reaches  a 
certain  minimum,  stasis  results.  When  the  cause  of  im- 
paired etflciency  is  located  in  the  left  side  of  the  heart 
there  is  first  manifested  an  over-filling  of  the  pulmonary 
circulaticai.  This  leads  to  increased  work  on  the  part  of 
the  right  ventricle  resulting  in  compen.satory  hypertro- 
phy. When  the  cause  is  located  on  the  right  side  the 
blood  is  dammed  back  into  the  sj-stemic  veins,  while  in 
the  aorta  and  pulmonary  circulation  there  is  a  fall  of 
pressure  and  diminished  supply  of  blood.  The  damming 
back  of  the  venous  blood  into  the  large  thoracic  veins 
ma_y  cause  an  exaggeration  of  the  normal  venous  pulse 
(negative  venous  pulse)  in  these  veins,  and  in  ease  the 
vessels  are  so  distended  that  tlie  valves  of  the  jugular 
bulb  become  inadequate  this  ])ulse  may  extend  beyond 
the  bulb  into  the  veins  of  the  neck  and'head.  It  is  pre- 
systolic in  time,  occurring  synchronously  with  the  auric- 
ular systole.  If  the  dilatation  of  the  right  side  of  the 
heart  becomes  so  great  that  the  tricuspid  valves  are  ren- 
dered inadequate,  or  if  an  organic  instiflSciency  of  these 
valves  is  present,  a  second  venous  pulsation  (positive 
venous  pulse)  may  be  produced.  This  is  systolic  in  time, 
being  caused  by  a  backward  flow  of  blood  through  the 
tricuspid  opening  during  the  contraction  of  the  riglit  ven- 
tricle. The  extreme  engorgement  of  the  veins  in  tricus- 
pid insufficiency  may  lead  to  pulsations  of  the  liver,  which 
may  become  greatly  enlargecl  from  the  over-filling  of  the 
hepatic  veins. 

In  all  conditions  in  which  the  contractions  of  the  heart 
become  infrequent  and  weakened,  the  arterial  piulse  is 
slow,  soft,  and  small  in  volume.  Such  a  pulse  wave 
("  pulsus  tardus  ")  is  seen  in  aortic  stenosis.  In  insuffi- 
ciency of  the  aorta  or  pulmonary'  artery  a  normal,  or,  as 
is  usually  the  case,  an  increased  amount  of  blood  is 
thrown  into  the  artery  during  systole,  while  in  diastole 
a  partial  regurgitation  into  the  ventricles  occurs.  This 
causes  a  sudden  fall  of  tension  in  the  arteiy  which  in 
aortic  insufficiency  is  manifested  in  the  so-called  "  water- 
hammer"  pulse  ("pulsus  celer").  The  sudden  increase 
of  pressure  from  the  excess  of  blood  thrown  Into  the 
aorta  causes  a  dilatation  of  the  whole  arterial  system,  and 
also  of  the  capillaries,  which  maj'  show  marked  pulsation. 
In  all  forms  of  valvular  lesions  that  part  of  the  heart 
which  is  called  upon  for  increased  work  undergoes  a 
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compensator}-  liypertropli.y  if  conditions  of  nutrition  are 
good.  In  stenosis  of  tlie  mitral  oritice  tlie  cliief  worl-; 
falls  upon  the  right  ventriele,  which  becomes  li\'l>ertro- 
pbied;  in  mitrar'insufliciency  there  is  also  hypertrophy 
of  the  left  ventricle,  caused"  by  the  increased  amount 
of  blood  which  comes  to  it  from  tlie  greater  tlow  sent 
through  tlic  lungs  by  the  right  ventricle.  In  stenosis 
of  the  pulmonary  and  aortic  orifices  the  corresponding 
ventriele  becomes  enlarged.  Since  the  auricles  have  but 
little  power  of  hypeitro])by,  lesions  of  the  tricuspid  valve 
are  most  unfavorable  inasmuch  as  they  caimot  be  com- 
pensated. In  any  form  of  valvular  disease  compensation 
iiecomes  inade(|uate  as  .soon  as  the  heart  is  driven  to  the 
point  of  fatigue;  that  is.  as  soon  as  the  period  of  diastole 
becomes  .so  shortened  that  the  products  of  tissue  metabo- 
lism cannot  be  removed  and  the  building-up  of  the  nuis- 
cle  take  place  in  the  pro])er  degree.  Besides  the  altera- 
tions in  the  circulation  manifested  by  the  pulse,  valvular 
lesions  give  rise  to  marked  changes  in  the  sounds  of  the 
heart,  pathological  sounds  (murmurs)  of  varying  quality 
and  intensity  being  produced. 

BixfiirlninceK  nf  Blood  I'lmsure. — The  bloixl  pressure  in 
both  the  systemic  and  pulmonary  arteries  varies  within 
certain  physiological  limits.  Through  the  influence  of 
many  widely  differing  pathological  conditions  these  lim- 
its may  be  over-stepped,  and  an  abnormal  increase  or 
diminution  of  arterial  pressure  may  result.  Increase  of 
pressure  in  the  aorta  maj'  be  due  to  an  obsti-uction  in  the 
aorta  or  in  the  larger  arterial  branches,  or  to  vascular 
contraction  involving  the  entire  c(n-poreal  circulation  or 
vascular  areas  large  enough  to  affect  the  entire  circula- 
tion. Increased  aortic  resistance  may  be  caused  by  ste- 
nosis of  any  portion  of  the  vessel,  congenital  hj'poplasia 
of  the  entire  aorta  or  of  a  portion  of  its  course,  aortic 
thrombosis,  aneurism,  changes  in  its  wall  due  to  arterio- 
sclerosis and  iuHammation,  or  to  dilatation  of  its  lumen 
due  to  loss  of  elasticity  of  its  walls  following  sclerotic 
changes.  Contraction  of  the  peripheral  arterioles  with 
resulting  increase  of  pressure  in  the  aorta  may  be  caused 
by  an  excess  of  carbonic  acid  In  the  blood.  In  chronic 
nephritis  there  is  a  permanent  increa.se  in  the  general  ar- 
terial juessure,  the  cause  of  which  is  as  j'et  tmcertain.  It 
may  be  due  to  the  direct  action  of  retained  urinary  poi- 
sons upon  the  blood-vessel  walls,  or  upon  the  vaso-motor 
centres,  or  to  reflex  stimulation  of  the  vessels  or  heart. 
In  whatever  way  it  may  be  caused,  the  increase  of  arte- 
rial pressure  has  been  conclusivelj'  shown  to  be  due  to 
increased  perii)lieral  resistance  resulting  from  the  con- 
traction of  the  smaller  arterioles.  As  a  result  of  this  in- 
crcasi-d  resistance  the  hciii't  undergoes  a  compensatory 
hypertrophy.  It  is  i)ossible,  however,  that  the  enlarge- 
ment of  flic  heart,  in  part  at  least,  may  be  due  to  an  in- 
creased stimulation  of  the  heart  itself.  Chronic  intoxica- 
tions from  various  poi.sons  as  lead,  ergot,  etc.,  likewi.se 
lead  to  increased  arterial  pressure,  wlaich  may  be  due 
either  to  the  diiX'Ct  effect  of  the  poison  upon  the  vessel 
wall  or  nerves  or  to  changes  in  the  kidnej's. 

Arterial  pressure  in  tlie  systemic  circulation  may  be 
diniiiiislied  by  severe  hemorrhage,  relaxation  of  arterial 
toiH.-  following  iiaralysis  of  the  V[iso-motor  system,  syn- 
cope, shock,  hysteria,  injuries  to  the  ceivical  cord,  etc. 
When  this  decrease  of  jiressure  occurs,  the  blood  pas.scs 
too  rapidly  from  the  arteries  into  the  ^'cins,  the  pressnre 
in  the  two  systems  tends  to  become  equal,  so  that  when 
a  certain  niini]iiumof  difference  is  reached  stasis  occurs. 

Increase  (it  pressuri'  in  the  pulnion;iry  circulation  may 
be  caused  by  obstruction  of  a  poi'tion  of  the  lung  capil- 
laries, inflammatory  eoiiditioiis  of  the  lungs  and  pleura, 
atrophy,  emphysenia,  indurations  aiul  retractions,  jileu- 
ral  adhesions  and  effusions,  thoracic  deformities,  tumors, 
aneurisms,  etc.  When  the  pulmonary  obstruction  is  but 
slight,  it  may  be  entirely  ovei'come  by  collateral  dilata- 
tion;  if  the  obstacle  is  large  enough  to  cause  the  pulmo- 
nary ]ircssure  to  rise,  coni|)ensat(ir\-  In-pei'tioijliy  of  the 
right  ventricle  will  follciw. 

The  pulmonary  jiressui-e  may  be  decreasi'd  as  a  result 
of  valvular  lesions  of  the  i-ight 'heart,  thrombosis,  wc^ak- 
ness  of  the  muscle  of  the  right  heart,  etc.     A  decrease  in 


the  negative  pressure  in  the  right  side  of  the  thorax, 
caused  by  pneumothorax,  pleural  cfl'u.sions,  high  position 
of  the  diaphragm,  etc.,  bindei's  the  aspiration  of  blood 
into  the  right  heart,  and  causes  a  general  damming  back 
of  the  venous  blood  and  a  deficiency  in  the  pulmonary 
and  arterial  systems.  If  this  decrease  of  negative  press- 
ure is  very  si'idden,  as  in  right  sided  pneumothorax,  the 
blood  may  flow  back  out  of  the  right  auricle  into  the 
veins. 

Changes  in  the  tension  of  the  systemic  circulation  are 
recognized  liy  the  paljiation  of  the  radial  pulse;  those  of 
the  pulmonary  system  by  the  auscultation  of  the  pulmo- 
nary second  sound,  which  varies  in  strength  according  to 
the  tension  in  the  pulmonary  artery.  The  clinical  value 
of  this  sound  is  so  great  that  it  has  been  called  the  "pul- 
monaiy  pulse.'' 

Dintiirlxiiirex  of  Blood  h>upjilii. — The  regulation  of  the 
amount  of  blood  which  an  organ  or  tissue  receives  under 
normal  conditions  is  eifected  by  changes  in  the  calibre  of 
the  afferent  ves.sels.  These  changes  are  primarily  de- 
pendent upon  the  elasticity  of  the  vessel  wall  and  the 
power  of  contraction  possessed  by  its  muscular  coats. 
The  latter  are  controlled  liy  nervous  impulses  arising 
from  the  vessel  plexuses  or  from  the  va.so-motor  centres  in 
the  medulla  and  cord.  These  impulses  may  be  direct  or 
reflex,  and  cither  inhibitory  or  stimulative  in  character. 
As  the  total  amount  of  blood  in  the  body  is  not  sufficient 
to  till  all  of  the  vessels  to  their  fullest  capacity  at  the 
same  time,  it  follows  that  at  certain  times  some  of  the 
organs  may  be  richly  supplied  with  blood,  while  others 
contain  but  little.  The  former  condition  is  designated 
as  hyperemia,  the  latter  as  an;eniia.  AVhen  these  condi- 
tions become  protracted  in  time  or  of  excessive  degree, 
the  bypertemia  or  aiiieniia  is  to  be  regarded  as  patho- 
logical. 

Jlfjpermiititi. — This  may  be  either  active  (arterial  con- 
gestion) or  passive  (venous  congestion).  The  former  de- 
pends upon  an  increase  in  the  arterial  supply;  the  latter 
is  caused  by  obstruction  to  the  venous  outflow. 

Arterial  congestion  may  be  either  collateral  or  idio- 
pathic. The  first  plays  but  a  slight  role  pathologically. 
It  is  merely  the  result  of  a  diminished  flow  to  other  parts, 
and  is  found  in  the  immediate  neighborhood  of  parts 
whose  blood  supply  has  been  decreased  cjr  entirely  shut 
off,  as  around  an  ameniic  infarct.  An  active  hypenemia 
of  the  internal  organs  may  be  caused  by  a  contraction  of 
the  peripheral  vessels  as  in  a  chill.  In  carbonic  monoxide 
poisoning  more  than  half  of  the  volume  of  blood  may  be 
gathered  in  the  blood-vessels  of  the  abdominal  cavity. 
Idiopathic  active  congestion  is  of  much  greater  patho- 
logical importance.  It  depends  upon  a  dilatation  of  the 
vessel,  due  cither  to  paralysis  of  the  vasoconstrictors, 
stimulation  of  the  va.so-dilators,  direct  action  upon  the 
muscular  coats,  or  a  lessening  of  the  external  pressure  ex- 
erted upon  the  vessels.  Neuio-paralytic  congestion  may 
be  cau.sed  by  injury  or  section  of  the  cervical  sympa- 
thetic; as  in  a  case  of  gunshot  wound  of  the  right  cervi- 
cal sympathetic,  unilateral  flushings  of  the  face  were 
caused  by  slight  exertions.  The  unilateral  congestions 
in  migraine  and  \arious  forms  of  neuralgias  may  also 
belong  to  this  class;  likewise  the  ]ilienoniena  observed 
in  shock,  where  jiaralysis  of  the  splanchnic  leads  to  an 
extreme  active  congestion  of  the  abdominal  vessels. 
Many  of  the  local  hypera'inias  common  in  hysterical 
cases  may  also  be  explained  as  being  of  the  nature  of 
neurotic  congestions,  but  between  ilie  paralvtic  form 
and  that  due  to  stimulation  of  the  vaso-dilators  no  clear 
line  can  yet  be  drawn  excejit  in  experimental  work.  Di- 
rect weakening  of  the  muscles  of  the  blood-vessel  walls 
may  be  caused  by  the  action  of  beat,  trauma,  disturb- 
ances of  blood  current,  action  of  certain  drugs,  as  atro- 
liine,  chlorine,  ammonia,  etc.  Active  congestion  of  the 
abdominal  vessels  follows  the  removal  of  ascitic  fluid; 
likewise,  in  stenosis  of  the  uiijicr  rcsiiiratorv  tract,  the 
decreased  pressure  in  the  alveoli  of  the  lungs  leads  to 
active  dilatation  of  the  pulmonary  arterioles  and  capilla- 
ries. Active  congestion  is  manifested  clinically  by  red- 
ness, swelling,  and  increased  warmth  of  the  affected  area. 
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The  color  is  that  ol' urtorial  blood.  The  clinical  iiiclinc 
resembles  tluit  of  iiiflunimution,  in  which  process  acli\e 
congestion  plays  a  very  in\portant  role. 

Passive  liypera;niia  may  be  iiroduced  thromjlumt  the 
entire  systemic  venous  ('irciilation  as  the  result  ot  imper- 
fect compensation  of  valvular  lesions,  impaired  ellieiency 
of  the  cardiac  muscle  (fatty  degeneration  and  inlilira 
tiou),  obstructions  in  the  pulmonary  vessels,  decreased 
negative  pressure  in  the  right  half  of  the  thorax  due  to 
pleuritic  exudates,  etc.  Lesions  in  the  right  side  of  the 
heart  produce  a  direct  damming  back  of  the  venous 
blood;  those  in  the  left  side  cause  first  a  passive  conges- 
tion of  the  lungs  which,  if  not  compensated  by  the  right 
ventricle,  will  extend  liack  through  the  right  heart  into 
the  veins  of  the  corporeal  circulation. 

Local  venous  liypenemia  may  be  caused  by  compres- 
sion, ligation,  direct  pressure  upon  the  vein  by  tumor  or 
pregnant  uterus,  venous  thrombosis,  extension  of  malfg- 
nant  growths  into  the  lumen  of  the  vein,  gunmrata,  etc. 
In  cirrhosis  of  the  liver  the  obliteration  of  the  intrahe- 
patic branches  of  the  portal  leads  to  chronic  passive  con- 
gestion of  all  the  branches  making  up  the  portal  together 
with  their  collaterals  (caput  medusa',  (esophageal  hemor- 
rhoids, etc.).  Pressure  upon  the  superi(jr  vena  cava  by 
mediastinal  tumors  leads  to  a  dilatation  of  the  superficial 
\'eins  of  the  thorax  and  abdomen  from  the  establishment 
of  a  collateral  venous  circulation  through  these  branches. 
The  floAv  of  blood  from  tlie  lower  extremities  may  be  re- 
tarded b}'  lack  of  pi-oper  aid  from  muscidar  action,  as  in 
the  case  of  varicose  veins  in  individuals  who  lead  seden- 
tary lives  or  who  stand  in  one  position  for  a  gi-eat  part  of 
the  time.  This  form  of  congestion  is  also  favored  by  the 
anatomical  peculiarities  of  certain  veins;  the  hemorrhoi- 
dal, for  example,  C(mtaining  no  valves,  are  easily  affected 
by  disturbances  of  the  venous  eirevdation  through  the 
liver,  since  the  blood  from  these  vessels  is  obliged  to 
traverse  a  second  set  of  capillaries  in  this  organ.  Hem- 
orrhoids are  on  this  account  one  of  the  earliest  symptoms 
of  hepatic  obstruction.  The  branches  of  the  left  sper- 
matic vein  are  also  predisposed  to  passive  congestion, 
from  the  fact  that  this  vessel  empties  at  right  angles 
into  the  left  renal  vein. 

The  obstruction  to  the  flow  of  blood  in  any  single  vein 
is  usually  of  slight  consequence  if  the  vessel  has  free 
anastomosis  with  other  veins,  but  if  the  collateral  circu- 
lation is  insufficient  partial  or  complete  stasis  nnist  resvdt 
which  may  lead  to  thrombosis.  Frccjuently  the  dilata- 
tions of  tlie  veins  behind  the  point  of  obstruction  may 
overcome  this,  and  the  flow  become  re-established,  or  the 
small  anastomosing  veins  may  become  stretched  until 
they  are  adequate  to  carry  on  the  obstructed  circulation. 
In  this  way  small  veins  may  become  changed  into  vessels 
of  large  size.  Even  after  thrombosis  the  lumen  of  the 
vein  may  be  partly  restored  by  contraction  of  the  throm- 
bus and' formation  of  new  channels  in  the  tissue  result- 
ing from  the  organization  of  the  thrombus.  The  eon- 
traction  of  this  newlv  formed  tissue  also  aids  in  the 
formation  of  new  blood  channels.  Direct  anastomosis 
between  veins  and  arteries  may  also  occur. 

The  clinical  signs  of  passive  congestion  are  most  mam- 
fest  in  the  extremities,  tips  of  fingers,  ears,  and  nose. 
When  the  congestion  extends  into  the  capillaries,  the  tis- 
sues acquire  a  reddish-blue  color  (cyanosis),  become  some- 
what swollen,  inelastic,  and  warmer  to  the  touch.  In 
thrombosis  of  either  the  superior  or  inferior  vena  cava 
the  corresponding  half  of  the  body  supplying  these  ves- 
sels becomes  cyanotic.  Enlargement  of  the  liver,  venous 
pulsations,  stagnation  cedema,  etc.,  are  important  clmi- 
cal  features  of  general  venous  congestion.  Both  active 
and  passive  hyperemia  may  disappear  after  death.  The 
contraction  of  the  vessel  walls  in  rigor  mortis  forces  the 
blood  out  of  the  smaller  vessels  into  the  large  veins  ;ind 
auricles.  Extreme  passive  congestion  usually  persists 
to  a  greater  or  less  extent  after  death. 

Hypostasis  {Cadaveric  i«oirfi%).— After  death  the  blooil 
in  the  arteries  is  driven  into  the  veins  by  the  contraction 
of  the  arterial  walls,  so  that  wathin  a  short  time  after  the 
beginninir  of  rigor  mortis  the  entire  mass  of  blood  is 


found  in  the  veins  and  aui'ieli's,  while  the  jirteries  and 
villi ricles  are  coiitraeled  and  em]ity.  The  blood  llius 
collected  ill  the  \('iiis  tends,  through  gravity,  to  sink  to 
the  de]iendciit  jiorlions  of  tile  cadaver,  so  that  within  a 
few  hours  after  deiitli  reddish  or  bluish  patches  of  col- 
oration ajijiear  over  these  ]iarts.  If  the'  body  lies  in  the 
usual  jiosition  iiiioii  its  back,  those  portions  of  the  back 
iiol  pressetl  iijion  by  the  weight  of  the  liody  Ijecome  hy- 
poslatic.  In  a  cadaver  kept  in  an  upriglit  position  the 
hypostasis  would  be  confined  to  the  lower  extremities. 
Post-mortem  hypostasis  is  more  marked  in  those  eases 
in  which  there  has  been  a  general  passive  congestion  before 
death.  Pressure  upon  the  hypostatic  areas  caii.ses  them 
to  become  jiale,  and  cutting  iiilo  them  with  a  knife  pro- 
duces hemorrhage  from  the  dilated  veins.  In  carbon 
monoxide  poisoning  the  hyiiostatie  areas  are  of  a  bright 
cherry  red  color;  in  poisoning  by  potas.sium  chlorate 
they  are  of  a  dirty  chocolate  brown.  Post-mortem  hy- 
postasis also  appears  in  the  internal  organs,  to  the  most 
marked  degree  in  the  lungs  and  meninges.  In  the.se  re- 
gions it  is  often  mistaken  at  the  autopsy  for  patholo.gieal 
conditions.  Ante-mortem  hypostasis  of  the  internal  or- 
gans, especially  of  the  lungs,  may  result  from  Aveakened 
heart's  action. "  This  is  most  likely  to  occur  in  failure  of 
compen.sation  in  chronic  valvular  disease  and  in  pro- 
longed fevers  or  severe  cachexias.  As  the  force  of  the 
blood  flow  becomes  decreased,  it  is  not  able  to  drive  the 
blood  ahead  with  siitfieieiit  power  to  overcome  the  force 
of  gravity,  so  that  a  hyperajmie  condition  of  the  lower 
portions  of  the  lungs  is  produced  Avhieh  gradually  leads 
to  stasis.  As  a  result  the  circulation  is  further  impeded 
and  death  may  be  hastened. 

Iiierease  in  the  Vohime  of  Blood.— \n  increase  in  the 
mass  of  the  blood,  so  that  the  sum  total  comes  to  stand 
in  an  abnormally  high  proportion  to  the  weight  of  the 
body,  is  known  as  plethora.  It  is  very  doubtful  if  this 
condition  exists  as  a  definite  pathological  state,  but  it  is 
possible  that  as  a  result  of  over-eating  and  drinking  or 
as  a  part  of  some  diathesis  there  may  be  a  temjiorary  in- 
crease in  the  total  mass  of  the  blood.  In  such  eases  there 
is  a  compensatory  hvpertropliy  of  the  heart  and  a  dilata- 
tiim  of  the  arteries.  "  As  a  result  of  the  high  tension  and 
consequent  overstretching  of  the  vessels,  early  sclerotic 
changes  mav  result.  The  metabolic  powers  of  the  body 
are  in  time  decreased  by  excesses  in  eating  and  drinking, 
and  with  the  deposit  of  a  large  amount  of  fat  throughout 
the  body  the  blood  tends  to  become  anaanic.  xAnimal 
experiments  show  that  an  increase  in  the  volume  of  the 
blood  through  in.jection  of  blood  or  normal  salt  solution 
produces  only  temporar>'  changes  in  tlie  circulation. 
The  blood  pressure  ciuickly  returns  to  its  normal  point 
as  a  result  of  the  compensatory  dilatation  of  certain  vas- 
cular areas,  especially  of  the  abdominal  vessels,  and  also 
because  of  the  increased  elimination  of  fluid  through  the 
kidney  and  intestine.  Even  when  the  volume  of  the 
blood"  is  increased  eighty  Jier  cent,  the  plethora  is  but 
temiiorarv.  ,  ^     , 

A/iiniifa.^X  diminution  in  the  total  amount  of  the 
blood  leads  to  marked  disturbances  in  the  circulatory 
system  which  are  in  direct  proportion  to  the  amount  of 
blood  lost  and  to  the  rapidity  of  the  loss.  A  sudden 
hemorrhage  of  0.5  kgm.  in  the  adult  will  cause  syncope. 
The  blood"  pressure  becomes  greatly  reduced,  the  pulse 
becomes  small,  fluttering,  and  frequent,  owing  to  the  less- 
ened stimulation  of  the  vagus.  The  peripheral  vessels 
are  contracted,  the  skin  becomes  pale  and  cold,  while  m 
the  abdominal  vessels  there  is  usually  dilatation,  i.e.,  hy- 
per'Tjmia  This  mav  lead  to  stasis  as  a  result  of  the  weak- 
ened heart's  action.  As  soon  as  the  amount  of  blood 
sent  from  the  heart  becomes  too  small  to  supply  the  re- 
spiratory centres  in  the  medulla,  symptoms  of  asphyxia 
appear,  and  death  finally  takes  place.  This  may  result 
when  less  than  one-half  of  the  normal  amount  of  the 
blood  in  the  body  is  lost  if  there  is  a  sudden  annemia  of 
the  nerve  centres.  The  loss  of  much  larger  amounts  may 
be  borne  if  the  liemorriiage  is  extended  over  a  long  yieriod 
of  time  When  the  loss  of  blood  is  not  excessive,  the 
stimulation  of  the  vaso-motor  centre  through  local  ana.'- 
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mia  leads  to  contraction  of  the  vessels,  through  which 
means  the  pressure  is  gradually  raised.  The  fluid  mass 
of  the  blood  is  ([uickly  replaced  by  ab.sorption  of  the  tis- 
sue fluids  through  the  activity  of  the  cells  of  the  blood- 
vessel walls.  After  a  longer  period  of  time  complete  re- 
generation of  the  corpuscular  elements  takes  place.  In 
anhydrsemia  caused  by  the  sudden  removal  of  large  quan- 
tities of  fluid  from  the  body,  as  in  excessive  diarrhceas, 
etc.,  the  effects  upon  the  circulation  are  practically  the 
same  as  those  resulting  from  hemorrhage.  In  chronic 
amemias  due  to  long-continued  decrease  in  the  mass  of 
the  blood,  blood  pressure  is  lowered  and  the  heart  beat 
slowed.  The  circulatory  apparatus  gradually  adajits  it- 
self to  the  new  conditions,  and  l)otU  heart  and  blood-ves- 
sels become  atrophic.  Ati-ojjliy  and  fatty  degeneration 
of  all  the  internal  organs  also  take  place.  Similar 
changes  take  place  in  the  forms  of  anaemia  due  to  changes 
in  the  red  cells,  hamioglobin,  etc.  (see  Aiuniiiu). 

Local  anaemia  or  isclmemia  is  the  result  of  a  diminished 
flow  of  blood  to  certain  organs  oi'  tissues.  The  total  mass 
of  the  blood  may  be  normal,  or  the  local  anaemia  may  be 
coincident  with  a  general  anamiia  due  to  changes  in  the 
blood  as  a  whole,  local  deprivation  of  blood  supply  may 
be  caused  by  ligation,  obstruction,  embolism,  thrombosis, 
compression,  or  disease  of  the  vessel  walls,  or  any  cause 
wliich  may  act  as  an  obstruction  to  the  afferent  arteries 
of  the  parts  affected.  Collateral  local  anemia  may  also 
occur,  but  plays  but  a  sliglit  pathological  role.  Local 
anamiia  may  also  be  of  neurotic  origin,  dependent  upon 
increased  resistance  due  to  vaso-niotor  contraction. 

In  the  amemic  area  there  results  a  slowing  and  diminu- 
tion of  the  blood  stream,  which  is  directly  proportionate 
to  the  degree  of  obstruction  of  the  artery.  If  the  vessel 
is  completely  occluded  the  blood  current  comes  at  once 
t(j  a  complete  stasis.  If  the  part  is  well  supplied  with 
anastomosing  collaterals  the  anannia  may  be  compensated 
by  an  increased  flow  through  the  branches,  which  event- 
ually become  greatly  dilated  and  h_ypertrophied,  .so  that 
the  restoration  of  the  circulation  may  be  complete.  If 
the  anfemic  area  is  supplied  by  a  terminal  arterj'  which 
is  poorly  supplied  with  collaterals,  the  blood  of  the  part 
beyond  the  point  of  obstruction  is  gradually  pressed  out 
by  tlie  contraction  of  the  tissues  about  the  vessels  until 
the  ])ressure  in  the  anajmic  vessels  reaches  that  of  the 
capillaries  or  is  even  less  than  it,  so  that  a  backward  flow 
may  take  place  to  a  slight  extent.  This  is  not  sufficient 
far  the  nourishment  of  the  affected  area,  so  the  tissues 
thus  shut  off  from  nutrition  either  gradually  or  quickl)' 
die.  The  parenchymatous  cells  first  vmdergo  necrosis, 
later  the  endothelium  and  connective-tissue  cells.  Such 
a  dead  area  is  spoken  of  as  an  anaemic  infarct. 

If  the  obstructed  artery  is  supplied  with  collaterals,  the 
blood  pressure  in  the  vessel  beyond  the  obstruction  after 
sinking  to  a  certain  minimum  will  rise  again  because  of 
the  afflux  of  blood  from  the  collateral  veins  and  capilla- 
ries. If  these  are  capable  of  dilatation,  as  is  frequently 
the  case  under  normal  conditions,  the  nutrition  of  the 
part  may  not  suffer  and  no  anoemic  necrosis  follow.  For 
this  reason  the  obstruction  of  a  terminal  artery  in  the 
lung  or  in  the  mesenterj'  will  not,  under  normal  condi- 
tions, lead  to  infarction ;  but  if  the  circulation  in  these 
regions  is  already  so  disturbed  that  the  collateral  anasto- 
mosis does  n(jt  yield  sulticient  nutrition  to  the  part,  death 
will  lesult.  Since  tlie  blood-vessels  under  these  circinii- 
stances  contain  a  greater  or  less  amount  of  bhxjd,  the 
damage  to  tlie  vessel  walls  leads  to  escape  of  the  blood 
eitiier  by  diapedesis  or  rupture.  The  necrotic  tissue  then 
becomes  infiltrated  with  blood,  and  the  area  thus  affected 
is  known  as  a  hemorrhagic  infarct.  The  latter  is  in  fact 
only  an  anaemic  infarct  which  has  become  infiltrated  with 
blood  which  comes  into  the  damaged  area  from  neighlior- 
ing  collaterals.  An;emic  infarcts  occur  in  the  brain, 
heart,  liver,  spleen,  kidneys,  and  muscles;  hemorrhagic 
infarcts  only  in  the  lungs  and  mesentery. 

About  the  periphery  of  the  anaemic  infarct  tliere  is  al- 
ways seen  a  narrow  zone  of  hemorrliage  anil  congestion. 
This  is  in  reality  a  narrow  line  of  hemorrhagic  infarct 
surrounding  the  anajmic  area,  and  is  produced  by  the 


limited  collateral  anastomosis.  To  the  naked  eye  all 
anaemic  tissues  appear  pale.  They  are  also  softer  than 
normal,  and  the  color  proper  of  the  tissue  is  more  dis- 
tinctly brouglit  out.  An  anaemic  infarct  is  grayish  or 
yellowish  in"  color,  and  cheesy  in  consistence.  In  the 
early  stage  it  is  elevated  and  outlined  by  a  narrow  zone 
of  bright  red.  Later  the  necrosed  area  becomes  con- 
tracted from  the  absorption  or  organization  of  the  infarct. 
Through  the  contraction  of  the  newly  formed  tissue  deep 
fissures  or  grooves  may  be  formed  in  the  surface  of  the 
organ.  The  fresh  hemorrhagic  infarct  of  the  lungs  is 
dark  red,  elevated,  and  firm  ;  later  it  becomes  brown  and 
undergoes  softening  and  shrinking.  Since  the  ti.ssues  are 
dead  in  both  conditions  the  sequela;  of  both  auicmic  and 
hemorrhagic  infarctions  arc  the  same  as  those  of  necrotic 
ti.ssue  in  general:  absorption,  organization,  sequestration, 
calcification,  etc.  Obstruction  to  the  venous  outflow 
produces  a  damming  back  of  blood,  which  may  be  fol- 
lowed by  extensive  and  destructive  extravasations.  The 
term  hemorrhagic  infarct  has  also  been  applied  to  this 
condition,  but  it  seems  best  to  restrict  its  use  to  the 
antemic  necrosis  which  is  followed  by  hemorrhage,  and 
to  classify  this  condition  under  hemorrhage.  The  rapid- 
ity and  completeness  of  the  development  of  a  collateral 
circulation  after  arterial  obstruction  depend  entirely 
upon  the  .size  and  distensibilitj' of  the  collateral  branches. 
In  some  cases  small  capillaries  or  arterioles  become 
changed  in  a  few  weeks  to  large-sized  vessels. 

Ghanges  in  Current. — As  a  result  of  varying  conditions 
in  and  aroimd  the  blood-vessels,  retrograde  currents  may 
at  times  be  produced.  These  occur  most  frequently  in 
those  veins  subjected  to  pressure  resulting  from  muscu- 
lar activity.  Removal  of  abnormal  pressure  by  the  with- 
drawal of  pleuritic  and  peritoneal  elf  usions,  decrease  in 
the  intrathoracic  pressure,  etc.,  may  cause  a  reversed 
current  in  the  large  veins  near  the  heart.  Compression, 
ligation,  and  ob.struction  of  the  veins  from  any  cause 
may  lead  temporarily  to  the  production  of  abnormal  cur- 
rents. Collateral  li'Cal  hyper«mia  may  have  the  same 
effect.  Such  abnormal  currents  play  an  important  part 
in  the  retrograde  metastasis  of  tumor  cells  and  infective 
emboli.  Eddies  are  also  occasionally  set  up  in  the  veins 
at  the  point  whei'C  a  I'apid  current  from  one  branch  is 
mingled  with  a  slow  one  coming  from  another.  As  these 
currents  of  different  velocities  come  together  eddies  are 
formed  which  may  favor  the  formation  of  a  thrombus. 

With  the  slowing  of  the  blood  curi-ent  in  any  vessel  the 
difference  between  the  peripheral  and  axial  zones  of  the 
stream  becomes  less  and  less  distinct.  "When  a  certain 
degree  of  slowing  is  reached,  the  red  cells  pass  into  the 
peripheral  stream  and  this  difference  is  lost  altogether. 
A  clot  formed  on  the  vessel  wall  under  such  conditions 
will  be  composed  chiefly  of  red  cells.  If  the  current  is 
but  shghtly  slowed,  the  peripheral  stream  contains  only 
leucocytes,  and  a  thrombus  formed  upon  the  wall  under 
these  conditions  will  be  composed  only  of  flbrin,  blood 
plates,  and  leucocytes.  Alternations  in  the  velocity  of 
the  current  will  lead  to  the  formation  of  laminated 
thrombi.  However,  such  ciianges  in  current  do  not  al- 
ways in  themselves  lead  to  the  production  of  thrombosis. 

,SY„,s./,,._This  teriu  should  be  applied  to  the  complete 
stoppage  of  the  blood  current.  This  may  take  place 
either  Avhen  the  vessels  are  full  of  blood  o"r  when  they 
are  empty ;  hence  we  may  distinguish  an  ana'mic  and  a 
hypera-mic  stasis.  In  the  former  the  vessel  is  collapsed 
and  the  red  cells  are  not  crowded  together.  Such  stop- 
page may  occur  in  collateral  antemia  or  in  a  general  or 
local  ana'mia  due  to  any  caiise.  IIyper»mic  stasis  is 
more  common  and  is  subsequent  to  excessive  hypera;mia, 
in  which  the  red  cells  are  forced  into  the  vessels  under 
such  great  pressure  that  their  outlines  cannot  be  made 
out.  The  dilated  vessel  appears  as  if  filled  with  a  homo- 
geneous scarlet  mass.  If  the  obstruction  is  removed 
before  coagulation  bikes  place,  the  red  cells  become  sep- 
arated and  the  circulation  is  restored.  If  the  stoppage  is 
of  long  duration,  thrombosis  takes  place.  Stasis  is  also 
produced  by  evapoi-ation  (exposure  of  the  intestines  dur- 
mg  laparotomy),  heat,  cold,  alcohol,  chloroform,  concen- 
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trated  sugar  and  salt  solutious,  or  an,y  substance  whioli 
has  the  power  of  quickly  abstracting  fluid  from  tlic 
blood,  injui'ing  the  vessel  wall,  or  causing  destruction  of 
the  blood  corpuscles.  As  a  result  of  stasis  a  gangrenous 
necrosis  of  the  affected  part  maj'  take  place. 

Coagulation.— Sooner  or  later  after  death  the  blood  in 
the  vessels  and  heart  undergoes  coagulation.  As  this 
usually  takes  place  when  the  red  cells  are  uniforndy  dis- 
tributed throughout  the  blood,  a  red  clot  is  formed  (cruor, 
currant-jelly  clot,  post-mortem  clot).  In  leukemic  blood 
tlie  post-mortem  jelly  clot  may  be  yellowish  or  grayish 
throughout,  having  an  appearance  like  that  of  pus.  In 
the  heart  and  in  the  large  veins  the  red  cells  may  settle 
to  the  lower  side  of  the  vessel  before  coagulation  takes 
place,  so  that  after  clotting,  the  upper  layer  of  the  clot, 
which  may  contain  but  few  red  cells,  has'a  yellowish  or 
grayish  appearance  (post-mortem  mixed  clot).  Ante- 
mortem  clots  are  also  formed  in  cases  of  slow  death, 
where  there  is  a  gradually  progressive  heart  failure. 
These  form  only  in  the  peripheral  stream  of  the  heart 
and  larger  vessels,  chiefly  in  the  auricles  and  vense  csivx. 
They  contain,  therefore,  few  red  cells  and  have  a  grayish 
or  yellowish  appearance.  The  greater  the  number  of 
leucocytes  contained  in  the  clot  the  more  yellow  its  color. 
Toward  the  axial  streain  the  clot  may  contain  red  cells ; 
or  when  the  current  is  greatly  slowed,  or  there  are  altei-a- 
tions  of  rapid  and  slow  velocity,  the  ante-mortem  clot  may 
be  mixed  or  laminated.  Sucl'i  clots  are  not  infrequently 
mistaken  at  autopsy  for  thrombi.  They  can  be  distin- 
guished from  these  by  their  consistence,  size,  position, 
and  the  fact  that  they  are  nowhere  adherent  to  the  vessel 
wall.  Coagulation  of  extravasated  blood  may  also  take 
place  either  in  the  tissues  or  in  any  of  the  body  cavities. 
Such  clots  are  usuallj^  red,  but  maj'  be  mixed  as  a  result 
of  the  settling  of  the  red  cells  before  coagulation  begins. 
2'hronibosis. — If  coagulation  takes  place  within  the 
heart  or  vessels  duiiug  life  as  a  result  of  changes  in  the 
vessel  wall,  in  the  blood  current,  or  in  the  quality  of  the 
blood  the  process  is  known  as  thrombosis,  and  the  result- 
ing clot  a  thrombus.  The  first  stage  of  the  process  consists 
in  the  deposit  of  blood  plates  upon  the  intima  at  the 
point  of  injury.  These  become  fused  into  a  granular 
mass,  leucocytes  collect  and  are  included  in  the  blood- 
plate  mass,  and  finally  stringy  fibrin  is  deposited.  If  the 
blood  current  is  strong  and  the  thrombus  does  not  extend 
into  the  axial  stream,  a  white  thrombus  will  be  formed, 
composed  only  of  hyaline  and  stringy  fibrin  with  a 
greater  or  less  number  of  leucocytes.  If  the  current  is 
very  slow,  a  red  thrombus  results  through  the  inclusion 
of  red  cells,  which  with  the  slowing  of  the  current  pass 
into  the  peripheral  stream ;  or,  if  there  are  alterations  of 
velocit}',  laminated  thrombi  may  be  formed. 

The  causes  of  thrombosis  are  to  be  referred  primaril}- 
to  changes  in  the  vessel  wall ;  arteriosclerosis,  fatty  de- 
generation, calcification,  inflammation,  necrotic  processes, 
the  various  changes  in  the  vessel  wall  produced  by  the 
infections  and  intoxications,  direct  injury,  etc.  Impaired 
eflleiency  of  heart's  action  from  anj^  cause,  dilatation, 
compression,  or  stricture  of  the  vessels  may  also  lead  to 
thrombosis.  Further,  changes  in  the  blood,  as  in  super- 
ficial burns,  intoxications,  anasmia,  cachexia,  etc.,  favor 
coagulation. 

The  seciuete  of  thrombosis  are :  contraction,  simple 
softening,  absori^tion,  purulent  softening,  organization, 
or  calcification.  Embolism  may  result  if  the  thrombus 
becomes  dislodged  and  is  carried  away  with  the  blood 
current.  Obturation  of  a  terminal  artery  by  thrombo- 
sis leads  either  to  hemorrhagic  or  anaemic  infarction. 
Thrombosis  of  veins  produces  venous  stasis,  hemorrhage, 
etc.  The  most  favorable  sequela  is  organization,  the 
most  unfavorable  purulent  softening,  since  this  leads  to 
the  metastasis  of  emboli  containing  pus  organisms. 

Embolism. — The  dislodging  of  a  portion  of  a  thrombus 
or  ante-mortem  clot  and  its  metastasis  by  the  blood  cur- 
rent to  other  parts  of  the  vascular  system  where  it  is  un- 
able to  pass  the  lumen  is  called  embolism,  and  the  portion 
of  clot  transported  is  called  an  embolus.  This  will  have 
the  same  structure  as  the  parent  thrombus;  but  after 


lodgment  in  a  vessel  a  secondary  thnjiubus  of  different 
structure  may  be  formed  upon  the  emijolus.  The  se- 
(pielie  of  embolism  are  essentially  the  same  as  those  of 
thrombosis.  Metastasis  may  take  place  either  in  the 
(lireclion  of  the  current  (direct)  or  in  the  reversed  direc- 
tion (retrograde),  or  the  embolus  may  pass  frf)in  the  ve- 
nous to  the  arterial  system  through  a  patent  foramen 
ovale  or  ductus  BotalU  (paradoxical  orcros.sed  embolism). 
J/('iiiiirr/inf/e.— -Any  escape  of  blood  from  the  vascular 
system  is  styled  a  hemorrhage.  This  may  take  place 
cilher  by  rupture  (rhexis)  or  by  diapedesis.  In  the  lat- 
ter form  tlic  constituents  of  the  l)lood  i)ass  through  the 
vcs.sel  walls  without  appreciable  lesion  of  the  latter. 
Hemorrhage  from  arteries  occurs  by  rhexis  only,  from 
veins  and  capillaries  by  both  rhexis  and  diapedesis.  The 
size  of  the  hemorrhage  bears  no  distinct  relation  to  the 
manner  of  escape.  Large  hemorrhages  may  be  caused 
by  either  rhexis  or  diapedesis.  The  cau.ses  of  hemor- 
rhage by  rhexis  are:  mechanical  injury,  diseased  condi- 
tions of  vessel  wall,  increase  of  intravascular  pressure, 
and  deci'ease  of  external  pressure.  In  the  arteries 
changes  of  pressure  are  not  in  themselves  sulflcient  to 
cause  hemorrhage,  but  in  the  small  veins  and  capillaries 
marked  disturbances  of  pressure  may  lead  to  rupture. 
Diapedesis  is  caused  by  an  increased  iiermeability  of  the 
vessel  wall  in  association  with  a  rise  of  pressure  in  the 
veins.  Passive  hypera^mia,  sta.sis,  mechanical,  thermal, 
and  chemical  lesions  of  the  walls,  disturbances  of  nutri- 
tion, etc.,  may  all  lead  to  diapedesis.  Ncui'otic  diapede- 
sis also  occurs  in  connection  with  disturbances  of  the 
vasomotor  system,  arising  either  from  the  central  ner- 
vous sy.stem,  lesion  of  the  conducting  nerve  fibres,  or  re- 
flexly.  Vicarious  menstruation,  stigmatization,  etc.,  are 
to  be  included  in  this  class.  A  tendency  to  hemorrhage 
is  called  ha'uiophilia;  this  may  be  either  congenital  or 
acquired.  The  former  is  an  inherited  condition ,  tlie  path- 
ology of  which  is  unknown.  Acqiurcd  hicmophilia 
occurs  in  all  forms  of  severe  infections,  in  the  various  pur- 
puras, in  disease  of  the  blood,  in  many  intoxications,  etc. 
The  se(piel;e  of  hemorrhage  are  anitmia  which  is  directly 
proportionate  to  the  amoimt  of  blood  lost,  a))sorptiou  or 
organization  of  the  extra vasate,  formation  of  hamiatoidin 
and  htemosiderin  from  the  broken-down  luemoglobin,  etc. 
(Edema. — The  fluid  of  the  tissues  (Ij-mph)  is  essentially 
a  secretion  of  the  cells  of  the  blood-ves.sel  walls.  When 
the  amount  of  this  fluid  is  increased  to  an  abnormal  de- 
gree so  that  the  tissue  spaces  are  over-filled  with  it,  the 
resulting  condition  is  known  as  oedema  (dropsy,  hydrops). 
This  pathological  increase  of  the  lymph  is  in  all  cases 
chiefly  due  to  an  increased  activity  of  the  secretory  cells 
of  the  vessels.  This  is  shown  by  the  fact  that  the  fluid  of 
cedema  contains  less  albumin  and  frequently  more  extrac- 
tives than  the  blood,  that  its  chemical  nature  in  different 
portions  of  the  body  differs,  and  that  its  production  is 
under  nervous  control.  Further,  the  specific  function  of 
the  capillary  walls  may  be  excited  bjf  injection  of  certain 
substances,  hypnotic  suggestion,  etc.  The  accumulation 
of  the  vascular  secretion  in  the  tissues  may  be  due  to  stag- 
nation of  the  blood  stream,  obstruction  to  the  outflow  of 
lymph,  pathological  alterations  in  the  walls  of  the  capil- 
laries altering  their  secretion,  and  stimulation  of  the  vas- 
cular secretion  by  decrease  of  the  pressure  external  to  the 
vessels  (n'dcma  e.r  raeiio).  lender  ordinary  conditions  nei- 
ther stagnation  of  the  blood  nor  obstruction  to  the  out- 
flow f)f  Ij'mph  is  suflfleient  in  itself  to  cause  fedema ;  but 
in  the  first  case  it  is  probable  that  the  high  pressure  stim- 
ulates the  vessel  walls  to  increased  activity.  The  patho- 
logical changes  in  the  walls  of  the  capillaries  and  veins 
leading  to  increased  vascular  secretion  may  be  either 
toxic,  infectious,  mechanical,  thermal,  nutritional,  or  ner- 
vous in  origin.  Clinically  the  following  varieties  of 
oedema  are  described:  stagnation,  inflammatory,  hydrai- 
mic,  cachectic,  and  neuropathic.  The  fluid  of  inflamma- 
tory cedema  contains  more  albumin,  and  is  probably 
partly  derived  from  the  direct  escape  of  the  blood  con- 
stituents. It  may  be  collateral,  occurring  in  the  neigh- 
borhood of  inflammations. 
Hydnemia  only  favors  the  production  of  cedema,  but 
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does  not  in  itself  cause  it.  Tlie  (X'demii  of  nepliritis  is 
more  probably  due  to  the  changes  in  the  vessel  walls, 
cau.sed  by  the  alterations  in  the  blood.  The  (edema  of 
anannia  may  be  explained  in  the  same  way.  ffidema  ex 
vacuo  oceiivs  chiefly  in  the  central  nervous  .system  fol- 
lowing a  loss  of  a  part  of  the  nerve  tissue.  The  local 
defect  becomes  tilled  with  fluid  resembling  in  character 
that  of  the  cerebrospinal  fluid.  It  is  produced  by  an 
increased  secretion  from  the  capillaries  which  is  probably 
caused  by  the  decreased  pressure  around  the  vessels. 
(Edematous  tissue  is  swollen,  boggy,  inelastic,  and  pits 
when  pressed  upon  by  the  finger.  Extensive  (cdema  of 
the  skin  and  subcutaneous  tissues  is  known  as  anasarca 
or  hyposarca.  When  the  condition  is  very  extreme  rup- 
ture of  the  skin  may  take  place  and  the  fluid  escape. 
Incision  or  trocar  pimcture  may  bo  of  service  in  allowing 
escape  of  the  fluid.  Collections  of  fluid  in  the  thorax 
(hydrothorax)  and  peritoneal  cavitj'  (ascites)  may  be  re- 
nKived  by  tapping. 

Dixtiir/idncen  of  Lymphatic  C'ircuhition. — The  13'mphatic 
circulation  through  the  thoracic  duct  or  larger  lymph 
vessels  may  be  obstructed  by  pi-essure  from  tumors,  in- 
flannnations,  invasion  of  lumen  by  new  growths,  etc. 
Local  ccdemas  may  result,  bvU.  this  is  not  always  the  case 
even  when  the  thoracic  duct  is  obstructed,  as  the  lymph 
vessels  have  elaborate  anastomoses,  and  collateral  chan- 
nels may  be  opened  wdiich  suftice  to  carry  vM  the  excess 
of  the  lymph.  Obstruction  of  large  lymph  trunks  will, 
however,  increase  an  (edema  already  resulting  from  ex- 
cessive vascular  secretion.  Escape  of  lymph  (lymphor- 
rhagia)  is  caused  b}^  interruption  of  the  continuity  of  a 
large  lymphatic.  Since  the  pressure  in  the  lymphatic 
circulation  is  practically  the  same  as  that  of  the  tissues, 
lymphorrhagia  can  take  place  only  from  a  surface,  either 
externally  or  in  a  body  cavity.  The  escape  may  be 
checked  b3'  verj-  slight  pressure.  Rupture  of  the  tho- 
racic duct  is  the  most  important  and  dangerous.  It  is  usu- 
ally traumatic  in  origin,  but  may  be  the  I'esult  of  inflam- 
matory processes  involving  the  duct,  or  it  may  be  caused 
by  o))struction  or  compression  of  the  duct  by  tumors. 
As  a  residt  of  such  a  lesion  lymph  may  be  poured  out 
into  the  thoracic  or  abdominal  cavity  (chylous  hydro- 
thorax,  chylous  ascites,  etc.).  If  the  opening  iii  the 
lymphatic  vessel  is  permanent,  a  lymph  tistula  may  re- 
sult from  which  there  is  a  jiermanent  oozing  of  lymph. 
In  this  way  large  qviantities  of  fluid  may  be  lost  and 
serious  disturbances  of  nutrition  may  result. 

Chyle  may  also  apiiear  in  the  urine  as  a  result  of  ob- 
struction of  the  abdominal  lymphatics,  which  in  turn 
leads  to  dilatation  of  the  lymphatics  of  the  bladder  «'all. 
From  the  rupture  of  the  latter  chyle  escapes  and  be- 
comes mingled  with  the  urine.  Cliyluria  is  associated 
with  the  presence  of  the  tilaria  sanguinis;  but  the  exact 
relations  lietween  the  parasite  and  the  changes  leading 
to  chylnria  have  not  as  yet  been  satisfactorily  cleared 
up.  Metastasis  of  tumor  cells,  mierfi-organisnis,  etc., 
also  takes  place  through  tlie  lymph  channels  (lymphog- 
enous metastasis),  and  may  be  either  direct  or  retro- 
grade. The  latter  plays  a  very  imjiortant  role  in  the 
metastasis  of  carcinoma.  (See  Omgulatiuii,  Embolium, 
Ha-ninri'lKifje,  (Eileirin^  Tliroiiibusin,  etc.) 

Aldred  Scott  Warthiii. 

CIRCUMCISION.  — (Synonyms;  Posthectomy;  Lat., 
Cii-ruiiiriKhi  :  Fr.,  (_'ii'cuiicixioii  :  Ger. ,  Be.<<r/i'iie/(tiiiir/.) 
C;ircumcision  is  the  paitial  i>r  complete  removal  of  the 
preiiuce  or  foreskin.  The  operation  is  performed  as  a 
religious  rite,  and  as  a  hygienic  oi-  therapeutic  measure 
in  congenital  oracquired  phimosis  and  in  .some  oilier  dis- 
eases of  tlie  prepuce  and  penis.  Among  females  in  Ara- 
bia, Egypt,  Nubia,  and  some  otiier  portions  of  Asia  and 
Africa,  travellei's  have  observed  a  similar  euslom,  consist- 
ing of  amputation  of  the  labia  minora  or  mutilation  of 
the  clitoris. 

As  a  religioiis  rite,  circumcision  is  a  practice  of  great 
anti(|uity  and  geographical  cxti'nt.  While  most  com- 
monly performed  among  the  lUOirews  and  Arabians  it  is 
frequently  observed  by  travellers  in  other    portions  of 


Asia  and  Africa  where  the  oi'igin  of  tlie  custom  is  easily 
traced,  anil  it  is  also  .seen  in  parts  of  South  America,  in 
the  islands  of  the  Paeitic  (Jcean,  in  Madagascar,   and  in 
other  places  where  no  clue  to  its  origin  has  yet  been  dis- 
covered.    The  Hebrews  are  supposed   to  have  derived 
their  knowledge  of  circumcision  from  the  Arabians  or 
Eg3'ptians,  most  probabl}'  the  latter,  among  whom  the 
practice  originated,  according  to  Ilerodotus.     An  inter- 
esting account  fif  the  operation  as  performed  in  Algiens 
is  given  by  Tarneau,  in  Gazette  des  llopitaiix,  185o,  and 
refei'rcd  to  hy  Hamdj-  in  his  monogi-aph  on  circumci- 
sion, which  also  gives  much  valuable  information  of  the 
history  of  the  operatiim  (Hamdy,  "  De  la  circoncision"). 
The  age  at  which  the  operation  is  performed  varies  in 
diflierent  places.      The  Hebrews  operate  on  the  eighth 
day,  as  is  also  done  in  Algiers,  while  generally  the  Ara- 
bians wait  until  the  tenth  or  thirteenth  j'car,  the  age  of 
pulierty.      The  operation   consists   essentially  of   three 
parts:  circular  section  of  the  extremity  of  the  prepuce, 
tearing  of  the  remainder  of  the  prepuce  to  the  corona, 
and  denudation  of  the  glans,  and  suction  of  the  wound 
and  penis  hy  the  operator.     Hemorrhage  is  arrested  by 
styptics,  iiowdered  coral,  or  generally  tannin;  and  sim- 
ple dressings  are  applied  to  prevent  the  inner  layer  of  the 
prepuce  from  again  covering  the  glans  penis.     As  the 
operation  has  too  frcquentl}'  been  performed  hy  unskil- 
ful and  dirt_v  hands,  serious  complications  and  fatal  re- 
sults have  often  followed.     Cases  of  death  from  exces- 
sive hemorrhage  and  inflammation  can  be  found  in  the 
literature  of  the  operation,  as  well  as  cases  of  various  un- 
toward complications,  for  example,  wounds  of  the  glans 
penis  or  urethra.     Much  has  been  said,  too,  of  the  dan- 
ger of  transmission  of  syphilis  in  the  disgusting  third 
part  of  the  operation,  whether  from  the  operator  to  the 
patient,  or  occasionally  from  the  patient  to  the  operator. 
The  prepuce  consists  of  two  folds  of  integument,  sep- 
arated by  very  loose  connective  tissue,  that  cover  and 
protect  the  glans  penis.     They  meet  and  become  contin- 
uous at   the  preputial  orifice   or   end   of   the   foi-eskin, 
which  is  usually  the  narroAvest  part  of  the  iirepuce,  al- 
though sufficiently  large  in  adults  to  allow  the  prepuce 
to  be  retracted  so  as  to  expose  the  glans.     At  birth  the 
prepuce  is  longer  than  the  penis,  and  its  orifice  narrow, 
often  preventing  exposure  of  the  glans,  so  that  a  greater 
or  less  degree  of  congenital  phimosis  is  prettj'  constant. 
The  inner  surface  of  the  prepuce  at  this  time  emliracea 
the  glans  closely,  especially  at  the  corona  where  there 
is  generally  a  little  circle  of  adhesions.     Sometimes  the 
prepuce  and  penis  are  adherent  over  a  much  greater  ex- 
tent of  surface,  either  in  little  juitchcs  at  various  jiarts 
of  the  glans,  or  from  the  corona  to  the  meatus.     The  ad- 
hesions are  generally  easy  to  subdue,  partaking  more  of 
the  nature  of  agglutinations  than   of  flrmlv  organized 
tissue.     They  are  apt  to  be  the  source  of  local  irntation, 
and  to  cause  the  retention  of  the  secretion  of  the  glands 
of  Tyson,  or  smegma  praeputii.     It  occasionallv  ha'ppens 
that  the  prepuce  is  imperforate,  a  condition  "that  soon 
makes  itself  manifest  and  is  easily  recognized.     The  child 
passes  no  urine,  and  a  soft,  fluctuatinir,  transparent  tu- 
mor forms  slowly  on  the  penis.     As  tiie  tumor  grows  it 
pulls  upon  the  skin  of  the  scrotum  and  ]iubcs,'"and  an 
insiiection  shows  that  there  is  no  preputial  orifice.     An 
incision  must  be  made  as  soon  as  possible  to  allow  the" 
escape  of  urine,  but  circumcision  had  better  be  deferred 
to  a  later  period,  when  it  nia\-  be  unnecessarj'  to  do  more 
than  trim  up  unsightly  flaps.     In  childhood  there  are 
not  many  changes  in  tlie  prepuce;  the  few  erections  rup- 
ture a  part  of  the  congenital  adhesions.     Attacks  of  bal- 
aniris  or  iiosthitis  may  result  fnmi  the  decomposition  of 
retained  smegma  and  give  rise  to  contraction  of  the  pre- 
putial (uitice,  or  new  adhesions  between  the  prepuce  and 
the  glans.     A  child  with  phimosis  and  an  unhealthy  lo- 
cal condition  may  have  no  symptoms,  and  at  puberty, 
with  the  changes  that  occur  in  the  penis,  the  phimosis 
may  disappear.     But  if  there  are  dvsuria  or  reflex  symp- 
toms arising  from  the  phimosis,  operative  interference 
IS  essential,  not  only  to  relieve  the  immediate  trouble, 
but  as  a  prophylactic  against  various  conditions  appar- 
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ently  dependent  on  it,  as  vavioocele,  hernia,  some  cases 
of  masturbation,  etc.  (see  article  P/iiiii<ms).  At  puber- 
ty tlie  glans  increases  in  size,  erections  become  moi-(^  fre- 
quent and  strong,  and  usually  destroy  any  remaiuini; 
adhesions,  while  they  dilate  the  preputial  orilice  so  that 
the  phimosis  disappears.  If  any  adhesions  still  persist 
they  are  strong  and  firm,  and  may  prevent  the  develop- 
ment of  the  glans,  and  be  the  cause  of  painful  erections, 
tenderness  of  the  penis,  etc.,  as  well  as  of  other  symp- 
toms more  or  less  evidently  dependent  on  the  local  con- 
dition. Such  a  condition  is  best  remedied  by  circumci- 
sion, and,  indeed,  it  is  a  question  of  considerable  interest 
and  importance  whether  it  is  not  desirable  to  perform 
circumcision  at  an  early  age  as  a  hygienic  and  prophy- 
lactic measure.  The  outer  lamella  of  the  prepuce  is 
continuous  near  the  corona  glandis  with  the  integument 
that  covers  the  body  of  the  penis.  One  should  remem- 
ber the  elasticity  of  this  integument  and  the  laxity  of  its 
subcutaneous  tissue,  and  avoid  undue  traction  vipon  it 
in  perfcirming  circumcision,  or  it  may  happen  that  when 
the  skin  has  been  drawn  forward  and  amputated,  an  un- 
expectedly large  surface  of  tlie  prepuce  will  be  found 
denuded,  or  there  may  be  a  circular  wound  near  the 
middle  of  the  penis  while  the  parts  covering  tlie  glans 
have  entirely  escaped  the  knife.  Such  an  accident  is 
usually  a  surprise  to  the  operator,  and  may  be  followed 
b.y  disagreeable  deformities  from  subsequent  cicatricial 
contraction.  Under  the  circumstances,  the  best  coiirse 
to  pursue  is  to  relieve  the  phimosis  for  which  the  opera- 
tion has  been  undertaken,  by  a  dorsal  incision,  without 
removing  anj-  more  integument,  and  after  careful  arrest 
of  hemorrhage  to  approximate  the  edges  of  the  circular 
wound  as  well  as  possible  b_y  sutures  and  endeavor  to 
secure  primary  union.  The  inner  surface  of  the  prepuce 
is  reflected  forward  from  the  corona  glandis  to  the  orifice 
of  the  foreskin.  In  its  ordinary  condition,  protected 
from  friction,  and  lubricated  by  the  natural  secretions  of 
the  part,  it  is  soft,  pliable,  moist,  and  so  much  resem- 
bles a  mucous  surface  that  it  is  usuall)^  referred  to  as  the 
"mucous  membrane,"  in  distinction  from  the  "skin"  or 
outer  layer  of  the  prepuce.  This  layer,  and  not  the 
skin,  is  usually  affected  in  phimosis.  Tlie  constriction 
is  usually  at  the  meatus,  although  it  may  be  anywhere 
between  there  and  the  corona.  The  fra'num  prsputialis 
is  a  small  triangular  fold  of  the  inner  layer  of  the  pre- 
puce, is  inserted  near  the  meatus  of  the  urethra,  and 
when  too  short  may  interfere  with  retraction  of  the  pre- 
puce, pulling  the  penis  downward  and  producing  pain. 
On  each  side  of  it,  near  the  median  line,  are  the  arteries 
of  the  frKnum.  When  these  are  divided  in  circumcision 
they  may  be  the  source  of  troublesome  hemorrhage ;  ac- 
cordingly the  operator  is  directed  in  most  of  the  text- 
books to  avoid  them  if  possible.  Where  the  frsnum  is 
short,  it  is  better  to  disregard  this  precept  and  divide  the 
frsenum  thoroughly,  or  remove  a  portion  of  it,  and  be 
prepared  to  place  "fine  catgut  ligatures  on  the  arteries 
that  bleed. 

A  considerable  number  of  operative  procedures  have 
been  suggested  and  practised  by  different  surgeons,  hav- 
ing in  view  the  more  accurate  removal  of  the  redundant 
prepuce,  and  the  coaptation  of  the  wound  surfaces. 
They  fall  into  three  classes :  preliminary  incision  of  the 
prepuce,  dilatation,  and  amjjutation  of  the  prepuce  with- 
out previous  incision  or  dilatation.  The  preliminary  in- 
cision is  usually  made  on  the  dorsum  of  the  prepuce,  as 
far  back  as  the  corona,  and  the  two  flaps  thus  formed  are 
carefully  trimmed  away.  The  incision  niay  be  made 
with  a  pair  of  blunt- ]3oin ted  scissors  or  a  bistoury.  Tlie 
bistoury  may  be  inserted  into  the  preputial  orifice  on  a 
director,  or  the  point  may  be  protected  by  a  little  lump 
of  wax  and  the  bistoury  passed  with  the  side  to  the  glans 
as  far  as  the  corona,  then,  turning  the  back  to  the  glans, 
the  point  is  pushed  through  the  foi-eskin,  which  is  di- 
vided by  drawing  the  bistoury  forward.  The  trimming 
of  the  flaps  may  be  facilitated  by  the  use  of  curved  for- 
ceps applied  so'  as  to  leave  out  the  portion  that  is  to  be 
removed.  Instead  of  making  this  division  the  prepuce 
may  be  dilated  and  cotton  stuffed  between  the  prepuce 


and  penis,  but  this  is  a  tedious  and  sometimes  impo.ssible 
process,  and  has  no  advantages  beyond  the  greater  facil- 
ity of  applying  needles  and  sutures  in  the  prepuce,  so  as 
to  render  the  coaptation  of  the  surfaces  more  accurate. 
The  incision,  however,  is  of  great  value,  especially  where 
there  is  reason  to  believe  that  a  constricted  prepuce  con- 
ceals a  venereal  sore  that  cannot  be  disinfected.  Ilere  a 
comparatively  small  incision  allows  the  sore  to  be  ex- 
posed, and  after  it  has  been  disinfected  or  has  cicatrized, 
the  un.sightly  flaps  may  be  trimmed  off.  In  such  cases 
it  often  happens  that  so  much  tissue  has  been  destroyed 
by  the  ulcerative  process  that  there  is  no  excess  of  tissue 
when  the  wound  has  healed.  The  most  simple  and  rapid 
method  of  circumcision  is  by  a  transverse  incision  made 
obliquely  from  behind  forward  and  above  downward,  in 
the  direction  of  the  margin  of  the  corona  glandis,  the 
glans  being  carefully  protected  from  the  cutting  instru- 
ment. The  prepuce  may  be  drawn  forward  with  the  fin- 
gers or  with  forceps,  and  the  glans  may  be  protected  by 
Rioord's  forceps  or  the  handles  of  a  pair  of  scissors  or 
other  instrument  apphed  obliquely.  To  insure  divtsion 
of  the  pi-epuee  at  the  proper  place,  if  the  eye  cannot  be 
trusted,  it  is  well  to  mark  with  ink  or  iodine  on  the  pre- 
puce at  the  point  where  the  corona  glantlis  underlies  in 
a  natural  condition  of  the  parts,  and  to  make  the  section 
a  veiy  little  in  front  of  this  level.  Ricord  made  the 
mark  two  lines  from  the  corona,  and  after  appl3'ing  for- 
ceps transfixed  the  prepuce  with  needles  along  the  line 
so  as  to  secure  accurate  apposition  of  the  two  "preputial 
la,yers  after  removing  the  prepuce.  Other  surgeons, 
however,  sometimes  remove  more  or  less  of  the  two  lay- 
ei's.  Dieffenbach  and  Redreau  removed  all  the  mucoiis 
surface,  leaving  enough  of  the  outer  to  cover  partially 
the  glans.  After  the  prepuce  has  been  drawn  forward 
and  divided,  the  forceps  or  other  protecting  instrument 
is  removed,  and  the  integument  slides  back  on  the  penis, 
while  the  inner  layer  of  the  prepuce  still  covers  the  glans. 
This  may  either  be  turned  back  if  there  is  no  constriction, 
or  divided  as  far  as  the  corona  bj'  cutting  or  tearing  on 
the  dorsum.  The  two  flaps  thus  formed  ma,y  be  left  or 
trimmed  away;  it  is  generally  preferable,  with  a  pair  of 
curved  scissors  and  forceps,  to  cut  away  evenly  on  all 
sides,  leaving  about  a  quarter  of  an  inch.  At  the  same 
time  that  this  Uiyer  is  turned  back  any  adhesions  are 
carefully  broken,  or  if  firm,  cut  through,  doing  as  little 
damage  to  the  penis  as  possible.  All  hemorrhage  should 
be  carefully  arrested,  fine  catgut  ligatures  being  used  for 
the  purpose.  The  edges  of  the  two  layers  are  then  uni- 
ted by  fine  sutures,  which  ma,y  be  either  of  horsehair, 
silk,  or  catgut.  A  continuous  catgut  suture  is  very  use- 
ful, but  if  many  stitches  are  used  there  is  apt  to  be  con- 
siderable swelling  of  the  parts  from  the  contusion  and 
handling.  In  young  children  it  is  not  necessary  to  use 
sutures,  as  the  dressing  prevents  the  inner  laj-er  from 
again  covering  the  glans,  and  retains  the  parts  in  suffi- 
ciently close  apposition  for  union  to  take  place  readily. 
If  silk  or  horsehair  sutures  are  used  they  should  be  re- 
moved on  tlie  fourth  day.  Instead  of  sutures,  the  parts 
may  be  held  together  by  serresfines,  but  these  are  apt  to 
fall  off  as  the  patient  recovers  from  ether  and  may  ex- 
cite erections.  If  they  are  used  they  should  all  be  re- 
moved by  the  end  of  twenty-four  hoia-s.  Before  the 
operation  an  attempt  should  be  made  to  disinfect  the 
parts,  and  anti.septie  dressings  should  be  applied.  In 
children  it  is  impossible  to  pi'event  the  soiling  of  the 
wound  by  urine,  but  in  adults,  with  care,  pretty  thor- 
ough asepsis  may  be  preserved.  After  urine  has  been 
passed  the  wound  should  be  thoroughly  cleansed  with 
some  disinfecting  solution  and  a  new  dressing  applied. 
In  children,  cold-water  compresses  and  weak  carbolic 
acid  solutions,  or  a  light  dressing  of  iodoformized  gauze 
are  as  useful  as  any  elaborate  dressing,  and  may  be  fre- 
quently renewed. 

The  operation  should  not  be  performed  without  some 
an»sthetic.  For  the  surgeon's  comfort  a  general  anffis- 
thetie  is  the  most  satisfactory,  but  there  are  many  cases 
in  which  local  anaesthesia  may  well  be  employed.  Co- 
caine  or  eucainc  may  be   used,  or    Sehleich's   mixture 
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for  producing  analgesia  (see  AmeMesin,  Local).  Witli 
very  young  children  and  when  ohler  patients  arc  ner- 
vous and  emotional,  it  is  not  wise  to  use  the  local  anal- 
gesia on  account  of  the  alarm  that  is  produced  by  the 
preparations  for  and  procedures  during  the  operation. 
(.)n  tlie  other  hand,  in  the  case  of  adults,  there  may  be 
such  a  complete  absence  of  pain  and  fright  that  the  pa- 
tient can  himself  assist  Ihe  surgeon  in  the  operation  if 
necessary. 

In  some  cases,  especially  where  thei'e  is  danger  of 
hemorrhage,  tke  patient  suffering  fi'om  luvmophilia,  the 
ecraseur,  the  galvano-cautery,  or  caustics  have  been  sub- 
stituted foi-  the  knife  or  scissors,  but  they  can  hardly  be 
recommended. 

The  operation  is  liable  to  be  followed  by  the  ordinary 
diseases  of  woimds,  but  as  it  is  frequently  performed  by 
unskilful  hands,  it  has  perhaps  had  more  serious  se- 
queUe  than  other  ecjuallj'  simple  operations.  As  already 
stated,  it  occasionally  happens  that  too  much  integimieut 
is  taken  away,  iu  consequence  of  which  there  are  inflam- 
mation and  suppuration,  and  finally  a  contracted  cicatrix. 
Too  little  integument  is  more  often  removed,  and  the 
phimosis  returns  after  cicatrization.  The  glans  penis  or 
lu-ethra  may  be  injured,  and  severe  hemorrhages  and  de- 
forming cicatrices  may  result.  Occasionally,  in  tearing 
adhesions,  the  glans  penis  is  much  damaged,  with  the 
same  result.  Severe  inflammation,  and  even  death,  may 
he  the  consequ(;nce.  Severe  and  fatal  hemorrhage  may 
occur  from  small  vessels  of  the  prepuce  or  from  arteries 
of  the  fricuum,  or  from  woimds  of  the  glans  penis. 
From  various  causes  the  subsequent  inflammation  and 
suppuration  may  be  very  severe.  .lacobi  ("'  Diphtheria") 
gives  a  number  of  cases  in  which  the  wound  has  been  the 
seat  of  the  diphtheritic  process  in  ejiidemies  of  diphtheria, 
and  Hueter  ("  Chirurgie  ")  mentions  fatal  cases  from 
phlegmonous  erysipelas  and  gangrene.  Gangrene  of  the 
penis  and  retention  of  urine  may  also  result  fi-om  tight 
bandages,  or  from  a  thread  of  circular  dressings  becom- 
ing detached  and  Inu'ied  in  the  swollen  tissues  at  the 
corona.  The  latter  are  exceedingly  difficult  to  discover 
and  I'emove  from  the  tissues,  in  \yhich  the}'  may  sink 
deeply.  Retention  of  urine  is  usually  refle.x,  and  should 
l.)e  relieved  by  the  use  of  soft  catheters.  Piimary  union 
may  fail  from  infection  of  the  wound  with  chancroidal 
virus,  the  infection  usually  becoming  evident  about  the 
third  day.  Free  cauterization  is  necessary,  either  with 
the  Paquelin  cautery  or  by  means  of  some" of  the  acids. 
Excessive  inflammation  or  erections  may  delay  the  union 
of  the  wound.  Erections  are  very  common,  and  in  the 
swollen  and  tender  condition  of  the  part  usually  very 
painful.  To  prevent  them  it  is  well  to  keep  the  patient 
on  a  low  diet,  and  to  prevent  constipation.  Of  drugs, 
bromide  of  potassium,  lupulin,  opium  suppositories,  sup- 
positories or  urethral  injections  of  iodoform,  camphor, 
etc.,  are  u.sed.  Union  may  also  be  prevented  by  patients 
who  masturbate,  so  that  the  inefficiency  of  the  operation 
as  a  cnre  for  that  trouble  becomes  very  apparent.  The 
cpdema  of  the  parts  on  the  second  or  tliird  day  after 
the  operation  is  generally  due  to  rough  handling  dur- 
ing the  operation.  The"  clamp  may  be  ap]ilied  too 
tightly,  or  the  parts  be  much  contused  in  placing  nu- 
mei'ous  sutures. 

Tlie  indications  for  the  operation  are.  in  children,  con- 
genital phimosis  when  accompanied  by  hydrocele,  or 
hernia,  balanitis,  prep\ifial  calculi,  "bal'looiiing  "  of  the 
prepuce  in  voiding  urine,  or  by  general  or  special  I'eflex 
symptoms  which  may  depend  upon  the  local  condition, 
as  dysuria,  convidsions,  epilepsy,  spasmodic  contrac- 
tions. In  adults  the  operation  is  iiidiealcd  for  tlu^  same 
set  of  troubles  as  in  children,  and  for  pliimo.sis  dependent 
upon  inflammation,  (^xcitedby  venereal  sores,  gonorrhoea, 
etc.,  as  well  as  for  simply  redundant  jirepuce  without 
plumo.sis,  when  there  are  any  local  irritation  or  reflex 
symptoms,  as  s])ermatorrli(pa. 

The  operation  should  be  postponed  when  the  parts  are 
in  a  condition  of  acute  iiiflainmation,  except  when  there 
is  a  sanious  discharge  from  the  meatus.  In  this  case  as 
there  is  probably  a  sloughing  sore  or  severe  inflamma- 
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tion,  the  dorsal  inci.sion  should  be  first  practised  to  en- 
able local  measures  to  be  efficiently  applied.  The  opera- 
tion should  not  be  done  when  the  patient  is  known  to 
lie  a  "  bleeder, "  or  when  very  feeble  and  anjemic,  or  suf- 
fering from  febrile  or  severe  constitutional  disease,  un- 
less, indeed,  there  may  be  some  very  urgent  symptoms. 
Here,  generally,  the  complete  circumcision  should  be  de- 
ferred and  the  dorsal  incision  practised. 

It  is  still  a  mooted  point  whether  hygiene  demands  cir- 
ctimci.sion  at  an  early  age.  It  is  certain  that  manj'  cases 
of  varicocele  and  hernia  are  due  to  the  straining  in  mictu- 
rition and  the  handling  of  the  penis  by  young  children. 
In  general,  however,  congenital  phimosis  does  no  harm, 
and  disappears  at  puberty.  On  the  whole,  it  seems  best 
to  await  some  local  disorder  or  consecutive  trouble,  and 
to  urge  circumcision  at  the  first  sign  of  local  irritation, 
or  when  general  symptoms  appear  in  connection  with  a 
phimosis.  William  G.  Le  Boutillier. 

CIRRHOSIS.     See  Lirer.     (Pathohgical.) 

CITRAL.— (C,,.H,„0).  This  is  the  active  con.stituent 
of  oil  of  lemon,  wdiich  contains  7.5  ])er  cent.,  more  than 
any  other  oil,  though  it  is  found  in  other  fruits  of  that 
family  and  in  many  other  volatile  oils  of  widely  differ- 
ent botanical  origin.  It  is  a  liquid  of  a  3'ellow  color 
and  a  specific  gravity  of  about  0.899.  It  is  subject  to  the 
same  uses  as  oil  of  lemon,  and  maj'  be  advantageously 
substituted  for  it,  in  doses  about  one-tenth  as  great. 

Henry  11.  Rushy. 

CITRIC  ACID.— Citric  acid,  H.,Cr,HiiO,,H=0,  is  the 
agreeably  flavored  acid  of  lemons  and  limes,  and  occurs 
also  iu  other  fruits,  such  as  the  cranberry,  currant,  straw- 
berry, and  raspberry.  It  is  official  in  the  United  States 
Pharmacopoeia  as  Ariilum  Ciiricum,  Citric  Xc\(\,  and  oc- 
curs in  "colorless,  translucent,  right-rhombic  prisms: 
odorless;  having  an  agreeable,  purely  acid  taste:  efflores- 
cent in  warm  air,  and  deliquescent  w"hen  exposed  to  moist 
air.  Soluble  at  15"  C.  (59'  F.),  in  0.63  part  of  water,  and 
in  1.61  parts  of  alcohol;  in  about  0.4  part  of  boiling  water, 
and  in  1.43  parts  of  boihng  alcohol,  also  soluble  in  18 
parts  of  ether"  (U.  S.  P. ).  On  heating,  citric  acid  loses 
its  water  of  crystallization  and  melts. 

Citric  acid  is  the  most  agreeably  flavored  of  the  sour 
so-called  organic  acids,  and  makes,  iu  aqueous  solution, 
a  grateful  artificial  lemon  juice.  In  concentrated  solu- 
tion the  acid  is  irritant,  btit  not  corrosive  nor  specifically 
poisonous.  A  six-percent,  solution  of  citric  acid  in 
water  about  equals  in  strength  good  lemon  juice,  and  if, 
before  solution,  a  drop  or  two  of  the  essential  oil  of  lem- 
on be  triturated  with  the  crystals,  the  imitation  of  genu- 
ine lemonade  flavor  will  be  quite  perfect.  Such  artificial 
lemonade  can  be  drunk  with  the  same  freedom  as  the 
natural  article.  Taken  continuously,  and  in  excess,  as 
in  the  over-free  use  of  lemons  in  the  tropics,  citric  acid  is 
capable  of  producing  a  peculiarly  severe  and  obstinate 
form  of  dyspepsia.  The  proper  "dose  is  from  0.30  to  3 
gm.  (gr.  v. -XX. ). 

Pharmaceutically,  citric  acid  is  of  service  in  the  prepa- 
ration of  soluble  salts  of  a  numlier  of  substances,  such  as 
bismuth,  iron,  (piiniue,  and  strychnine.  Its  principal  use 
is  perhaps  in  the  making  of  the  preparations  of  magne- 
sium citrate. 

Several  promising  commercial  experiments  in  the  arti- 
ficial production  of  citric  acid  are  now  in  iirogress. 

Eilward  Curtis. 

CITRONELLA  GRASS  AND  0\L.~^^a,■d-G,■ass.  An- 
dropogonlSanlu.'i  L.  (fam.  (Iraiiiiiiami').  This  is  a  coarse 
tufted  grass  of  India,  having  a  delightful  lemon-like  fra- 
grance. It  is  used  for  the  distillation  of  citronella  oil  or 
Terhena  oil.  This  is  of  a  very  pale  yellow  color,  often 
greenish  from  the  presence  of  copper;  and  having  a  spe- 
cific gravity  of  about  0.895.  It  consists  of  cifral  and  a 
terpcnc,  and  is  used  altogether  in  perfumery  and  flavor- 
"'t''  Henry  H.  Busby. 
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CITROPHEN.— Csri,(OH)(CO,NH,C„n.,OCJIo)3.  This 
comiioimil  of  three  iiaraiilienetiiliii  gniiips  with  one 
moleeulc  of  citiic  acid,  intioduced  l\r  Roos,  is  a  while 
crj'stalliue  powder  of  mildly  insipid  acid  taste.  It  melts 
at  ISrC.  (358'  F.),  is  readily  soluble  in  forty  parts  of  water 
and  in  carbonated  waters,  and  is  split  tqi  by  the  gastric 
jtiice  into  its  components.  Paraphenetidin"  may  be  de- 
tected in  the  tiriue  by  the  ferric  ciiloride  test"  twenty 
minutes  after  ingestion. 

It  has  been  employed  with  success  in  dose  of  1  gm. 
(gr.  XV.)  three  times  a  day  to  remove  the  excessive  lan- 
guor and  muscular  cramps  of  morphinism.  Ki'onfeld 
states  that  it  not  only  reduces  temperature,  but  in  rheu- 
matism and  the  various  neuroses  it  often  act  s  as  a  specific. 
In  pertussis  and  chronic  morphine  poisoning  it  is  without 
a  peer.  Kronfeld  uses  it  also  with  excellent  effect  in 
epidemic  influenza,  and  claims  that  no  cardiac  depression 
results  frcmi  large  doses.  David  Cerua,  f>n  the  coutrarj', 
quotes  Treupel  as  having  fotuid  it  poisonous  in  large  dose. 
Frieser,  Freudenberg,  Benario,  and  others  have  used  it 
with  benefit  as  an  antipyretic  in  fevers,  in  typhoid  fever, 
headache,  neuralgia,  facial  neuralgia,  neuralgic  dysmen- 
orrhcea,  migraine,  etc.  It  is  sometimes  aecompauied  by 
sweating.  Dose  0.5  to  1  gm.  (gr.  viij.-xv.),  or  even 
2  gm.  (gr.  XXX.)  three  or  four  times  a  day. 

iV.  A.  Bastedo. 

CITRUS. — (Tlie  Orange  and  Lemon  Gcinix.)  A  genus 
of  the  family  Anrantiaeeie,  if  this  be  held  distinct  from 
the  liutaceii'.  regarded  b.y  Engler  as  comjirising  Imt  six 
sjieeies,  natives  of  Southeastei'n  Asia  and  the  neighboring 
islands,  but  through  hmg  and  wide  cultivation  present- 
ing a  great  number  of  varieties  and  forms  which  have 
been  regarded  as  species  by  various  other  authors.  The 
great  economic  value  of  the  edible  fruits  yielded  requii-es 
no  discussion.  The  following  derivations  are  accepted 
liy  Lyons  (Plants'  Names,  Scientific  and  Popular)  and 
are  probal)ly  correctly  judged. 

Tlie  sweet  orange  from  C.  auraiUiiini  L. 

The  hi  Iter  orange  from  C.  amara  (L.)  Lyons. 

The  lemon,  both  sweet  and  sour,  together  with  sweet 
and  sour  limes  and  the  citron  fruit,  from  ('.  mrdica  L.  ; 
although  many  authors  call  the  lemon  C.  Liinnnun/i. 
Risso,  the  sweet  lime  0.  limctta  Risso,  the  sour  lime  C. 
adda  Pers.,  and  the  citron  fruit  C  eedra  Gallesio. 

The  mandarin  or  Tangerine  from  C  nohilis  Loiu-. 

The  shaddock,  grape  fruit,  or  pomelo  from  ('.  Decji- 
mnna  ^lurray. 

The  bergamot  from  C.  bergamiei  Risso  and  Poit,  prob- 
aljly  an  artificial  hybrid  originating  under  cultivation. 

The  merlicinal  importance  of  the  genus  is  very  consid- 
erable, although  not  so  great  as  in  the  past.  The  medic- 
inal products  of  the  orange  and  lemon  will  be  consid- 
ered under  those  titles.  Only  the  general  characters  of 
the  products  will  be  here  considered.  The  medicinal 
virtues  reside  in  three  constituents  or  clas.ses  of  them: 
(1)  Citric  Acid,  separately  considered ;  ('2)  Bitter  Olvco- 
sides;  (3)  Volatile  Oils. 

The  l3itter  glucosides  appear  to  reside  in  the  inner  por- 
tions ("white  ")  of  the  rinds  {aurantiam-arin  in  oranges, 
especiallj'  the  bitter  orange,  and  in  citron  fruit,  and  nar- 
ingin  in  grape  fruits  or  shaddocks)  or  in  the  seeds,  as 
Uinonin  in  the  seeds  of  the  lemon.  These  substances, 
medicinally,  act  like  ordinarj'  bitters,  and  like  them  are 
irritant  and  even  poisonous  in  their  pure  form,  especially 
the  naringin  of  the  shaddock. 

IJesperidin,  C22H2BO12  (fde  Merck),  occurs  in  minute 
white  or  yellowish  crystals  and  is  soluble  in  dilute  alka- 
lies.    It  splits  up  into  glucose  and  hasperetin  (CicHnOo). 

Isohespa ridin  is  very  similar. 

Naringin,  (CasHsoOii  +  4H2O)  is  in  yellow  crystals 
and  is  soluble  in  alcohol  and  in  300  parts  of  water. 

Limonin  {CiiHitOil)  occurs  in  minute  crystals,  and  is 
soluble  in  alcohol  and  acetic  acid. 

Bitter  substances  also  exist  in  the  leaves  of  these  plants, 
hut  whether  identical  with  those  mentioned  above  is  not 
known. 

The  volatile  oils  in  use  are  derived  from  the  flowers 


and  from  the  outer  portions  of  the  rinds  of  the  fruits. 
While  tliey  possess  liie  onlinary  diffusive  -  stimulant 
properties  of  volatile  oils  in  general,  they  are  scarcely 
used  for  theii'  medicinal  ])roperties,  but  almost  wholl'v 
for  their  flavoring  clfects.  The  dillerenees  between  tliei'n 
pertain  almost  wholly  to  the  latter  uses.  0\\  of  man- 
darin rind  is  in  use  and  is  practically  identical  with  that 
of  orange.  Oil  of  Bergamot,  or  Oleum  Bergamott;e, 
is  official.  It  is  greenish  or  greenish  yellow  and  bitter, 
with  a  specific  gravity  of  o'.880  to  0.885,  and  contains 
limonene,  dipentene,  linalol,  and  linaloyl  acetate.  There 
is  no  oHieial  prei)aration. 

Volatile  oils  also  exist  in  the  leaves,  but  these  are  not 
employed. 

From  the  above,  it  is  obvious  that  the  Citrus  products 
can  be  used  as  simple  hitters,  as  aromatics,  or  as  aromat- 
ic bitters,  according  to  whether  the  constituents  are  used 
separately  or  in  a  preparation  which  combines  them. 

One  of  the  \c\y  best  of  these  bitter  tonics  is  the  gi'ape 
fruit,  eaten  at  the  beginning  of  the  breakfast,  and  not 
too  much  care  should  Ijc  taken  to  avoid  entirel3'  the  biitter 
portions.  Henry  H.  linshy. 

CIVET. — A  sienna-brown,  ointment-like,  unpleasantly 
odorous  substance,  obtained  from  two  species  of  Virerra  ; 
Order  Carnivara.  Virerrina.  The  first,  Virerra  Zibetha 
Linn.,  the  Indian  civet  cat,  is  from  the  warmer  parts  of 
Asia.  The  second,  V.  civetta,  Schreber,  the  African  civet 
cat.  is  a  native  of  Africa  and  Southern  Europe.  Both  are 
kept  in  confinement  for  their  peculiar  secretion.  This  is 
formed  in  a  sac-like  gland,  situated  in  front  of  the  anus, 
in  both  sexes,  between  it  and  the  external  genitals,  and 
is  collected  from  the  domesticated  animals,  cither  by 
saving  it  as  it  is  discharged,  or  by  scooping  it  out  of  the 
glands  with  a  small  spoon,  while  the  animals,  elosel_y 
confined  in  a  small  cage  in  which  they  cannot  turn  about, 
are  violently  teased.  When  first  gathered,  it  is  semi- 
li((uid  and  brownish  yellow,  but  by  keeping  it  becomes 
considerably  darker  and  harder.  It  is  a  nasty-smelling 
and  dirty-looking  sidjstance,  usuall_v  mixed  with  hairs 
and  other  impurities.  Its  taste  is  sharp,  bitter,  and  dis- 
gusting. It  softens  decideiUy  b_v  warming,  and  burns 
with  a  bright  clear  flame.  The  odor,  while  having  a  gen- 
eral resemblance  to  that  of  nuisk,  is  less  diffusible  and 
far  more  disagreeable.  Civet  is  insoluble  in  water  and 
only  slightl)-  soluble  in  alcohol;  not  wholly  so  even  in 
warm  ether  and  chloi'oform.  Its  constituents,  according 
to  Boutron-Charlard.  are  rolutile  oil,  solid  and  liquid /«?.«, 
yellow  Coloring  inotUr,  resin,  mncns,  ammonia,  oxide  of 
iron,  and  lime  and  ]iotax7i  salts. 

It  is  haiqjily  no  longer  used  in  medicine.  Formerly, 
it  had  some  employment  as  an  antispasmodic  in  the  ner- 
vous derangements  for  which  musk  has  had  deservedl_v 
greater  popiulaiity.  It  is  used  for  strengthening  and  fix- 
ing perfumes  and"  for  scenting  bait  for  game. 

W.  P.  Bolles. 

CIVIL  INCAPACITY.— Whatiscivil  incapacity?  Civil 
incapacity,  for  the  purposes  of  this  article,  is  the  lack  of 
that  mental  endowment  which  the  law  c<;)nsiders  an  es- 
sential clement  in  every  business  transaction,  whether  it 
concerns  only  t)ie  man  himself,  or  those  who  legally  or 
morally  liave  a  claim  upon  him  or  upon  his  property  af- 
ter his  death. 

Perhaps  all  of  such  transactions  may  fall  under  one  or 
the  other  of  the  following  subdivisions;  (a)  contracts; 
(6)  deeds;  (<■)  wills;  (d)  marriage.  For  a  while  the  law 
permits  all  perscms  except  infants  and  married  women  to 
bind  themselves  and  their  property  by  contract,  deed, 
will,  or  marriage,  as  they  may  choose,  yet  it  throws  a  pro- 
tection around  the  insane  and  feeble-minded  in  civil 
transactions,  as  it  does  around  the  insane  and  feeble- 
minded when  they  are  called  upon  to  ansAxer  before  the 
courts  for  the  commission  of  crime.  Therefore  the  law 
will  not  permit  a  sane  and  healthy-minded  man  in  the 
guise  of  legal  methotls  to  deprive  an  insane  or  feeble- 
minded man  of  any  property  or  bind  him  in  any  contract 
or  contractual  relation.     Nor  will  the  law  allow  the  legal 
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civil  Inoapaoity. 
Clark's  Min'l  AVell. 
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Iic'irs  or  representatives  ti)  be  depriveil  of  an  inheritance 
by  reason  of  a  will  which  is  the  product  of  a  diseased 
mind. 

MKTiiftPs  OK  Pkoof. 

The  methods  of  proof  in  litigation  involving  civil  inca- 
pacitj'  must  be  ascertained  }>y  a  careful  perusal  of  dis- 
cussions or  treatises  upon  expert  testimony. 

In  order  to  determine  such  questions,  the  courts  fre- 
quently call  upon  experts  in  mental  diseases  to  testify 
before  them.  However,  in  this  class  of  cases,  as  in  all 
other  cases,  lay  testimony  is  admitted  for  several  pur- 
poses. 

Where  the  person  whose  acts  are  being  construed  has 
previously  been  adjudged  insane,  or  noii  oniipon  inentU, 
bj-  a  proper  judicial  proceeding,  prior  to  the  transaction 
in  question,  this  evidence  alone  will  generally  suffice,  al- 
though this  may  be  overcome  by  evidence  of  its  untrust- 
worthiness  or  by  testimony  that  since  such  adjudication, 
and  prior  to  the  transaction,  the  mind  of  the  person  had 
been  restored  lo  a  normal  condition. 

There  is  rarely  any  trouble  in  determining  the  effect  of 
such  transactions  when  the  person  wjiose  acti(jns  are 
souglit  to  be  avoided  is  a  lunatic  or  an  idiot. 

Tlie  main  trouble  is  found  in  cases  in  which  the  insanity 
is  partial,  wlien  the  person  suffers  from  hallucinations 
and  eccentricities  or  is  afHicted  with  feebleness  of  mind 
not  so  pronounced  as  to  be  self-evident  to  the  ordinary 
mind. 

The  courts  will  permit  e\idence  of  the  folhjwing  char- 
actei': 

Fii-.st:  The  record  of  foi-mer  adjudication  of  other 
courts  that  the  person  was  insane,  or  itoii  compos  'mentis. 

Second :  The  testimony  of  la_y  witnesses  as  to  the  con- 
duct of  the  person  tending  to  illustrate  the  condition  of 
his  mind,  and  even  their  opinion  as  to  his  mental  condi- 
tion, although  the  courts  will  i-eccive  such  opinion  evi- 
dence with  caution  and  will  not  give  it  the  weight  that 
is  given  to  the  opinion  evidence  of  experts. 

Third:  Medical  experts  will  be  allowed  to  testify  as  to 
facts  and  conduct  as  lay  witnesses,  will  Ijc  examined  by 
liypothetical  questions  and  asked  to  express  opinions  as 
to  the  mental  status  of  the  person,  based  on  an  assumed 
state  of  facts.  In  addition,  they  will  be  permitted,  after 
an  examination  of  the  person,  to  give  opinions  as  to  his 
sanity  or  mental  soundness. 

As  the  law  juakes  distinctions  between  the  amount  of 
mental  capacity  required  in  different  transactions,  it  is 
necessary  to  consider  separately  the  four  named:  {a) 
contracts ;  (h)  deeds ;  (c)  wills :  (d)  marriage. 

(a)  Contracts. — In  order  to  determine  whether  a  person 
has  sufficient  mental  capacity  to  make  a  contract,  it  is 
necessary  to  con.sider  the  definition  of  a  contract.  A 
contract  is  defined  by  the  most  eminent  authorities  to  be 
"an  agreement  between  two  or  more  persons  upon  a  suf- 
ficient consideration,  to  do,  or  not  to  <lo,  a  particular 
thing."  The  two  main  features  in  a  contract  are  first, 
tlie  consideration ;  second,  the  assent — "  for  there  is  n() 
contract  unless  the  parties  thereto  a,ssent,  and  must  assent 
to  the  same  thing  and  in  the  same  sense. "  In  other  words, 
sane  minds  meet  upon  a  common  ground. 

It  is  self-evident  that  mind  is  the  basis  of  consent,  and 
when  the  niind  is  lacking  or  radically  defective,  consent 
cannot  arise.  Whenever  the  mind  is  sufficiently  impaired 
to  negative  the  idea  of  consent,  then  the  C(aitracl  is  void- 
able. 

The  mere  superiority  of  intellect  is  not  a  sufficient 
ground  to  set  aside  a  contract,  no  matter  how  far  the 
stronger-minded  contracting  party  has  overreached  the 
weaker.  Contracting  parties  are  rarely  ecjual  in  busi- 
ness shrewdness,  and  it  would  be  both  iiupiiicticable  and 
impossible  for  courts  to  settle  such  sulitle  questions. 

In  order  to  invoke  successfully  judicial  interference 
the  mind  must  be  abnormal  from  disease  or  mental  in- 
firmity, either  inborn  or  sulisecpiently  develoiied.  As 
stated  above,  the  plain  cases  of  insanity  and  idiocy 
present  no  dilliculty;  thi-  diltieulty  lies  usually  where 
the  contracting  party  was  not  sufficiently  weak'-miniled 
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as  to  appear  non  compos  mentis  to  the  ordinary  and  lay 
mind. 

It  is  difficult  to  express  in  one  rule  the  degree  of  men- 
tal capacitj'  of  the  parties  that  is  required  to  give  bind- 
ing force  to  a  contract.  A  competent  author  has  ex- 
pressed the  rule  to  be  that  a  contract  is  voidable  when 
made  by  one  who  "is  so  lacking  in  mental  capacity  from 
idiocy,  lunacy,  senile  dementia,  or  other  defect  or  disease 
of  the  mind  that  he  is  incapable  of  understanding  what 
he  is  doing.  To  render  a  person  thus  incapable  of  con- 
tracting, his  infirmity  need  not  be  so  great  as  to  dethrone 
his  reason  nor  amouut  to  entire  want  of  reason;  but,  on 
the  other  hand,  it  must  be  something  more  than  mere 
weakness  of  intellect.  It  must  be  such  as  to  rendei  the 
person  incapable  of  what  he  is  about,  or,  to  be  more  ac- 
curate, of  comprehending  tlie  subject  of  the  contract  and 
its  nature  and  probable  consequences  (Clark  on  "Con- 
tracts," pp.  264,  265). 

When  the  proof  discloses  the  fact  that  the  person  was 
not  permanently  insane,  but  suffered  from  occasional  fits 
of  insanity,  before  the  contract  will  be  set  aside  it  must 
appear  that  the  contract  was  made  during  one  of  the  fits 
of  in.sanitj'. 

One  of  the  most  peculiar  divisions  of  mental  derange- 
ment is  that  which  subjects  the  patient  to  hallucinations, 
and  the  books  disclose  many  notable  instances  in  which 
men,  otlierwise  liberallj'  endowed  and  possessed  of  rea- 
son, were  the  victims  of  strange  fancies  to  the  extent 
tliat  they  were  mental  hallucinations.  \Vherever  this 
phase  of  incapacity  is  relied  upon,  the  general  rule  is 
that  if  these  hallucinations  have  not  taken  sufficient  hold 
upon  the  patient  as  to  impair  his  entire  mental  faculties, 
then  it  must  appear  to  the  court  that  the  contract  was 
the  result  of  the  hallucinations,  or  it  will  not  lie  disturbed. 
For  while  it  may  be  doubted  if  any  person  who  is  afflict- 
ed with  hallucinations  is  perfectly  sane,  yet  often  in  the 
eye  of  the  law  he  is  insufficiently  insane  to  escape  the 
responsibility  of  all  of  his  civil  or  criminal  acts. 

While  the  law  has  never  had  patience  with  the  plea  of 
drunkenness,  and  even  though  the  great  disciple  of  the 
law.  Coke,  pronounced  that  it  aggravated  rather  than 
palliated  an  offence,  yet  there  are  instances  where  drunk- 
enness will  be  a  sufficient  ground  to  avoid  a  contract. 
Before,  however,  the  law  will  permit  a  contract  to  be 
avoided  upon  the  ground  of  drunkenness  of  the  complain- 
ing party,  the  drunkenness  must  have  been  sufficient  to 
destroy  the  reasoning  power,  and  to  deprive  the  party  of 
the  mental  capacity  to  comprehend  the  nature  and  effect 
of  the  contract. 

After  giving  this  rule,  it  is  almost  needless  to  add  that 
slight  intoxication,  as  a  general  thing,  will  not  be  a 
ground  for  relief. 

However,  the  law  does  not  require  the  intoxication  to 
go  to  the  extent  of  delirium  tremens,  for  when  this  state 
ensues  the  rules  in  regard  to  insanity  are  applied. 

(b)  XAcrf.*.— Deeds  are  nothing  more  nor  less  than  exe- 
cuted contracts  in  reference  to  the  conveyance  of  land, 
and  the  same  rules  apply  to  the  avoiding'  of  deeds,  exe- 
cuted by  insane  or  drunken  persons,  as  to  the  making  of 
any  ordinary  contract.  And  perhaps  it  may  be  ad'ded 
that  wdiere  tlie  deed  is  voluntary,  the  same  rules  are  ap- 
plicable that  apply  to  the  cont'esting  of  wills.  This  is 
especially  true  where  undue  infiuenc'e  is  exercised  over 
the  conveyor. 

((■)  llV/fa.— Public  policy  deems  an  etiual  distribution  of 
one's  estate  among  those  dependent  upon  him  by  natural 
ties  of  great  importance,  and  while  it  is  true  that  a  per- 
son not  laboring  under  a  legal  disability  may  bequeath  his 
property  to  whom  he  pleases,  3-et  the  law  recpiires  that 
ill  order  to  do  this  he  must  be  mentally  capable  as  well 
as  legally  capable.  It  is  needless  to  repeat  that  if  the 
testator  was  insane,  an  imbecile,  or  an  idiot  the  will, 
upon  proper  proceedings,  will  be  set  aside.  In  wills  as 
111  contracts,  the  difficulty  presents  itself  in  persons  of 
doubtful  mental  capacity. 

Every  man  is  presumed  to  have  been  of  testamentary 
capacity  until  the  contrary  is  proven.  So  the  burden  of 
liroof  rests  upon  the  contesting  party  to  prove  that  the 
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testator  did  not  liave  tostamcntarv  capacity.  The  (jiics- 
tion  tlien  is,  Wliat  state  of  mind  does  the  law  rcgartl  a.s 
sufficient  to  constitvite  testamentary  capacity  ? 

A  careful  consideration  of  the  requirements  of  the  law 
in  this  regard  is  made  by  Mr.  Pritchard  in  his  book  on 
"Wills  and  Administration."  He  says:  "  It  is  essential  to 
the  exercise  of  the  testamentary  power  that  the  testator 
should  understand  the  nature  of  the  acts  and  its  effects ; 
should  understand  the  extent  of  the  property  of  which 
he  is  disposing ;  shoidd  be  able  to  comprehend  and  appre- 
ciate the  claims  to  which  he  ought  to  give  efl'ect ;  and 
with  a  view  of  the  latter  object,  that  no  disorder  of  the 
mind  should  poison  his  affections,  pervert  his  sense  of 
right,  or  jireveut  the  exercise  of  his  natural  faculties; 
that  no  insane  delusion  should  influence  his  mind  in  dis- 
posing of  his  property  and  bring  about  a  disposal  of  it, 
which,  if  the  mind  had  been  sound,  would  not  have  been 
made.  If  the  human  instincts  and  affections,  or  the 
moral  sense  become  perverted  by  mental  disease,  if  in- 
sane suspicion  or  aversion  take  the  place  of  natural  affec- 
tion, if  reason  and  judgment  are  lost,  and  the  mind  be- 
comes a  prey  to  insane  delusions  calculated  to  interfere 
with  and  disturb  its  functions  and  to  lead  to  testamen- 
tary disposition  due  onlj'  to  baneful  influences,  in  such  a 
case  it  is  obvious  that  the  testamentary  power  fails  and 
that  a  will  made  under  such  circumstances  ought  not  to 
stand." 

The  same  rules  in  reference  to  hallucinations,  partial 
insanity,  and  temporary  insanitj'  apply  to  wills  as  to 
contracts  and  need  not  to  be  repeated  here.  However, 
there  is  one  phase  of  mental  peculiarity  that  often  is 
presented  in  contests  over  wills  that  rarely  is  presented 
in  contests  over  contracts,  namely,  the  eccentricity  of  the 
testator. 

Many  men  of  thoroughly  sound  mind  have  entertained 
various  eccentric  ideas  and  fancies.  These  eccentricities 
frequently  relate  to  the  future  state  of  man  and  the  oc- 
cult in  reference  to  life.  The  general  rule  is  that  mere 
eccentricity  of  the  testator  is  not  suflicient  to  overturn  a 
will,  especially  where  the  eccentricity  was  not  manifested 
in  the  will  itself. 

D.  Marridfje .—^^hi\e  marriage  partakes  largely  of  a 
religious  and  social  relation,  yet  it  is  also  a  legal  relation. 
So  much  is  this  true  that  an  insane  person  cannot  bind 
himself  by  taking  marriage  vows. 

One  of  the  ablest  judges  that  ever  adorned  the  Supreme 
Bench  of  Tennessee^  Judge  Robert  L.  Caruthers,  speak- 
ing for  the  court,  in  the  "strange  case  of  Jemima  Coles, 
sakl:  "The  test  question  in  aU  such  cases  is,  whether 
the  party  is  capable  of  making  any  binding  contract. 
The  identity  of  the  doctrine  that  unsoimdness  of  mind 
vitiates  this  as  well  as  all  other  contracts  is  well  estab- 
lished. But  every  consideration  of  policy  and  humanity 
admonishes  us  tliat  a  contract  so  essentially  connected 
with  the  peace  and  happiness  of  individuals  and  fami- 
lies, and  the  well-being  of  society,  should  not  be  annulled 
on  this  or  any  other  ground  not  clearly  made  out.  The 
general  rule  is  that  those  who  have  not  the  regular  use  of 
their  understanding  suflicient  to  deal  with  discretion  m 
the  common  affairs  of  life,  or  the  weakness  being  so  con- 
siderable as  to  amount  to  derangement,  are  incapable  of 
contracting  a  valid  marriage." 

In  the  case  involved,  which  illustrates  the  opinion  of 
the  court,  complainant,  the  wife,  had  been  married  be- 
fore the  marriage  in  controversy.  At  the  time  of  the 
marriage  in  question  she  was  about  forty-six  years  of 
age.  For  a  number  of  years  prior  to  the  marriage  she 
suffered  with  prolapsus  uteri.  During  this  period  she 
was  afflicted  with  paroxysms  and  in  these  paroxysms 
was  subject  to  delusions.  Tlie.se  delusions  were  un- 
grounded apprehension  of  conspiracies  against  her  life  by 
her  own  slaves.  They  were  attempting  to  kill  her.  She 
was  wild  and  foohsh  when  in  those  spells,  and  when  not 
under  them  was  very  eccentric.  She  had  great  weak- 
ness for  beaux  before  this  marriage,  and  boasted  of  con- 
quests and  showed  her  many  love  letters.  She  became 
permanently  insane  in  1850,  three  years  after  the  mar- 
riage in  question. 
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The  court  held  that  as  the  marriage  was  not  consum- 
mated while  under  the  effects  of  a  paroxysm,  and  as  the 
proof  showed  that  at  other  times,  though  eccentric,  she 
managed  her  own  business  with  judgment  and  under- 
standing, the  marriage  was  valid.         Jolin  Sell  KeeUe. 

CLAREMONDE  CHALYBEATE  SPRING.— Washing 
ton  County,  Georgia. 

Post-Office. — ^Worthen. 

Access. — Via  Georgia  Central  RaUroad  to  Tenuile; 
thence  by  Sandersville  and  Tennile  Railroad  three  miles 
to  Sandersville;  thence  by  private  conveyance  nine  miles 
to  Worthen.  Following  is  a  qualitative  analysis  of  the 
water : 


Iron  carbonate. 
Potassium  carbonate. 
Calciimi  carbonate. 


Potassium  sulphate. 
Sodium  ctiloride. 
Alumina  (trace). 


The  iron  carbonate  is  present  in  the  proportion  of  about 
four  grains  per  gallon.  The  quantity  of  other  ingredients 
is  small.  This  is  a  very  good  chalybeate  water,  and  will 
no  doubt  be  found  beneficial  in  all  diseases  in  which  the 
carbonated  iron  waters  are  indicated.  The  spring  is 
pleasantly  located  in  a  private  park. 

James  K.  Crook. 

CLARENDON  SPRINGS— Rutland  County,  Vermont. 

Post-(Jffice. — Clarendon  Springs.  Hotel  and  cot- 
tages. 

Access. — Via  Delaware  and  Hudson  Railroad  to  West 
Rutland  Station;  thence  four  miles  to  springs.  This 
point  is  seven  hours  by  rail  from  New  York,  live  hours 
from  Boston,  three  hours  from  Troy  and  Albany,  and  two 
hours  from  Saratoga. 

The  springs  are  four  in  number,  and  are  located  in  a 
beautiful  valley  among  the  green  hills  at  a  level  of  one 
thousand  feet  above  the  sea.  This  is  doubtless  one  of 
the  oldest  resorts  in  the  country,  the  medicinal  character 
of  the  water  having  been  discovered  by  one  Asa  Smith, 
it  is  said,  in  the  year  1776.  From  fifteen  hundred  to 
twenty -five  hundred  persons  visit  the  springs  annually 
in  pursuit  of  health  and  pleasure.  Amid  the  beautiful 
scenery,  pleasant  drives,  and  rare  opportunities  for  trout 
fishing,  the  visitor  may  while  away  the  summer  days  in 
a  delightful  manner.  The  hotels  are  said  to  be  of  an  ex- 
cellent character.  The  following  analysis  was  made  by 
Professor  Hayes,  State  Assayer  of  Massachusetts; 

One  United  States  Gallon'  Contains: 

SoUas.  Grains. 

Calcium  carbonate ^.tj:; 

Calcium  ctiloride        /  .^  „ 

Sodium  sulphate  - ~- '  * 

Magnesium  sulphate  \ 

Total 5.76 

(iases.  Cu.  In. 

Carbonic  acid ^Jj-^ 

Nitrogen ^■°'' 

The  analysis  is  evidently  incomplete,  and  a  re-examina- 
tion is  desirable.  The  water  is  a  very  pure  and  whole- 
some beverage,  independentlv  of  its  medicinal  qualities. 
It  is  used  commercially.  James  K.  Crook. 

CLARK'S  RED  CROSS  MINERAL  WELL.  — Mecosta 
County,  Michigan. 

Post-Officb.— Big  Rapids. 

This  water  was  discovered  on  the  farm  of  A.  L.  Clark, 
adjoining  the  southern  limits  of  the  town  of  Big  Rapids, 
in  June, 'l«90.  The  workmen  were  boring  for  gas,  but  at 
the  depth  of  thirteen  hundred  feet  they  struck  a  vein  of 
water  which  escaped  under  such  a  heavy  pressure  that  the 
drill  weighing  nearlv  twenty -five  hundred  pounds,  was 
borne  up%vith  it,  the  wafer  was  submitted  to  Prof. 
Albert  B.  Prescott,  of  the  University  of  Michigan,  who 
found  the  following  list  of  mineral  ingredients: 
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Clark's  Mln'l  Springs. 
Clelt  Palate. 
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One  Umted  States  Gallon  Contains  : 

Solids.  Grains. 

Sodium  clilorlde .■ 13,048.59 

Magnesium  cbloride 1,390.78 

Calcium  chloride 3,;^jl.l8 

Sodium  bromide 80.9.5 

Calcium  sulphate Si.'M 

Iron  carbonate 4.4b 

Silicic  acid •'J'' 

Aluminum Traces. 

Potassium Traces. 

Total 17,825.37 

Speciflo  graYity  at  63°  F.  (16.6°  C),  1.205. 

Weight  of  one  United  States  gallon  ol  the  water,  70,273.19  grains. 
Reaction,  neutral  before  and  after  boiling.    FUters  clear  and  coloi  less. 

The  analj'sis  shows  this  to  be  one  of  the  most  heavily 
mineralized  waters  known.  A  bath-house  for  tlie  local 
use  of  the  water  has  been  erected  on  Maple  Street,  oppo- 
site the  Northern  Hotel,  and  the  water  is  also  used  com- 
mercially. For  internal  use  it  is  recommended  in  ver}^ 
small  doses,  from  one-half  to  two  teaspoonfuls  four  times 
a  da_y,  diluted  with  plain  water.  It  is  said  to  act  as  an 
emetic  or  as  a  purge  if  taken  too  strong. 

The  water  is  recoiumended  for  numerous  internal  dis- 
orders, and  also  for  its  local  effects  in  tilcers,  cuts,  burns, 
or  bruises;  as  a  lotion  in  conjunctivitis,  as  a  gargle  in 
pharyngitis,  as  an  injection  in  leucorrhrea,  gonorrhcea, 
etc.  The  hot  baths  are  stated  to  be  of  decided  value  in 
old  cases  of  obstinate  rheumatism.  The  water  is  odor- 
less, and  it  is  said  that  it  never  freezes  at  any  tempera- 
ture known  in  Michigan.  James  K.  Crook. 

CLARK'S  RIVERSIDE  MINERAL   SPRINGS.— Wayne 

County,  Michigan. 

Post-Office.  — Detroit. 

This  resort  is  located  on  Fort  West  Street,  corner  of 
Clark  Avenue,  about  two  miles  from  the  centre  of  the  city 
of  Detroit.  It  is  reached  by  electric  cars,  which  pass  the 
door  of  the  bath-house  every  five  minutes.  This  batiiiug 
establishment,  which  was  recently  opened  to  the  public, 
is  one  of  the  most  elegant  and  luxurious  to  be  found  in 
the  country.  The  springs  are  two  in  number,  and  furnish 
an  abundant  flow  of  water.  An  analj'sis  by  Samuel  P. 
Duffield,  M.D.,  Ph.D.,  made  in  November,  1889,  resulted 
as  follows : 

One  United  States  Gallon  Contains  : 

Sohds.  Grains. 

Sodium  chloride 3,408.50 

Potassium  chloride .18 

Calcium  chloride 860.<J0 

Calcium  sulphate 1,790.98 

Magnesium  sulphate 1,083.03 

Magnesium  carbonate 11.33 

Calcium  carbonate 149. IG 

Silica 3..50 

Alumina 13.41 

Total 7,318.97 

Sulphureted  hydrogen  gas,  40.76  cubic  inches. 
Temperature  ot  water,  56°  F. 

The  bath-house  is  kept  open  all  the  year.  The  waters 
have  been  found  very  useful  in  the  diseases  to  which  the 
saline-calcic  class  is  applicable.  James  E.  Crook. 

CLASTOTHRIX.     See  Atrophia  Pilorum  Propria. 

CLAVICLE.     See  Shoulder. 

CLAVICLE,  SURGERY  OF  THE.— The  clavicle  may 
be  congenitally  absi'iit  or  partially  defective.  It  ma}' 
be  deformed  in  rickets  and  osteomalacia,  or  as  a  conse- 
quence of  badly  united  fracture.  Fracture  of  this  bone 
may  occur  in  utero. 

Diseases  of  the  clavicle  are  rare.  The  piincipal  ones 
noted  are  syphilis  (gumma),  tuberculosis,  and  osteomye- 
litis; with  resulting  periostitis,  osteitis,  abscess,  caries,  or 
necrosis. 

Neoplasms  of  the  clavicle  are  seldom  met  with.  The 
variety  of  new  growth  most  often  seen  is  some  variety 
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of  sai'coma.     Carcinoma  is  much  more  rare  and  its  occur- 
rence as  a  primary  growth  apjaears  somewhat  doubtful. 

Osteomata  (exostoses)  and  enchondromata  are  seldom 
reported. 

Traumatism  may  cause  contusions,  wounds,  fractures, 
or  dislocations.  Wounds  and  contusions  require  no  spe- 
cial mention.  (See  special  articles  on  Fractures  and  Dis- 
locations.) 

The  diseases  and  neoplasms  of  the  clavicle  present  no 
clinical  features  peculiar  to  this  bone.  In  syphilis,  treat- 
ment with  mercury  and  iodide  of  potassium  should  be 
thorough,  and  if  portions  of  bone  die  they  should  be  re- 
moved. Tuberculosis  is  apt  to  begin  here  in  the  perios- 
teum, and  the  sharp  spoon  should  be  employed  to  remove 
the  foci  as  thoroughly  as  possible,  especially  if  suppura- 
tion threatens  or  actually  takes  place.  When  suppurative 
osteom3'elitis  is  recognized,  an  iuci.sion  should  be  made 
over  the  affected  area,  and  after  raising  the  periosteum  the 
affected  portion  of  bone  should  be  chiselled  or  scooped 
away  and  the  resulting  cavity  drained.  Abscess,  as  else- 
where, requires  incision  and  drainage  and  the  removal  of 
any  dead  bone. 

Compound  fractures,  particularly  if  caused  by  pistol 
or  rifle  balls,  require  a  thorough  examination  and  disin- 
fection under  an  auiBsthetic.  One  may  decide  also  to 
keep  tlie  fragments  in  apposition  by  sutures,  or  to  excise 
the  whole  or  a  part  of  the  clavicle.  The  question  of  su- 
turing simple  fractures  of  the  clavicle  is  still  unsettled. 
When  there  is  marked  deformity,  and  particularly  when 
sharp  fragments  appear  likely  to  cause  damage  to  impor- 
tant vessels  or  nerves  in  their  neighborhood,  the  operation 
has  some  warm  advocates. 

The  principal  operatiw  pi'oceclvres  on  the  clavicle  are 
suturinff,  or  wiring  for  fracture  or  dislocation;  curetting, 
for  tuberculous  or  syphilitic  foci ;  incision,  chiselling,  etc., 
for  osteomyelitis  or  removal  of  necrotic  fragments ;  exci- 
sion of  the  clavicle,  partial  or  total;  and  temporary  resec- 
tion. The  formation  of  a  clavicular  pjseudarthrosis,  for 
the  relief  of  ankylosis  of  the  scapulo-humeral  articula- 
tion, has  been  suggested  by  Tillaux. 

Excision  of  the  clcmicle,  whether  partial  or  total,  may 
be  done  beneath  the  periosteum  or  outside  it.  Nearly 
half  the  cases  of  total  extirpation  of  the  clavicle  collected 
by  Norkus  were  for  "  necrosis  "  or  "  caries. "  When  oper- 
ating for  these  diseases,  for  fractures,  or  for  benign  new 
growths,  the  subperiosteal  method  should  be  employed. 
AVhere  it  has  been  made  use  of,  restoration  of  the  bone 
has  taken  place  to  a  considerable  extent  or  has  been 
complete  in  the  majority  of  cases,  and  the  functional 
result  was  excellent  or  perfect,  while  in  .some  there 
was  no  apparent  deformity.  An  incision  is  made  from 
one  end  of  the  clavicle  to  the  other,  extending  through 
the  periosteum,  which  is  then  detached  from  the  bone 
with  an  elevator.  The  clavicle  is  then  disarticulated 
at  either  extremity  first,  as  may  be  most  convenient; 
or  it  is  divided  at  some  intermediate  portion  and  the 
two  extremities  are  separately  released  from  their  attach- 
ments and  removed.  Care  is  to  be  exercised  not  to  in- 
jure the  large  vessels  adjacent  to  the  steruo-clavieular 
articulation.  It  may  be  necessary  to  prolong  the  inci- 
sion beyond  either  joint,  or  to  make  smaller  "transverse 
incisions  at  either  extremity  of  the  wound  in  order  to 
gam  better  access  to  the  articularions.  When  the  dis- 
ease process  has  separated  the  bone  from  the  periosteum, 
It  may  be  possible  to  extract  it  through  a  fistulous  tract, 
or  through  a  small  incision  dividing  the  skin  and  perios- 
teum at  a  suital)le  point.  Partial  excision  of  the  clavicle, 
removing  more  or  less  of  the  outer  or  inner  extremity  or 
a  portion  of  the  middle  of  the  clavicle,  may  be  performed 
for  partial  affections  of  the  clavicle  in  non-malignant  dis- 
easeJ5.  For  sarcoma  and  other  malignant  new  growths 
neither  the  partial  nor  the  subperiosteal  method  should  be 
resorted  to.  In  the  thirty-two  cases  of  extirpation  of  the 
clavicle  for  tiimors  (sarcomata  in  twenty -four  instances) 
CO  leeied  by  Norkus,  six  deaths  from  the  operation  re- 
sulted.^ Ihc-^incision  is  the  same  as  in  the  subperiosteal 
operation.  I  he  cutting  must  always  be  done  toward  the 
periosteum,  the  attachments  of  the  muscles  should  be 


REFERENCE   HANDBOOK   OF  THE   MEDICAL   SCIENCES. 


Clark's  Mln'l  Springs. 
CJeft  Palate. 


carefully  severed  from  it,  and  the  bone  should  be  removed 
either  in  fragments  after  cutting  or  sawing  through  it,  or 
as  a  whole,  including  the  new  growth.  The  wound  is  to 
be  closed  by  suture  after  the  divided  sterno-cleido-mastoid 
and  trapeziu.s  above  have  been  carefully  united  by  deep 
sutures  to  the  pectoralis  major  and  deltoid  muscles 
below. 

Madelung  advoaxtes  te?npo7-ari/  reseciioii  of  the  clavicle 
to  give  access  to  the  subclavicular  region.  He  recom- 
mends the  division  of  the  clavicle  in  its  inner  third,  togeth- 
er with  the  subclavian  and  both  pectoral  muscles,  in  order 
to  separate  widely  the  divided  ends  of  the  clavicle.  This 
gives  free  access  to  the  subclavicular  space  and  even  to 
the  axilla.  The  clavicle  is  divided  obliquely  from  above 
and  within  downward  and  outward,  in  order  that  the 
subsequent  adaptation  of  the  parts,  when  the  wound  is 
closed,  may  be  more  perfectly  secured.  The  pull  of  the 
sterno-cleido-mastoid  muscle  and  the  weight  of  the  arm 
are  better  opposed  by  the  adoption  of  this  plan  than  if  we 
resort  to  the  straight  backward  division  of  the  clavicle. 

The  operation  is  proposed  for  the  purposes  of  gaining 
access  to  the  subclavicular  nerves  and  blood-vessels,  of 
extirpating  subclavicular  and  axillary  neoplasms,  of  at- 
tacking diseases  of  the  upper  ribs,  and  of  reaching  the 
apices  of  the  pleural  or  lungs. 

William  O.  Le  Boutillier. 

References. 
Norkus  :  Beitrage  zur  klin.  Chlr.,  xl.,  728. 
Madelung  :  Beitrage  zur  kliu.  Chlr.,  xiv.,  229. 

CLAVUS.     See  C'allositas. 

CLEAR  CREEK  SPRINGS.— Bell  County,  Kentucky. 

Post-Ofpice. — Pineville.     Small  hotel. 

Access. — Via  Cumberland  River  and  Tennessee  Rail- 
road, which  connects  with  the  Louisville  and  Nashville 
Railroad  at  Pineville,  a  distance  of  three  miles  from  the 
springs. 

The  location  of  the  springs  is  in  the  Clear  Creek  val- 
ley, almost  entirely  surrounded  by  mountains.  The 
elevation  is  about  thirteen  hundred  feet  above  the  sea 
level.  This  region  possesses  man}^  advantages  in  the 
way  of  charming  scenery,  exhilarating  mountain  air,  etc. 
The  springs  in  use  are  two  in  number,  possessing  about 
the  same  general  characteristics.  The  following  analysis 
was  made  by  Robert  Peter,  State  Geologist  of  Kentucky, 
in  1883: 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Calcium  carbonate 2.07 

Magnesium  carbonate ^'^*^^„^.; 

Calcium  sulphate ■■•J;' 

Magnesium  sulphate i-*** 

Calcium  chloride -1° 

Sodium  carbonate l-°f 

Silica -51 

Alumina traces. 

Total 6-3-t 

The  water  is  said  to  be  remarkably  pure  and  well 
adapted  to  the  uses  of  the  table.  We  are  informed  that 
it  has  long  enjoyed  a  considerable  reputation  in  dyspep- 
sia, hver  and  kidney  affections,  skin  diseases  and  disor- 
ders of  the  female  pelvic  organs.  James  K.  Crook. 

CLEAVERS.     See  Bubiacem. 

CLEFT  PALATE.— By  cleft  of  the  hard  and  soft  pal- 
ates we  mean  a  fissure  of  greater  or  lesser  degree  existing 
in  the  roof  of  the  mouth,  including,  it  may  be,  the  alve- 
olar ridge  in  front,  and  extending  back  to  the  extreme 
end  of  the  uvula.  These  clefts  are  of  two  kinds,  con- 
genital and  acquired,  the  former  being  by  far  the  more 
frequent. 

Pathology.— As  to  the  congenital  form,  nature  does 
not  complete  her  work  as  originally  intended,  and  while  we 
can  consistently  indorse  the  views  of  those  who  think  the 
defect  to  be  entirely  due  to  the  want  of  a  meat  diet  and 
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of  sufficient  phosphates  of  lime  on  the  part  of  the  mother, 
still  there  ai'e  many  other  factors  to  be  considered. 

H.  E.  Dennett,  D.D.S.,  of  Boston,  has  stated  tliat  "all 
flesh-eating  animals  take  as  much  of  the  bone  with  the 
flesh  they  eat  as  the}'  can 
break  with  their  teeth  sulll- 
cicntly  fine  to  swallow,  and 
all  have  good  dental  organs." 
Several  years  ago  the  lions 
in  the  Zoological  Gardens  of 
London  were  fed  upon  flesh 
containing  too  large  bones  for 
them  to  break  and  swallow. 
The  young  born  while  tliis 
method  of  feeding  was  pur- 
sued, it  was  observed,  had 
cleft  palates  and  lived  but  a 
short  time.  The  lions  were 
then  fed  upon  small  animals, 
whose  bones  they  could  break 
easily,  and  the  young  born  afterward  had  perfectly 
formed  palates. 

It  is  safe  to  assert  that  the  same  causes  which  produce 
rickets  in  children  have  also  a  like  effect  in  producing 
cleft  of  the  hard  palate.  Hereditary  tendeno}'  has  been 
mentioned  by  some  authors,  and  this  I  have  observed  in 
the  history  of  some  of  my  own  cases. 

Mr.  Lawson  Tait,  F.R.C.S.,  in  his  paper  on  "  Cleft  Pal- 
ate," '  has  very  briefly,  in  somewhat  different  words,  re- 
ferred to  this  pathological  con- 
dition, and  is  very  strong  in  his 
belief  that  in  certain  locahties  it  is 
quite  endemic,  and  that^  in  his 
experience,  heredity  had  been  a 
great  factor.  He  says  he  has 
known  cleft  to  miss  as  many  as 
three  generations,  and  then  ap- 
pear in  an  hereditary  form. 

The  late  Dr.  Gurdon  Buck  has 
reported  a  number  of  interesting 
cases  of  hereditary  cleft  occurring 
in  liis  practice,  upon  which  he 
operated  with  success. 

I  lay  much  stress  upon  asking 
the  parents  questions  bearing  upon 
these  points. 

Intermarrying  is  an  element  to 
be  considered  in  the  study  of  the 
patholog}^  of  these  cases  (see  Fer- 
gusson's  "  Surgery  "). 

In  a  majorit}'  of  cases  in  which 
the  fissure  is  single,  it  is  to  be  found  on  the  left  side,  and 
the  deviation  of  the  two  segments  of  the  alveolar  circle 
is  fortunately,  in  these  cases  of  single  spHt,  seldom 
great.  My  experience  has  been  that  in  double  fissure 
through  tlie  alveolar  ridge,  the  vomer  often  has  its  only 
support  below  in  the  intermaxillary  projection,  that  is, 
the  intermaxillary  bone  or  bones  appear  as  an  append- 
age to  the  vomer,  being  held  or  assisted  in  position  by 
fibrous,  cartilaginous, 
of  intermaxil- 
lary bones  and 
tissues,  which  is 
so  very  notice- 
able in  double 
harelip ,  espe- 
cially when  as- 
sociated with 
double  split  or 
fissure  of  the 
alveolar  circle, 
has  been  a  source 
of  deep  study  to 

histologists  as  ,         .  . 

well  as  to  pathologists.  The  former  have  spoken  ot  it 
as  analogous  to  the  premaxillary  bones  in  some  of  the 
lower  animals,  and  yet  it  has  been  very  difiicult  to  de- 
tect, in  the  youngest  foetal  human  upper  jaw,  the  differ- 
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and  mucous  tissues.      This  island 
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Cleft  Palate. 


REFERENCE   HANDBOOK   OF   THE' MEDICAL   SCIENCES. 


FIG.  1364. 


encc  between  the  intermaxillary  portiou.s  and  the  lat- 
eral or  true  portions  of  this  bone.  However,  we  know 
that  this  so-called  island  does  contain  what  maj^  be 
termed  the  true  intermaxillary  bones  and  the  tempo- 
rary and  permanent  incisors,  in  cases  of  complete  double 
cleft  having  only  the  middle 
ones  perfect,  the  lateral  in- 
cisors often  being  imperfect 
or  entirely  absent.  This  con- 
dition of  the  inci.sors  I  have 
observed  in  ca.ses  in  which  it 
became  necessary  to  remove  the 
island.  Such  instances  of  re- 
moval are  fortunately  rare. 

Singular  as  it  may  seem, 
Fergussou  states  that  this  line 
of  separation,  just  spoken  of, 
cannot  always  be  traced  in  the 
well-developed  fatal  skull ;  yet 
the  suture  remains  Ciuite  dis- 
tinct in  the  palatine  portion  of 
this  bone  until  a  late  period  of 
adult  life. 

The  surgeon  is  obliged  to 
take  somewhat  into  consider- 
ation the  structure  of  this  island  or  the  intermaxillary 
substance,  in  determining  the  line  of  treatment  to  adopt. 
Cleft  of  the  hard  palate,  as  well  as  harelip  directly 
through  the  mesial  line  of  the  intermaxillary  bones  and 
soft  parts,  is  verjr  rare. 

Tait  saj'S  two  specimens  are  known.  I  have  seen  one 
case  of  median  harelip.  Sir  William  Fergusson  states 
that  he  has  never  seen  a  case. 

5Iaternal  impressions  are  often  suggested  as  a  cause  of 
this  deformitj'.  We  can  give  but  a  very  slight  indorse- 
ment to  this  view  of  the  question. 

Congenital  cleft  of  the  hard  and  soft  palates  may  be  ex- 
ceedingly simple,  only  the  uvula,  as  seen  in  Fig.  1363,* 
being  implicated,  or  it  may,  in  different  degrees,  be  con- 
tined  to  the  soft  palate,  or  it  may  extend  forward  to,  or 
into,  the  alveolar  ridge  (Figs.  13'63  and  1363),  or  finally, 
it  may  double-fissure  the  alveolar  circle  (Fig.  1364).* 

The  fissure  is  oftener  situated  in  the  roof  of  the  mouth, 
so  that  the  vomer  is  to  be  seen  in  the  middle  of  the  split 
(Fig.  1364).* 

At  times  the  vomer  is  fastened  to  one  or  the  other  side 
(Fig.  1365),*  generally  to  the  left,  and  this  location  of  it  is 
always  a  source  of  embarrassment  in  operating.  It  is 
here  that  a  combination  of  the  Fergusson  bone  ojjeration 
and  the  Warren  operation — the  former  on  the  side  free 
from  the  septum,  and  the  latter  on  the  opposite  side,  slid- 
ing the  periosteal  flaps — meets  the  emergency  best.  To 
break  the  vomer,  as  I  did  in  some  of  mj^  earlier  cases,  is 
not  always  a  success,  and  we  are  more  likely  to  get  ne- 
crosis, especially  of  the  septum. 

It  is  well  known  that  many  infants  born  with  this  de- 
feet  die  within  a  short  time  after  birth,  when  the  cleft  is 
of  a  marked  character.  Mr.  Tait  says  that  one-half  of 
the  children  liorn  with  extensive  clefts  die  within  a  few 
days  after  birth  fi-om  starvation,  and  thinks  we  might  be 
able  to  save  many  of  tliese  children  if  v.e  eould  help 
them  to  suck  by  early  giving  them  a  roof  to  the  mouth, 
and  therefore  advocates  doing  the  operation  for  closing 
the  hard  palate  as  early  as  the  third  week.  My  personal 
experience  does  not  show  so  high  a  rate  of  mortality. 
Wlien  speaking  of  treatment,  I  shall  refer  to  this  again. 
Children  born  with  cleft  palate  cannot  nurse,  nor  can 
they,  in  many  instances,  use  the  large  rubber  nipple  of 
the  nursing  bottle  with  complete  success.  Mason,  in  his 
excellent  work,  mentions  the  large  flat  nipple,  made  so  as 
til  fill  the  roof  of  the  mouth  while  nursing,  as  of  great 
use. 

When  the  children  must  be  fed  with  a  spoon,  a  great 
care  devolves  upon  the  mother  or  nurse.  Among  my 
cases  I  have  the  notes  of  two  fa  son  and  a  daughter  in 
one  family)  in  which  the  mother,  for  nearly  two  years  in 
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each  instance,  was  obliged  to  give  nearly  her  entire  time 
to  the  care  of  the  two  children,  as  regards  feeding,  be- 
fore they  could  help  themselves.  In  neither  of  these 
cases  was  au  early  operation  done  for  closing  the  double 
harelip.     (Fig.  1363  shows  condition  of  the  ,son.) 

Cases  allowed  to  go  on  without  interference  beyond 
the  second  year  are  those  that  show  the  loss  of  voice  and 
the  nasal  tone  in  so  marked  a  degree.  This  often  proves 
a  source  of  great  annoyance  in  after-life,  keeping  the 
possessor  from  society  and  from  following  a  professional 
career.  It  is  interesting,  as  we  study  the  history  of  this 
subject,  to  note  the  views  of  different  surgeons  T\ho 
have  published  their  cases,  as  to  the  proper  time  for  op- 
eration, esiJecially  in  reference  to  the  recovery  of  the 
voice. 

I  have  now  performed  the  operation  so  manj'  times,  in 
patients  of  from  twenty  months  to  nineteen  years  of  age, 
that  I  am  entitled  to  speak  from  experience,  and  am  con- 
vinced that  our  most  successful  cases  are  those  upon 
which  we  ojierate  earl3%  and  before  the  child  has  made 
any  great  effort  to  speak.  In  fact,  these  cases  should 
not  be  encouraged  to  talk  early.  Most  children  make  au 
earnest  effort  to  talk  at  the  end  of  the  second  year,  and 
by  tliat  time  the  operation  should  have  been  performed. 
From  my  own  observations  of  the  results  obtained  by 
other  surgeons  who  have  closed  the  cleft  as  earlj-  as  the 
second  or  tliird  month  of  infant  life,  and  from  my  study 
of  the  literature  of  the  subject,  as  well  as  from  my  per- 
sonal experience,  I  am  not  in  favor  of  going  so  far  as 
this  in  the  direction  of  early  operating.  Young  children 
do  not  bear  the  loss  of  blood  well,  and  although  we  may 
make  use  of  the  galvano-cautery  knife  to  divide  the  tis- 
sues and  thus  avoid  hemorrhage,  j'ct  the  shock  is  such 
as  to  add  to  our  mortality  list,  and,  besides,  union 
often  fails  in  these  early  attempts.  Of  this,  however, 
I  am  certain,  that  in  all  these  cases  of  cleft  palate 
complicated  with  single  or  double  harelip,  the  opera- 
tion upon  the  soft  external  parts  should  be  done  as 
soon  after  birth  as  possible.  With  the  large  nipple  and 
perfect  lips  to  surround  it,  or  simply  b}-  the  use  of 
the  spoon,  the  child  can  be  fed  very  well.  The  union 
of  the  soft  parts  does  aid,  I  am  convinced,  in  bringing 
together  the  bony  vault  of  the  mouth,  a  result  which 
is  very  desirable.  Then  again,  it  does  to  a  certain  ex- 
tent carry  the  child  out  from  the  domain  of  idle  curios- 
ity and  observation,  and  thereby  lessens  the  burden  of 
the  parents.  Some  of  these  children  will  die  before 
reaching  the  age  of  two  years,  not  because  of  imperfect 
mastication,  but  because  they  are  bound  to  bear  their 
ratio  of  death  with  the  rest  of  the  infant  family. 

In  double  harelip,  while  the  treatment  of  the  island  or 
intermaxillary  bone  has  been  dwelt  upon  very  clearly  by 
the  various  writers,  I  am  sure 
that  of  all  the  different  com- 
plications, it  is  in  this  that  ex- 
perience is  of  the  greatest  value, 
and  that  every  case  presents 
one  or  more  peculiar  features. 
To  save  the  island  when  pos- 
sible is,  I  think,  good  surgerv. 
There  can  be  no'doubt  that  "it 
prevents  the  child-like  contrac- 
tion or  appearance  which  is  so 
striking  in  some  adult  faces 
where  it  has  lieen  removed.  I 
think  the  cases  are  few  in 
which,  in  saving  the  island, 
the  operator  can  go  on  and 
unite  both  sides  in  the  same 
operation. 

As  to  the  manner  of  closing 
the  single  harelip,  there  can  be  little  difference  of  opin- 
ion. The  law  is  inflexible  that  to  produce  a  good  result 
the  vermilion  border  of  the  lip  must  be  always  on  a  line 
projecting  a  little,  if  possible.  If  not,  an  apparent 
notching  occurs  in  the  vermilion  border. 

Regarding  the  mode  of  dealing  with  the  island,  my 
preference   is,  if  I  cannot  save  the  bone,  to  save  the 


C  \^3 


FIG.  1365. 
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healtlij'  skin  covering  it,  be  it  ever  so  small,  and  to 
shape  it  in  sncli  a  waj'  that  by  angle,  curve,  or  square 
1  ean  tit  it  either  into,  between,  or  to  one  side  of  the  up- 
per lip,  using  that  to  form  flaps.  The  small  portion  thus 
saved  aids  in  its  way  to  give  an  appearance  of  fulness  to 

the  face  or  upper 
lip.  In  one  of  my 
cases,  sent  me  hy 
Professor  Bigelow, 
of  Albany,  there 
existed  that  dread- 
ful deformity,  sucli 
as  is  seen  in  a  small 
number  of  cases 
only,  in  which  the 
island  projected 
upward  almost  like 
a  horn  toward  the 
nose.  There  was 
quite  a  surface  of 
health}'  skin  cover- 
ing it,  and  I  deter- 
mined to  save  it  all. 
Accordingly,  I  first 
took  from  the  sep- 
tum, with  curved 
bone  forceps,  a  V-shaped  portion  of  bone,  and  then  broke 
the  island  into  position  on  a  level  with  the  alveolar  ridge 
of  the  upper  jaw,  holding  it  there  for  a  period  of  ten 
days  with  compress  and  adhesive  plaster.  Two  weeks 
later  I  freshened  the  edge  of  the  fissure  on  the  left  side, 
also  the  edge  of  the  skin  covering  the  island,  and  then 
brought  the  flap  or  upper  lip  up  to  it,  holding  it  there 
with  two  silver  pins.  Good  union  was  obtained  (see 
Pig.  1366).  Two  months  later — the  child  being  then  not 
quite  six  months  old — I  treated  the  fissure  on  the  right 
side  in  a  similar  manner,  and  got  a  perfect  result.  Un- 
fortunately for  the  completion  of  the  operation  for  closure 
of  cleft  of  the  hard  palate,  this  child  died  of  cholera  in- 
fantum just  at  the  end  of  its  second  year,  and  at  a  time 
when  tlie  parents  were  ready  and  anxious  for  the  final 
operation. 

The  saving  of  the  island  gives  a  better  septum  for  the 
nose,  as  is  reasonable  to  conclude  from  a  comparison  of 
this  case  with  another  in  which  the  island  was  removed.  In 
the  latter  case,  a  boy  six  months  old,  there  was  a  double 
harelip  with  the  intermaxillary  bone  so  prominent  that 
it  was  deemed  best  to  remove  it  entirely.  At  the  first 
operation,  when  this  was  done,  a  lateral  incision  was 
made  from  the  angle  of  the  nose  on  each  side  outward 
into  the  cheek,  and  then  the  two  flaps  forming  the  upper 
lip  were  brought  together;  perfect  union  was  thus  se- 
cured. Later  on,  and  in  his  second  year,  two  operations 
were  required  for  closing  the  cleft  in  the  hard  and  soft 
palates;  but  his  voice  did  not  improve  as  I  had  hoped. 
I  did  not  see  him  for  nearly  three  years,  when  he  was 
brought  to  me,  and  on  examination  I  found  that  the 
upper  lip  had  no  union  with  the  septum  or  vomer,  and 
that  through  this  opening  the  air  escaped  in  so  great  a 
volume  as  partially  tp  account  for  his  defective  speech. 
These  cases  are  diflicult  to  remedy. 

In  the  case  of  a  boy  who  was  four  years  of  age,  and 
whose  face  was  almost  as  much  disfigured  as  was  that 
of  the  case  just  narrated,  I  operated  the  same  number  of 
times,  but  I  did  not  remove  the  intermaxillary  bone. 
The  result  obtained,  as  to  appearance  and  voice,  was 
nearly  perfect. 

Just  here  I  wish  to  speak  of  the  necessity  of  operating 
upon  the  soft  parts  in  such  a  manner  as  not  to  leave  any 
scar  behind.  On  this  point  Mr.  Lawson  Tait  say s :  "To 
avoid  these  scars  I  use  ordinary  seamstresses'  needles, 
strong,  and  threaded  with  a  few  inches  of  silver  wire 
double.  I  introduce  each  needle  through  the  lip  (in  the 
plane  of  its  surfaces),  about  half  an  inch  from  the  prola- 
bium,  and  bring  the  point  out  at  the  middle  of  the  cut 
surface.  I  then  introduce  the  needle  at  the  correspond- 
ing point  of  the  opposite  cut  surface,  and  bring  it  out  at 
the  root  of  the  ala  of  the  nose.     ^''■■"   "''^™  ^""'^  """- 


dies  are  in  mtii  they  foi'm  a  St.  Andrew's  cross,  the  point 
of  intersection  being  the  centre  of  the  wound.  The  nee- 
dles are  then  jiushed  home  uji  to  th(;ir  eyes,  the  wires 
twisted  firmly  together,  the  points  cut  olf  close  to  the 
skin,  and  the  stumps  retracted  into  it.  Thus  all  possible 
scarring  is  avoided." 

In  my  articles  on  Harelip  I  shall  speak  more  fully  on 
this  subject,  having  little  reason  to  regret  the  use  of  the 
ordinary  silver  harelip  pins. 

In  these  operations  I  do  not  hesitate  to  make  use  of 
chloroform,  and  especially  in  children  under  ten  years  of 
age.  Before  it  is  given  everything  should  be  in  readi- 
ness, and  each  assistant  should  be  instructed  as  to  his 
work;  then,  as  the  little  one  comes  undei'  the  influence 
of  the  anaesthetic,  the  operation  should  be  begun  with 
promptness.  It  is  true,  many  of  these  children  are  of 
feeble  make-up,  but  the  cases  are  few  in  which  one  need 
feel  at  all  anxious  in  giving  the  chloroform  from  a  small 
plain  napkin,  plenty  of  air  being  allowed. 

The  subject  of  cleft  of  the  hard  and  soft  palates  is  one 
not  so  well  settled  in  the  minds  of  surgeons  as  to  exclude 
further  elucidation,  and,  while  it  is  hardly  safe  for  one 
to  attempt  to  advance  much  that  is  new,  I  am  convinced 
that  a  more  careful  examination  of  our  cases,  and  of  the 
reports  of  the  same,  one,  two,  or  more  years  after  an  opera- 
tion has  been  performed,  is  needed.  It  will  ever  remain  a 
source  of- regret  to  the  profession  that"  such  successful 
operators  as  Warren  and  Fergusson  (the  latter  operating 
over  three  hundred  times)  did  not  leave  a  record  as  to 
how  the  operation  ultimately  affected  the  voice,  the  resto- 
ration of  which  is  the  principal  object  sought  for  in 
doing  so  difficult  an  operation. 

That  it  is  a  severe  operation  there  can  be  no  doubt,  es- 
pecially when  the  attempt  is  made  to  close  a  complete 


Thus,  when  both  nee- 


FIG.  1367. 

cleft.  In  my  own  practice,  furthermore,  I  have  experi- 
enced repeated  failures  in  a  few  cases.  Nevertheless,  in 
these  very  cases,  with  one  or  two  exceptions,  I  have  finally 
conquered,  and  in  none  was  the  patient  left  any  the  worse 
for  the  future  trial  of  an  obturator.  That  cases  do  get 
on  in  life  without  any  operation  being  done,  and  are  then 
improved  by  the  use'of  an  obturator,  is  now  a  well-estab- 
lished fact.     However,  these  cases  are  not  always  so  bene- 
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tited.  A  gentleman  with  wliom  I  am  acquainted,  aged 
seventy,  was  operated  upon  when  a  cliild  for  harelip, 
by  Guthrie,  and  then  given  to  the  dentists  for  relief  when 
eighteen  years  of  age.     He  has  never  been  in  the  least 


Fig.  V3m. 

improved  by  the  use  of  obturators,  and  life  has  ever  been 
to  him  a  sorrow.  It  is  with  great  difficulty  that  he  can 
be  understood. 

I  have  never  yet  been  obliged  to  stop  an  operation  be- 
cause of  hemorrhage,  but  I  have  known  it  to  occur  at 
times  in  a  severe  manner.     Once  I  was  compelled  to  post- 


FIG.  13B9. 


pone  an  operation  on  account  of  the  great  and  rapid  se- 
cretion of  mucus,  it  being  so  abundant  that  the  bronchi 
tilled  to  an  alarming  extent,  and  suffocation  seemed  im- 
minent. When  the  second  attempt  was  made  I  put  the 
patient  for  twenty -four  hours  upon  full  doses  of  tincture 


Fig.  1,370. 

of  belladonna,  which  had  the  desired  effect  of  drying  the 
throat  and  checking  the  free  secretion  of  mucus. 

The  subject  of  cleft  palate  is  one  that  has  occupied  the 
minds  of  our  bast  surgeons  both  in  this  country  and  in 
the  old  world,  and  each  can  claim  a  good  degree  of  suc- 
cess. It  is  not  necessary  at  this  point  to  enter  into  the 
details  of  the  history  of  the  opera- 
tion. It  is  enough  to  know  that 
Billroth,  Lawson  Tait,  Francis  Ma- 
son, T.  Smith,  Goodwillie,  Prince, 
and  many  others  of  our  own  time! 
have  given  the  matter  careful  con- 
sideration. It  is  an  operation  in 
which  experience  is  of  service  as 
to  dexterity,  as  to  time  consumed 
in  doing  i't,  as  to  teaching  the 
mother  or  the  nurse  how  to  improve 
the  speech  afterward,  and  also,  I 
believe,  as  to  the  choice  of  the 
proper  time  for  operating.  I  think 
that,  if  we  coidd  get  honest  sta- 
tistics, we  should  tind  the  best  time 
for  operating  to  be  immediately 
after  the  first  dentition,  or  when 
the  child  is  al)out  two  years  old, 
and  that  previous  to  this  no  at- 
teuipt  should  be  made  to  encourage 
the-  child  to  talk.  Then  there  is 
not  so  much  danger  of  acquiring 
that  nasal  twang  which  is  so  difti- 
rm         ,  '^^''^'   ^"^  '^"   ''''!'-"''  person  to  over- 

come.     The  rule  stated  above  shoul.l  also  apply  to  cases 
of  mcomplete  cleft,  in  which  there  is  no  barilip. 
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The  acquired  form  of  cleft  Is  the  result  of  a  variety  of 
diseases  and  accidents.  Of  the  former  the  most  frequent 
is  constitutional  syphilis  in  the  adult.  In 
children  it  is  usually  the  result  of  a  fall 
while  running  with  something  in  the  mouth, 
as  a  bean-blower,  pencil,  or  pen,  the  force 
being  such  as  to  drive  the  article  through 
some  part  of  the  roof  of  the  mouth.  These 
forms  of  fissure  are  situated  strictly  behind 
the  alveolar  ridge,  and,  as  a  usual  thing,  are 
not  large.  Thej'  will  be  considered  more 
fully  when  speaking  of  treatment. 

Staphi/lorrap7ii/  is  an  operation  suited  es- 
pecially for  closing  a  cleft  of  the  soft  pal- 
ate, also  such  as  are  associated  with  but 
slight  fissures  of  the  hard  palate. 

Osteoplasty  is  essentially  the  bone  or  Fer- 
gusson  operation.  I  have  combined  the 
two  in  closing  a  complete  cleft  of  both 
hard  and  soft  palates,  and  have  had  no  rea- 
.son  to  regret  it,  although  it  is  a  severe  op- 
eration. 

Steps  of  tub  Opehation. — The  child's 
bowels  having  been  moved  the  day  before, 
no  solid  food  should  be  given  on  the  morn- 
ing of  the  operation.  I  was  once  greatly 
embarrassed  in  a  case  in  which  the  nurse 
had  given  the  child  a  large  plateful  of  oat- 
meal gruel,  which  it  continued  to  vomit  during  the  en- 
tire operation. 

Chloroform  may  be  given,  and  when  the  aniesthetic 
takes  effect  the  Whitehead  gag,  which  I  consider  the 
best,  should  be  introduced  as  shown  in  Fig.  1367.  The 
operator  should  have  ready  a  good  supply  of  bits  of 
sterilized  gauze  (not  too  large)  with  at  least  a  dozen 
good  sponge  holders,  long  enough  to  reach  well  back 
into  the  pharynx.  It  is  necessary,  too,  to  have  near  at 
hand  a  bowl  of  cracked  ice,  in  which  to 
dip  the  bits  of  gauze  intended  for  use  in 
controlling  hemorrhage.  The  surgeon 
requires  as  his  assistants,  one  to  give 
and  watch  faithfully  the  antesthetic, 
another  to  sponge,  a  third  to  hand  the 
instruments  and  assist  generally,  and 
two  others  to  look  after  the  mops  of 
gauze. 

The  operation  should  be  performed  in 
front  of  a  good  light,  and  the  patient's 
head  should  rest  on  a  firm  pillow.  Some 
operators  speak  very  favorably  of  let- 
ting the  child's  head  hang  over  the  table, 
the  blood  being  sponged  out  as  it  col- 
lects in  the  posterior  part  of  the  pharynx. 
The  essential  steps  of  the  operation  are 
as  follows: 

First.  Standing  on  the  right  side  of 
the  patient  with  forceps  or'teuaculum 
(Fig.  1308),  the  opera- 
tor grasps  the  lower 
end  of  the  uvulae  on 
the  left  side,  and.  with 
long,  sharp  -  pointed. 
Fig.  1373.  narrow      knife      (Fig. 

1309),  freshens  well  tlie 
edges  of  the  fissure,  not  hesitating  to 
take  away  plenty  of  tissue,  and  "fre- 
(lucntly  doing  it  without  removing 
the  instruments;  in  which  matter,  ol 
course,  much  will  depend  upon  the 
bleeding,  and   how  well   the   child   is  Fig.  1374. 


^ 


under  the  influence  of  the  anesthetic. 

.Shv^/fr?.  With  an  awl-shaped  instrument  (Fig.  1370) 
boles  are  bored  through  the  bone  near  the  edge  of  the 
cleft,  for  passing  the  sutur  -  '       "'      

Third.  Similar   holes,  two 


the  bone 

■es  (see  Fig.  1367). 

each   side, 


on 


are   drilled 


through  the  bone  along  the  alveolar  ridge,  sufliciently  in 
trout  and  not  so  far  back  as  to  interfere  with  the  impor- 
tant blood-vessels,  and  then,  by  means  of  the  chisel  (Fig. 
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FIG.  1375. 


Fig.  1376. 


1371),  the  parallel  portion  of  bone  is  pressed,  or  rather 
forced,  toward  the  median  line  for  the  purpose  of  closing 
the  cleft  in  the  hard  palate  with  bone 
and  periosteal  substance. 

Fourth.  The  blue  and  red  silk 
threads  forming  the  sutures  are  then 
passed  alternately  in  the  following 
manner,  as  shown  in  part  in  the  ac- 
companying illustrations:  A  blue 
thread  is  first  passed  through  the 
anterior  hole  previously  made  in  the 
left  side  of  the  cleft,  by  means  of  the 
long-  curved  needle  (Figs.  1372  and 
1373),  and  the  free  end  is  drawn  out 
by  means  of  the  long  forceps;  next, 
a  red  thread,  doubled  over  so  as  to  form  a  loop,  is  passed 
in  the  same  manner  through  the  hole  opposite  in  the 
right  side  of  the  cleft,  the  loop 
being  drawn  thrcjugh,  and  in  this 
is  engaged  the  free  end  of  the 
blue  suture  in  order  to  draw  it 
through  the  hole  on  the  right 
side,  flius  completing  its  passage, 
as  seen  in  Figs.  1374,  1375,  1376, 
and  1377.  In  this  way  as  many 
sutures  as  are  needed  are  passed, 
the  red  and  blue  alternating. 

Fifth.  Tying  the  sutures  is  next 
done  by  means  of  the  slip-knot. 
A  half -knot  is  thrown  around  the 
free  end  of  the  suture  (Fig.  1377),  and  then  by  the  use  of 
the  fingers  or  instrument '(Fig.  1378,)  the  knot  is  pressed 
tightly  down  against  the  edges  of  the 
cleft — which  arc  thus  brought  together — 
and  tied  twice,  as  shown  in  the  drawing 
taken  from  life  (Fig.  1379),  the  suture 
being  drawn  to  one  side  of  the  fissure  and 
cut  short  with  curved  scissors. 

This  closes  the   entire  split  completely 
in  one  operation. 

Sixth.  This  is  a  very  important  step  in 
many  operations.  It  consists  in  dividing 
the  tissues  at  the  point  where  the  greatest 
tension  exists.  In  examining  my  patients 
I  was  impressed  early  with  the  ol^serva- 
tion  that,  when  they  attempted  to  swal- 
low and  when  they  breathed  with  the  mouth  open,  the 
two  sides  of  the  fissured  soft  palate  very  nearly,  if  not 
ciuite,  came  into  apposition,  except  just  op- 
posite the  hamular  process  and  at  the  junction 
of  the  hard  and  soft  palates ;  and,  at  the  same 
time,  there  was  thrown  up  on  the  posterior  wall 
of  the  pharynx  a  transverse  ridge  formed  by 
the  superior  constrictor,  the  latter  aiding  to 
prevent  the  passage  of  air  or  food  up  into  the 
posterior  nares.  This  observation  led  me  to 
make  the  lateral  incisions  in  the  soft  palate 
only  at  the  point  of  greatest  tension,  and,  that 
being  the  tendon  of  the  tensor  palati,  to  but- 
tonhole it,  as  we  may 
say,  with  a  short 
blimt  knife  (Fig. 
1380,  after  Fergus- 
son).  The  rehef  af- 
forded by  this  pro- 
cedure is  at  once 
marked,  but  at  times 
the  hemorrhage  is 
decided,  and,  there- 
fore, I  believe  that 
the  platinum  knife  of 
the  galvano-cautery 
is  the  best  instrument 
to  use,  and  probably 
better  than  the  wire 
suggested  by  Dr.  David  Prince, 
for  this  part  of  the  operation. 
This  is  essentially  the  same 
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Fig.  1380. 


FIG.  1379. 


procedure  as  lliat  of  dividing  what  Mr.  Lawson  Tait  so 
ably  describes  in  his  pajier  as  the  circumflex  fascia  be- 
longing to  the  tendinous  in.sertion  of  the  tensor  palati 
muscle,  a  failure  to  divide  which  so  often 
causes  non-union  of  the  hard  and  soft  pal- 
ates. 

Dr.  David  Prince,  in  a  paper  on  "  Palato- 
plasty," very  clearly  and  abl}^  discusses 
this  subject. 

Fig.  1379  shows  the  appearance  of  tlie 
month  when  the  combined  operations  have 
been  performed;  the  lateral  alveolar  inci- 
sion having  been  well  packed  with  strips  of 
iodoform  gauze.  This  step  I  consider  essen- 
tial, as  it  prevents  the  too  quick  union  of 
this  free  incision,  which  is  apt  sometimes 
to  occur.  It  is  well  to  repack  the  incision 
on  the  third,  fourth,  fifth,  or  sixtli  day,  the 
judgment  of  the  operator  determining  the 
exact  time. 

When  simple  staphylorraphy  is  to  be  per- 
formed, the  steps  are  much  the  same;  the 
use  of  the  awl  and  chisel  in  bringing  the 
edges  of  the  bone  together  should,  how- 
ever, be  omitted,  and  where  the  hard  palate 
is  implicated  the  Warren-Langenbeck  peri- 
osteal operation  of  sliding  the  covering  of 
the  bone  as  needed,  should  be  performed. 
This  is  done  by  first  making  an  incision 
through  the  mucous  membrane  and  periosteum  with  a 
blunt-edged  instrument  or  cautery  knife;  then,  witli 
periosteal  elevators  (Fig.  1381)  the  tissues  should  be 
lifted  from  the  lione  and  toward  the  mesian  line,  the 
point  of  the  instrument  being  carried  posteriorly  near 
to  the  posterior  palatine  arteries.  This  procedure,  as 
Jlr.  Tait  has  observed,  raises  the  vessels  from  their  bed 
without  injuring  them.  The  point  of  the  raspatory 
must  not  be  introduced  into  the  canal  containing  these 
vessels.  Mr.  Tait  believes  that  if  the 
K  muco-peripsteum  of   the   hard   palate  be 

l\       ,^^  elevated  with  a  raspatory  from  the  semi- 

11  ^K  lune  of  the  palate  bone,  the  tendinous 
attachment  of  the  tensor  palati  will  be 
raised  with  it,  and  the  muscle  will  thus 
be  paralyzed,  thereby  doing  away  with 
the  neees.sity  of  any  such  division  of  mus- 
cles as  is  practised  by  Pollock  or  Fergus- 
son,  and  diminishing  the  risk  of  there  being 
a  pinhole  orifice  at  the  junction  of  the 
•I  hard  and  soft  palates.    After 

i|  I         this,    if   tension  of   the   soft 

palate  be   present,  divide  as 
before  spoken  of. 

The  length  of  time  during 
whicli  the  sutures  should  be 
left  in  is  of  importance.  Tait 
leaves  them  in  fourteen  days 
and  uses  silver  wire.  Prince 
uses  silver  wire.  Mason  uses 
silk,  and  in  many  instances 
lets  them  ulcerate  out.  Other 
surgeons  have  suggested  and 
used  horsehair.  1  always 
use  silk  and  remove  some 
FIG.  1381.  stitches  as  early  as  the  sixth 
day  and  the  remainder  by  the 
tenth.  Colored  sillv  is  best.  In  removing 
the  sutures  it  is  well  to  put  the  patient 
under  the  influence  of  chloroform.  Use 
long  forceps  and  sharp-pointed  curved 
scissors  (Fig.  1382). 

A  word  as  to  the  incision  of  the  pos- 
terior pillar  of  the  fauces  as  mentioned 
by  Mr.  Bryant.  I  have  observed  that 
there  is  a  great  difference  between 
different  individuals  as  regards  the 
breadth  of  the  space  between  the  anterior  and  posterior 
pillars  of  the  fauces,  and  where  the  soft  parts  are  found 

135 


FIG.  1383. 


Clevelaiid. 
Climate. 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


to  be  very  tense  the  posterior  pillar  may  be  divided;  but 
we  are  warned  by  Mr.  Tait  that  atrophy  of  the  soft  pal- 
ate is  likely  to  follow  this  ojiei-ation,  an  outeome  which 
is  to  be  regretted.  This  condition  I  have  noticed  in  one 
of  my  own  cases. 

;Many  cases  recjuire  two  and  three  operations,  but  we 
shoidd  not  be  discouraged.  Contrast  a  good  result  with 
the  frequent  necessity  of  changing  the  obturator  and  the 
care  required  in  looking  after  it. 

Fig.  1383  shows  the  little   pinhole  opening  (in  some 
cases  larger),  which  may  often  be  closed  by  the  persistent 
use    of    some   caustic,    such   as 
nitrate  of  silver  or  nitric  acid. 

Training  the  voice  after  the 
operation  is  of  great  impor- 
tance as  regards  the  final  result. 
Great  patience  is  required,  and 
we  must  not  expect  improve- 
ment to  follow  immediately.  A 
j'ear,  or  even  a  longer  time,  may 
be  required.  With  children  I 
have  had  greater  trouble  in  teach- 
ing the  pronunciation  of  ch,  as 
iu  church,  chicken,  etc.,  than 
that  of  any  other  sound.  Dr. 
Henry  J.  Bigelow,  of  Boston, 
has  in  a  very  able  manner  pre- 
sented the  following  views  as  to 
teaching  tlie  children  to  talk 
after  the  operation  has  been  per- 
formed. He  says:  "Some  3'ears 
since  I  devised  a  short  series  of  exercises  for  a  patient 
I  had  operated  upon.  It  begins  with  the  onl}'  conson- 
ant which  a  patient  can  usually  best  articulate,  namely, 
'  t '  in  '  tar, '  and  gradually  leads  to  the  rest,  constant^ 
referred  to  the  acquired  '  t'  as  a  point  of  departure.  The 
great  difliculty  in  pronouncing  correctly  with  a  cleft  pal- 
ate is  iu  distinguishing  the  nasals  from  the  mutes ;  thus, 
p  and  b  from  m;  pab  or  bab  from  mam;  t  and  d  from  n; 
tat  from  nan;  k  and  g  (hard)  from  ng.  '  Tar'  is  well 
pronounced  by  most  beginners  with  an  obturator.  When 
the  beginner  can  pronounce  '  stark  '  and  '  car  '  he  has  the 
key  to  most  of  what  here  follows.  The  above  words 
should  be  practised  carefully ;  not  '  start '  and  '  tar, '  but 
'stark'  and  'car,'  and  should  be  spoken  loudly,  or,  as 
the  elocutionists  .say,  '  exploded. ' 


FIG.  lass. 


1. 

tar 

artar 

kar 

arkgar 

kar 

2. 

kar 

arkar 

arkgar 

kgar 

gar 

3. 

kar 

arkar 

arkdar 

kdar 

dar 

4. 

kar 

arkar 

ark  par 

kpar 

par 

5. 

kar 

arkar 

ark)  jar 

kbar 

bar 

6. 

kar 

arkar 

arklar 

klar 

lar 

7. 

kar 

arkar 

arksar 

ksar 

sar 

Practise  all  the  above  with  the  following  vowels: 

8.  o  as  in  coke. 

Thus,  instead  of  kar,  akar,  etc.,  ko-oko-oklo-klo-lo. 

9.  a  (long)  as  in  cake. 

10.  i  as  in  kite. 

11.  e  as  in  keep. 

12.  u  as  in  suit. 


13.  kar 

arkar 

arngar    arkar    arngar 

kar 

ngar 

14.  tar 

artar 

arnar      artar      arnar 

tar 

nar 

1.'5.  par 

arpar 

armar     arpar    armar 

par 
l)ar 

mar 
mar 

Practise 

reading 

loudly  from  a  book  :     - 

dar 
sar 

mar 
rar  " 

In  tlie  case  of  children  beyond  twelve  years  of  age, 
and  particularly  with  adults,  I  would  ]ierform  the  opera- 
tion for  closing  cleft  palate,  if  for  nothing  more  than  to 
afford  comfort  in  eating. 

Regarding  the  treatment  of  the  acquired  form  of  cleft, 
I  should,  in  all  cases  of  traumatic  origin,  operate  by 
formmg  the  periosteal  flaps.  In  cases  in  which  consti- 
tutional syphilis  is  present,  I  should  hesitate  somewhat, 
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believing  that  iu  the  majority  of  these  cases  the  obturator 
does  best.  ^-   Vander  Veer. 

'  British  and  Foreign  Medico-Chirurgical  Review,  July,  1870. 
2  From  Boston  Med.  and  Surg.  Journal,  February  7th,  1884. 

CLEVELAND.— The  second  city  of  .size  and  impor- 
tance in  Ohio,  situated  on  the  south  shore  of  Lake  Erie 
at  the  mouth  of  the  Cuyahoga  River.  It  is  a  large  and 
handsome  city  of  several  hundred  thousand  inhabitants, 
and  from  the  abundance  of  its  shade  trees  is  called  the 
"Forest  City."  The  climate  is  indicated  by  the  accom- 
panjiug  table: 

Climate   of   Ci.evela.vd,    Oirio— Latitude,  41°  30' ;   LONGiinriE, 
m°  i::'.    Period  of  Observatio.vs,  Thirteen  Years. 


Data. 

Temperature  (Fahr.)  — 

Average  or  normal 

Average  daily  range 

Mean  of  wannest 

Mean  ol  coldest 

Highest  or  maximum 

Lowest  or  minimum 

Humidity — 

Average  relative 

Precipitation- 
Average  in  inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity  in  miles  . . . . 
Weather — 

Average  number  clear  days 

Average  number  fair  days 

Average  number  fair  and  clear  days 


January. 

July. 

26.8° 

71.9° 

1:3.7 

14.9 

:32.8 

79 

19.1 

64.1 

70 

96 

-17 

49.6 

77.M 

7()Af, 

2..50 

4.21 

S.W. 

N. 

10.7 

7.3 

3.8 

9.6 

8.4 

1.5.7 

11.2 

2.5.3 

48.9° 


71.2,^ 

38.40 

S.E. 
9.3 

83 

141.8 
224.8 


Edicard  0.  Otis. 

CLIFTON  SPRINGS.— Ontario  County.  New  York. 

Post-Office. — Clifton  Springs.  Hotel  and  sanita- 
rium. 

Access. — Via  An liurn  branch  of  the  New  York  Cen- 
tral and  by  the  Lehigh  Valley  railroads. 

This  resort  is  located  in  one  of  the  most  healthful  parts 
of  the  State,  midway  between  the  villages  of  Geneva  and 
Canandaigua.  The  location  is  about'six  hundred  and 
seventeen  feet  above  the  sea  level,  and  the  surrounding 
country  is  somewhat  hilly.  An  average  summer  temper- 
ature of  about  75°  to  80'  F.  is  the  rule.  The  springs 
are  very  numerous,  but  only  five  are  in  use  at  present. 
Dr.  Henry  Foster,  the  superintendent,  sends  us  the  fol- 
lowing analysis  by  the  late  Prof.  J.  R.  Chilton: 

SuLPHun  Spring. 
O.VE  U.vited  States  Gallon  Coxtai.vs  : 
Solids.  Grains. 

Calcium  carbonate 9.68 

Magnesium  carbonate 13.13 

Sodium  sulphate 7.76 

Calcium  sulphate 69.20 

Magnesium  sulphate 16.48 

Sodium  chloride 9.28 

Calcium  chloride '. 4I08 

Magnesium  chloride 4^08 

Organic  matter Trace. 

Total 133.68 

Sulphureted  hydrogen  gas,  present. 
Carbonic  acid  gas,  present. 

This  water  is  quite  similar  to  that  of  the  Greenbrier 
White  Sulphur  Springs  of  AVest  Virginia.  It  is  used  to 
supply  the  Clifton  Springs  Sanitarium,  the  important 
feature  of  this  resort.  A  staff  of  eight  physicians  (six 
gentlemen  and  two  ladies)  is  maintained  at  the  sanitarium 
and  It  is  believed  that  the  facilities  for  treating  certain 
classes  of  diseases  are  unsurpassed  anvwhere.  All  varie 
ties  of  baths  are  here  to  lie  found,  as  well  as  all  the  mod- 
ern appliances  and  methods  of  using  electricitv  The 
use  of  massage,  the  Swedish  movement,  and  the"  various 
forms  of  gymnastics  also  receive  due  attention  The 
Siwutanum  building,  with  its  recently  constructed  annex, 
aflords  accommodation  for  four  hundred  and  fifty  per- 
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sons.  All  modern  contrivances  for  the  comfort  and 
healtli  of  the  guests  are  provided — elevator.s,  an  electric 
bell  service,  a  solarium,  roof  garilen,  etc.  The  surround- 
ing park,  containing  more  than  lifty  acres,  beautitied  by 
well-kept  lawns,  spacious  pavilions,  attractive  walks, 
miniature  lakes,  shady  groves,  flowers,  etc.,  provides  a 
healthful  and  restful  retreat.  The  house  is  kept  open  for 
guests  all  the  year,  but  the  greater  number  visit  the  place 
during  the  summer  months.  James  K.  Crook. 

CLIMATE. — The  word  climate  comes  from  the  Greek 
woril  K?ufiJi,  an  inclination  or  slope.  It  was  applied  an- 
ciently to  signifj'  the  supposed  horizontal  obliquity  of 
the  surface  of  the  earth  from  the  equator  to  the  pole. 
The  earth  was  divided  by  the  earlier  asti'onomers  and 
geographers  into  parallel  climates,  or  zones,  that  differed 
successivelj'  from  each  other  from  the  equator  to  the  pole 
by  some  arbitrary  increment  in  the  length  of  the  mid- 
summer days.  Indirectly  these  zones,  or  climates, 
marked  out  more  or  less  accurately  the  gi-aduai  changes 
in  the  characteristics  of  the  weather  dependent  upon 
decreasing  insolation.  In  modern  usage  the  w(u-d  climate 
has  refertrice  to  the  weather  of  a  place  or  region,  and  to 
the  factors  that  ca\ise  the  weather  to  differ  in  different 
regions.  It  is  difticult  to  give  a  rigid  delinition  of  the 
modern  acceptation  of  the  word  climate,  because  different 
meanings  have  been  given  to  It  by  different  writers,  just 
as  different  conceptions  of  its  scope  or  the  intents  and 
purposes  of  its  users  have  dictated.  As  used  sulisequent- 
ly  in  this  article  the  word  climate  is  applied  to  the  to- 
tality of  those  physical  conditions  of  the  atmosphere  of  a 
place  or  region  that  recur  with  more  or  less  uniformity 
with  the  re'currence  of  the  natural  periods  of  time.  Or, 
in  other  words,  climate  is  the  totality  of  the  weather  of 
a  place  or  region  as  experienced  there  in  the  course  of  a 
long  period  of  consecutive  years.  Weather  itself  is  the 
inst'antaneous  condition  of  the  atmosphere  with  respect  to 
its  physical  state.  In  a  more  exteuded  sense  weather  is 
the  continuity  of  the  successive  variations  in  the  physical 
conditions  of"  the  atmosphere.  In  this  sense,  it  is  com- 
mon to  speak  of  the  weather  at  noon,  sunset,  or  any  other 
time  of  the  day,  or  of  the  weather  of  the  whole  day,  or 
of  the  month,  or  of  the  year,  and  even  of  several  years  in 
succession. 

The  investigation  of  the  causes  that  produce  the 
weather  and  of  their  laws  and  principles  of  operation 
constitutes  the  branch  of  science  known  as  meteor- 
ology. The  further  study  of  these  causes  to  find  out  and 
classify  those  that  are  operative  in  producing  the  more  or 
less  periodical  recurrences  of  the  weather  constitutes 
what  is  known  as  climatology,  or  the  science  of  climate. 
Climatology  is  dependent  upon  meteorology,  and  mete- 
orology ill  turn  derives  benefit  from  the  advancenient  of 
climatology.  For  descriptive  purposes,  climate  is  usu- 
ally stated  in  terms  that  have  reference  or  regard  to  the 
temperature  of  the  air,  its  humidity,  motion,  density 
transparency,  and  electrification ;  also  to  the  amount  of 
precipitation,  that  is,  the  quantity  of  rain,  snow,  hail, 
sleet,  dew,  and  frost,  that  occurs,  and  to  its  distribution : 
these  items  are  referred  to  as  the  climatic  elements.  The 
conditions  that  cause  vaiiations  in  the  intensity  of  the 
climatic  elements  constitute  the  climatic  factors;  the 
principal  ones  of  which  are  latitude,  altitude,  distribution 
of  land  and  water,  mountain  ranges,  ocean  currents, 
prevailing  winds,  amount  and  distribution  of  raintall, 
nature  of  the  soil  and  its  drainage  and  vegetation,  and 
the  slope  of  the  surface.  These  factors  may  be  classified 
as  fixed  or  natural  factors,  and  dependent  or  resultant 
factors  The  fixed  factors  are  altitude,  latitude,  distri- 
bution of  laud  and  water,  mountain  ranges  and  slope  ot 
the  .surface,  and  nature  of  the  soil;  the  dependent  or  re- 
sultant factors  are  the  ocean  currents,  the  prevailing 
winds,  precipitation,  soil  drainage,  and  vegetation.  As 
different  regions  and  places  on  the  earth's  surface  ditter 
with  respecl  to  one  or  more  of  these  factors,  the  climates 
of  such  regions  necessarily  differ  more  or  less  from  each 
other  To  describe  exactly  the  climates  of  the  different 
regions  of  the  earth  would  be  a  task  too  great  to  be  un- 


dertaken, but  fortunately  such  exactness  is  not  necessary 
to  a  practical  comprehension  (jf  the  climatic  possibihties 
of  any  given  spot  on  the  giolie. 

Certain  important  principles  are  learned  from  meteor- 
ology that  go  far  toward  enaliling  us  to  anticipate  from 
the  geographical  position  and  natural  features  of  a 
]ilace  relative  to  some  other  place,  whose  climate  is 
known,  what  the  climate  of  the  former  is  likely  to  be. 
Primaril}',  climate  results  from  the  eft'ects  on  the  earth's 
surface  of  the  incident  solar  energy  and  its  unequal 
distribution,  which  follows  of  neces.sity  from  the  shape 
of  the  earth  and  its  motions  and  its  inclination  with 
respect  to  the  ecliptic.  Other  disturbing  causes  are 
introduced  by  the  heterogeneous  nature  of  the  earth's 
surface.  All  of  these  causes  have  been  alluded  to 
as  the  climatic  elements  and  factors.  Their  actual 
oiieratious  and  effects  will  become  plainer  if  we  first 
consider  a  liypothetic  earth  and  sun.  From  the  laws 
I  if  general  physics,  we  can  piedict  with  as  much  cer- 
tainty as  we  can  predict  the  future  course  of  the 
earth  in  its  orbit  what  would  be  the  climatic  condi- 
tions upon  every  part  of  our  imaginary  globe.  Starting 
with  a  homogeneous,  smooth  splieroid,  either  land  or 
water,  having  an  atmosphere  of  the  same  composition  as 
our  actual  atmosphere,  situated  with  respect  to  its  sun  as 
the  actual  earth  is  to  its  sun,  only  having  no  axial  revo- 
lution, the  sun  revolving  round  the  earth  instead,  let  us 
consider  what  kind  of  climate  it  would  have.  The 
amount  of  solar  energy  received  on  each  and  every  me- 
ridian by  our  hypothetic  earth  would  be  distributed  from 
the  equator  to  the  poles  in  a  ratio  that  would  vary  ap- 
proximately as  the  cosine  of  the  latitude  (this  is  also  true 
with  regard  to  the  actual  earth,  and  is  an  important  fact 
t(5  bear  in  mind):  the  temperature  of  its  atmosphere 
would  therefore  decrease  gradually  poleward  on  each 
side  of  the  equator  and  every  place  on  the  same  parallel 
of  latitude  would  have  the  same  temperature. 

As  the  temperature  controls  the  amount  of  moisture  in 
the  atmosphere,  places  on  the  same  parallels  would  liave 
the  same  degree  of  atmospheric  humidity.    The  same  con- 
ditions of  equality  would  be  true,  also,  of  the  winds  and 
their  velocities,   "in  short,  the  climate  of  a  given  spot 
would  be  determined  by  its  latitude,  and  all  places  in  the 
same  latitude  would  ha"ve  the  same  climate.    The  general 
circulation   of  the  atmosphere  would  be  simple.      The 
warmer  air  of  the  equatorial  zone  would  expand,  rise  to  a 
higher  vertical  level,  and  flow  off  toward  the  cooler  pole- 
ward regions.    The  air  of  these  regions,  under  the  differ- 
ence of  pressure  that  would  result  from  the  accumulation 
of  the  overflowing  air  fi-om  the  equator,  would  flow  equa- 
torward.     This  polar  air,  however,  arriving  in  the  equa- 
torial zone  would  itself  be  warmed,  expanded,  and  would 
overflow  in  like  manner;  and  so  a  circulation  would  be 
established  with  surface  currents  from  the  poles  to  the 
equator,  and  upper  currents  from   the  equator  to  the 
poles   the  direction  of  both  currents  being  along  the  me- 
ridians.    This  would  be  the  general  tendency  of  the  cir- 
culation      The  actual  circulation  would  be  somewhat 
more  involved.     From  the  form  of  the  surface  of  the 
spheroid  over  which  this  circulation  would  take  place, 
the  poleward  moving  air  would  be  banked  up  more  or 
less  in  its  course  by  the  lateral  diminution  of  the  area 
over  which  it  was  moving.     The  principle  of  the  conser- 
vation of  areas  enables  us  to  locate  this  banking  up  of 
the  poleward  moving  air  in  the  regions  of  latitudes  30°. 
The  result  that  would  follow  would  be  an  increase  in  at- 
mospheric pressure  in  these  regions  with  surface  outflows 
on  each  side,  those  on  the  equatorial  sides  toward  the 
equator  as  in  the  first  hvpothetic  instance;  those  on  the 
polar  side  toward  the  pole,  and  opposite  and  antagonis- 
tic to  the  flow  in  the  first  suppositious  instance.     The 
result  of  this  opposite  poleward  flow  would  be  to  over- 
come for  a  considerable  distance  the   surface  currents 
from  the  poles;  the  latter  would  be  lifted  from  the  sur- 
face and  become  middle  currents.      This  underrunnmg 
and  lifting  of  the  polar  currents  would  obtain  to  about 
the   polar   circles.     The   final   result  would   be   surface 
-svincls  on  the  equatorial  sides  of  latitude  30°  toward  the 
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equator,  and  on  the  polar  sides  toward  tlie  poles;  surface 
winds  within  the  polar  circles  toward  the  equator;  re- 
gions of  variable  winds  and  calms  at  tlie  equator,  lati- 
tudes 30°,  and  the  polar  circles.  The  circulation,  how- 
ever, would  still  be  along  the  meridians. 

If,  now,  our  hypothetic  earth  and  sun  assume  relations  to 
each  other  like  those  of  the  actual  earth  and  sun,  a  decided 
moditication  of  this  imaginary  atmosiiheric  circulation 
would  take  place.  FroniTthe  axial  rotation  of  the  eai'th, 
there  would  arise  a  right-handed  deflecting  force  in  the 
northern  hemisphere  and  a  left-handed  deflecting  force 
in  the  southern  hemisphere.  In  the  northern  hemisphere, 
north  winds  would  be  deflected  to  the  right  and  become 
northeasterly  winds,  and  south  winds  would  be  deflected 
to  the  right  "and  become  southwesterly  winds.  (A  wind 
is  named  from  the  direction  from  which  it  comes ;  e.g. ,  a 
northeast  wind  is  one  that  comes  from  the  northeast. )  In 
the  southern  hemisphere,  northerly  winds  would  become 
northwesterly,  and  southerly  winds  would  become  south- 
easterly. And  now  on  our  imaginary  spheroid  there 
would  lie  a  system  of  atmospheric  circulation  such  as 
is  shown  in  Fig.  1384.  Subject  to  the  interferences 
introduced  by  the  land  and  water  sin-faces  and  the 
irregularities  of  elevation  of  the  former,  this  imaginary 
circulation  is  the  actual  circulation  on  our  real  earth. 
Bearing  in  mind  the  atmospheric  conditions  that  would 
exist  upon  a  homogeneous  and  smooth  earth,  we  are 
prepared  to  see  how  these  conditions  are  modified  by 
the  heterogeneous  surface  of  our  actual  earth,  and  how 
the  climate  of  any  place  is  controlled  b}'  and  may  be  pre- 
dicted with  more  or  less  certainty  from  a  knowledge  of 
what  we  have  called  the  climatic  factors. 

Clim.\tic  F-VCtors. — The  general  effect  of  these  factors 
will  now  be  briefly  described. 

Latitude. — Generally  speaking,  at  the  equator  the  sun's 
rays  at  midday  fall  perpendicular  to  the  surface  of  the 
earth  and  their  intensity  is  at  maximum.  North  and 
south  of  the  equator  they  impinge  at  angles  that  increase 
with  the  latitudes  and  they  lose  in  intensity  from  two 
causes ;  first,  because  they  are  spread  over  a  larger  sur- 


4.— Sliowing  General  Cirriilation  aiirl  Direction  of  Atmospheric 
nts.     (Aftt-r  Fern-I.)     Ai-t'uw.s  in  iTiner  circle  show  the  dlrec- 


FIG.  1384. 
Currents.     lAUer  rerrei.)     Arrow.s  in  iTiner  circle  show  theVllrec- 
tion  ot  the  surface  winds.    Arrows  witliln  Inner  and  outer  circles 
show  the  scheme  of  the  vertical  circulation. 

face;  and  secondly,  because  they  travei'so  a  greater  depth 
of  air  and  lose  energy  fi-om  atmosplieric  absorption. 
With  some  slight  modifications  this  explanation  is  aiipli- 


cable  to  the  diflerences  between  the  intensity  of  insolation 
at  noon  and  that  at  other  hours  of  the  day.  The  following 
figure  will  illustrate  these  two  facts.     The  same  beam  R, 


FIG.  138.5.- 


-Showinp  the  Effect  of  Inclination  on  the  Intensity  of  Inso- 
lation. 


when  the  sun  is  vertical,  is  spread  over  a  surface  such  as 
FF.  When  the  sun  is  inclined  at  an  angle  as  represented 
in  the  figure,  the  beam  is  spread  over  a  surface  F'F', 
which  is  obviously  greater  than  the  fir.st,  and  it  passes 
through  a  column  of  air  A'A'F'F'  greater  than  that  of 
AAFF.  The  intensity  of  insolation  at  midday  decreases 
approximately  as  the  cosine  of  the  latitude.  If  the  solar 
radiation  received  in  the  average  day  at  the  equator  be 
taken  as  unity  and  be  called  a  thermal  da}',  the  annexed 
table  will  show  the  annual  sum  of  solar  radiation  re- 
ceived at  different  latitudes: 


Latitude. 

Thermal  days. 

Latitude. 

Thermal  days. 

0 

36.5.3 

50 

249.7 

If) 

.360.3 

60 

307.8 

20 

345.3 

TO 

173.0 

30 

;hi.3 

80 

1.56.6 

40 

388.5 

90 

1.51.6 

The  amount  of  solar  radiation  also  depends  upon  the 
length  of  the  day.  At  the  equator  the  days  are  practi- 
cally of  the  same  length  and  there  is  virtuall_y  no  varia- 
tion in  the  daily  or  seasonal  amounts  of  insolation;  but 
toward  the  poles  the  variation,  in  the  length  of  the  day 
becomes  verj'  great,  so  much  so  as  to  overcome  at  certain 
seasons  of  the  year  the  adverse  effect  of  latitude.  The 
following  table  shows  the  iutenssitv  of  solar  radiation  on 
the  16tli  of  December,  the  16th  of  March,  and  the  16th  of 
June,  dates  near  the  shortest,  the  average,  and  the  long- 
est days  of  the  year,  for  each  10'  north  latitude.  The 
figures  express  the  intensity  as  a  percentage  of  what  it 
would  be  were  the  sun  to  remain  vertical  for  twenty- 
four  hours. 


North  latitude. 

0". 

UP. 

30°. 

30». 

40°. 

.50°. 

60°. 

70°. 

80°. 
n  la 

90°. 

neceinber  16th 

.June  16th 

0.30 

38 

.;!3 

0.2H 
.31 
.31 

0.33 
.33 
.30 

0.17 
.34 

0.13 

.:3.5 

.34 

0.06 

.;t.5 

.20 

0.02 
.35 
.15 

0.00 

0.38 

March  llith 

10'    '""^ 

■ 

The  eccentricity  of  the  sun  5vith  respect  to  the  centre 
of  the  earth's  orbit  is  such  that  at  the  period  of  perihelion 
the  effect  of  the  solar  energy  is  about  seven  per  cent, 
more  than  at  aphelion.  As  perilielion  occurs  in  the  sum- 
mer time  of  the  southern  hemisphere,  and  aphelion  in  its 
winter,  the  seasons  are  much  more  extreme  in  that  hemi- 
sphere than  in  the  northern. 

Altitude.— In  cliuiatoloirv,  altitude  signifies  vertical 
height  above  the  level  of  tlie  sea.  The  effect  of  altitude 
upon  climate  follows  from  its  effect  upon  the  mass  of  the 
atmosphere.  According  to  the  well-known  law  of  Boyle, 
the  volume  of  a  given  mass  of  gas  will  vary  inverselv  as 
the  pressure  for  all  ordinary  ranges  of  pressure,  the  tem- 
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perature  remaining  constant.  The  stratum  of  air  at  3,5 
miles  above  tlie  sea  sustains  only  aljout  one-half  the  sea- 
level  pressure;  accordingly,  if  the  temperatvire  remains 
constant,  a  given  volume  of  air  at  the  level  of  the  sea  if 
transported  to  this  altitude  would  expand  into  two  vol- 
umes. Conversely,  a  volume  of  air  at  this  altitude 
■would  be  compressed  at  sea  level  into  but  half  its  origi- 
nal volume.  Under  natural  conditions  when  air  expands 
freely,  that  is  without  doing  work,  it  loses  temperature, 
or,  more  correctly,  its  heat  is  employed  in  accomplishing 
the  expansion,  and  becomes  latent  to  the  senses  and  to  the 
thermometer.  The  opposite  is  the  case  when  air  con- 
tracts without  doing  work  :  that  is,  it  gains  in  tempera- 
ture, or  it  liberates  the  heat  that  was  doing  the  work  of 
expansion :  this  liberated  heat  becomes  sensible.  Alter- 
ations of  the  temperature  of  the  air  of  this  sort  are  spoken 
of  asadiabatic  cooling  and  heating ;  i.e.,  cooling  and  heat- 
ing without  loss  or  accession  of  heat  from  outside  sources. 
The  general  effects  of  altitude  upon  the  air  may  be 
briefly  stated,  with  approximate  accuracy,  to  be  that  the 
volume  of  a  given  quantity  of  air  increases  and  its  densi- 
ty decreases  with  the  altitude ;  it  decreases  in  tempera- 
ture and  loses  more  or  less  of  its  humidity  by  conden- 
sation and  precipitation;  its  velocity  increases,  but  its 
relative  momentum  decreases,  it  is  more  transparent,  and 
offers  less  obstruction  to  insolation.  The  percentage  com- 
position remains  unchanged,  with  the  exception  of  the 
moisture  as  above  stated.  The  following  table  shows  the 
approximate  decrease  in  atmospheric  pressure  for  each 
1,000  feet  up  to  10,000  feet. 


Elevation 

above  sea  level 

(feet). 

Barometric 
pressure 
(Inches) . 

Elevation 

above  sea  level 

(feet). 

Barometric 
pressure 
(inches,) 

0 

29.97 
28.92 
27.88 
26.87 
25.90 
24.97 

6,fKXI 

7,(K«I 

8,(KK) 

9,fK;iO 

24.07 

1,000 

2:3.20 
22.37 

3,000 

4,000 

,5  OOO        

21..56 
20.79 

Land  and  WaUr. — These  two  forms  of  the  earth's  sur- 
face are  the  perturbing  factors  of  climate.  As  already 
pointed  out,  a  homogeneous,  smootii  earth  would  have 
regularly  distributed  climatic  conditions.  The  introduc- 
tion of  two  kinds  of  surface,  distinct  in  form  and  proper- 
ties, and  irregularly  distributed  with  respect  to  each 
other,  and  in  the  case  of  the  land  irregular  in  its  own  sur- 
face, produces  all  the  anomalies  encountered  in  climate, 
A  knowledge  of  the  land  forms  and  the  relative  positions 
and  distributions  of  land  and  water  is  essential  to  the 
understanding  of  the  actual  climates  of  the  earth.  The 
disturbing  influence  of  the  land  and  water  surfaces  of  the 
earth  arises  from  the  different  specific  heat  capacities  of 
these  two  surfaces  and  their  different  powers  of  conduction, 
convection,  and  radiation  of  radiant  solar  energy ;  also, 
from  the  rigidity  of  the  one  and  the  mobility  of  the  other ; 
and  the  general  persistency  of  form  in  one,  the  land,  and 
the  dualHy  of  form  (licpiid  and  vapor)  in  the  other,  the 
water.  Some  of  the  effects  caused  by  the  irregularities 
of  the  land  surface  have  been  alluded  to  under  altitude, 
and  others  will  be  mentioned  under  other  heads,  ^  The 
specific  heat  capacities  of  land  and  water  are  about  in  the 
ratio  of  1  to  4,  that  is,  the  same  absolute  amount  of  heat 
will  raise  the  temperature  of  a  land  surface  four  times  as 
high  as  it  will  raise  that  of  a  water  surface.  Land  is  a 
poor  absolute  conductor  and  a  poor  reflector  of  heat ;  it 
is  a  good  absorber  and  a  good  radiator.  From  its  poor 
conductivitv  the  land  retains  its  absorbed  heat  near  its 
surface  to  be  as  quickly  radiated  as  it  was  absorbed. 
Water  is  a  fairly  good  reflector,  and  for  this  reason  a  con- 
siderable quantity  of  the  incident  insolation  is  reflected 
and  exerts  no  influence  upon  the  temperature  of  the 
water.  Water  permits  a  considerable  part  of  the  incident 
heat  to  penetrate  it  to  a  not  inconsiderable  distance. 
Comparatively  little  of  the  heat  is  absorbed  by  the  nnme- 
diate  .surface  'layer  or  bvanv  other  one  layer;  the  absorp- 
tion is  distributed  almost  uniformly  throughout  the  depth 


penetrated.  A  part  of  the  heat  absorbed  is  expended  in 
evaporating  some  of  the  water,  and  causes  no  rise  in  the 
temperature  of  the  water.  The  water  is  in  continual 
motion,  and  so  a  further  mixing  of  the  layers  at  different 
temperatures  and  depths,  and  of  the  waters  of  different 
regions,  takes  place.  The  warm  water  in  the  equatorial 
regions,  heated  by  the  intense  insolation  of  a  vertical 
sun,  flows  poleward  along  the  surface,  and  its  place  in 
the  torrid  zone  is  taken  by  the  cooler  waters  from  higher 
latitudes  that  flow  cquat(jrward  as  deep  currents.  The 
specific  heat  of  water  is  great,  greater  than  that  of 
almost  any  other  substance,  hence  it  requires  a  great  deal 
of  heat  to  cause  a  perceptible  increase  in  its  temperature ; 
per  contra,  it  may  radiate  a  great  deal  of  heat  without 
sensibly  lowering  its  temperature.  From  the  operation 
of  all  these  factors,  a  water  surface  maintains  a  more 
uniform  temperature  than  does  a  land  surface.  It  is 
never  as  hot  in  the  summer  and  never  as  cold  in  winter. 
A  certain  amount  of  evaporation  takes  place  from  all 
land  surfaces  not  absolutely  dry;  but  the  amount  is  ex-  ' 
tremely  small  compared  with  the  distillation  that  goes  on 
from  a  free  water  surface.  As  a  consequence,  the  atmos- 
phere over  the  latter  contains  always  more  moisture  (the 
temperature  being  the  same)  than  the  former,  and  clouds 
and  precipitation  are  more  frequent  as  a  rule. 

Mountain  Ranges. — The  influence  of  mountain  ranges 
is  seen  chieflj'  in  their  effects  upon  the  rainfall  and  the 
prevailing  winds.  These  effects  will  be  more  or  less 
general  or  local  according  to  the  height  and  direction  of 
the  mountains  with  reference  to  the  general  atmospheric 
circidatiou  of  the  latitude.  If  a  range  runs  transversely 
to  the  prevailing  winds,  it  will  either  deflect  them  from 
their  course  or  force  them  into  higher  altitudes.  In  the 
foriner  case  the  range  will  serve  as  a  wind  break  to  the 
regions  on  its  lee  side  and  will  send  the  winds  into  other 
regions  from  directions  other  than  they  would  have  come. 
]Most  important  consequences  arise  from  this  fact.  The 
late  distinguished  American  meteorologist.  Prof.  William 
Ferrel,  has  pointed  out  that  the  high  tablelands  and 
mountains  of  Mexico  deflect  the  winds  of  the  northeast 
trade  zone  toward  the  north  over  the  southeastern  United 
States  and  up  the  Mississippi  valley  into  higher  latitudes, 
"This,"  says  lie,  "completely  breaks  up  the  tropical 
calm  belt  and  dry  zone,  so  that  instead  of  a  dry  region 
with  scanty  rainfall,  s\ioh  as  is  found  in  North  Africa, 
Arabia,  etc, ,  ...  We  have  a  region  of  almndant  rainfall, 
and  all  the  way  up  the  Mississippi  valley  and  in  the  in- 
terior of  the  continent  there  is  much  more  rain  than  in 
the  interior  of  Asia."  When  a  wind  is  forced  up  a 
luountain  it  cools  by  expansion,  or  adiabaticaUy,  and 
more  or  less  of  its  moisture  is  precipitated  on  the  moun- 
tain sides  and  top.  On  the  lee  side  of  the  mountain  it 
descends  and  its  temperature  is  raised  by  compression, 
again  adiabaticallv.  As  the  air  in  its  passage  up  the 
mountain  has  lost  the  greater  part  of  its  moisture  by  pre- 
cipitation, in  its  descent  on  the  lee  side  of  the  mountain 
its  temperature  is  raised  to  a  higher  point  than  it  was  at 
the  beginning  of  the  ascent,  because  dry  air  has  a  less 
specific  heat  capacity  than  moist  air.  These  facts  are 
seen  in  the  well-known  phenomena  of  the  Swiss  FoJin  and 
the  Aiuerican  cTiinonk  winds.  Mountain  ranges  that  do 
not  obstruct  the  prevailing  winds  of  the  region  exert  only 
local  influences  upon  the  climate  of  the  region, 

Owan  Currents. — The  effect  of  ocean  currents  on  climate 
may  be  inferred  almost  without  further  comment  from 
what  has  been  said  regarding  the  difference  of  insolation 
on  land  and  water  surfaces.  The  chief  effect  of  ocean 
currents  is  to  temper  the  extremes  of  the  shores  that  they 
wash,  and  this  tempering  effect  may  extend  to  a  greater 
or  less  degree  inland,  depending  on  the  greater  or  less 
elevation  of  the  land  near  the  coast  and  the  prevailing 
winds  of  the  region.  The  most  notable  illustration  is 
seen  in  the  effects  of  what  is  popularly  attributed  to  the 
Gulf  Stream,  but  which  are  really  those  of  the  general 
circulation  of  the  North  Atlantic  Ocean,  By  this  circu- 
lation the  warm  water  from  the  tropics  is  carried  north- 
eastward to  the  shores  of  Iceland  and  Northern  Europe, 
rendering  habitable,  by  the  aid  of  the  winds  of  those  lati- 
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tudes,  wliich  blow  from  the  ocean,  countries  tliat  would 
otlierwise  be  as  bleak  as  Labrador.  The  better-known 
ocean  currents  are,  the  Gulf  Stream  of  the  North  Atlan- 
tic and  the  Kuro  Siwo  of  the  North  Pacific,  both  warm 
currents,  flowing  from  the  tropics  toward  the  cooler  wa- 
ters of  the  poleward  re,gions.  There  are  other  warm  cur- 
rents less  popularly  known  flowing  from  the  tropical 
waters.  There  are  also  cold  currents  from  the  Arctic 
regions  that  chill  the  coasts  of  the  countries  they  wash. 
A  cold  current  flows  from  Davis  Strait  along  the  coast  of 
L'.ibrador  and  even  farther  southward,  influencing  the 
temperature  of  the  coast  as  far  as  Cape  Cod.  Hum- 
boldt's, or  the  Peruvian,  current  from  the  Antarctic 
lowers  somewhat  the  temperature  of  the  Chilian  littoral. 

Prevailing  Wiiuli. — As  climatic  factoi's  the  prevailing 
winds  are  the  agencies  liy  which  the  inequalities  in  tem- 
perature and  the  other  climatic  elements  that  result  from 
the  efliects  and  distribution  of  the  landand  w'ater  suifaces 
of  the  earth  are  maintained  within  a  mea.sure  of  equilib- 
rium, wliieh  though  varying  in  different  regions,  yet  re- 
main on  the  whole  constant  for  each  region.  To  under- 
stand the  climate  of  a  region,  the  direction  from  which 
the  wind  of  that  region  comes  must  always  be  taken  into 
consideration.  If  the  wind  comes  directly  from  over  a 
considerable  body  of  water,  it  will  bring  with  it  in  a 
greater  or  less  degree  the  temperatuie  and  humidity  of 
the  air  over  the  water  surface.  Should,  however,  a 
mountain  range  intervene,  the  wind  would  be  robbed  of 
the  greater  part  of  its  moisture,  but  would  retain  its 
temperature,  as  already  referred  to  imder  the  effects  of 
mountain  ranges.  On  the  other  hand,  if  the  wind  blows 
from  the  land,  it  brings  with  it  the  climatic  conditions  of 
the  surfaces  which  it  traverses. 

Winds  arc  classified  as  permanent,  periodic,  and 
variable.  Tlie  permanent  winds  are  those  of  general 
systemic  circulation  that  prevail  over  the  disturbing 
effects  of  the  land  and  water  distribution.  They  are 
well  represented  in  the  trades  and  the  anti-trades 
of  the  oceans.  The  periodic  winds  are  characterized 
bj-  their  prevalence  from  one  direction  in  one  season, 
and  from  the  opposite  direction  in  the  opposite  season. 
The  Indian  monsoims  are  the  most  popularly  known 
of  this  class.  Tlie  variable  winds  are  membei's  of 
the  cyclonic  and  anticyclonie  circulation  systems  of  the 
atmosphere.  The  prevailing  winds  of  a  region  can  be 
predicted  from  a  knowledge  of  tlie  position  of  the  region 
with  respect  to  the  general  system  of  the  atmospheric 
circulation,  previously  indicated,  and  from  the  relative 
position  and  distribution  of  the  land  and  water  areas  of 
the  region,  the  topography  of  the  region  and  the  consid- 
eration of  the  season  of  the  year,  and,  in  some  instances, 
of  the  time  of  the  day.  From  the  facts  already  devel- 
oped of  land  heating  and  cooling  more  rapidly  and  more 
extremely  than  water,  the  atmosphere  over  the  land  is 
subjected  to  greater  extremes  of  temperature  and  density 
than  that  over  the  water.  Air  moves  in  the  direction  of 
least  resistance,  that  is,  from  the  denser  toward  the  less 
dense.  In  the  case  of  continents  these  conditions  give 
origin  to  the  class  of  periodic  winds  known  as  monsoons, 
from  the  Hiudoostanee  signifying  season.  The  monsoon 
results,  in  the  summer,  from  the  overheating  of  the  air 
over  the  interior  of  a  continent,  its  consequent  expansion, 
loss  of  density,  rising  and  overflowing  as  upper  aii-  cur- 
rents toward  the  cooler  region  of  the  ocean  and  the  in- 
flowing as  surface  ctirrents  of  the  cooler  air  from  tlic 
water  to  take  the  place  of  the  former.  This  foi-m  of 
exchange  keeps  up  during  the  summer  months.  In 
the  winter  months  the  conditions  are  reversed.  The 
air  over  the  ocean  is  waiin,  tliat  over  the  interior  of 
the  continent  cold,  for  reasons  that  have  been  explained 
and  the  exchange  takes  place  just  the  opposite  of  tliat 
in  summer.  Wlien  tlie  monsoon  wind  is  in  the  direc- 
tion ot  the  general  circulation  of  the  latitude,  it  ad.ls 
Its  force  to  that  of  the  latter,  which  appears  as  a  strr.ntjcr 
wind  than  normal.  If  contrary,  the  monsoon  must  either 
overcome  or  be  overcome  by  the  general  wind  of  the  lati- 
tude. It  the  first,  it  ajipears  as  a  feeble  monsoon;  if  the 
latter,  it  is  in  evidence  negatively  as  an  enfeeblemcut  of 
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the  systemic  wind  of  the  latitude.     The  effects  of  topog- 
raphy  upon  a  mousoon  can    be   inferred  readily  from 
what  has  been  said  regarding  the  influence  of  mountains 
on  winds.     Along  the  littorals  of  all  large  bodies  of  water 
a  familiar  illustration  of  the  different  effects  of  insolation 
on  land  and  water  is  seen  in  a  periodic  wind  of  .shorter 
pei'iod  than  the  monsoon,  the  daily  laud-aud-sea  breeze. 
The  following  broad  generalizations  as  to  the  prevail- 
ing  winds,  and  also  ocean  currents,  of  the  globe  may 
be  of  service.     Within  the  warmer  latitudes,  the  tropics 
and    sub-tropics,    the  winds   and  ocean    currents  have 
a  prevailing  direction  from  the   east;  within  the  tem- 
perate  latitudes,    the   winds   and   ocean  currents  have 
a  prevailing  direction  from  the  west;  within  the  polar 
latitudes,  the  wind  and  ocean  currents  have  a  prevailing 
diieetion  from  tlie  poli-s  toward  the  equator.     There  are 
a  few  winds  that  should  be  mentioned  because  of  the 
frequent  reference  to  tliem  in  climatic  literature.     These 
winds  are  all  c\'clonic  in  origin.     The  di.sagreeable  east 
'irind  of  Britain,  referred  to  so  often  by  Dickens  in  one 
of  his  novels,  is  dry  and  cold.     The  miatral  of  Southern 
France  is  a  violent  cold,  diy,  northwest  wind,  and  is  the 
tvamiiidana  of  the  Adriatic  coast.     The  northers  of  Texas 
and  the  AYest  are  very  cold  and  diy  winds.     The  sci- 
roeco  of  the  Jlediterranean  littoral  is  a  torrid  south  wind, 
hot  from  the  sands  of  the  Sahara  and   damp  from  the 
moisture  of  the  Mediterranean.     The  kharnsin  of  Egypt, 
and  the  I-larinattan  of  the  west  coast  of  Africa,  are  ea.st- 
erly  and  southeasterly  winds,  dry  and  hot  from  Sahara. 
The  dreadful  simooms  of  the  Arabian  and  Persian  deserts 
are  but  violent  local  whirlwinds,  mixing  the  air  and  the 
heated  sands  of  the  desert  together,  with  resultant  tem- 
peratures that  would  be  unendurable  if  continued  longer 
than  a  few  moments.     The  simoon  passes  over  in  about 
ten  minutes. 

RninfaU.—The  effect  of  rainfall  as  a  factor  is  rather 
passive  than  active.  Rain  itself  is  the  result  of  the 
operation  of  the  other  climatic  factors  and  elements.  To 
save  a  certain  amount  of  repetition,  its  further  considera- 
tion is  deferred  to  rain  as  an  element  of  climate. 

Soil—Tlid  nature  of  the  land  surface,  apart  from  the 
great  irregularities  that  have  been  considered  under 
mountain  ranges,  exerts  a  considerable  influence  upon 
the  climate  of  the  region.  The  physical  construction  and 
chemical  composition  of  the  soil  affect  in  no  inconsider- 
able degree  the  quantities  of  insolation  and  of  moisture 
that  remain  for  a  greater  or  less  time  in  its  surface.  The 
general  relation  of  the  kind  of  soil  to  the  absorption  and 
radiation  of  heat  is  approximately  about  as  follows: 

Absorption  and  Hadiatiox  of  He.a.t  in  Percentage. 

Sand,  with  some  llniestone lOo 

Pure  sand (^ 

Light  clay \\ ;7 

Uypsum 70 

Heavy  clay yj 

Clayey  earth gg 

Pure  clay gj 

Fine  chalk ' ' go 

Humus 49 

From  this  table  it  will  be  observed  that  a  sandy  limestone 
soil  absorbs  practically  all  the  heat  falling  on  it.  The 
absorptive  and  the  emissive  thermal  powers  of  a  body 
being  equal,  it  follows  that  the  same  soil  radiates  under 
given  conditions  all  the  lieat  it  absorbs.  Observation 
has  shown  that  sandy  deserts  are  subject  to  the  greatest 
ranges  in  temperature.  Earth  containing  much  humus 
shows  less  range  of  temperature  than  a^uv  other  kind 
of  soil.  I  he  (luantity  of  moisture  taken  up  by  the  dif- 
terent  kinds  of  soil  varies  greatly.  Sand  aiid  sandy 
soils  absorb  moi.sture  quickly  and  in  great  quantity  biit 
retain  it  badly.  Humus  may  take  up'from  forty  to  sixty 
per  cent,  of  its  own  volume  of  water  and  will  retain  it 
strongly.  Kain  falling,  therefore,  on  sandy  soil  is 
quickly  absm-l)ed  and  quickly  lost,  the  loss  is  mostly  by 
percolation;  falling  on  humus  it  is  slowly  absorbed,  but 
wliat  18  taken  IS  strongly  retained.  The  damper  the  soil 
the  more  neariy  it  approximates  the  behavior  of  a  water 
surface  with  respect  to  temperature  and  humidity.     Frost 
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does  not  form  readily  on  marshy  lauds,  while  fin  well- 
drained  lands  it  may  occur  on  any  night  when  the  atmos- 
pheric temperature  falls  to  40°  F.  The  damper  the  soil, 
the  damper  will  be  the  atmosphere  over  it;  the  drier  the 
soil,  the  drier  the  atmosphere — that  is,  so  far  as  the  moist- 
ure content  of  the  air  is  dependent  on  the  evaporation 
from  the  soil.  Drainage  of  the  soil  will  raise  the  tem- 
perature in  the  day  and  lower  it  at  night.  Water-log- 
ging will  restrict  both  the  day  and  the  night  ranges. 
Vegetation,  though  not  strictly  a  part  of  the  soil,  is  in- 
timately associated  with  the  latter  and  may  bo  considered 
in  connection  with  it.  The  effect  of  vegetation  will  de- 
pend upon  whether  it  simply  covers  the  soil  as  grass,  or 
extends  above  and  shades  it  as  forest.  The  general  effect 
of  vegetation  is  to  cool  the  soil  by  affording  an  increased 
radiating  surface.  Onlj^  a  relatively  small  part  of  the  foli- 
age surface  of  plants  is  exposed  to  the  sun's  rays  and 
absorbs  heat,  while  all  the  foliage  surface  radiates  heat ; 
hence,  the  lower  temperature  of  vegetation  compared 
with  that  of  the  soil.  In  grass-covered  lields  the  night 
temperature  falls  lower  than  in  the  forests;  this  is  un- 
doubtedly due  to  the  interference  with  soil  ra<liation  by 
the  elevated  foliage.  The  average  temperature,  however, 
of  forests  is  lower  than  that  of  woodless  plains,  but  the 
temperature  variations  are  less.  The  average  humidity 
of  the  air  of  forests  is  usually  about  four  to  live  per  cent, 
above  that  of  the  open.  The  effect  of  forests  upon  rain- 
fall is  a  much  debated  question,  but  the  general  con- 
sensus appears  to  be  that  deforestation  decreases  the 
amount,  and  that  where  treeless  regions  have  been  re- 
forested the  amount  of  precipitation  has  increased. 
That  reforestine  has  an  appreciable  influence  upon  the 
surface  run  oil  of  water,  checking  the  rate,  seems  un- 
doubted. Forests  may  serve  to  a  certain  extent  as  wind 
breaks.  These  influences  are  obviously  local  in  operation. 
The  effect  of  forests  on  the  climate  of  a  region  in  general 
is  a  matter  awaiting  further  inquiry.  The  local  slope  of 
the  ground  has  a  considerable  influence  on  the  local  cli- 
mates of  a  region.  A  hillside  sloping  toward  the  sun 
receives  the  solar  rays  more  nearly  vertically  than  one 
sloping  away  from  the  sun.  As  a  consequence  the  sur- 
face temperature  of  a  sunward  incline  will  be  higher 
than  that  of  an  antisolar  incline.  The  effect  of  inclina- 
tion upon  soil  drainage  is  obvious  and  needs  no  com- 
ment. 

Cliiiatic  Elements. — The  items,  or  elements,  of  cli- 
mate will  now  be  considered  briefly  in  detail. 

Pressure. — Atmospheric  pressure,  though  of  the  utmost 
importance  in  the  causation  and  the  explanation  of  the 
general  and  the  local  circulation  of  the  air.  is  not  usually 
classed  among  either  the  climatic  factors  or  the  climatic 
elements.  It"  is  not  a  climatic  factor  in  the  sense  that 
latitude,  or  altitude,  land,  and  water  are,  because  it  has 
nothing  of  their  fixity.  As  an  element  of  climate  it  is 
not  perceptible  to  the"  senses  like  temperature,  moisture, 
and  the  other  climatic  elements,  hence  it  is  generally  left 
out  of  this  category.  Whether  factor  or  element  or 
neither,  it  is,  however,  a  matter  of  importance  to  the 
student  of  climatology  to  know  something  of  the  general 
distribution  and  effects  of  atmospheric  pressure.  In  the 
introduction  to  the  general  atmospheric  circulation,  the 
statement  was  made  that  in  the  region  of  latitude  30°, 
both  north  and  south,  there  resulted  from  the  banking 
up  of  the  poleward  moving  currents  a  belt  of  high  press- 
ure that  was  sufficiently  great  to  cause  a  poleward  out- 
moving  current  at  the  surface  strong  enough  to  over- 
come the  equator-seeking  surface  current  from  the  poles. 
The  pressure  in  this  belt  (speaking  now  of  the  one  in 
north  latitude)  is  not  uniformly  distributed  around  the 
earth.  In  winter,  the  pressure  is  greatest  in  those  por- 
tions of  the  belt  that  cross  the  great  continental  areas  of 
America,  Europe,  and  Asia,  and  lowest  in  those  over  the 
Atlantic  and  Pacific  Oceans.  In  summer,  the  pressure  is 
greatest  in  those  portions  of  the  belt  over  the  Atlantic 
and  Pacific  Oceans  and  lowest  in  those  over  the  continents. 
This  shifting  of  pressure  gives  rise  to  the  monsoon  winds ; 
it  is  itself  due  to  the  unequal  effects  of  insolation  on  land 
and  water.     In  the  southern  hemisphere  these  changes 


are  less  striking,  because  of  the  relative  preponderance 
in  area  of  the  water  over  the  land,  but  they  are  still  in 
evidence.  As  a  climatic  element  the  pressure  changes 
from  day  to  day  are  usually  so  slight  that  their  efl'ects 
escape  detection  except  by  closest  observation.  To  a 
certain  extent  the  effects  usually  attributed  to  altitude 
are  those  that  belong  properly  to  diminished  atmospheric 
pressure. 

TeiJiperedure. — If  other  influences  be  ignored,  it  may  be 
stated  that  the  temperature  is  highest  under  the  vertical 
sun  and  decreases  as  the  sun  declines  from  the  vertical. 
The  rate  of  this  decrease  with  regard  to  latitude  lias  been 
explained  and  is,  as  previously  stated,  approximately  as 
the  cosine  of  the  latitude.  If  we  read  altitude  for  lati- 
tude, the  same  ratio  will  hold  good  for  the  intensity  of 
the  insolation  with  a  clear  sky  at  any  hour  of  the  day. 
When  the  sun  is  just  on  the  horizon  its  rays  are  tangent 
to  the  surface,  and  practically  all  its  caloric  radiant  energy 
is  absorbed  by  the  great  depth  of  the  atmosphere  through 
which  the  rays  have  to  pass.  As  the  sun  rises  above  tfie 
horizon  this  depth  of  atmosphere  becomes  less  and  less, 
in  the  ratio  stated,  and  less  and  less  heat  is  absorbed,  till 
under  a  vertical  sun  seventy-five  per  cent,  of  radiant 
energy,  as  heat,  reaches  the  earth's  surface.  As  the  sun 
declines  from  the  vertical  the  reverse  operation  takes  place. 
Under  the  equator,  or  within  the  tropics  generally,  it  is  es- 
timated that  on  a  clear  day  sixty-fi  ve  per  cent,  of  the  total 
radiant  solar  energy  incident  on  the  outer  limits  of  the 
atmosphere  reaches  the  earth's  surface.  From  the  differ- 
ent effects  protlueed  by  the  solar  rays  on  land  and  water, 
taken  in  connection  with  the  great  increase  in  the  length 
of  the  summer  day  (that  is,  of  the  time  the  sun  is  above 
the  horizon)  in  the  higher  latitudes,  one  is  prepared  to 
understand  that  the  highest  temperatures  are  not  nec- 
essarily confined  to  the  tropics.  The  lengthened  sun- 
lighted  day  of  the  summer  in  extra-tropical  regions,  and 
the  relatively  great  absorption  of  heat  by  the  land,  cause 
the  temperature  of  the  continents  in  these  regions  to  be 
from  10°  to  20°  F.  higher  than  the  theoretical  normal  for 
their  latitudes.  On  the  contrary,  the  long  nights  of  these 
regions  in  winter  and  the  enfeebled  insolation  due  to  the 
low  meridian  altitude  of  the  sun,  and  also  to  the  great 
radiating  powers  of  the  land,  bring  the  temperature  of 
these  continental  areas  correspondingly  below  their  theo- 
retical normals.  The  following  table,  calculated  by  the 
late  Prof.  William  Ferrel,  shows  in  F.  degrees  the  average 
temperature  over  the  combined  land  and  water  surface 
for  each  tenth  parallel  as  far  as  80°  north  and  60°  south 
latitude,  for  January,  July,  and  for  the  year. 


Temperature. 

Latitude. 

January. 

JufT. 

Mean  of 
Year. 

N^orth  H0°                             

-25°  F. 
-16 

21 
40 
55 
71 
79 
81 
83 
80 
73 
64 
53 
38 

34°  F. 

44 

.57 

66 

73 

80 

84 

83 

79 

75 

69 

60 

53 

44 

33 

4°F. 

••    70                  

14 

''    60                         

29 

"    50                  

43 

56 

"    30         

68 

78 

''10 

81 

80 

Qnnth  10 

79 

"      '">0                       

75 

''      30 

67 

"     40                    

58 

"     50 

48 

"     60                         

35 

The  approximate  actual  distribution  of  temperature 
around  the  world  for  January  and  July,  as  deduced  from 
the  accumulated  meteorological  records  of  the  world,  is 
shown  in  the  two  accompanying  charts  (Plate  B).  A 
comparison  of  the  deflection  o'f  the  actual  isotherms  from 
the  position  of  the  calcidated  isotherms  shows  most  strik- 
ino-ly  the  effects  of  the  different  climatic  factors.  The  in- 
fluence of  the  ocean  currents  and  the  general  heat-retain- 
ing properties  of  water  cause  the  extra-tropical  parts  of 
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the  great  oceaus  to  be  from  5°  to  10°  F,  cooler  in  summer 
than  the  calculated  normals  for  the  latitudes,  and  from 
10°  to  even  40°  F.  warmer  in  winter,  as  in  the  North 
Atlantic.  The  interior  of  continents  is  subjected  to  the 
greatest  extremes  of  heat  and  cold,  while  the  temperature 
of  their  shores  may  be  greatly  modified  by  that  of  the 
surroimding  oceans.  Though  many  irregularities  exist 
in  the  falling-off  of  temperature  with  increasing  latitude, 
nevertheless  the  decline  is  positive.  But  latitude  is  not 
alone  necessary  for  low  temperature;  even  under  the 
equator,  if  the  elevation  be  sufficient  (about  fifteen  thou- 
sand feet),  freezing  temperatures  and  snow  may  be  found. 
Going  toward  the  poles  this  elevation  declines  till  at  the 
Arctic  circles  it  is  at  sea  level.  The  line  of  the  altitudes 
of  this  freezing  temperature  in  the  different  latitudes  is 
called  the  snow  line.  In  the  free  air,  the  temperature 
falls  about  1°  F.  for  every  three  hundred  feet  ascent.  In 
ascending  high  mountains,  the  decline  is  slightly  less. 
Over  elevated  plateaux  the  fall  in  temperature  due  to  the 
altitude  of  the  region  is  very  much  less,  not  more  than 
2°  to  3°  F.  to  the  thousand  feet,  and  this  amount  varies 
with  the  season,  being  less  in  summer  and  greater  in 
winter.  In  estimating,  therefore,  what  will  be  the  de- 
crease in  temperature  due  to  the  altitude  of  a  place,  re- 
gard must  be  had  to  whether  it  be  a  rapidly  rising  moun- 
tain or  a  slowl}^  rising  plain. 

The  temperature  of  the  air  is  controlled  more  or  less  in 
its  degree  and  in  its  fluctuations  by  the  state  of  the  atmos- 
pheric humidity.  Water  in  the  gaseous  state  is  as  dia- 
thermanous  as  dry  air;  but  when  condensed  as  cloud,  even 
though  the  condensation  be  too  slight  to  be  visible,  it  ofEers 
great  obstruction  to  the  passage  of  heat.  Hence  in  cloudy 
regions,  and  on  cloudy  days,  the  temperature  is  usually 
more  uniform,  that  is,  it  is  subject  to  less  pronounced  ex- 
tremes of  heat  than  it  is  in  clearer  regions  or  on  cloudless 
days.  Air  expands  or  contracts  -^i^j  of  its  volume  for 
each  change  of  1°  F.  Warm  air  is,  therefore,  lighter  and 
rises;  cold  air,  heavier  and  falls.  The  effect  of  this  is 
seen  in  the  phenomena  of  hill  and  valley  winds.  In  the 
daytime  the  warm  air  flows  up  the  hillside,  and  at  night 
the  cool  air  flows  down  the  slope  into  tlie  valley,  where 
it  is  felt  sometimes  as  an  intensely  cold  wind.  These 
cold  night  winds  are  very  common  in  the  deep  valleys  of 
the  Swiss  Alps.  The  average  temperature  of  the  air  is 
highest  both  seasonally  and  diurnally,  not  at  the  time  of 
the  greatest  solar  altitude,  but  at  a  period  a  little  sub- 
sequent thereto.  The  warmest  part  of  summer  is  about 
a  month  after  the  festival  solstice ;  and  the  warmest  part 
of  the  day  is  about  one  or  two  hours  after  noon.  The 
coldest  part  of  the  winter  is  about  a  month  after  the 
winter  solstice,  and  the  coldest  part  of  the  day  is  about 
an  hour  before  sunrise. 

Humidity. — The  relation  between  temperature  and 
humidity  is  an  intimate  one.  The  amount  of  water  that 
can  exist  in  the  gaseous  state  depends  on  the  temperature. 
The  higher  the  temperature  the  greater  the  possible  hu- 
midity; the  lower  the  temperature  the  lower  the  possible 
humidity.  Water  exists  in  the  gaseous  state  at  all  ob- 
served temperatures.  The  following  table  shows  the 
actual  weight  of  water  that  can  exist  as  a  gas  at  some 
of  the  ordinary  atmospheric  temperatures : 


Temperature. 

Number  of 

grains  of  aqueous 

vapor  in  a  cubic 

foot. 

Temperature. 

Number  of 

grains  ot  aqueous 

vapor  In  a  cubic 

foot. 

1110°  F 

19.8 
14.8 
10.9 
8.0 
6.7 
4.1 
ii.8 

:*i°  F  

20       

10       

0       

-10        

-20        

1.9 
1.2 
.8 
.5 
.3 

90      ... 

SI)      

70       

60 

m       

40       

•" 

The  amount  of  moisture  in  the  atmosphere  in  any 
given  locality  will  be  governed,  first,  by  the  temperature 
of  the  region;  secondly,  by  the  nature  of  the  evaporat- 
ing surface  of  the  place,  whether  land  or  water;  thirdly. 


by  the  rate  at  which  the  humidity  is  carried  away;  and 
finally,  by  the  rate  at  which  humidity  is  bi'ought  to  the 
region  by  the  prevailing  winds.  As  the  temperature  de- 
clines with  altitude,  it  is  evident  that  the  humidity  possi- 
bilities of  elevation  must  likewise  decline.  The  humidity 
of  the  atmosphere  is  referred  to  under  two  captions,  ab- 
solute and  relative  humidity.  By  absolute  humidity 
is  meant  the  real  amount  of  water  existing  as  vapor  in  a 
unit  of  space.  In  Enghsh  measures  this  amount  is 
stated  usually  as  grains  of  water  per  cubic  foot.  The 
table  just  given  shows  the  absolute  humidity  in  a  satu- 
rated cubic  foot  at  the  temperatures  indicated.  By  rela- 
tive humidity  is  meant  the  ratio  that  the  amount  of  vapor 
actually  pre.sent  bears  to  the  amount  required  to  saturate 
the  space  at  the  given  temperature.  Relative  humidity 
is  usually  stated  as  a  percentage,  saturation  being  taken 
as  100.  Absolute  humidity  is  a  physical  entity.  Rela- 
tive humidity  is  simply  a  relation  between  the  tempera- 
ture and  the  absolute  humiditjf.  The  statement  of  the 
relative  humidity  conveys  no  practical  information  unless 
the  temperature  or  the  absolute  humidity  be  given  also. 
The  absolute  humidity  of  the  air,  though  hmited  in  its 
quantity  by  the  temperature,  varies  but  slowly  from  day 
to  day  and  from  season  to  season.  The  variation  is  less 
with  a  rising  temperature,  because  the  increase  of  tempera- 
ture does  not  affect  in  any  waj'  the  form  of  the  humiditj'. 
But  as  the  temperature  falls  a  point  is  reached  when 
the  space  will  be  saturated,  and  then  a  change  of  form 
of  the  moisture  takes  place,  condensation  occurring,  and 
heat,  the  so-called  latent  heat  of  evaporation,  is  set  free, 
which  raises  the  temperature  somewhat  and  checks  its 
fall  for  a  while.  This  process  may  go  on  indefinitely  till 
either  the  moisture  be  all  precipitated  or  some  accidental 
cause  comes  in  to  raise  the  temperature.  This  fact  of 
moisture  liberating  heat  during  condensation  is  an  im- 
portant factor  in  the  retardation  of  cooling.  In  passing 
from  the  liquid  to  the  vapor  state,  water  takes  heat  from 
the  surroundings;  that  is,  evaporation  lowers  tempera- 
ture. 

The  amount  of  evaporation  depends  on  the  tempera- 
ture of  the  space  into  which  the  vapor  escapes.  The 
higher  the  temperature  of  the  space  the  moi'e  vapor  it 
can  contain.  The  rate  of  evaporation  depends  on  the 
temperature  of  the  evaporating  surface,  the  humidity, 
and  the  velocity  of  the  wind.  The  temperature  of  the 
evaporating  surface  determines  the  velocity  with  which 
the  vapor  molecules  escape  from  the  surface;  the  higher  ■ 
the  temperature  the  greater  the  velocity.  The  lower  the 
atmospheric  humidity  the  more  rapidly  will  the  molecules 
escape  into  the  space,  and  the  higher  the  velocity  of 
the  wind  up  to  a  certain  limit  the  more  rapidly  will 
the  escaped  molecules  be  removed  out  of  the  way  of 
others. 

It  is  customary  to  say  that  the  atmospheric  pressure  in- 
fluences the  rate  of  evaporation;  this  is  only  true  if  by  it 
we  mean  the  partial  pressure  of  the  aqueous  vapor  in 
the  atmosphere.  Water  evaporates  in  a  dry  atmosphere 
of  oxygen  or  any  other  dry  gas  under  twice'  the  ordinary 
barometric  pressure  as  rapidly  as  it  does  in  one  of  like 
kind  under  but  one-fourth  the  same  pressure.  It  is  the 
pressure  of  the  water  vapor  that  controls  the  rate  of 
evaporation,  for  the  well-known  physical  fact  that  all 
gases  are  to  each  other  as  vacuums  holds  good  with  re- 
gard to  the  gases  of  the  atmosphere.  The  fact  that 
evaporation  is  usually  more  rapid  in  elevated  regions  is 
simply  due  to  the  lesser  atmospheric  moisture  of  these 
regions.  The  wind  facilitates  evaporation  by  removing 
the  layer  of  vapor  formed  over  the  evaporating  surface, 
thereby  lessening  the  vapor  pressure  on  the  surface. 
Under  the  most  favorable  conditions,  a  certain  definite 
time  is  required  to  convert  water  into  vapor.  AVhen  the 
velocity  of  the  wind  I'eaches  a  rate  of  movement  equal  to 
the  rate  of  vapor  formation,  no  further  increase  in  the 
movement  of  the  wind  affects  the  rate  of  evaporation. 
This  velocity  is  about  thirty  miles  per  hour ;  that  is  to 
say,  that  wind  velocities  of  more  than  thirty  miles  per 
hour  have  no  more  eft'ect  on  the  rate  of  evapoiution  than 
a  thirty-mile  wind  has. 
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The  following  table  sliows  in  inches  the  average  depth 
of  water  evaporated  annually  from  a  free  water  snitace 
at  several  places  where  such  records  have  been  kept : 


Place. 

Madras 

St.  Helena 

Dijon 

London 

Boston 

Lake  Michigan 

Great  Salt  Lake 

Fort  Conger 


13  N. 
ITS. 
47  N. 

51  N. 

43  N. 

44  N. 
41  N. 

52  N. 


Evaporation. 


91 

«4 

a; 

21 

;S9 

9 


The  atmosphere  contains  always  more  or  less  foreign 
solid  particles,  or  dust,  which  radiate  their  heat  during 
the  night  more  rapidly  than  the  air.  The  temperature 
of  many  of  these  particles  will  generally  fall  below  that 
of  the  atmospheric  dew-point  at  the  time — that  is,  the 
temperature  at  which  the  air  would  be  saturated  with 
moisture.  As  a  result  vapor  will  condense  upon  them, 
they  will  become  heavier  and  heavier,  and  many  of  them 
will  fall  to  the  ground.  The  occurrence  of  this  piie- 
nomenon  explains  why  the  air  is,  as  a  rule,  so  much 
clearer  in  the  mornings  than  at  other  parts  of  the  day. 

^yind. — The  movement  of  the  atmosphere,  or  simply 
the  wind,  results  from  a  difference  in  the  density  of  the 
atmosphere.  The  wind  is  merely  the  effort  to  restore  or 
maintain  an  equilibrium.  The  atmospheric  density  is 
disturbed  in  two  ways :  by  difference  in  temperature  and 
by  difference  in  Imniidity!  The  effect  of  temperature  on 
the  density  of  the  air  has  been  mentioned.  Aqueous 
vapor  is  sjjecifically  lighter  than  either  oxygen  or  nitro- 
gen, the  two  chief  constituents  of  dry  air;  hence  an  equal 
volume  of  moist  air  is  lighter  than  a  like  volume  of  dry 
air,  temperature  and  pressure  being  equal.  The  move- 
ment of  the  air  is  impeded  by  friction  at  the  surface  of 
the  earth;  and  it  increases  with  elevation  up  to  a  certain 
height. 

Atmospheric  movement  is  of  two  kinds,  vertical  and 
horizontal;  the  latter  are  those  familiar  to  us  as  winds. 
The  vertical  circulation  is,  however,  an  important  ele- 
ment. It  is  by  the  vertical  movement  of  the  air  that  the 
uniform  ratio  of  mixture  of  the  different  permanent  gases 
of  the  atmosphere  at  all  observed  elevations  is  maintained. 
The  upward  vertical  movement  is  greatest  in  the  region 
of  the  equatorial  calms.  A  downward  vertical  movement 
takes  place  in  the  region  of  variable  winds  about  lati- 
tudes 30°,  also  in  the  regions  of  the  poles.  The  winds  are 
generally  stronger  during  the  day  and  increase  in  velocity 
up  to  noon  or  a  little  after,  and  then  decrease  gradually 
to  a  minimum  during  the  night.  This  does  not  apply, 
of  course,  to  the  wind  velocities  of  accidental  storms. 

Electrification.— As  an  element  of  climate  the  electrical 
state  of  the  atmosphere  deserves  mention ;  but  as  to  its 
effects  little  can  be  said.  The  atmospheric  electrification 
is,  as  a  general  rule,  positive  with  respect  to  that  of  the 
earth,  but  it  is  subject  to  great  and  sudden  variations. 
During  rain  storms  the  atmosphere  is  often  if  not  gen- 
erally negatively  electrified.  There  appears  reason  to 
think  that  the  atmospheric  potential  of  elevated  regions 
is  greater  than  that  of  sea-level  regions. 

Sumliine  or  Sunlight.— The  effect  of  the  sun  cognizable 
as  light  undoubtedly  is  a  most  important  consideration 
in  climate  in  relation  to  the  organic  world,  but  as  an  item 
of  the  state  of  the  atmosphere  sunlight  is  not  appreciable. 
What  impress  it  may  make  or  leave  upon  the  an-  is  yet 
to  be  ascertained.  As  a  climatic  element,  it  is  measured 
by  its  photographic  effects.  Observation  has  shown  that 
the  photographic  effects  are  stronger  in  summer  than  in 
winter,  and  in  the  forenoon  than  in  the  afternoon.  This 
is  probably  the  result  of  the  greater  freedom  of  the  air 
from  clouds  and  dust  in  the  morning  hours,  and  to  the 
lessened  atmospheric  depth  traversed  by  the  light  rays 
in  the  summer. 

Jiain  —Like  sunlight,  rain  makes  no  continuous  im- 
press on  the  atmosphere.  It  cannot  be  regarded  strictly 
as  an  element,  yet  it  performs  an  important  function  m 


the  purification  of  the  air.  According  to  tlie  researches 
of  Aitkin  and  others,  the  formation  of  rain  begins  by  con- 
densation on  the  dust  particles  of  the  atmosphere;  in 
falling  to  the  earth,  rain  washes  down  many  more;  this 
is  why  the  air  is  always  clearer  after  precipitation.  Rain 
also  brings  insolation  some  of  the  constituent  gases  of 
the  air.  An  important  one,  and  one  that  exists  in  such 
small  quantities  as  to  be  characterized  in  amount  by  the 
chemist's  "trace,"  is  ammonia.  But  small  as  is  the  am- 
monia content  of  the  air,  it  is  indispensable  in  the  vege- 
table economy.  The  relation  of  rainfall  to  the  humidity 
of  the  air  is  almost  that  of  effect  and  cause;  without 
sufficient  humidity,  rain  cannot  occur.  The  time  of  rain- 
fall varies  with  the  cause  of  its  precipitation.  Within 
the  tropics,  rain  falls  most  often  in  the  afternoons  and  in 
the  form  of  heavy  downp(.)urs.  Shortly  after  the  ijre- 
cipitaticjn  ends  the  clouds  break  up  and  disappear,  leav- 
ing the  nights  cloudless.  In  the  extra-tropical  regions, 
when  the  rain  comes  as  one  of  the  consequences  of  a 
thunder  storm,  it  is  most  frequent  in  the  afternoons.  In 
the  rains  of  cyclonic  storms,  the  precipitation  may,  and 
does,  occur  at  all  hours  of  tlie  day.  The  clouds  do  not 
break  up,  as  a  rule,  till  some  time  after  the  rain  has 
ended,  except  in  the  case  of  thunder  storms,  after  which 
the  clearing  is  generally  more  rapid. 

The  seasonal  distribution  of  rainfall  is  a  most  impor- 
tant climatic  consideration  in  connection  with  vegetation 
and  habitability.  Many  regions  having  comparatively 
large  amounts  of  rainfall  in  the  year  are  yet  unsuitable 
for  vegetation,  because  the  precipitation  either  does  not 
fall  during  the  spring  or  summer  seasons,  or  falls  all  in 
one  or  two  torrential  downpours,  instead  of  being  dis- 
tributed in  smaller  quantities  over  the  growing  season. 
On  the  other  hand,  regions  that  have  but  a  compara- 
tively small  yearly  rainfall  are  yet  fertile  because  the 
precipitation  occurs  during  and  throughout  the  grow- 
ing seasons. 

The  present  knowledge  of  the  causation  of  rain  may  be 
summarized  as  follows;  To  produce  abundant  rain  the 
temperature  of  the  air  must  be  suddenly  brought  below 
that  of  the  dew-point.  Air  cooled  below  its  dew-point 
condenses  its  moisture  into  minute  cloud  or  fog  particles. 
These  particles  may  float  away  or  be  re-evaporated  should 
some  cause  raise  their  temperature;  or,  if  in  sufficient 
number  and  in  such  motion  as  to  bring  them  into  collison, 
they  may  coalesce  and  form  larger  and  larger  drops  till 
they  attain  sufficient  weight  to  overcome  the  atmospheric 
resistance  and  fall  to  the  ground  as  rain,  snow,  or  hail, 
according  to  the  temperature  and  conditions  of  conden- 
sation. This  cooling  of  the  air  may  be  effected,  so  far  as 
present  knowledge  goes,  by  the  air  being  forced  up  the 
side  of  a  mountain,  as  happens  when  a  mountain  runs 
transversely  to  the  direction  of  the  wind;  the  surface  air 
may  become,  under  the  effects  of  intense  insolation  of  a 
region,  warmed  to  a  degree  that  will  cause  it  to  expand 
rapidly  and  thus  give  rise  to  ascensional  currents,  which 
carry  the  moisture  upward  till  its  dew-point  is  reached, 
with  resulting  condensation  and  precipitation ;  and  lastly, 
but  most  important,  at  least  outside  the  tropics,  by  the 
circulation  of  the  air  in  cyclonic  storms  in  which  there 
is  a  surface  inflow  radially  from  all  sides  and  a  central  as- 
censional movement.  . 

The  following  broad  rules  are  convenient  as  indicat- 
ino-  the  general  distribution  of  rain;  Rain  is  more  abun- 
dant in  warm  than  in  cold  countries,  that  is,  its  quantity 
decreases  from  the  equator  toward  the  poles.  Rain  is 
more  abundant  in  coast  regions  than  in  the  inland 
countries ;  provided  that  there  be  no  mountains,  or  the 
mountains  be  far  in  the  interior.  Rain  is  more  abundant 
in  hilly  and  mountainous  districts  than  in  lowland  re- 
o-ions  ■  Rain  is  more  abundant  on  windward  shores  and 
exposures  than  on  leeward  shores  and  exposures.  Ram 
is  more  abundant  in  summer  than  in  winter.  It  increases 
in  amount  up  to  5,000  feet  above  sea  level;  above  this 
altitude  it  begins  to  decrease.  Rain  in  falling  washes 
down  many  of  the  impurides,  especially  dust  particles, 
floatino-  in  the  air.  Regions  that  have  frequent  rams 
have  clear  and  clean  atmospheres.     The  humidity  of  the 
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air  is  always  greater  for  some  time  after  a  raiu  beeause 
of  increased  surfaee  evaporation. 

CoMPAHATn'E  Climatoi,ogy. — Having  si'cetclied  wliat 
climate  is,  and  how  it  is  primarilj^  dependent  xipon  solar 
radiation,  modified  b_v  the  agencies  called  in  this  con- 
nection climatic  factors,  we  should  next  consider  how 
we  may  best  obtain  a  knowledge  of  the  difference  be- 
tween the  actual  climates  of  the  different  regions  of  the 
earth's  surface.  The  practice  of  classifying  climates  is 
an  attempt  at  the  solution  ijf  this  difHcult  problem,  for 
ditlicult  problem  it  is,  and  will  be  so  found  by  any  one 
giving  careful  thought  to  the  subject.  Climates  are 
classified  variousl}'.  There  is  no  definitely  settled  system, 
the  deciding  influence  being  that  of  the  pur])Oses  the 
system  is  intended  to  subserve  or  illustrate.  They  may 
be  classified  with  reference  to  their  relative  insolation,  as 
solar  or  astronomical  climates;  or  with  reference  to  the 
general  characteristics  impressed  on  them  by  the  two 
grand  divisions  of  the  earth,  as  land  and  water,  or  con- 
tinental and  marine,  chmates;  or  with  reference  to  the 
possession  in  greater  or  less  degree  of  some  particular 
ph_ysical  property,  as  heat,  moisture,  etc.  ;  and  finally, 
with  regard  to  their  physiological  elfects,  as  relaxing, 
invigorating,  rigorous,  severe,  etc.  The  following 
schema  will  show  in  a  measure  some  of  the  possibilities 
of  climatic  classification,  and  will  suggest  combinations 
that  ma}'  perhaps  be  found  more  applicable  to  any  par- 
ticular purpose  the  reader  may  have  in  view ; 


Classifloatioii 
basis. 


Solar  nr 
astronuaiical. 


Geographical. 


Insular  and 
littoral... 

Plain 

Hill 

Mountain.. . 

Tnp.iKraph- 
Ical  (laud). 

Valley 

Di'sert 

ArtlBclal  . . . 

Aeropb.vsical. 

Te  m  p  e  r  a  - 
ture 

Sub- 
divisions 
under  cias- 

siflcation. 


Tropical  . . . 


Temperate.. 


Continental 


Oceanic . 


Humidity  . 


General  characteristics 
subdivision. 


Usually  mild,  equable,  moist,  warm,  aver- 
age tem|ierntiire  80°  F.  Rainfall  fre- 
quent and  lit'avy  over  water  anil  over 
windward  land  exposures.  Nights  usu- 
ally clear,  afternoons  cloudy.  No  gen- 
eral storms.  Seasons,  rainy  and  dry ;  but 
this  division  is  only  a  relative  one! 

Unsettled  weather,  great  and  variable 
changes  in  temperature,  rainfall,  and 
moisture  from  season  to  season  and  day 
to  day.  Region  of  cyclonic  storms,  cold 
and  hot  waves,  floods  and  droughts. 

Cold;  temperature  on  average  considerably 
below  freezing.  Scanty  rainfall.  Very 
shriit  but  hot  summer.  AVinter  long  and 
se\'ere.    Storms  infrequent. 


High  temperature  in  daytime,  low  at  night. 
DifFfTence  between  day  and  night  tem- 
peratm-es  iurreases  toward  centre  of  con- 
tiuHiit.  (Jreat  variations  in  temperature, 
sometimHs  hut,  siniietimes  cold.  Moist- 
ure variable  from  almost  saturation  to 
aridity.  Rainfall  sulijrct  toLn-eat  varia- 
tions and  extri-mes.  (icneral  tendency 
to  i-xtremes  in  all  (iimatic  elfinents. 

Temperature  equable,  range  Ijetween  day 
and  night  hardly  exceeds  2°  to  1°  F.  in 
mid-ocean.  Woistm-e  high  butconstant. 
Rainfall  frequent. 

Intermediate  between  above,  partaking 
more  or  less  of  the  characteristics  of  one 
or  the  other. 


Extremes  of  temperature  great,  rainfall 

uneertain,  humirlity  low. 
Extivmes  i)f  temperature  less  than  plain, 

rainfall  greater,  humidity  higher. 
Generally  same  as  hill,  except  effects  of 

altiludi' l)Hri)iiie  more  evident;  rainfall 

ini'reasMs  up  U>  about  five  thousand  feet, 

thi-Tl  derivases. 

Extrniiips  I  .f  tiMiiperature  greater  than  hill. 
Humidity  greater;  rainfall  greater  than 
plain. 

Rainless;  great  extremes  of  temperature 
between  night  and  day  and  season  and 
season. 

Such  as  elimates  of  large  cities.  Temper- 
ature (if  rities  always  higher  than  sur- 
rounding country ;  haze  and  chmd  and 
fog  ui'Ti*  frequent. 


High  )  accenlintr  to  the  degree  of 

Intermediate  -     heat  adopted  as  the  stand- 
Uow  )      ard  of  comparison. 

SSS^H-r-n^i-J*;  t-'-l;.rd  nf 
Dry  ur  arid        j      lJ"'"Wity  ailopted. 


Classification 
basis. 

Sub- 
divisions 
under  clas- 
sification. 

General  characteristics  of  each 
subdivision. 

Invig  0  r  a  t  - 

ing 

Relaxing  . . 
Rigo  r  0  u  s  , 

According  to  the  general  effects  of  the 
r     particular  climate. 

Physiological. 

etc 

Mild 

Pleasant  . . . 

Humid 

Dis  agree- 
able, etc . . 

According  to  the  general  sensation  pro- 
duced, etc. 

Exact  physical  measurements  of  the  climatic  elements 
and  the  effects  of  the  climatic  factoi-s  are  essential  to  the 
.'icientific  understanding  and  utilization  of  climate.  How 
these  elements  and  factors  sliall  be  ineasured  and  I'ecorded 
is  a  question  of  the  first  moment,  and  one  of  the  most  diffi- 
cult to  formulate  a  satisfactory  answer  for.  What  would 
be  a  satisfactory  determination  of  climate  to  the  pure 
meteorologist  would  probably  be  imsatisfactoiy  in  a 
greater  or  less  degree  to  the  student  of  climate  in  its  ap- 
plication to  other  subjects.  The  botanist,  the  zoologist, 
the  physiologist,  the  sociologist,  etc.,  each  and  all  have 
a  diti'erent  view  of  cliiuate,  antl  each  would  measui'e  it  in 
terms  not  altogether  applicable  or  best  suited  to  the  pur- 
poses of  the  others.  To  measure  and  record  climate  in 
a  manner  such  that  each  inquirer  would  find  what  he 
looked  for  and  in  the  shape  in  which  it  was  wanted, 
would  obviously  lie  a  task  of  magnitude.  But,  gi-eat  as 
would  be  the  undertaking,  .should  any  one  desire  to  at- 
tempt it,  a  gieater  difticultv  would  "be  encountered  in 
deciding  what  was  suited  to  each  interest.  The  discus- 
sion of  this  aspect  of  the  question  cannot  be  opened  in 
this  article.  For  the  present,  climate  is  for  the  most  part 
measured  and  recorded  as  the  student  of  meteorology 
conceives  it  serviceable  and  appropriate  to  the  purposes 
of  his  science.  Taking  the  cliiuatic  statistics  as  they  are 
generallv  recorded,  the  question,  how-ever,  becomes  per- 
tinent how  to  present  them  to  the  best  possible  advan- 
tage for  the  purposes  of  general  information.  Ordinarily 
these  statistics  are  given  in  terms  of  their  average  values 
for  a  period  of  years.  In  some  respects  this  kind  of 
climatic  information  is  useful  and  even  indispensable; 
but  it  by  no  lueans  conveys  an  adequate  conception  of 
the  weather  conditions  that  may  prevail  in  the  regions 
the  statistics  repi'esent. 

The  method  of  averages,  as  is  well  known,  smooths 
out,  or  masks,  irregularities  and  extremes.  The  cli- 
mate of  a  region  is  more  important  in  respect  to  the 
extreme  limits  within  which  the  values  of  its  elements 
fluctuate  than  in  the  mean  between  these  hmits.  The 
average  temperature  of  two  places  may  be  the  same, 
and  yet,  so  far  as  the  distribution  of  their  tempera- 
tures either  throughout  the  year  or  through  shorter 
periods  is  concerned,  they  may  differ  to  such" an  extent 
as  to  be  unrecognizable  when  viewed  in  the  hght  of  the 
total  effects  of  their  respective  temperatures.  As  cou- 
ci-ete  illustrations  of  this  fact  there  mav  be  cited  the  mean 
temperatiu-es  of  two  places  in  the  United  States  eac  U 
having  the  same  yearly  avei-aee  of  49°  F.,  viz.;  Des 
Moines,  Iowa,  and  Tatoosh  Island,  "Washington.  The 
average  temperatui-c  of  the  warmest  mon'th  at  Des 
]\Ioines  is  75"  F.,  at  Tatoosh  Island  56°  F.  ;  the  averaffes 
of  the  coldest  months  are  18°  F.  and  41°  P.,  respectively. 
The  tenipeiatui-e  at  Des  Moines  has  been  observed  iis 
high  as^  104  F,,  at  Tatoosh  it  has  never  been  observed 
above  78  F.  At  Des  itoiues,  the  lowest  recorded  tem- 
perature was  30  F.  below  zero;  at  Tatoosh,  7°  F.  above 
zei-o.  The  total  range  of  temperature  observed,  that  is,  the 
difference  between  the  highest  and  lowest  temperatures, 
was  134'  F.  at  Des  Moiues,  and  but  85°  F.  at  Tatoosh. 
Avei-ages  may  thus  fie  verv  luisleading.  Although  the 
mean  yearly  temperatures  of  England  and  of  New  YoiU 
are  the  same,  Indian  corn  will  not  mature  in  the  former, 
but  does  ripen  readilv  in  the  latter,  and  all  because  the 
sumiuer  of  England  is  cool  and  that  of  New  York  warm. 


1-t-i 


REFERENCE   HANDBOOK   OP   THE   MEDICAL   SCIENCES. 


ntniate. 
Climate. 


The  following  table  compiled  for  the  city  of  Washing- 
ton, D.  C,  from  the  records  of  twenty-six  years,  1S71-06, 
shows  wliat  in  the  writer's  opinion  is  a  very  concise 
method  of  presenting  meteor'ological  statistics  for  con- 
veying a  fair  idea  of  the  climate  of  a  place;  what  kind 
of  weather  is  ordinarily  to  be  expected,  and  ^\■hat  kind 
of  weather  may  occur : 


and  for  shorter  periods  is  required.  The  average  diur- 
nal hourly  values  for  each  month  are  important  items. 
The  number  of  days  witli  temperatures  below  and 
above  certain  definite  degi'ees,  the  number  of  hours  of 
bright  sunshine,  etc.,  are  also  matters  of  importance. 
In  fact,  the  fullest  conception  of  a  climate  can  be  had 
only  by  going  into  great  detail  and  by  looking  at  the 


Washington,  D.  C,  Recokd  op  Twenty-Six  Ye.\rs,  1871-9(1 


Climatic  conditions. 


Temperature  (Fahr.)— 
Mean  or  normal . . . . 
Normal  ma.xlmura.. 
minimum. . 
"       varialiillty* 
Warmest  month- 
Year  

Degrees 

Coldest  month — 

Year 

Degrees 

Highest— 

Degrees 

Day 

Year 

Lowest — 

Degrees 

Day 


Y'ear  . 


Frost- 
Average  date  first  killing  frost  (in 
autumn)  — 

Day 

Average  date  last  liilling  Jrost  (in 
spring)  — 

Day 

Humidity — 

Normal  relative 

ahsolute,  in  grains  per  cu .  tt. 
Precipitation  in  Inches  — 

Average  monthly 

Average  number  days  0.01  inch  or 

more 

Greatest  monthly- 
Year  

Amount 

Least  monthly- 

Y'ear 

Amount 

Greatest    amount    in    twenty-four 
hours — 

Amount 

Day 

Year 

Greatest  amount  snowfall  in  twenty- 
four  hours — 

Amount 

Day 

Y'ear 

Weather- 
Average  number  of  days — 

Clear 

Partly  cloudy 

Cloudy 

Wind- 
Prevailing 

Normal  velocity  In  miles  per  hour. 
Highest  velocity- 
Miles  per  hour 

From 

Day 


Year.. 


41 

;.'H 

0 

1890 
U 

1893 


7(5 

13 
1890 


-U 
1 

1881 


1.6 

3..50 

12 

1883 
7.09 

1873 
.23 


2,28 

4 

1886 


12 
1893 


12 
12 

N.  W. 
6 

46 

N.  W. 

.30 

1894 


30° 
44 

28 


1890 
4:3 


I8a5 


78 

23 

1874 


1886 


70^ 
1.7 

3.31 

11 

1884 
6.84 


5-6 
1896 


II) 

3 

1886 


11 
10 


N.  W. 
6 


60 
N.  W. 


1876 


3:5 
6 


1878 
4» 


18S.5 
34 


83 
1894 


4 
4 

1873 


66,« 
1.9 


4.08 
13 


1891 
8.84 


1894 

.98 


2.79 
9 

1881 


6 
11 

1888 


8 
12 
11 

N.W. 


48 

N.  W. 

24 

1878 


63 


1878 
58 

1874 
48 

93 

18 

1896 


19 

1875 


64? 
2.9 


3.18 
11 


ias9 

9.13 


1896 
1.07 


3.21 
26 

1889 


9 
12 
9 

N.W. 


43 

N.W. 

3 


.54 
4 

1880 
70 

18«) 
.59 

96 
36 

1880 

:34 
1 


4.4 


3.90 
13 


1889 
10.69 


1875 
1.01 


3..50 

7-8 
1886 


54 
.  W. 

38 


83 

63 

4 

1874 

78 

1878 
69 

102 

9 

1874 

46 

1,  6 

I  1873  I 

i  1894  f 


7IW 
6,1 


4.29 
11 


1883 
8.55 


1873 


4.16 


48 
S. 
36 


68 
3 


1876 
81 


1891 


103 

18 
1887 

20,  32 
1890 


71^ 
6.7 


4.84 
11 


1880 
10.b:J 


1873 
.83 


5.80 
39-:W 
1878 


60 
N.  W. 
4,  38 
I  1874  I 

)  1877  ) 


74° 
K4 
66 
3 

1873 
79 

1874 


101 

13 
1881 

49 
34 

1890 


7ii 
6.5 


4.44 
13 


1875 
13.93 


1893 


2.84 

39 

1875 


.53 

N. 


1878 


59 
4 

1881 
77 

1871 
63 

104 

7 
1881 

.38 
36 

1879 


76^ 
4.5 


3.82 
9 


1876 
10.81 


1884 
.14 


5.66 
1.5-16 

1874 


66 

S.  E. 
29 

1896 


.57° 

66 

47 

5 

1881 
(53 

1876 
51 

92 

3 

1879 

26 
31 


73% 
3.4 


3.27 
9 


1885 
8.69 


1874 
.39 


23 

1889 


13 
11 

8 


51 

N.W. 

4 


45° 

.53 

37 

5 

1896 
51 

1880 
40 

80 
13 

1879 


1880 


72% 
2.4 

3.88 

10 

1877 
7.18 

1890 


2.83 
34 

1877 


1891 


9 
N.W. 


.54 

S.  W. 

33 

1891 


36° 
44 
29 
6 

1889 
46 

1876 
36 

73 

4 

1893 


-13 
31 

1880 


73* 
1.8 


3.01 
11 


1878 
4.94 


1889 
.19 


3.70 
17 

1888 


10 

26 

1890 


12 
10 


N.W. 
6 


W. 
9 

1876 


♦variability  Of  temperature  is  the  diflerenoebetvveen  the  mean  tet^P^r^^^ 
change.    Average  variabiUty  shows  how  much  one  day  is  likely  to  be  w  armei  or  loiuei  luau 


days,  irrespective  of  the 
before  or  the  day  after  it. 


direction  of  the 
+  Trace. 


Of  course  for  special  purposes,  special  arrangemeTits 
of  statistics  and  special  computations  are  reciuired,  but 
the  above  table  has  the  advantage  that  it  can  be  taken 
almost  without  additional  calculation  from  the  ortli- 
nary  meteorological  records  of  a  tirst-order  station  or 
observatory.  Uniformity  in  the  publication  of  c4imatic 
statistics,  as  in  all  other  kinds,  is  much  to  be  desired 
But  such  a  table  as  the  above  does  not  give  all  that 
is  desired  for  a  complete  conception  of  the  climate  ot 
a  place.  The  average  and  extreme  values  for  seasons 
Vol.  III.— 10 


values  of  the  climatic  elements  in  a  variety  of  ways. 
In  the  study  of  individual  climates,  those  of  small  areas 
can  be  pursued  by  the  statistical  method,  ot  which  the 
above  table  is  an  illustration.  But  for  the  study  of  gen- 
eral climates  this  method  is  too  laborious,  and  the  less 
accurate  but  easier  method  of  graphic  representation  is 
used.  In  some  respects  graphic  methods  are  more  im- 
pressive and  more  readily  grasped,  and  for  this  reason 
are  much  employed  wherever  the  matter  lends  itself 
to   such  treatment.      The   preceding  charts   (Plate    B). 
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showing  the  distribution  of  temperature  over  the  surface 
of  the  earth  in  the  montlis  of  January  and  July,  are  illus- 
trations of  graphic  or  chartographic  methods.  These 
charts  show  at  a  glance  the  effects  of  some  of  the  dis- 
turbing and  modifying  influences  concerned  in  bringing 
about  the  very  complex  distribution  of  climate  on  the 
earth's  surface.  The  elevation  of  the  January  isotherms 
on  the  northwest  coasts  of  America  and  Europe  is  striking- 
ly evident.  This  is  due  to  the  westerly  winds  and  ocean 
currents  of  these  latitudes.  The  depression  of  the  July 
isotherms  in  the  same  regions  is  due  to  the  same  causes. 
In  the  winter  the  waters  of  the  North  Pacific  and  the 
North  Atlantic  are  warmer  than  the  land,  in  the  summer 
they  are  cooler;  hence  the  winds  blowing  from  them  to 
the  land  carry  the  climatic  conditions  of  the  oceans  to  a 
greater  or  less  extent  inland. 

Applied  Climatology.— The  relation  of  climate  to  the 
organic  world  is  one  of  the  most  interesting  and  at  the 
same  time  intricate  of  the  problems  that  present  them- 
selves for  scientific  investigation.  The  relation  of  climate 
to  the  distribution  of  organic  life  has  been  discussed  from 
time  out  of  mind,  but  beyond  a  few  generalizations  little 
has  been  yet  found  out.  That  climate  docs  control  ab- 
solutely in  some  way  the  forms  of  life  scattered  with 
more  or  less  appearance  of  regularity  over  the  earth  is  a 
proposition  that  is  generally  admitted.  It  is  the  founda- 
tion stone  of  the  modern  theory  of  evolution.  Indeed,  it 
would  be  most  difficult  for  any  one  to  refute  successfully 
the  claims  put  forward  in  support  of  climatic  control. 
However,  it  must  be  admitted  that  it  is  impossible  at 
present  to  express  the  geographic  distribution  of  the  or- 
ganic world  in  terms  of  functions  of  climate.  Whether 
it  will  ever  be  possible  to  predicate  with  scientific  pre- 
cision the  peculiarities  of  form,  habits,  and  health  that 
will  be  the  necessary  outcome  of  a  given  climate  cannot 
be  asserted  at  present  either  positively  or  negatively. 

Olimate  and  Man. — If  the  presence  of  man  only  be 
considered,  it  will  be  found  that  he  exists  in  all  known 
climates,  from  the  equator  to  the  poles,  from  the  hottest 
to  the  coldest,  in  the  dryest  and  in  the  dampest,  and  in 
equable  and  in  variable  climates.  So  far  as  ability  to  live 
is  concerned,  man  appears,  at  first  sight,  to  be  independ- 
ent of  his  climatic  environment.  Yet  such  is  actually 
not  the  case.  Bj^  intelligent  foresight  man  is  enabled  to 
combat  more  or  less  successfully  effects  that  would  other- 
wise overcome  him.  Virtually  he  makes  for  himself  an 
artificial  climate.  Deprived  of  the  means  of  surrounding 
his  person  with  this  artificial  climate,  he  would  be  re- 
stricted to  very  narrow  geographic  ranges.  By  the  ad- 
dition of  clothing,  he  conserves  his  body  temperature 
when  his  atmospheric  surroundings  would  dissipate  it 
too  rapidly.  He  re-enforces  when  necessary  the  protection 
of  his  habiliments  by  refuge  in  dwellings  and  b}'  aid  of 
artificial  heat,  both  of  which  his  ingenuity  has  devised. 
On  the  other  hand,  when  his  climatic  surroundings,  or 
the  weather,  go  to  the  opposite  extreme  he  constructs 
fans  and  punkahs  to  create  artificial  breezes,  and  he 
brings  ice  that  has  been  stored  from  the  previous  winter, 
or  made  by  his  refrigerating  machines,  to  cool  himself. 
If  the  region  produce  not  the  food  that  he  requires,  he 
transports  it  from  where  it  can  be  obtained,  and  he  varies 
the  quality  of  that  of  his  own  locality  by  importation 
from  abroad.  Should  the  resources  at  his  command 
prove  insufficient  for  health  and  happiness  he  migrates 
to  climates  more  to  his  liking.  That  he  has  not  reached 
the  poles,  or  scaled  the  highest  mountains,  is  not  because 
he  can  not  abide  the  climates  of  either.  He  has  mapped 
out  plans  that  would  accomplish  these  objects  with  cer- 
tainty, but  it  requires  the  enej-gy  of  more  than  a  few 
hardy  adventurers  to  carry  them  into  execution.  The 
human  body  has,  however,  a  great  natural  tolerance  for 
both  heat  and  cold.  Jacobabad,  in  India,  is  a  city  of 
.5,000  inhabitants,  and  its  average  July  temperature  is 
96'  F.,  but  two  degrees  less  than  that  of  the  human 
T)ody.  The  United  States  Weather  Bureau  maintained 
from  IMay  to  October,  1891,  a  station  in  Death  Valley, 
Oal.,  and  the  observer,  Mr.  J.  H.  Clery,  spent  July  and 
August  in  that  place  with  mean  monthly  temperatures 


of  103°  F.  and  101°  F.  respectively.  The  inhabitants  of 
Verkhoiansk,  in  Northern  Siberia,  endure  a  midwinter 
temperature  of  60°  F.  below  zero,  or  93°  below  freezing. 
In  ordinary  winters  of  the  temperate  zones,  quite  fre- 
quently man  passes  suddenly  from  a  warm  room  at  75° 
or  80°  to  the  outdoors  with  maybe  its  temperature  of  zero 
or  below.  He  lives  in  the  deserts  of  Arabia  and  Africa, 
where  clouds  are  seldom  seen  and  rain  more  than  once  or 
twice  a  year  is  an  unusual  occurrence;  and  he  flourishes 
in  the  tropical  islands  where  rain  and  cloud  are  daily 
phenomena,  and  in  the  Khasia  hills  with  their  nearly  five 
hundred  inches  of  rain  a  year. 

Different  races  are  endowed  with  different  degrees 
of  climatic  resistance.  The  Eskimoes,  living  in  the 
cold  and  cheerless  north,  wrapped  in  skins,  and  hud- 
dled in  ice  dens  as  houses,  find  life  outside  of  the 
Arctic  circle  almost  unendurable.  The  Latin  races  of 
Europe  live  readily  in  the  tropics  where  the  Teutonic 
stock  must  struggle  incessantly  for  existence.  The 
Chinese  mav  be  found  living  easily  from  Manchuria  to 
Australia.  "The  Jew  lives  everywhere.  He  is  as  much 
at  home  in  the  climates  of  Siberia  as  in  his  native  Pales- 
tine, and  he  is  found  from  Cairo  to  the  Cape.  The 
Ethiopian  can  live  in  the  hot  jungles  of  the  torrid  zone, 
but  finds  it  hard  to  flourish  in  the  temperate  climates  of 
the  northern  United  States.  All  this  shows  that  it  is  not 
so  much  the  climate  as  it  is  the  man  and  the  race.  It  is 
the  personal  equation  of  living  after  all,  the  habits  and 
modes  of  life,  that  account  for  this  varied  tolerance. 
Climate  places  its  imprint  upon  social  life  and  customs, 
and  long  usage  makes  it  hard  to  abandon  them,  even 
when  reason  and  experience  show  their  evil  effects.  The 
average  Caucasian  carries  with  him  to  the  tropics  the 
same  habits  of  life,  food,  and  drink,  and  even  clothing, 
that  he  has  acquired  in  the  colder  north,  and  then  wonders 
at  his  inability  to  become  acclimated  in  the  torrid  zone. 
In  the  deserts  and  on  the  great  treeless  plains  where 
water  and  grass  often  fail,  man  becomes  a  nomad,  driv- 
ing his  herds  and  flocks  from  place  to  place  in  search  of 
sustenance.  In  the  forest  regions  he  fells  trees  and 
builds  a  cabin  or  a  kraal,  and  lays  the  foundation  of  a 
permanent  home.  The  character  of  the  climate  aflCects 
the  habitation  he  erects  for  his  use.  Under  the  hot  sun 
of  the  tropics  his  hou.se  is  low  and  open,  the  shade  is- 
sought  and  every  breeze  courted.  Farther  northward  the 
house  grows  higher  and  the  openings  are  fewer  and  fewer. 
From  wood  and  open  construction  it  passes  to  brick  and 
stone,  and  compact  structure ;  and  every  device  that 
promises  to  keep  the  outside  climate  out  and  the  inside 
climate  in  is  sought  for.  Still  farther  north,  because 
it  is  hard  to  heat  a  large  building  in  the  intense  cold  of 
the  Arctics,  the  house  becomes  smaller,  and  from  the 
modern  sky-scraper,  with  its  furnaces,  fans,  and  electric 
lights,  and  its  other  numerous  conveniences,  it  descends  to 
the  small  dugout,  and  the  ice-cabin,  wherein  human  beings 
huddle  together  for  warmth  from  each  other's  bodies,  the 
only  sufficient  source  of  heat  at  their  command. 

Climate  leaves  its  impress  even  upon  fiction  and  his- 
tory, upon  poetry  and  prose,  religion  and  superstitions. 
To  the  wandering  Bedouin,  he  who  dug  a  well  was  a 
benefactor;  paradoxically  the  well  was  the  monument  of 
a  philanthropist.  To  die  of  thirst  with  water  vanishing 
ere  it  touches  the  parched  lips  is  the  Arab's  direst  curse, 
and  green  trees  and  running  waters  his  ideal  of  paradise. 
In  the  colder  north,  where  the  sufferings  from  cold  and 
want  of  heat  are  felt,  demons  in  red,  with  heated  forks 
and  fiery  furnaces,  terrorized  the  wicked  and  restrained 
the  good,  and  the  halls  of  Valhalla  were  the  hope  of  a 
hereafter.  Upon  the  features  climate  perhaps  has  an  . 
influence,  but  the  periods  required  for  many  changes  are 
relatively  so  great  that  we  cannot  measure  them.  With- 
in histoi-ic  times  there  is  no  evidence  of  ethnic  change. 
The  Ethiopian  of  to-day  is  the  EthioiMan  upon  the  bas- 
reliefs  of  Nineveh  and  Babylon.  And  the  modern 
Egyptian  fellah  wandering  about  the  streets  of  Cairo 
was  depicted  in  the  reign  of  the  Pharaohs. 

From  the  influence  of  climate  on  man's  modes  and  life, 
it  follows  that  directly  or  indirectly  climate  must  exert  a 
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profound  influence  upon  his  pliysical  well-bfiug.  Almn- 
dant  evidence  of  this  influence  is  seen  in  tlie  geofl;i'aplii- 
cal  distribution  of  certain  diseases  and  tlieir  behavior 
when  transported  by  commerce  and  migrations  to  other 
regions.  Cliolera  and  yellow  fever  are  endemic  within 
the  sea-level  altitudes  of  the  tropics.  Both  occasionally 
are  carried  by  agencies  beyond  their  indigenous  climates, 
and  both  after  a  greater  or  less  time  disappear  completely 
from  their  new  homes.  The  former  li^'es  l(.)nger  out  of 
its  native  habitat  than  the  latter,  which  vanishes  with 
the  first  air  temperature  of  32°  or  lower.  jMalaria  is  a 
widespread  disease  extending  geographicallj'  on  each 
side  of  the  equator  to  the  limits  of  Ihe  isotherm  of  00°; 
beyond  this  it  is  not  known  to  originate.  Some  forms  of 
disease,  as  diphtheria,  pneumonia,  phtldsis,  rheiunatisra, 
nephritis,  and  others,  show  no  definite  climatic  limits, 
and  may  apparently  originate  in  any  locality.  Sunstroke, 
frost-bite,  snow-blindness,  and  mountain  sickness  are 
perhaps  the  only  ones  that  can  be  said  to  he  caused  by  the 
climatic  conditions  under  wdiich  the.y  develop.  The  most 
important  influence  of  climate  is  that  which  it  sustains  as 
a  predisposing  agent.  The  manner  in  which  this  influence 
may  be  exerted  will  depend  upon  the  nature  of  the  disease. 
Modern  research  warrants  the  classification  of  disease 
into  two  general  categories,  viz.,  infectious  and  non- 
infectious; the  germ  diseases  and  the  non-germ  diseases. 
Of  the  first  class,  obviouslj'  those  diseases  that  result 
from  the  presence  of  the  strictly  obligate  parasites  can 
be  affected  solely  through  the  medium  of  the  host ;  and 
so  we  find  the  diseases  from  such  germs  everywhere 
that  the  diseased  host  may  migrate  and  live.  Among 
this  class  are  rabies,  syphilis,  and  gonorrhoea.  Upon  the 
exciting  catises  of  these  diseases  climate  has  no  oppor- 
tunitjr  to  act  directly.  Upon  obligate  parasites,  but 
those  of  greater  resistance,  and  which  may  exist  for  some 
time  outside  of  the  animal  body,  but  which  probably  do 
not  lead  a  saprophytic  existence,  there  is  opportunity  for 
climatic  effect.  To  this  class  belong  the  germs  of  diph- 
theria, glanders,  variola,  measles,  and  scarlatina.  And 
there  is  some  reason  for  supposing  that  the  variations  in 
virulence  manifested  in  the  different  epidemics  of  these 
diseases  are  partly  due  to  such  causes.  Upon  the  faculta- 
tive saprophytes  and  the  facultative  parasites  there  is 
abundant  opportunity  for  the  effects  of  meteorological 
agencies.  Under  one  or  the  other  of  these  classes  are 
the  germs  of  phthisis,  anthrax,  typhoid,  cho'.era,  tetanus, 
yellow  fever,  and  the  various  pyogenetic  microbes.  And, 
again,  the  evidence  of  variation  in  malignancy  of  these 
diseases  can  be  accounted  for,  at  present  at  least,  only 
on  the  supposition  of  some  favorable  or  unfavorable 
meteorological  influences.  Further  corroboration  of  the 
probability  of  such  suppositions  is  furnished  in  the  ex- 
periments that  have  been  made  by  different  observei's  on 
the  attenuation  of  microbic  virulence  when  the  micro- 
organisms were  grown  under  certain  physical  conditions 
of  temperature,  humidity,  and  illumination.  The  effect 
upon  the  different  pathogenetic  micro-organisms  is  par- 
ticularly noticeable  in  respect  to  sunlight.  Moist  bacdh 
and  spores  of  anthrax  are  killed  by  two  hours'  direct  ex- 
posure to  the  sunlight.  Koch  states  that  a  few  nunutes 
in  the  sunlight  will  kill  tubercle  bacilli,  and  diffuse  sun- 
light will  kUl  them  in  from  six  to  seven  days.  Sawisky 
fo\ind  that  they  gradually  lost  their  virulence  in  from 
two  and  a  half  to  three  months  in  ordinarily  lighted 
dwelling  houses.  Tw^o  hours'  insolation  is  suflicient  to 
kill  typhoid  bacilli.  A  few  hours'  drying  will  kill  the 
comma  bacillus  of  cholera.  None  of  the  pathogenetic 
parasites  multiply  under  temperatures  below  50   F. 

Experiments  have  shown  that  physical  environment  can 
profoundly  alter  the  resistance  of  the  host  to  infection 
Hens  will  not  contract  anthrax  unless  they  be  first  chilled 
by  exposure  to  the  cold.  Frogs  become  susceptible  to 
the  disease  if  kept  in  an  atmosphere  of  80'  F.  or  more. 
Bowditch  in  this  country  and  Buchanan  independently, 
in  England,  showed  that  soil  dampness  favored  the  de- 
velopSient  of  tuberculosis.  The  relation  of  the  ground 
water  and  its  fluctuations  to  typhoid  has  been  widely 
discussed,  and  the  maximum  prevalence  of  the  disease 


after  the  hot  weather  of  summer  has  suggested  a  low- 
ered resistance  in  the  human  body.  The  general  preva- 
lence of  pneumonia  in  winter,  and  its  relatively  great 
frequency  in  climates  of  high  altitudes,  have  pointed  to 
a  meteorological  predisposition.  As  has  been  mentioned 
previously,  the  absolute  atmospheric  humidity  is  con- 
trolled by  the  temperature.  A  cubic  foot  of  air  at  32° 
F.  can  contain  at  the  most  but  2.1  grains  of  moisture;  at 
98°  F.  it  can  contain  18.7  grains.  A  cubic  foot  of  air  in- 
spired at  32°  F.  or  below,  is  warmed  uj)  in  the  respiratory 
passages  to  about  98°,  and  is  expired  saturated  with 
moisture,  and  it  takes  from  these  passages  10.6  grains 
of  water.  If  this  moisture  be  not  supplied  rapidly  enough 
by  the  naso-bronchial  mucous  membrane,  dryness  and 
mechanical  irritation  result,  and  this  maybe  the  .suflicient 
predisposition  for  the  graver  disease,  the  preparation  of 
the  soil  for  the  germ.  Excessive  evaporation  from  the 
respiratory  passages  is  a  fact  both  in  cold  weather  and 
in  elevated  regions,  and  pneumonias  are  then  and  there 
prevalent.  Longstaft'  found  that  diarrhceal  diseases  be- 
came epidemic  in  London  when  the  water  of  the  Thames 
reaehecl  62°  P. ,  and  Ballard,  looking  in  another  direction, 
found  them  epidemic  when  the  temperature  of  the  ground 
four  feet  below  the  surface  rose  for  the  season  to  50°  F. 

The  treatment  of  disease  bj'  climate  forms  an  interest- 
ing and  important  chapter  in  medical  literature.  The  par- 
ticular manner  and  the  properties  of  climate  that  effect  the 
cures  are  still  subjects  of  medical  polemics.  The  chief  dis- 
ease that  climate  is  relied  upon  for  curing,  to  the  exclusion 
of  almost  all  else,  is  phthisis.  That  change  of  climate  in 
this  disease  is  beneficial  would  be  folly  to  attempt  to  gain- 
say. The  present  consensus  of  medical  opinion  leans  to  the 
climates  of  altitude,  particularljr  those  above  three  thou- 
sand feet  elevation.  Altitude,  moderate  temperatures, 
clear  skies,  and  well-drained  soil  appear  to  be  the  climatic 
desiderata  for  this  disease.  In  this  malady  the  physiolog- 
ical effects  of  high  altitude  have  usually  been  considered 
as  the  most  elflcient  therapeutic  properties  of  the  climate. 

The  present  writer,  from  a  careful  consideration  of  the 
known  phj'siological  actions  of  the  different  climatic 
elements  and  factors,  takes  exception  to  the  claims  of 
altitude  in  this  disease.  Without  entering  into  any  dis- 
cussion he  ventures  to  state  that  whatever  virtue  there  is 
in  such  widely  recognized  climates  as  Colorado,  the  En- 
gadine  Alps,  and  others  as  sanitaria  for  phthisis  flows  from 
the  absence  of  clouds  and  is  due  to  the  effects  of  the  in- 
tense insolation  under  low  atmospheric  temperatures 
that  favor  life  passed  in  the  direct  sunlight  rather  than 
in  the  shade. 

The  utilization  and  indications  for  climate  in  diseases 
belong  rather  to  the  therapeutics  of  each  disease  than  to 
the  present  article,  which  is  but  a  brief  attempt  to  define 
climate  and  point  out  the  general  principles  that  will  in- 
dicate what  climates  are  to  be  expected  in  given  localities, 
or,  a  particular  kind  of  climate  being  given,  where  it  can 
be  most  nearly  approximated.  In  climatotherapy,  how- 
ever, one  should  bear  in  mind,  as  a  motto,  the  dictum  of 
Scoresby-.Iackson :  "  If  it  be  a  good  thing  for  a  sick  man 
to  change  his  residence,  it  must  be  a  proper  thing  for 
him  to  know  what  it  is  that  he  is  avoiding,  and  what  it 
is  that  he  is  to  acquire  in  exchange  for  it  in  another 
place."  Thewhat-it-is-that-is-to-be-avoidedandthewhat- 
acquired  must  be  worked  out  by  the  physiologist,  path- 
ologist, and  the  therapeutist  much  more  thoroughly 
than  at  present  before  climato-therapy  can  become  other 
than  empiricism. 

Climate  and  Animals. — Endued  with  only  a  limited 
degree  of  reasoning  abihty,  but  few  animals  evince  any 
intelligent  foresight  in  providing  against  future  contin- 
gencies of  heat,"cold,  famine,  or  drought.  The  nearest 
approach  to  prevision  is  exhibited  in  the  migratory  and 
the  hibernating  habits  of  some  animals,  and  in  the  storage 
of  food  by  a  few  others.  The  climatic  control  of  the 
distribution  of  animals  is  perhaps  as  much  one  of  indirec- 
tion as  of  direction.  Cats  cannot  live  at  an  elevation  of 
eleven  thousand  feet,  and  all  efforts  to  introduce  the  New- 
foundland dog  in  India  have  failed.  The  polar  bear  cannot 
live  outside  of  the  isotherm  of  32°  F.,  unless  surrounded 
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with  an  artificial  reproduction  of  its  native  climate.  On 
the  other  liaud,  manj'  natives  of  the  tropics  find  no  diffi- 
culty in  living  in  the  colder  temperate  zones.  Parrots 
introduced  into  England  flourish  in  the  woods  of  Norfolk, 
and  that  they  have  not  spread  over  the  island  is  more  a 
matter  of  food  supply  tlian  of  inimical  climatic  conditions. 
The  tiger  stands  the  jungle  climates  of  Bengal  and  the 
snows  of  Thibet  with  equal  impunity.  The  elephant, 
found  now  only  in  tlie  tropics,  once  roamed  over  the  table- 
lands of  Siberia.  The  matter  of  food  supply  and  tlie  ease 
with  which  food  can  be  obtained  are  more  influential  than 
the  direct  physiological  effects  of  the  climate  itself. 

Adaptation'  to  climatic  conditions  is  seen  in  many  ani- 
mals. The  cliangeof  color  and  of  thickness  of  the  pelage 
with  the  change  of  seasons  is  a  physiological  tribute  to 
climate.  The  peculiar  body  formation  of  many  animals 
is  an  accommodation  to  the  direct  influence  of  climate. 
The  arboreal  animals  are  luiiittetl  for  the  treeless  prairie. 
Tlie  camel  is  found  in  the  desert,  but  it  would  perish  in  the 
forest.  Sheep  and  goats  are  adapted  to  the  climate  of 
mountains,  but  not  to  tliat  of  forests.  In  each  and  every 
case  we  shall  find  an  effort  at  accommodation  in  one  way 
or  another  to  climatic  environment,  and  in  most  of  the 
cases  the  adaptation  is  one  rather  to  the  food  supply,  and 
ultimately  to  the  vegetation  of  the  climate,  than  to  the 
immediate  physiological  effects  of  the  meteorological  en- 
vironment. 

The  key  to  climatic  control  of  the  distribution  of  ani- 
mals is  in  the  struggle  for  food.  Man}'  of  the  extinct 
animals  disappeared  not  from  any  secular  change  of  cli- 
mate, but  simplj'  from  the  advent,  often  perhaps  ac- 
cidental, of  some  other  form  that  preyed  upon  it  or  its 
food  supply.  Goats  introduced  into  the  island  of  St. 
Helena  destroyed  a  whole  flora  of  trees,  and  with  it 
doubtless  disappeared  many  if  not  all  of  the  parasites 
dependent  upon  it.  Swine  introduced  in  Mauritius  de- 
stroyed the  dodo.  Tlie  mongoose  in  Jamaica  has  com- 
pletely exterminated  the  native  fauna  of  this  island. 

Climate  and  Vegetation. — The  character  and  distribu- 
tion of  vegetation  are  both  distinctively  climatic  results. 
Light,  heat,  and  moisture,  in  greater  or  less  degrees,  are 
essential  to  the  development  of  vegetable  life.  The 
measures  in  which  these  elements  are  combined  deter- 
mine the  general  characteristic  features  of  the  vegeta- 
tion. Variations  of  degree  in  these  characteristics  result 
from  the  combination  of  the  effects  of  climate  and  those 
of  other  factors,  as  the  structure  and  composition  of  the 
soil,  the  effects  of  animal  life,  etc.  The  intense  heat  and 
generally  abundant  moisture  of  the  tropics  favor  a  luxu- 
riant growth  in  forms  that  in  colder  regions  are  diminu- 
tive in  size.  The  vegetation  of  arid  regions  is  distinct 
from  that  of  humid  countries;  and  the  vegetation  of  the 
hot  deserts  is  different  from  that  of  the  deserts  of  colder 
latitudes.  Under  the  equator  palms  and  bananas  ai'e 
the  typical  forms;  then,  receding  toward  the  poles,  come 
in  succession  tree  ferns  and  flgs,  myrtles  and  laurels, 
evergreens,  deciduous  trees,  conifers, "lichens  and  dwarf 
shrubs,  and  mosses.  If  we  ascend  a  high  tropical  mountain 
we  shall  find  the  same  change  of  vegetational  formation. 

The  following  tabular  view  will  present  the  approxi- 
mate general  distribution  of  vegetational  types  with  ref- 
erence to  the  average  temperature  under  which  each 
best  develops. 
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The  distribution  of  the  temperature  and  the  rainfall 
are  the  most  important  factors  in  vegetation.  And  it  is 
the  heat  of  the  summer  rather  than  the  cold  of  winter 
that  determines  the  limit  of  vegetation.  A  broad  gen- 
eralization has  been  made  to  the  effect  that  the  geo- 
graphical distribution  of  animals  is  dependent  upon  that 
of  the  minimum  temperatures  of  winter,  and  the  geo- 
graphical distribution  of  the  different  varieties  of  plants 
is  dependent  upon  the  maximum  temperatures  of  sum- 
mer. Observation  of  the  lowest  temperatures  at  which 
most  plants  begin  to  germinate  shows  that  vital  action  is 
not  evident  till  the  temperature  rises  to  43°  F.  This  is 
the  first  effective  temperature.  Plant  growth  takes  place 
onljr  so  long  as  the  temperature  is  at  or  above  this  point, 
and  the  amount  of  growth  that  actually  takes  place, 
other  conditions  being  favorable,  is  estimated  by  the  prod- 
uct of  the  number  of  hours  by  the  number  of  degrees 
the  temperature  is  above  42°  F.  This  product  is  called 
the  accumulated  temperature,  and  represents  the  total 
effective  temperature  for  plant  development.  The  higher 
the  temperature,  up  to  a  certain  optimum,  varying  for 
different  plants,  the  greater  the  rate  of  growth.  The 
study  of  plant  growth  and  meteorology  is  receiving  the 
scientific  attention  that  it  so  well  merits.  When  more 
progress]  has  been  made  scientific  phenology  will  be  a 
most  important  and  valuable  assistance  to  mankind. 

W.  F.  R.  Phillips. 
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CLIMAX  SPRINGS.— Camden  County,  Missouri. 

Post-Opfice. — Chmax.     Hotel. 

Access. — Via  Missouri  Pacific  Railroad  to  Warsaw, 
thence  25  miles  bj'  stage  to  springs. 

These  springs  are  seven  in  number,  and  are  located  in 
a  rolling,  heavily  timbered  region,  with  manv  pleasing 
landscapes.  An  analysis  of  the  waters  was  made  in  1883 
by  Prof.  N.  W.  AViley,  of  Purdue  L'niversity,  Indiana, 
State  Chemist. 

O.N'E  United  States  Gallon  Contains  : 
Solids.  Grains. 

Calcium  o.\ide 4.98 

Magnesilnn  o.xide '.'..'.'.....'...'.'.     1^80 

Aluminum  oxide  (with  iron  o.xide) ....'.'.    5.08 

Sulphuric  acid '.......'.    3.60 

Carbonic  acid .'. 3*93 

Sodium .'..'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'  14!oO 

Potassium j  30 

Iodine      /  

Bromine  \  1*.00 

flilorlne  30.40 

Loss 3  oi> 

Total 73.00 

The  waters  are  remarkable  for  the  quantity  of  iodine 
and  bromine  which  they  contain.  They  are  somewhat 
similar  to  the  waters  of  the  celebrated  Kreutznach 
Springs,  of  Prussia,  but  are  far  stronger  in  these  ingre- 
dients. Such  waters  are  especially  adjipted  for  the  treat- 
ment of  chronic    syphilitic  and   scrofulous   affections. 
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The  analysis  is  obviously  incomplete,  however,  and  a 
new  examination  should  be  made.  We  liave  been'  unable 
to  obtain  a  recent  report  of  these  springs.  The  fore- 
going account  is  compiled  from  Walton's  work  and  from 
the  United  States  Geological  Reports. 

James  K.  Crook. 

CLOVER,  RED.— The  flower  heads  of  TrifoUum  pra- 
tetue  L.  (fani.  Legumiiiosa).  The  herbage  of  most  of  the 
two  or  three  hundred  species  of  TrifoUum  is  rich  in  al- 
buminous nutriment,  or  Icgumin,  and  red  clover  is  one 
of  the  best  and  the  most  extensivelv  cultivated  of  these 
fodders.  During  recent  years  it  has  come  into  promi- 
nence as  an  ingredient  of  a  "shotgun  "  preparation,  used 
as  an  alterative  of  which  the  other  ingredients  represent 
the  activity.  Henry  U.  Rusby. 

CLOVER,  SWEET.  MELILOT.-The  dried  herb  of 
two  species  of  3/dilotiis,  M.  officinalis  Desr.  and  31.  altis- 
simus  Thuill.  (fam.  Leguminosce).  Theseare  tall,  upright, 
or  straggling  biennial  herbs,  with  small  trifoliolate  leaves 
and  axillary  spikes  of  minute  clover-like  flowers.  Both 
plants  are  fragrant,  having  the  pleasant  odor  of  Tonka 
beans,  which  is  also  increased  by  drying.  They  contain 
also  the  same  odorous  substance  found  in  Tonka  beans, 
eumarin  (cumaric  anhydride),  as  well  as  the  related  sub- 
stances, melilotus  oil.  melilotic  acid,  and  cumaric  acid. 

Melilot  is  a  mild  and  pleasant  aromatic  of  no  special 
value  in  medicine,  and  is  fairly  obsolete.  The  infusion 
was  formerly  employed  to  a  considerable  extent  as  an 
eyewash.     Dose  indefinite.  IF.  P.  Bolles. 

CLOVERDALE  LITHIA  SPRINGS.  — Cumberland 
County,  Penn. 

Post-Office. — Newville. 

This  artesian  mineral-water  fountain  is  located  2-J-  miles 
northwest  of  Newville  and  5  miles  south  of  the  Doubling 
Gap  White  Sulphur  Springs.  It  was  discovered  in 
1865  by  a  party  prospecting  for  oil.  The  opening  bored 
through  the  solid  rock  to  a  great  depth  struck  this  water 
vein,  which,  being  released  from  its  subterranean  confine- 
ment, gushed  to  the  surface  at  the  rate  of  three  hun- 
dred gallons  per  hour  under  the  pressure  of  its  own  car- 
bonic acid  gas.  The  flow  since  that  time  has  never 
diminished,  being  uniform  at  all  seasons  of  the  year. 
The  water  is  perfectly  clear  and  entirely  free  of  organic 
matter,  and  has  a  temperature  at  the  spring  of  .52°  F. 
The  following  analj'sis  was  made  in  1889  by  Prof.  E.  T. 
Tristoe,  of  the  Columbian  University,  Washington,  D.  C. 

One  United  States  Gallon  Contains  : 

SoUds.  Grains. 

Potassium  carbonate 0.30 

Lithium  carbonate 0.17 

Magnesium  sulphate 1.60 

Magnesium  chloride 0.09 

Sodium  chloride Trace. 

Magnesium  bicarbonate 0.42 

Calcium  bicarbonate 6.67 

Iron  oxide  and  alumina 0.7.5 

Silica 0.80 

Phospboric  acid Trace. 

Total 10.70 

Gases.  Cubic  inches. 

Carbonic  acid 1.070 

Oxygen 1.109 

Nitrogen 6.013 

This  water  is  not  heavily  impregnated  with  mineral 
ingredients,  yet  when  taken  in  sufficient  cjuantities  it 
exerts  an  undoubted  influence  on  the  physical  economy. 
It  has  been  found  to  possess  antacid,  mild  aperient,  and 
tonic  effects.  Its  clear  and  sparkling  appearance  and 
freedom  from  organic  impurities  C|ualify  it  for  table  and 
domestic  purposes.  It  is  said  to  have  been  found  fresh 
and  palatable  after  three  years'  bottling.  The  water  is 
used  commercially.  James  K.  Crook. 

CLOVES. — C'aryophyllus,  U.  S.  P.  ;  Caryophyllum, 
B.  P.  "  The  unexpanded  flowers  of  Eugenia  aromatica 
Linn."  (U.  S.  P.).     "The  dried  flower  buds  of  Eugenia 


caryophyllata  Tliunili."  (B.  P.).  Tliis  tree,  (o  wliicli 
each  phannaco])a'ia  has  given  u  dillVrent  name,  is  a  mem- 
ber of  the  order  Myrtacea,  in  wlii(  h  are  incbided  many 
aromatic  plants  such  as  the  allspice,  bay,  cajuput,  and 
eucalyptus.  It  is  a  beautiful,  fragrant,  evergreen  tree, 
with  a  fine  pyramidal  crown  thirty  or  forty  "feet  higli,' 
and  with  bright  crimson  flowers.  The  brandies  are  nu- 
merous, slender,  horizontal,  tlie  leaves  oppo.site,  lanceo- 
late, pointed,  entire,  dark  green  and  shining,  and  covered 
with  glandular  dots.  Flowers  in  terminal  clusters,  artic- 
ulated. Calyx  brilliant  crimson,  with  a  long,  .solid, 
flattened,  cylindrical  tube  (receptacle  of  BaiUon),  in  the 


Fig.    1388.— Clove    Tree,    flowering   branch   one-third  natural  size. 
(Baillon.) 

upper  part  of  which  the  minute  ovary  is  embedded,  and 
four  thick,  spreading,  triangular  lobes.  Petals  also  four, 
cream-colored,  orbicular,  arched,  in  the  bud  imbricated  in 
a  perfect  globular  head ;  stamens  ver}'  numerous,  ovary 
minute,  two-celled,  many-ovuled,  embedded  in  the  fleshy 
calyx  mass;  style  slender,  single.  Fruit  oval,  crowned 
with  the  four  conniving  calj'x  teeth,  one-seeded  (the 
mother  cloves  of  the  market).  Length  of  flower  about 
1.5  cm.  (i  in.),  of  fruit  about  2.5  cm.  (1  in.). 

Its  orginal  habitat  was  the  Molucca  and  Philippine 
Islands,  but  it  is  now  cultivated  in  the  islands  of  the  In- 
dian ocean.  Southern  India,  Africa,  the  West  Indies,  and 
South  America.  The  buds  are  collected  just  before  the 
petals  expand  and  the  process  requires  much  care  and 
experience.  If  gathered  too  .soon,  the  clove  is  deficient 
in  its  aromatic  constituents;  if  too  late,  the  corolla  ex- 
pands when  drying.  The  buds  are  dried  in  the  sun,  and 
much  attention  is  given  to  procure  the  characteristic  rich 
brown  color.  All  parts  of  the  plant  are  aromatic,  and 
the  small  branches  are  often  broken  into  small  pieces  and 
colored  for  the  purpose  of  adulteration.  Ground  cloves 
often  are  made  up  of  a  lai-ge  proportion  of  the  branches 
and  also  of  the  fruit.  Another  adulteration  of  ground 
cloves  is  the  addition  of  cloves  from  which  the  oil  has 
been  abstracted.  The  clove  somewhat  resembles  a  nail 
in  shape,  its  name  being  derived  fiom  the  French  clou. 
"  It  is  over  half  an  inch  long,  dark  brown.  consi,sting  of 
a  sub-cylindrical,  ,solid,  and  glandular  calj'x  tube,  termi- 
nated by  four  teeth,  and  surmounted  by  a  globular  head, 
formed  bj^  four  petals,  which  cover  numerous  curved 
stamens  and  one  style.  Cloves  emit  oil  when  scratched, 
and  have  a  strong  aromatic  odor,  and  a  pungent,  spicy 
taste"  (U.  S.  P.).  Cloves  contain  a  large  percentage  of 
the  otHcial  oil,  which  forms  as  much  as  one-fifth  of  its 
bulk.  There  are  also  present  tannin,  gum,  resin,  etc. ; 
caryopliyllin.  C20H32O2,  which  is  isomeric  with  cam- 
phor; and  euginin,  none  of  which  are  of  any  therapeutic 
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value.  The  properties  of  the  clove  are  contaiued  in  the 
volatile  oil.  It  i.s  obtained  by  distillation,  and  is  official 
in  the  United  States  Pharmacopceia  and  British  Pharnia- 
copojia.  When  first  procured,  the  oil  is  clear  and  color- 
less and  very  fluid ;  with  age  and  exposure  it  becomes 
yellow  in  color,  and  ultimately  reddish  brown.  It  also 
becomes  thicker.  Its  specific  gravity  shovdd  be  1.060  to 
1.067  at  15°  C.  It  is  heavier  than  water,  soluble  in  equal 
volumes  of  alcohol,  ether,  and  acetic  acid.  It  is  slightly 
acid  in  reaction.  Oil  of  cloves  is  made  up  of  eugeml 
(eugenic  acid),  CoHijOj,  chemically  resembling  phenol 
and  guiacol,  and  a  terpene,  CidHjj,  which  is  deposited 
when  the  oil  is  kept  for  a  length  of  time. 

Eugenol  is  formed  by  a  process  of  oxidation  from  oil 
of  cloves,  and  may  also  be  procured  from  other  essential 
oils,  as  those  of  cinnamon,  pimento,  sassafras.  It  is  an 
aromatic,  colorless,  or  brownish,  oily  liquid,  insoluble 
in  water,  soluble  in  alcohol,  and  forms  compounds  of  a 
definite  character  with  caustic  alkalies.  It  possesses  an- 
tiseptic properties,  and  has  been  recommended  as  a  febri- 
fuge, but  is  inferior  to  salicylic  acid,  quinine,  etc.  Eu- 
genol, the  action  of  which  is  somewhat  analogous  to 
guaiacol,  was  brought  into  prominence  by  Dr.  Koch, 
who  suggested  its  administration  during  the  tul^erculin 
treatment.  The  dose  is  tti  xlv.  during  the  day,  dissolved 
in  spirit  and  diluted  with  water.  Applied  locallj^  it  has 
a  mild  anajsthetic  action. 

Two  derivatives  of  eugenol — benzoyl-eugenol  and  cin- 
namyl-eugenol — have  been  introduced  and  are  advocated 
for  the  treatment  of  tuberculous  disease.  Both  of  these 
preparations  occur  in  neutral,  acicular  crystals,  free  from 
color  and  odor ;  taste,  faintly  bitter ;  slightly  soluble  in 
water  and  freely  soluble  in  alcohol. 

The  therapeutic  action  of  cloves  is  due  to  the  volatile 
oil  which  they  contain,  and  is  that  common  to  all  aromatic 
oils.  Externally  it  is  antiseptic,  stimulant,  and,  when 
freely  used,  is  a  counter-irritant.  It  also  is  slightly 
anesthetic.  It  is  employed  locally  only  as  a  remedy  for 
rheumatic  pains,  sciatica,  and  neuralgias.  Its  most  com- 
mon use  is  as  an  antiseptic  and  anaesthetic  application  to 
carious  teeth. 

When  taken  internally  it  produces  a  stimulating  and 
antiseptic  effect  upon  the  mucous  membrane  of  the  stom- 
ach and  bowels.  It  also  acts  as  a  carminative  and  anti- 
spasmodic, checking  fermentation  and  promoting  diges- 
tion. 

After  absorption  it  produces  a  general  stimulation  and 
is  excreted  unchanged  by  the  kidneys,  liver,  and  bronchi. 
Upon  these  tissues  it  exercises  its  antiseptic  properties, 
and  it  is  thought  that  this  is  specially  directed  to  the 
pulmonary  tissues.  It  is  this  local  action  upon  the  lungs 
which,  with  its  carminative  and  stimulating  effects,  has 
encouraged  its  employment  in  tuberculosis. 

The  oil  is  usually  selected  for  administration  in  from 
one-  to  five-drop  doses.  The  dose  of  powdered  cloves  is 
said  to  be  from  gr.  v.  to  x.  An  infusion  is  official  in  the 
British  Pharmacopaia,  1  part  to  40.  Oil  of  cloves  is 
added  to  several  pills,  confections,  and  other  preparations 
for  its  carminative  effects.  Beaumont  Small. 

CLUBBED  FINGERS;  CLUB  HAND.     See  Hand  and 

Fingers,  etc. 

CLUB-FOOT.     See  Foot,  Deform itiea  of. 

COAGULATION.— Mo,st  of  the  animal  proteids  can  be 
obtained  in  solution.  Many  of  these  may  be  coagulated 
or  rendered  insoluble  by  diiferent  means.  As  to  the  na- 
ture of  the  process,  we  know  very  little  in  addition  to 
the  fact  that  there  is  a  striking  difference  between  the 
substance  formed  and  the  mateiial  from  which  it  was 
produced.  The  degree  of  in,solubility  varies  with  the 
different  proteids  and  the  means  by  which  coagulation  is 
produced.  There  is  a  distinct  difference  between  lu-e- 
cipitation  and  coagulation  of  proteids.  In  the  former  the 
precipitate  may  be  redissolved  again  in  suitable  media 
while  in  the  latter  the  coagulum  cannot  be  dissolved  Ijv 
ordmary  media.    The  difference  is  well  illustrated  by  the 
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action  of  alcohol  upon  proteids.  Albumins  and  globulins 
are  at  first  precipitated  by  this  reagent — the  precipitate 
may  be  redissolved ;  after  standing  under  alcohol  for  days 
or  weeks  they  are  coagulated  and  cannot  be  redissolved. 
Alcohol  also  precipitates  proteoses  and  peptones,  but  does 
not  coagulate  them.  Ammonium  sulphate  in  saturation 
will  precipitate  all  proteids  except  peptones,  but  does 
not  coagulate  any  of  them. 

Coagulation  may  be  brought  about :  I.  By  heat  or 
chemical  reagents;  II.  by  coagulating  ferments  or  en- 
zymes. 

I.  Coagulation  by  Heat. — The  coagulation  of  egg 
white  by  boiling  is  the  most  familiar  example  of  heat 
coagulation.  The  temperature  necessary  to  produce  co- 
agulation varies  with  different  proteids.  Thus  fibrinogen 
and  myosin  coagulate  at  56"  C.  ;  egg  albumen  and  muscle 
albumen  at  73"  C.  ;  serum  globulin  at  75'  C.  Serum  al- 
bumin, which  was  once  regarded  as  a  single  body,  has 
been  found  by  Halliburton  to  con.sist  of  three  different 
bodies  having  coagulation  points  at  73',  77°,  and  84°  C. 
respectively.  Not  only  does  the  coagulation  point  vary 
with  different  proteids,  but  even  for  the  .same  proteid  it 
varies  with  the  salts  present  and  the  reaction  of  the  solu- 
tion. Coagulation  occurs  much  more  readily  and  com- 
pletely in  an  acid  than  in  an  alkaline  or  neutral  medium. 

From  the  readiness  with  which  albumins  and  globulins 
are  coagulated  by  heat  they  are  often  called  the  coagu- 
lable  proteids.*  Vegetable  albumins  and  globulins  are 
coagulated  by  heat  like  those  of  animal  origin.  Some 
non-coagulable  proteids  may  be  coagulated  under  certain 
conditions — e.g.,  acid  and  alkali  albumins  are  non-coag- 
ulable when  in  solution,  but  after  precipitation  by  neu- 
tralization they  can  be  coagulated  by  heat.  Proteids 
coagulated  by  heat  cannot  be  dissolved  by  water  or  sa- 
line solution  of  anj'  strength.  Weak  acids  or  alkalies  only 
dissolve  them  hj  the  aid  of  heat.  The  digestive  fer- 
ments, however,  readil}'  act  upon  them  in  suitable  media. 

We  know  no  chemical  difference  between  the  coagu- 
lum formed  by  heat  and  that  formed  by  chemical  rea- 
gents, but  the  proteids  formed  by  the  coagulating  fer- 
ments can  still  be  coagulated  by  heat.  Thus  myosin  of 
muscle  can  be  extracted  hy  saline  solution,  but  not  after 
it  has  been  boiled.  In  the  digestion  of  fresh  fibrin  inter- 
mediate products  occur  which  cannot  be  obtained  when 
it  has  been  boiled.  The  proteids  coagulated  by  ferments 
are  much  more  soluble  in  strong  solutions  of  neutral  salts 
and  in  weak  acids  or  alkalies  than  are  those  coagulated 
by  heat  or  chemical  reagents. 

Coagulated  proteids  behave  like  native  proteids  to 
those  tests  wdiich  can  be  applied,  such  as  the  color  tests. 

The  chemical  reagents  causing  coagulation  without 
definite  compounds  (such  as  are  formed  by  salts  of  the 
heavy  metals)  are  alcohol,  picric  acid,  tannic  acid,  and 
strong  mineral  acids.  Fixation  agents  such  as  alcohol, 
formalin,  osmic  acid,  and  mercuric  chloride  cause  coagu- 
lation of  the  proteids  of  protoplasm  in  preserving  tissues 
and  cause  a  reticular  formation  in  the  cell  formerly  de- 
scribed as  spongioplasm. 

II.  Coagulation  by  Ferments. — A.  Coagulation  of 
Blood. — When  blood  is  shed  it  soon  becomes  viscid,  and 
in  from  three  to  ten  minutes  sets  in  a  jelly-like  clot  or 
coagulum.  The  coagulum  shrinks  and  gradually  the 
clear  yellowisli  blood  serum  separates  from  the  clot. 
Tlie  clot  consists  of  a  fibrillar  substance,  fibrin,  entan- 
gling the  corpuscles  in  its  meshes.  Although  the  clot 
forms  a  bulky  mass  from  the  large  number  of  corpuscles 
contained  in  it,  the  actual  amount  of  dried  fibrin  that  can 
be  obtained  from  blood  is  small,  being  only  from  0.3  to 
0.4  per  cent,  by  weight.  The  corpuscles  are  not  at  all 
necessary  for  the  formation  of  the  clot,  as  they  can  be 
removed"  in  various  ways,  and  coagulation  occurs  in  the 
fluid  of  the  lilood — the  plasma — as  perfectly  as  when 
they  are  present.  The  essential  part  of  the  "clot  is  the 
fibrin,  a  coagulated  lu'oteid  which  is  formed  when  blood 
or  lymph  coagulates.  The  whole  problem  of  coagula- 
tion of  the  blood  centres  in  the  formation  of  fibrin. 

*  Some  nucleo-proteids  are  also  ooagulable  by  heat. 
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Fibrin  is  formed  from  fibrinogen,  a  globulin  -wliich 
normally  is  in  solution  in  blood  plasma  and  has  certain 
chemical  peculiarities  that  distinguish  it  from  other  glo- 
bulins. Filjrinogen  is  completely  used  up  in  the  forma- 
tion of  fibrin  and  none  appears  in  blood  serum.  The 
amount  of  filjrin  formed  is  never  quite  as  great  as  the 
amount  of  til.)rinogeu  acted  upon.  The  fibrinogen  is 
split  up  by  filirin  ferment  or  thrombin,  as  it  is  now 
generally  called,  into  (1)  the  coagulated  proteid  tiljrin 
Avliich  repi'esents  the  larger  part,  and  (2)  a  small  amount  of 
a  soluble  globulin  called  fibrin-globulin  which  remains  in 
solution  in  blood  serum. 

The  thrombin  or  fibrin  ferment  does  not  normally  ex- 
ist in  blood  but  is  formed  when  it  is  shed.  It  residts 
from  the  interaction  of  a  nucleo-proteid  with  lime  salts, 
and  hence  this  nucleo-proteid  has  been  called  prothrom- 
bin. Even  the  nucleo-proteid  or  prothrombin  does  not 
exist  in  solution  in  sufficient  quantity  in  the  circulating 
blood  to  cause  coagulation,  but  arises  from  the  disinte- 
gration of  blood  platelets  and  leucocytes  (especially  the 
polynuclear  leucocytes)  when  the  blood  leaves  the  ves- 
sels. 

Pekelharing  supposes  that  in  the  cleavage  of  fibrinogen 
the  thrombin,  being  a  compound  of  calcium  and  nucleo- 
proteid,  yields  its  calciunr  to  combine  with  a  part  of  the 
fibrinogen  molecule  and  form  the  insoluble  fibrin ;  that  the 
calcium-free  thrombin  (or  prothrombin)  then  again  recom- 
bineswith  free  lime  salts  to  hand  theseover  in  turn  in  the 
formation  of  more  fibrin  until  all  the  fibrinogen  is  used  uji. 
This  is  not  the  case,  for  different  observers  have  obtained 
perfect  fibrin  by  adding  a  solution  of  thrombin  containing 
no  free  lime  salts  to  a  solution  of  fibrinogen  from  which 
free  lime  salts  had  also  been  removed  in  the  same  way — 
viz.,  bv  the  presence  of  soluble  oxalates.  Further,  Ham- 
marsten  has  failed  to  find  any  more  calcium  iu  fibrin  than 
in  fibrinogen. 

It  does"  not  follow  from  this  that  lime  salts  are  not 
necessary  for  coagulation,  but  only  that  they  do  not 
combine  as  Pekelharing  at  first  thought,  and  that  they  do 
not  play  the  same  part  in  coagulation  of  the  blood  as 
they  do'in  the  coagulation  of  milk  under  the  influence  of 
rennet  (see  the  section  on  "Coagulation  of  Milk"). 

On  the  contrary,  lime  salts  are  absolutely  necessary  for 
coagulation.  If  the  blood  be  received  directly  into  a 
solution  of  a  solul^le  oxalate  (such  as  potassium  or  am- 
monium), the  free  lime  salts  are  removed  as  the  insoluble 
oxalate  of  calcium,  and  coagulation  cannot  take  place, 
although  both  fibrinogen  and  the  nucleo-proteid  or  pro- 
thrombin are  present.  The  lime  salts  seem  to  interact  in 
some  way  with  prothrombin  to  form  thrombin.  After 
tlie  thrombin  is  once  formed  the  subsequent  addition  of 
a  soluble  oxalate  cannot  remove  any  combined  calcium. 

Although  nucleo-proteids  extracted  from  various  other 
tissues  of  the  body  (lymph  glands,  thymus,  etc.)  influ- 
ence coagulation,  none  of  them  behaves  like  this  one 
(prothrombin)  found  in  the  plasma  of  shed  blood.  The 
latter  is  not  coagulated  by  the  prolonged  action  of  alco- 
hol. The  most  remarkable  difference  is  that  thromlnn 
acts  upon  blood  outside  the  body,  but  does  not  act  in  the 
same  way  upon  the  circulating  blood.  On  the  other 
hand,  otlier  nucleo-proteids,  if  injected  into  a  vein,  rap- 
idly cause  extensive  intravascular  clotting,  but  do  not 
produce  extravascular  coagulation.  This  may  be  due  to 
differences  in  the  nucleo-proteids  or,  what  seems  more 
probable,  in  the  compounds  which  they  form  with  lime 

If  the  question  is  asked,  Why  does  the  blood  not  coag- 
ulate in  the  living  vessels?  it  may  be  answered  that  nei- 
ther thrombin  nor  prothrombin  is  present  in  suflicient 
quantities  in  the  circulating  blood  to  cause  coagulation. 
But  if  it  is  considered  how  difficult  it  is  to  produce  intra- 
vascular coagulation,  or  thrombosis,  as  it  is  called  under 
these  circumstances,  by  the  injection  of  thrombin  or 
fibrin  ferment  directly  into  the  vein,  it  will  be  seen  that 
this  answer  is  not  satisfactory.  There  is  no  satisfactory 
explanation  of  the  failure  of  blood  to  coagulate  if  kept 
in  a  portion  of  a  vein  carefully  removed  from  the  body. 
Neither  can  we  explain  why  coagulation  occurs  in  the 


living  body  when  the  endothelial  lining  of  a  blood-vessel 
is  altered  by  disease  or  injured  as  by  a  ligature. 

The  coagulability  of  the  blood  varies  considerably,  and 
we  are  unable  to  explain  the  cause  of  it.  Thus  it  is  in- 
creased in  some  acute  infections  such  as  diphtheria  and 
pneumonia.  As  there  is  an  increase  of  the  leucocytes, 
and  also  of  the  number  destroyed  in  these  conditions,  one 
might  suppo.se  it  to  be  due  to  an  increased  amount  of 
nucleo-i>roteid  (prothrombin)  in  the  blood  plasma.  But 
the  coagulability  f)f  the  blood  Is  also  greatly  increased  in 
starvation  and  rapidly  increases  during  severe  hemor- 
rhage. In  neither  is  there  any  leucocytosis,  and  we  are 
unable  to  explain  the  condition,  although  it  .seems  to  be 
a  wise  provision  of  Nature  to  prevent  death  from  capil- 
lary and  venous  hemorrhage.  On  the  other  hand  the 
coagulability  may  be  greatly  diminished  and,  in  the  curi- 
ous disease  liaimophilia,  aliriost  entirely  lost.  In  many  of 
these  cases,  according  to  Wright,  there  appears  to  lie  a 
deficiency  of  lime  salts,  and  the  internal  administration 
or  local  application  of  these  will  stop  the  hemorrhage. 

The  liver  seems  to  be  concerned  in  maintaining  the 
coagulabilit}^  of  the  blood  in  some  unknown  way.  Blood 
that  is  kept  circulating  through  the  lungs  and  heart 
alone  soon  loses  its  coagulability.  If  the  portal  circula- 
tion be  cut  out  of  the  systemic  circulation,  the  blood  also 
loses  its  property  of  coagulating,  and  agents  which  alter 
the  coagulability  of  the  blood  fail  to  act  under  these  cir- 
cumstances. 

Certain  agents  can  be  introduced  into  the  circulation 
which  will  increase,  or,  on  the  other  hand,  lessen  or  com- 
pletely destroy  the  coagulability  of  the  blood.  Many 
ingenious  theories  have  been  advanced  as  to  the  way  in 
which  these  agents  act,  but  none  of  them  explains  the 
phenomena  satisfactorily.  The  following  conditions 
hasten  coagulation:  Agitation  of  blood  by  stirring  or 
by  passing  gases;  contact  with  a  rough  surface.  All  of 
these  probably  act  by  hastening  the  disintegration  of  the 
cells  liberating  nucleo-proteid.  The  presence  of  CO2  is 
favorable,  so  that  the  blood  in  asphyxia  coagulates  read- 
ily. Heat  favors  coagulation  probably  by  favoring  the 
formation  and  action  of  thrombin  or  fibrin  ferment.  It 
is  in  this  way  that  sponging  with  very  hot  solutions 
stops  hemorrhage. 

The  following  conditions  rebird  coagulation :  Receiving 
blood  under  oil  or  in  a  vessel  made  perfectly  smooth  by 
oil  or  vaseline.  If  blood  be  surrounded  by  a  freezing 
mixture,  the  cold  may  delay  and  even  prevent  coagula- 
tion. If  blood  be  received  into  a  solution  of  a  soluble 
oxalate  of  such  strength  as  to  form  0. 1  per  cent. ,  coagu- 
lation is  entirely  prevented  because  the  lime  salts  have 
been  removed  to  form  the  insoluble  calcium  oxalate.  If 
blood  be  received  into  one-fourth  its  volume  of  a  satu- 
rated solution  of  magnesium  sulphate,  coagulation  is  pre- 
vented by  the  neutral  salt— probably  by  preventing  the 
disintegration  of  cells,  as  it  can  be  made  to  clot  by  add- 
ing thrombin.  Extracts  of  the  heads  of  leeches  contain 
some  material  which  prevents  coagulation.  Commer- 
cial "peptone,"  which  is  really  a  mixture  of  proteoses, 
will  destroy  the  coagulability  of  the  blood  when  intro- 
duced into  the  circulation.  No  satisfactory  explanation 
can  be  given  of  this  effect. 

Certain  substances,  as  nucleo-proteids,  albumosos  of 
snake  venom,  and  certain  colloidal  proteid-like  bodies  pro- 
duced synthetically,  can  be  introduced  into  the  body  very 
o-raduaUy,  and  in  small  quantities  they  act  so  as  to  lessen 
or  destroy  the  coagulability  of  the  blood— "  negative 
phase  "  of  coagulation.  If,  however,  these  same  materials 
are  introduced  rapidly  and  in  larger  quantities,  extensive 
thrombosis  ensues  in  the  heart  and  large  vessels  and 
causes  instant  death— the  "  positive  phase"  of  coagula- 
tion. Although  an  enormous  amount  of  work  has  been 
performed  by  investigators  to  ascertain  how  these  re- 
markable results  are  produced,  no  explanation  has  been 
advanced  that  is  without  some  objection. 

B.  CWigiilaUon  of  Milk  consists  in  the  formation  of  a 
curd  or  coagulum  which  separates  from  the  clear  milk 
plasma  or  whey  that  still  holds  the  salts  and  milk  sugar 
in  solution.     The  coagulum  is  composed  of  the  compara- 
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lively  insoluljle  proteid  casein  and  tlie  fats  of  milk  entan- 
gled with  it.  True  coagulation  of  milk  is  brouglit  about 
by  rennin,  an  enzyme  of  the  gastric  juice.  Other  cur- 
dling agents  can  also  act  upon  milk,  but  the  changes  are 
not  the  same.  The  so-called  "  spontaneous  coagulation  " 
or  curdling  of  milk  from  souring  is  not  true  coagulation, 
but  merely  the  precipitation  of  caseinogen.  If  milk  is 
allowed  to  stand  exposed  to  the  air  at  a  warm  tempera- 
ture, the  lactic-acid  bacillus  soon  decomposes  the  lactose  or 
milk  sugar  with  the  formation  of  lactic  acid.  AVhen  this 
acid  reaches  a  certain  amount,  it  causes  a  ;);rr/;r(Y(/;(?  of 
caseinogen  and  fat.  True  coagulation  consists  in  the 
conversion  of  caseinogen  into  the  comparatively  insoluble 
proteid  casein,  but  acids  do  not  produce  this  change. 

The  action  of  rennin  in  changing  the  soluble  proteid 
caseinogen  into  the  more  insoluble  casein  is  not  a  simple 
one.  The  caseinogen  is  split  u\>  into  two  parts :  the  com- 
paratively insoluble  casein  Avliieh  forms  l)y  far  tlie  greater 
part,  and  a  verj'  small  amount  of  a  freely  soluljlc  pi'oteid 
resembling  a  proteose,  called  "  whey  proteid  "  by  Ham- 
marsten.  Tliis  change  is  comparable  to  the  change  which 
takes  place  in  hl)rinogen  in  clotting  of  blood.  The  fibrin 
ferment  acts  upon  fibrinogen,  splitting  it  up  into  the  co- 
agulated proteid  fibrin  and  a  soluble  globulin  which 
passes  into  solution  in  the  blood  serum.  The  coagula- 
tion of  milk  is  further  analogous  to  that  of  blood  in  that 
lime  salts  are  absolutely  necessary  for  the  chemical 
changes,  and  clotting  does  not  occur  when  the}-  have 
been  removed  by  dialysis  or  the  addition  of  a  solulile  ox- 
alate. The  changes,  however,  are  not  identical.  In  the 
coagulation  of  blood  the  lime  salts  first  combine  with  a 
nueleo-proteid  to  form  fibrin  ferment,  and  this  then  acts 
upon  fibrinogen,  splitting  it  up  into  a  soluble  and  an  in- 
soluble proteid.  Rennin  first  acts  upon  caseinogen,  even 
in  the  absence  of  lime  salts,  to  form  a  "soluble  casein," 
but  no  curdling  occurs.  The  enzyme  may  then  be  de- 
stroyed by  boiling,  but  the  addition  of  a  lime  salt  causes 
coagulation  instantly.  The  lime  salt  unites  with  soluble 
casein  to  form  insoluble  casein. 

The  caseinogen  of  human  milk  is  different  from  that 
of  cow's  milk,  and  forms  a  tlocculent  curd  with  rennet 
instead  of  a  solid  mass. 

The  curdling  ferment  of  the  pancreatic  juice  produces 
a  peculiar  kind  of  casein,  called  "pancreatic  casein"  b_y 
Halliburton,  which  is  not  the  same  as  that  foi'med  by 
rennet.  At  the  body  temperature  it  forms  with  cow's 
milk  a  granular  precipitate  and  not  a  coherent  clot  as 
rennin  does.  The  removal  of  lime  salts  only  slightly 
hinders  but  does  not  prevent  this  curdling.  The  precip- 
itate differs  in  its  solubilities  both  from  caseinogen  and 
casein,  and  it  can  still  be  converted  into  true  casein  by 
rennin. 

Extracts  of  various  tissues,  as  the  testis,  muscle,  and 
liver,  as  well  as  the  juice  of  certain  plants,  cause  cur- 
dling of  milk  probably  in  nuich  the  same  way  as  does 
this  unnamed  ferment  of  th(!  pancreatic  juice. 

As  stated  above,  the  curdling  of  milk  from  souring  is 
not  true  coagulation.  This  precipitation  of  caseinogen, 
carrying  the  entangled  fats  with  it,  can  be  brovight  about 
by  other  acids,  e.g.,  by  the  cautious  addition' of  acetic 
acid.  The  precipitate  resulting  from  the  addition  of  an 
acid  is  usually  tlocculent  and  contains  less  lime  than  that 
formed  by  rennin.  It  can  form  even  in  the  absence  of 
lime  salts,  and  is  more  easily  redissolved  than  is  the  curd 
containing  ti-ue  casein.  Moreover,  it  can  be  dissolved 
and  recurdlc'd  by  rennin,  i.r.,  converted  into  true  casein. 
Although  true  casein  can  Ik;  dissolved,  it  cannot  be  re- 
curdled  by  rennin.  This  is  the  most  striking  dilTerence 
between  caseinogen  and  casein. 

Although  the  lactic  acid  bacillus  does  not  cause  true 
coagulation  in  the  ordinary  sourhig  of  milk,  some  bacte- 
ria, eitliei-  by  tlieir  life  activity  or  by  sonu^  product  of 
their  metabolism,  produce  acoagulum  which  ai)pearsto 
he  a  true  clot.  This  fact  is  utilized  liy  baeleriohmists  to 
distinguish  between  ditfereiit  kin<ls  of  bacteria,  but  prob- 
ably occurs  only  under  ordinarv  conditions  in  those  very 
exceptional  instances  when  a  ropy  or  stringy  clot  forms 
m  milk. 

162 


G.  Coagulation  of  Muscle.— Rigor  mortis,  or  the  rigidity 
of  death,  is  due  to  a  coagulation  of  muscle  proteids.  If 
the  muscles  of  cold-  or  warm-blooded  animals  be  freed 
from  blood  and  mixed  with  ice  and  salt,  or  extracted 
Avith  a  rather  strong  solution  of  neutral  .salt,  a  clear  mus- 
cle plasma  containing  most  of  the  proteids  of  muscle  can 
be  obtained.  By  raising  the  temperature  in  the  one  case 
or  diluting  with  water  in  the  other,  a  coagulum  consist- 
ing of  myosin  is  formed  from  the  proteids  that  were  in 
solution  and  .separates  from  a  clear  serum.  Myosinogen, 
a  gldliulin-like  body  which  constitutes  about  eighty  per 
cent,  of  the  proteids  of  muscle  plasma,  is  converted  into 
my(jsin.  Paramyosinogen,  another  globulin  which  is  only 
one-fourth  as  abundant  as  m}^osinogen,  is  also  contained 
in  tlie  clot.  Small  amounts  of  other  proteids  (mj'oglob- 
ulin  and  myo-albumin)  remain  in  solution  in  muscle 
serum.  The  formation  of  myosin  results  from  the  action 
of  a  myosin  ferment  upon  mycsinogen.  This  enzyme 
can  be  extracted  from  muscle  in  the  same  wa}'  as  fibrin 
fei-ment  is  obtained  from  blood  serum.  The  two,  how- 
ever, are  not  identical,  for  fibrin  ferment  cannot  coagulate 
myosinogen,  neither  can  myosin  ferment  coagulate  fibrin- 
ogen. Free  lime  salts  do  not  appear  to  be  necessary 
for  the  formation  of  myosin.  Myosin  is  much  more  solu- 
ble than  other  coagulated  proteids  resulting  from  the 
action  of  enzymes,  and  is  often  classed  with  globulins 
because  of  the  ease  with  which  it  can  be  dissolved  by 
saline  solutions.  Further,  the  difference  between  myosin 
and  the  mother  substance  from  which  it  is  formed  (myo- 
sinogen) is  not  so  great  as  in  the  other  cases.  In  the 
coagulation  of  mu.scle,  CO2  and  lactic  acid  are  formed, 
probably  from  the  chemical  changes  taking  place  in  the 
proteids. 

The  appearance  of  rigor  mortis  in  the  muscles  is  due 
to  these  same  chemical  changes  that  have  been  described 
in  muscle  plasma.  The  rigor  often  disappears  before 
putrefactive  changes  appear.  A  proteolj-tic  ferment  has 
been  found  in  dead  muscles,  and  this  is  probably  greatly 
aided  by  the  lactic  acid  in  causing  the  myosin  to  disap- 
pear. 

The  presence  of  acids,  stopping  the  blood  supply,  or 
heating  the  muscle  will  cause  coagulation  that  is  often 
called  "acid-"  or  "heat-rigor."  In  the  cold-blooded  frog 
40'  C,  in  the  mammal  a  temperature  of  48'  to  50°  C, 
will  cause  heat  rigor.  This  is  probably  only  the  prema- 
ture appearance  of  rigor  mortis  in  the  dying  muscle.  It 
is  entirely  different  from  heat  coagulation,  as  the  myosin 
can  be  dissolved  b,y  solutions  of  neutral  salts,  while  pro- 
teids coagulated  by  heat  cannot.  Further,  the  other 
chemical  changes  are  the  same  as  in  rigor  mortis,  and  the 
myosin  formed  is  still  coagulable  b.y  heat. 

William  S.  Carter. 

COAGULATION  NECROSIS.     Hee  ^'ecroms. 

COAL  GAS.     See  Carbon,  etc. 

COCA. — Erythro.vylon.  "The  leaves  of  Erythroiylon 
Coca  Lamarck"  (U.  S.  P.). 

(( )wing  to  their  important  bearing  upon  the  value  and 
uses  of  this  drug,  we  find  it  necessary  to  discuss  in  some 
detail  portions  of  its  history  which  in  the  case  of  most 
drugs  are  practically  unimportant.  The  several  depart- 
ments are  indicated  by  small  capital  side-headings,  so 
that  the  reader  can  readily  refer  to  any  desired  portion 
of  the  subject.) 

Df.kinition.— The  limitations  of  the  official  definition 
are  by  no  means  clear,  though  highly  important.  The 
dilferent  varieties  of  the  coca  leaf  vary  in  ciualitative  ac- 
tion to  a  degree  not  recognized  in  our  best  text-books  and 
appreciated  by  very  few  practitioners.  If  the  one  plant 
is  to  be  regarded  as  a  mere  form  of  the  other,  then  the 
definition  includes  two  drugs,  stiffioiently  distinct  to  re- 
ceive recognition  under  two  titles,  as  is  certainly  true  of 
the  British  Pharmacopceia  definition,  which  sa.ys:  "The 
lea\-es  of  Krytliro.vylon  Coca  Lam.  and  its  varieties."  If, 
on  the  other  hand,  each  is  to  be  regarded  as  a  distinct 
species,  then  that  leaf  which  appears'to  be  of  the  higher 
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medicinal  value  is  excluded  from  the  Pharmacopreia  in  the 
interest  of  one  yielding  a  larger  percentage  of  crystalliz- 
able  cocaine.  There  are  various  good  reasons  for  taking 
the  latter  view,  so  that  in  this  article  Coca  (U.  S,  P.)  will 
be  regarded  as  only  that  variety  known  as  the  "  Huanuco, " 
or  "Bolivian,"  or  "Large  Brown  "  leaf  (Fig.  13K7).  Of 
this  there  are  noticeable  forms  or  grades,  but  these  may  be 
regarded  as  differing  in  degree  rather  than  in  kind.  Thus, 
the  best  Bolivian  (Yuugas)  leaf  is  rather  smaller  than  the 
same  grown  in  Peru.  The  term  "Peruvian"  is  too  in- 
definite for  use,  as  it  may  reasonably  be  applied  to  either 
this  or  the  Trtixillo  variety.  "When  we  have  cpnte  fin- 
ished with  the  article  thus  defined,  attention  will  be 
given  to  the  Truxillo  variety  and  to  other  species  of  the 
genus. 

Origin. — There  is  no  reasonable  doubt  that  the  species 
originated  upon  the  eastern  slope  of  the  South  American 
Andes,  probably  in  Peru.  Since  it  was  cultivated  in  pre- 
historic times,  there  is  no  way  of  certainly  ascertaining 
whether  it  was  wild  in  its  present  form  or  whether  the 
latter  is  a  product  of  develojunent  by  cultivation  from 
some  other  wild  form.  The  latter  is  probably  true,  be- 
cause in  the  wild  (escaped)  state  it  shows  a  strong  and 
rapid  tendency  to  lose  its  characteristics.  It  is  impos- 
sible to  say  of  any  of  the  wild  plants  collected  by  the 
writer  and  others  that  they  are  not  escapes  from  cultiva- 
tion, many  known  to  be  such  having  been  encountered. 
Lastly,  it  is  not  known  whetlier  the  ancestral  form  is  one 
of  those  still  in  existence  in  a  wild  state. 

HiSTOKY. — The  coca  plant  was  under  cultivation  at  the 
time  of  the  discovery,  and  no  clew  to  its  introduction  to 
cultivation  could  then  be,  or  has  since  been,  obtained.  It 
occupied  an  important  place  in  the  religious  and  mytho- 
logical history  of  the  people.  This  is  of  interest  here 
only  because  of  the  unquestionable  fact  that  such  esteem 
was  the  result  of  an  appreciation  of  its  useful  properties, 
rather  than,  upon  the  contrary,  and  as  for  centuries  be- 
lieved, the  superstitious  reason  for  its  being  used.  AVe 
may  therefore  dismiss  its  mythical  history  (see  "  Coca  at 
Home  and  Abroad,"  Ther.  Guz..  March  and  May,  1888, 
also  p.  14,  1886)  as  being  here  unimportant,  and  consider 
its  physiological  and  therapeutical  history.  Its  expec- 
torant, sialagogue,  stomachic,  carminative,  einmena- 
gogue,  and  aphrodisiac  properties  are  among  the  minor 
ones  for  which  it  was  and  is  used  by  the  natives.  As  a 
stomachic,  it  is  recognized  that  its  use  before  meals  de- 
tracts from  the  appetite,  but  that  its  use  thereafter  re- 
lieves any  discomfort  resulting  from  excess,  while  not 
appreciably  inhibiting  digestion.  In  fact,  its  general  re- 
pute is  that  of  aiding  digestion.  The  more  important 
objects  of  its  use  are  as  a  limited  cerebral  stimulant,  an 
anesthetic,  a  very  peculiar  muscular  stimulant,  and  an 
ordinary  masticatory.  As  a  cerebral  stimulant  it  filled 
the  place  of  coffee.  It  was  used  before  the  latter  was 
introduced,  and  after  that  event  it  continued  to  be  used 
by  the  natives,  while  the  much  more  expensive  coffee 
was  used  by  the  foreign  element.  In  this  direction  its 
characteristics  were  to  promote  cheerful  and  hopeful 
views  and  sentiments,  without  excitability,  but  rather 
with  increased  calm.  As  an  anjesthetic,  its  use  was  a 
general  more  than  a  local  one,  though  it  was  locally  ap- 
pUed  to  ease  pain,  and  its  carminative  and  stomachic 
uses  were  clearly  of  this  nature.  The  object  of  over- 
coming the  pains  of  hunger  and  of  fatigue  were  pre-emi- 
nent, while  that  of  securing  relief  from  pain  by  a  mild 
general  ancesthetic,  in  spite  of  increased  wakefulness,  was 
general. 

The  term  "  muscular  stimulant "  is  not  accurate,  but  is 
used  for  want  of  a  better.  More  lengthily  stated,  the 
plant  was  used  to  enable  man  to  perform  more  labor  with 
less  fatigue  and  with  less  nutrition.  Without  regard  to 
the  facts  of  the  case,  this  was  the  belief  of  its  users.  In 
consequence  of  these  effects,  bodily  or  mental,  they  per- 
formed almost  incredible  physical  tasks,  long-continued, 
upon  a  food  supply,  the  scantiness  of  which  is  equally 
astonishing,  and  with  results  not  injurious  beyond  caus- 
ing temporary  inconvenience.  The  special  adverse  con- 
ditions to  be  met  in  these  efforts  were  the  continued  scal- 


ing of  steep  and  liigh  acclivities,  witli  little  food  and  with 
a  very  scanty  supply  of  oxygen,  and  under  the  necessity 
of  either  attaining  a  high  speed  or  transporting  heavy 
loads. 

The  above  statements,  in  substance,  were  among  the 
earliest  historical  records  promulgated  concerning  its  use 
by  the  peojjle  of  the  countries  concerned,  and  they  have 
been  repeated,  with  assurance,  by  all  subsequentinves- 
tigating  travellers.  Many  of  these  travellers  went  to 
extraordinary  lengths  to  test  their  accuracy,  and  always 
with  attirmative  results.  Travellers  and  foreign  residents 
verified  tliem  by  personal  experience  and  very  frcqui'iitly 
relied  upon  them  for  pers(mal  help.  These  assertions 
were  met  aliroad  by  religious  opposition  because  of  the 
heathen  relations  of  the  coca  customs,  bj'  very  great  pro- 
fessional conservatism,  and,  lastly,  by  discredit  because 
the  leaves,  exported  for  u.se,  largelj'  failed,  in  the  condi- 
tion in  which  they  were  received,  to  verify  them.  All 
the  present  important  uses  of  the  drug  in  its  own  form, 
or  in  that  of  cocaine,  cannot  be  said  to  cover  the  same 
ground  involved  by  the  native  uses  of  coca  leaves.  There 
appears  to  be  but  one  rational  explanation  of  this  broad 
discrepancy,  namely,  changes  in  properties  which  the 
leaves  undergo  after  being  dried.  This  view  has  been 
verified  b.y  the  writer  by  numerous  assaj'S  of  the  leaves 
soon  after  collection,  compared  with  others  made  later. 
Preparations  made  upon  the  spot  have  also  been  found, 
by  extended  trial,  to  act  more  like  the  leaves  as  chewed 
by  the  natives  than  like  preparations  made  from  the  ex- 
ported leaves. 

The  details  of  the  method  of  use  have  been  so  often 
published  that  any  account  of  them  appears  scarcely 
necessary  in  this  article.  The  use  of  Llipta,  or  ashes, 
with  the  bolus  is  to  be  regarded  partly  like  that  of  condi- 
ments, especially  of  salt  as  such,  without  food.  At  the 
same  time,  the  suggestion  made  by  Holmes  that  the  effect 
of  this  alkali  is  to  decompose  the  alkaloid,  cocaine,  de- 
veloping new  constituents  which  exert  the  desired  physi- 
ological action,  is  full  of  food  for  thought  and  experi- 
ment. 

Cultivation  and  Production. — The  product  in  use 
proceeds  wliolly  from  cultivated  plants.  Leaves  from 
wild  plants  are  unfit  for  use.  Its  cultivation  is  generally 
like  tliat  of  the  cofltee  and  tea  shrvibs.  Details  will  be 
found  in  the  article  last  cited.  Cultivation  is  very  exten- 
sive in  Bolivia,  whence  large  quantities  are  exported  to 
Peru  for  native  use,  in  addition  to  the  large  quantities 
there  produced.  The  annual  consumption  is  to  be  stated  in 
tens  of  millions  of  pounds.  It  is  comparatively  little 
grown  outside  of  the  two  countries  named,  the  product 
of  Ecuador,  Colombia,  Venezuela,  Brazil,  India,  Java, 
Mexico  and  other  countries  being  chiefly  of  the  other 
kinds.  There  is  no  point  in  the  United  States  where  the 
climate  would  admit  of  its  being  grown  satisfactorily, 
though  it  would  probably  do  well  in  the  mountains  near 
Santiago  de  Cuba. 

The  Coca  Plant.— Tha  shrub  grows  from  five  to  eight 
feet  high  and  is  widely  branched.  The  trunk  may  ulti- 
mately attain  a  thickness  of  four  or  five  inches,  and  it, 
with  the  larger  branches,  soon  becomes  shaggy  with  gray 
lichens.  The  twigs  soon  become  scaly  witli  the  closely 
.set,  stiff,  almost  spinose  persistent  stipules,  and  are 
densely  leafy  toward  their  ends.  The  small  white  or 
cream-colored  flowers  grow  in  little  fascicles,  clo.se  against 
the  bark,  on  the  older  and  leafless  parts  of  the  twigs. 
They  are  followed  by  an  investment  of  ovoid,  slightly 
ineciuilateral,  smooth  drupes,  which  become  about  a 
fourth  of  an  inch  long  and  of  a  deep-red  color.  The  first 
crop  of  leaves  can  be  gathered  at  about  two  and  a  half 
years  from  seed,  and  the  shrubs  bear  well  for  twenty  or 
thirty,  or  even  forty,  years.  There  are  no  definite  months 
for  p'icking,  the  condition  of  the  leaves  determining  the 
time  Their  development  at  the  tip  of  the  twig  is  con- 
tinuous, and  if  allowed,  they  would  as  continuously  fall 
off  below,  but  they  are  picked  just  in  time  to  avoid  loss 
from  this  cause.  The  shrub  yields  two  or  three,  or 
sometimes  even  four,  crops  in  the  twelve  months.  They 
are  picked  by  hand  and  immediately  dried  in  the  sun 
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upon  smooth  floors  of  hard  clay,  or  preferably  of  flat 
stone  As  the  upper  layers  dry  the  lower  must  be  con^ 
tinnally  stirred  up.  Not  even  the  slightest  amount  of 
rain  must  be  allowed  to  fall  upon  them.  Hence  men 
stand  always  ready  with  huge  brush  brooms,  and  upon 
the  slightest  indication  of  rain  sweep  them  through  the 
immense  doors  of  the  buidings  which  surround  the  dry- 
ing-floor A  few  hours  of  hot  sun  is  sutticient  to  dry 
them,  but  they  must  be  kept  in  the  houses  for  two  or 
three  days  to  undergo  a  slight  sweating  process.  When 
this  supplementary  moisture  has  dried,  they  are  pressed 
very  tightly  iuto  small  bales,  called  cegtos,  and  are  ready 
for  "marketing.  The  tight  pressure  is  as  much  to  exclude 
the  moist  atmosphere  as  to  secure  convenience.  For 
transportation  across  the  mountains  and  export  they  are 
encased  in  oil  cloth  or  rawhide.  Upon  being  opened  the 
few  outer  layers  may  be  found  discolored,  but  if  properly 
dried  and  packed  it' is  rare  that  the  remainder  undergoes 
any  conspicuous  change.  Yet  a  slow  deterioration  com- 
mences at  once  after  drying.  No  matter  how  carefully 
they  are  kept,  the  chewers  prefer  them  in  proportion  to 
their  freshness.  After  being  kept  for  a  very  few  months 
they  will  scarcely  be  accepted  for  native  use,  and  these 
leaves,  which  the  natives  would  reject,  are  the  only  ones 
which  are  ever  used  by  us  for  medicinal  purposes.  The 
chemical  nature  of  this  change  has  never  been  deter- 
mined, though  the  writer  has  demonstrated  that  it  is  due 
to  only  a  slight  extent  to  the  loss  of  cocaine,  which  is 
clearly  not  the  constituent  which  the  native  chewers  find 
most  efiicacious,  a  fact  to  be  borne  in  mind  in  connection 


Fig.  1387.— Huanuco  or  Bolivian  Cofa.      {E.  Coca  Lam.)     Natural 
size. 

with  their  use  of  alkali,  as  referred  to  above.  Neither  is 
it  true,  as  has  often  been  suggested,  that  this  native  pref- 
erence is  due  to  differences  of  savor  merely. 

Aside  from  the  method  of  chewing,  which  is  despised 
by  the  better  classes,  large  quantities  of  the  leaves  are 
prepared  in  the  form  of  a  sort  of  fluid  extract  or  cordial 
for  use  as  a  liquor  or  pousse  cafe. 

Coca  paralysis  or  coca  mania,  which  has  frequently 
been  discussed  in  a  somewhat  sensational  way  in  the 
medical  press,  and  which  has  been  compared  with  cocaiu- 
ism,  is  so  rare,  at  Isast  among  the  Bolivians,  as  to  be  al- 
most a  fiction.  The  writer  was  never  able  to  find  a  case 
or  any  authenticated  account  of  one.  Nevertheless  it  is 
not  unlikely  that  such  do  occur. 

Description  of  Drug. — The  leaves  occur  in  a  yellow- 
ish-brown to  brown  mass,  a  distinct  green  color  being 
rare,  and  even  a  distinct  green  tinge  to  the  brown  being 
oftencr  wanting  than  present.  Much  of  the  quality  is  to 
be  determined  by  the  color  characteristics.  A  very 
young,  and  therefore  inferior  leaf,  is  more  apt  to  retain 
the  green  color.  A  badly  Ciired  or  preserved  or  very 
stale  leaf  will  be  of  a  dark  brown.  If  only  stale,  this 
brown  will  be  uniform  and  dull;  if  badly  cured,  it  will 
be  smudgy  and  patchy  and  of  a  stained  aiijiearance 
The  perfect  leaf  will  be  of  a  rich,  light,  clear  brown, 
with  more  or  less  of  golden  or  greenish  tinge,  never 
hright  green,  and  with  a  slight  lustre.  They  are  mostly 
flat  and  unbrf>ken  in  the  best  preserved  samples  They 
have  a  very  short,  stout  petiole.  The  blade  is  from  3  5 
to  7.;)  em.  (1  to  :3  in.)  in  length,  and  a  very  little  more  or 
less  than  half  as  broad.  It  is  oval  in  outline,  a  very 
slight  point  at  the  apex  and  a  very  short  abruptly  nar- 
rowed basal  poition,  the  length  of  which  is  not  more  than 
one-twelfth  of  the  entire  bla<le.     Except  for  this  portion 
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and  the  slight  tip,  the  outline  is  an  almost  perfect  ellipse. 
The  margin  is  quite  entire,  the  surface  smooth,  the  body 
thickish,  the  consistence  somewhat  tough  and  slightly 
leathery.  The  midrib  is  very  prominent  below,  traversed 
by  a  narrow  ridge  above.  The  venation  markings  are 
lather  obscure  on  both  surfaces,  especially  above.  Upon 
the  lower  surfaces  two  characteristic  lines  are  prominent, 
known  as  the  "  lateral  lines. "  They  run  at  a  little  more 
than  one-third  of  the  distance  from  the  midrib  to  the 
margin,  and  terminate  at  both  ends,  not  in  the  midrib, 
but  in  the  margin,  at  a  slight  distance  from  it.  They  are 
not  veins,  but  consist  chiefly  of  collenchyma  cells,  and 
are  to  .strengthen  the  edges  of  the  folds,  in  the  bud.  The 
surface  enclosed  by  them  is  of  a  lighter  shade  than  that 
outside,  and  is  known  as  the  "areola."  The  more  highly 
cultivated  and  finer  and  richer  the  leaf,  the  more  con- 
spicuous are  these  lines.  As  the  plant  escapes  and  retro- 
grades in  the  wild  state,  these  lines  appear  less  conspicu- 
ously in  the  dried  leaf,  which  becomes  thicker,  browner, 
more  veiny  and  rougher  of  surface.  The  foregoing  is  a 
description  of  the  typical  leaf,  as  grown  in  the  Andes  and 
some  otlier  parts ;  it  varies  with  the  narrowed  basal  por- 
tion longer,  but  always  much  less  than  half  the  length 
of  the  leaf,  and  the  leaf  never  narrower  than  obovate. 
It  also  varies  to  paler,  but  is  never  of  a  pale  senna- 
green  color,  like  the  next  variety.  The  apex  is  often 
very  slightly  refuse,  and  the  midrib  produced  into  a 
slight  apiculation  or  mucronation.  The  faint  odor  has 
been  denominated  "  tea-like, "  but  it  is  characteristic  of 
coca.  The  taste  is  slightly  bitter  and  barely  aromatic. 
The  bitter  taste  is  greater  in  poorly  cultivated  and  in 
wild  or  shade-grown  leaves.  A  little  while  after  chew- 
ing antesthesia  of  the  tongue  and  lips  occurs.  Experi- 
ence can  enable  one  to  estimate  almost  exactly  the  per- 
centage of  cocaine  by  the  degree  of  this  effect. 

Some  other  leaves  are  occasionally  chewed  b}'  the  na- 
tives when  coca  is  not  obtainable,  purelj"  as  a  masticatory. 
One  of  these  is  apparently  a  Mimosea,  and  is  called 
"Chiuchi-coca."  None  of  these  is  observed  in  our  drug, 
which  is  not  likely  to  be  adulterated  nor  substituted  by 
anything  except  another  variety  of  coca. 

Composition. — The  alkaloid  cocaine  is,  in  professional 
medicine,  the  important  constituent,  and  exists  to  the 
extent  of  one-half  to  nine-tenths  of  one  per  cent.  This 
alkaloid  is  considered  in  a  separate  article.  Since  it  is  a 
methyl-bemoic  acid  compound  of  the  alkaloid  ecgonine,  it 
is  not  surprising  that  the  latter  alkaloid  should  be  en- 
countered in  the  drug,  both  free  and  in  combination  with 
various  other  substances.  Neither  the  constancy  nor  the 
percentage  of  these,  nor  the  resulting  modification  of  the 
drug's  action,  has  been  investigated  or  much  considered. 
With  these  alkaloids,  there  is  a  little  tannin  and  wax  and 
a  very  slight  amount  of  an  aromatic  principle. 

Action. — So  far  as  medicinal  practice  and  literature 
are  concerned,  the  action  of  cocaine  is  that  of  coca,  and 
will  be  considered  under  the  title  of  ('"caiite. 

That  the  two  are  the  same  in  action  is  assuredly  not 
true,  but  the  differences  between  them  and  the  action  of 
the  other  alkaloids  are  subjects  which  have  not  been  suit- 
ably investigated,  the  assumpition  generally  prevailing 
that  they  are  practically  the  same.  No  difEerences  can  be 
expected  between  cocaine  and  coca  as  it  reaches  us,  with 
cocaine  as  the  chief  constituent,  which  can  be  compared 
with  those  betAveen  the  alkaloid  and  the  leaves  immedi- 
ately after  being  collected  and  dried,  for  careful  drying 
effects  scarcely  any  change  in  their  composition  or  activ- 
ity. In  spite  of  this  fact  it  is  unfortunate  that  the  action 
of  our  leaf  preparations  should  not  have  received  more 
study.  The  only  ofticial  preparation  is  the  fluid  extract, 
of  which  the  dose  is  2  to  4  c.c.  (fl.  3  ss.  to  i.).  A  prop- 
erly made  wine  of  coca  should  contain  about  fifteen  per 
cent,  of  the  drug,  the  dose  being  8  to  16  c.c.  (fl.  3  ij- 
to  iv.). 

Ot/ier  Varieties  and  Species. — The  genus  Erythroxylon 
is  one  of  two  in  the  family  Erythrozylacea,  and  it  con- 
tains about  one  hundred  and  forty  species,  for  which 
more  than  one  hundred  and  seventy  names  have  been 
proposed.     About  one-sixth  of  the  species  are  foreign, 
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Fig.  1;W8.— TruxiUo  Coca.    (E.  Trjixil- 
leii^c  Rusby.)     Natural  size. 


the  others  natives  of  tropical  American  countries.  Co- 
caine, or  at  least  some  principle  having  slight  locally 
aniiesthetic  properties,  pertains  to  several  species,  but  in 

onl_y  three,  or  only  one 
with  its  two  varieties, 
if  that  view  be  taken, 
are    they  of    practical 
importance.     Of  these 
the  principal   one  has 
been  con.sidercd  above. 
That    next    in   impor- 
tance is  7?.  Tru.rilleiise 
Rusbv  (I)nif/r/ists'  Cir- 
cular, 1900,  p.  333),  or   the  Truxillo,  or  "Small  Green" 
leaf.     It  was  called  E.  Coca  Sprucednum  by  Burck,  but 
is  a  distinct  species,  and  there  is  already  an  E.  ISprucea- 
niim  Peyr.    This  is  the  leaf  chiefly  cultivated  in  Northern 
Peru,  Ecuador,  Colombia,  Mexico,  and  Brazil.      It  is  not 
the  one  commonly  spoken  of  in  English  journals  as  the 
Truxillo  leaf.     According  to  Burck,  it  is  also  the  leaf 
cultivated  in  Java  and  is  sometimes  written  of  as  the 
"  Java  "  leaf.     Its  most  distinctive  characters  are  its  uni- 
formly small  size,  pale,  senna-green  color,  thin  and  brit- 
tle texture,  and  tapering  base.    It  varies  between  obovate 
and  oblauceolate,  the  lower  half  tapering  gradually,  and 
is  about  two-thirds  the  size  of  the  Huanuco  variety.    The 
apex  may   contract  abruptly  into  a  short  point,  or  be 
slightly  emarginate,  then  apiculate.    It  is  exceedingly  thin 
and  brittle,    and   occurs   much   broken.     Its   color   and 
general  appearance  at  a  distance  are  those  of  India  senna. 
Most  of  the  leaves,  in  the  dry  state,  are  wanting  in  the 
lateral  lines,  and  when  these  are  present  they  are  quite  in- 
distinct.    The  mode  of  culti  vation  and  packing  of  this  va- 
riety are  about  the  same  as  of  the  other,  but  it  does  not 
bring  so  high  a  price.     The  published  statements  as  to 
its  composition  are  very  contradictory.     Its  yield  of  total 
alkaloid  has  been  placed  as  high  as  3.35  percent.,  but 
this  estimate  is  doubtless  erroneous.    A  more  trustworthy 
assay  makes  it  about  one  per  cent.,  or  a  little  higher  than 
that  of  the  last.     This  alkaloid,  however,  differs  greatly 
in  kind  from  that  of  the  otficial  leaf.    Instead  of  cocaine  it 
consists,  to  a  very  considerable  extent,  of  cinnamyl  com- 
pounds of  ccgonine.     It  yields  a  much  larger  percentage 
of  truxilline  (isatropylcocaine)  than  either  of  the  others, 
with  benzoyl-pseudotropeine.     Of  these,  the  former  is  be- 
lieved to  be  poisonous,  while  the  latter  is  less  poisonous 
and  acts  very  much  like  cocaine.     Certainly,  manufac- 
turers find  it  impossible  to  produce  from   it  an  equal 
quantity  of  cocaine.     This,  however,  affects  the  manu- 
facturer alone,  for  it  by  no  means  follows  that  it  is  in- 
ferior for  medicinal  use.     In  fact,  the  use  of  the  fluid 
extract  prepared  from  this  variety  has  been  found  by 
many  physicians  to  produce  better  results  than  the  use  of 
that  from  the  other  variety.     This,  it  may  be  remarked,  is 
quite  in  keeping  with  several  other  indications  already 
mentioned,  that  much  of  the  physiological  action  of  coca 
is  not  referable  to  its  cocaine.     It  appears  to  be  the  ben- 
zoyl-ecgonine  which  produces  the  stimulant  effects,  while 
lacking  the  anfesthetic  propexties.     It  would  seem  to  the 
writer  that  the  idea  of  substituting  this  variety  for  that 


Fig.  1389.— E.  Carthaaenense  Jacq.  ('.') 

now  official,  and  of  allowing  the  latter  to  be  represented 
by  cocaine  only,  is  worthy  of  the  most  careful  consider- 
ation. „    ,  -,     n  , 

There  is  a  third  variety  of  the  coca  leaf,  known  in 
En^'lish  iournals  as  the  Truxillo  leaf,  but  never  seen  in 
the  New  York  market,  where  the  Truxillo  leaf  is  an  im- 
portant article  of  commerce.  It  has  been  called  by  Mor- 
ris "E  Coca  Nova-granatense,"  but  there  is  little  doubt 


that  it  is  one  of  the  first  described  species  of  Erythroxy- 
lon,  namely,  E.  (Jni'thnr/enense  Jacq.  It  appears  to  be 
native  in  Colombia,  and  largely  cultivated  in  the  British 
provinces,  whither  all  the  stock  was  sent  from  a  single 
plant  cultivated  in  the  Kew  Botanical  Gardens.  The 
leaves  (Fig.  13y9)  are  aliout  two,  or  even  three  inches  long 
by  one-third  as  broad,  oblanceolate,  witli  a  very  long 
tapering  base  and  a  rounded,  mostly  emarginate,  then 
mucronate  summit.  Tliej'  are  pale  and  thin,  and  the  lat- 
eral lines  and  areola  are  very  well  marked.  Their  com- 
position is  very  similar  to  that  of  the  Truxillo  leaves, 
though  it  is  said  that  the  isotropyl-cocaino  is  wanting, 
or  present  in  slight  amount.  There  appears  so  far  to  be 
no  good  reason  why  they  should  not  rank  with  the  Trux- 
illo leaves  as  a  medicinal  agent,  though  much  fuller  in- 
formation concerning  them  is  required. 

Henry  II.  Busby. 

COCMNE.— (Methyl-he iimyl-ecgonine)  C6H,(C H.,)N, CH- 
(0,CO,CoHr,)  (CH:,C0,0CH3).*  Cocaine  itself  isnotoffl- 
cial  in  the  United  States,  but  its  hydrochloride  is,  as  "  the 
hydrochlorate  of  an  alkaloid  obtained  from  coca."  Quite 
a  number  of  other  salts  of  it  are  in  the  market,  but  this 
is  the  one  most  used.  As  it  is  therapeutically  the  equiv- 
alent of  the  alkaloid,  except  as  to  its  solubility  and 
slightly  lower  strength,  we  may  discuss  its  properties  as 
those  of  the  alkaloid  itself.  The  origin  of  cocaine  is 
sufHciently  explained  in  the  preceding  article  on  Coca. 
It  was  first  isolated  by  Gardeka  in  18.55  and  by  him  named 
Erythro-vylirie.  Niemann,  who  renamed  it  cocaine,  gave 
much  fuller  information  concerning  it.  It  was  many 
years  after  its  discovery  before  its  physiological  action 
was  thoroughly  investigated,  altliough  its  benumbing 
power  and  its  action  in  dilating  the  pupil  were  early 
made  known.  About  the  year  1880  many  important 
reports  concerning  it  began  to  appear,  and  its  remark- 
able uses  in  ophthalmology  began,  in  1884,  to  be  de- 
veloped. The  first  productions  were  extremely  expen- 
sive, selling  as  high  as  §3  per  grain,  with  a  steady 
reduction  to  a  little  more  than  one  cent  per  grain  five 
years  later.  Those  very  high  prices  were  due  merely  to 
rarity  of  manufacture.  The  subsequent  lower,  but  still 
very  high  prices  were  due  to  the  presence  in  Europe 
and  America  of  only  accidental  lots  of  leaves  at  a  time 
when  a  heavy  demand  arose.  After  the  demand  for  the 
leaves  began  to  be  fully  met,  prices  which  would  now 
be  considered  very  high  were  still  maintained,  in  con- 
sequence of  manufacturing  expenses  which  have  since 
been  greatly  reduced.  Coincident  with  these  high  ex- 
penses of  manufacturing,  the  processes  of  purification 
were  imperfect,  and  led  to  many  serious  accidents  in  the 
application  of  the  drug  to  the  eye,  and  to  misinterpreta,- 
tions  of  its  normal  action.  At  the  present  time,  manu- 
facturing processes  may  be  considered  to  have  been  about 
perfected,  as  to  both  quality  and  economics,  and  the  ac- 
tion of  the  drug  is  as  well  known  as  that  of  almost  any 
other.  .  c  ■  A 

In  spite  of  the  very  extensive  use  of  eucaine  and 
orthoform,  which  act  similarly,  and  in  some  respects 
preferably,  to  cocaine,  the  consumption  of  the  latter  is 
enormous, '  reaching  in  the  United  States  probably  not 
far  from  150,000  ounces  annually  and  is  steadily  increas- 
ing Various  natural  products,  such  as  erythropUeine, 
have  been  proposed  as  substitutes,  but  their  action  is  far 
from  being  as  satisfactory.  Originally,  all  cocaine  was 
extracted  from  the  leaves  in  this  country  and  in  Europe, 
but  since  then  economies  in  transportation  and  the 
avoidance  of  damaiie  to  the  leaves  in  transit  have  led  to 
its  extraction  in  an  impure  state  at  the  points  of  produc- 
tion in  Peru  and  Bolivia,  and  its  subsequent  purification 
in  Europe  our  tariff  prohibiting  its  profitable  importa- 
tion into  this  country  for  that  purpose.  The  following 
method  of  manufacture  was  supplied  by  Dr.  Squibb  for 
thelast  edition  of  this  work: 
The  ground  coca  leaves  are  moistened  with  a  solution 

*  The  writer  of  this  article  desires  to  acknowledge  his  indebtedness 
to  Prof.  Henry  H.  Eusby,  of  this  city,  for  valuable  assistance  rendered 
in  the  revision  of  the  text. 
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of  carbonate   of  sodium,   and  the  alkaloid  directly  ex- 
tracted from  them  by  percolating  with  kerosene.     JFrom 
this  kerosene  solution  the  alkaloid   is  washed  out  bj' 
means  of  weak  sulphuric  acid,  and  for  purposes  of  purify- 
ing precipitated  again  by  carbonate  of  sodium  in  the  pres- 
ence of  a  small  portion  of  kerosene  to  dissolve  it  again. 
This  process  of  precipitating  andredissolving  is  repeated 
several  times.     At  last  the  crystals  of  the  crude  alkaloid 
are  dissolved  in  dilute  acid  and  freed  from  kerosene  by 
means  of  ether ;  then  the  alkaloid  is  precipitated  again  in 
the  presence  of  ether,  the  clear  ethereal  solution  (of  the 
alkaloid  hydrate)  shaken  out  with  hydrochloric  acid,  and 
the  solution  of  the  hydrocldorate  evaporated  to  dryness. 
Much  discussion  has  taken  place  as  to  the  accuracy  of 
the  following  (Madagan's)  test  for  the  purity  of  cocaine, 
as  a  result  of  which  it  seems  to  have  been  generally  ac- 
cepted by  our  best  authorities.     It  consists  in  dissolving 
one  grain  hydrochlorate  of  cocaine  in  two  ounces  distilled 
water  and  adding  one  to  two  drops  of  ammonia  solution. 
If  free  from  amorphous  cocaine,  on  Stirling  the  ammoni- 
ated  solution  for  a  few  seconds  cocaine  hydrate  separates 
out  in  crystalline  form  and  falls  to  the  "bottom,  leaving 
the  supernatant  solution  clear  and  free  from  opalescence. 
If  it  is  at  all  milky,  the  presence  of  amorphous  cocaine  is 
indicated. 

Gartier's  test  is  as  follows:  When  a  solution  of  2  cgm. 
to  0.5  gm.  of  hydrochlorate  of  cocaine  is  mixed  with  one 
drop  of  a  two-per-cent.  solution  of  permanganate  of  po- 
tassium, the  resulting  fluid  must  assume  a  red  color  and 
reraam  transparent.  On  a  subsequent  addition,  drop  by 
drop,  of  the  permanganate  solution,  there  must  appear  a 
red  precipitate  consisting  of  permanganate  of  cocaine 
which  becomes  brown  only  after  heating  and  that  with- 
out evolving  an  odor  of  bitter  almonds.  When  the  ad- 
dition of  one  drop  of  the  permanganate  solution  brings 
about  a  brown  discoloration  or  brown  precipitate  or 
when  on  heating  the  mixture  there  appears  an  odor  of 
bitter  almonds,  the  preparation  is  impure  and  unlit  for 
use. 

Ckemtcai.  Constitution.— Cocaine,  if  heated  with 
hydrochloric  acid,  splits  into  benzoic  acid,  methyl  alcohol 
and  a  new  alkaloid,  eegonine  (C.H.sNOa),  of  not  well- 
pronounced  physiological  action.  As  was  to  be  ex- 
pected, there  is  an  intimate  connection  between  the  con- 
stitution of  the  cocaine  molecule  and  its  physiological 
action  There  exists  quite  a  series  of  bodies  similarly 
const,ituted,  with  analogous  physiological  action,  facts 
that  have  been  studied  by  Ehrlich  (Z»«(t?e7(6  med  Woch- 
etmhr.,  1891,  No.  32,  p.  717)  and  E.  Poulsson  ("Beitrage 
zur  Kenntniss  der  pharmakologischen  Gruppe  des  Co- 
cain.  Arch.  f.  experimentelle  Pathologie  u.  Phannakologie 
Jr'  wn'u  ^-  "J'-  ^°  eegonine  a  group  called  cocayle! 
(Cii3)INC5H,,  whose  constitution  is  methyltetrahydro- 
pyridine,  is  combined  with  the  radical  of  oxypropionic 
acid,  thus: 
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caine.     In  this  latter  methyl  (CH3)  and  benzoyl  (CoHjCOj) 
are  the  two  radicals  entering  into  the  oxypropionic  rest. 
The  coca  leaves  contain  various  cocaines  with  radicals 
other  than  tho.se  given  above,  and  by  chemical  synthesis 
a  great  number  of  them  have  been   formed.     So  the 
methyl  of  the  ordinary  cocaine  has   been  replaced  by 
ethyl,  giving  rise  to  coca  ethyl,  and  the  benzoyl  has  been 
substituted  by  the  radicals  of  baldrian-,  cinnamon-,  or 
phenyl-acetic   acid,    thus   leading   to   another  series   of 
homologous  alkaloids.     But  this  does  not  exhaust  the 
possibilities  for  the  formation  of  bodies  .similarly  consti- 
tuted and  with  similar  physiological  action.     The  radical 
of  the  oxypropionic  acid  contained  in  the  eegonine  mole- 
cule can  be  replaced  by  other  acid  radicals,  which  of 
cour.se   must   contain   one   carboxyl   and   one  hydroxyl 
group.  _  In  fact,  by  oxidizing  ecgonin,  Einhorn  has  suc- 
ceeded in  composing  a  body  which  contains  oxyacetie 
acid  instead  of  oxypropionic  acid.     By  introducing  the 
benzoyl  and  the  ethyl  in  this  new  combination  a  bocly  is 
obtained  which  is  isomeric  with   cocaine  and  po.s.sesses 
highly  ana'sthetic  qualities,  at  the  same  time  surpassino- 
cocaine  in  poisonous  effects,  as  Ehrlich  has  found.     Ex"- 
periments  with  a  number  of  the.se  cocaines  and  their 
components  have  shown  that  the  alcohol  radical  above 
mentioned  is  essential  for  the  ansestbetic  effect,  and  that 
with  its  removal  from   the  cocaine  molecule  the  anajs- 
thetizing  and  poisonous  properties  disappear  (Poulsson 
loc.  at.).  ' 

That  the  local  ana?mia  observed  upon  local  applica- 
tion cannot  be  the  cause  of  the  anesthesia,  as  several 
authors  have  asserted,  must  be  apparent  to  everybody 
vi'ho,  applying  it  to  the  eye,  notices  that  the  anesthesia 
of  the  cornea  precedes  the  ana?mia  of  the  conjunctiva 
Several  facts,  as  for  instance  the  slight  cloudiness  and 
the  dotted  ero.sions  of  the  corneal  epithelium  after  re- 
peated applications  of  cocaine,  pointed  to  this  drug  being 
a  general  protoplasma  poison,  first  .stimulating  and  then 
mortifying  it  The  writer,  who  in  his  first  experiments 
noticed  the  haziness  of  the  corneal  epithelium  was  in- 
clined to  consider  it  due  to  evaporation,  in  con.sequence 
of  the  arrested  secretion  of  tears  and  diminished  winking 
of  he  hds,  brought  on  by  the  local  anesthesia.  When 
with  the  increasing  general  use  of  cocaine  as  an  anaes- 
thetic, reports  began  to  come  in  about  opacities  of  the 
cornea  occurring  after  operations  in  which  cocaine  and 

u  ed  Hersr'h  f  '^''''^T.f  '""'"'''  «"^"""^^t''  '^'^^"'een 
used  (Heischel,  Bunge),  the  writer  set  out  to  determine 
Ins  question  by  experiment.  Wuerdinger,  of  Mm  di 
Experimentelle  und  anatomisehe  Unterrucl  ungei" 
dieWirkung  des  Cocain  auf  die  Cornea,"  lOintcLw^- 
ruttsheftefur  Aiigenheilhunde,  1886),  had  come  by  his 7x 
periments  and  his  pathological  researches  t^  the  condu- 

1886,  while  in  Ltrecht,  the  writer  conducted  a  series  of 
experiments  on  rabbits,  the  results  of  which   however 
were  never  published.     Cocaine   wis  insHll  H   lnT!\i 
rabbifs  eye  and  the  lids  care^iHv^hfse fo v      it  with    n 
artery  forceps,  while  the  other -eye  was  kept  o   e     bv 

open   (ana   into   which   no   cocaine   had   been  instilled 
uterwldP'n"'"''  loss  of  epithelium  after    J^-J^'^n- 
p  Sec  ^i  it  tbe'h;'.'"''^'^'  '^''  '''°^^-^'l  "'«t  '^V  carefully     ' 
1  H  hnr  i,  ■  "'V      -y  ''PPcaranceand  loss  of  epithelium 
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from  the  bark  of  Eri/throji/tla'i/m  OiiineenHe.  This  alkii- 
loid,  like  a  number  of  otliers,  has  very  strong  anaesthetic 
properties,  even  stronger  than  cocaine.  The  irritation 
preceding  the  ana3Sthesia  is  much  more  marked  and  of 
longer  duration  than  in  the  case  of  cocaine,  and  corre- 
spondingly the  inroad  ujion  the  vitalit}'  of  epithelium 
and  corneal  tissue  is  a  more  vehement  one.  Two  drops 
of  aone-eighth-per-cent.  solution  instil  led  into  the  writer's 
eye  (Koller,  Wiener  inedicinische  Wdc/uiisfhrift,  1888,  No. 
6,  and  Chicago  Medical  Journal  and  Examiner,  April  of 
the  same  year)  proved  to  be  sufficient  to  set  up  an  irrita- 
tion of  thirty-flve  to  forty  minutes'  duration,  and  to  jiro- 
duce  a  distinctly  visible  opacity  of  the  cornea  which  took 
two  days  to  disappear  entirelj^.  (This  propert3',  together 
with  the  highly  poisonous  action  of  the  drug,  has  pre- 
vented the  practical  use  of  it  recommended  tiy  Lewin.*) 
The  initial  irritation,  the  ensuing  anrestliesia,  and  tlie 
simultaneous  clouding  of  tlie  epithelium  are  all  pro- 
portionate in  the  action  of  the  two  drugs,  and  strongly 
point  toward  an  intimate,  or  rather  a  causal,  connec- 
tion. 

Extensive  researches  on  the  action  of  cocaine  upon  the 
vital  manifestations  of  various  kinds  of  cell  elements  and 
low  animals,  instituted  by  Albertoui  (Pietro  xVlbertoni, 
"Azione  della  cocaina  svilla  contractilita  del  Protoplas- 
ma,"  xinn.  d.  Chim.,  1890,  p.  305),  have  shown  that  co- 
caine is  a  protoplasma  poison.  According  to  its  concen- 
tration and  the  duration  of  its  action,  it  stimulates  or 
paralyzes  the  protoplasma  in  its  vital  functions.  For 
instance,  a0.2.5-per-cent.  solution  appUed  to  the  palate  of 
a  frog  stimulates  the  activity  of  the  ciliated  epithelium, 
so  that  particles  of  coal-dust  are  moved  along  with  four 
times  the  ordinary  velocity,  while  two-per-cent.  solutions 
slacken  the  velocit}'  to  the  fourth  or  sixth  part  of  the 
normal.  Grubs  of  butterflies  and  amoebna  in  a  physio- 
logical solution  of  NaCl  stop  their  movements  upon  the 
addition  of  one-half  to  two  per-cent.  cocaine,  and  so  do 
the  large  white  blood  cells  of  astacus.  Spermatozoids 
and  otlier  ciliated  cells  stop  their  movements  in  strong 
solutions  of  cocaine  or  when  subjected  to  the  protracted 
action  of  weaker  ones.  The  mucous  glands  in  the  mem- 
brana  niotitans  of  frogs  lose  their  ability  to  respond  to 
electrical  stimulation.  The  effects  of  the  electrical  cur- 
rent observed  in  pieces  of  muscle  and  nerve  soon  disap- 
pear under  the  influence  of  cocaine.  So  the  experiments 
of  Albertoni  have  established  beyond  a  doubt  the  view, 
which  was  the  most  reasonable  and  probaljle  one,  that 
the  local  anaesthesia  is  the  effect  of  a  paralyzing  influence 
upon  the  ends  of  the  sensitive  nerves.  A  pathological 
supplement  to  this  theory  is  the  fact  that  nerve  fibres  in 
flve-per-cent.  solution  of  cocaine  look  less  bright  than 
they  do  in  0.6  per  cent,  sodium  chloride  solution  (Alms, 
"Wirkungdes  Cocain  auf  die  peripheren  Nerven,"  Du 
Bois  Reymond's  Archivftir  Physiologie,  1886).  A  pecul- 
iarly characteristic  and  deleterious  effect  is  exercised  by 
cocaine  upon  the  cells  of  the  liver.  The  livers  of  mice, 
which  Ehrlich  ("Studien  in  der  Cocainreihe,"  Deutsche 
rned.  Wochemchr.,  No.  32,  p.  717)  had  fed  with  cocaine 
(0.01  to  0.02  to  the  "cake,"  Prince  Albert  cracker),  and 
which  had  perished  within  a  few  days  under  this  diet, 
showed  considerable  increase  in  volume,  and  their  macro- 
scopic appearance  reminded  one  of  the  stuffed-goose  liver. 
The  microscopical  examination  showed  vacuolar  degen- 
eration of  the  cells;  the  latter  were  enlarged,  containing 
many  vacuoles,  and  very  small  remains  of  protoplasma 
about  the  nucleus.  No  glycogen  was  to  be  found  in  the 
cells,  nor  in  fact  in  the  whole  liver.  The  hepatic  con- 
nective tissue  showed  fatty  degeneration  and  "  Coagula- 
tionsnekrose  " ;  the  stellated  cells  and  the  endothelia  of 
the  blood-vessels  also  showed  fatty  degeneration. 

Action  upon  Nehve  Tissue.— The  action  of  cocaine 
upon  nerve  tissue,  therefore,  cannot  be  considered  as 
being  of  a  specific  kind,  but  is  rather  identical  with  the 
eeneral  action  of  this  drug  upon  protoplasma,  the  only 
difference  being  that  the  nerve  tissue  responds  more 
readily  and  mo're  effectively  to  outside  influences.     In 
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accordance  witli  tliis  view  one  would  expect  that  all 
nerve  tissue  would  Ije  similarlj'  affected  Ijy  it-  altliough 
the  action  upon  the  ends  of  tlie  sensitive  nerves  is  most 
marked  and  constitutes  the  most  striking  properly  of 
cocaine  and  its  main  claim  as  a  valuable  therapeutic 
agent. 

In  order  to  test  the  action  of  cocaine  on  other  than 
peri])lieral  sensory  nerves,  the  writer  devised  a  series  of 
exjicriments,  witli  the  purpo.se  of  deciding  the  question 
whether  the  terminal  ajiparatusof  the  higher  senses  could 
also  be  paralyzed  by  cocaine.  The  fiekl  of  exiieriment 
selected  was  the  retina.  In  two  cases  in  which  an  enu- 
cleation of  tJie  eyeball  had  to  be  performed,  perception 
and  projection  of  light  being  still  present,  cocaine  was 
injected  into  the  orliits  by  means  of  a  hypodermic 
syringe,  as  near  to  the  eyeball  as  possible.  In  one  of 
these  cases  it  was  apparent  that  the  perception  of  light 
was  affected  in  that  part  of  the  field  of  vision  which  cor- 
responded to  the  place  of  injection.  Continued  injection 
in  other  places  around  the  eyeball  blinded  other  corre- 
sponding parts  of  tlie  field,  until  after  some  time  nearly 
all  perception  of  light  was  lost.  The  other  case  did  not 
give  any  satisfactory  result,  on  account  of  which  these 
experiments  were  not  published.  (The  experiments 
were  made  in  Professor  Snellen's  Eye  Clinic,  in  Utrecht, 
in  1887.)  Experiments  on  dogs,  undertaken  in  common 
with  Dr.  II.  Zwaardemaker,  in  Utrecht,  failed,  on  ac- 
count of  the  toxic  effect  of  the  doses  necessary.  Later  on, 
Dr.  H.  Zwaardemaker  ("Cocain-Anosmie,"  Fr/rtschriite 
der  Mediein.,  1  Juli,  1889")  tested  the  action  of  cocaine 
on  tlie  sense  of  smell,  and  by  means  of  the  olfactometer, 
examined  the  way  in  which  the  smell  was  affected  when 
cocaine  powder  of  five,  ten,  and  twenty  per  cent,  was 
blown  up  the  nose.  He  found  that  if  sufflcienlly  ab- 
sorbed by  the  mucous  membrane  of  the  upper  parts  of 
the  nose  it  produces  anosmia,  preceded  by  hypera.'sthesia 
of  smell.  The  various  qualities  of  smell  were  equally 
affected. 

Tumass  ("  Uber  die  Wirkung  des  salzsauern  Cocains 
auf  die  psychomotorischen  Centren,"  A7-ch.  f.  e.rper. 
Path.  u.  Pharmakol.,  1886-87,  xxii.,  107-126)  has  shown 
that  cocaine  has  the  same  paralyzing  influence  upon  the 
gray  matter  of  the  cerebral  cortex.  He  experimented  on 
dogs,  applying  from  0.05-per-cent.  to  4-per-cent.  solu- 
tions to  the  psychomotor  centres  of  the  cortex,  which  had 
been  laid  bare  by  trephining.  The  result  was  that,  after 
the  application  of  cocaine,  stronger  currents  were  neces- 
sary to  produce  just  noticeable  contraction  of  the  corre- 
sponding muscles.  The  reduction  of  irritability  lasted 
fifteen  minutes,  whereupon  it  slowly  increased,  but  did 
not  reach  the  normal  within  forty-five  minutes.  The 
trunks  of  thick  sensory  nerves  were  affected  in  the  same 
way  when  moistened  with  a  solution  of  cocaine ;  they 
could  be  cut  without  the  slightest  manifestation  of  pain. 
Other  observers  obtained  the  same  results.  The  experi- 
ments of  Goldseheider  ("Wirkung  des  Cocain,  etc.,  auf 
die  Sinnesnervender  Haut.,"  Wochenschr.  f.  prakt.  Der- 
matologie,  1886,  2),  Kochs  ("AVirkung  des  Cocain  auf 
Freipraeparirte  Nerven,"  Centralblattf.  liin.  Med.,  1886, 
No.  33),  and  Alms  ("Wirkung  des  Cocain  auf  die  peri- 
pheren Nerven,"  Du  Bois  Reymond's  Arch.  f.  Physiologic, 
1886),  show  that  the  application  of  cocaine  to  the  trunk 
of  a  sensory  nerve  produces  peripheral  anaesthesia,  so 
that  the  cocainized  part  of  the  nerve  seems  to  constitute 
an  impediment  for  conduction.  The  same  experience 
can  frequently  be  made  when  cocaine  is  applied  sub- 
cutaneously  for  surgical  purposes,  and  the  place  of  ap- 
plication is  near  a  sensory  nerve  trunk.  The  action  of 
cocaine  upon  motor  nerve  trunks  is  essentially  the  same, 
although  the  conditions  are  here  so  complicated  as  to 
make  that  fact  less  evident  than  in  the  case  of  sensory 
nerves. 

If  a  cocaine  solution  is  applied  to  the  trunk  of  a  mixed 
nerve  of  a  frog,  the  limb  controlled  by  that  nerve  seems 
paralyzed  in  both  its  sensory  and  its  motor  functions ;  but 
upon  further  examination  it  is  found  that  the  motor  pa- 
ralysis is  only  a  consequence  of  the  muscular  and  cutane- 
ous anaesthesia  (Vulplan,  Comptes  rendus,  xcix. ,  p.  887, 
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and  Alms,  lor.  fit.),  for  reflex  action  can  be  produceil  by 
irritation  of  otlier  points  of  the  body  in  tlie  apparently 
paralyzed  muscles.  Nevertheless,  irritation  above  the 
cocainized  point  (experiments  made  by  Alms  on  rabbits) 
discloses  a  marked  decrease  in  irritalsility,  so  that  cocaine 
acts  on  motor  in  the  same  way  as  on  sensory  nerves;  that 
is  to  say,  it  impedes  the  conduction  of  a  stimulus.  The 
paralyzing  action  on  the  terminal  apparatus  of  the  motor 
nerves  has  been  demonstrated  by  xUms.  If  cocaine  is 
injected  into  the  arteria  iliaca  communis  of  one  side  in  a 
frog,  precautions  being  taken  at  the  same  time  to  prevent 
the  cocaine  from  passing  into  the  general  circulation,  the 
muscles  of  the  leg  of  that  side  become  complete!}'  par- 
alyzed ;  faradic  stimulation  of  the  sciatic  does  not  cause 
contraction,  while  the  muscles  retain  their  direct  irrita- 
bility. Cocaine  applied  in  this  way  has  exactly  the  .same 
effect  as  curare  has  when  introduced  into  the  blood  cir- 
culation. 

The  Action  of  Cocaine  tpon  the  Ohganis.m  depends 
of  course  upon  this  nerve-stimulating  and  paralj'zing 
property. 

The  Central  Keri-ous  System  of  all  animals  is  paralyzed 
by  cocaine  in  sutficieut  doses  after  a  period  of  excitation, 
wliich  latter  in  warm-blooded  animals  is  characterized 
by  general  convulsions,  while  in  cold-blooded  animals 
they  are  absent.  The  convulsions  are  of  a  general  char- 
acter and  of  the  tvpe  of  tetanus  and  opisthotonus;  thej- 
are  certainlj'  of  central  origin  (not  reflex  convulsions,  as 
they  occur  at  a  time  when  the  animals  no  longer  react 
under  the  strongest  stimulants)  and  their  seatT  is  most 
likely  the  meduda  oblongata  (Anrep,  Tumass).  The 
animals  die  most  frecjuently  during  these  convulsions  bj- 
suffocation  due  to  tetanus  of  the  respirator}'  muscles — 
incidentall_y  as  it  were ;  for,  if  they  survive  "the  convul- 
sions, finall_v  paralysis  of  the  entire  nervous  system  sets 
in,  sensibility  is  lost,  reflexes  disappear,  respiration 
ceases,  the  heart  stops  beating.  After  very  large  doses 
of  cocaine  this  paralysis  is  developed  directly  without 
the  intervention  of  convulsions.  [According  to"  the  state- 
ments of  Mosso  {Arch.f.  experim.  Patholor/iev.  Plwrma- 
kologie,  xxiii.,  3,  4,  1887),  0.00.5  gm.  per  kilogram  will 
sometimes  produce  general  symptoms  of  poisoning,  while 
he  puts  the  fatal  dose  at  0.03  gm.  per  kilogram.  The 
fatal  dose  for  men  is  about  half  that  amount.]  Small 
doses,  0.03-0.05-0.1  gm.,  produce  a  decided  enhancement 
of  the  psychical  functions,  euphoria,  and  increased  capac- 
ity for  mental  and  physical  work,  as  shown  by  the  ex- 
periments of  Freud  ("  Beitrag  zur  Kenntniss  der"Cocawir- 
kung,"  Wiener  med.  Wochen>ichr..lfi>io.^o.  .5)  and  many 
other  observers,  with  whom  the  writer,  from  his  own  ob- 
servations, fully  agrees.  This  effect  is  most  likely  due 
to  stimulation  of  the  gray  cortical  matter.  The  powerful 
effect  which  large  (but  not  toxic)  doses  have  in  altering 
the  psychical  functions  (hallucinations,  deliria,  irresisti- 
ble impulse  to  move)  is  too  well  known,  from  Anrep 's 
dramatic  description  of  his  experiments  on  dogs,  to  be 
repeated.  It  will  be  partly  descrilx-d  under  the  heading. 
Accidental  Poisoning.  The  exciting  effect  of  large  do.ses 
is  not  confined  to  the  cortex.  It  includes  the  sreat 
.subcortical  ganglia,  the  cerebellum,  the  medulla  oblon- 
gata, and  the  spinal  cord,  as  is  evident  from  the  forced 
movements,  the  vertigo,  the  convulsions,  and  the  circu- 
latory and  resi)iratory  phenomena. 

Ei/f.—'Xhc  aeti(jn  of  cocaine,  when  introduced  into  the 
general  circulation,  upon  this  organ  is  very  .similar  to  its 
action  when  apiilied  locally;  the  pupil  is  dilated,  the 
eyeball  protrudes,  the  eye  is  opened  wider,— symptoms 
due  to  irritation  of  the  sympathetic  nerve.  "We  must 
ook  for  the  seat  of  its  action  upon  the  sympathetic  nerve 
(wlien  the  drug  is  introduced  into  the  general  circulation) 
in  the  nuclei  of  the  sympathetic  in  the  cord  and  medulla 
tor  It  the  sympathetic  is  severed  in  dogs  after  0  1  gm' 
cocaine  lias  been  injected  into  the  vena  saphena  the  above 
symptoms  do  not  iijjpear  on  the  corresiiondim;  side  (G  N 
Durduh,  "Zur  pli>siologischen  Wirkung  des  Cocain  " 
Dnitmhe  meil.  Wnriieaxehr.,  1887,  xiii  173-174)  Tl'ie 
dilatation  of  the  pupil  after  general,  just  as  after  local 
application,  must  be  ascribed^  to  the  contraction  of  the 
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iris  arteries,  as  there  does  not  exist  another  dilater  of  the 
pupil  in  the  human  eye. 

UespirdUiiii. — C'ocaine  always  accelerates  the  respira- 
tion by  stimulating  the  respiratory  centrum.  Large 
doses  "produce  very  frequent  dyspnceic  breathing,  in- 
creasing to  tetanus  of  the  respiratory  muscles.  Fatal 
doses  Anally  paralyze  respiration. 

(Jireuhition. — In  small  and  medium  doses  cocaine  in- 
creases the  frequency  of  the  heart  beat,  small  dases  ren- 
dering the  contraction  at  the  same  time  more  powerful 
(Mosso).  The  increased  frequency  is  most  likely  due  to 
stimulation  of  the  accelerating  nerves  of  the  heart  (Dur- 
dufi).  Large  doses  finally  paralyze  the  heart  (the  action 
is  different  in  frogs,  the  frequency  being  diminished  in- 
stead of  being  increased). 

Very  peculiar  and  characteristic  is  the  action  of  cocaine 
upon  the  blood-vessels.  Local  application  has  a  power- 
ful constringent  effect  upon  the  small  blood-vessels, 
making  the  tissue  affected  almost  anaemic,  as  we  can 
ob.serve  every  day  when  applying  cocaine  to  the  nose  or 
to  the  eye.  This  action  upon  the  blood-ves.sels  is  evi- 
dently due  to  a  stimulating  effect  of  cocaine  upon  the 
nerves  of  the  smf)Oth  muscular  fibres.  The  contraction 
resulting  is  of  long  duration  (several  hours)  and  is  fol- 
lowed by  a  relaxation.  [Again  here  we  find  a  difference 
in  frogs.  Local  application  of  even  weak  solutions 
(1  to  4,000)  to  the  frog's  tongue  produces  considerable 
dilatation  of  the  blood-vessels. J  Introduced  into  the  cir- 
culation, cocaine  has  the  same  constricting  action  upon 
the  blood-ves.sels,  and  this  evidently  because  it  acts  upon 
the  centres  of  the  nerves  of  blood-vessels,  as,  for  in.stance, 
is  shown  by  the  dilatation  of  the  pupil  (ant^mia  of  the 
iris)  not  appearing  if  the  sympathetic  nerve  has  been 
severed.  The  pressure  in  the  arteries  is  increased  b_v 
medium  doses  in  consequence  of  constriction  of  the  small 
blood-vessels.  Fatal  doses  lower  the  pressure  accord- 
ingly. 

The  secretion  of  urine  is  materially  increased  b}'  medium 
doses  (even  to  the  double  of  the  no"rmal)  just  o"n  account 
of  the  increa.se  of  pressure  in  the  arteries:  verv  larse 
doses  diminish  and  finally  stop  urine  secretion  (Biffnou: 
"Des  Proprietes  toxiques"  de  la  Cocaine,"  Bullet.  (Jen.  de 
Them  p.,  1880,  ii.). 

Intestines. — Peristaltic  movements  are  increased;  very 
large  doses  paralyze  the  intestines,  which  at  the  sanie 
time  become  very  hyperamic. 

Secretiem  of  seilirei  eind  perspiration  stops  after  local 
application,  and  also  when  the  drug  acts  bv  wav  of  the 
circulation,  most  likely  on  account'"  of  the  "para"lvsis  of 
the  .secreting  epithelium,  and  constriction  of  the 'blood- 
vessels. 

Pr.vctical  Use.— &/<  Sinr/eri/. —Cocaine  is  used  for  a 
threefold  purpose:  As  an  auodvue  in  painful  affections: 
as  a  local  ana'Sthetic  in  eve  operations ;  as  a  dilater  of  the 
pupil. 

Owing  to  the  short  duration  of  the  cocaine  anesthesia 
(about  fifteen  to  twenty  minutes),  its  use  as  an  anodvne 
IS  a  limited  one.     Naturally  it  would  be  most  useful  in 
pains  causeil   by   suix'rficial   erosions  or   ulcers   of   the 
cornea.     The  weakening  effect  upon  the  vitalitv  of  cells 
(as  shown  in  the  paragraphs  devoted  to  the  consideration 
of  Its  action  on  cell  elements)  does  not  make  a  frequently 
repeated  and  prolonged  action  desirable.     It   is   found 
very  useful  m  the  examination  of  an  eve   where  pf 
plK.topliobia.  and  lachryniation  would  otherwise  ren 
sueli  an  examination  almost  impossible,  as  in  conjunc- 
ival  or  coriiral    tr.mbles,   cases  of  superficiallv  s'eated 
foreign   bodirs,    scalding   by   chemicals,    etc.     In  pains 
winch  might  i.ossibly  1,1-  of  glaucomatous  origin  the  use 
o    cocaine  should  be  carefully  avoided,  as  it  lias  repeat- 
cdl>  been  tound  to  hasten   the  development  of  a  glau- 
comatous attack  previously  threatened  (.Taval).     Siipra- 
c'  „!,h!'r7'     f  >H'"nilgia  can  frequeiitlv  be  successfully 
ombatcd  by  hyiiodermic  injection.     Tlie  use  of  cocaine 
n,     '  •^■'  /\"'^'«t'";tif  "1  ^'.ve  operations  is  a  verv  extended 
1     1        '/"  '''''",7''  *]'^'  ^'■nplo.^■"H•nt  of  general  ana?s- 
,^=  ,  ■•     1    ■'■  "•  "^'''I'l'-of"""  to  a  minimum.     The  objec- 
tions laised  against  it  in  the  beginning,  of  producing 
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sometimes  opacities  of  tlie  cornea  after  cataract  opera- 
tions, have  been  silenced  by  its  more  judicious  applica- 
tion, by  prevention  of  evaporation,  and  by  avoidance  of 
the  too  free  use  of  sublimate  or  other  coagulating  anti- 
septics. Another  objection  raised  by  several  vs'riters, 
that  the  cocaine  anaesthesia  renders  the  eye  so  liypotonic 
that  the  expression  in  operation  for  cataract  becomes 
difficult,  has  not  been  heard  of  in  the  more  recent  litera- 
ture. On  the  contrary,  many  operators  who  follow  the 
trend  of  the  time  by  practising  cataract  extraction  without 
iridectomy  consider  the  revival  of  this  more  perfect 
method  as  partly  due  to  the  cocaine  anoesthesia,  the  latter 
being  instrumental  in  preventing  prolapse  of  the  iris. 
While  operations  on  the  conjunctiva  and  on  the  cornea 
can  always  be  made  perfectly  painless  by  instillation  of 
cocaine  solutions,  such  operations  in  which  the  iris  is 
touched  or  cut,  as  iridectomies  and  operations  for  cata- 
ract, cannot  always  be  rendered  perfectly  painless  by  in- 
stillation, owing  to  the  difficulty  of  making  the  iris  sufli- 
ciently  anaesthetic.  In  a  number  of  cases  one  does 
succeed  in  this;  in  another  number  one  does  not. 

For  making  the  iris  antesthetic  through  instillation  into 
the  conjunctival  sac  it  is  necessary  to  begin  from  twentj' 
to  thirty  minutes  before  the  operation,  and  continue  in- 
stilling every  five  minutes.  During  this  time  the  eye 
must  be  closed  to  prevent  evaporation.  To  render  the  iris 
anaesthetic  with  certaint)^,  the  cocaine  must  be  instilled 
into  the  anterior  chamber  after  the  corneal  section — a  pro- 
ceeding which  several  surgeons  adopted  in  the  beginning, 
but  which  was  soon  abandoned  because  it  proved  to  be  in- 
expedient. Far  superior  and  absolutely  sure  in  its  results 
is  the  method  of  subconjunctival  injections  which  the 
writer  adopted  for  operations  on  the  tendons  and  muscles 
as  far  back  as  1885.  Since  about  1890  he  has  used  the 
subconjunctival  injections  very  successfully  in  cataract 
operations,  iridotomies,  and  iridectomies,  following  a  sug- 
gestion made  to  him  by  Professor  Snellen,  of  Utrecht,  in 
a  private  communication  (see  also  Snellen,  "  Sur  I'opera- 
tion  de  la  cataracte, "  Annales  d' Oculistique,  Janvier, 
1892).  After  an  experience  extending  over  more  than 
ten  years  the  writer  recommends  the  following  proced- 
ure; After  repeated  instillation,  to  make  the  conjunctiva 
and  cornea  anfesthetic,  a  speculum  is  inserted,  and  b_y 
means  of  a  mouse-toothed  forceps  a  fold  of  the  conjunc- 
tiva is  seized.  If  the  case  is  one  of  operation  on  tendons 
or  muscles,  the  needle  of  a  sterilized  hypodermic  syringe 
must  be  inserted  as  deeply  as  possible  into  Tenon's  cap- 
sule, at  the  point  of  the  intended  operation,  and  a  few 
drops  of  a  five-per-cent.  .solution  are  injected.  Then  the 
eye  is  closed  again  after  removal  of  the  speculum  and 
the  artificial  cedema  of  the  conjunctiva  is  given  time  to 
disappear,  which  it  does  in  five  to  ten  minutes.  Tenot- 
omy can  be  performed  absolutely  free  of  pain.  Ad- 
vancement, however,  is  not  free  of  pain ;  it  is  occasioned 
by  the  pulling  on  the  central  part  of  the  muscle,  which 
cannot  well  be  reached  by  the  antiestlietic. 
:  If  the  case  is  one  of  iridectomy  or  extraction  of  cataract, 
the  site  of  incision  must  not  be  chosen  for  injection,  as 
the  cedematous  conjunctiva  would  be  in  the  way  of  the 
knife.  It  is  advisable  to  make  three  injections,  one  be- 
low the  cornea  and  one  on  each  side  slightly  below  the 
horizontal  meridian.  At  each  point  of  injection  two 
drops  of  five-per-cent.  solution  are  injected  under  the 
conjunctiva,  care  being  taken  that  the  needle  does  not 
go  into  the  subconjunctival  layers,  which  would  produce 
more  swelling  than  desirable.  After  five  minutes  the  iris 
lis  thoroughly  anaesthetic  and  operations  can  be  performed 
without  the  unpleasant  and  dangerous  surprises  and  dis- 
disappointments  that  frequently  attend  an  operation 
which  the  patient  had  expected  to  be  painless.  In  cases 
of  glaucoma — acute  and  chronic — it  is  well  to  use  a  flve- 
per-cent.  solution  of  cocaine  which  contains  at  the  same 
time  two  per  cent,  pilocarpine.  The  writer  has  practised 
this  method  of  local  anaesthesia  for  over  ten  years  and 
has  never  met  with  any  bad  effects  which  could  be  at- 
tributed to  the  injection.  His  results  are  as  good  as  those 
of  other  operators. 
The  pupil-dilating  property  of  cocaine  is  of  great  value 


in  ophthalmoscopy.  While  the  dilatation  is  sufficient  in 
the  dark  chamber  to  allow  a  satisfactory  examination,  it 
does  not  have  the  blinding  effect  of  belladonna,  the  pupil 
all  the  time  responding  to  light.  This  is  due  to  the  fact 
that  cocaine  dilates  the  pupil  by  constricting  the  blood- 
vessels of  the  iris,  but  leaves  the  sphincter  intact.  Be- 
sides, the  accommodation  ishaixUy  interfered  with.  The 
pupil  dilating  power  of  cocaine,  if  combined  with  that 
of  atropine,  is  invaluable  in  ca.ses  of  iritis.  The  mydri- 
atic effect  of  this  combination  is  stronger  than  that  of 
any  other  drug  or  any  combination  of  drugs;  it  counter- 
acts both  forces  that  contract  the  pupil — the  sphincter 
and  the  blood-vessels.  (Hyperasmia  of  the  iris  tends  to 
contract  the  jiupil  by  stretching  the  tortuous  course  of 
the  iris  arteries,  while  the  blood-vessels,  when  empty, 
return  to  their  tortuous  course  and  so  dilate  the  pupil.) 

The  anaemia  of  the  blood-vessels  is  a  strong  check  to 
the  inflammation,  the  pain  ceasing  mostly  after  a  few 
instillations,  and  the  duration  of  treatment  being  greatly 
shortened.  The  writer  uses  a  mixture  of  ecpiai  parts  of 
a  one-percent,  solution  of  sulphate  of  atropine  and  a 
five-per-cent.  solution  of  hydrochlorate  of  cocaine;  at 
first  he  instils  every  ten  minutes  until  the  pupil  is  dilated 
(three  to  four  instillations  necessary),  then  only  three 
times  a  day.  The  combination  of  the  two  drugs'  is  also 
efficient  in  cases  of  cyclitis. 

RMnolfXjy  and  Laryngology. — In  the  examination  and 
treatment  of  the  nasal  cavities  cocaine  has  an  extensive 
field  of  usefulness.  By  its  power  of  constricting  the 
blood-vessels  the  mucous  membrane  recedes  and  inspec- 
tion of  the  posterior  parts  is  facilitated ;  in  chronic  catarrh 
with  hypertrophjr  a  proper  inspection  without  its  help 
would  be  impossible.  Medicated  applications  and  the 
actual  cautery  or  caustics  can  be  employed  painles.sly. 
In  reflex  neuroses  starting  from  the  nose  "the  exact  local- 
ity of  the  trouble  can  be  detected,  inasmuch  as  by  ap- 
plication of  cocaine  to  the  starting-point  the  patient  is 
temporarily  relieved  (asthma,  mimic  spasm,  etc.).  In 
hay  fever  it  affords  relief  but  has  no  curative  power. 
Posterior  rhinoscopy  is  facilitated  by  checking  the  reflex 
action  of  the  soft  palate  and  the  tedious  practising  of  the 
patient  is  done  away  with.  The  solutions  are  applied 
either  as  a  spray  by  means  of  an  atomizer  or  with  a  cot- 
ton wad  on  the  point  of  a  probe.  For  spraying,  only 
weak  solutions  (two  per  cent.)  should  be  used,  in  gradu- 
ated bottles,  so  that  the  ciuantity  used  is  known,  to  avoid 
the  possibilitjr  of  poisoning.  Weak  solutions  applied 
repeatedly  at  intervals  of  five  minutes  will  accomplish 
the  same  result  as  strong  ones;  the  first  application  con- 
stricts the  blood-vessels  and  the  following  ones  act  more 
strongly  on  the  anaemic  membrane,  while  at  the  same 
time  a  too  rapid  absorption,  with'  its  poisonous  effects, 
is  prevented.  For  application  with  brush  or  cotton 
stronger  solutions  (five,  ten,  or  fifteen  per  cent.)  ma}'  be 
used.  Nasal  surgery  has  been  greatl}'  promoted  b}'  the 
use  of  cocaine.  Operations  on  the  septum  and  the  tur- 
binated bones  can  frequently  be  performed  painlessly, 
although  not  always  so.  Laryngological  examinations 
and  operations  are  made  easier  by  stopping  reflex  action  of 
pharynx  and  larynx ;  the  practising  of  the  patient  is 
done  away  with.  For  making  the  vocal  cords  anaesthetic 
very  strong  solutions  (twentj^  per  cent.)  are  required; 
they  are  applied  with  brush  or  cotton. 

Otology. — Comparativeljr  little  advantage  has  been 
brought  to  otology  b}'  the  use  of  cocaine.  The  drum- 
head (covered  with  epidermis)  can  hardly  be  rendered  com- 
pletely anaesthetic,  but  the  sensibilitj^  can  be  lessened  by 
repeated  application  of  a  warmed  fifteen-  to  twenty-per- 
cent, solution  (Hcdinger).  In  operations  in  the  tympanic 
cavity  more  can  be  expected  from  the  anaesthetic  ef- 
fects of  the  drug,  although  only  if  the  operation  is  limited 
to  the  mucous  membrane  (Kretschmann;  "Communica- 
tion about  the  results  experienced  in  Schwartze's  Clinic," 
Arch.f.  Ohrenheilh.,  xxiii.,  4,  1886).  Catheterization  of 
the  Eustachian  tube  is  facilitated  and  made  painless ;  the 
air  penetrates  in  broader  current  into  the  t3'mpanic  cav- 
ity. Hcdinger  (Wiiriemberg.  Corr.-BIaft..  Ivii.,  7,  1887) 
relates  favorable  results  in  cases  of  inflammation  of  the 
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middle  ear.  A  few  drops  of  a  two-  to  four-per-cent. 
solution  blown  into  the  Eustachian  tube  by  means  ot  a 
catheter  were  in  most  cases  sufficient  to  stop  the  pam  tor 
several  hours.  Kiesselbach  (MonaUschrift  f.  Ohrmlml- 
kunde.  xxiii.,  9,  1889)  had  good  success  from  msufflation 
of  a  few  drops  of  a  four-per-cent.  solution  into  tie 
Eustachian  tube  in  cases  of  subjective  ear  noises,  uie 
insufflations  were  made  at  intervals  of  from  three  t^o  live 
days  the  strength  of  the  solution  being  increased  to  ten 
per  cent.  The  most  various  noises  disappeared  entirely ; 
most  cases  improved. 

General  Surgery.— T\ie  use  of  cocaine  m  general  surgery 
is  very  extended,  and  in  minor  operations  has  displaced 
general  anesthetics  and  other  methods  of  local  ana!Sthesia_ 
It  is  injected  under  the  skin  or  into  the  deeper  layers  of 
the  skin  at  the  site  of  the  operation  by  means  of  the 
hypodermic  syringe.  Careful  distribution  over  the  field 
of  operation  "  is  necessary  for  full  effect.  Corning  s 
method  of  -'incarceration  "  is  an  important  improvement 
on  the  simple  injection  (.J.  Leonard  Corning:  "On  the 
Prolongation  of  the  Anesthetic  Effects  of  the  Hydro- 
chlorate  of  Cocaine  when  Subcutaneously  Injected— an 
Experimental  Study,"  New  York  J/e(/ica?  JoMrr/rti,  Sep- 
tember 19th,  1885,  and  "Local  Anesthesia  in  General 
Medicine  and  Surgery,"  in  book  form,  Appleton  &  Co., 
1886).  A  short  time  is  given  to  the  circulation  to  dis- 
tribute the  drug  over  the  field  of  operation,  then  exsan- 
guination  of  the  limb  and  apphcation  of  a  tourniquet 
(especiallv  devised  apparatus  on  other  parts)  keep  the 
solution  "in.  place.  By  this  way  of  proceeding,  the 
anesthetic  eliect  can  be  prolonged  indefinitely,  while 
absorption  into  the  general  circulation  and  poisonous 
effects  are  prevented. 

At  present  extirpation  of  small  tumors,  extraction  of 
foreign  bodies,  amputations  of  fingers  and  toes,  operation 
for  phimosis,  operations  for  ingrown  nail,  incision  of  ab- 
scesses and  furuncles,  are  performed  under  cocaine  anes- 
thesia. Pernice  (Deutsche  mecl.  Wochenschrift,  1890,  14) 
reports  more  than  a  thousand  cases  operated  in  the  Poly- 
clinic at  Halle,  where  one-per-cent.  solutions  were  used, 
which  were  always  found  sufficient.  Not  more  than 
0.01-0.03  gm.  was  injected,  and  thus  accidents  could  with 
certainty  be  avoided. 

In  genito-urinary  surgery  cocaine  is  extensively  used, 
not  only  for  external  and  internal  urethrotomy,  but  also 
for  operations  in  the  bladder  (litholapaxy).  As  the  un- 
broken epithelium  of  the  bladder  has  hardly  any  power 
of  absorbing,  enormous  quantities  have  sometimes  been 
used  (1.00-5.00  gm. ! !).  However,  genito-urinary  surgery 
is  especially  rich  in  accidental  poisoning,  the  assumption 
of  an  unabraded  epithelium  not  always  being  correct. 

Dentistry. — To  make  extraction  of  teeth  painless  it  is 
not  sufficient  to  brush  the  solution  on  the  gums,  as  this 
does  not  make  the  alveolus  anesthetic.  Even  injection 
between  gum  and  alveolus  in  one  place  onlj'  will  fre- 
quently fail.  All  those  who  report  successful  anesthesia 
(George  Viau:  "De  I'Anesthesie  buccale,"  Paris,  1886; 
Bleichsteiner.  Congress  of  Dentistry,  Paris)  concur  in  the 
recommendation  to  inject  the  solution  under  the  gum  in 
several  places  on  the  inside  and  outside  of  the  alveolus. 
A  five-per-cent.  solution  is  sufficient,  and  not  more  than 
0.05  gm.  cocaine  should  be  used.  Even  then  one  must 
expect  to  encounter  a  larger  number  of  cases  in  which 
constitutional  symptoms  occur  than  are  observed  in  other 
branches  of  surgery.  Schlenker  ("Ueber  Cocain  als 
locales  Anaestheticum,"  l\igeblatt  d.er  &\.  Vers,  deutscher 
Nativrf.  und  Aerzie,  Coin,  1889)  had  three  per  cent,  of 
graver  and  five  per  cent,  of  minor  cases  of  poisoning. 
Bleichsteiner  had  collapse  in  five  to  six  per  cent,  of  his 
cases. 

Gynaecology. — Apart  from  the  use  in  minor  operations 
on  the  vulva,  vagina,  and  the  cervix,  cocaine  is  especially 
valuable  in  the  treatment  of  vomiting  in  pregnancy, 
vaginismus,  and  sore  nipples.  In  cases  of  vomiting  "in 
pregnancy  it  has  been  found  successful  where  all  other 
medication  failed,  whether  administered  by  the  stoniaeh, 
hypodermically,  or  by  application  to  the  os  or  cervical 
canal  (Weiss:  Prager  med.  W,'chensckr.,   1884,    No.  51— 
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0  004  gm  internally  every  half-hour;  Phillips;  London 
Lancet  November  26th,  1887).  It  is  scarcely  used  any 
more  at  present  in  obstetrics;  in  the  first  enthusiasm  it 
was  recommended  to  alleviate  pain  in  labor. 

Dernmtology. —Coc-dine  does  not  have  any  effect  if  ap- 
plied to  the  unbroken  epithelium.  If  the  latter  is  macer- 
ated or  wanting,  solutions  or  ointments  can  be  used  to 
combat  itching  as  in  vesicular  eczema,  especially  in  the 
itchino-  eczema  of  the  genitals,  in  painful  ulcers,  and 
after  cauterizing.  In  different  operations  on  the  skin, 
and  before  cauterizing,  the  application  is  the  same  as 
described  under  the  heading  of  General  Surgery.  Touton 
reports  painless  treatment  by  electrolysis  of  warts  or 
moles,  if  a  few  drops  of  a  five-per-cent.  solution  are  in- 
jected under  the  little  tumor  (which  fact  the  writer  can 
confirm).  It  is  of  theoretical  interest  that  cocaine,  like 
other  sul)Stances,  can  be  driven  into  the  skin  by  the  elec- 
trical current  if  applied  to  the  positive  pole— cataphoretic 
action  of  the  galvanic  current  (Wagner;  "Ueber  eine 
neue  Methode  Haut-Anaesthesie  durch  Cocain  zu  erzeu- 
gen,"  Zeit.ichr.  fur  Therajne,  1886,  No.  6).  The  anes- 
thesia thus  engendered  may  be  used  for  superficial  opera- 
tions. 

In  general  medicine  much  has  been  expected  from  the 
stimulating  powers  of  cocaine  upon  the  physical  func- 
tions. However,  it  does  not  seem  to  be  extensively  used 
for  this  purpose,  perhaps  from  exaggerated  fear  of  the 
cocaine  habit.  From  the  experiments  of  Freud,  Ham- 
mond, and  others  it  is  apparent  that  it  has  a  decidedly 
stimulating  power  upon  the  psychical  faculties,  and 
some  writers  report  very  good  results  in  neurasthenic  pa- 
tients and  in  melancholic  depression  (0.02-0.3  gm.  inter- 
nally several  times  a  day).  According  to  these  observers 
(Freud:  "Bemerkungen  liber  Cocainsucht  und  Cocain- 
furcht,"  Wiener  med.  Wochenachrift ,  xxxvii..  No.  28, 
1887)  the  cocaine  habit  is  not  to  be  feared,  as  persons, 
unless  they  are  addicted  to  the  opium  habit,  can  discon- 
tinue the  use  of  cocaine  without  an_y  symptoms  there- 
from. Preparations  of  coca  in  the  form  of  coca  wine  are 
extensively  advertised  and  used  as  a  nerve  stimulant. 

In  whooping-cough  applications  of  two-  to  five-per- 
cent, solutions  to  the  tonsils,  pharynx,  and  epiglottis 
have  been  used  with  good  result  (Schuirer,  Arch,  fur 
Kinderheilkunde).  Various  neuralgias  and  the  shooting 
pains  in  locomotor  ataxia  are  a  field  for  the  subcutaneous 
application  of  cocaine.  In  tabes,  0.02-0.03  gm.  twice  a 
day  is  reported  to  have  succeeded  in  cases  in  which  mor- 
phine did  not  have  the  desired  effect.  Cocaine  has  also 
been  recommended  in  seasickness;  however,  with  little 
success. 

Opium  Habit. — The  recommendation  (Freud;  Central- 
hlatt  fur  Therapie,  July,  1884)  to  use  cocaine  in  the 
cure  of  the  opium  habit  did  not  meet  with  general  ap- 
proval, on  account  of  the  danger  of  making  the  sub- 
jects of  the  opium  habit  victims  of  the  cocaine  habit  in 
addition.  As  Freud  ("Bemerkungen  liber  Cocainsucht 
und  Cocainfurcht,"  M'ien.  med.  '''W'och..  1887,  No.  28) 
believes,  cocaine  is  a  very  valuable  agent  to  combat  the 
craving  for  morphine  and  the  collapse  incidental  to  the 
disuse,  provided  the  physician  absolutely  controls  the  ad- 
ministration. Obersteiner  considers  the  use  of  cocaine 
admissible  if  no  morphine  at  all  is  given.  He  recom- 
mends to  administer  it  only  internally,  the  first  dose 
twenty-four  to  forty-eight  hours  after  the  last  dose  of 
morphine,  giving  about  0.05-0.1  gm.  several  times  a  day, 
and  not  more  than  0.5  gm.  per  day.  gradually  diminishing 
the  quantity  and  stopping  the  administration  on  the  fifth 
or  sixth  day. 

Accidental  Poisoning. — It  is  not  surprising  that  a  drug  ■ 
which  came  into  such  rapid  and  general  use  in  almost  all 
branches  of  medicine  and  surgery  should  have  given  rise 
to  many  and  even  fatal  accidents,  partly  due  to  lack  of 
acquaintance  with  the  drug,  and  partly'due  to  reckless- 
ness. The  history  of  cocaine  poisoning  has  already  de- 
veloped quite  a  literature.  Its  more  judicious  use  in 
recent  years  has  greatly  reduced  the  frequency  of  such 
accidents.  Cases  of  slight  poisoning,  which  are  the 
commoner  ones,  offer  the  following  objective  symptoms  : 
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Pallor,  cold  perspiration,  frequent  pulse,  dilated  pupils; 
subjectively  the  patients  complain  of  dryness  of  the 
throat  and  the  lips,  a  feeling  of  heaviness  iu  the  limbs, 
weakness,  or  even  vertigo.  This  condition  does  not  last 
long,  and  after  a  short  time  (one-half  to  one  hour)  conr- 
plete  well-being  sets  iu,  even  if  no  restoratives  are 
used.  In  another  class  of  more  serious  accidents  great 
mental  excitement,  with  talkativeness,  hallucinations, 
and  even  delirium,  may  be  present.  On  the  other  hand, 
conditions  of  syncope  and  collapse  may  prevail.  In  the 
gravest  cases  painful  dyspnceic  breathing,  clonic  and 
tonic  convulsions  occur,  which  may  cause  death  by 
tetanus  of  the  respiratory  muscles.  Or  death  ma_y  residt 
from  paralysis  of  respiration  and  heart  without  preced- 
ing convulsions.  Dr.  Paul  Mannheim,  under  the  guid- 
ance of  Leyden,  has  made  a  thorough  compilation  of  the 
accidents  hitherto  reported  in  medical  literature  ("Uel)er 
das  Cocain  und  seine  Gefahren  in  physiologisoher,  toxi- 
cologischer  und  therapeutiseher  Beziehung,"  Zeitsclirift 
fi'tr^ kUiiittehe  MecUeiii.  xviii.,  3  and  4,  p.  380,  1891). 
The  discussion  in  the  Societe  de  Chirurgie  de  Paris  of  a 
fatal  case  reported  by  Dr.  Paul  Berger,  is  also  of  great 
interest  and  rich  in  information  ("  Empoisoiinement  mortel 
produit  par  1 'injection  il'une  Solution  de  Chlorliydrate 
de  Cocaine  dans  la  tunique  vaginale  a  .(a  s;iite  de  la 
poncti(m  d'une  hydrocele,"  Bulletin  ft  Meinoira  de  la  Sof. 
de  Vhir.  de  Pans,  1889,  pp.  751,  757,  761,  790). 

^Mannheim  has  collected  ninety-nine  cases  from  the 
literature  iu  which  the  doses  used,  the  symptoms,  etc., 
were  stated  with  sufficient  accuracy,  and  the  following 
account  is  liased  upon  these  cases.  The  statement  fre- 
cpiently  made  that  weak  and  nervous  women  are  more 
inclined  to  constitutional  symptoms  cannot  be  accepted; 
sex  does  not  show  any  influence.  Idiosyncrasy  cannot 
be  proven  to  play  a  part  (the  writer  fully  concurs  iu  this 
opinion).  Although  idiosyncrasy  against  alkaloids  cer- 
tainly exists  as  a  rare  exception,  it  will  not  do  to  assume 
such  peculiarity  in  every  case  iu  which  a  quantity  harm- 
less to  one  individual,  produces  constitutional  symptoms 
iu  another.  There  are  other  circumstances  tliat  should 
be  taken  into  consideration;  for  instance,  the  velocity 
with  which  a  given  amount  is  thrown  into  the  general 
circulation.  The  same  quantity  in  a  more  concentrated 
solution  will  be  more  quickly  absoiljed  than  if  dissolved 
in  more  water ;  a  tissue  richer  in  blood-vessels  will  ab- 
sorb faster  than  a  less  vascularized  one,  etc.  For  similar 
reasons  it  may  be  that  constitutional  symptoms  occur 
with  relative  frequency  in  operations  on  the  head,  which 
fact  has  been  especially  emphasized  by  WOlfler  ("Zur 
toxischenAVirkungdes  Cocain,"  Wien.  ined.  Wochensc/ir., 
xxix.,  18,  1889)  and  explained  by  the  nearness  of  the 
brain.  The  sitting  posture;  has  been  accused  as  espe- 
cially aiding  the  ana;mia  of  the  brain,  supposed  to  be  the 
chief  cause  of  the  weakness  and  vertigo  in  the  minor 
cases.  Out  of  the  99  cases  tabulated  Ijy  Mannheim, 
cocaine  was  administered  hypodermically  in  51,  instilled 
in  the  eye  in  9,  in  the  ear  'in  3,  brushed  on  the  mucous 
membrane  of  the  nose  in  5.  Sometimes  very  small 
doses  produced  graver  symptoms,  sometimes  very  large 
doses  were  follo'wcd  by  very  .slight  ones.  The  time 
of  appearance  of  the  symptoms  varies,  being  five  to 
ten  minutes  on  an  average;  sometimes  they  appeared 
immediately  after  administi-ation  or  after  a  few  seconds, 
sometimes  only  after  one-fourth  or  even  one-half  hour. 
In  the  following  the  symptoms  of  poisoning  are  given  as 
collected  by  Mannheim  from  the  various  cases.  (The 
seeming  contradiction  in  the  symptoms  is  not  to  be 
wondered  at,  if  it  is  taken  into  consideration  that  cocaine 
is  a  poison  with  first  stimulating  and  afterward  paralyz- 
ing properties,  and  that  according  to  quantity  or  veloc- 
ity of  absorption  the  first  or  the  second  will  prevail. ) 

General  Symptoms.— The  patients  become  sleepy  and 
get  into  a  soporous  condition;  they  almost  lose  con- 
sciousness and  faculty  to  articulate,  or  they  fall  withm  a 
few  minutes  intoa  very  deep  sleep  of  comatose  character. 
Severe  collapse  has  been  observed,  preceded  by  weak- 
ness with  complete  loss  of  consciousness  of  long  dura- 
tion and  with  reduced  respiration.  In  other  cases  the 
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patients  become  very  restless  and  e.\cited,  seem  dizzy, 
cry  and  laugh  alternately,  gesticulate,  and  are  very 
talkative,  not  heeding  any  questions  put  to  them ;  in- 
cessantly change  their  position,  stand  up,  sit  down; 
their  gait  becomes  unsteady,  like  that  of  a  drunken  per- 
son. This  condition  grows  into  intoxication,  or  a  feeling 
of  impending  death.  There  may  be  sleeplessness,  lasting 
from  thirty  to  forty  hours;  afterward  complete  forget- 
fulness  of  what  has  happened. 

Central  IS'errous  System. — In  mild  cases  reflexes  are  in- 
creased ;  there  are  cerebral  irritation  and  delirium,  lasting 
as  much  as  an  hour,  and  hallucinations.  In  seven;  cases 
there  are  epileptiform  attacks,  with  general  clonic  con- 
vulsions, lasting  even  five  hours,  tetanus,  opisthotonus, 
death. 

Peripheral  ^Nerves. — Sensibility  diminished.  Com- 
plaints of  loss  of  sensation  over  the  whole  body  or  on  single 
parts,  limbs,  or  pharynx.  Sometimes  only  numbness, 
sometimes  complete  anasthesia.  Feeling  of  intense  cold- 
ness in  the  anassthesic  parts.  Various  para?sthesias.  On 
the  part  of  motor  nerves  twitching  of  single  muscles  (or, 
as  already  mentioned,  general  convulsions),  in  other  cases 
heaviness  or  tired  feehng  in  the  limbs,  sometimes  ag- 
gravated to  apparent  paresis.  Gait  staggering  or  com- 
plete inability  to  walk. 

Ef/e. — Pupils  dilated,  sometimes  very  contracted;  re- 
acting in  some  cases,  in  others  motionless.  Some  patients 
complain  of  darkness  before  the  eyes,  others  notice  di- 
nnnished  acuteness  of  vision,  complain  of  mist  before 
the  eyes;  in  some  instances  complete  amaurosis  (tran- 
sient). One  lady  recovered  vision  only  after  four  hours. 
Other  Special  Sen.ies. — Buzzing  in  the  ears,  various  dis- 
turbances of  smell  and  taste. 

Respiration. — Short,  whistling,  laboring.  Paroxysms 
of  dyspnoea.  On  the  contrary,  the  frequency  can  be 
diminished  (even  to  nine  respirations  in  the  minute)  and 
may  cease,  so  that  death  occurs  by  asphyxia.  Some- 
times Cheyne-Stokes  respiration  has  been  observed. 

Circulation. — Pulse  very  accelerated,  often  very  weak, 
filiform,  irregular,  at  last  hardly  or  not  at  all  peix-eptible. 
In  other  cases,  pulse  less  frequent.  Diuresis  increased 
according  to  some  writers,  diminished  and  even  sup- 
pressed according  to  others. 

Organs  of  Digestiirn. — Numbness  of  the  throat,  as- 
tringed  sensation  and  dryness  in  the  pharynx,  dys- 
phagia. Burning  pain  in  mouth  and  stomach  (even 
after  hypodermic  administration).  Pain  in  intestines. 
Rectal  and  vesical  tenesmus. 

Cause  of  Xl^o /:/(.— Paralysis  of  respiratory  and  vaso- 
motor centres  and  heart,  whereas  in  other  cases  death 
results  from  tetanus  of  respiratory  muscles. 

Autopsy  showed,  in  the  few  cases  examined,  intense 
hyperasmia  of  the  brain  and  of  the  inner  organs. 

Fated  Dose.— In  five  of  the  fatal  cases  the  dose  was 
larger  than  1  gm.,  whereas  only  one  patient  who  had 
been  given  1.35  gm.  recovered.  From  this  Mannheim 
concludes  that  1  gm.  is  to  be  considered  the  fatal  dose. 

Of  the  99  cases  thus  compiled,  9  were  fiital.  Besides, 
there  are  100  cases  in  literature  in  which  no  symptoms  are 
mentioned.  Of  Mattison's  108  cases,  58  are  included  in 
Mannheim's  table,  whereas  50  are  not.  This  makes 
altogether  250  ca.ses  with  13  fatal  results,  so  that  of  the 
accidents  reported  five  per  cent,  proved  fatal.  (Consider- 
ing that  most  of  the  graver  and  fatal  cases  are  reported, 
while  the  nmch  more  frequent  minor  accidents  do  not 
come  to  general  cognizance,  the  figure  five  per  cent,  is 
certainlv  too  high.) 

Treatment  ejf  Coceiine  Poisoning. — In  the  minor  cases, 
iu  which  weakness  and  dizziness  prevail,  horizontal  posi- 
tion of  the  patient  and  administration  of  stimulants,  hke 
brandy,  coffee,  ether,  are  the  reasonable  measures  to  be 
taken.  Inhalation  of  a  few  drops  of  amyl  nitrite  has 
been  recommended,  and  is  the  measure  generally  adopted 
to  combat  the  supposed  anaemia  of  the  brain.  For  the 
severe  cases  in  which  convulsions  occur,  Mosso,  from  his 
experiments  on  dogs,  comes  to  the  following  conclusion: 
"  If  it  were  necessary  to  assist  a  human  being  poisoned 
with  cocaine,  one  would  have  immediately  to  resort  to 
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ether  or  chlor.ifonu  to  prevent  tetauus  of  the  "'^Pi'f  '> 
inuseles,  ^vhi.•ll  is  the  most  frequent  ami  dangerous  cause 
of  death  After  the  tii'st  i,n-ave  and  imninieiit  daiiger 
lias  passed,  chloral  can  be  given.  If  respiration  stops, 
artiheial  respiration  must  l)e  resorted  lo."  ^ 

DosE.-Interuallv  0.03  to  0.05  gm.  sevei'al  tunes  a,  da.v 
may  be  considered  a  safe  dose,  and  even  0.1  ,gm.  may  Ije 
o-iven  For  liypodennic  use  in  operations  it  is  advisalile 
fo  kvrv  under  the  0.05  gm.  limit.  Weak  .solutions  of  one 
iier  cent  and  two  per  cent,  should  be  used,  well  dis- 
tributed over  the  ti<4d  of  operation.  For  s]-)raying  (no.se, 
tliroat)  weak  solutions  (tw(j  per  cent.)  should  be  used  in 
known  (inantily.  For  o])erations  in  nose,  pharyn.x.  and 
larynx  brushing  withstrong  solution.s cannot  bi'  avoided, 
but  in 'these  cases  the  danger  is  obviously  less  because 
the  uuantities  used  are  small.  Careful  watching  of  the 
patient  and  gradual  administration  in  all  cases  will  in- 
crease the  safetv  of  continued  administration. 

Coc.\i>.'F,  II.\'iuT.— JIdSt  subjects  of  the  cocaine  habit 
are  victims  of  the  o|)ium  habit  who  have  taken  cocaine 
for  the  i)nrp(]seof  curing  themselves,  have  not  succeeded 
in  their  ettorts,  anil  have  consceiuently  become  addicted 
to  both  drugs.  It  is  therefore  not  easy  to  state  the 
symptoms  of" the  cocaine  habit  pure  and  simple.  Luff 
(London  Linicrf.  September,  1889)  tells  of  a  man  who 
used  0.25  gm.  daily  during  tliree  years  for  nasal  catarrh, 
and  who  in  consequence  was  very  much  reduced  I'liys 
ically,  mentally,  and  morally.  He  liecame  unsoeialde, 
iueapable  of  attending  to  his  Inisiness,  because  unable  to 
come  to  any  decision."  Palpitations  of  the  heart  and  ob- 
stinate constipation  were  also  among  the  symptoms  from 
which  he  suffered.  Bauer  (New  York  Mfdical  Reronl, 
November,  1885)  tells  of  a  man  who  replaced  the  use  of 
alcohol  by  daily  injection  of  0.67  gm.  cocaine.  He  lie 
came  very  weak,  lost  all  appetite,  had  attacks  of  de- 
lirium, and  ultimately  fell  into  complete  physical  and 
mental  decay. 

From  all  observation  it  appears  that  rapid  falling  off 
in  flesh  is  one  of  the  most  prominent  somatic  symptoms 
of  the  cocaine  habit.  Eiienmeyer  {DeiiiHche  mecl.  Zei- 
liinc/,  1886,  p.  483)  reports  a  falling  off  of  twenty  to 
thirty  per  cent,  within  a  few  weeks,  without  diminution 
of  food  and  with  no  existing  catarrh  of  the  stomach.  He 
lays  great  stress  on  the  respiratory  and  vasD-motor  dis- 
turliances  caused  by  tlie  blood-A'cssel-paralyzing  proper- 
ties of  cocaine;  frequent  pulse,  relaxation  of  arterial 
system,  profuse  perspiration,  syncope.  The  psychical 
syniirtoms  are  very  marked  and  characteristic,  and  in 
well-developed  cases  offer  the  clinical  picture  of  hallu- 
cinatory paranoia.  Tliey  consist,  according  to  Ober- 
steiner,  chiefly  of  feelings  of  friglit  caused  by  hallucina- 
tions, especially  in  the  visual  and  sensory  spheres.  Either 
terril)le  apparitions  are  seen  or  great  hordes  of  small 
animals.  These  latter  hallucinations  are  most  likely 
based  on  itching  para-stliesias  of  the  skin,  giving  to  the 
patient  the  impression  of  the  presence  of  ini5ects  or 
worms  under  the  skin  and  causing  him  to  scratch.  There 
exists  an  interesting  observation  of  Ehrlicli's.  in  his  ex- 
periments with  mice  aliove  mentioned,  which  closely  re- 
calls tliese  iiaiu'sthesias  and  hallucinations  liased  u|i(iii 
tlieiii.  tine  of  his  mice,  after  three  weeks'  use  of  cocaine, 
liegan  to  gnaw  its  limb,  so  tliat  in  the  course  of  the  next 
few  days  the,  whole  right  thigh  down  to  the  knee  was  en- 
tirely denuded,  Ehr]i<-h's  explanation  of  this  remarkable 
fad  IS  that  pai'iesthesias  due  to  degeneration  of  the  peri]  ill - 
era!  nei'ves  provoke  the  gnawinig,"  while  tlie  simullaneous 
aiuesthe,sia  of  the  skin  leaves  the  latter  wilhoiit  the  iiro- 
tectioii  of  sensation. 

While  some  writers  deny  the  exisbaice  of  svmploms 
due  to  witlidrawal  of  cocaine  in  cases  of  wejl  Inrmed 
habit,  others,  like  Obersteiner  and  Erlenmeyer  allirm  the 
conlrary.  According  to  Obersteiner  tin' y  freducnllv 
app.'ar  only  after  the  lar.se  of  a  fortnight  and  c.nsist 
of  suihlen  collapse  ami  a  feeling  of  imp,.„diiin-  ,leath 
Eremneyer  emphasizes  the  va,so-motor  disi  nrliances  as 
palpitalion,  weakness  of  the  heart,  dvs],n<ea,  sviieo„e' 
depression  of  humor,  enormous  weak'enin'.-  of  t'he  will 
power.     According  to  all  writers  " 
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cocaine  habit  is  not  a  .good  one,  as  patients  very  readily 
relap.se.  It  is  reported  that  the  habitual  use  of  cocaine 
among  the  negroes  in  our  Southern  States  is  deplorably 
comniiiii,  and  that,  no  adequate  restrictive  measures  upon 
its  .sale  being  in  force,  it  is  on  the  rapid  increase.* 

Carl  Kolkr. 
COCCIDIA.     See  I'rnlozon. 

COCCULUS    INDICUS.     (TOXICOLOGICAL.)— Coc 

cuius  iiidicus  is  the  dried  fruit  of  Aiuiinirtu  pdiiicaliitu  or 
Mi'iiixiteniiiiiii  cdcniluK,  order  Meniiipermaee(f-.  It  is  a 
climbing  jilaiit  indigenous  to  Asia,  India,  and  the  neigh- 
lioring  islands.  This  fruit  or  berry  is  also  known  as  Coc- 
cus indieiis,  cocculus,  Indian  berry,  Indian  cockle,  fish 
berry,  fisher's  berry,  and  Levant  nut.  The  berry  is 
shaped  somewhat  like  a  kidney,  and  is  about  the  size  of 
a  small  marble.  It  consists  of  a  light  yellow  seed  of  ex- 
cessive bitterness,  covered  with  a  woody  shell.  The  exter- 
nal coat  is  of  a  ilark  l.irownish  color.  Tliis  fruit  has 
been  used  to  adulterate  beer  and  ale  in  order  to  make 
them  more  bitter  and  ineliriating.  It  is  extremely  poi- 
sonous to  fish,  and  on  this  account  has  often  been  put 
into  the  water  of  fish  pfinds.  It  enters  into  the  composi- 
tion of  various  (U^coctions  for  killing  vermin.  Of  late 
years  the  chief  importance  of  tliis  berry  consists  in  its 
being  the  source  of  piciTitoxin.  The  shell  contains  two 
inert  jiriniiples:  inenisperniin  and  paramenispermiu. 
Picrotoxin  (CjdlLnO,:,).  tlie  active  jirinciple,  was  discov- 
ered in  1820  by  lioullay.  This  drug  may  be  prepared 
by  extracting  the  berries  with  boiling  alcohol.  The  crys- 
tals arc  odorless  Ijut  very  bitter,  neutral,  and  soluble  in 
caustic  ammonia;  also  in  a  large  proportion  of  cold  wa- 
ter, far  more  easily  in  liot  water,  and  in  thirteen  parts  of 
alcohol.  There  are  no  orticial  preparations  of  Cocculus 
iudiciis  except  jiicrotoxin  itself.  The  aatngoniit  is  chlo- 
ral, whiidi  opposes  its  cerebral  and  spinal  effects,  although 
it  has  the  same  depressing  power  over  the  heart  and  res- 
piration. AiKcsthetics  contnjl  the  convulsions  incident 
to  the  overdose  of  picrotoxin  ;  and  acetic  acid  also  affords 
relief. 

The  jilit/siohyirdl  nrtinn  of  pictrotoxin  is  that  of  a  cere- 
bro-spinal  stimulant,  affecting  particularly  the  centres  in 
the  medulla.  It  slows  the  action  of  the  heart  as  well  as 
res])iration  after  having  accelerated   them   transitorily. 

*As  T>r.  Keller's  ri.nnei-tinn  with  the  euiployujfnt  of  encaine  asa 
Inral  atia'stlietir  bas  nfteii  Itei'ii  staled  erroneously,  I  requested  him  to 
funiisli  nil-  with  a  lui^f  airoant  of  the  actual  facts,  in  order  that  I 
mJKht  inihlisli  it  as  an  ailileiiiluin  to  the  main  article  on  this  drug. 
From  tile  letter  which  I  received  from  hiin  in  response  to  my  request 

I  (|Uote  the  f(.ll.)\vin(r: 

"TliH  events  which  led  ti>  the  therapeutic  use  of  the  ana?sthetic 
jiroperties  of  coeaiue  were  Uy  no  means  aeeidental.  as  represented, 
on  the  eontiary  I  had,  one  >ear  before  the  summer  of  LSSl  (the  year 
in  which  my  <-ocaine  e.xiieiiinciits  were  made),  experimented  witii  \a- 
rious  substances  iniorphine,  bromido,  clUoral,  etc.i,  iu  order  to  Hud  a 
local  amesthctic  which  1  tliouLdit  would  be  valuable  iu  eye  operations, 
as  tile  ^ent^ral  an;estht'sia,  with  its  sequels  of  \omitinir.  etc..  is  not  de- 
sirable for  these  ojicratious.  1  c-ave  these  ex|H'riinents  upas  unsuc- 
cessful, but  my  mind  was  piepai-ed  to  iri-asii  an  am^sthetie  as  soon  as 
it  presented  itself.  It  happeneil  ibat  niv  friend.  Siajmund  Freud  (Pri- 
vatilocent  of  NeuroloL'v  in  Ibe  I'ui\ci-sitv  of  Vienna),  was  making  ex- 
periiiiciits  on  the  phvsioloiri(.al  action   of  cocaine,  and  he  gave  nie 

s e  to  take  iaternaliy.    I  took  it  and  fell  tbenuiuhnessof  the  tongue. 

and  surd  to  myself:  Here  is  an  ana'stbetic.  I  went  at  once  into 
StiiikiM's  Ijiboralory,  i\  here  I  took  a  iruinea-pig  and  made  the  ex- 
lieriaieiils  wbich  established  in  my  minit  the  usefulness  of  cocaine 
as  a  local  ana'slbelie.  In  less  than  two  weeks  the  experiments  were 
llnishecl.  I  pive  to  III-.  Ureltauer.  of  Trieste,  a  vial  of  the  solution. 
Ill' was  travelling  IbroaLdi  Vieniuilo  Ileiilelber'g,  to  attend  the  meeting 
of  the  lieiinan  i  iiiliihalmological  Society,  andthere  he  e.xliibited  for 

the  llrst  lime  mv  e.vpcri nis.    That  cocaine  makes  the  tongue  numb 

WHS  nothing  new,  but  .-oiild  be  found  in  every  te.xt-book  on  toxicology. 
Thai   the  ana'slliesia  of  Ihe  eve  cannot  lie  discovered  (ifriiJcH/uHi/ by 

II  drop  Miuiiilng  inio  one's  eve-wbich  fiinciful  accident  has  beenal- 
legeil  as  Ibe  cause  of  my  so-called  discovery— is  liest  shown  by  thi! 
fad  ibat  another  friend,  who,  upon  the  suggestion  of  lir.  Freud,  ti'ied 
Ibe  'aslrliigeiit '  elTecl  of  cocaine  iu  con.iuncti\ ills  and  trachoma,  and 
who  did  put  It  inIo  his  own  and  oilier  people's  eyes,  failed  to  notice 
Uie  aiueslbesia.  I'hvsiologisis  had  before  me  )iut  it  into  the  eyes  and 
noted  dilalallon  of  the  pupil,  but  had  not  grasped  the  idea  of  a  local 
aniesthetic. 

"After  I  had  established,  to  my  own  satisfaction,  the  usefulness  of 
cocaine  in  eye  surgery,  I  Induced  Dr.  Jellinek,  a  larvngologist  of 
\  leiina,  lo  a.se  11  in  I  lie  laryn.x.  To  what  extent  it  was  used,  shortly 
or  immedliitely  after  ibis,  in  other  branches  of  medicine,  is  known. 

"  Wliat  I  may  justly  claim  for  myself  is,  not  that  I  iutrodueed  co- 
caine into  ey,.  surgery,  hut  Ibat  1  originated  the  idea  of  a  local  anaes- 
thetic" -Editor  of  liKFKUKXCK  llANlllUIOK. 
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Tln'  bruin  is  uot  utt'ectcd  Id  any  extent.  Pierotoxiu  lius 
a  marked  local  action,  stimulalini;  all  tlie  seei-elions,  esjie- 
cially  those  of  the  intestines.  liiiliris  noted  uterin<>  con- 
tractions. In  over-doses  its  action  is  niueh  like  that  of 
stryclinine.  It  can  be  differentiated  by  the  character  of 
the  spasm  produced:  that  caused  by  i>icrotoxin  is  choreic, 
alTcctinn' cliieth' the  flexor  muscles;  that  due  to  sti-ych- 
uine  lieing  tetanic,  and  alt'ecting  chietly  the  extensors. 

The  xi/iiijitdijis'dvv  twitchings  and  iuco-oi-dinalionof  the 
muscles,  increased  reflexes,  spasms.  c(in\idsions,  deli- 
rium, stupor,  coma,  death  from  cardiac  jiaralysis-,  glolfic 
spasm,  burning  taste,  pain  in  the  throat  and  stomach,  vom- 
iting, and  diarrluea.     The  bieath  is  very  characteristic. 

As  to  the/((^*/  dase.  according  to  Blyt'h,  probably  fronr 
two  to  tlu-ee  grains  wo\dd  be  dangerous  for  an  adidt. 
The  frog,  which  seems  the  most  suitable  animal  for  ex- 
perimentation with  this  drug,  shows  an  extreme  at)donii- 
nid  swelling  as  a  result  of  its  ingestion.  There  are  very 
few  fatal  cases  of  ]ioisoning  liy  picrotoxin  in  man  on  rec- 
ord. The  absorption  of  this  drug  l)y  the  stomach  anil 
by  the  body  surface  is  rapid.  The  method  of  its  distri- 
bution in  the  tissues  has  not  yet  been  clearly  <Ienion- 
strated.  Neither  is  its  excretion  by  the  urine  well  iinder- 
stooil,  although  the  poison  has  been  detected  unchanged 
in  this  excretion. 

The  pust-miirtem  changes  offer  very  little  which  is  char- 
acteristic. According  to  Kobert  the  brain  and  lungs  are 
congested.  The  heart  is  flabby  and  the  salivary  glands 
are  swollen.  There  may  be  signs  of  gastrointestinal  ir- 
ritati(m  and  peritonitis. 

Kobert  gives  the  following  method  of  separating  picro- 
toxin from  the  organism:  "The  extracts  from  the  organ- 
ism, purified  by  means  of  neutral  plumbic  acetate  and 
freed  from  lead,  yield  picrotoxin  to  amylic  alcohol  or 
chloroform.  It  will  reduce  alkaline  cupric  sulphate  so- 
lution. Evaporated  with  concentrated  HNO3,  then 
touched  with  concentrated  H0SO4,  and,  finallj',  upon 
addition  of  NaOH  solution,  it  turns  brick-red.  With 
H.SO,  alone,  a  saffron-yellow  appears.''  AYhen  in  aijue- 
ous  aciil  solutions,  picrotoxin  can  be  extracted  by  chloio- 
form.  amyl  alcohol,  or  ether.  After  evaporating  the  sol- 
vent tlie  crude  picrotoxin  can  be  crystallized  out  of  water 
and  examined. 

A  fi/Kt  which  may  bo  applied  is  as  follows:  The  sus- 
pected picrotoxin  is  dried  and  mixed  with  three  times 
its  amount  of  saltpetre.  A  little  Il.StJi  is  added,  after 
which  the  mixture  is  decomposed  liy  an  excess  of  soda 
lye.  when  there  will  aii])ear  a  transitory  brick-red  color. 

The  treiiliiieiit  consists  in  the  use  of  the  stomach-pump 
or  in  the  administration  of  emetics,  e.;/..  mustard,  zinc  sul- 
phate, or  apomorpliine  sidjcutaneously.  Chlorofoiin  is 
valuable  when  convulsions  take  ])lace.  Amyl  hydrate 
and  paraldehyde  are  useful  as  antidotes.  In  order  to  al- 
lay tetanus,  chloral,  gr.  x.  to  xx.  every  half  hour,  ma_y 
be  administered :  the  effects  must  be  watched.  Or,  3  i. 
of  ])otassium  bromide,  or,  in  severe  cases,  3  i.  of  the  bro- 
mide with  gr.  XX.  of  chloral  may  be  given. 

Eiiiind  E.   Wiilkei'. 

CCELIO-HYSTERECTOMY.     S(  e  Cwsamir,  Seciinn. 

COCCYGODYNIA.— For  this  term,  sometimes  written 
coccyd>'nia,  medical  nomenclature  is  indebted  to  Sir 
James  Y.  Simpson,  wdio  gave  the  name  to  a  painful  af- 
fection of  the  coccyx,  or  of  the  parts  in  intimate  I'clation 
with  that  bone— claiming  for  the  name  the  negative 
merit  that  it  conveyed  no  erroneous  impression  concern- 
ing the  pathology  of  the  disorder. 

It  is  probable" that  the  term  embraces  several  distinct 
disea.ses,  some  of  which  may  be  simply  neuralgic;  f5ome, 
possibly,  rheumatic;  some  only  sympathetic:  while 
others  are  certainly  due  to  organic  degeneration  of  the 
bony  structure  itself,  or  to  fracture  or  dislocation  of 
the  bone. 

As  the  name  implies,  it  matters  not  what  may  be  the 
moi-bid  condition  which  gives  rise  to  it,  jiain  in  the  re- 
gion of  the  coccyx  is  the  synrptom  that  calls  into  exercise 
the  resources  of  the  medical  art. 


The  alfeclion  is  more  connnon  in  women  tljan  in  men, 
and  is  most  frcMjaently  encouiitei-ed  in  women  who  have 
liorne  children,  thougliit  is  by  no  meansconbned  Id  (hem. 
It  may  continue  indclinitely.'if  Icfl  (o  ilself,  and  Ihe  ))aiu 
is  sometimes  very  se\'ere. 

The  pain  is  pro\'oked  by  pi'cssni'e,  by  any  jnovenient  of 
theljone,  or  by  conli'aclions  of  Ihe  muscles  allached  to 
the  coccyx.  Silting,  and  especially  lising  from  Ihe  sit- 
ting jjosture,  ascending  stairs,  walking,  defecalion,  and 
even  micturition  in  some  cases,  occasion  ])aroxvsms  of 
intense  sulVering. 

The  princijial  causes  of  coccygodynia  are  direct  violence 
to  the  coccyx,  injiu-ies  inflicted  during  partuiition,  the 
influence  of  cold,  and  uterine,  ovarian,  or  rectal  disease. 

The  iliiijjiiiidn  is  not  attended  with  difficulty.  A  thor- 
ough physical  examination  will  always  remove  any  ob- 
sciu-ity  and  enable  the  surgeon  to  detect,  by  means  of 
bimanual  manipidation  Avilh  one  finger  in  the  rectum, 
any  displacement  of  the  bone  and  to  distinguish  between 
this  atfeclion  and  luiinfid  hemorrhoids,  anal  lissure,  for- 
eign bodies  within  the  rectum,  or  any  other  pelvic  dis- 
order with  which  the  symptoms  may  be  associated. 

A  favorable  pi-orjiiosin  may  always  be  given,  unless  the 
pain  should  be  dependent  upon  some  incurable  disease 
elsewhere;  otherwise,  with  proper  tieatment,  complete 
relief  can  be  ]iromised. 

The  freittiiifiif  shoidd,  of  course,  vary  to  n}eet  the  con- 
ditions that  may  be  present.  If,  upon  invesligation,  tlie 
alfection  is  fovmd  to  result  from  uterine,  ovarian,  or  rec- 
tal disease,  curative  measures  should  be  addressed  to  the 
primarj-  disorder.  In  the  absiaice  of  any  such  exciting 
cause,  or  of  an}^  displacement  or  appreciable  disease  of 
the  bone,  the  remedies  appropriate  in  the  several  forms 
of  neuralgia  may  be  resorted  to  with  a  fair  prospect  of 
success.  Among  the  most  jjotent  of  tliese  are  opium, 
quinine,  arsenic,  salicylate  of  sodimn,  blisters,  and  elec- 
tricit)-,  and  such  general  medication  and  such  manage- 
ment as  the  condition  of  the  jiatient  may  retiuire. 

In  the  event  of  failure  after  a  faithful  trial  of  this  ]ilan, 
surgical  interference  should  be  cijntidently  adviseil.  Two 
procedures  ai'e  available. 

One  consists  in  the  isolation  of  the  coccygeal  bones 
from  th('  surrounding  tissues,  by  means  of  a  tenotomy 
knife;  the  other,  first  practised' by  Dr.  J.  C.  Nott,  of 
i\b)bile,  in  the  removal  of  the  coccj'x  entire,  or  of  the 
lower  part  of  the  bone. 

A  modification  of  the  operation  proposed  by  Dr.  Nott 
was  suggested  a  few  years  ago  bj'  Dr.  Garretson.  He 
exposes  the  bone  by  an  incision  through  the  skin,  and  by 
means  of  a  "burr"  attached  to  a  dental  engine,  the  bone 
is  ground  a\vay  to  any  desired  extent,  leaving  the  perios- 
teum upon  the  anterior  surface,  with  all  of  its  attach- 
ments, intact. 

In  the  great  majority  of  cases,  the  thorough  division  of 
the  nuiscidar  and  tendinous  structures  surrounding  the 
coccyx  will  sullice.  though  occasionally  the  extirjiation 
or  tlie  enucleation  of  the  bone,  or  a  portion  of  it,  will  be 
found  to  be  necessary  to  effect  a  permanent  cure. 

The  complete  excision  of  the  bone  is  followed  liy  no 
lasting  inconvenience,  and  most  surgeons  would  prefer 
to  do  the  radical  operation  at  once,  rather  than  incur  the 
risk  of  failure  by  doing  only  a  little  less,  and  thereby 
subject  the  jiatient  to  the  ordeal  of  a  second  operation. 

The  operation  is  made  by  an  incision  over  the  coccyx. 
xVU  attachments  to  the  borders  and  to  the  apex  are  sev- 
ered close  to  the  bone  by  lilunt  scissors.  The  apex  being 
thus  freed,  the  bone  is  drawn  strongly  backward  and  at- 
tachments to  the  anterior  surface  are  divided.  Disarticu- 
lation from  the  sacrum  is  then  accomplished  and,  after 
arrest  of  all  hemorrhage,  the  wound  is  closed.  On  ac- 
count of  the  depth  and' size  of  the  cavity,  accurate  coap- 
tation by  tiers  of  catgut  sutures  is  recommended. 

In  one  case  which  has  come  to  the  attention  of  the 
writer— the  case  rcpiorted  by  Dr.  Floyd  W.  INIcRae— re- 
lief was  not  olitained  by  the  ablation  oi'  the  coccyx  entire, 
but  was  secured  only  by  the  subsequent  removal  of  the 
sacral  bursa  and  of  Luschka's  gland,  both  of  which  were 
enlarged.  James  B.  Btiird. 
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COCHINEAL.  COCCUS.—"  The  dried  female  of  Coc- 
cus cacti  L."  (U.  S.  P.),  ,  ^         , 

The  cochineal  insect  is  a  native  of  Mexico  and  Central 
America,  where  it  abounds  as  a  parasite  upon  several 
genera  of  Caeti,  especiallj^  the  Opuntias.  It  is  also 
found,  probably  native,  in  the  West  Indies.  For  comnier- 
cial  purposes,  however,  it  has  long  been  bred  and  raised 
upon  Nopalea  C'ochinillifer  (L.)  Lyons,  Opuidia  Ti/llfi(L.) 
Mill,  and  other  species  of  Opuntia  which  are  cultivated 
in  plantations  for  the  purpose.  The  pregnant  females, 
about  two  hundred  times  as  numerous  as  the  males, 
placed  upon  them,  deposit  their  numerous  progeny, 
which  feed  and  live  upon  the  plants.  These  when  fully 
grown  (and  pregnant)  are  collected,  killed  by  heat,  and 
dried.  This  in.sect,  together  with  its  foster  plants,  bave 
been  introduced  into  the  West  Indies,  East  Indies,  Java, 
Southern  Europe,  and  Africa. 

Desckiption. — The  dried  cochineal  is  described  as  fol- 
lows: "About  one-tiftli  of  an  incli  (5  mm.)  long;  of  a 
purplish-gray  or  purpli.sli-l)lack  color;  nearly  bemisplier- 
ical;  somewhat  oblong  and  angular  in  outline;  flat  or 
concave  beneath ;  convex  above ;  transversely  wrinkled ; 
easily  pulverizable,  yielding  a  dark-red  powder.  Odor, 
faint ;  taste,  slightly  bitterish.  It  contains  a  red  coloring 
matter,  soluble  in  water,  alcohol,  or  water  of  ammonia; 
slightly  soluble  in  ether,  insoluble  in  fixed  and  volatile 
oils.  On  macerating  cochineal  in  water  the  insect  swells 
up,  but  no  insoluble  powder  should  be  separated." 

Cochineal,  being  an  expensive  article,  is  subject  to  much 
adulteration;  crude  foreign  substance,  like  stones,  starch, 
tapioca,  etc.,  and  insoluble  and  heavy  earths  caused  to 
adhere,  are  easily  detected.  The  most  difficult  to  recog- 
nize is  the  substitution  of  partially  exhausted,  for  fresh 
insects ;  this  can  be  detected  onlj'  by  a  sort  of  assay  for 
the  coloring  powder  left  in  them. 

The  wild  Cocci  are  collected  in  Mexico  and  elsewhere 
to  supply  an  inferior  grade  of  cochineal.  Besides,  Coccus 
Ikcis  Fabricius,  Kermes  is  a  larger  species,  living  upon 
a  species  of  oak  {Querciis  coccifera  Linn.).  It  is  collected 
and  dried  in  Southeastern  Europe,  and  has  constituents 
similar  to  those  of  C.  Cacti,  but  the  color  is  inferior  and 
less  in  cjuantity. 

Composition. — Good  Honduras  cochineal  contains,  ac- 
cording to  Hager,  six  per  cent,  of  moisture,  from  fifteen 
to  eighteen  ot  fat,  from  forty  to  forty-five  of  canninic 
acid,  from  three  and  a  half  to  five  of  ash,  and  from  seven 
to  eleven  of  insoluble  residue.  Of  these  the  only  one  of 
use  is  the  carminic  acid  or  coloring  matter,  a  brilliant  red 
powder,  soluble  in  water  and  alcohol,  but  insoluble  in 
dilute  acids.  It  is  the  basis  of  carmine,  and  the  differ- 
ent pink,  purple,  and  other  beautiful  lakes  u.sed  in  paint- 
ing and  dyeing. 

UsBS. — Like  nearly  everything  else  that  can  be  in  any 
way  swallowed,  this  too  has  been  used  in  medicine  as 
"anod3'ne,  tonic,  astringent.  "  It  has  no  medicinal  value 
whatever,  and  is  wholly  consumed  at  present  in  the  man- 
ufacture of  dyes  and  paints.  In  pharmacy  and  confec- 
tionery it  is  frequently  used  for  its  color. 

IF.  P.  Bolks. 

COCILLANA.— The  bark  of  Guarea  Rushyi  (Britton) 
Rusby  (fam.  Mcliacea),  a  good-sized  tree.  The  writer, 
in  1886,  found  this  bark  in  use  among  the  Indians  of 
Bolivia  as  an  emetic  and  purgative,  and  recognized  l)y 
them  as  a  fatal  poison  in  overdoses,  the  symptoms  being 
those  of  poisoning  by  ipecac,  though  wi'th  ratlier  more 
irritation  of  the  intestine.  Its  medicinal  actii.n  is  als.i  in 
general  like  that  of  ipecac.  It  contains  a  little  taimiu, 
two  resins,  and  the  alkaloid  liushyiiie  (Eccles).  Tlie  two 
latter  are  active  and  overcome  the  effect  of  the  tannin, 
producing  a  laxative  effect.  As  an  expectorant,  cocillana 
acts  within  half  an  hour,  stimulating  the  secretion  of  the 
bronchial  mucous  membrane  and  producing  a  free  How  of 
mucus;  this  continues  for  some  Ijours,  and  is  folldwinl  liv 
dmiinished  activity  of  tlie  glands.  It  has  very  little  ac- 
tion on  the  skin.  It  has  proved  of  greatest  service  in 
cliionic  and  suliacute  bronchitis  wlien  the  secretion  is 
scanty  and  tenacious.     In  such  eases,  it  liquefies  the  secre- 

164 


tiou  and  stimulates  expectoration.  The  fluid  extract,  in 
doses  of  TT),  X.  to  XX.  every  three  or  four  hours,  seems  to 
have  been  the  most  serviceable  means  of  securing  its 
effects.  In  the  early  stages  of  acute  inflammation  it  should 
not  be  given.  In  bronchorrlia'a  and  in  the  aged,  with 
profuse  secretion,  it  is  not  advised,  as  it  does  not  stimu- 
late the  respiratory  organs,  and  might  produce  too  free 
secretion  witliin  the  tubes.  In  jihthisis  it  has  to  be  used 
with  caution  on  account  of  its  irritant  action  upon  the 
digestive  tract,  and  the  danger  of  producing  inflammatory 
foci  in  tlie  lungs.  Henry  H.  Bushy. 

COCOA  BUTTER.     See  C'acm,  Butter  of. 

COCONUT,  OIL  OV.— Oleum  Coeos.  The  fat  obtained 
from  tlie  albumen  of  the  seed  of  Cocos  nucifera (L.)  (fam. 
Paliiiarefr).  This  magnificent  palm,  a  native,  perhap.s, 
of  tropical  Asia  and  many  islands  of  the  Pacific  and  In- 
dian Oceans,  is  cultivated  in  all  warm  countries  for  its 
edible  seeds  and  numerous  useful  products.  Its  well- 
known  fruit  and  seed  are  among  tlie  largest  in  the  world. 
Several  metliods  are  employed  in  separating  the  oil,  and 
give  rise  to  some  diversity  of  appearance  in  the  product. 
That  obtained  by  cold  expression  is  softer,  and  melts 
easier  than  the  oils  obtained  by  heat.  These  also  vary  ac- 
cording to  the  degree  of  heat  and  method  used.  Some- 
times tiie  pulp  is  simply  warmed  and  then  expressed  as 
above,  at  other  times  the  oil  is  boiled  out  as  lard  is  in  the 
country.  The  yield  is  about  fifty  per  cent.  The  oil  va- 
ries in  consistence  from  tliat  of  hard  lard  or  butter,  to 
that  of  petroleum,  in  tlie  summer,  and  melts  between  60' 
and  80"  F.  It  is  greenish-white  or  creamy-white  in  color, 
and  has  a  lard-like  odor,  with,  in  most  specimens,  a  cer- 
tain degree  of  ranciditj'.  Taste,  when  fresh,  not  disa- 
greeable. It  is  a  rather  complicated  substance,  and  con- 
tains free  and  combined  fatty  acids,  both  fixed  and 
volatile.  Among  the  principal  glycerides  are  those  of 
palmitic,  caprylic,  myristic,  and  la  uric  acids,  also  those 
of  ste((ric  and  caprinic  acids,  and  others. 

In  the  countries  where  it  is  produced,  coconut  oil  is  used 
for  all  the  every-day  uses  of  such  fats — food,  fuel,  light, 
soap,  etc.  In  temperate  climates  it  is  not  likeh'  to  dis- 
place the  olive,  cotton-seed,  almond,  and  many  other  oils 
like  them,  with  which  those  countries  abound.  It  is, 
however,  abundant  and  clieap,  and  when  good,  not  dis- 
agreeable—and well  adapted  to  fill  the  place  of  lard  and 
other  animal  fats  in  the  prejiaration  of  ointments  and 
cerates.  It  has  been  given  as  a  substitute  for  cod-liver 
oil,  but  with  no  particular  advantage.  It  is  verv  largely 
used  in  soaps.  A  butter,  to  be  distinguished  from  Cacao 
butter,  is  made  from  this  oil  which  ]iossesses  the  merit  of 
enduring  hot  climates  without  becoming  rancid,  and  this 
has  been  recommended  f(U'  military  aud'uaval  uses.  Dis- 
tinct ttenicidal  properties  are  recognized  in  the  domestic 
uses  of  coconut  oil,  and  large  doses  (3  ij.  to  iv.)  have 
proven  efficient  in  intractable  cases  of  tapeworm. 

Henry  H.  Busby. 

CODEINE,  CODEINA.-(C,,H,,  [OCII3]  [OH]NO  -f 
II.j(>).  This  alkaloid,  wliich  is  chemically  methyl  mor- 
ji/ituc,  is  obtained  from  opium  to  the  average  extent 
of  about  one-half  of  one  per  cent.  Its  solubilitv  in 
water,  about  gr.  vi.  to  the  ounce,  as  well  as  in  alcohol, 
IS  noteworthy.  It  is  tlius  described  in  the  Pliarma- 
cop<eia: 

"White,  or  nearly  translucent.  (U'thorliombic  prisms,  or 
octaliedral  crystals,  odcu'less,  having  a  faintly  bitter 
taste,  and  slightly  ettlorcseiMit  in  warm  air. 

"  Solulile,  at  1,^"  C.  {r,<r  F. ),  in  80  parts  of  water  and  in 
■i  ]iarts  of  alcohol.  In  boiling  water  codeine  melts  into 
oily  drojis  wliich  dissolve  in  17  parts  of  the  water.  It  is 
very  soluble  in  boiling  alcoliol ;  also  soluble  in  30  parts 
of  etlier  and  iu  2  parts  of  chloroform. 


"At  100°  C'.  (212'-'  F.)  codeine  loses  its  water  of  crystal- 
zation  (.le?  per  cent.);  at  1.55'  C.  (3ir  F.)  it  melts, 
forming  a  colorless  liquid;  and,  when  ignited,  it  is  con- 
sumed without  leaving  a  residue. 

"  Codeine  is  neutral  to  litmus  paper. 
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"  Cddeine  is  dissolved  b}'  cold,  coiK-entruted  sulphuric 
acid  (free  from  nitrose)  without  producing  a  color. 

"  If  about  2  c.c.  of  this  solution  be  poured  into  a  small 
porcelain  capsule,  and  1  drop  of  highly  diluted  nitric 
acid  (made  by  adding  1  drop  of  nitric  acid  to  100  c.c.  of 
water)  added,  a  bluish  or  blue  tint  will  be  developed. 

"  Another  portion  of  this  Solution,  of  about  3  c.c. ,  gently 
warmed,  ancl  mixed  with  1  drop  of  a  mixture  of  1  vol- 
ume of  ferric  chloride  T.S.  and  19  volumes  of  water,  like- 
wise, assumes  a  bluish  or  bbie  tint  (difference  from  mor- 
pJiiiie). 

"  On  adding  to  5  c.c.  of  an  aqueous  solution  of  codeine 
(1  to  100)  10  drops  of  bromine  water,  and  shaking  so  as 
to  redissolve  the  precipitate  formed,  the  liquid  will  grad- 
ually develop  a  light  claret-red  tint.  This  tint  may  be 
developed  at  once  by  the  addition  of  ammonia  water. 

"  On  sprinkling  0.05  gm.  of  codeine  upon  2  c.c,  of  nitric 
acid  (specific  gravity  1.200),  the  crystals  will  turn  red, 
but  the  acid,  even  when  warmed,  will  acquire  only  a 
yellow  color  (difference  from  and  absence  of  tiiorpMiie).^' 
Although  no  salt  is  official,  salts  with  most  of  the  acids 
ordinaril/used  for  such  purposes  are  in  the  market.  All 
arc  soluble  in  very  small  amounts  of  water  except  the 
sulphate,  which  requires  40  parts  and  the  hydrochlorate 
which  requires  20  parts. 

Tlie  properties  arc  in  general  similar  to  those  of  mor- 
phine, but  it  cannot  subdue  pain.  Light  irritations,  how- 
ever, yield  to  it.  It  depresses  the  cerebral  functions,  and 
if  there  be  not  much  pain  or  otlier  preventive  cause,  in- 
duces sleci^.  This  is  followed  by  increased  excitability. 
It  therefore  appears  that,  just  opposite  to  morphine,  its 
primary  action  is  depressant,  its  secondary  stimulant,  a 
fact  which  is  commonly  true  of  methyl  compounds  as 
compared  with  the  substances  so  combined.  It  thus  fol- 
lows that  the  secondary  effects  are  secured  more  promptly 
and  strongly  with  increase  of  dosage,  and  for  an  anodyne 
the  dose  iniist  be  kept  down.  The  most  common  use  of 
codeine  is  as  a  respiratory  sedative.  It  does  nothing  to 
cure  the  condition  but  relieves  the  disturbance,  red\ices 
the  cough  and  thus  permits  sleep.  It  will  also  reduce 
the  amount  of  sugar  in  the  urine.  It  has  been  used  to 
favor  recovery  from  the  morphine  habit.  The  dose  is  0. 03 
to  0.1  gm.  (gr.  ss.  to  iss.).  For  hypodermic  injection  the 
dose  is  abotit  half  as  great.  Ileiify  II.  Busby. 

COD-LIVER  OIL.— Oleum  Morbhtt.e.  Oleiun  Jecoris 
Aselhv.  "  A  fixed  oil  expressed  from  the  fresh  livers 
of  Gadus  Morrhua  L.,  and  of  other  species  of  Qadus" 
(U.  8.  P.).  The  siinilar  oils  from  the  pollock,  hake,  and 
haddock  have  also  been  much  used,  but  are  not  now 
officially  recognized.  The  English  and  German  Phar- 
macopceias  unite  in  requiring  the  oil  to  be  expressed 
without  much  heat.  The  United  States  does  not  limit 
the  heat,  but  the  requirements  of  the  market  here  effectu- 
ally exclude  oils  in  any  way  injured  in  extraction.  The 
British  Pharmacopa-ia  requires  that  the  solid  fat  be 
filtered  out  at  about  23°  F. 

The  codfish  is  too  well  known  to  require  description. 
It  is  very  widely  distributed  and  abundant,  inhabiting 
the  temperate  and  colder  parts  of  both  the  Atlantic  and 
the  Pacific  Ocean. 

Cod-liver  oil  is  prepared  in  several  ways,  according  to 
the  character  of  the  fisheries  and  the  use  to  which  it  is  put. 
If  the  fishermen  are  far  from  shore,  as  on  the  Banks,  where 
the  boats  remain  out  perhaps  for  several  weeks,  the  livers 
are  throAvn,  as  the  fish  are  cleaned,  into  barrels,  where 
they  lie  until  putrefaction  begins,  and  the  oil  escaping 
from  the  decomposing  cells  rises  to  the  top.  This  is  then 
drawn  off.  Upon  returning  to  the  shore,  the  remaining 
pulp  is  boiled  and  the  rest  of  the  oil  strained  out.  Such 
products  are  dark  in  color,  offensive-smelling  and  unfit 
for  medicine.  The  pale,  sweet  oils  are  made  by  fishermen 
who  catch  near  shore,  and  every  day  or  two  land  with 
their  fish ;  they  separate  the  oil  at  once  from  the  fresh 
and  clean'  livers.  The  common  way  is  simply  to  scald 
the  livers  in  water  until  the  tissues  become  disintegrated, 
when  the  mass  is  strained  through  cloths,  the  water  and 
oil  finally  separating  from  each  other  upon  standing. 


The  best  method  is  to  heat  the  livers  in  a  vat  or  barrel 
by  means  of  injected  steam  until  they  become  softened, 
and  then  strain  them  and  allow  the  oil  to  separate  as 
above.  Most  of  the  fine  oil  used  in  this  country  is  pre- 
|)ared  in  this  way  during  the  winter  moiilhs,  and  then 
lias  also  a  portion  of  its  stearin,  etc.,  removed  by  freezing 
and  expression.  Some  of  our  fine  oil  is  inaiiufactiired  on 
the  New  England  coast;  that  of  Europe,  in  Norway, 
Scotland,  and  England.  The  better  grades  of  Norwegian 
oil  are  now  very  extensively  imported  for  medicinal  use 
here.     The  best  is  the  Loffoten. 

Cod-liver  oil  has  liad  some  reputation  as  a  medicine  for 
a  century  or  more,  but  its  extensive  and  most  important 
use  in  iihthisis  is  less  than  half  as- old. 

The  quality  of  oil  suitable  for  dispensing  is  a  pale  yel- 
low liquid  of  faint  fishy  odor,  and  a  peculiar,  at  first  not 
very  marked,  but  finally  disagreeable,  slightly  acrid 
taste.  It  docs  not  dissolve  in  alcohol,  but,  like  all  fats, 
is  readily  soluble  in  ether.  Its  specific  gravity  is  about 
.922.  ""If  one  drop  of  the  oil  be  dissolved  in  twenty 
drops  of  chloroform,  and  the  solution  shaken  with  one 
drop  of  sulphuric  acid,  it  will  acquire  a  violet-red  tint, 
rapidly  changing  to  rose-red  and  brownish-yellow  (U. 
S.  P.)."  In  addition  to  the  above  test,  and  others,  a  cul- 
tivated taste  and  smell  are  necessary  to  judge  of  the 
quality,  or  even  genuineness,  of  the  drug. 

CoMPfisiTioN. — Although  a  complex  mixture,  it  is  not 
known  how  far  its  value  depends  upon  its  complexity : 
certain  it  is  that  the  modern  clear  and  comparatively 
agreeable  oils  contain  less  of  the  unusual  ingredients 
than  the  older  ones,  and  that  some  of  these  ingredients, 
at  least,  were  cadaveric  products  of  decomposition  of  the 
livers,  or  empyreumatic  decompositions  brought  about 
by  the  method  of  manufacture.  These  clear  and  light 
oils  are  more  eflficient  as  medicines,  as  they  certainly  are 
less  disgusting,  and  can  be  taken  by  numerous  persons 
who  could  not  endure  the  others. 

The  very  different  action  of  cod-liver  oil  from  that  of 
other  aniinal  fats  consisting  of  olein,  palmitin.  and 
stearin  has  recently  been  explained,  by  the  announce- 
ment that  its  eon.stituents  are  chiefly  therapin  and  jeco- 
lein,  fatty  substances  very  dift'erent  from  those  above 
named.  On  the  other  hand,  assuming  it  to  have  the 
usual  composition,  the  most  extensive  efforts  have  been 
made  to  discover  in  it  something  in  the  nature  of  an  ac- 
tive constituent.  Iodine,  bromine,  phosphorus,  choles- 
terin,  and  bile  acids  have  all  in  turn  been  credited  with 
the  peculiar  properties  of  the  oil,  but  these  theories  have 
been  successively  abandoned.  Free  acids  are  less  in 
amount  in  the  better  oils,  and  the  same  is  true  of  the 
several  alkaloids  which  have  been  discovered,  especially 
trimethylamine,  aselline,  and  morriiuinc.  This  question 
is  of  great  importance,  as  it  determines  our  ability  or 
inability  to  secure  the  effects  of  the  oil  from  extractive 
preparations.  It  may,  however,  be  truthfully  affirmed 
that  this  has  not  been  found  possible.  The  body  of  the 
oil  must  be  assimilated  in  order  to  get  its  benefits,  and 
the  above  theory  as  to  its  fatty  substances  being  fnii 
f/eneris  is  the  only  one  which  presents  elements  of  prob- 
ability. 

Action  and  Use. — This  is  the  most  readily  absorbed 
and  assimilated  of  oils.  A  loop  of  intestine  containing  it, 
compared  with  another  containing  another  oil,  is  said  to 
show  an  appreciable  gain  over  the  other  in  absorption. 
It  is  natural,  therefore,  that,  added  to  other  food,  it 
should  increase  nutrition  and  the  accumulation  of  fat. 
This  quality  is  sufficient  to  explain  its  usefulness  in  the 
treatment  of  cases  of  simple  emaciation,  from  bad  nutri- 
tion, in  chronic  and  wasring  diseases,  at  the  end  of  fevers, 
etc'  So  far.  it  can  hardly  be  considered  a  medicine, 
but  only  a  particularly  useful  form  of  non-nitrogenous 
food,  it  is  emulsified  and  absorbed  exactly  as  other  oils 
are.  and  undoubtedly  becomes  in  the  same  way  a  part 
of  the  Iwdily  tissues.  In  this  view,  other  oils  should 
have  the  same  effect  according  to  their  assimilability. 
and  suitable  doses  of  olive,  linseed,  and  lard  oils  should 
be  equally  as  good,  and  cream,  from  its  state  of  emul- 
sion, even  better.     Experience  has  not,   however,   con- 
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lirmeil  tliL-ir  equality.  The  most  important  iLscs  of  cod- 
liver  oil,  moreover",  are  observed  in  a  series  of  ca.ses 
whose  pathology  is  as  obscure  as  the  action  of  the 
remedy^such  "as  the  "scrofulous"  diseases,  whether 
glandular  or  ulcerative,  chronic  rheumatism,  etc.  It 
must  in  these  ca.ses  act  in  some  gentle  and  peculiar 
way  upon  the  pathological  processes,  tending  to  re- 
turn them  to  normal  physiological  ones,  and  in  this 
respect  is  to  be  classed  in  the  heterogeneous  number  of 
medicines  called  alteiatives.  Its  uses  have  been  mostly 
noticed  in  the  preceding  .sentence  but  may  be  recapitu- 
lated a  little  more  in  detail.  It  is  given,  more  than  in 
any  other  disease,  in  phthisis  pidmonalis.  The  long, 
wasting  course  of  this  complaint  calls  very  distinctly  for 
remedies  that  will  prevent  waste  on  the  one  hand,  and 
lironidte  nutrition  on  the  other.  Alcohol  and  cod-livi'V 
oil  may  be  regarded  as  types  of  these  two  therapeutic 
agents,  and  experience  has  long  ago  shown  them  to  be 
two  of  the  most  generally  useful  things  that  can  be 
given.  Neither  is  a  specific,  neither  appears  in  tli(; 
slightest  degree  to  change  the  character  of  the  poison 
lying  at  the  root  of  the  complaint,  but  both  retard  the  leiss 
of  tiesli  and  strength,  each  in  its  peculiai'  way.  The  oil 
is  often  given  alone  in  the  early  stages  of  the  disease,  and 
generally  with  advantage,  as  alcohol  in  small  doses 
more  readily  loses  its  effect.  It  is  also  frecpientl}'  com- 
bined with"  malt  extracts,  the  hypophosphites,  iron, 
iodine,  and  otlier  alteratives  or  aids  to  nutrition.  Be- 
sides the  general  action,  the  oil  has  an  undoubted  favor- 
able effect  upon  the  chronic  bronchitis  and  catari-hal 
pneumonia  present,  and  it  is  therefore  of  value  in  the 
cough  of  consumption.  It  is  also  of  great  .service  in 
subacute  and  chronic  idiopatliic  bronchitis  ("colds  in  the 
chest  ").  In  the  persisting  colds  of  infants  and  the  aged, 
with  a  good  deal  of  weakness,  it  has  no  equal.  In 
chronic  catarrh  of  various  mucous  membranes,  ear,  nose, 
vagina,  urethra,  etc.,  especially  if  attended  with,  or  de- 
pending upon,  debility,  it  is  sometimes  useful.  In  hip 
disease,  and  similar  degenerations  of  other  joints;  in 
glandular  abscesses,  in  chronic  ulcei's ;  in  short,  wherever 
there  are  waste,  emaciation,  and  thinness  of  blood,  it  is  to  be 
tried.  A  peculiar  method  of  its  employment  in  the  fish- 
eries is  in  half -tumblerful  doses,  to  break  up  an  acute  cold. 

The  great  obstacles  to  the  fullest  use  of  cod-liver 
oil  are  its  taste,  which  is  so  repugnant  to  many  that  they 
can  scarcely  take  it,  and  its  liability  to  disagree  with  the 
stomach,  and  either  to  produce  nausea  and  vomiting,  or, 
what  is  equally  disastroiis,  to  impair  the  appetite  and  so 
to  more  than  undo  all  its  possible  benetit.  The  different 
methods  of  administration  mentioned  below  sometimes 
overcome  this,  but  most  important  is  the  exclu.sive  use 
of  the  carefully  prepared  and  nearly  tasteless  oils  referred 
to  above. 

Administration. — The  dose  of  the  oil  is  from  12  to 
30  c.c.  (  I  iij.  ad  §  i.)  two  or  three  times  a  day.  If  it 
can  be  taken  clear  it  may  be  so  given;  the  taste,  even  of 
the  best,  is  somewhat  repulsive,  and  becomes  more  so 
toward  the  last  of  the  l)ottle  in  summer,  as  it  rather 
easily  becomes  rancid.  It  is  best,  thei'efore,  to  purchase 
only  a  small  (piantity  at  a  time,  and  to  keep  it  as  cool  as 
possible.  The  taste  may  be  disguised  by  means  similar 
to  those  used  with  other  oils  (e.ff. ,  C'lis/dr  Oil,  (/.1\ ) :  rinsing 
the  mouth  thoro\ighly  with  whiskey,  spirit  of  lemon, 
peppermint,  or  some  such  pungent  vehicle;  swallowing 
the  oil  at  once,  and  again  rinsing  the  mouth,  is  as  good  as 
any  of  the  extemporaneous  means  vi,sed  for  this  purpose. 
The  liquor,  if  one  prefers  to  do  so,  may  be  spit  out.  Large 
elastic  capsules  containing  fi  or  8  gm.  (  Z  i.  to  ij.)  are 
made,  but  not  .nnch  used,  on  account  of  their  expensive- 
ness.  The  following  cond)ination,  ^vhelJ  liquoi'  is  to  be 
given  with  it,  is  a  well-known  favoiite: 

Coil-liver  oil .-,0  parts. 

Wliiskey ;i,-j 

Comp.  fineture  of  '.uveiider l,"i 

It  nuist  be  thorougUh-  shidcen  for  every  dose,  as  the 
oil  mmiediately  begins  to  separate.     The  la'viiider  is  aild- 


ed  oidy  as  a  flavor,  and  may  be  omitted.  All  oils  appear 
to  be  less  offensive  to  children  than  to  adults. 

Another  method  is  to  mix  the  oil  witli  about  an  equal 
iiart  of  one  of  the  syrupy  malt  extracts ;  the  mixture  does 
not  separate  so  readily  as  the  above.  Its  taste  is  well  borne 
by  children.  Then  there  are  the  numerous  emulsions 
niade  and  advertised  everywhere.  They  come  under 
one  of  the  following  clas.ses:  First,  mucilage  emulsions, 
of  which  the  following  is  an  example: 

Cod-liver  oil .50  parts. 

Oil  of  wiutergreen 3      || 

Mucilage  of  tragacanth lo 

Water  of  orange  fl<jwcrs,  sulKcient  to 

make 100      " 

A  little  "knack"  is  reiiuired  to  make  it  well.  The 
mucilage  is  the  emulsifying  agent,  and  tlie  oil  should  be 
added  to  it  very  slowdy,  and  lunat  iliomnrjhly  stirred  until 
it  in  diridi-d  iii/o  inrixifile  jxiriid/'S,  before  the  water  is 
added.  The  oil  of  wintergreen  is  only  a  flavor,  which 
may  be  varied  to  suit.  This  makes  a  good,  permanent 
mi.xture  of  about  the  consistence  and  appearance  of  thick 
cream.  In.stead  of  tragacanth,  mucilage  of  acacia,  about 
twice  the  amount,  or  a  decoction  of  Irish  moss,  may  be 
used. 

Second,  egg  emulsions:  These  are  made  like  salad 
dressings,  by  u.sing  tlic  yolk  of  egg  as  the  suspending 
ingredient.     The  following  is  a  good  one; 

Cod-livei-  oil 50  parts. 

( )il  of  sassafras 3 

Chloroform 3 

Glycerite  of  yolk  of  egg V) 

Hose  water,  enough  to  make 100      " 

Here  the  oil  and  the  egg  must  first  be  "emulsified," 
when  the  other  ingredients  may  be  added — the  water 
last.   .  This  is  a  thinner  liquid  than  the  preceding. 

The  pancreatic  emulsions  are  nominally  made  by  emul- 
sifying with  pancreatin,  and  are  theoreticallj'  the  most 
perfect  of  all,  but  are  practically  attended  with  some 
difficulty ;  the  ordinary  "  pancreatin  "  of  the  shops  will 
not  make  a  good  result,  and  of  those  claimed  to  be  so 
produced  some  are  made  by  means  of  added  alkalies, 
others  by  the  fresh  pancreas  itself,  and  some  do  not  even 
contain  an}'  cod-liver  oil  at  all.  Considerable  care  has 
to  be  exerci.sed  with  all  proprietary  pireparations,  to  see 
that  the  percentage  of  oil  is  not  delicient,  as  the  drawing 
out  of  the  oil  is  a  favorite  method  of  rendering  the 
preparation  palatable.  An  ounce  or  two  of  perfectly 
sweet  pancreas,  chopped  tine  and  mixed  thoroughly  with 
a  gallon  of  oil,  will,  it  is  said,  sutfice,  wiien  "the"  oil  is 
filtered  off  and  mixed  with  water,  to  cniuLsify  it  per- 
fectly. Like  the  other  emulsions,  it  can  be  flavored  to 
taste.  Iodine,  iron,  the  hypophosphites,  and  other  suit- 
able additions  can  be  mad'e  to  all  of  them,  but  alcohol 
and  tinctures  are  incompatible  with  the  mucilaginous 
ones.  If  the  patient  woidd  chew  a  bit  of  raw  smoked 
herring  before  taking  the  oil,  its  taste  would  not  be 
noticed, 

The  "wines,  "and  similar  preparations,  of  coddiver  oil, 
under  wdiatever  fanciful  names,  are  utterly  unreliable 
and  are  to  be  classed  as  unscientiric. 

Mnrrhidd  is  an  alcoholic  extract  of  the  oil.  Very  little 
is  yielded  by  fresh  sweet  oils,  and  the  yield  increases 
with  the  degree  of  putridity  of  the  article.  It  is  there- 
fore to  be  regarded  as  essentially  a  putrefactive  product, 
and  whatever  useful  properties'  it  may  claim  to  possess, 
it  need  not  be  used  for  the  effects  of  the  oil. 

Cod-liver  oil  is  often  given  by  inunction,  willi  benefit, 
especially  to  niarasmi(;  babies.   '  H'.  F.  Bolli'.s. 

CCELOM,  COMPARATIVE  DEVELOPMENT  OF  THE. 

—Ill  all  vertelu-ates  the  ]iriniilive  intestine  forms  two 
sets  of  diverticula  wdnch  are  destined  to  become  perma- 
nent tissues,  (1)  one  toward  the  medullarv  groove  winch 
forms  the  chorda  dorsalis,  and  ('J)  two  lateral  diverticula 
w  Inch  form  the  body  cavities.     These  latter  are  later  on 
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subdivided  into  pleural,  pericardial,  pci-itoneal,  and  other 
cavities.  A  detailed  description  of  the  theory  of  the 
formation  may  be  found  in  Balfour's  work,  in  llerl wig's 
"Embryologie,"  and  in  Minot's  "'Human  Enibryology." 


Fifi.  i;!!)().— Transversp  Section  thrrmpli  tin:  I'Dsterior  Ri-sidn  of  a  Chick,  witli  Six  Pairs  of 
Jlyntonics.  (After  Wnhlcyei'.  troiii  Minot.)  Kc,  (^ctoiterrti ;  Mes.^  mesoderm;  Ent., 
entoderm;   3/'/.,  nu'diillary  trroove. 


When  sections  are  made  through  very  young  embryos  of 
higher  vertebrates,  just  after  tlie  bhistodermic;  nieniljranes 
are  well  formed,  a  solid  mesoderm  is  found,  as  shown  in 
Fig.  1390.  Although  in  lower  vertebrates  the  mesoderm 
is  produced  by  lateral  divertietda  from  the  entoderm, 
which  are  hollow  from  the  beginiiiug,  in  hi,i;lici-  verte- 
brates the  mesoderm  is  first  laid  down  as  a  snlid  mass  of 
cells.  Soon  the  cells  of  the  mesoderm  on  either  side  of 
the  chorda  divide  into  two  layers,  the  somatopleure  and 
the  splanclmopleure  (Fig.  1391,  Soin.  and  Spl.).  From  the 
two  lateral  cavities  lietween  these  two  layers  the  pen 
toneal  cavity  is  formed. 

The  more  accurate  early  forniaticin  of  the  pleuro-pe 
toneal  cavitj^  in  its  relation  to  the  other  or- 
gans, we  find  carefully  studied  by  Budge, 
who  by  means  of  injection  followed  it  in  the 
chick.  With  a  tine  hypodermic  syringe  he 
filled  the  various  spaces  of  the  coelom  as  they 
appeared,  thus  showing  very  clearly  the  ex- 
tent of  this  cavity  in  various  embryos.  The 
splanclmopleure,  according  to  Budge,  may  be 
split  into  two  layers,  a  dorsal  or  lymphatic  and 
a  ventral  or  vascular.  As  the  first  blood-vessels 
are  formed,  Ij-mph  vessels  appear  on  their  dor- 
sal side,  which  flow  together  to  foi-m  networks  and  accom- 
pany the  primitive  veins  to  the  a.xial  part  of  the  germinal 
area.  Here  the  lymphatics  form  two  spaces,  one  on 
either  side  of  the  body,  which  are  soon  united  by  a 
bridge,  or  rather  duct,  on  the  ventral  side  of  the  heart. 
Therefore,  in  birds  at  least,  the  primitive  pleuro-peri- 
toneal  cavity  appears  somewhat  as  an  H,  the  uprights  of 
which  are  on  either  side  of  the  body,  and  the  cross-piece 
on  the  oral  side  of  the  sinus  venosus.  In  its  further  de- 
velopment the  sinus  venosus  grows  to  the  dorsal  side  of 


the  cross  piece,  thusreversin.g  the  relation  of  the  vascular 
system  to  the  lymjihatic,  or  rather  codomic  system.  The 
uprights  of  the  H  fall  to  tl]c  o\itside  of  the  body  and  are 
swallowed  \i\)  in  the  foiniationof  the  aiimion.  Fig.  1392 
is  a  ei-oss-section  fnim  a  ehiek  at  tliis 
si  age,  :uhI  shows  tliat  tlie  greater  por- 
tion of  the  cavity  is  now  on  tlie  out- 
side of  tlie  body.  The  ci'oss-piecc  of 
the  H  is  immediately  on  the  ventral 
side  of  the  heart,  and  forms  the  cavity 
of  the  jiericardium  Ijy  the  heart  grow- 
ing into  it.  Its  communication  Avith 
the  remaining  coilomit^  cavity  is  later 
on  cut  oil  in  higher  veilebrates,  wliile 
in  lower  veretejji-ates  it  may  j-emain 
oi)en. 

Budge  lv.n  diverticula  grow  from  the 
cross-piece,  one  on  either  side  of  the  chorda,  toward  the 
tail  of  the  body,  and  form  the  primitive  pleuro-peritoneal 
cavities.  Budge's  paper  was  published  from  fragment- 
ary notes  after  his  death,  and  I  am  certain  that  the  above 
statement  is  not  correct.  Professor  His  has  placed  be- 
fore me  Budge's  specimens,  wliicli  I  think  show  conclu- 
sively that   llie   intei'prelation    of  his   injections  is   not 

MA 


According   ti 


Fig.  1391.— Transverse  Section  of  a  Chick  of  the  Second  Day.  (Alter  Waldeyer, 
from  Minot.)  Sum.,  Somatic  mesoderm  ;  Sp(..  splanchnic  mesoderm  ;  jEc,  eito- 
derm  ;  Kiit.,  entoderm  ;  VJ'..  vein  ;  jr.,  Wolfllan  duct ;  Md.,  medullary  canal : 
Au.,  aorta;  C/i.,  chorda;  M.S.,  myotome. 


correct.  Jlost  r.f  his  injections  were  made  into  the 
anmiotic  fold  as  tlie  amnion  was  forming.  Cross-sec- 
tions of  embryos  show  that  on  either  side  there  is  a  large 
cavity  (Fig.  1392,  Som.)  which  communicates  freely  with 
the  iDleftro-peritoneal  (6'«!).  Before  the  amnion  is  com- 
plete we  have  lateral  cavities  on  either  side  of  the  body, 
communicating  with  each  other  only  by  means  of  the 
cross-piece  on  the  ventral  side  of  the  heart.  This  is  the 
freest  portion  of  the  communication,  which  also  com- 
municates most  freely  with  the  pleuro-peritoneal  cavities 


\  Som. 
I 


•*^im^ 


Coe 


3 


I 


"^^^^ 


FTP  rw  —Section  throueh  the  Body  of  a  Chick  of  the  Third  Day.  (After  Minot.)  Cli.,  Chorion  ;  ,4m.,  amnion  ;  Som.,  somatopleure  ;  v., 
hloodlvessels  ;  Coc,  coelom;  Spl.,  splanchnopleure  ;  In.,  intestine;  au..  aorta;  Wd.,  Wolffian  duct;  Year.,  vena  cardinalis ;  (li.d., 
chorda  dorsalis  ;"  My.,  myotome  ;  Md.,  medullary  canal. 
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the  Amnion.  Tbe  embryo  has 
been  injected,  but  the  fluid  of 
the  two  cavities  has  not  flowea 
together. 


(Pig.  1393,  Coe).  In  many  embryos  the  injection  passed 
from  the  cross-piece  into  the  pleuro-peritoneal  cavity  and 
would  not  extend  out  into  tlie  amniotic  portion  of  the 
ccelom,  thus  malcing  it  appear 
as  if  the  pleuro  -  peritoneal 
cavities  were,  so  to  speali,  di- 
verticula projecting  directly 
from  tlie  cross-piece  or  peri- 
cardial cavity.  Transverse 
sections,  however,  give  the 
picture  of  Fig.  1393.  Surface 
views  could  not  decide  that 
Fia.l393.-Sectlon  Ola  Chick,  to    y^ggg  i^^y  cavities  united  di- 

S'crity'fe  c^ufoTofthe   rectly.  and  these  sections  were 

Coslomlc,  leaving  a  Portion  In  no  doubt  made  after  the  writ- 
ing of  the  rough  draft  of  liis 
manuscript.  Therefore,  in- 
stead of  stating  that  the  two 
pleuro-peritoneal  cavities 
arise  as  independent  diverticula,  we  must  say  that  they 
are  pinched  off  from  the  coelomic  cavity  after  the  amnion 
is  formed. 

The  coelomic  cavities  which  are  so  intimately  united 
with  the  lymphatic  system  unite  and  again  divide  into 
sections,  thus  forming  the  various  compartments  of  the 
visceral  cavity  of  higlier  vertebrates.  In  all  of  tlie  verte- 
brates the  heart,  as  it  is  developing,  hangs  into  the  ven- 
tral transverse  portion  of  the  cavity,  or  the  primitive 
pericardial  cavitv.  This  is  shown  diagrammatically  in 
Figs.  1394,  1395,  "1396,  and  1397,  P. 

Figs.  1394  to  1397  show  the  very  early  condition  of 
things;  the  coelomic  cavities  are  united  by  the  cross-piece 
or  the  primitive  pericardial  cavity.  The  dotted  lines 
(Fig.  1394)  mark  what  portion  of  the  cavity  is  taken  up 
in  the  amnion  (A. P.),  while  the  remaining  middle  portion 
(P.  P.)  becomes  the  pleuro-peritoneal.  Figs  1395,  1396  and 
1397  show  in  succession  the  more  advanced  stages.  In 
higher  vertebrates  the  pericardial  cavity  is  completely 
closed  olT  from  the  pleuro-peritoneal,  but  in  elasmobranch 
fishes  a  communication  between  tlicm  exists  in  the  adult. 
The  separation  of  the  pericardial  cavity  from  the  pleuro- 
peritoneal  is  aided  materially  by  the  heart  growing  over 
to  the  ventral  side  of  the  body,  as  shown  in  Fig.  139S. 
Sections  through  various  parts  of  the  same  embryo,  from 
which  Fig.  1398  is  taken,  are  shown  in  Figs.  1399"  to  1404. 
In  none  of  these  sections  is  the  communication  between 
the  pericardial  and  pleural  cavities  shown,  but  sections 
nearer  the  head  contain  it. 

A  cast  of  the  coelomic  cavity  of  tliis  same  embryo  is 
given  in  Fig.  1405.  There  is  only  a  slight  communication 
between  the  pericardial  cavity  and  the  pleuro-peritoneal. 
The  groove  in  the  cast  marked  M  indicates  the  position 


Thus  it  is  seen  that  the  heart  first  grows  into  the  primi- 
tive pericardial  cavity,  which  is  nothing  else  than  the 
cross-piece  of  the  H  already  spoken  of.  The  pericardial 
coelom  grows  larger  and  larger,  at  the  same  time  hanging 
as  it  were  over  the  ventral  side  of  the  body,  and  is  soon 
connected  with  the  pleuro-peritoneal  cavity  only  by  two 
ducts,  which  later  on  become  closed  in  the  higher  verte- 
brates. 

In  early  embryos  the  veins  enter  the  lieart  behind,  and 
not  in  front,  as  is  the  case  in  higher  animals.  The  heart 
in  its  whole  development  undergoes  a  half-revolution, 
and  in  this  way  the  twists,  etc.,  are  formed.  Before  the 
pericardial  cavity  is  shut  ofE  from  the  pleuro-peritoneal 


Figs.  1394, 139."),  1396,  and  1397.— Diagrams  to  Show  the  Development  of  the  Coelomic  Cavitv. 
P.P.,  Pleuro-peritoneal  cHvlty ;  A. P.,  portion  of  the  coelomic  cavitv  swallowed  up  In  tlie 
amnion  ;  P.,  t.ericajflial  amty  ;  L.,  i)leunil  cavity  ;  O.N..  gastric  diverticula,  right  and 
left ;  D.,  position  of  itie  diapiiragiii ;  L.d.lK.  left  gastric  diverticulum  ;  H.G.D.,  right  gas- 
tric divprtii'uUiin  111'  lesser  peritnncal  cavity  ;  F.W.,  foramen  of  Wlnslow  ;  G.P.C  greater 
peritoneal  cavity  ;  T.,  tuuica  vaginalis. 


of  the  simple  mesentery.  Its  relation  to  these  organs  is 
better  shown  in  the  sections  (Figs.  1 399  to  1404).  Fig.  1400 
represents  a  section  through  a  chick  at  an  earlier  stage  of 
development,  in  which  the  duct  (Dmniiinicating  bel  ween 
tlie  pericardial  and  pleural  cavities  is  cut  longitudinally. 


Fig.  1.398.— Reconstruction  of  a  Human  Embryo.  (Enlarged  16  times, 
viewed  from  the  left  side.)  P.,  Pericardial  cavity ;  1,  2,  3.  and  4, 
branchial  pockets;  A.D.,  descending  aorta;  A.,  auricle;  V.,  ven- 
tricle ;  1/.,  lung ;  S.,  stomach  ;  P.,  pancreas ;  M.,  mesentery  ;  Jv., 
kidney ;  W.D..  Wolffian  duct ;  O.,  openings  through  which  the 
right  and  left  peritoneal  cavities  communicate. 

the  large  vessels  enter  front  behind.  They  are  embedded 
in  a  mass  of  mesoblastic  tissue  which  is  encroaching  upon 
the  pleuro-peritoneal  cavity,  and  has  been  termed  by  His 
the  transverse  septum.  This,  by  its 
further  growth,  forms  the  dia- 
phragm of  higher  animals  (Figs. 
1395,  1396,  1397).  In  lower  animals 
only  a  rudimentary  diaphragm,  or 
none  at  all,  is  present.  By  the  for- 
mation of  Ibe  diaphragm  the  pleu- 
ro-peritoneal cavity  is  divided  into 
a  smaller  anterior  portion,  the  pleu- 
ral, and  a  larger  posterior  portion, 
the  peritoneal.  The  lungs  now 
grow  into  the  iileural,  as  shown  in 
an  early  stage  in  Fig.  1406,  and  in 
a  somewhat  later  stage  in  Fig.  1399. 
The  peritoneal  cavity  is  at  first 
composed  of  two  distinct  portions, 
one  oil  either  side  of  the  intestine, 
which  in  lower  animals  is  quite  a 
straight  tube,  lying  in  the  middle 
line  of  the  body.  Soon,  however, 
two  communications  are  found  be- 
tween the  two  lialves,  one  in  front  and  one  behind  the 
omphalo-mesenteric  vessels  (Fig.  1399,  0).  These  open- 
ings enlarge  more  and  more  as  the  intestine  becomes 
more  convoluted,  and  soon  flow  together,  severing  com- 
pletely the  omphalo-mesenteric  vessels  and  duct.    A  por- 


m 


0 


0- 

FIG.  1397. 
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tion  of  the  duet  may,  however,  remain  in  connection 
with  the  small  intestine  to  form  the  diverticulum  of 
Meckel. 

As  the  organs  grow   the  peritoneal  cavity  surrounds 


A  section  of  the  chick  at  this  stage  is  given  in  Pig.  1406, 
G.D.,  making  the  lesser  cavities,  or,  as  they  may  better 
be  termed,  the  right  and  loft  gastric  diverticula.  At  the 
beginning  of  the  f(nirth  day  the  gastric  diverticula  be- 


FIG.  1399. 


FIG.  um. 


FIO.  1401. 


1403. 


Fig.  1404. 


FIG.  1403.  FIO. 

FIGS.  1399-1404.— Sections  through  a  Human  Embryo  Twenty-six  Days  Old.  (Y.  2.5  tlmes.l  O.,  CEsophaffus ;  S.,  stomach;  I.,  intestine;  P., 
pancreas  ■  B.,  bile  duct ;  A.,  aorta  ;  r.,  coeliac  axis  ;  G.,  right  gastric  diverticulum  ;  F.,  foramen  oj  Winslow  ;  M.,  mesentery  ;  L.,  liver ; 
P    portal  vein  ■  U  ,  umbilical  vein  ;  H..  heart ;  X..  bulb  of  the  aorta.    The  pleuro-peritoneal  cavity  is  colored  blacif  throughout. 


them  more  or   less  completely,   until    the  condition   of 
things  as  seen  in  the  adult  is  produced. 

In  lower  vertebrates  the  peritoneal  cavity  remains 
quite  simple,  but  in  reptiles,  birds,  and  mammals  it  may 
become  (luite  complex.  Especially  is  this  true  regarding 
the  birds,  in  which  these  divisions  are  greatly  complicated 
by  the  growth  of  the  air  sacs  from  the  lungs. 

"The  first  trace  of  the  lesser  peritoneal  cavity  is  seen  in 
the  reptiles.  Ravn  has  shown  that  in  the  lizard  there 
are  two  diverticula  from  the  peritoneum,  one  on  either 
side  of  the  stomach.  From  the  one  on  the  right  side  the 
lesser  peritoneal  cavity  of  mammals  arises.  In  general 
the  relation  of  the  lesser  peritoneal  cavity  to  the  greater 
is  much  like  what  is  shown  in  Fig.  139,^.  In  the  true 
sense  of  the  term  there  is  no  lesser  cavity,  but  only  the 
two  pouches.  These  are  already  present  in  the  embryo, 
and  in  the  adult  they  retain  their  embryonic  appearance. 
In  birds  the  conditions  become  more  complex.  They 
appear  in  the  chick  during  the  third  day  of  incubation. 


come  larger,  and  on  transverse  section  semicircular. 
Figs.  1407  and  1408  are  from  casts  of  the  cavities  about  the 
stomach  of  a  chick  of  eighty-eight  hours.  The  right  is 
larger  than  the  left  and  is  markedly  cup-shaped,  and 
connects  by  means  of  a  narrowed  opening  with  the  right 
pleuro-peritoneal  cavity  (Fig.  1407,  F.  W.).  The  two  to- 
gether enclose  the  proventriculus.  On  account  of  the 
relations  of  the  opening  of  the  right  diverticulum  with 
the  blood-vessels,  stomach,  and  liver,  and  also  for  reasons 
whicli  find  their  basis  in  comparative  anatoni}'  and  em- 
bryology, the  opening  can  be  nothing  else  than  the  fora- 
men of  Winslow. 

On  the  left  side  the  gastric  diverticulum  is  much 
smaller,  and  in  older  embryos  it  disappears  altogether. 

In  a  chick  of  five  days  and  sixteen  hours  (Pig.  1409)  the 
right  gastric  diverticulum  has  about  doubled  all  its 
dimensions,  while  the  embryonic  foramen  of  Winslow 
has  become  much  more  sliarply  defined.  At  this  time 
the  liver  has  greatly  increased  in   size,  the   right    lobe 
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being  larger  than  tlie  left,  both  lying  auterioi-  to  the 
foramen  of  Winslow.  The  original  position  of  the  liver 
being  behind  the  foramen,  its  rotation  necessarilj-  earries 
the  hepatic  arterj'  and  the  i)ortal  vein  around  the  fora- 


P.  P, 


Fio.  140.5.— Corrosion  Preparation  of  the  Pleuro-perltoneal  Cavity  of 
an  EmbiTO  Twenty-six  Days  Old.      (X  22  times.  I    P.,  Pericardial 
cavity  ;  ^1.,  opening  for  the  aorta ;  V.,  opening  for  the  vein  •  L 
space  over  the  Uver ;   21.,  slit  for  mesentery ;    Tl'.B.,  space  for 
lYolQlan  body. 

men  of  Winslow— its  adult  position.     "With  the  growth 
of  the  gizzard  a  space  extends  from  behind  the  right 
gastric  diverticulum  along  the  dorsal  side  of  this  origan, 
and  marks  the   beginning  of   the   cavity  of   the   g'reat 
omentum  (0.).     Nearly  the  whole  of  the  right  diverticu- 
lum now  lies  on  the  left  side  of  the  body;  the  same  posi- 
tion is  held  by  the  proventriculus  and  the  gizzard. 
The  domestic  fowl  possesses  three  peritoneal  cavities, 
completely  sepafated  from   one 
another,  and  from  one  of   them 
the    lesser    cavity    ai'iscs.      The 
communication    i's  by  means  of 
the  foi-amen  of  Winslow.    After 
the  anterior  abdominal  walls  are 
removed,    two    ventral    cavities 
are  exposed,  separated  from  each 
other  by  a  vertical  longitudinal 
septiun.     Into  each   of'tlic  cav- 
ities hangs  a  lobe  of   the  liver, 
while  into   the  left   the  ventral 
surface  of  the  gizzard    projects. 
On   the   doisal   side  of  the  liver 
then;  are,  on  each  side,  thiee  air 
sacs  —  an     anteri.n-,    a    middle, 
and  a  posterior.    The  middle  one 
is  the  smallest,  and  the  postei'ior 
the  largest,  exlending  as  it  d.>es 
thi-ougliout  the  postei'ior  portion 
of  the  abdominal  cavity.     Each 
sac  (■oiiununicates  l)y  means  of  a 
special  opening  dire'etlv  into  the 
hnigs.      By  allowing  tile  .sacs  to 
collapse  we   tind  that  a  very  dis- 
tinct  meniliranc    pnijccls   'hack- 
M-ard  from  the  gizzard  and  cuts 
oil  the  portion  of  the  abdominal 
«ivity  containing  the  intestines 
I  Ins    IS    the   "  pscudo-eiiiplodn  " 
described    by    Weldou    ami    fol- 
lowed more  extensively  by  Bed- 


Flc.  lirili.— Section  thronph 
tlic  l(cf;i(,n  of  tlic  Heart  (,f 
a  ciiic  k  of  Seventy  ii,,iirs 

'■:i..  limes.)     Tlicseetinn 

strikes  11 nil  i.,„|  i,f  III,. 

n-astrlcrtlverticulumi;  It 
and  tliB  tips  of  tlie  imil 
mnnm-y  buils,  L.  A  few 
.sections  deepeithe  Kastric 
■  di\erticula  I'oinminiieate 
with  the  pleuiij-iicritoneal 
cavity.  H.,  Iieart;  /)  r 
ductus  Ciivii-ri ;  B  i  ' 
bultius  aorUe.  '  " 


derd.  A  similar  membrane  is  present  in  the  crocodile. 
In  all  respects,  this  mcmbniue  is  situated  in  the  same 
])Osition  as  is  the  c]iiploou  in  mammals,  with  the  differ- 
ence that  it  is  adherent  to  the  abdominal  walls  along  its 
free  border.  On  the  dorsal  side  of  the  gizzard  the  air 
sacs  fill  all  the  space,  thus  closing  off  the  communication 
between  the  cavity  in  which  the  intestines  lie  and  the 
ventral  cavities. 
When  the  anterior  and  middle  air  sacs  on  the  right  .side 


Figs.  UO?  and  14( is. —Corrosion  Preparations  of  the  Rlpht  and  Left 
Gastnc  Diverticula  of  a  Chii/k  Eiglitv-eieht  Hours  (lid.     (  ■  Zi  times  ) 
P.P.,  Plenro-peritoneal  cavity  ;  R.d.T)..  right  gastric  diverticulum  • 
-L.Cr.£).,  left  gastric  diverticulum;    L.,  position  of  lung;    FW 
foramen  of  Winslow. 

are  separated  from  the  posterior  sac  on  the  same  side,  a 
slit  is  shown  which  extends  anterior  and  dorsal  to  the 
hepatic  veins.  Here  it  communicates  by  means  of  a 
round  opening,  about  1  cm.  in  diameter."  with  a  large 
cavity  lying  on  the  median  and  dorsal  side  of  the  pro- 
ventriculus and  extending  to  the  spleen.  The  cavity 
does  not  extend  on  the  dorsal  side  of  the  gizzard.  In 
all  res]iects  it  corresponds  with  the  right  gastric  diver- 
ticulum of  embryos  and  with  the  lesser^peritoneal  cavity 
of  mammals. 

The   relation   of    the   embrvonic    omentum   with   the 
"pseudo-epiploon"   is   as   yet   unknow-u.      However    I 
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think  it  probniilc  that  the  one  is  cban-ed  int.,  the  other 
tmd  hat  I  he  "  p.seudo-epiploon  "  will  prove  to  be  the  true 
epiploon  homologous  with  the  same  in  mammals      We 
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Fig.  Uin.— Corrosion  Preparation  of  tiie 
(iastrio  nivertlL-uliun  ol  a  Huiiian  Em- 
liryo,  T  iiim.  long.  (X  35  timns.)  !>.['., 
Plem-n-peritoneal  oavlty:  F.W.,  fmaniea 
of  Wiuslow  ;  G.D.,  gastric  diverticulum. 


imist  imagine  cmly  tlie  embrvdiiic  omeutiim  attachiiia: 
itself  Oil  the  sides  (if  tlie  abddiueii  followed  by  a  lo.ss  u'f 
the  epiploouic  cavity.     A  subsequent  growth  of  the  air 

sacs  backward  fioni 
the  doi'.sal  side  of 
the  stomach  will 
produce  the  condi- 
tion found  in  the 
adult. 

In  mammalian 
embryos,  while  the 
stomach  is  still  up- 
ri.t;'ht,  oidy  one  gas- 
tric diverliculum  is 
found.  It  is  on  the 
right  side  in  Figs. 
13119  to  1-101,  which 
are  taken  fi-om  a 
young  human  em- 
bryo. In  each 
drawing  the  cado- 
mic  cavity  is  color- 
ed black  and  the  position  of  the  section  can  be  made  out 
by  the  organs  which  are  cut  across  in  the  section.  A 
east  of  the  cavity  is  shown  in  Fig.  140.5.  The  portion  of 
the  cavity  on  the  right  side  of  the  stomach  and  the  liver 
IS  shown  in  Fig.  1410,  which  is  taken  from  a  cast  also. 
Figs.  1399,  1400,  and  1401  show  .sections  through  the 
gastric  diverticulum  of  Fig.  1410.  Fig.  1401  being  through 
the  foramen  of  Winslow. 

The  general  form  of  the  cavities  is  shown  in  Fig.  1410, 
which  is  taken  fi-om  a  rescoustruction  of  a  human  em- 
bryo. The  peritoneal  cavity  suri-ounds  the  Wolffian 
body,  intestine,  oraphalo-mesenteric  vessels,  stomach, 
hver,  and  lungs,  with  the  addition  of  the  right  gastric 
diverticulum. 

In  lower  mammals,  according  to  Ravn,  there  are  two 
diverticula;  so  the  symmetric'al  arrangement  of  these 
cavities  in  reptiles,  is  still  indicated  in  the  mammals.  It 
is  so  insigniUcant,  however,  that  we  need  not  take  it  into 
considei'ation. 

The  fate  of  the  right  gastric  diverticulum  of  mammals 
has  been  studied  in  the  dog,  and  it  has  been  found  that 
it  is  converted  directly  into  the  lesser  peritoneal  cavity, 
much  as  is  shown  in  Figs.  1396  and  1397.  In  a  dog's  em- 
bryo, li  mm.  long,  the  diverticulum  is  much  like  what  it 
is  in  the  human  embryo  of  about  the  same  .size  (Fig. 
1410).  Adogembiyo,  lb  mm.  long,  shows  a  picture  more 
advanced,  much  like  what  is  seen  iu  the  chick  of  five 
days  (Fig.  1409).  In  a  later  stage  (Fig.  1411)  the  stomach 
has  been  twisted  about,  holding  in  great  part  the  adult 
5.D. 


Fio.  1411.— Corrosion  Preparation  of  the  Stomach,  Intestines,  and 
Lesser-  Peritoneal  Cavity  of  a  Dog,  i:3.5  mm.  Long,  Viewed  from  the 
Left  Wide.  (X  15  times.)  The  lesser  peritoneal  cavity  has  been 
filled  with  metal.  B.D.,  Bile  duct;  P.,  pancreas;  C,  caecum  ;  O., 
omentum;  F.JV.,  foramen  of  Winslow ;  L.S.,  position  of  lobus 
Spigelii. 

position.  The  liver,  which  before  lay  on  the  ventral  side 
of  the  stomach,  now^  lies  in  front,  and  to  a  great  extent 
on  the  dorsal  side  of  it.  A  model  of  these  parts  from  a 
10-mm.  embryo,  simply  rotated  to  throw  the  stomach 
away  from  the  mouth,  gives  the  condition  of  things  as 
they  exist  in  the  embryo  13  mm.  long. 


Fig.  1411  shows  the  lesser  peritoni-al  cavity  as  a  cast 
stuck  m  behind  the  stonuich.  The  inb-stiiie  is  composed 
of  two  loojis,  one  from  the  stomach,  I'Xb'nding  inio  (he 
pelvis,  and  the  other  from  the  ca'Cuni  into  the "imibi Ileal 
cord.  The  rapiil  growth  of  the  lai-ge  inlestinehas  thrcjwn 
the  ca'cum  as  high  as  the  stomach  and  to  the  riglit  of  it 
The  fold  of  mesogastrium  coming  fi-om  the  dorsal  side  of 
the  stomach  passes  over  the  large  inlestine  to  form  the 
omentum  (Fig.  1411,  0.).    The  general  shape  of  the  lesser 


Fifi.  1413.— Section  through  the  Foramen  of  Winslow  and  Lobus 
Spigelii  of  a  Dog,  13.5  ram.  long.  (X  :36  times.)  A.,  Aorta;  ,'^., 
stomach  ;  P.,  portal  vein  ;  C.,  umbilical  vein  ;  L.S.,  lobus  Spigelii ; 
o.,  omental  i.-avity  ;  LJ.,  large  intestine. 

peritoneal  cavity  is  shown  in  transverse  section  in  Fig. 
14ia,  which  can  be  compared  with  Fig.  1401.  The  S- 
shaped  loop  of  intestine  is  cut  acro.ss  three  times,  and 
the  lesser  peritoneal  cavity  with  the  foramen  of  "Winslow 
is  shown  throughout  its  w  hole  extent. 

The  omentum  from  now  on  rapidly  grows  over  the 
wiiole  ventral  wall  of  the  abdominal  cavity,  and  iu  man 
adheres  to  the  colon  as  tirst  described  by  Sleckel. 

A  resume  (jf  the  comparative  development  of  the  cadom 
of  the  embryo  is  given  in  Figs.  1394  to  1397. 

Fnt/diin  P.  M(dl. 

CCELOIV?,  HUMAN,   DEVELOPMENT  OF  THE.— Un 

foi'tunately,  there  are  no  data  regai'ding  the  beginning 
of  theca:'lom  in  the  human  embryo,  and  in  all  probability 
none  will  ever  be  found.  The  smallest  human  described 
until  recently  is  that  described  b}'  Reichert.'  It  was  ob- 
tained from  a  woman  wdio  had  committed  suicide,  on  ac- 
count of  pregnane}',  fortj'-one  da3's  after  the  beginning 
of  the  last  menstrual  pei'iod.  It  ivas  therefore  presu- 
mably about  thirteen  days  old.  This  ovum,  which  is 
jiictured  in  every  text-book,  was  5.5  X  3.3  mm.  in  diam- 
eter, was  surrounded  by  a  zone  of  villi  leaving  two 
poles  bare,  and  contained  in  its  interior  a  mass  of  cells 
measuring  1.5  X  1-75  mm.  All  the  space  between  this 
inner  mass  and  the  chorion  is  the  ca^lom,  and  regarding 
its  origin  we  can  no  more  than  speculate. 

During  the  last  few  years  five  other  huiuan  ova,  about 
as  large  as  Reichcrt's,  have  been  cut  into  sections,  thus 
permitting  a  more  careful  study  of  their  contents.-  The 
dimensions  and  approximate  ages  of  these  embrj'os  ai'e 
given  in  the  talilc  in  the  tirst  coluinn  of  the  following  ]tage. 

It  is  noticeable  that  in  the  embryos  just  mentioned  the 
size  of  the  whole  egg  docs  not  correspond  with  the  .size 
of  the  embryo,  nor  with  its  age.  I  do  not  think  that  this 
gieat  variation  iu  the  size  of  the  chorionic  vesicle  is  alto- 
gether due  to  the  method  of  hardening  the  specimen. 
Just  at  this  time  the  growth  of  the  choi'ion  is  precocious, 
as  is  also  the  case  in  the  dog,"  rabbit,''  and  monkey  * 

The  papers  by  Bischoff  and  by  Selenka  are  worthy  of 
the  most  cai-eful  study  by  every  embryologi.st,  and  I  take 
the  liberty  of  rearrangim;'  some  of  Bischolf's  data  on  the 
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Tablk  or  YouxG  Human  Ota. 


Observer. 


Peters 

Sieffenbeek  van  Kenkelom 

Mall  (No.  XI.) 

Reichert 

Von  Spee  <v.  H.) 

Von  Spee  ((ile. ). 

Mall  (No.  XII.)  

His  IL<r.l  

Von  Sjiee 

.Tanosik 


Diameter 
of  embrvonic 

vesieie, 
millimetres. 


0.19    X  ? 

.;32o  X  ? 
1.5  X  i.n 

1.75  X  1.5 
1.84  X  1.083 


2.1 

2.15  :•  2 

2.150  X  3 

3  X  4 


.1 


Diameter 

of  ovum. 

millimetres. 


0.3  X 
5.5  X 
10  X 
5.5  X 
6     X 


1.5 
i-^ 

3.3 

4.5 
8.5 
8 

12.5 

14 


Time  be- 
tween flrst 
lapsed  period 
and  abortion. 


13  davs. 

14  '■ 
12*  " 
12*  " 

13  " 
12  " 

14  " 

15  " 


*  These  are  all  of  the  authentic  young  human  ova  I  can  collect  from 
the  literature  giving  all  of  their  "measurements  as  well  as  the  men- 
strual history  of  the  mother.  In  both  of  von  Spee's  cases  the  time  be- 
tween the  abortion  and  the  end  of  the  last  period  is  given  ;  in  embryo 
V.  H.  the  time  is  given  as  "  exactly  five  weeks,"  while  in  embryo  (lie. 
''  five  weeks  "  is  given.  If  we  estimate  the  duration  of  menstruation 
as  tlve  days  and  its  frequency  twenty-eight  days,  then  the  time  between 
the  first  lapsed  period  and  the  abortion  is  twelve  days,  as  I  have  given 
it  in  the  table. 

development  of  the  dog.  His  ob.servations  are  very  e.x- 
tensive,  and  give  us  the  basis  for  our  present  ideas  of  tlie 
passage  of  the  ovum  into  the  uterine  tube  after  fertiliza- 
tion. Unfortunatel}',  they  were  made  before  the  time  of 
sectioning  specimens,  j'et  they  are  luore  complete  than 
most  researches  relating  to  this  subject  published  since 
his  time. 

The  portion  I  tabulate  relates  to  the  size  of  the  em- 
bryonic mass  or  vesicle,  the  size  of  the  ovum,  and  its 
approximate  age.  As  far  as  I  have  been  able  to  deter- 
mine, these  data  taken  from  the  dog  are  still  the  most 
important  ones  with  which  we  can  compare  the  human 
ovum.  Embiyologists  are  accustomed  to  state  that  the 
age  of  a  human  ovum  is  to  be  reckoned  from  the  begin- 
ning of  the  first  lapsed  period,  and  I  think  that  Bischoff's 
observation  upon  the  size  and  growth  of  the  dog's  ovum 
corroborates  this  view.  He  found  that  the  ova  left  the 
ovary  during  the  rutting  period,  but  the  exact  date  could 
never  be  determined.  Neither  did  the  time  of  copulation 
determine  the  ovulation.  As  a  rule,  it  took  twenty-four 
hours  or  less  after  copulation  for  the  spermatozoa  to  reach 
the  ovary,  and  about  the  same  time  is  required  for  tlie 
ovum  to  reach  the  beginning  of  the  uterine  tube  after 
ovulation.  So  if  ovulation  and  copulation  took  place  at 
the  same  time,  fertilization  of  the  ovum  could  not  take 
place  until  twenty -four  hours  later. 

BischofE  in  his  taljles  often  rates  the  age  of  an  ovum 
from  the  first  or  from  the  last  copulation,  or  from  the 
beginning  or  from  the  end  of  the  rutting  period.  I  have 
attempted  to  tabulate  his  specimens  from  all  four  of 
the.se  dates,  but  in  none  of  the  attempts  did  the  size  of 
the  ova  correspond  with  their  respective  dates.  Often 
eggs  of  a  given  date  were  smaller  and  developed  to  a  less 
degree  than  ova  presumably  younger.  After  much  diffi- 
culty I  finally  constructed  a  table  in  which  the  size  of 
the  ovum  and  its  age  correspond.  A  ntunber  of  the  ova 
published  by  Bischoff  were  obtained  from  the  same  ani- 
mal by  removing  half  of  the  uterus  at  one  time  and  the 
remaining  half  the  next  day.  In  each  half  a  number  of 
ova  were  found,  and  they  were  usually  of  al)out  the 
same  .stage  of  development.  By  this  nrethod  of  pro- 
cedure it  is  possible  to  determine  very  accurately  the 
growth  of  the  ovum  from  one  stage  to  one  twenty-four 
hfjurs  later.  So,  by  gradually  plodding  through  the 
specimens  published  by  Bischoff,  it  was  possible  for  me 
to  correct  his  data  completely.  It  is  remarkable,  as  the 
table  shows,  how  slowly  the  development  takes  place  in 
the  early  stages,  and  about  ten  days  are  recjuired  before 
the  ovum  is  1  mm.  in  diameter.  On  the  fifteenth  or  six- 
teenth day  the  ovum  is  about  as  large  as  the  human 
ovum  described  by  Reichert  (see  table). 

Similar  results  can  also  be  obtained  from  the  various 
papers  published  on  the  rabbit's  embryo.  Its  develop- 
ment, however,  is  considerably  more  rapid  than  the  dog's 
as  the  period  of  gestati(jn  is  but  thirty  days. 
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Table  of  Age  and   Size  of  the  Dog's  Otum. 
(Compiled  from  Bishoff.t 


Age. 

Diameter 

of  ovum, 

millimetres. 

Diameter 
of  embryonic 

mass, 
millimetres. 

Stage. 

1  day 

0.15 
.14 
.14 
M 
.IB 
.18 
.20 
.21 
.28 
.30 

1. 

2 

3! 
4. 
5. 
5. 
ti. 

'  '.if! 
.16 
.34 
.4:3 
.5 

1. 

3 

3; 

1  cell 

2   davs 

2  cells. 

3      ■•    

4     " 

4      "      

13     " 

64     " 

(i      '' 

Mulberry. 

H       "     

9       " 

k. 

10      "    

11       "     

12      "    

13      "    

14      "    . 

15      "    

16      "    

l(ii^  '■    

It  has  been  somew'hat  difficult  to  compile  this  table,  as  Bischoff's 
measurements  are  all  given  In  Paris  lines.  My  measurements  are 
taken  in  great  pait  from  his  figures,  and  I  think  that  these  are  very 
accurate. 

Recently  Selenka  has  given  some  of  his  results  relating 
to  the  development  of  the  monkey.  The  most  valuable 
specimen  relating  to  the  earlj'  development  of  higher 
animals  was  unfortunately  lost,  but  its  age  and  dimen- 
sions are  preserved  for  us,  and  are  of  value  in  the  deter- 
mination of  the  age  of  human  ova.  The  ovum  came  from 
a  monkey  kept  in  confinement  which  was  killed  eight 
days  after  copulation.  If  we  estimate  one  or  two  days 
required  before  fertilization,  this  ovum  cannot  be  over 
seven  days  old.  This  suggests  that  the  earlj'  stage  of 
this  variety  of  monkey  is  developed  more  rapidly  than 
that  of  the  dog. 

Developmext  of  the  Moxket. 


Diameter 

of  ovum, 

millimetres. 

Diameter 
of  embryonic 

vesicle, 
milUmetres. 

Semnopithecus  maurus 

1.5 
6 
5 
10 

0  3  * 

Semnopithecus  prulnosus 

fercocebus  cvnomolgus  ...... 

.5 

24  t 

The  pictures  Selenka  gives  indicate  that  the  development  of  a 
monkey's  ovum  is  identical  with  that  of  the  human  ovum.  At  anv 
rate,  the  few  specimens  Selenka  publishes  give  results  which  are 
equal  to  the  great  number  of  speciTuens  of  human  ova  which  have 
been  published.  This  only  Indicates  that  many  of  the  interesting 
problems  relating  to  early  human  development  will  probably  be 
solved  by  the  study  of  the  monkey's  ovum.  There  is  but  little  doubt 
now  that  young  monkeys'  ova  will  soon  be  obtained  for  study. 

*  Not  an  embryonic  vesicle,  but  only  a  disc. 
+  Neurenteric  canal  present. 

Material  E.mploted. 

During  the  last  few  years  I  have  obtained  a  number  of 
young  human  embryos  from  physicians  in  different  por- 
tions of  the  United  "States,  and  "lo  them  I  am  under  all 
obligation  for  the  present  studvaswell  as  for  soiire  others 
which  are  to  follow.  Nearly  all  of  the  specimens  which 
I  give  in  a  table  are  well  preserved,  and  a  number  of 
them  are  preserved  excellently.  All  of  the  specimens 
were  stained  in  alum  carmine,  and  with  the  exception  of 
Nos.  XVII.,  XLIIL,  and  LVII.  were  cut  transversely. 
These  three  were  cut  into  .sagittal  sections. 

All  of  the  specimens  were  hardened  in  alcohol,  the 
value  of  which  method  I  have  repeatedly  emphasized  to 
my  friends,  and  do  continue  to  emphasize  to  those  who 
may  preserve  speciiuens  for  my  use  in  the  future.* 

*  Embryologists  usually  recommended  that  human  embryos  should 
he  hardened  by  phirmg  them  in  dilute  alcohol  and  then  gradually  In- 
creasuig  the  strength  of  the  alcohol.  It  has  been  my  experience  that 
by  this  treatment  the  specimen  is  injured  by  maceration  due  to  the 
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Coelom. 
Coeloin. 


List  of  Embryos  Studieij. 


No. 

Length 
OF  Millimetres. 

V.  B.* 

N.  B. 

XI            ... 

■  ji'.i 
5. 
3 

ih' ' 

17 
17 
18 
18 
18 
1(1 
19..5 
3U 
SS 
24 
24 
28 
80 
130 

4.5 

13 
14 
14 
17 
15 
10 
18 
18 
18 
20 

2(i ' ' 
19 

00 
HO 

Dr.  Klttredge,  Nasliim,  N.  H. 
Dr.  Ellis,  Elkton,  Md. 
Pruf.  His,  Leipsic,  German.v. 
Ur.  Williiiins,  Baltimore,  Md. 
Dr.  Douglas,  Nashville,  Tenn. 
Dr.  C.  (-1.  Miller,  Baltimore,  Md. 

XII 

Ill 

XIX 

XVIII 

11 

IV      

Dr.  Williams,  Baltimore,  Md. 

XLIII 

VIII 

IX        

Dr.  Booker,  Baltimore,  Md. 
Dr.  Bitter,  Bi'ooklyn,  N.  Y. 
Dr.  Evcleshvmer,  Chicago,  111. 

V 

XLII 

XVII  

XXVIII 

VII 

XXII 

LVII 

VI 

Dr.  Wills,  Los  Angeles,  Cal. 
Dr.  Cottrell,  Louisville,  Ky. 
Dr.  Sewall,  Denver,  Col. 
Dr.  Booker.  Baltimore,  Md. 
Dr.  Snively,  Wayneshoro,  Penn, 
Dr.  Howard,  Cleveland,  <  )hio. 
Dr.  C.  0.  Miller,  Baltimore,  Md. 

X           .  .    . . 

Dr.  W.  S.  Miller,  Madison,  Wis. 

XLV 

XXXIV  .... 
XLVIII  .... 

Dr.  Douglas,  Nashville,  Tenu. 

Dr.  Ellis,  Elkton,  Md. 

Dr.  Wilson,  Worcester,  Mass. 

*  V.  B.  andN.  B,  indicate  the  length  ot  the  embryo  measured  from 
the  vertex  to  the  breech  and  from  the  nape  ol  the  neck  to  the  breech, 
respectively. 

Nearly  all  of  the  embryos  were  drawn  or  photographed 
to  scale  and  then  carefully  cut  into  sections  from  10  to 
50  jj.  thick.  I  find  that  for  purposes  of  reconstruction  it 
is  a  mistake  to  cut  the  sections  very  thin.  Yet  in  small 
specimens,  as  Nos.  XI.  and  XII.,  the  specimens  were  cut 
thin  to  permit  of  careful  cytological  studies  also.  In 
most  of  the  specimens  photographs  or  an  additional 
series  of  sections  were  made  of  the  chorion  and  amnion 
in  order  to  study  the  variation  of  tliese  structures. 

Embryos  XL,'  XII.,  and  II.'  were  completely  recon- 
structed in  wax  by  the  method  of  Born.  Nos.  IX.,  VI., 
and  X.  were  reconstructed  in  part  by  Born's  method  and 
finished  by  His's  method  of  reconstruction.  The  ab- 
dominal viscei-aof  Nos.  VI.,  IX.,  X.,  XXXIV.,  XLV., 
and  XLVIII.  were  modelled  by  Born's  method.' 

The  mechanical  portion  of  reconstruction  has  been 
simplified  to  a  great  extent  by  a  special  apparatus  used 
in  the  Anatomical  Laboratory,'  which  enables  us  to  cm- 
ploy  a  modeller.  The  sections  are  projected  upon  a 
screen,  to  which  the  wax  plate  is  attached.  By  working 
in  a  dark  room  with  this  apparatus  it  is  easy  to  direct  a 
modeller  to  draw  the  outlines  accurately.  He  can  then 
.  cut  them  out,  and  all  that  remains  to  be  done  is  to  pile 
the  pieces  and  then  blend  them. 

The  Ccelom  in  Young  Ova. 

All  of  the  young  human  ova  which  have  been  described 
contain  within  them  a  cavity,  lined  with  mesoderm;  this 
is  the  coelom,  bounded  by  the  somatopleure  on  the  out- 
side and  by  the  splanchnopleure  on  the  inside.  This 
arrangement,  as  shown  by  a  number  of  diagrams  by 
recent  authors,  is  very  unlike  the  appearance  of  the 
blastodermic  membranes  of  many  of  the  lower  mammals, 
and  it  is  necessary,  therefore,  that  we  should  revise  our 

weak  alcohol.  A  few  years  ago  I  emphasized  the  fact  that  the  whole 
ovum  should  be  placed  in  a  large  quantity  ol  strong  alcohol  as  soon 
as  possible.  It  should  be  handled  us  little  as  possible  before  harden- 
ing it,  thus  preventing  mechanical  in.1ury.  By  leaving  the  ovum 
closed  the  alcohol  must  first  penetrate  the  chorionic  and  amniotic 
fluids  before  it  reaches  the  embryo,  and  thus,  without  placing  the 
embryo  first  in  weak  alcohol,  it  naturally  passes  through  the  succes- 
sive dilutions  of  alcohol  before  it  is  completely  hardened. 

It  is  very  in,1urious  to  these  delicate  specimens  to  be  wrapped  m 
cotton  before  thev  are  sent  by  mail  or  express.  A  perfect  method  is 
to  place  the  preserved  specimen  in  a  bottle  filled  completely  with  al- 
cohol, thus  imitating  the  condition  of  a  foetus  in  utero.  If  there  is  no 
air  or  cotton  in  the  bottle  containing  the  embryo  it  is  almost  impossi- 
ble to  iniure  the  embryo  by  shaking  it.  ,,,„,. 

Since  i  have  emphasized  this  method  of  preparation  (.lohns  Hopkins 
Hospital  Bulletin,  1893),  I  have  obtained  a  number  of  specimens  ex- 
cellent in  every  respect.  These  specimens  are  not  distorted,  nor  mac- 
erated, nor  shrunken. 


conception  of  the  formation  of  the  amnion  in  the  human 
embryo.'" 

The  ova  recently  published  by  Peters  and  by  Graf 
Spee  indicate  that  the  amnion  must  be  formed  very  early, 
and,  since  it  is  completed  before  the  medullary  grooves 
begin,  we  must  admit  now  that  it  is  formed  much  the 
.same  as  it  is  in  many  rodents,  i.e.,  by  apparent  inversion 
of  the  membrane.  When  Bischolf  "  first  described  inver- 
sion of  the  membrane  in  guinea-jngs  it  seemed  like  a 
paradox,  but,  .since  the  comparative  methods  of  study 
have  been  introduced,  inversion  onlj'  means  that  the 
amnion  is  completed  before  the  medullary  groove  begins 
to  form.  This  alteration  of  the  development  of  the 
amnion  and  the  medullary  groove  makes  the  body  of 
the  embryo  develop  on  a  concave  surface  instead  of  on  a 
convex  one,  thus  apparently  making  the  embryo  in- 
verted, as  is  the  case  in  the  guinea-pig. 

Closely  associated  with  inversion  of  the  blastodermic 
membrane  is  the  formation  of  an  tidditional  layer  of  cells, 
discovered  by  Kauber,''^  the  importance  of  which  has  been 
emphasized  by  Selenka  and  others.  Rauber's  layer  is 
so  marked  in  the  rabbit  that  it  was  at  first  believed  to  be 
the  true  ectoderm.  The  fate  of  Rauber's  layer  has  not 
been  stifflciently  studied  to  interpret  it  completely,  and 
our  ideas  regarding  it  will  not  improbably  require  some 
revision.  In  many  rodents  Rauber's  layer  becomes 
markedly  thickened  on  one  side  of  the  ovum,  forming  a 
support,  or  Trdger,  for  the  ovum.  The  relation  of 
Rauber's  layer  to  the  Trager  is  shown  beautifully  by 
Selenka  "  on  Plate  XVI.  of  his  monograph. 

The  questi(m  which  interests  us  here  is  whether  the 
inversion  of  the  blastodermic  membrane  as  well  as  the 
discovery  of  Rauber's  laj'eraids  us  in  advancing  a  theory 
of  the  development  of  the  germ  layers  of  the  human 
embryo,  and  thus  in  turn  to  explain  the  large  ccelom  as 
found  in  all  of  tlie  earliest  human  ova.  I  realize  fully 
that  any  such  effort  will  not  be  final,  yet  I  believe  that 
it  will  aid  us  to  understand  better  the  relation  of  the 
membranes  as  found  in  the  human  ovum. 

In  looking  over  the  illustrations  of  the  development  of 
animals  closely  related  to  man,  one  is  struck  with  the 
similarity  of  the  arrangement  of  the  membranes  to  those 
described  for  the  human  ovum  by  Peters  and  by  Graf 
Spec.  One  must  compare  only  plates  XXXV. -XXXVIII. 
of  Selenkf/s"  paper  with  the  two  plates  accompanying 
Graf  Spec's  '=  to  be  convinced  that  the  early  development 
of  monkeys  is  almost  identical  with  that  of  man.  Yet 
Selenka's  researches  on  monkeys  do  not  help  us  a  great 
deal;  they  only  show  us  that  the  monkoy's  development 
is  like  that  of  man.  In  monkeys  we  have  also  the  pre- 
cocious chorion  and  the  early  amnion  and  the  large  coelom 
between  the  umbilical  vesicle  and  the  chorion.  The 
marked  difference  is  that  the  amnion  is  attached  to  the 
chorion  along  its  dorsal  side,  while  in  the  human  embryo 
this  is  only  the  case  along  the  posterior  end  of  the  amnion. 
The  attachment  of  the  amnion  along  the  chorion  suggests 
that  the  embryonic  jilate  separated  from  the  exterior  of 
the  ovum  along  this  point,  as  Selenka  thinks  he  observed 
in  a  very  young  ovum  onl_v  1.5  mm.  in  diameter.  Un- 
fortunately, the  most  valuable  specimen  was  injured  in 
its  preparation,'"  and  Selenka  did  not  trust  himself  to 
give  any  illustrations  of  it. 

With  the  amnion  attached  at  its  dorsal  end  to  the 
chorion,  we  understand  why  the  entodermal  end  of  the 
allantois  must  growaroimdau  angle  to  reach  the  chorion 
(Selenka,  Plate  XXXVII. ,  Fig.  5).  Somewhat  the  same 
arrangement  has  been  descrilDed  by  Graf  Spec''  in  his 
embryo  Gle.,  but  the  curve  is  by  no  means  as  marked, 
indicating  that  the  attachment  of  the  embryo  to  the 
chorion  is  along  its  posterior  end,  as  shown  by  His  '*  in 
liis  well-known  diagram  of  the  formation  of  the  amnion. 

Regarding  the  very  early  stages  of  monkeys  and  man 
it  is  better  tliat  we  make  comparisons  with  animals  most 
nearly  related  to  them,  and  now  we  have  careful  studies 
of  the  very  early  stages  of  Chiroptera  at  our  disposal.  I 
believe  that  Selenka's"  study  of  the  development  of 
Pteropus  edulis  gives  us  the  key  for  the  comparison  of 
the  formation  of  the  blastodermic  membranes  in  mam- 
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mals.  Recent  investigatiims  by  Duval  •"  ou  different 
families  of  Cliiroptera  appear  t<i  confirm  tlie  work  of 
Selenl^a  on  Pteropus. 

In  order  to  illustrate  these  points  more  clearly  I  Lave 
made  diagrams  of  three  of  Seleuka's  figures  of  Pteropus. 


Figs.  1413-111.5.— Diagrams  of  the  Devriopinent.  of  Ptpnjpus  Ediilis,  aftPr  Selenka  Fig-  14131s 
Selenka's  Fig.  2;  Fig.  1414,  Selenka's  Fig.  .') ;  Fig,  141.5,  Scipnka's  Fig.  9.  It.  Raulinr's 
layer;  P.  placenta;  ec.  eftoderm  ;  rii,  entoderm;  i-li,  chorion;  am,  amnion;  »  r  umbil- 
ical vesicle;  iiics,  mesoderm;  me,  <'a-lom ;  al),  allantols,  with  ihe  arrow  indicating  the  di- 
rection of  Its  future  development. 


Fig.  1413  is  from  an  ovum  covered  conijiletely  with  two 
layers  of  cells,  between   which   at   one   pule  of  the   egg 
there  is  a  mass  of  scattered  cells  destined  to  become  the 
permanent  ectoderm.     The  outer  layer  of 
cells  has  a  tendency  to  grow  into  the  form 
of  villi  over  the  embryonic  disc,  while  on  ^ 

the  opposite  side  of  the  egg  it  is  composed 
of  but  a  single  layer  of  cells.  Since  this 
outer  layer  remains  well  separated  from 
the  body  of  the  embryo  throughout  its 
development,  and  since  it  holds  the  same 
position  to  t)je  egg  that  Hauber's  layer 
does  in  the  rodents,  I  believe  it  to  "be 
identical  with  Kauber's  layer,  and  shall 
S|ieak  of  it  as  such.  According  to  Duvid 
this  Rauber's  layer  ilisapjiears  over  the 
embryonic  disc  in  the  Cliiroptera  much  as 
in  the  development  of  the  ralibit  ;ind  the 
field  mouse.  This  does  not  necessarily 
contradict  Selenka's  observations  on  Pti'i"- 
opus,  for  the  house  mouse  begins  to  de- 
velop like  the  held  mouse,  but  continues 
during  the  early  stages  in  the  same  man- 
ner as  Pteropus  does. 

In  the  next  stage  the  ectuderm  has  been 
converted  into  a  hollow  mass  of  cells.  Fig. 


1414,  rather  by  a  process  of  absorption  than  bj'  an  in- 
vagination, as  I  have  expressed  it  in  the  diagram.  The 
entoderm  lines  the  wdiole  interior  of  the  egg,  and  sur- 
rounds the  ectoderm  of  the  amniotic  cfvitj-.  The  ecto- 
derm of  the  exterior  of  the  egg,  Rauber's  layer,  is  again 
thickened  over  the  embryonic  mass 
to  form  the  placenta,  as  Selcnka 
calls  it,  or  the  Trd'ier,  if  we  ^\ere 
discu.ssing  rodent  embr5'ology. 

In  the  next  stage,  as  expressed  in 
Fig.  1415,  the  mesoderm  is  begin- 
ning to  form,  and  has  extended 
completely  over  the  amnion  and 
partly  over  the  umbilical  vesicle. 
The  entoderm  has  retracted  itself 
and  touches  the  ectoderm ;  onlj-  the 
chorda  dorsalis  is  yet  to  form.  Be- 
tween the  amnion  and  the  placenta, 
or  the  Trager  portion  of  Rauber's 
layer,  there  is  a  marked  space,  and 
the  mesoderm  does  not  come  in  con- 
tact with  it.  The  allantois  grows 
as  a  bag  into  this  space  and  attaches 
itself  to  the  thickened  part  of  the 
ectoderm,  as  shown  by  GiJhre  -'  in 
his  figures.  In  the  Fig.  3  accom- 
panying Gijhre's  paper  he  shows 
the  vesicular  allantois  attached  to 
the  support  of  the  chorion  (black 
portion  of  mj'  Fig.  1415)  leaving 
on  either  .side  of  the  embryo  a 
ccelom.  The  allantois  carries  the 
mesoderm  and  vessels  to  the  villi  of 
the  chorion,  and  these  in  turn  are 
embedded  in  the  decidua  of  the 
uterus.  In  so  doing  the  ectoderm 
of  the  chorion  receives  a  second 
layer  of  epithelium,  and  I  believe 
that  this  must  account  for  the  two 
layers  of  epithelium  we  have  on  the 
chorionic  villi  of  the  human  ovum. 
There  has  been  much  written  ou  the 
subject  of  the  double  layer  of  epi- 
thelial cells  of  the  human  chorion, 
and  I  think  that  a  glance  at  Gohie's 
Figs.  3  and  4,  ou  Pteropus,  as  well 
as  at  Selenka's  Figs.  11  and  1'3 
(Plate  XXXV.)  and  Fig.  6  (Plate 
XXXVII.)  on  monkeys,  will  decide 
this  question  more  definitely  than 
all  the  many  discussions  on  the  hu-. 
man  chorion  put  together  have  done. 
Having  now  selected  from  Selcnka  diagrams  and  de- 
scriptions of  the  development  of  the  germ  layers  of 
Pteropus,  it  is  easier  for  me  to  give  a  jthiusible  explana- 


Fio.  141S. 
Figs  141(1  n.  14ls  -Hypothetical  stages  of  the  Early  Development  of  the  Human  Ontm. 
;.,  Iliiubers  layer;    ec,  ectoderm :    oi,  entodenn  ;    mo,  mesoderm  ;  iir,  umhllical 


vesicle;  cot',  ca'lom  ;  ((K,  position  of  allantois. 
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tiuii  of  thebegiuuiugof  tlieca-loin  in  the  human  embryo. 
If  the  diagram  I  have  given  in  Fig.  1415  is  eompared 
with  Scleulia's  Figs.  5  and  11  (Plate  XXXV.)  antl  Fig.  5 
(Plate  XXXVll.)  of  the  monkey,  as  well  as  with  the  sec- 
tions of  young  human  ova  piililished  by  Graf  Spec"-  and  > 
by  mj'self,"  one  is  struck  with  the  great  similarity  of  the 
two  groups  of  figures. 

Fig.  142(5,  given  further  on,  is  a  diagrammatic  outline 
of  a  longitudinal  section  of  a  young  human  enil)ryo  jiub- 
lished  recently  by  Graf  Spee.  It  is  the  one  marked  v. 
II.  in  the  table  of  J'oung  human  ova  given  in  tlie  begin- 
ning of  this  paper.  When,  now,  this  section  is  c<impared 
wilh  the  transverse  section  of  Pteropus,  in  Fig.  1415,  the 
only  marked  difference  is  that  the  umbilical  vesicle  in 
Pteropus  has  retracted,  in  order  to  make  the  arrangement 
of  the  membranes  as  given  for  the  human  embryo  in 
Fig.  1426. 

In  order  to  make  the  connection  complete,  I  give  hvpo- 
thetical  stages  in  Figs.  1416,  1417,  and  141S.  "Fig.  1416 
represents  the  human  ovum  in  the  two  layer  stage.  The 
outer  layer,  or  Rauber's  layer,  is  complete  as  in  the  rodents 
and  in  Pteropus.  The  inner  layer,  or  entoderm,  is  also 
complete.  Between  the  two  is  the  endiryonic  shield,  or 
ectoderm  of  the  future  embryo.     The  next  tigure,  1417, 


(Ut- 


FiCr.  1118.— Diagram  ol  a  Patbological  Ovum  whiob  Represents  an 
Early  Hypotbetlcal  Stage. 

shows  the  beginning  of  the  mesoderm  developing  toward 
the  tail  end  of  the  embryo,  as  this  is  the  positii>n  of  the 
primitive  streak,  and  as  "the  head  fold  of  the  amnion  in 
many  embryos  is  often  invested  only  with  ec'toderm  and 
entoderm.  A  stage  later.  Fig.  141S,  finds  the  mesoderm 
enveloping  the  umbilical  vesicle  completely,  and  also 
partly  lini'ng  the  outer  layer,  R,  of  the  ovum.  The  cav- 
ity lietween"  the  two  is  the  ccelom.  At  the  tail  end  of 
tlie  endjryonio  disc  the  mesoderm  of  the  somatopleure 
and  splan'clmopleure  are  still  united,  and  mai'k  the  place 
of  the  formation  of  the  rudimentary  allantois. 

Having  carried  the  development  of  the  human  ovum 
to  this  stage  by  means  of  hypothetical  stages,  based 
upon  the  develofsmeut  of  Pteropus,  I  can  now  continue 
the  description  of  the  development  based  upon  observa- 
tion. 

Abnormal  Om. — Teratologists  are  accustomed  to  view 
a  group  of  abnormal  states  as  arrested  development,  and 
in  recent  years  a  number  of  abnormal  Imman  ova  have 
been  studied  by  His,"  by  Giacomiui,-^  and  others.  Fre- 
quently in  the' development  of  an  ovum  the  embryo  is 
destroyed  completely,  or,  according  to  Giacomini,  may 
wander  out  of  the  ovum.  In  these  cases  the  ova  are 
aborted.  Frequently,  however,  a  portion  of  the  embryo 
is  not  developed,  or  it  dies  and  the  remaining  portion 
develops  for  a  time,  and  then  the  ovum  is  aborted.  I 
have  now  in  my  collection  a  beautiful  example  of  an 
ovum  of  apparently  normal  structure,  the  interior  of 
which  is  lined  completely  with  an  amnion,  and  in  place 
of  an  embryo  there  is  only  an  umbilical  cord.  The  ovum 
was  aborted  fifty-four  days  after  the  first  lapsed  period, 
and  was  30  mm.  in  diameter.  The  cord  was  2  mm.  in 
diameter  and  9  mm.  long.  Its  embryonic  end  seemed  to 
be  cut  off  abruptly,  and  was  covered  with  a  small  mass 


of  round  cells.  1  give  this  example  f)nly  to  show  that 
the  end)ryo  may  be  entirely  wanting  with  a  perfect  coi'd 
and  membranes. 
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A  large  per  cent,  of  young  ova  wdiich  come  into  the 
embrj-oiogist's  hands  are  abnormal.  According  to  Pro- 
fessor His'  experience  over  half  of  the  ova  less  than 
three  weeks  olil  are  abnormal,  w  Idle  of  those  of  four  and 
five  weeks  one-quarter  are  abnormal.  In  my  collection 
the  per  cent,  of  almormal  embryos  is  not  as  high.  No. 
XIII.  is  His'  Embryo  XLIV.,  "which  is  frequently  de- 
scrilicd  in  the  books  as  a  normal  specimen,  but  which 
unfortunately  is  an  abnormal  one.  My  interpretations 
of  the  vesicular  forms'"  is  that  the  fibrous  degeneration 
overtook  the  embryonic  vesicle  after  it  had  reached  the 
stage  of  Graf  Spec's  embryo  v.  H.,  my  Fig.  1426. 

Nos.  XXI.  and  LVIIL  came  to  me  as  pei'fect  specimens 
both  having  been  hardened  imopened,  the  first  in  strong 
formalin  aird  the  second  in  strong  alcohol.  No.  XXI. 
was  still  enclosed  in  its  dccidua,  and  appeared  to  be  a 
normal  specimen  until  it  had  been  cut  into  serial  sections. 
The  embryonic  vesicle  proved  to  be  very  large,  and  was 
composed  throughout  of  two  layers,  an  inner  one  giving 
all  the  appearance  of  the  entodei-m  and  an  outer  giving 
all  the  appearance  of  the  mesoderm  of  the  umliilical 
vesicle  of  j-oung  embryos.  The  mesodermal  layer  con- 
tained within  it  islands  of  blood  cells,  as  are  also  present 
in  normal  specimens.  The  wdiole  vesicle  was  connected 
to  the  chorion  with  a  mass  of  mesodermal  cells  somewhat 
as  shown  in  the  diagrammatic  Fig.  1419.  The  chorion 
and  dccidua  appeared  to  be  normal. 

No.  LVm.  showed  considerable  change  in  the  meso- 
derm of  the  vesicle  and  chorion,  giving  somewhat  the 
appearance  of  fibroid  degeneration  lich  in  cells.  The 
chorion  was  attached  to  the  vesicle  by  a  strong  pedicle, 
as  shown  in  Fig.  1419.  The  vesicle  itself  was  composed  of 
two  layers,  aniuner  and  continuous  one  composed  of  one 
layer  of  cells,  and  an  outer  and  thickened  layer  appear- 
ing like  the  mesoderm  of  the  chorion.  There  were  no 
indications  of  blood  islands.  In  addition  to  these  two 
layers  there  was  a  third  layer  fairly  well  marked  near  the 
pedicle  and  between  the  vesicle  and  the  chorion.  With 
the  exception  of  the  allantois  canal,  Fig.  1419  is  a  diagram 
of  this  specimen. 

Giacomini"  has  described  a  niunber  of  similar  vesicles, 
and  he  expressly  states  that  the  vesicles  had  the  structure 
of  the  umbilical  vesicle,  but  tliat  there  was  no  trace  of 
the  aiunion  present  in  any  of  them.  A  number  of  other 
vesicular  forms  have  lieen  described,  and  in  general  they 
all  appear  much  like  the  two  specimens  I  have  given. 

I  do  not  think  that  it  is  rash  to  assei't  that  these  vesicles 
represent  an  arrested  development  of  an  earlier  stage, 
which,  due  to  impaired  nutrition,  or  whatever  it  might 
have  been,  simply  allowed  the  embryonic  vesicle  to  keep 
on  expanding.  That  this  expansion  can  keep  on  is  al- 
ready shown  in  the  simple  enlargement  of  the  chorion 
after  the  embryo  is  distorted  or  wanting  altogether.  We 
have  in  these  S]iecimens  a  thin  chorion  with  atrophic 
villi,  and  why  can  we  nothave  an  exjjanded  and  atrophic 
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embryonic  vesicle  if  its  development  is  impaired?  In 
tliis  way  I  view  specimen  No.  LVIII.  It  represents  a 
much  earlier  stage,  which  has  simply  e.vpanded  and  was 


Fig.  1430.— Diagrdmmatic  Section  of  Hall  ol  the  Human  Ovum  No. 
XI.  Enlarged  10  times.  The  villi  are  drawn  only  on  the  upper 
side,  ec.  Ectoderm  ;  au  entoderm ;  7Hf'.v,  mesoderm  ;  ui\  umbil- 
ical vesicle  :  coc,  coelom  ;   all,  allantois  ;  a.  amnion. 

ultimately  aborted.  In  No.  LVIII.  the  embryonic  ves- 
icle must  have  ceased  its  further  development  a  week 
or  so  before  the  abortion,  about  the  time  the  cojlom  was 
beginning  to  develop.  At  that  time  the  fibrous  degener- 
ation enclosed  the  embryonic  vesicle  as  well  as  extended 
around  the  whole  chorion  into  all  of  its  villi.  This, 
then,  arrested  the  further  development  of  the  embryo, 
and  the  embr^'onic  vesicle  simply  continued  to  expand. 

This  idea  is  further  strengthened  by  another  ovum 
whose  history  I  published  on  sev- 
eral occasions  several  years  ago.''* 
The  specimen  is  a  good  one,  hav- 
ing been  preserved  fairl}'  well,  and 
it  has  every  indication  of  being 
normal.  Since  the  specimen  has 
been  in  my  hands  I  have  studied  it 
over  and  over  again,  have  photo- 
graphed many  of  the  sections,  and 
have  resconstructcd  it.  At  first  it 
was  veryditflcult  for  me  to  inter- 
pret it,  but  finally  it  appears  to  me 
that  something  definite  can  be  said 
regarding  the  arrangement  of  the 
membranes  and  their  relation  to 
older  as  well  as  to  the  pathological 
and  presumably  younger  speci- 
mens.* 

Eiithryo  No.  XI. — "The  woman, 
from  whom  the  specimen  was  (jli- 
tained,  is  twenty-five  years  old, 
menstruates  regularly  every  four 
weeks,  the  periods  lasting  from  four 
to  five  days.  She  gave  birtli  to  a 
child  September  19t.h,  1892,  and  had 
the  fii'St  recurrence  of  menstrutition 
I)eceMil)er  19tli.  Tlie  second  ]ieriod 
followed  on  January  'Jfith,  ami  was 
very  profuse;  it  lasti'd  mitil  Peb- 

luary  1st.  The  next  period  should  have  begun  about 
February  32d,  but  on  account  of  its  lapsing  the  patient 
concluded  that  she  was  pregnant,  and  called' at  my  ofiice 

*  An  extensive  description  of  the  pathology  of  early  human  eiiihryos 
is  given  by  me  in  the  "Contributions  to  the  Medical  Sciences,"  Johns 
Hopkins  Hospital  Reports,  viil.  i.\.,  Baltiujore,  V.U\. 
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a  few  days  later.  I  did  not  examine  her,  but  asked  her 
to  remain  quiet  and  await  developments  as  I  thought 
possible  that  she  might  be  pregnant.  On  the  evening  of 
March  1st  she  fell  and  sprained  herself,  and  during  the 
■  same  night  had  a  scanty  flow.  The  flow  recurred  each 
day,  and  on  the  7th  of  March  she  passed  the  ovum.  It 
was  kept  in  a  cool,  moist  cloth  for  twenty  hours,  and 
when  it  came  into  my  hands  was  at  once  placed  in  a 
large  quantity  of  sixty-per-eent.  alcohol."  f 

The  ovum  is  very  large  for  its  age,  having  a  long 
diameter  of  10  mm.  and  a  short  diameter  of  7  mm.  It  is 
covered  with  villi  only  around  its  greatest  circumference, 
having  two  spots  without  villi,  as  was  the  case  with 
Reichert's  ovum.  The  villi  of  the  chorion  are  from  0.5 
to  0.7  mm.  long  and  are  branched. 

Upon  opening  the  chorion  it  was  found  that  the  ger- 
minal vesicle  was  situated  just  opposite  the  edge  of  the 
zone  of  villi.  About  it  was  much  coagulated  albumen, 
magma  reticulare,  which  I  did  not  remove,  and  therefore 
could  not  obtain  good  camera  drawings.  The  portion 
of  the  chorion  to  which  the  vesicle  was  attached  was  cut 
out  and  stained  with  alum  cochineal  and  cleared  in  oil, 
but  even  after  this  treatment  it  was  impossible  to  obtain 
any  clear  picture.  The  specimen  was  next  embedded  in 
paraffin  and  cut  into  sections  10  /j.  thick.  The  .series 
proved  to  Ije  perfect.  From  the  sections  a  reconstruction 
was  made  in  wax,  and  the  accompanying  Fig.  1420  is  a 
sagittal  section  of  it. 

The  dimensions  of  the  different  portions  of  the  vesicle 
are  as  follows: 

Diameter  of  stem 0.4  mm. 

Length  of  stem 0.4    " 

Length  of  vesicle 1..5    " 

Width  of  vesicle 1.0    " 

Length  of  invagination  0.8    *' 

Width  of  invagination 0.5    " 

Diameter  of  opening  of  invagination 0.03  " 

The  sections  and  reconstruction  show  that  the  em- 
bryonic vesicle  is  attached  to  the  chorion  by  means  of  a 
stem.  The  greater  part  of  the  vesicle  itself  is  composed 
of  two  layers,  ectoderm  and  mesoderm.  In  the  neigh- 
borhood of  the  eml)r3-onic  stem  there  is  a  third  outer 
layer  which  shows  all  of  the  characteristics  of  the  eeto- 
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Fir.s.  1421-U3.-i.-Sections  Nos.  4;i,  .53,  «s,  SO,  and  89  through  the  Embryonic  Vesicle  of  Embryo 
No.  XI.    Enlarged  ;il  times.    The  entoderm  is  a  heavy  line,  the  ectoderm  is  striated,  and 
the  mesoderm  dotted,    a.  Amnion  ;  X,  cavity  of  the  umbilical  vesicle  e.xtending  into  the 
f  the  vesicle  ;  fi,  Rauber's  layer  as  the  ectoderm  of  the  chorion. 


derm.  Just  beside  the  attachment  of  the  vesicle  to  the 
stem  there  is  a  sharp,  deep  and  narrow  invagination  of 
all  thi-ee  embrj^onic  membranes,  which  I  have  interpi-eted 
as  tlie  foi-mation  of  the  amnion.     The  arrangement  of 

+  Letter  from  Dr.  Kittredge,  April  27th,  1893. 
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this  invagination  is  fully  pictured  in  Figs.  1421  to  1435, 
Within  the  stem  there  is  a  sharply  defined  allantois  which 
communicates  with  the  cavity  of  the  vesicle  just  below 
the  cavity  of  the  ectoderm,  the  ectodermal  plate  of  the 
invagination  is  very  broad  but  not  of  ecjual  thickness 
throughout  its  whole  extent.  It  extends  to  the  outside 
of  the  vesicle  and  ends  quite  abruptly  in  the  neighbor- 
hood of  the  stem.  The  blood-vessscls  of  th(^  mesodermal 
layer  extend  to  the  stem  but  do  not  enter  it,  nor  are 
there  any  blood-vessels  in  the  chorion. 

Since  the  first  publication  of  this  specimen,  embryos 
both  normal  and  pathological  have  been  studied,  all  of 
which  indicate  more  and  more  that  this  specimen  must 
belong  to  the  pathological  class.     The  other  pathological 
specimens  of  my  collection  as  well  as  the  perfect  normal 
specimen  described  recently  by  Peters  all  speak 
for   this   conclusion.     Yet  the'  presence  of    all 
three  blastodermic  membranes  in  No.  XL,  with 
blood  islands  in  the  mesoderm,  and  an  allantois 
in  the  embrycmic  stem,  indicate  that  this  speci- 
men cannot  be  far  from  the  normal,  but  repre- 
sents the  earliest  changes  in   the   blastodermic 
membranes   in  a   specimen  of  the  Peters  stage 
under  pathological  conditions. 

The  next  stages  in  the  development  of  the 
embryonic  vesicle  are  taken  from  Graf  Spec,  and 
they  are  of  importance  to  ehicidate  the  changes 
which  take  place  preparatory  to  the  formation 
of  the  body  cavit}'.  In  Fig.  1426,  which  repre- 
sents the  younger  embryo,  the  anmion  is  still 
surrounded  completely  with  mesoderm,  as  in 
embryo  No.  XI. ,  represented  in  Fig.  1420.  The 
mesoderm  crosses  the  median  line,  as  the  sections 
given  by  Graf  Spee "  show.  The  dorsal  side 
of  the  amnion  is  covered  with  a  very  thick 
layer  of  mesoderm,  as  the  closure  of  the  amnion 
in  embryo  No.  XI.  would  suggest. 

From  the  stage  represented  in  Fig.  1426  it  is 
easy  to  pass  to  the  older  embryo  represented  in 
Fig.  1427.    Now  the  body  of  the  embryo  is  well 
marked,  the   neural   folds  are   just  beginning, 
and  the  ncurenteric  canal  has  just  been  formed. 
Tlie  chorda  dorsalis  is  not   yet   separated   from 
the  entoderm,  and  the  blood  islands  encircle  completelj' 
the  umbilical  vesicle  and  have  nearly  reached  the  head 
end  of  the  body  of  the  embryo  preparatory  to  the  forma- 
tion of  the  heart. 

In  my  earlier  studies  I  was  inclined  to  believe  that 
embrAfo  XI.,  Fig.  1420,  to  be  normal,  but  the  recent  pub- 
lication of  a  normal  human  ovum  younger  than  Reicherfs, 
by  Peters,  makes  this  view  improbable.  Now  we  muSt 
view  the  opening  in  the  amnion  in  XI.  as  a  secondary 
rupture,  for  in  the  Peters  embrj'o,  which  is  so  much 
smaller  than  any  yet  seen,  and  the  amnion  is  closed. 
Furthermore,  Selenka  has  just  described  a  small  ovum  of 
the  gibbon  in  which  the  amnion  is  still  connected  with 
the  epithelial  covering  of  the  chorion  and  almost  com- 
municates with  the  exterior  of  the  ovum.  These  ob- 
servations practically  set  to  rest  this  difficult  question. 
The  amnion  arises  directly  from  the  exterior  of  the  ovum, 
closes  at  once,  and  then  the  embryo  forms  within  it. 
There  is,  therefore,  apparent  inversion  of  the  germ 
layers. 

In  these  two  ova  described  by  von  Spee,  the  coelom  is 
much  of  the  same  form  it  was  in  embryo  No.  XI.,  Fig. 
1420,  and  therefore  needs  no  special  comment.  Yet 
around  the  head  end  of  embrj'o  Gle.  there  is  a  marked 
accumulation  of  mesoderm  into  which  the  heart  is  to 
grow.  In  the  illustrations  of  the  section  of  this  embryo 
Graf  Spee  ^"  pictures  spaces  in  the  mesoderm  which  he 
believes  to  be  portions  of  the  body  cavity  of  the  embryo, 
that  is,  the  cavity  of  the  muscle  plates,  pericardial  cavity 
or  peritoneal  cavity.  It  is  impossible  to  determine  defi- 
nitely which  portion  of  the  bodj'  cavity  these  spaces 
represent,  but  I  do  not  feel  inclined  to  believe  that  what 
he  marks  pericardial  cavity  in  Fig.  143,5  can  possibly 
represent  it,  for  we  are  to  look  for  the  pericardial  cavity 
between  the  junction  of  the  pharynx  and  umbilical  vesicle 
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and  (he  head  end  of  the  embryo.  This  portion  of  the 
embryo  is  marked  II  in  my  Fig.  1427,  and  falls  anterior 
to  von  Spec's  Fig.  16.  Von  Spec's  Fig.  16  is  the  twentv- 
f(nu-tli  section  of  the  embryo,  beginning  at  the  head, 
while  Ills  Fi'j;.  23  is  the  eighty-first  section. 

The  various  small  sjiaecs  in  different  portions  of  t)ie 
mesoderm  cannot  be;  viewed  as  the  real  origin  of  the 
body  c  a  V  i  t  i  e  s 
without  further 
discussion.  In  the 
von  Spee  endiryo 
V.  II.  there  are  in- 
dications already 
of  small  spaces  in 
the   mesoderm   at 


Fig.   1428. 


Fig.  1427. 


Figs.  1426  and  1427.— LoiiKitudiual  Sections  of  Two  Young  Human  Ova.  (After 
Grat  Spee.)  Enlarged  10  times.  Fig.  142li,  Embryo  v.  H. ;  Fig.  1427,  Embryo 
Gle.  Just  half  of  the  chorion  is  drawn,  and  the  villi  are  outlined  only  over  a 
portion  of  the  ovum.  TV,  Rauber's  layer  ;  a,  amniotic  cavity  ;  u  v,  umbilical 
vesicle  ;  en,  entoderm  ;  mcs,  mesoderm  ;  all,  allantois  ;  c,  chorda  ;  n  c,  neu- 
rentic  canal ;  if,  position  of  heart. 


the  border  of  the  ectoderm  of  the  embryo.  Similar 
spaces  are  described  by  Bonnet ''  for  the  sheep  and  by 
Selenka^'  for  the  monkey.  While  von  Spee  and  Bonnet 
believe  that  these  spaces  belong  to  the  ccelom,  Selenka 
simply  designates  them  heart,  or  vascular. 

The  blood-vessels  are  intimately  associated  with  the 
ccelom  in  their  early  development,  and  it  is  easy  to  be  led 
into  error  without  an  abundance  of  material.  Drasch"^ 
recently  has  again  emphasized  this  relation.  He  has 
shown  in  the  chick  that  the  blood  islands  are  separated 
from  one  another  by  a  nimiberof  clcsed  spaces  filled  only 
with  a  fluid.  These  spaces  soon  flow  together  to  form 
the  large  slit-like  coelom  of  birds.  The  same  condition 
of  things  has  been  shown  to  be  true,  but  from  a  very 
different  method,  by  Budge. ^^  He  injected  the  blasto- 
derm of  the  chick,  and  showed  that  the  coelom  was  com- 
posed of  a  network  of  spaces,  which  graduall}-  flowed 
together  into  the  large  coelom  surrounding  the  embryo. 

Of  course  in  the  young  human  embryos  we  have  at  our 
disposal  this  stage  of  the  process  has  long  passed,  but 
there  is  no  reason  why  a  remnant  of  it  should  not  exist 
at  the  point  of  union  of  the  umbilical  vesicle  with  the 
body.  The  reason  I  question  von  Spec's  interpretation 
of  these  small  spaces  in  the  mesoderm  in  embryo  Gle.  is 
that  I  believe  that  all,  or  certainly  nearly  all,  of  the  body 
cavity  is  formed  by  an  incorporation  of  the  extra-embry- 
onic Ctt'lom  within  the  embryo.  What  I  have  observed 
in  human  embryos  as  well  as  in  the  injected  specimens 
of  Budge  shows  that  this  must  be  true.  These  small 
spaces  in  the  mesoderm  of  the  body  may  belong  to  the 
muscle  plates  and  the  early  blood-vessels,  and  certainly 
cannot  play  any  great  part  in  the  development  of  the 
body  cavity.  There  is  no  doubt  whatever  that  the  whole 
peritoneal  cavity  is  simply  pinched  off  from  the  coelom 
of  the  outside  of  the  bod}',  and  it  is  highly  probable  that 
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tlie  perieardiiil  cavity  and  pleural  cavities  ure  formed  in 
tlie  same  vjny.  The  anterioi'  mesentery  of  tlie  intestine 
has  never  existed  in  the  Iniman  embiyo,  and  it  is  there- 
fore needless  to  explain  its  mode  of  disappearance. 

My  statements  are  based  in  gi-eat  part  im  embryos  Nos. 
III.  "and  XII.,  and  since  No.  XII.  is  such  a  perfect  speci- 
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no.  1428.— Outline  Drawing  of  a  Sagittal  Section  of  the  Model  of  Embryo  No.  Xtl. 
Enlarged  .50  times.  The  heavy  line  Is  the  aorta.  The  muscle  plates  are  nuuihered 
for  occipital,  cervical,  and  dorsal  regions,  respectively.  The  mesoderm  is  striated. 
am.  Amnion ;  a,  border  between  forebrain  and  midbrain  ;  x  and  x\  extent  of 
closure  of  spinal  canal ;  8.  Seessel's  pocket :  c/j,  chorda ;  //  and  Jj\  first  and  second 
branchial  pockets ;  o  v,  otic  vesicle  ;  m,  mouth  :  T,  thyroid  ;  H,  pericardial  space ; 
2-Jh,  pharynx  ;  cnt.  entoderm :  S  T,  septum  transversum  ;  (,  liver;  n  c,  neurenteric 
canal ;  alU  allantois. 


men  it  is  well  for  me  to  describe  it  in  greater  detail.  The 
embryo  is  about  the  same  age  as  KoUmann's^' embryo 
Bulle.  wliicli  unfortunately  was  never  fully  published. 
No.  III.  is  an  embryo  given  me  by  Professor  His.  This 
embryo  had  been  torn  from  the  umbilical  vesicle,  and 
was  inpired  in  different  portions  of  the  bfidy.  Yet  the 
head  end  of  it  is  fairly  well  preserved,  and  it  is  of  value 
in  determining  the  growth  of  tlie  body  walls  covering 
the  heart. 

Eiiihrjin  .'./  //////.  Long. — Thehistory  of  embryo  No.  XII. 
is  as  follr)\vs:  "The  woman  from  wliom  the  ovum  was 
obtained  is  twenty-three  years  of  age  and  has  been  mar- 
ried for  three  yeai's.  Slie  is  a  very  intelligent  woman, 
and  her  statements  are  reliable.  Her  menstrual  periods 
recur  every  thirty  days.  She  had  been  married  some 
time  befoie  she  liecame  pregnant,  and  after  passing  two 
)ieriods  aborlcd  July  6tli,  iK!)!!.  She  was  unwell  the  5th 
of  October  and  again  on  the  7tli  of  November,  this  last 
period  lasting  ti  vo  days.  She  jiassed  her  next  period  and 
on  Decemlier  IHth  aborted  the  ovum."* 

The  ovum  was  hardened  in  strong  alcohol  without 
opening  it  first,  and  when  it  came  into  my  hands  its 

•  Letter  from  Dr.  Ellis,  January  7th,  1S94. 


dimensions  were  18  X  18  X  8  mm.,  that  is,  it  was  sliglitly 
flattened.  It  was  ccmipletely  covered  with  long  villi. 
It  was  carefully  opened,  care  having  been  taken  not  to 
injure  the  embryo  in  any  way.  The  ccelom  was  filled 
with  a  clear  fluid,  and  manj'  firm  slireds  of  a  fibrin- 
like body  which  obscured  tlie  embryonic  vesicle  gi-eatly. 
With  much  difficult}-  the  embryo  could  be 
outlined,  and  these  drawings  proved  to  be 
of  great  service  in  making  the  reconstruc- 
tion. The  portion  of  the  chorion  to  wliich 
the  embr}-!)  was  attached  and  the  embryo 
were  stained  in  carmine  and  endjedded  in 
paraffin.  The  wdiole  was  cut  into  sections, 
at  right  angles  to  the  bodj',  10  /j  thick. 

Every  other  section  was  enlarged  100 
times  and  drawn  on  wax  plates  2  mm.  thick, 
and  from  them  the  model  of  the  embryo 
was  made.  The  model  gives  the  whole  cen- 
tral nervous  system,  the  entoderm  through- 
out its  extent,  the  blood-vessels,  and  the 
muscle  ])lates. 

The  shape  of  the  neural  tube  is  given  in 
the  diagrammatic  outline.  It  was  closed 
only  along  the  middle  of  the  body,  being 
open  in  front  down  to  the  beginning  of  the 
fourth  muscle  plate.  From  the  beginning 
of  the  fourth  plate  to  the  be.ginning  of  the 
fourteenth  it  was  closed,  and  from  there 
on  again  it  was  open.  In  the  figure  the  por- 
tions between  .t  and  x'  indicate  to  what  ex- 
tent the  tube  is  closed.  In  Figs.  1429  and 
1430  the  tidje  is  nearlj'  closed,  while  in  Fig. 
1432  the  tail  end  of  the  tube  is  just  begin- 
ning to  .separate  from  the  ectoderm.  The 
cephalic  end  of  the  tube  already  clearlj-  out- 
lines the  forebrain.  the  mid-brain,  and  the 
hind-brain;  the  constriction.  Fig.  1428,  a, 
indicates  tlie  junction  between  the  first  two. 
On  the  ventral  side  of  the  fore-brain  there 
are  two  marked  jiockets,  one  on  either  side, 
just  behind  the  neuropore,  which  are  no 
doubt  the  primarj-  optic  vesicles.  It  shows 
that  in  the  human  embryo  these  are  fully 
outlined  before  the  brain  lias  separated  itself 
from  the  ectoderm.  Farther  behind,  very 
near  the  dorsal  median  line  and  about  in  the 
middle  of  the  head,  there  is  a  short  pocket 
of  tliiekencd  ectoderm,  the  otic  vesicle. 
Toward  the  hinder  end  of  the  embryo  the 
spinal  cord  communicates  b^v  means  of  a 
soliil  band  of  cells  with  the  entoderm  (Fig. 
1432).  At  no  point  in  this  communication  is 
there  a  canal,  so  it  must  be  viewed  as  the 
last  remnant  of  the  nciirenterie  canal.  The 
location  is  opposite  the  twelfth  mu.scle  plate,  or  in  the 
neighborhood  of  what  will  later  on  be  the  position  of 
the  tirst  rib.  The  chorda  dorsalis  extends  to  the  neu- 
renteric canal,  but  not  beyond  it.  There  is  no  chorda  in 
the  tail  end  of  the  embryo. 

Throughout  the  central  nervous  system,  immediately 
about  the  central  canal,  there  are  many  karyokinetic 
figures,  showing  that  the  specimen  was  excellently  pre- 
served. In  the  greatei-  ]iort^on  of  the  neural  lube  the 
tissue  is  already  marked  by  two  zones,  a  central  one  rich 
in  nuclei,  and  a  peri]iheral  containing  none.  This  cor- 
responds with  the  deseriptiou  already  made  familiar  to 
us  by  His. 

The  general  shape  of  the  whole  central  nervous  system 
is  very  unlike  that  of  any  other  young  human  embryo 
ever  jiiiblished.  It  circumscribes  the  greater  portion  of 
a  cii-cle,  while  in  the  other  human  embryos  of  this  size  it 
makes  more  of  a  straight  line.  I  think  that  it  is  pi'obable 
that  this  specimen  represents  the  normal,  as  it  was  not 
injiired  nor  handled  in  any  way  before  it  was  cut  into 
sections. 

The  entoderm,  as  the  figures  show,  is  already  divided 
into  fore-gut.  mid-gut,  and  liind-gut.  The"  fore-gut 
makes  the  pharynx,  from  which  there' ai-e  four  diverticula 
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ou  the  (lovsiil  side,  one  on  the  vential  side,  and  two  near 
the  nioith.  The  four  on  the  dorsal  side  mark  the  tirst 
two  branchial  pockets  ou  either  side  ot  the  embryo;  the 
two  in  trout  are  Seessel's  pocket  and  the  entodcrmal  por- 
tion of  the  mouth;  while  the  one  on  the  ventral  side  of 
the  pharynx  is  the  beginning-  of  the  luediau  portion  of 
the  thyroid  gland  (Fig.  14'J9,  0- 

At  the  junction  of  the  pharynx  with  the  umbilical 
vesicle  there  is  a  large  diverticulum  into  the  septum 
trausversuni  (Fig.  1430  0.  the  beginning  of  the  liver. 

Within  the  tail  end  of  the  embryo,  behind  the  neuren- 
terio  canal,  the  hind-gut  is  enlarged  considerably,  and 
from  it  the  entodcrmal  canal  of  the  allantois  arises. 

The  whole  umbilical  vesicle  is  covered  with  blood- 
vessels which  communicate  wilh  the  veins  and  arteries 
of  the  embryo.  Near  the  (U'igin  of  the  liver  there  are 
two  veins  which  collect  the  blood  frcmi  the  umbilical 
vesicle  and  then  cuter  the  heart.  These  are  the  omphalo- 
mesenteric veins.  They  with  a  number  of  their  branches 
arc  sho^vn  in  sections  in  Fig.  1430,  r.  The  heart  itself  is 
broken,  but  there  is  enough  of  it  left  to  show  that  it  is 
bent  upon  itself  and  contains  a  large  cavity  at  the  point 
where  the  veins  entered  it.  From  the  heart  two  arteries 
arise  and  pass  in  front  of  the  first  branchial  pocket,  and 
each  follows  the  course  as  shown  in  black  in  the  recon- 
struction. The  aortas  do  not  unite,  but  each  sends  a 
number  of  segmental  branches  to  the  umbilical  vesicle 
along  the  tail  end  of  the  embryo.  These  are,  of  course, 
temporary  ;  they  may  be  callecl  collectively  the  omphalo- 
mesenteric arteries.  As  the  permanent  omphalomesenteric 
artery  arises  more  al30i-al  than  any  of  these,  it  is  easy  to 
understand  that  most  of  them  must  degenerate. 

The  sections  show  that  there  are  fourteen  muscle 
plates,  all  of  which  are  hollow  and  do  not  in  any  way 
conununicate  with  the  body  cavity  in  general.  Koll- 
mann,  who  described  an  embryo  of  this  same  age,  num- 
bers them  from  before  backward,  but  I  tiiink  that  they 
can  be  designated  more  definitely.  Froriep  ^'''  showed  that 
in  all  amniotic  vertebrates  there  were  a  number  of  muscle 
plates  and  dorsal  ganglia  formed  in  the  occipital  region, 
and  studied  their  fate  in  the  chick  and  in  the  cow's  em- 
bryo. Piatt  ■"  has  also  followed  the  order  of  the  origin  of 
the  muscle  plate  in  the  chick,  and  found  that  the  first 
division  of  the  mesoderm  was  between  the  third  and 
fourth  occipital  plates.  The  first  three  or  four  of  these 
segments  communicate  in  the  chick,  according  to  Dexter, 3" 
with  the  ca'lom,  and  Bonnet  °nias  found  also  that  the 
same  is  tr\ie  in  the  sheep.  Bonnet's  figures  (compare 
his  Plate  IV.)  show  that  a  sheep's  embryo  of  the  same 
stage  as  embryo  XII.  has  muscle  plates  much  more 
sharply  outlined  than  the  human.  In  order  to  locate  the 
muscle  plates  more  definitely  I  have  made  every  effort 
to  count  the  spinal  ganglia  in  embryo  XII.,  but  with  no 
definite  result.  It  is  impossible  for  me  to  define  the 
spinal  ganglia,  as  often  they  are  represented  by  a  tew 
cells  only,  then  again  as  a  band  of  cells  they  extend  over 
several  segments.  The  same  is  true  m  the  occipital 
region.  Had  I  been  able  to  number  them  definitely  it 
would  still  have  been  impossible  to  number  the  muscle 
plates  from  them,  for  His-""  has  shown  that  there  is  an 
occipital  ganglion  in  the  human  embryo  as  well  as  in  the 
lower  animals. 

The  fact  that  the  muscle  plates  reach  to  the  otic  vesicle 
in  embryo  XII  as  well  as  in  Kollmann's  embryo  Bulle, 
indicate  that  the  first  plates  must  belong  to  the  occipital 
reo-ion  and  I  have  found  that  there  are  three  occipital 
mSscle.  plates  in  embryo  No.  II.-"  Jloreover,  there  is 
every  indication  of  a  degeneration  of  the  first  two  plates 
in  XII  so  on  this  account  I  am  inclined  to  number  them 
as  they'are  numbered  in  Fig.  1428.  I  do  not  think  that 
any  of  them  ever  communicate  with  the  pericardial  cav- 
ity as  Bonnet  found  them  in  the  sheep.  The  cavities  in 
all  of  the  other  plates  are  small,  and  they  are  separated 
by  a  large  mass  of  mesoderm  from  the  cadom.  Ihis  all 
confirms  my  view.  ,    ,   ^    ^, 

The  chorda  extends  from  Seessel's  pocket  to  the  neu- 

renteric  canal.  ,   ,  ,  t  i„ 

There  are  also  a  few  segmental  ducts,  some  completely 


and  some  jtartly  sejiarated  from  the  e<'toderm,  as  was  the 
case  ill  Kollinaim's  embryo.  The  ducts  are  small,  and 
extend  over  one  or  two  .sections  only,  and  oec-asionally 
one  of  them  is  arising  at  several  dillerent  [Kiinls  between 
a  given  two  .segments.  They  are  [iresent  on  both  sides 
between  the  first  and  second  cervical  segments,  second 
and  third  segments,  third  and  fourth  segments,  fourth 
and  filth  segments,  and  only  on  the  leftside  in  the  region 
of  the  fifth  and  sixth  cervical  segments. 

The  cceloni  of  this  embryo  is  especially  instructive.  A 
sagittal  .section  of  the  embryo  and  ovum  is  given  in  Fig. 
1433.  This  embryo,  wdien  drawn  connected  with  the 
ovum,  is  very  similar  to  Graf  Slice's  embryo  Gle.  as 
shown  in  Fig.  1437.  It  is  very  easy  for  us  to  conceive  the 
von  Spec  embryo  converted  into  this  embryo,  for  about 
all  the  change  that  is  necessary  is  that  the  embryo  grow 
somcwdiat  and  bend 
upon  itself.  In  so 
doing  the  attachment 
of  the  umbilical  vesi- 
cle becomes  smaller 
as  the  amnion  encir- 
cles the  body  of  the 
embryo    more.      The 


FKi.  U32. 


FifiS.  1429-U:S3.— Sections  tliinuRli  Embryo  No.  XH.,  as  indiciit^d  by 
the  Lines  In  Fif?.  1428.  Enlurju'd  .^)0  tiiiu^s.  The  blai-lv  is  tlie  cu'Iom 
within  the  body.  O'  and  (*■',  J'irst  and  third  occipital  muscle  plates  ; 
C  and  (;",  first  and  eighth  cervical  muscle  plates;  7J',  tlrst  dorsal 
muscle  plate  ;  a,  aorta  ;  v,  omphalomesenteric  vein  ;  *,  thyroid  ;  J, 
liver;  jili,  jiharynx;  i,  intestine ;  ii 
iiiembrana  reiini'ens. 


neurenteric  canal ;    MH, 


position  of  the  neurenteric  canal,  the  shape  of  the  allan- 
tois, and  the  formation  of  the  pericardial  cavity,  all  show 
that  I  he  curving  must  be  a  normal  one. 

Nearly  all  other  young  embryos  of  tliis  stage,  or  a  little 
older,  wdiich  have  been  published  show  ;i  straighter  body 
or  even  a  curve  in  the  opposite  direction.     I  have  also  in 
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my  collection  two  embryos  of  tliis  stage,  Nos.  I.  and 
XV.,  which  had  been  taken  out  of  tlie  chorion  and  torn 
from  the  umbilical  vesicle^  and  both  of  them  are  straight 


Fig.  1433.— Sagittal  Section  o(  ttie  Ovum  with  Embryo  No.  XII.  At- 
tached. Enlarged  10  times.  Cue,  Ccelom  ;  u  v,  umbilical  vesicle  ■ 
all,  allantois  ;    MP,  medullary  plate. 

like  Kollmann's  embryo  Bulle  and  Hi.s's"  embryo  L.  It 
is  difficult  to  conceive  how  my  embryo  XII.  could  possi- 
bly be  torn  out  of  its  membranes  without  straightening  it. 
We  need  only  recall  our  experience  in  hardening  embryos 
of  lower  animals  to  be  reminded  how  easily  a  curved 
embryo  is  straightened  when  it  is  handled  the  least  bit 
roughly  before  it  is  hardened. 

His,  in  his  great  monograph  on  human  embryos,  em- 
phasizes a  curve  in  the  back  of  the  embryo  just  the  re- 
verse of  the  one  given  in  Fig.  1433.  I  refer  to  embryos 
Sch.,  BE.,  andLg,,  as  well  as  to  Minot's  embryo  195. « 
The  fact  that  this  inverted  bend  in  the  back  is  not  con- 
stant (His's  Rf.,  for  instance),  and  that  it  occurs  at  the 
time  when  any  tension  upon  the 
umbilical  vesicle  could  produce 
it,  makes  me  believe  that  it  is  an 
artifact.  This  view  was  sug- 
gested to  me  a  number  of  j^ears 
ago,  when  I  was  removing  young 
dogs'  embryos  from  the  uterus, 
and  unwittingly  distorted  a  num- 
ber of  them  in  this  very  way 
before  they  were  hardened.  The 
middle  of  the  back  i.s  the  weakest 
jjart  (jf  the  embryo's  body,  and 
the  umbilical  vesicle  is  attached 
to  it.  Under  these  conditions  tlie 
simple  weight  of  the  vesicle  is 
sufficient  to  bend  tlie  back  of  th(^ 
embryo  as  pictvircd  by  His. 

To  retiirn  to  the  ctelom.  At 
tlie  liiuder  end  of  the  embryo  the 
C(elom  dips  into  the  l)ody  over- 
lapping tlie  hiiidgut  in  the  neighborlioHd  of  the  ncuren- 
teric  canal,  as  shown  in  Fig  1433.  This  cavity  eoimnniii- 
cates  with  its  fellow  on  the  ojiposite  side  'through  an 
opening  lietween  the  umbilical  vesicle  and  the  allantois, 
marked  0  in  Fig.  143a.    This  communication  has  already 


been  described  bj'  Ills'"  for  an  embryo  somewhat  older. 
If,  now,  the  point  0  in  Fig.  1438  is  approximated  toward 
NO,  with  a  flexion  of  the  embryo  at  the  same  time,  this 
communication  is  easily  explained.  In  other  words,  as 
the  hind-gut  is  being  separated  from  the  umbilical  vesi- 
cle, a  groove-like  portion  of  the  coelom  is  also  included 
in  the  body  of  the  embryo.  At  the  hinder  portion  of 
the  embryo,  on  either  side,  the  coelomic  grooves  extend 
deeper  into  the  body  of  the  embryo,  and  communicate 
with  each  other  around  the  aboral  side  of  the  stem  of 
the  umbilical  ve.sicle.  This  communication  is  shown 
well  by  His  in  Fig.  I,  B,  Plate  VI.  of  his  "Atlas,"  as 
well  as  in  the  same  figure,  page  299  of  Minot's  "Em- 
bryology." Excellent  profile  views  showing  this  point 
are  given  in  all  the  embryos  figured  on  Plate  IX.  of  His's 
"  Atlas. " 

I  emphasize  this  point  in  order  to  exclude  the  ventral 
mesentery  for  this  portion  of  the  embryo.  The  fact  that 
this  mesentery  could  never  have  existed  in  the  human 
embryo  is  also  proved  by  a  careful  examination  of  His's 
models  of  human  embryos  made  by  Ziegler. 

As  we  pass  toward  the  head  in  embryo  XII.  the  coelomic 
groove  communicates  freely  with  the  extra-embryonic 
coelom  until  the  region  of  the  membrana  reuniens  is 
reached.  This  is  shown  in  Fig.  1431,  3fB,  with  the  mem- 
brana reuniens  complete  on  one  side,  but  not  yet  united 
on  the  other.  The  membrana  reuniens  extends  up  to  the 
heart,  and  separates  the  pericardial  cavity  from  the 
extra-embryonic  coelom,  then  crosses  the  ventral  median 
line  to  return  on  tlie  opposite  side  of  the  embryo. 
Throughout  the  extent  of  the  membrana  reuniens  there 
is  a  great  increase  of  mesodermal  tissue,  which  encircles 
completely  the  beginning  of  the  liver,  as  Fig.  1430  shows. 
A  portion  of  this  mesodermal  tissue  has  been  described 
by  His  as  the  septum  transversum.-''  According  to  His 
only  that  portion  of  the  mesodermal  tissue  is  septum 
transversum  which  lies  between  the  posterior  part  of  the 
pericardial  cavity  (Parietelhdhle),  the  wall  of  the  intes- 
tine, and  the  point  where  the  veins  enter  the  heart.  It 
extends  across  the  body,  and  has  within  it  the  beginning 
of  the  liver.  In  transverse  section  this  region  is  shown 
in  Fig.  1430.  Now  the  pericardial  cavity  communicates 
by  means  of  a  long  canal  on  either  side,  with  the  peri- 
toneal cavity,  and  the  omphalomesenteric  vein  hangs  into 
this,  attached  to  a  kind  of  mesentery,  as  Fig.  1430  shows. 
Lower  down,  near  the  communication  (Fig.  1431),  there 
is  an  indication  of  the  beginning  of  the  umbilical  vein, 
which  unites  with  the  omphalomesenteric  vein  through 
the  membrana  reuniens.  The  two  canals  which  com- 
municate with  the  extra-embryonic  cadom  are  the  pleural 
cavities,  and  the  membrana  reuniens  aids  to  separate 
them  from  the  peritoneal. 

All  of  the  tissues  from  the  diaphragm  to  the  opening 


.        ,        ..  ,  .         - .,^. ..,„^vi,,...  pockets: 

V,  pleural  lavity ;  m  ?•,  membrana  reuniens :  vim,  omphalomesenteric  vein,  which  is  expressed 
tlie'ilmbli?carveslcle*^°'"'""°      "''"  l""'™***"  '"'S"*'  '^^^  'eft  body  cavities  on  the  ventral  side  of 


of  tlie  liver  duct  into  the  duodenum  arise  from  the  septum 
transversum  and  the  membrana  reuniens;  the  stomach 
from  the  fore-gut,  the  liver  from  the  liver  diverticulum, 
and  the  diaphragm  from  the  septum  transversum  and 
the  membrana  reuniens.     The  Cuvierian  duct  must  also 
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have  arisen  in  the  membrana  reunieus,  in  ordei-  to  pass 
around  tlie  outside  of  the  body  cavity  to  reach  tlie  car- 
dinal and  jugular  veins,  as  pictured  by  His-'*  for  the 
human  eml)r3'o. 

In  the  further  development  of  the  pleural  and  peri- 
cardial cavities  the  Cuvierian  veins  give  us  our  best  land- 
mark, as  they  define  the  i)oint  where  the  pleural  cavity 
is  to  be  separated  from  the  pericardial.  And  it  really 
seems  as  if  the  greater  portion  of  the  diaphragm  is 
formed  from  the  portion  of  the  septum  transversum  on 
the  ventral  side  of  the  vein  and  from  the  membrana 
reuniens,  rather  than  from  the  portion  immediately  in 
front  of  the  intestine.  In  other  words,  there  is  a  horse- 
shoe shaped  ridge  of  tissue  around  the  neck  of  the  em- 
bryo to  the  ventral  side  of  the  pericardial  and  pleural 
cavities  and  parallel  to  them.  The  median  portion  is 
composed  of  the  septum  transversum,  and  each  wing  of 
the  alwe  is  the  membrana  revmiens,  one  on  either  side  of 
tlie  embryo.  Its  general  direction  in  this  stage  is  parallel 
with  the  long  axis  of  the  embryo,  and  within  each  wing 
there  is  an  om]5halomesenteric  vein. 

Origin  of  Pericardial  Cavity. — With  the  pericardial 
cavity  opening  into  the  extra-embryonic  ca>lom  on  either 
side  as  a  basis,  it  is  possible  to  trace  back  the  pericardial 
cavity  to  its  origin.  Figs.  1428  and  1436  show  that  the 
ventral  wall  of  the  pericardial  cavitj'  is  composed  mostly 
of  mesoderm.  This  is  the  portion  of  the  membrana 
reuniens  which  is  composed  of  mesoderm,  as  the  sections. 
Figs.  1480  and  1431,  show.  An  earlier  stage  is  shown  in 
the  diagrammatic  Fig.  1435.  It  is  taken  from  embryo 
No.  III.  In  this  specimen,  since  the  ectoderm  of  the 
amnion  has  not  reached  completely  around  the  body,  as 
both  the  sagittal  and  transver.se  sections  show  (Figs.  1435 
and  1437),  it  is  evident  that  the  pericardial  space  is  first 
covered  on  the  ventral  side  with  mesoderm  and  later  the 
ectodei'm  is  added  when  the  amnion  begins  to  close  over  the 
head.  In  enrbryo  HI.  the  canals  communicating  between 
the  pericardial  space  and  the  extra-embryonic  coelom  are 
not  as  long  as  in  embryo  XII.,  and  the  ventral  walls 
of  the  pericardial  space  are  composed  wholl}'  of  meso- 
derm. This  indicates  that  the  growth  of  this  wall  was 
lirst  by  a  union  of  tlie  mesoderm,  which  was  followed  by 
the  ectoderm  of  the  amnion  to  complete  tlie  liody  wall. 
The  process  is  shown  in  Figs.  1434  to  143(i.  Fig.  1434  is  a 
hypothetical  stage  between  Graf  Spec's  emliryo  Gle.  and 
my  embryo  No.  HI.  As  the  process  from  Graf  Spec's 
embryo  continues,  the  blood-vessels  reach  the  body  to 
form  the  heart,  as  indicated  by  the  outlines  marked  »  in 
Fig.  1434.  The  mesoderm  of  the  amnion  tlicn  unites  with 
that  of  the  umbilical  vesicle,  and  the  first  pericardial 

space  is  formed.  This  is 
not  wholly  an  imaginary 
stage,  tor  it  is  based  upon 
Bonnet's  observations  up- 
on the  sheep,""  as  well  as 
Cadiat's  upon  the  chick. ■'^ 
In  a  sagittal  section  of  a 
sheep's  embryo  of  about 
the  same  stage  (Plate  HI. , 
Figs.  16-20,  c  CB)  Bonnet 
gives  a  similar  fold,  and 
after  the  pericardial  walls 
are  well  formed  he  gives 
an  illustration  of  a  stage 
in  which  it  still  communi- 
cates with  the  extra-em- 
bryonic ccehim  (Plate  IV., 
Fig.  17,  KC).  With  Graf 
Spec's  embryo  Gle.  and 
with  Bonnet's  observa- 
tions upon  the  sheep  as  a 
starting-point,  it  is  not 
difficult  to  interpret  Figs. 
1434-1436. 

Extension  of  the  Amnion. — After  the  stage  of  embryo 
XII.  is  passed  the  amnion  rapidly  envelops  the  whole 
body  and  soon  passes  out  over  the  cord.  The  next  stage 
after  No.  XII.  which  I  have  studied  is  No.  XIX.     I  have 


Fig.  1437.  ~  Section  tbrough  tSe 
Head  of  Embryo  No.  HI.  En- 
larged .5.5  times.  Pli,  Pharynx; 
H,  heart.  The  arrow  in  the  am- 
niotic cavity  indicates  the  direc- 
tion of  the  future  growth  of  the 
amnion  to  complete  the  ventral 
body  wall. 


very  perfect  photographs  of  this  s])ecinicn,  and  the  sec- 
tions are  all  good,  although  the  nervous  system  is  macer- 
ated. The  embryo  has  rotated  in  the  amnion,  throwing 
the  cord  to  the  right  side  with  the  left  .side  towaiil  the 


Fio.  1138.— Ovum  and  Embryo  No.  XIX.  Enlarged  .5  times.  Just 
half  of  the  oviun  is  shown,  a,  Arm  ;  /,  leg  ;  H,  heart ;  u  \\  umbil- 
ical vesicle  :  B,  branchial  arch. 

observer.  It  would  have  been  impos,sible  to  obtain  a 
view  of  the  right  side  of  the  embrj'O  without  cutting  the 
cord.  The  outlines  of  this  embryo  and  ovum  are  given 
in  Fig.  1438.  Two  sections  through  tlie  body  are  given 
in  Figs.  1439  and  1440. 

The  amnion  has  become  separated  from  the  bodj'  with 
the  exception  of  the  part  about  the  cord  and  also  that 
along  the  right  side  of  the  body,  over  the  heart.  The 
arrow  in  Fig.  1437  .shows  how  the  amnion  on  that  side  is 
extended  over  the  ventral  body  wall  to  make  the  condi- 
tion shown  in  Fig.  1440.  No  doubt  the  cause  of  this  is 
the  rotation  of  the  bodj^,  throwing  the  cord  to  its  right 
side  and  the  amnion  with  it.  In  nearly  all  3'oung  em- 
bryos the  cord  is  on  the  right  side*"  With  the  exception 
of  the  four  instances  mentioned  below,  the  rotation  lias 
always  been  so  as  to  throw  the  left  side  of  the  body 
away  from  the  chorion,  and  in  all  of  these  specimens  the 
amnion  must  have  swept  over  the  body  from  left  to  right, 
as  shown  in  the  figures.  I  find  a  similar  illustration  by 
His  in  his  great  monograph.*" 

Absence  of  a  Ventral  Mesentery. — After  the  septum 
transversum  has  been  formed  as  it  is  in  embryo  XII., 
there  is  on  its  ventral  side  a  pretty  sharp  groove,  which 
indicates  that  the  umbilical  vesicle  is  being  constricted 
at  this  point. 

It  is  generally  believed  that  the  ventral  mesentery  of 
the  intestine  extends  to  the  umbilicus,  and  that  ultimately 
the  round  ligament  of  the  liver  represents  its  remnant 
after  most  of  it  lias  disappeared.  This  theor}'  is  ex- 
jiressed  by  two  diagrams  in  Minot's"  Embryology,"  page 
767.  As  the  liver  begins  to  grow,  and  while  the  heart  is 
being  pushed  down  m  front  of  it,  the  ventral  end  of  the 
septum  transversum  is  turned  down  to  the  umliilicus. 
While  this  is  taking  place  the  stem  of  the  umbilical 
vesicle  becomes  relativcl}'  smaller  and  smaller,  but  there 
is  no  union  between  the  umbilical  vesicle  and  the  septum 
transversum  as  expressed  in  Minot's  diagram.  The  first 
stage  of  this  jMOcess  is  shown  in  mj'  Fig.  1436,  and  its 
successive  stages  are  shown  in  His's  "Atlas,"  Plate  IX. 
In  all  six  embryos  pictured  on  that  plate  the  successive 
stages  are  repre.sented,  and  in  none  of  them  is  the  um- 
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bilical  vesicle  attached  to  the  septum  transvcrsum  to 
form  a  ventral  mesentery.  From  these  embryos  of  His 
we  can  pass  to  embryo  XIX.,  in  which  the  umbiUcal 


Fig.  U39. 


FIG.  1440 


Figs.  1439  and  1440.— Section  through  Enibrvo  XIX.  to  Show  the  Attachment  of  the  Amnion  to 
the  Side  of  the  Body.  Enlarged  25  times,  ^m,  Amnion;  S,  stomach  ;  fl",  heart;  e,  cardinal 
vein  ;  »,  umbilical  vein  ;  a,  aorta. 


vesicle  communicates  liy  a  round  canal  with  the  intestine, 
and  the  tube  is  completely  encircled  with  a  space  Avhich 
extends  to  the  liver,  thus  cutting  off  any  possible  ventral 
mesentery  at  that  point.  The  same  thing  is  shown,  but 
in  a  later  stage,  in  Fig.  1442,  0,  but  a  new  process  has 
already  taken  place  to  complicate  matters. 

In  embryo  XII.  there  is  just  a  beginning  of  an  um- 
bilical vein  in  the  membrana  rcuniens.  In  Kollmann's 
embryo  the  vein  is  more  marked."  The  vein  extends  out 
into  the  somatopleure,  far  away  from  either  the  intestine 
or  the  median  line.  This  same  position  is  again  shown  in 
His's  embryos  BB.  and  Lr.  on  Plate  IX.  in  his  "Atlas." 
The  left  umbilical  vein  becomes  the  more  prominent,  and 
as  the  body  wall  is  developed  more  and  more  it  moves 
around  toward  the  ventral  median  line.  This  movement 
takes  place  in  common  with  the  movement  of  the  amnion 
over  the  body  from  left  to  right,  as  shown  in  Fig.  144U. 
In  embryo  No.  II. ,  however,  the  liver  has  nearly  reached 
the  umbilicus,  and  tlie  vein  has  almost  moved  around  to 
tlie  ventral  median  line,  as  shown  both  in  the  reconstruc- 
tion and  the  sections  (Figs.  1443,  1437-14.51).  After  the 
vein  has  moved  around  the  body  to  its  ventral  surface, 
and  after  the  liver  moves  away  from  tlie  umbilicus  up  to 
the  permanent  diaphragm,  it  is  easy  to  explain  the  forma- 
tion of  the  round  and  broad  ligaments  of  the  liver  as  a 
secondary  formation,  but  not  as  a  remnant  of  a  ventral 
mesentery.  It  miglit  be  called  a  portion  of  the  septum 
transversum,  as  it  is  directly  continuous  with  it.  A 
ventral  mesentery  does  exist  between  the  abdominal  walls 
and  the  liver,  and  extends  only  slightly  below  the  liver. 
It  is  always  .slightly  to  the  left  of  the  median  line,  and 
is  in  direct  connection  with  the  septum  transversum  (Fitr 
1442,  0  and  ST).  -        \     b- 

(Mom  of  Eiuhryo  No.  i/.— After  tlie  body  cavity  is 
beginning  to  separate  from  the  cxtra-cmbryonie  eielom, 
the  next  important  stage  is  tlie  one  after  the  separation 
is  complete,  as  from  now  on  tlie  adult  body  cavities  are 
formed  by  a  simple  division  and  expansion  of  the  cavities 
already  within  the  bodv.  This  stage  is  represented  in 
embryos  XVllL,  II.,  and  IV.  All  of  the.se  embryos  are 
nearly  of  the  same  size,  the  successive  stages  lieiii"-  in 
the  order  they  arc  given.  No.  XVIIl.  is  sonie\vliat"dis- 
torted  in  the  middle  of  the  body,  while  No.  IV.  is  slightly 


macerated.  No.  II.  is  a  perfect  specimen,  and  has  been 
already  described  by  me  several  years  ago.''*  I  shall  con- 
fine my  description  of  it  to  the  bod.y  cavitj'. 

The  external  form  of  the  embiyo 
within  the  ovum  is  given  in  Fig, 

1441.  The  position  of  the  umbilical 
vesicle,  as  well  as  the  extent  of  the 
amnion  and  the  relation  of  the  um- 
bilical vesicle  and  amnion  to  the 
chorion,  are  all  given.  The  umbil- 
ical cord  is  large  and  lies  on  the 
left  .side  of  the  body,  while  in  most 
embryos  alreadj'  published  it  is 
upon  the  right  side.  The  cord  is 
short,  and  midway  between  the  em- 
bryo and  its  attachment  to  the  cho- 
rion it  .shows  a  decided  enlargement. 
Tlie  umbilical  vesicle  is  large,  meas- 
uring 5  X  7  mm.,  and  is  located  be- 
tween the  liead  end  of  the  embryo 
and  the  chorion. 

The  amnion  has  not  grown  very 
much,  still  leaving  a  great  space 
between  it  and  the  chorion,  the  ex- 
tra-embrj'onic  cadom  (compare  with 
Fig.  143S).  Within  it  hangs  this 
large  umbilical  vesicle,  the  lumen  of 
which  no  longer  connects  with  the 
alimentaiy  canal.  The  separation 
is  now  complete.  Around  the  stem 
of  the  vesicle  the  extra-embryonic 
ceelom  communicates  freely  with 
the  body  cavit3-,  as  shown  in  Fig. 

1442.  This  figure  is  from  a  recon- 
struction,   and   shows   the    general 

extent  of  the  body  cavity  within  the  embryo.  It  en- 
circles the  heart,  and  then  extends  to  the  lungs  and  over 
them  and  to  tlie  stomach,  over  the  intestines,  and  out 
into  the  cord.     A  cast  of  the  whole  cavity  is  also  given, 


Fig.  1441.-pEmhryo  No.  II.  Attached  to  the  Chorion.  Enlarged  H 
times.  Just  half  of  the  ovum  is  shown,  o  i\  Optic  vesicle  •  U  E, 
upper  cxtreiidty  ;  L  i,',  lower  extremity ;  jY,  nose  ;  I,  II.  Ill, 
branchial  arches.  .  ■        i  ,       .        . 

showing  the  slit  on  the  dorsal  side  for  the  mesentery  of 
the  intestine,  and  the  grooves  on  either  side  of  this  for 
the  Wolffian  bodies.     There  are  also  grooves  in  the  cast 
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for  the  veins,  and  the  place  where  the  Cuvierian  dnct 
enters  the  lieart  is  marked  V.     The  sagittal  section  of 


Fig.  1443.— Reconstrurtlon  of  Embryo  No.  II.  Enlarged  17  times.  1  and  X,  Fifth  and 
tenth  cranial  nerves  ;  1. ;.',  3,  and  A,  cast  of  the  hranchial  pockets  ;  1  and  s,  first  and 
eighth  cervical  nerves,  from  the  fourth  the  phrenic  arises ;  3-',  twelftlidorsal  ner\'e  , 
A,  auricle  ;  r,  ventricle  ;  L,  lung  ;  S,  stomach  ;  P,  pancreas  ;  TI  D,  Wolffian 
l)ody  ;  K,  kidnev  ;  M,  mesentery  ;  S  T,  septum  transversum  ;  0.  openinfrs  which 
communicate  with  the  peritoneal  cavity  of  the  opposite  side.  The  black  Ime  around 
the  heart  marks  the  pericardial  cavity. 


the  peritoneal  cavity  is  given  in  Fig.  1444.  The  striated 
line  indicates  where  the  cavity  crosses  the  median  line 
of  the  body,  while  the  other  lines  outline  the  cavity  be 
yond.  Lp'  outlines  the  lesser  peritoneal  cavity.  Figs. 
144,5-14.51  give  the  extent  of  the  peritoneal  cavity  in  dif- 
ferent portions  of  the  embryo,  as  indicated  by  the  lines 
in  Fig.  1442. 

It  is  not  difficult  now  to  imagine  the  body  cavity  of 
embryo  XII.  converted  into  the  one  just  described.  In 
that  embryo  the  heart  is  high  in  the  neck  on  the  oval  and 
dorsal  side  of  the  septum  transversum.  In  this  embryo 
it  is  on  the  ventral  and  oral  side  of  the  septum  trans- 
versum, but  still  above  the  eighth  cervical  nerve.  The 
septum  transversum  has  already  received  its  nerve  sup- 
ply from  the  fourth  cervical  nerve,  as  pointed  out  in  the 
early  part  of  the  century  by  von  Baer.  This  movement 
of  the  septum  transversum  is  accompanied  by  a  move- 
ment of  all  the  other  organs  on  their  way  into  the  thorax 
and  abdomen  of  the  future  individual.  In  the  rotation 
the  Cuvierian  duet  acts  much  as  the  fixed  point  about 
which  the  calom  is  bent.  The  figures  all  illustrate  this 
beautifully.  But  as  the  heart  has  rolled  over  the  liver, 
and  the  septum  transversum  has  undergone  a  quarter- 
revolurion,  the  Cuvierian  ducts  and  all  have  moved  away 
from  tlie  head.  This  is  by  no  means  the  end  of  the  ex- 
cursion of  the  septum  transversum,  as  its  dorsal  end 
must  move  down  and  beyond  the  twelfth  dorsal  seg- 
ment (compare  Fig.  1442).  ,    ,     , 

The  pericardial  cavity  surrounds  the  whole  heart,  as 
the  various  figures  show.  The  cavity  is  traversed  only 
where  the  lari;e  veins  enter,  .and  where  the  aorta  leaves 
the  heart      The  cavity  completely  surrounds  the  bulbus 


aorta?  to  its  oi-igin  (Figs.  144-1-1447)  in  the  ventricle.  On 
the  dorsal  side  oT  the  heart  the  iierieardial  cavity  is  .sepa- 
rated by  a  bridge  for  the  transnii.ssion  of  the 
veins  to  the  heart.  Between  the  bulbus 
aortic  and  the  entrance  of  the  veins  into  the 
heart  the  pericardial  cavity  crosses  the  me- 
dian line  as  three  distinct  openings,  as  ex- 
pressed by  the  black  areas  in  front  of  the 
tracliea  in  Fig.  1442.  On  the  dorsal  .side  of 
the  heart  on  either  side  of  the  lungs  the 
))ericardial  cavitj'  communicates  with  the 
pleural  cavities  by  means  of  two  openings 
(Fig.  1445),  each  of  which  is  about  0.1  X  0.r> 
mm.  in  diameter.  Farther  on,  the  pleural 
cavities  extend  as  two  slits  which  encircle 
the  lobes  of  the  liver  and  separate  them 
from  the  alimentary  canal  on  the  one  hand 
and  from  the  body  wall  on  the  other  (Figs. 
144(5-1449).  The  two  pleural  cavities  do  not 
communicate  with  each  other  around  the 
lungs,  leaving  for  them  both  a  dorsal  and  a 
ventral  mesentery. 

This  appearance  of  the  co'lom  about  the 
lungs  and  the  liver  can  be  explained  by  the 
lungs  and  liver  both  growing  into  the  two 
pleural  cavities  of  embryo  XII.,  and  this 
has  often  made  me  think  that  the  membrana 
reuniens  of  embryo  XII.  is  the  main  origin 
of  what  is  called  septum  transversum  in  em- 
bryo II.  If  this  proves  to  be  the  case,  then 
tlie  lower  end  of  the  membrana  reuniens 
will  form  the  ventral  end  of  the  diaphragm, 
and  not  the  reverse.  A  stage  between  em- 
bryos XII.  and  XVIII.  (Fig.  1453)  is  required 
toelucidate  this  point. 

In  the  neighborhood  of  the  stomach  the 
peritoneal  cavity  on  either  side  of  it  has 
become  asymmetrical,  as  Fig.  1448  shows. 
The  mesentery  has  become  bent  to  the  left 
side,  leaving  a  divcrriculum  from  the  right 
side  which  extends  oralward  to  the  tip  of 
the  lung  (Figs.  1446  and  1447)  to  form  the 
beginning  of  the  lesser  peritoneal  cavity.'^ 
Further  aboralward  the  cavities  become 
symmetrical  again  (Figs.  1449,  1450),  and 
tiien  unite  along  the  ventral  median  hne,  as 
shown  in  Fig.  1451.    The  ventral  mesentery  shown  in  Fig. 

A 


FIG.  1443.-Cast  of  the  Body  Cavity  of  Embryo  No.  II.  Enlarged  22 
times.  A,  Position  of  the  aorta;  V,  position  of  the  veiu  ;  M,  posi- 
tion of  the  mesentery;  W B,  position  of  the  Wolffian  body;  i, 
pericardial  cavity  ;  L,  cuelom  over  liver. 
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lie  termed  the  'plevro-peruarditil  nienihrane,  containing  the 
plirenic  nerve  and  the  pillars  which  form  the  dorsal  end 
of  the  diaphragm.  The  pillars  of  Uskow  have  heeu 
termed  the  pleiiro-jjeritoneal  membranes  by  Bracket,  and  as 
this  term  is  more  appropriate  it  should  be  adopted. 

My  own  studies  show  that  the  pleuro-pericardial  and 
pleuro-])crit(meal  membranes  arise  from  a  common  struc- 
ture which  grows  from  the  lol)e  of  the  liver  along  the 
dorsal  wall  of  the  ductus  Cuvieri  to  the  dorsal  attach- 
ment of  the  mesocai-dium.  Later  it  extends  toward  the 
head  to  complete  the  pleuro-pericardial  membrane,  and 
then  toward  the  tail  to  complete  the  pleuro-peritoneal 
membrane.     This  structure,  which  I  term  the  puhnoruiry 


1450  docs  not  extend  more  Ihun  a  section  or  two  beyond 

the  liver,  and  is  separated  by  a  marked  opening  from 
the  stem  of  the  umbilical  vesi- 
cle in  this  embrj'o,  as  is  shown 
in  Fig.  1443,  0  (see  also  No. 
XII.,  Fig.  1428,  0).  On  the 
ahoral  side  of  the  umbilical 
cord  the  peritoneal  cavities  of 
the  two  sides  unite  in  both  em- 
bryos again,  marked  0'  in  both 
figures. 

]JeTel(>ximent  of  the  Dia- 
pliritcfin. — It  has  often  been 
stated  that  the  de- 
velopment of  the 
diaphragm,  espe- 
cially in  the  hu- 
man embryo,  be- 
longs to  one  of 
the  most  difficult 
problems  of  em- 
bryology, partly 
because  of  the  dif- 
ticulty  of  obtain- 
ing tiie  necessary 
specimens      and 

partly  because  there  are  no  tixed  points  from 

which  to  calculate.     In  its  development  the 

whole  diaphragm  wanders  from  the  head  to 

the  abdomen,  forming  as  well  as  modifying 

the  structures  and  organs  along  the  way. 

So  while  von  Baer'^  recognized  that  the  dia- 
phragm wandered  in  its  development,  pick- 
ing up  its  nerve  in  so  doing,  a  fairly  clear 

picture  of  tlie  whole  process  was  not  given 

until   Cadiat,°'His,«»  Uskow,"  and  Ravn  «-^ 

studied  carefully  the  development  of  neck, 

heart,  lungs,  and  intestine.     In  .so  doing  His 

especially  recognized  the  anlage  of  the  dia- 
phragm in  a  mass  of  tissue  located  with  the 

heart  amongst  structures  belonging  to  the 

head  and  containing  within  it  tlie  veins  to 

the  heart  as  well  as  the  anlage  of  the  liver. 

This  mass  of  tissue  His  termed  the  septum 

trausversuni.     His's  studies  were  made  upon  the  human   [   ridge,  giving  rise  to  the  pleuro-pericardial  and  pleuro-peri- 
,>,..n,„,i  r.f   ^        „^..„,..;„„    „.,,!    ,   jo^pjj)  membrane,  is  located  in  the  sagittal  plane  of  the 


Fio,  1444,— Outline  of  Coelom 
in  Kniliryo  No.  II.  in  Sagittal 
Soi'tion.  The  striated  line 
indii'ates  that  the  coelom 
crosses  the  median  line.  P, 
Pericardial  space  ;  p/,  pleu- 
ral cavity  ;  (  p,  outline  of 
lesser  peritoneal  cavity. 


FIG.  1447. 


Fig.  1448. 
Figs.  1447  and  1448.— Sections  through  Embryo  No.  II.    a.  Aorta  •  .f  stomach  •  \  liver  • 
w,  umbilical  vein  ;  x,  bulbus  aoitte  ;   ;i,  heart ;  Vv,  omphalomesenteric  vein  ;'  «i  lesser 

c.  cijE-liac  axis;  u-.fi..  Wolffian ' body ; 


peritoneal  cavity;  /,  foramen  of  Winslow 
w.((.,  Wolffian  duct. 


embryo,  mainly  by  the  method  of  reconstruction,  and 
shortly  after  they  were  published  Uskow  made  a  very 
careful  study  of  the  fiu'ther  growth  of  the  septum  trans- 
vcrsiim.  Uskow  recognizeil  the  great  importance  of  two 
additional  structures  in  the  formation  of  the  pericardium 
and  adult  diaphragm  from  the  septum  transversum:  these 


Fig.  144,5. 


ui'..      r   ,      l"^;r:^«'tl"'is  throuKh  Embryo  No.  II.  at  tlic 
144„.     Enlarfred  .;.;  times.     VJ  ,.,  Bnuliial  ple.-ius  ;  ,l   a.jrta 
pharynx ;  h,  heart  ;  ^  trachea  ;  o,  .jc'sophaius 
vein  ;  V,  (Juvierian  duct. 
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FIG.  144i;. 


j,  jugular  vein;  (,  lung 


Points  Indicated  In  Fig. 
''  «,  hulhus  aortLV  ;  )i/i, 
r  c,  cardinal 


body  cavity  with  cephaUc  and  caudarhorns  on  its  dorsal 
side.     The  ductus  Cuviei-i  lies  between  these  horns. 

In  following  the  fate  of  the  septum  transversum  it  is 
necessary  to  consider  the  division  of  the  body  cavity  into 
the  pericardial,  pleural,  and  peritoneal  cavities.  Accord- 
ing to  His.  the  bodv  cavitv  is  divided  into  the 
runeUdhhhle  and  Ibmrpfh'ihUn.  The  com- 
munication between  these  spaces  he  has  also 
ternied  the  recessus  parietalis.  The  parietal 
cavity  from  its  earliest  appearance  contains 
the  heart  and  is  destined  to  form  the  peri- 
rardial  cavity.  This  is  the  pericardial  cadom. 
A  portion  of  the  recessus  parietalis  forms  the 
pleural  cavity;  it  surrounds  the  lung  buds 
tliroughout  its  development  and  forms  the 
pleural  ccrlom.  The  remainder  of  the  reces- 
sus ])anetalis  to  tlie  oi-iiiin  of  the  liver  has 
developed  in  it  the  liver  and  stomach;  this  i.s 
added  to  the  general  peritoneal  cavitv  and 
may  be  termed  the  jieritoneal  cadom.  In  the 
etirly  embryos  the  whole  cadom  lies  far  out 
ot  Its  tiiial  place;  in  embryo  XII.  nearly  the 
entire ccelom  lies  in  the  region  of  the  head  and 
neck,  arid  in  the  furtlier  development  of  these 
parts  the  cielom  with  the  surrounding  organs 
wanders  away  from  the  head  to  its  permanent 
location.  As  long  as  the  serous  cavities  arising 
from  the  ciploin  are  in  the  process  of  wandering 
and  are  not  fully  separated  from  one  another 
they  may  be  termed  pleural,  pericardial,  and 
peritoneal  cffilom;  when  they  are  fully  estab- 
lished they  form  these  cavities 
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In  embryo  XII.,  Fig.  1433,  the  eci-lom  of  tlic  embryo 
forms  a  free  space  encircling  the  lieart  and  extending  on 
eitlier  side  of  the  body  over 
the  <miplialomesenteric  veins 
to  tile  root  of  tlie  nmbilieal 
vesicle.     This  canal  of  eom- 


FiGS.  1449-1451.  — Sections  through  Embryo  No.  II.  a.  Aorta;  v.c,  cardinal  vein;  o, 
omphalomesenteric  vein  ;  p,  pancreas  ;  (,  intestine  :  h,  bile  duct ;  l,  liver ;  /i,  heart : 
u,  umbilical  vein ;  ?n,  mesentery  ;  tr./j.,  Wolflian  body  ;  all,  allantois. 


munication  has  developed  witliin  it  the  lung,  stomach,  and 
liver,  and  throughout  its  earlier  development  it  always 
measures  in  length  about  one-fourth  of  that  of  the  body. 
The  appearance  of  the  lung  and  liver  marks  the  subdivi- 
sion of  the  Cffllom  into  the  pleural  and  pei'itoueal  ccelom. 
With  the  development  of  the  liver,  lung,  and  stomach  the 
cadom  containing  them  gradually  dilates  until  the  em- 
bryo is  about  9  mm.  long,  when  the  containing  canal 
evagiaates,  so  to  speak,  and  turns  the  liver  and  stomach 
out'into  the  general  peritoneal  cavity.  The  Wolffian 
body,  which  occupies  the  dorsal  wall  of  the  canal,  gradu- 
ally" degenerates,  and  the  lung  takes  its  place.  From 
these  statements  it  is  readily  inferred  that  the  canal  ex- 
tending from  the  pericardial  ccelom,  His's  recessus  parie- 
talis,  gives  rise  to  the  pleural  cadomon  its  dorsal  side  and 
to  the  peritoneal  ctelom  on  its  ventral  side.  The  line  of 
division  is  formed  by  the  pleuro-peritoneal  membrane 
extending  fi'om  the  ductus  Cuvieri  to  the  adrenal. 

It  is  now  no  great  task  for  me  to  give  the  development 
of  the  diaphragm  in  the  human  embryo,  for  I  have  at  my 
dispo.sal  excellent  sections,  as  well  as  definite  knowledge 
of  the  anatomy  of  the  surrounding  organs  conti'ibuted 
by  tlie  above-mentioned  authoi's. 

While  the  embryo  is  still  straight  it  is  very  easy  to 
locate  the  various  organs  and  their  relations  to  one  an- 


again  on  its  dorsal  side.  At  first  the  hiiigs  are  on  the 
dorsal  side  of  the  heart,  tlien  on  the  lateral  side,  and 
finally  also  on  the  ventral  side  of  it.  At  first  the  liver  is 
on  the  aboral  side  of  the  septum  transversum  in  the  head 
of  the  embryo,  then  on  the  dorsal  side  of  it  in  the  cervical 
region  of  the  embryo,  then  as  the  liver  is  descending  in 
its  excursion  it  is  transferred  to  the  ven- 
tral side  of  the  septum  and  extends  into  tlie 
sacral  region.  At  fli-st  the  Woltfian  body 
extends  high  into  the  thoracic  region  of 
the  embryo,  but  while  it  is  degenerating 
and  the  diaphragm  descends,  the  upjicr 
part  of  the  posterior  cardinal  vein  remains, 
while  the  lower  part  is  incorporated  wilh 
its  vena  cava  infei-ior,  as  shown  by  Iloeh- 
stetter.«°  As  the  Cuvierian  ducts  and  car- 
dinal vein  descend  into  the  thoi'ax,  the  seg- 
mental veins  entering  the  cardinal  veins 
are  gradually  shifted,  so  that  veins  which 
oi-iginally  emptied  into  the  posterior  car- 
dinal now  empty  into  the  anterior  cardinal. 
While  the  whole  process  is  taking  place 
the  arteries  arising  from  the  descending 
aorta  also  shift,  as  I  have  shown  in  a  pre- 
vious communication.  »■*  At  that  time  my 
collection  of  human  embryos  was  very 
limited,  and  if  was  necessarj'  to  include 
some  observations  on  lower  animals  to 
prove  my  point,  but  now  I  can  give  a  com- 
plete table  of  human  embryos  in  which  the 
point  of  origin  of  the  cceliac  axis  is  recorded. 


Fig  14.53  —Section  of  a  Chick  to  Show  that  the  Body  Cavity  Commu- 
nicates with  the  Extra-Embryonic  Ccelom.  Although  the  embryo 
has  been  injected,  the  injection  masses  a  and  c  are  not  continuous. 

Other,  but  through  their  shifting  and  the  flexion  and  ex- 
tension of  the  embryo  the  relations  are  constantly  chang- 
ing, and  one  must  "not  rely  too  much  upon  sections  or 
else  erroneous  impressions  will  often  be  obtained.  At 
first  the  heart  is  upon  the  oral  and  dorsal  side  of  the 
septum  transversum,  then  on  its  ventral  side,  and  finally 


^/Od^-i^uZ 


Fig.  14.53.~Diagram  to  Show  the  Position  of  the  Diaphragm.  The 
numbers  on  the  blocks  indicate  the  embryos  from  which  the  dia- 
phragms are  taken.  KO  is  His's  embryo  K  0  :  PP.  the  outline  of 
the  opening  between  the  pleural  and  peritoneal  cavity,  which  is 
Anally  closed  when  the  diaphragm  reaches  the  tenth  dorsal  segment. 
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Tablk  Showing  Point  of  Origin  of  Cceliao  Axis. 


Embryo. 

Length  In 
millimetres. 

Origin  of  coellac  a-xis. 

No.  XII 

2.1 
2.1) 

7 

7 

7.rt 
13 
U 

IH 

It; 

2(1 

Opposite   4th  cervical  nen'e.* 
1st  dorsal        "      + 
2tl      "            "      t 

Hls's  Embryo  JI 

B 

No.  II 

4th     " 

Hls's  Embryo  A 

No.  XLIII 

tith     "             "      § 
10th     '' 

"    IX 

nth    " 

"    XXII . 

"      nth    " 

"    XVII 

12th     "             " 

"    LVII 

Adult. 

12th     " 

*  In  the  first  two  embryos  the  omphalomesenteric  artery  is  noted, . 
and  not  the  coellac  a.xls. 
t  Compare  Fig.  15,  PI.  yl.,  His's  "Atlas,"  with  M4,  I>1.  vU. 
t  Compare  Fig.  35,  PI.  11.,  Hls's  "Atlas,"  with  Fig.  1,  PI.  1. 
S  Compare  Figs.  79  and  86,  Hls's  "Atlas,"  with  Fig.  4,  PI.  1. 

Tile  tabk'  shows  that  the  arteries  arising  from  the  ven- 
tral side  of  the  aorta  to  siipplj'the  stomach  and  intestines 
are  constantly  shifting  until  their  definite  origin  is  finally 
reached.  In  these  specimens  the  omphalomesenteric 
artery  is  shitted  ahead  of  the  coellac  axis.  In  embryo 
No.  II.  the  omphalomesenteric  artery  has  a  double  origin 
from  the  aorta,  which  indicates  that  this  movement  maj' 
be  brought  about  by  a  new  anastomosis  forming,  which 
is  then  followed  by  an  occlusion  of  the  old  origin.  At 
any  rate  it  is  impossible  that  the  whole  aorta  shffts  with 
the  abdominal  viscera,  for  it  is  bound  to  the  vertebrre  and 
muscle  plates  through  the  segmental 
arteries. 

The   various  sections  and   the   re- 
construction of  embiyo  No.  II.  .show 
the  pleural   and    pericardial  cavities 
still     communicating     freel.y. 
The  same   is  true   in  embryos 
XIX.,   XVIII.,  and   IV.     im- 
mediately after  this  stage  there 
are   no   embryos   in  my 
collection,  so  I  have  no 
specimen   in   which  the 
communications  bet  ween 
the     pleural    and 
pericardial  c  a  v  i- 
ties  are  just  clos- 
ing.    In  embryos 
VIII.,     v.,     IX., 
and  XLIII,  (Figs. 
1453-145.5),     the 
pleural  and   peri- 
cardial cavities 
are  separate  d, 
while  the  pleural 


Fig.  14.54.— Keconstrurtion  of  Embryo  No.  IX.  Enlargeil  17  times.  S.T.,  Septum  transyersum ; 
I/,  hvcr:  ,s',  stomach;  C,  ca'ciiiri ;  ir,  WoUlla)!  boilv  ;  fC,  kidney;  ;-;.:',  doreal  ganglia;  o, 
oiiiplml.^iiiesenterlo  artery.  Tlie  ventral  mesentery  of  the  liver  is'  dotteil,  as  it  is  only  a  thin 
membrane;  .s.o'.,  suprarenal  capsule;  X,  point  of  communlcatlou  between  pleural  and  peri- 
toneal cavities. 


and  peritoneal  still  communicate.  In  the  embryos  with 
a  vertex  breech  measurement  exceeding  17  mm,  the 
pleural  and  peritoneal  have  been  se])arated  completely. 

The  separation  of  the  pleural  from  the  pericardial  cav- 
ity is  dependent  upon  the  complete  development  of  the 
diaphragm.  At  first  the  septum  transversum  and  the 
membrana  reunicns  arc  on  tlie  ventral  side  of  the  pleural 
cavity,  and  both  are  still  located  within  the  head.  As 
the  septum  transversum  descends  into  the  body  it  is 
next  located  on  the  dorsal  side  of  the  heart.  In  other 
words,  the  dorsal  end  of  the  septum  transversum  has  not 
moved  as  rapidly  as  the  ventral  end,  and  thus  the  wliole 
mass  of  tissue  has  turned  a  quarter  revolution.  This  is 
accompanied  by  the  extreme  flexion  of  the  head,  as 
represented  in  embryo  No.  II.  At  this  time  the  septum 
transversum  has  descended  to  the  lower  part  of  the  cer- 
vical region.  Now  the  septum  begins  to  turn  in  the 
other  direction  again,  for  with  the  development  of  the 
neck  the  ventral  end  of  the  .septum  becomes  the  fixed 
point  and  the  dorsal  end  moves  more  rapidly.  The  suc- 
cessive stages  in  the  movement  of  the  septum  are  best 
shown  in  the  diagrammatic  Fig.  1453. 

Fig.  1454  shows  the  septum  transversum  on  the  ventral 
side  of  the  stomach  and  the  pleural  cavity  communicating 
with  the  peritoneal  at  the  point  A'.  Tlie  Wolffian  body 
and  the  suprarenal  capsule,  wdiich  is  verjr  large,  have  re- 
ceded markedly,  and  the  pleural  cavity  already  forms  a 
pocket  on  the  dorsal  side  of  them,  A  sagittal  section 
through  this  region,  somewhat  distant  from  the  median 
line,  is  given  in  Fig.  1457.  A  transverse  section  of  the 
eiiibi-yo  pictured  in  Fig.  14.54  is  given  in  Fig.  1455.  This 
section  is  just  at  the  point  above 
the  opening,  and  shows  the  com- 
munication between  its  pleural 
and  peritoneal  cavities  closed  on 
one  side,  but  open  on  the  other. 
There  is  a  ridge  on  the  side  of  the 
cavity  which  projects  between  the 
lung  and  the  liver  and  continues 
down  to  the  suprarenal  capsule. 
This  ridge  has  been  well  described 
by  Ravu,*''  who  gives  an  excel- 
lent illustration  of  the  opening 
with  the  ridge  encircling  it. 

In  all  the  embryos  in  which  the 
pleural  and  peritoneal  cavities  still 
commtmicate,  the  vena  cava  does 
not  j'et  communicate  with  the 
posterior  cardinal  vein. 

Fig.  1457  is  from  an  embryo 
slightlv  larger  than  the  one  from 
which  Fig."  1454  was  taken.  The 
pleuro  -  peritoneal  communication 
has  just  closed  b\'  the  walls  of  the 
ridge  having  grown  together;  the 
extent  and  shape  of  the  pleural 
cavitv  is  much  as  it  is  in  Fig. 
14.54.  TheWolttianbodyis  small- 
er, and  the  kidney  and  suprarenal 
capsule  have  come  together. 

The  story,  then,  is  brief:  as  the 
diaphragm  descends,  its  dorsal  end 
is  in  apposition  with  the  suprarenal 
capsule,  and  finally,  when  the  cap- 
sule approaches  the  twelfth  rib,  a 
ridge  of  tissue  which  also  includes 
the  capsule  unites  with  a  ridge 
from  the  septum  transversum, 
and  the  opening  is  closed.  These 
two  ridges,  however,  are  portions 
of  one  and  the  same  ridge,  as  they 
form  a  circle  and  in  section  ap- 
pear as  two  ridges.  The  circle  is 
closed  much  tiftcr  the  fashion  of 
tying  uyt  a  bag. 

All  of  the  abdominal  organs, 
with  the  exception  of  the  kidney, 
descend ;  ami   the  descent  is  not 
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completed  until  tlie  pelvis  is  loniied  to  admit  some  of 
them.  In  the  stages  pietiired  nearly  all  the  small  intes- 
tine lies  in  the  imibilieal  coi'd,  as  is  the  case  in  many 


Fig.  14.55.— Section  through  the  Point  of  Communication  between  the 
Pleural  and  Peritoneal  Cavities  In  Embryo  No.  IX.  Enlarged  15 
times.  7,  Seventh  rlh ;  L.  lung;  Li,  liver;  M,  ventral  mesentery 
ol  liver ;  o,  aorta.  The  diaphragm  Is  complete  on  one  side,  X,  while 
it  is  incomplete  on  the  other. 

mammalian  embryos.  In  embryo  X.  (Fig.  1457)  a  large 
portion  of  the  liver  also  projects  into  the  cord.  I  have 
also  observed  a  hernia  of  the  liver  in  another  embryo 
somewhat  larger.  I  do  not  consider  the  form  of  embryo 
X.  altogether  normal,  but  this  was  not  noticed  until  the 
reconstruction  was  complete. 

Closely  associated  with  the  clo.sing  of  the  pleuro-peri- 
toneal  opening  is  the  development  of  the  celiac  ganglion. 
In  these  young  embryos  it  is  extremely  large,  and  can  be 
outlined  already,  while  the  septum  transversum  is  still 
high  in  the  thorax.  As  the  septum  descends,  the  vai'ious 
communicating  branches  of  the  nerves  are  caught  up 
with  the  caliac  ganglion  and  dragged  along.  This  ac- 
counts for  the  high  origin  of  the  splanchnic  nerve. 

Fig.  1458  (embryo  VI.)  shows  that  all  the  tissues  are 
becoming  more  definitely  outlined,  and  the  whole  struct- 
ure is  tirmer  than  in  embryo  X.  The  organs  of  the  ab- 
domen are  more  tirmly  clustered  together,  and  the  intes- 
tine has  become  more  convoluted.  The  lung  is  much 
larger,  and  the  pleural  cavity  extends  to  the  ventral  wall 
of  the  embryo,  obscuring  wholly  the  outline  of  the  heart. 
In  general  it  confirms  everything  given  in  Fig.  1457. 

Minot  *«  has  stated  that  the  pleural  cavities  are  to  be 
considered  a  portion  of  the  septum  trans\-ersum,  because 
they  lie  on  the  dorsal  side  of  it.  From  what  has  already 
been  said  above  it  will  be  seen  that  I  consider  the  septum 
ti-ansversum  the  mass  of  tissue  between  the  pericardial 
cavity,  the  pleural  cavities,  and  the  opening  between  the 
two  sides  of  the  peritoneal  cavity  immediately  below  the 
liver,  marked  0  in  Figs.  1428  and  1443.  This  tis.sue  includes 
the  mcmbrana  reuniens,  which  is  really  the  wings  of  the 
septum  transversum  as  described  by  His.  In  my  account 
I  have  employed  the  term  membrana  reuniens  wherever 


possible  to  av(jid  confusion,  and  have  usually  employed 
the  terms  septum  and  primitive  diaphragui  as  synonyms. 

There  are  developed  within  the  region  of  the  septum 
transversum  the  whole  liver,  inchiding  its  ventral  mesen 
tery,  the  Ics.ser  peritoneal  cavitj',  tiie  stomaeli,  and  the 
suprarenal  capsule.  This  same  legion  whieii  I  have 
marked  out  by  these  tliree  l)oundaries  as  the  septum 
transversum  is  still  sharply  defined  in  the  adult.  Tlje 
point  0  in  Figs.  1428  and  1442  is  still  as  definul)ly  marked 
as  ever  by  tlie  iciund  ligament,  foramen  of  \\' inslow,  and 
the  duct  pa.ssing  from  the  liver  to  the  duodenum.  The 
round  ligament  is  developed  by  the  umbilical  vein  shift- 
ing around  tlie  side  of  the  abdominal  walls  into  the  ven- 
tral mesentery  of  the  liver,  and  then  when  the  liver  is 
retracted  from  the  umbilical  cord,  the  vein  and  mesentery 
lemain  as  the  round  and  broad  ligaments  respectively. 

J^'sner  Peritoneal  Ciinty. — I  have  already  discussed  the 
lesser  peritoneal  cavity  in  a  separate  paper,*'  and  find  that 
I  can  eonfirni  all  that  I  have  stated  at  that  time.  I  can 
only  add  that  the  portion  of  it  extending  up  under  the 
lung  degenerates,  while  the  omental  sac  is  growing 
rapidly.  I  have  also  found  that  it  is  extremely  easy  for 
the  omentum  to  find  itswayr  over  the  large  intestine.  At 
the  time  this  takes  place  the  large  intestine  is  in  the 
median  line,  while  the  stomach  and  the  omentum  are  on 
the  left  side  of  the  body.     After  the  intestine  is  retracted 


Fir  1456.— Section  through  Embrvo  No.  XLIII.  Enlarged  8  times. 
H,  Hand;  yl,  auricle  ;  T,  ventricle;  i,  lung;  S  T,  septum  trans- 
versum; P,  phrenic  nerve;  (J,  umhillcal  vein;  ,S',  stomach;  Tt. 
Wolffian  body  ;  Or,  ovary  ;  Am,  amnion  ;  1-U,  ribs. 

from  the  cord  the  c;ecum  falls  over  to  the  right  side  of 
the  body,  wdiile  the  descending  colon  is  shifted  to  the  left 
side,  and  the  omentum  then  comes  to  lie  on  the  ventral 
side  of  the  transverse  colon. 

Mepansioii  oftheBady  Ciirity  and  Obliteration  of  the  E.r- 
tra-Einbryoiiic  C'odoin. — After  the  pleural  and  pericardial 
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cavities  are  separated  from  eacli  other  it  is  very  easy  to 
follow  their  further  development.  In  embryo  II.,  Fig. 
1459,  the  heart  is  still  ripright,  and  a  transverse  section  of 


cardial  accounts  for  the  location  of  the  phrenic  nerve 
in  the  adult.  In  Fig.  1459  the  nerve  passes  to  the  septum 
transversum  from  the  lateral  body  wall,  and  it  is  grad- 
ually separated  from  it  by  the  descent  of  the  sep- 
tum and  by  the  growth  of  the  pleural  cavity  be- 
tween the  nerve  and  the  bod}-  wall,  thus  locating 
the  nerve  in  a  membrane,  as  Figs.  1460  and  1461 
will  readily  explain. 

The  expansion  of  the  peritoneal  cavity  is  by  no 
means  as  simple.  In  it  there  are  many  bandsand 
mesenteries  as  well  as  a  marked  shifting  of  the 
organs.  With  the  descent  of  the  testis  a  portion 
of  it  is  cut  off  to  form  the  tunica  vaginalis. 

In  embryo  II.  the  peritoneal  cavity  is  extremely 
simple,  as  the  figures  show, — a  simple  cavity  on 
each  side  communicating  the  one  with  the  other 
by  means  of  two  openings,  one  above  and  one  be- 
low the  omphalomesenteric  duct.  Later,  as  the 
diaphragm  descends  more  and  more,  the  liver 
rotates,  and  its  lobes  soon  fill  the  peritoneal  cavity, 
while  the  intestine  develops  out  into  the  core. 
The  Wolffian  bod}',  sexual  glands,  and  suprarenal 
capsule  fill  the  dorsal  side  of  the  cavity  and  the 
rudimentary  pelvis.  The  whole  development  of 
the  intestine  takes  place  within  the  cord,  and  fi- 
nally it  is  drawn  into  the  embryos  when  it  is  about 
30  mm.  in  length.  By  what  process  this  takes 
place  I  am  unable  to  determine,  but  it  must  take 
place  ver}'  rapidly,  for  I  have  never  seen  a  hu- 
man embryo  in  which  it  is  only  partlj-  retracted. 
In  the  pig's  embryo,  however,  I  have  found  tlie 
stages  in  which  the  intestine  is  in  process  of  re- 
traction. 

The  liver  now  fills  nearly  the  whole  cavity, 
and  extends 
down  to  the 
pelvis,  and 
in  embryo 
XXII.  pro- 
jects over  the 


1444). 
more 


Fig.  14.5T.— Reconstruction  of  Embryo  No.  X.  Enlarged  Stime.s.  1-12,  Bovsal 
ganglia;  S.C.,  suprarenal  carsiilB;  ir.  Wolffian  body:  K,  kidney,  L, 
liver ;  S,  stomach  ;  C,  csecum.  The  dotted  area  on  the  ventral  side  ol  the 
liver  Indicates  the  extent  of  the  ventral  mesentery  of  the  liver. 

it  is  also  transverse  to  the  lung.  The  pleural  cavity  lies 
wholly  on  the  dorsal  side  of  the  pericardial  (Fig.  '  ' 
In  the  next  stage,  as  the  lungs  descend  more  and 
the  heart  is  tilted  over  so  tiiat  its  base  is  toward 
the  lung  and  its  apex  away  from  it,  as  in  embryo 
IX.,  shown  in  Figs.  14.o4and  1460.  The  pericardial 
space  has  now  become  separated  comjiletely  from 
the  pleural,  although  both  have  groAvn  at"  about 
the  .same  pace.  From  now  on  the  pleural  space 
grows  moi-e  rapidly  than  the  pericardial,  as  shown 
in  Fig.  1461.  I  have  a  number  of  embryos  which 
represent  intermediate  stages  between  embryos 
IX.  and  XXII.,  and  all  of  them  confirm  the  idea 
that  the  pleural  si)ace  develops  first  and  then  is 
followeil  by  a  growth  of  the  lung.  Fig.  1462, 
which  is  a  section  of  embryo  No.  XLV.,  shows 
a  marked  increase  in  the  size  of  the  lung,  but  the 
heart  and  pericardial  space  are  of  about  the  .same 
.size  as  in  embryo  XXII.  A  much  later  stage  is 
shown  in  Fig.  146:1  The  scale  of  enlargement  is 
only  half  that  of  Fig.  1463,  and  when  this  is  con- 
sidered it  is  again  seen  tliat  the  heart  has  not 
grown  very  much,  but  tlie  lung  has  develoi)ed 
enfirmously. 

It  is  therefore  seen  that  at  first  the  p<>rieardial 
cavity  is  on  the  oral  side  of  tlx;  pleural,  tbc^n  on 
the  ventral  side,  and  is  finally  enclosed  by  the 
pleural  cavity  growing  over  it. 

The  growth  of  the  pleural  cavity  over  the  peri- 
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Fig.  14.58.— Reconstruction  of  Embryo  No.  VI.  Enlarged  8  times  1-lS  Dor- 
sal ganglia ;  ,S.C.,  suprarenal  capsule  ;  K.  kidney  ;  TI',  Wolffian  body  •  S 
stomach;  C,  caecum;  L,  liver.  The  dotted  urea  "on  the  ventral  side  of 'the 
liver  indicates  the  extent  of  the  ventral  mesentery. 
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ovary  and  is  in  contact  witli  the  rectum.  As  tlic  in- 
testines are  retracted  from  the  cord  tlie  liver  is  rehitively 
higher  and  higher,  for  the  expansion  of  the  abdominal 
walls  is  now  greater  below  the  umbilical  cord  than  before, 
giving  more  space  in  this  region  for  the  intestine  which 
displaces  the  liver.  In  embryos  XXXIV.  and  XLVIII. 
the  intestine  has  been  studied,  and  it  was  found  tliat  it 


Fig.  1459.  FIG.  1480. 


FiG.l-tei. 


Figs.  1459  to  U81.— Outlines  of  the  Pleural  and  Pencardial  Cavities 
to  Show  Their  Kelative  Position  and  Size.  Enlarged  7  times.  Fig. 
14.59,  Embryo  No.  II.;  Fig.  14B0,  Embryo  No.  IX.:  Fig.  1461,  Em- 
bryo No.  XXII.  H,  position  of  heart;  i,  position  of  lung. 

is  still  located  in  the  ventral  portion  of  the  peritoneal 
cavity,  as  there  is  no  pelvic  cavity  large  enough  to  hold 
&ny  portion  of  it. 

The  extra-embryonic  coelom  has  only  a  short  existence, 
as  it  is  already  completely  obliterated  in  embryo  No. 
XXII.     This  embryo  came  to  me  in  an  unopened  ovum. 


Fig    1462.— Outline  of  Pleural  and  Pericardial  Cavities  in  Embryo  No. 
XLV.    Enlarged  T  times. 

and  on  this  account  is  extremelv  valuable  for  this  pur- 
pose. This  embryo  is  about  six  weeks  old,  so,  reasoning 
from  it,  the  union  of  the  amnion  and  chorion  takes  place 
earlier  than  is  generally  believed.  In  embryo  No.  XLIIL. 
which  is  about  five  weeks  old,  the  amnion  has  expanded 
over  the  whole  embryo  and  has  nearly  reached  the  chorion 


Fig  1463  —Outline  of  Pleural  and  Pericardial  Cavities  In  Embryo 
No.  XXXIV.  Enlarged  314  times.  If,  Position  of  heart;  L, 
position  ol  lung. 

The  earlier  stages  are  given  in  the  sagittal  sections.  They 
show  that  the  amnion  is  nearest  the  chorion  at  the  caudal 
end  of  the  embryo  in  the  earliest  stages,  and  soon  the  two 
unite  at  this  point.  As  the  embryo  grows,  the  union  of 
amnion  and  chorion  extends.     At  the  end  of  the  fourth 


week  the  extra-embryonic  ca'lom  is  still  very  large;  at 
the  end  of  the  fifth  week  the  space  between  the  embryo 
and  chorion  is  divided  equally  between  the  amnion  cavity 


Fig.  1464.— Embryo  No.  XXII.  Within  the  Ovum.  Enlarged  3  diam- 
eters. The  villi  of  chorion  are  outlined  on  one  side  ot  the  ovum 
only.  The  umbilical  vesicle,  u  v,  has  become  shifted  around  to  the 
dorsal  and  right  side  of  the  embryo.  Tlie  outline  is  made  from  a 
photograph,  and  is  correct  in  detail  with  the  exception  of  the  at- 
tachment of  the  chord  to  the  chorion.  This  in  reality  attaches  itself 
to  the  chorion  immediately  to  the  right  of  the  embryo. 

and  the  ccelom;  at  the  end  of  six  weeks  the  extra-em- 
bryonic coelom  has  disappeared.         Franklin  P.  Mall. 
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COFFEE. — The  seeds  of  Coffea  arabica  L.  (fam.  RuM- 
nceif).  Coffee  itself  is  not  official,  having  been  replaced 
by  its  alkaloid  (see  Caffeine). 

The  coffee  plant  is  a  good-sized  shrub  or  small  tree, 
with  opposite  spreading  or  horizontal  bi'anches,  and  dark 
green,  glabrous,  nearly  evergreen  leaves.  The  white 
flowers  grow  in  close  clusters  in  the  axils  of  the  leaves. 
Parthei'  down  are  the  green  and  then  the  red  fruits,  the 


Fig.  1466.— Branch  of  the   Coffee  Tree,  fiid'ca  arahii;i,  with  Fruit 
(liulllon.) 

whole  being  highly  oniuinontul.  The  fruit  i.s  an  oliloni;, 
i-ounded,  scarlet  or  ))urplisli,  slightly  juicy  drupe,  wiili 
a  thin,  fleshy  incsocarp,  aiul  a  papery'  enciocarp,  loosely 
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enclosing  the  two  seeds.     It  is  about  2  cm.  long  (i  to  f 
in.). 

This  shrub  is  a  native  of  tropical  Africa,  where  it  grows 
very  extensively  upon  both  coasts,  and  far  into  the  in- 
terior. It  is  also  cultivated  in  most  of  the  warm  parts  of 
the  earth,  especially  in  Java  and  Brazil. 

Our  earliest  knowledge  of  coffee  came  from  Arabia, 
where  it  was  introduced  from  Abyssinia  at  least  four 
hundred  years  ago.  Its  use  was  introduced  into  Europe 
by  way  of  Constantinople,  reaching  London  and  Paris 
about  the  middle  of  the  seventeenth  century.  Its  cultiva- 
tion was  begun  in  Batavia  at  about  the  end  of  the  same 
century,  and  in  the  beginning  of  the  next  it  was  being 
raised  in  India,  Brazil,  and  the  West  Indies.  The  plants 
and  the  berries  of  the.se  different  countries  present  slight 
variations.  Mocha  coffee  is  small,  plump,  and  dark  yel- 
low ;  Java  larger  and  paler,  and  the  Indian  and  American 
coffees  larger  and  greenish  gray  or  bluish  gray.  3Iocha 
has  the  richest  flavor,  Java  is  one  of  the  most  delicate, 
and  the  West  India  and  Brazilian  kinds  are  coarser  and 
less  fragrant.  Age,  before  they  are  roasted,  improves 
them  all. 

Coffee  is  raised  in  orchards,  where  the  trees  are  set  in 
rows;  trimmed  and  tended,  they  are  long-lived  and  bear 
for  many  3'ears.  Two  crops  are  usually  produced  each 
year.  The  pulp  of  the  fruits  is  separated,  usually  by 
mechanical  means,  and  the  papery  endocarp,  when  dry 
and  brittle,  broken  and  rubbed  away.  The  testa  of  the 
seed  is  usually  also  absent  in  commercial  coffee,  except- 
ing on  the  face,  where  it  enters  the  ventral  fl.ssure. 

Composition. — The  most  interesting  ingredient,  Caf- 
feine, is  described  elsewhere.  It  occurs  in  coffee  in  com- 
bination with  caffeo-tiuinie  acid,  in  varying  proportions 
between  one-half  of  one  per  cent,  and  two  and  three- 
tenths  per  cent.  The  quality  of  the  coffee,  as  usuall}' 
estimated,  depends  only  partially  upon  its  amount  of 
alkaloid.  Of  the  caffeo-tannic  acid,  the  yield  is  from  four 
to  five  per  cent.  It  is  of  the  series  which  gives  green  salts 
with  the  persalts  of  iron.  Besides  these,  are  fired  oils, 
from  fourteen  to  twenty-two  per  cent,,  dextrin  from 
fourteen  to  sixteen  per  cent.,  a  large  amount  of  albu- 
minoid matter,  and  a  very  minute  amount  of  Tolatile  oil. 
lioasting  changes  the  character  of  coffee  very  materially, 
dissipating  a  little  of  its  caffeine  and  most  of  its  water, 
and  forming  some  fragrant  decomposition  products  not 
much  understood.  The  seeds  lose  about  fifteen  or  twenty 
per  cent,  in  weight,  and  gain  much  more  than  that  in 
volume.  The  sugar  and  dextrin  are  changed  to  caramel, 
and  the  soluble  portions  in  general  are  diminished. 

Unground  coffee  is  seldom  adulterated,  but  ground 
coffees  are  apt  to  be  adulfei-ated,  the  world  over,  by 
grains  of  various  kinds.  Of  these  admixtures,  beans  and 
chicory  roots  are  the  most  important.  It  is  better  to  pur- 
chase the  whole  seed  than  to  puzzle  over  the  mixtures. 
Pure  ground  and  burnt  coffee  shaken  in  water  does  not 
immediately  discolor  it,  as  most  of  the  imitations  do.  Re- 
f'ently,  many  brands  of  artificial  "coffee,"  made  wholly 
from  grains  and  so  advertised,  have  come  into  use  as  a 
warm  and  grateful  drink,  free  from  the  nervous  effects 
of  caffeine.  jMany  people  bectune  very  fond  of  these 
products,  which  ai'e  used  upon  a  vast  scale. 

AcTiON  AXD  Use.— The  etl'ect  of  coffee  is  in  the  main 
the  same  as  that  of  caffeine,  a  nervous  and  cardiac  stimu- 
lant; but  it  lias  in  addition  a  pleasant,  exhilarating  effect 
upon  the  feelings,  which  is  ju-obably  in  part  also'due  to 
aromatic  ingredients  contained  in  it,"  or  developed  by  the 
roasting.  It  is  occasicuially  given  for  sick  and  ueui'algic 
headaches,  and  to  countenict  the  disagreeable  after-effects 
oeea.sionally  produced  liy  opium;  and  in  opium  poison- 
ing, which  it  mildly  antagonizes  by  its  stimulating  effects 
upon  the  brain  and  circtdation.  "The  universal  use  of 
coffee,  however,  greatly  restricts  its  usefulness  as  a  medi- 
cine. Its  excessive  use,  or  its  u.se  by  those  unfortunate- 
ly sensitive  to  it,  produces  wakefulness,  "nervousness  " 
confiLsiou  and  incoherence  of  thought,  palpitation,  aiid 
irregular  action  of  the  heart  and  dyspeptic  disorder 
Tlic  excessive  use  of  coffee  is  believed"  in  Oriental  coun- 
ti-ies  to  be  responsible  for  many  cases  of  blindness,  and  it 
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certainly  causes  (lis<inl('rs  of  visidii  Avlicn  sutlicieiitly 
abused  to  disturb  the  uerviuis  e(ivnlibrium. 

Tlie  dose  of  cotfee  foi',  say,  lieadaelie,  is  from  15  to  20 
gin.  (  3  ss.)  ill  infusioii,  tliat  is.  a  cupful  made  stroug-  aud 
"b1acl<."     A  fluid  extract  is  to  l)e  bad  if  desired. 

Tliere  arc  twenty  species  of  Coffea.  iiati\es  of  tropical 
Asia  and  Africa,  several  of  -which  contribute  a  part  to 
tlie  total  yield.  One  of  these,  Coffea  liherim,  of  Western 
Afiica,  produces  a  larger  seed,  witli  a  strong,  full,  but 
rather  rank,  flavor,  known  as  Liberian  coffee.  Coffee 
leaves  themselves  contain  caffeine,  and  are  used  as  a 
beverage  in  the  East.  If.  p.  Bulks. 

COHOSH,  BLUE.— Caulophyllum.  Pappoose  Root, 
Squaw  Root.  The  rhizome  and  roots  of  CaulophyUiini 
thalictroideK  (L).  Michx.  (fam.  Berheridaceiv).  This  is  a 
perennial  herb,  with  an  erect,  smooth  stem,  about  .50  or 
75  cm.  (20  to  30  ins.)  high,  bearing  a  thrice  teniate  leaf 
above  the  middle,  and  a  raceme  of  greenish-yellow  flow- 
ers at  the  top.  The  rhizome  is  horizontal,  thick,  crooked, 
scarred  above,  and  covered  below  with  numerous  roots. 
It  is  a  native  of  rich,  damp  woods,  over  most  of  the  United 
States,  and  grows  also  in  Japan  aud  JIanchuria.  It  was 
a  favorite  remedy  in  labor  among  some  tribes  of  the  North 
American  Indians,  as  its  vernacular  names  indicate. 

The  dried  rhizome  is  thus  described  in  the  Pliarma- 
copaua:  "About  four  inches  (10  cm.)  long,  and  about 
one- fourth  to  two-flfths  of  an  inch  (6  to  10  mm.)  thick, 
bent;  on  the  upper  side  with  broad,  concave  stem  scars, 
and  short,  knott}'  branches;  externally,  gray-brown;  in- 
ternally, whitish,  tough,  and  woody.  Roots  numerous, 
matted,  about  four  inches  (10  em.)  long,  and  one  twenty- 
fifth  of  an  inch  (1  mm.)  thick,  rather  tough;  nearly  in- 
odorous; taste  sweetish,  slightly  bitter,  and  somewhat 
acrid. " 

It  contains  twelve  per  cent,  of  resin  and  some  tannin,  a 
glueoside  much  resembling  saponin,  ami  a  small  amount 
of  the  alkaloid  caulopliylline. 

The  drug  is  irritating  to  mucous  membranes,  the 
powder  being  highly  sternutatory.  It  is  much  like 
saponin  in  its  local  effects.  It  is  recommended  as  a  uterine 
stimulant,  of  service  in  parturition,  and  also  as  a  stim- 
ulating emmenagogue,  but  there  is  little  reliable  in- 
formation in  regard  to  its  action.  There  is  no  offlcial 
preparation,  but  the  fluid  extract  is  the  best  form  of  ad- 
ministration, in  doses  of  gm.  0.3  to  2.0  (gr.  v.-xxx.). 

Henry  11.  liu.shy. 

COLCHICUM.— ilforrioM  Saffron.  A  genus  of  plants 
of  the  lily  family  (Lilinceci'),  comprising  about  thirty 
species,  one  of  which,  C.  antumnaU  L.,  yields  two  offi- 
cial drugs,  namely,  the  conn  (Colehici  liadLv)  and  the 
seed  {Colehici  Seineii).  As  these  drugs  are  identical  in 
properties  and  use,  and  practically  so  in  composition, 
they  are  considered  together.  The  plant  is  a  perennial 
herb,  with  a  very  short  subterranean  upright  stem,  aris- 
ing from  the  apex  of  a  corm,  and  having  at  its  side  an- 
other corm,  j^ounger  or  older  according  to  the  season. 

The  corm  of  colchicum,  in  the  latter  part  of  the  sum- 
mer, when  it  is  usually  gathered,  is  principally  compo.sed 
of  that  portion  which  has  just  done  service  in  ripening 
the  fruit.  It  is  about  5  cm.  long  b}^  4  in  width  (2  X  1+ 
ins.),  and  enclosed  in  two  brown  papery  coats.  It  is 
irregularly  pear-shaped,  rather  pointed  above,  blunt  and 
oblique  at  the  base,  and  flattened  and  grooved  on  one 
side,  where  it  clasps  the  new  growth.  At  the  apex  is 
the  scar  or  remains  of  the  now  decayed  aerial  vegetation. 
At  the  base,  on  the  flattened  side,  is  attached  the  new 
bud  which  is  to  jiroduce  the  flower  in  the  autumn,  en- 
closed in  the  general  coverings  above  mentioned.  Later 
in  the  season  the  stem  and  flowers  of  the  young  bulbs 
form  a  column  at  the  side  of  the  old  one,  fitting  into  its 
flattened  or  grooved  surface,  and  having  the  appearance 
of  being  simply  a  lateral  bud  of  the  older  corm.  During 
the  following  spring,  however,  the  elder  tuber  shrivels 
away,  and  the  new  one,  as  its  fruit  ripens,  becomes  large 
and  plump,  and  in  its  turn  develojjs  a  junior  for  tlie 
succeeding  fall. 


Colehieum  is  a  native  of  Middle,  Southern,  and  Eastern 
Europe.  It  is  frequent  also  in  England,  and  is  occasion- 
ally cultivated,  for  its  pretty  but  sombre  flowers,  in  this 
country.     (Jur  medical  supply  of  the  root  comes  princi- 


FiG.  14ti6.— Coli-hicmn.    Flowering  plant,  one-half  natural  size,  and 
details  uf  structure ;  also  seed.     (Baillon.) 

pally  from  England  and  Germany.  The  corms  are  usually 
collected  in  midsummer,  or  shortlj^  after,  when  the}'  are 
the  plumpest  and  tiuest  looking.  From  this  time  until 
fall  they  do  not  change  much,  and  if  gathered  when  in 
flower  would  be  probably  equally  good.  They  are 
sometimes  used  abroad  in  tlie  fresh  state  ;  sometimes  also 
dried  whole.  Usually,  however,  and  always  for  this 
market,  they  are  sliced  and  dried  by  the  aid  of  gentle 
heat.  Their  quality  is  very  sensitive  to  carelessness  in 
drying.  The  seeds  are  simjjly  collected  and  dried  when 
ripe. 

Colehieum  has  been  known  as  a  poison  since  the  time 
of  Dioscorides,  but  as  a  medicine  only  for  the  last  two 
or  three  hundred  years.  Its  first  admission  to  the  London 
Pharmacopa'ia  was  in  1618,  and  thirty-two  years  after 
it  was  drop]:ied,  and  did  not  reappear  in  it  until  1788, 
since  wdiieli  time  it  has  been  in  regular  employment 
{P/ianiKirnr/mphiii). 

Description.  —  T7ie  Conn. — The  transverse  slices  into 
which  the  corm  is  cut  are  about  3  mm.  (l  in. )  thick, 
and  from  1  to  3  cm.  in  diameter,  according  to  their 
position.  Their  cut  surfaces  are  white  or  grayish  white, 
their  edges  (surface  of  the  corm)  brownish  yellow.  In 
shape  they  vaiy  a  little;  those  cut  from  the  upper  part 
may  be  simply  round,  but  those  of  the  middle  and  lower 
portions  are  flattened  or  indented  at  one  side,  wdiere  the 
flower  buds  lie,  or  thev  may  even  be  typically  kidney- 
shaped.  The  drug  is  occasionally  sliced  vertically,  when 
the  slices  will  be  more  or  less  ovate,  and  some  of  them 
longitudinally  grooved.  Even  the  whole  corms  are  some- 
times met  with.  They  are  hard,  brittle,  and  loaded  with 
starch.     Taste  very  bitter  and  acrid,  odor  simply  earthy. 
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Tliat  which  is  very  dark  colored  internally,  or  brealcs 
witli  a  liorny  fracture  (sliowing  too  much  heat  used  in 
drying),  sliould  be  rejected. 

The  scei.U  are  of  more  modern  use,  having  been  intro- 
duced about  sixty  years  ago.  They  are  sub-globular, 
about  2  mm.  (y\y  in.)  in  diameter,  very  slightly  pointed 
at  the  hilum;  surface  reddish  brown,  tinely  pitted  and 
dull;  internally  whitish  ;  (jdornone;  taste  bitter  and  acrid  ; 
texture  very  hard,  bone-lilie  between  the  teeth,  at  the 
hilum  a  soft  caruncle. 

Composition. — Tlie  corms,  in  drying,  lose  two-thirds 
of  their  weight,  and  wlien  about  dry  consist  largely  of 
starch,  in  tine  rounded,  l)y  mutual  pressure  polyhedral, 
and  sometimes  compound  grains.  Sugar,  gum,  resin, 
fixed  oil,  etc.,  are  other  common  substances  contained  in 
them.  The  seeds  also  contain  sugar,  resin,  fixed  oil,  etc., 
as  incidental  constituents.  Both  contain,  as  tlieir  pecul- 
iar principle,  the  intensely  active  substance  colchicine, 
in  small  quantity — in  the  "root"  about  0.5  per  cent.,  in 
the  seeds  about  0.3  per  cent.  It  is  also  present  in  the 
leaves.  Colcliieine(C,6H,,[OCH3]3[NHC,H30J[C02CH3]) 
is  a  very  bitter  and  extremely  poisonous  alkaloid,  occur- 
ring as  a  yellow,  crystalline  powder,  soluble  in  botli  water 
and  alcohol.  It  yields  colcliiceine.  or  aceto-trimethjd- 
colchicinic  acid,  in  yellowisli  needles,  soluble  in  alcohol. 
This  also  occurs  free  in  tlie  ilrug,  and  is  poisonous.  It 
is  believed  that  these  substances  are  not  active  until  after 
oxidation  has  occurred  in  tlie  alimentary  canal. 

Action. — The  actions  of  colchicum,  colchicine,  and 
colchieeine  differ  onljf  in  degree. 

All  the  effects  are  chiefly,  and  perhaps  wholly,  refer- 
able to  local  irritation.  Tlie  skin  is  somewhat  irritated, 
all  mucous  membranes  powerfully  so,  sneezing,  cough- 
ing, running  at  the  eyes  and  nose  being  prominent  symp- 
toms of  exposure  to  the  dust.  Its  internal  effects  are 
very  slow  in  developing,  some  hours  usually  elapsing, 
thus  strengthening  the  tlieorj'  of  preliminary  oxidation 
of  the  colchicine.  Then  nausea  and  pain  in  the  stomach, 
with  lassitude  and  salivation  come  on.  If  the  dose  is 
large  enough,  vomiting  and  purging  follow,  and  these 
are  characteristic  of  great  irritation,  the  stools  being 
mucous  and  perhaps  bloody.  Varying,  and  mostly 
slight,  symptoms  of  reflex  stimulation  may  be  observed. 
In  severe  poisoning  paralysis  quickly  follows,  beginning 
at  the  lower  extremities,  proceeding  upward,  and  killing 
by  asphyxiation.  It  is  generally  believed  that  the  latter 
effects  are  entirely  dependent  upon  the  irritation.  Even 
if  given  hypodermieally,  the  principle  is  excreted  into 
the  stomach  and  intestines,  and  the  modux  operavdi  is  the 
SJime.  In  any  case,  the  practical  facts  are  that  the  char- 
acteristic eft'ects  of  over-dosage  are  severe  abdominal 
irritation  and  severe  depression,  both  of  which  are  to  be 
avoided  as  much  as  possible  in  its  medicinal  employment. 
The  effects  upon  the  kidney  are  very  irregular,  depend- 
ing apparently  upon  stim\ilation  by  small  quantities,  de- 
pression by  larger  ones.  Lastly  it  may  be  noted  that  the 
irritant  effects  of  colcliieum  are  cumulative.  They  may 
be  produced  quickly  by  large  doses,  or  gradually  by  con- 
tinued small  ones,  so  that  its  administration  has  always 
to  be  performed  with  watchfulness  and  care. 

Use  and  Administration. — All  the  study  of  the  ac- 
tion of  colchicum  is  devoid  of  therapeutic  value,  as  no 
relation  can  be  seen  between  tlie  former  and  its  thera- 
peutic use,  which  is  almost  exclusively  in  the  treatment 
of  gout.  We  only  know  that  gout  and  all  its  sequehe 
and  dependent  functional  disturbances  are  markedly  re- 
lieved liy  tlie  administration  of  colchicum,  which  lias  for 
very  long  been  regarded  as  a  specific  for  I  hat  disea.se. 
All  cases  are  not  equally  benefited,  acute  and  the  early 
stages  of  chronic  ones  being  much  more  amenable. 
With  long-continued  administration,  the  drug  gradually 
loses  its  effectiveness,  and  at  the  same  time  undesirable 
effects  become  more  troublesome.  The  desirability  of 
cautious  administration  thusliecomes  apparent.  As  soon 
as  abdominal  disturbances  begin,  the  administration 
should  be  stopped  for  a  while. 

The  forms  of  administration  are  very  numerous.  The 
powdered  drug  is  often  given  in  doses  of  0.1  to  0.5  gm. 
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(gr.  ij.-viij.).  The  Pharmacopoeia  offers  us  an  extract  of 
the  root,  dose  0.03  to  0.13  gm.  (gr,  ss.-ij.),  fluid  extracts 
of  each,  dose  tti  ij.  to  viij.,  a  15-pcr-cent.  tincture  of  the 
seeds,  dose  0.6  to  2  c.e.  (tri,  x,  to  xxx,),  a40-per  cent,  wine 
of  the  root,  dose  0.3  to  1  c.e.  (m  v,  to  xv.),  and  a  15-per 
cent,  wine  of  the  seed,  dose  the  same  as  of  the  tincture. 
The  presence  of  these  two  wines,  of  such  dissimilar 
strength  and  dosage,  is  barbarous,  and  it  is  even  to  be 
hoped  that  the  seeds  and  their  preparations  may  be  en- 
tirely dropped,  or  the  strength  of  the  preparations  so 
adjusted  that  the  dosage  will  be  uniform.  This  could 
easily  be  done  by  alkaloidal  standardization,  as  it  is  now 
certainly  known  that  the  two  substances  dfi  not  differ  in 
kind.  Colchicum  corm  and  fluid  extracts  should  contain 
one-half  per  cent.,  the  extract  two  per  cent.,  of  total  al- 
kaloids, the  other  preparations  proportionately  with  their 
strengtli.  Colchicine  is  frequently  given  in  doses  of  0.0005 
to  0.0023  gm.  (gr.  y|^  to  tJs),  colchieeine  occasionally  in 
maximum  doses  about  half  as  large.  Tannate  of  col- 
chicine is  somewhat  used  in  doses  about  twice  as  large  as 
those  of  colchicine  itself.  Henry  H.  Rushy. 

COLCHICUM,  POISONING  BY.— Colchicum  autum 
nale,  or  meadow  saffron,  order  Liliafeir,  is  a  biennial  plant, 
a  native  of  Europe.  It  is  not  found  in  America.  It  is 
nearly  related  to  veratrum.  All  parts  of  the  plant  are 
poisonous,  but  only  the  corm  and  the  seeds  are  used  me- 
dicinally, being  most  active  in  the  second  season.  This 
plant  is  said  to  have  been  known  to  Dioscorides  and  to 
liave  been  first  used  by  Medea.  The  active  principle  is 
the  intensely  bitter  and  poisonous  alkaloid  colchicine, 
discovered  by  Pelletier  and  Caventon.  Its  usual  form  is 
a  white  or  yellowish,  amorphous  powder;  sometimes  it 
occurs  as  crystals.  It  is  alkaline  in  reaction,  and  is  solu- 
ble in  water,  acids,  spirits,  ether,  chloroform,  and  benzene. 
It  is  frequently  an  ingredient  of  quack  medicines  for 
rheumatism  and  gout  and  is  sometimes  put  into  beer. 
Of  the  preparations,  those  of  the  .seeds  are  the  more  re- 
liable. There  are  in  the  United  States  Pharmacopa?ia : 
an  extract  of  the  root,  a  fluid  extract  of  the  root  and  of 
the  seeds,  a  wine  of  the  root  and  of  the  seeds,  and  a 
tincture  of  the  seeds. 

Fatal  hose  nf  the  Alkaloid. — Casper  quotes  this  to  be 
from  25  to  30  mgm.  (gr.  0.385  to  0.463).  However,  ac- 
cording to  BIyth,  there  is  a  recorded  recovery  from  70 
mgm.  (gr.  1.08). 

Symptoms. — The  poison  is  slowly  absorbed,  and  the 
symptoms  generally  continue  after  the  drug  has  been 
stopped,  while  relapses  are  not  uncommon.  The  patient 
usually  feels  a  burning  pain  in  the  gastro-intestinal  tract, 
with  great  abdominal  pain,  griping,  nausea,  vomiting, 
and  diarrhoea,  although  cases  have'been  noted  with  no 
diarrhoea.  The  stools  abound  in  bile  and  are  sometimes 
bloody.  Dysuria  and  ha?maturia  have  been  recorded. 
The  respiration  and  pulse  are  much  depressed.  The 
temperature  falls,  and  muscular  weakness  supervenes. 
There  may  be  cramps  in  the  feet  and  calves.  The  brain 
is  rarely  affected.  In  .severe  cases,  however,  stupor  oc- 
curs followed  by  early  collapse  and  death.  Convulsions 
sometimes  take  place.  As  indicated  above,  death  does 
not  occur  at  once,  the  symptoms  in  many  cases  lasting  as 
long  as  six  or  seven  days  and  even  longer.  If  the  patient 
recovers,  it  is  only  after  a  tedious  convalescence.  In 
certain  cases  the  patient  sviffers  from  chronic  diarrha\i 
after  the  other  symptoms  have  passed  away. 

Treatment.— The  use  of  the  stomach  pump  is  indi- 
cated, or  emetics  maybe  used.  e.g..  ipecacuanha,  zinc 
sulphate,  mustard;  or  apouKU'iiliiue,  administered  hypo- 
dermieally in  doses  of  four  or  live  drops.  Mucilaginous 
drinks  and  abundance  of  water  are  lienefieial.  Tannic 
acid  neutralizes  the  poison  and  is  an  antidote.  The 
bowels  should  be  cleared  out  bv  castor  oil,  while  the 
abdominal  pain  is  quieted  by  morphine  or  opium.  Heat 
applied  to  the  extremities  and  abdomen  also  relieves 
pain.  For  the  depression,  stimulants  should  be  em- 
ployed. 

test.—\i  to  the  alcoholic  solution  of  the  alkaloid,  ferric 
chloride  be  added  there  will  result  a  garnet  red;' while 
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if  an  iKjueous  solution  be  used,  tlie  color  obtained  will  be 
green  or  brownish  green.  If  a  combination  of  the  solid 
substance  and  nitric  acid  be  made,  a  violet  hue  will  de- 
velop. Colchicine  may  be  extracted  fidui  a  feebly  acid 
aqueous  solution  by  chloroform. 

P)ixt-.]fiirti'iii  Ajiiii'tiniiiecK. — Hypcnemia  is  the  most 
striking  <if  these,  and  has  been  observed  in  the  mucous 
membrane  of  the  gastro  intestinal  tract,  in  the  kidneys, 
lungs,  articular  joint  surfaces.  l)onc-marrow,  brain,  and 
cord.  Degeneration  of  the  liver  has  l)cen  reported.  As 
in  sulplniric-acid  poisoning,  the  large  veins  are  tilled  with 
thick  dark-red  blood.  Theslomacli  contents  give  an  acid 
reaction.  The  pathological  changes,  however,  an;  not 
constant. 

^I'pdnitiiiii  of  ('(ili'hici lie  from  Oir/miir  Mutter. — Obo- 
lonski's  method:  The  viscera  arc  tinely  ground  with 
powdered  ghiss,  and  the  mixture  left  in  alcohol  for  twelve 
ho\irs,  after  wdiicli  the  liquid  is  rcmovetl  and  the  residue 
is  washed  in  alcohol.  This  extract  is  heated  to  a  tem- 
perature not  above  W  C.  Tlic  concentrated  product  is 
cooled  and  mixed  with  enough  alcohol  to  equal  the 
original  quantity.  The  liquid  is  filtered  and  evaporated 
as  before,  and  this  process  is  repeated  until,  on  the  addition 
of  water,  there  is  no  further  separation  of  clots.  The 
final  residue  is  dissolved  in  Avater,  purified  by  shaking 
with  light  petroleum,  and  at  last  the  colchicine  is  ex- 
tracted with  chloroform.  Eoimo  E.    Widker. 

COLD,  EFFECTS  OF.     Seu  C<imp  Bimrvs: 

COLD  IN  THE  HEAD,     ^ve  mimlCirit/r.'^.  etr. 

COLD  SULPHUR  SPRING.— Rocklmdge  County,  Vir- 
ginia. 

Post-Office. — Goshen  Bridge.     Hotel. 

Access. — Via  Chesapeake  and  Ohio  Railroad  to  Goshen, 
thence  a  drive  of  3  miles  to  springs.  Hacks  meet  all 
trains. 

The  Cold  Sulphur  Springs  are  located  in  the  mountains 
of  Virginia,  at  an  altitude  of  two  thousand  feet  above  the 
sea  level.  The  situation  is  near  the  centre  of  the  cele- 
brated mineral-spring  region,  so  long  noted  for  the  beauty 
of  its  scenery  and  the  salubrity  of  its  climate.  Recent 
additions  to  the  hotel  building  have  greatly  increased  its 
capacitj',  and  many  improvements  have  been  made  for 
the  comfort  of  guests.  The  location  is  encompassed  on 
every  side  by  lofty  mountains  of  rare  loveliness  and 
grandeur,  and  the  beautiful  lawn,  with  its  vast  shade  of 
primeval  oaks,  forms  a  picture  of  alluring  restfulness  and 
tranquillity.  Within  a  few  minutes'  drive  is  the  west 
entrance  to  the  Goshen  Pass,  the  gateway  through  which 
the  north  branch  f)f  the  .James  liiver  finds  its  way  to  the 
sea— a  spot  famo\is  for  its  wild  and  magnificent  scenery. 
The  water  of  the  Cold  Sulphur  Springs  is  clear  and 
shghtly  sparkling  from  the  gases  which  it  contains.  It 
has  a  temperature  of  50°  F.  as  it  flows,  and  the  presence 
of  a  large  amount  of  free  carbonic  acid  renders  it  pecul- 
iarly light  and  grateful  both  to  the  taste  and  to  even  a 
delicate  stomach.  The  water  has  been  analyzed  with 
the  following  results  by  a  chemist  whose  name  is  lost: 

n.NE  United  States  Gallon  Contains: 
Solids.  (irains. 

Calcium  sulphate •^■'j" 

Magnesium  sulphate |j-)'^ 

Aluminum  sulphate -■•*'.' 

ScrtJiuiu  sulphate "■'" 

Calcium  carbonate '■^■' 

Magnesium  carbonate 1  ■^'^1; 

Iron  carbonate '■■■~: 

Sodium  silicate l-"*!; 

Calcium  chloride "•*" 

Lithium  chloride Trace. 

Phosphates ?,''■« 

Organic  matter tl..M 

Total l'^-"'^ 

Gases.  Cul'ic  inches. 

Sulphureted  hydmsen 2.i:i.(K_i 

Carbonic  acid '*■''-' 

This  aualy.sis  shows  a  mild  alkaline-chalybeate.     If  the 
figuresare  correct  it  contains  an  unusually  large  quantity 
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of  sulphureted  hydrogen.  The  clfects  of  the  water  are 
tonic  and  sedative.  It  is  used  with  good  effects  in  dis- 
eases of  the  stomach,  bowels,  liver,  and  kidneys.  The 
resort  is  well  provided  with  facilities  for  the  accommoda- 
tion, comfort,  and  anursemcnt  of  guests. 

Joniex  K.  (J rook. 

COLD,  THE  THERAPEUTICS  OF.— fbat  and  cold 
arc  two  relative  modes  of  molecular  motion.  We  call  an 
olijcct  warm  or  cold  when  it  possesses  more  or  less 
molecular  motion  than  our  bodies  contain.  According 
to  a  fundamental  law  of  physics,  motion  takes  place  in 
the  line  of  least  resistance,  and  since  a  greater  quantity 
of  motion  offers  more  resistance  than  a  smaller  quantity, 
it  follows  that  motion,  unless  impeded,  always  tends  in 
the  direction  of  lesser  motion,  or,  in  other  w(jrds,  from 
beat  toward  cold.  If  the  animal  body,  therefore,  comes 
in  contact  with  a  colder  medium,  it  loses  a  certain  amount 
of  its  heat;  and  if  the  surrounding  temperature  is  suffi- 
ciently low  and  if  it  remains  so  for  a  sufficient  length  of 
time,  enough  heat  is  extracted  to  threaten  and  even  to  ex- 
tinguish life.  We  may  hence  conclude  that  while  cold 
acts  as  an  antipyretic,  it  also  acts  as  a  depressant.  On 
the  other  hand,  when  colil  is  applied  fugitively,  or  for  a 
short  time,  it  has  a  stimulant  and  tonic  effect.  This 
duplex  action  of  cold  is  demonstrated  by  the  following 
observations;  Ijiebermei.ster  ("Beobachtungen  und  Ver- 
suche  liber  die  Anwendung  des  kalten  Wassers  bei  ficber- 
hafteu  Ivrankheiten,"  Leipsic,  1868),  and  Kernig  (Rei- 
chcrt's  Archie,  1860)  found  by  actual  experiment  that 
brief  exposure  of  healthy  persons  to  cold  baths  elevates 
the  temi^eratnre,  while  on  the  clinical  side  it  has  been 
abundantly  proven  that  prolonged  exposure  of  fever 
patients  to  cold  invariably  reduces  the  temperature. 

That  a  healthy  body  may  have  its  temperature  elevated 
by  transient  exposure  to  cold,  and  that  a  fevered  body 
may  suffer  depression  of  temperature  if  exposed  to  cold, 
are  facts  which  accord  with  another  physical  law,  viz. : 
that  action  and  reaction  are  equal.  A  healthy  body  is 
momentarily  thrown  out  of  its  accustomed  equilibrium 
by  the  aggressive  force  of  cold,  but  in  virtue  of  its  greater 
inherent  strength  and  rcsi.stance  it  is  soon  enabled  to  re- 
act on  and  to  neutralize  the  influence  of  this  disturbance, 
and  wdiile  undergoing  this  greater  activity  its  tempera- 
ture is  elevated.  On  the  o'ther  hand,  the  fevered  body 
possesses  less  resistance  and  is  too  feeble  to  offer  much 
resistance  to  the  aggressive  action  of  cold,  and  hence  the 
latter  readily  depresses  the  abnormally  augmented  activ- 
ity of  the  body.  Cold  may,  therefore,  be  an  antipyretic 
or  a  stimulant  according  to  the  circumstances  under  which 
it  acts ;  thus  showing  that,  like  all  our  therapeutic  agents, 
its  effects  are  controlled  by  the  dose  and  by  the  length 
of  time  during  which  it  is  administered.  Additional  cold 
also  contracts  and  condenses  bodily  tissue,  and  thus  in- 
cidentally it  has  the  power  of  contracting  blood-vessels— 
a  property  of  considerable  therapeutic  importance. 

Physiologically  it  may  be  said  then  that  cold  acts  (1) 
as  an  antipyretic;  (2)  as  a  tonic  or  stimulant;  and  (3) 
as  a  contractor  of  the  blood-vessels,  by  which  means  it 
lessens  the  supply  of  blood. 

Methods  of  ArPLYiNo  Cold. — It  has  alreadj^  been 
shown  that  the  effects  of  cold  depend  on  the  manner  in 
which  this  agent  is  applied,  and  it  is  therefore  necessary 
briefly  to  consider  the  different  modes  of  its  application 
together  with  the  physiological  effects  of  each. 

Wit-8/ieet  Aiiplicuiion. — A  cott(m  or  linen  sheet  is  wrung 
out  of  water  liaving  a  temperature  of  80°  or  00°  F. ;  it 
is  then  wrajipcd  around  the  patient's  body,  and  is  al- 
lowed to  remain  for  two,  three,  or  four  minutes.  If  the 
patient  is  in  a  feeble  condition,  vigorous  friction  must 
precede  and  follow  the  application  of  the  sheet.  The 
temperature  of  the  water  may  be  gradually  lowered  as 
the  patient  liecomes  accustomed  to  the  influence  of  cold. 
Used  in  this  way  the  wet  sheet  takes  the  place  of  a  cold 
bath  in  a  certain  class  of  invalids,  relieves  fatigue  and 
nerve  depression,  and  invigorates  vital  energy. 

Hliiiial  Both. — Water  at  a  tempei'ature  of  80°  F.  and 
gradually  cooled  is  poured  from  a  jug  or  can,  or  pressed 
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from  a  large  sponge,  along  the  spine  as  the  patient  sits 
on  a  stool  in  tlie  bath  tub.  It  is  to  be  continued  f<ir  from 
live  to  ten  minutes  at  a  time  and  may  l)e  repeated  once 
or  twice  every  day.  In  a  short  time  tlie  patient  will  be 
able  to  bear  the  water  entirely  cold.  T\u'  spinal  cord,  as 
well  as  the  peripheral  and  visceral  nerves,  is  stimulated, 
■md  it  is  claimed  that  the  abdominal  organs  are  influenced 
favorably. 

The  Piiil  D<yHf7(('.— Tliis  metliod  of  tiutliing  consists  in 
throwing  three  or  four  Imeketfuls  of  cold  Avater  over  the 
front  and  back  of  the  patient's  chest  while  he  is  sitting 
in  a  bath  tub,  Tlie  e.xact  temperature  of  the  water  is  to 
be  graduated  by  the  feeHngs  of  the  patient.  A  vigorous 
rubbing  with  a  dry,  coarse  towel  follows  the  douching. 
This  form  of  bath  is  available  only  for  those  who  possess 
a  rather  vigorous  constitution,  l)ut  in  such  cases  it  acts 
as  a  powerful  iuvigorator. 

The  Kpray  Doiiehe. — No  other  form  of  bathing  pro- 
duces such  powerful  stinuilation  as  that  of  the  cold  spray 
douche.  The  effects  of  the  cold  are  enhanced  by  the 
mechanical  impact  of  the  water  on  the  body,  and  they 
vary,  of  course,  in  accordance  with  the  size,  force,  direc- 
tion, and  duration  of  tlie  column  of  water  which  is  em- 
ployed. The  size  of  tiie  latter  may  be  from  one  to  three 
inches  in  diameter  and  may  fall  from  a  distance  of  from 
a  few  to  ten  or  twenty  feet ;  or  it  may  be  directed  in  a 
small  stream  at  right  angles  against  the  patient's  body. 
The  stream  may  also  be  broken  up  into  fine  jets  and  al- 
lowed to  fall  on  the  patient's  body,  oi-  be  directed  against 
it  at  an  angle.  It  may  be  used  alternately  with  hot  or 
tepid  water,  and  in  beginning  to  use  it,  in  cases  in  which 
the  power  of  vital  resistance  is  not  very  pronounced,  it 
is  a  good  plan  to  employ  water  with  a  temperature  of 
about  80°  or  85°  F.  and  gradually  lower  it  to  the  desired 
point  of  coldness.  If  cold  water  is  used  from  the  outset 
in  the  treatment  of  such  persons  it  is  best  first  to  spray 
the  extremities  and  then  the  trunk.  In  persons  possessed 
of  robust  reaction  the  spray  should  be  allowed  to  fall 
from  the  desired  height  on  the  head,  shoulders,  and  back, 
and  should  be  continued  for  from  one  to  three  minutes. 
It  is  important  that  it  should  not  be  continued  for  too 
long  a  time,  for  if  it  is,  the  patient  will  fail  to  obtain  its 
full  exhilarating  property. 

The  yinnge  Biitli. — In  this  form  of  bathing  the  person 
jumps  into  a  pool  or  tub  of  cold  water,  remains  there  for  a 
few  minutes,  and  is  then  dried  and  rubbed  with  towels. 
The  effects  of  such  a  liath  are  similar  to  those  of  the 
douche,  although  not  so  pronounced.  The  plunge  bath 
is  the  final  stage  of  the  Turkish  bath,  and  to  it  the  latter 
owes  much  of  its  agreeable  and  stimulating  property. 
As  in  the  douche,  a  sudden  chilliness,  a  deep  inspira- 
tion, and  a  roughening  of  the  skin  are  some  of  its  promi- 
nent effects,  which  in  a  few  minutes  are  followed  by  a 
sen.se  of  warmth  and  exhilaration. 

The  Prulniifjeil  Bath. — Here  the  patient  is  immersed  in 
a  tub  of  water  tlie  temiierature  of  which  ranges  from  G.'j" 
to  70°  F.,  or  slightly  lower.  It  abstracts  heat  in  febrile 
diseases,  soothes  the  irritable  nervous  sj'stem,  and  pro- 
vokes sleep.  The  duration  of  a  bath  of  this  kind  is  .gov- 
erned liy  the  intiucnee  which  it  exerts  on  the  fever.  This 
is  its  chief  object.  If  the  fever  falls  to  tlie  level  of  102" 
F.,  or  still  nearer  the  normal,  the  bath  is  discontinued 
and  the  patient  is  returned  to  bed.  This  method  of  treat- 
ing fever  was  introduced  by  Currie  and  Brand  about  a 
century  ago,  but  fell  into  <lisuse  some  time  later.  It  was 
revived  by  Liebermeisler,  von  Ziemssen,  and  others  in 
Germany,  and  has  latterly  found  strong  advocates  in 
America,  among  whom  are  Wilson,  Tyson,  and  Baruch. 

lee  App/inifioiis. ~Thv  a,])plicati(in  of  ice  to  the  human 
body  is  the  most  coneeidrated  form  in  which  cold  may  be 
employed.  Its  physiological  action,  which  di)fei-s  some- 
what from  that  of  the  other  forms  already  described,  has 
been  investigated  by  various  observers.'  Thus,  IMosler 
(  ^^^lrhlllr^s  Arrlifr.  1873,  Band  Ivii.,  1)  found  thai  by  ap- 
plying an  ice  bag  over  the  spleen  of  a  ilog  its  h'ngth 
diminished  from  17  to  14  em.,  and  its  breadth  from  .5  to 
4.0cm.,  inthe  courseof  an  hour.  Dr.  Schlikoff  (/A'»/.W/r.s' 
Archil'  f.  klin.  Med.,  Bd.  xviii,,  p.  577)  made  a  series  of 


observations  on  man,  in  the  course  of  wdiich  th(!  tli(;rmome- 
ter  was  introduced  into  various  cavities  of  the  human 
body,  and  ice  bags  were  applied  to  the  exterior.  For 
example:  1.  A  thermometer  being  placed  between  the 
gum  and  the  cheek,  and  an  ice  bag  applied  to  the  outside, 
the  temperature  fell  5. 1°  C.  in  one  hour.  After  removing 
the  ice  bag,  the  temjjerature  returned  to  the  normal  in 
half  an  hour's  time.  3.  When  the  thermometer  was  held 
in  the  hollow  of  the  hand,  and  an  ice  bag  applied  to  its 
dorsum,  in  seventy  minutes  the  temperature  fell  5.8°  C. ; 
an  hour  after  the  removal  f)f  the  ice  bag  the  temperature 
had  not  attained  its  original  elevation.  3.  In  an  em- 
pyaunic  patient  the  therinometer  was  introduced  into  the 
pleural  cavity  firmly  against  its  inner  wall,  and  the  ice 
bag  was  placed  immediately  over  it;  in  an  hour  the  tem- 
perature fell  8.7°  C.  The  original  temperature  was  re- 
gained in  fifty  minutes  after  the  thermometer  was  re- 
moved. The  thickness  of  the  thoracic  wall  was  3.2  cin., 
which  gives  the  distance  between  the  bulb  of  the  ther- 
mometer and  the  ice  bag.  4.  Introduction  of  a  thermom- 
eter into  the  intestine  through  an  intestinal  fistula,  and 
the  application  of  an  ice  bag  over  the  abdomen  reduced 
the  temperature  2.3°  0.  in  the  course  of  half  an  hour — 
the  distance  between  tlie  thermometer  bulb  and  the  ice 
bag  having  been  about  4  cm.  5.  When  the  thermometer 
was  placed  in  the  vagina,  and  the  ice  bag  over  the  pubic 
arch — the  distance  between  the  two  being  7  cm. — the 
temperature  fell  nearly  1°  C.  in  a  little  less  than  an  liour 
and  a  half.  6.  Introducing  a  thermometer  into  a  fistu- 
lous pa.s.sage  leading  to  a  carious  tibia — the  soft  parts 
being  inflamed,  thickened,  and  cedematons — and  placing 
an  ice  bag  over  the  same,  redticed  the  temperature  0.5° 
C.  in  eighty  minutes.  The  distance  between  the  ther- 
mometer and  the  ice  was  about  4  cm. 

These  experiments  demonstrate,  therefore,  that  when 
cold  is  emploj'ed  in  the  manner  indicated  it  has  the  prop- 
crtjr  of  diminishing  the  volume  of  bodily  organs,  reducing 
temperature  very  actively,  and  showing  sufficient  pene- 
trating power  to  influence  deep-seated  organs. 

The  Thekapeutic  Application  of  Cold. — Next  in 
order  will  be  considered  the  various  affections  in  which 
the  remedial  value  of  cold  is  indicated. 

Nerravs  Debility. — In  cases  of  nerve  exhaustion  with- 
out serious  cliange  in  awy  of  the  vital  organs, — a  con- 
dition often  found  among  men  of  intellectual  pursuits, — 
the  douche  applied  daily  is  a  most  valuable  adjunct  in 
the  treatment.  If  possible  the  douche  should  be  com- 
menced during  warm  weather,  and  after  being  begun  it 
should  be  used  every  day  throughout  the  _year, 

Ileiiiorrhoieh. — When  ice  in  a  bag  or  wrapped  in  a 
towel  is  applied  in  the  earlj^  stnge  of  this  affection  it  will 
give  relief  cjuicklj'.  When  the  disorder  is  of  several  days' 
standing,  moist  heat  is  probably  preferable ;  although  it 
is  a  good  plan  to  test  the  influence  of  cold  first. 

Acute  Orehitix. — Surrounding  the  inflamed  testicle  with 
ice  bags,  or  allowing  a  stream  of  ice  water  to  flow  on  it, 
will  frequently  cut  short  the  pain  and  relieve  the  swell- 
ing. 

Aeiite  T<)it.<.iUiti.^,  Dijihtheria.  and  Croup. — Appilication 
of  cold  to  tlie  neck  in  these  diseases,  either  in  the  fortn 
of  ice  bags  or  in  that  of  compresses,  preferably  the 
former,  has  a  most  comforting  and  t|uieting  influence  on 
the  patient.  It  allays  fever  and  pain,  and  prevents  in- 
filtration of  the  cervical  glands, 

Meiisle.i. — In  strange  contrast  to  the  medical  teaching 
of  h;df  a  century  ago,  that  patients  suffering  from  measles 
should  be  kept  in  a  warm  room,  remain  unwashed,  and 
be  ]irotected  from  all  cold  air  draughts. — it  is  now  a  well- 
established  fact  that  the  application  of  cold  externally  in 
one  form  or  another,  and  the  administration  of  an  abun- 
dant supjily  of  cold  Avater  internally,  is  a  most  serviceable 
method  of  treating  this  disease.  When  the  fever  is  mild, 
sponging  of  the  whole  liody  with  cool  water  will  sutlice 
to  reduce  the  temperature.  If  the  fever  rises  to  103°  or 
104"  F.,  the  I'old  pack  is  to  be  applied,  or  the  patient  is 
to  be  tubbed.  In  case  there  is  swelling  of  the  glands 
of  the  neck,  as  often  occurs,  the  application  of  an  ice 
bag  over  the  tumefaction  will  have  a  counteracting  effect. 


194 


REFERENCE   HANDTBOOK   OF  THE   MEDICAL   SCIENCES. 


Cold. 
Cold. 


Scarlnt/na.—No  oilier  exaiithematoiis  disease  is  so 
prone  to  develop  a  hitrh  tein|ieratureas  scarlet  fever,  and 
in  no  other  are  the  remedial  effects  of  cold  applied  ex- 
ternally more  marked.  In  mild  eases  cold  sponging  is 
all  that  is  necessary.  When  the  tempei-aturo  rises  to 
105°  or  106°  F.,  and  is  accompanied  by  stupor  and  de- 
lirium, when  the  rash  is  dark  and  not  well  inaikcd,  and 
when  the  urine  is  loadeil  with  albumin,  nothing  seems  to 
be  more  efl'ectivc  in  reducing  fever,  in  ([uieting  stupor 
and  delirium,  and  in  bringing  out  a  well-marked  eruption 
than  a  cold  tub  bath  or  the  cold  pack.  For  the  throat 
affection  the  ice  bag  is  to  be  applied  externally  to  the 
neck,  from  the  beginning  of  the  attack,  and  the  patient 
is  to  be  encouraged  in  holding  small  pieces  of  ice  in  the 
month  until  they  are  dissolved.  C'old  water  is  to  be  al- 
lowed as  a  drink. 

Cholera  Infantum. — In  afTections  of  this  kind,  when 
the  diarrhoea  becomes  au  almost  continuous  serous  dis- 
charge, when  the  abdomen  and  head  are  very  hot  and 
the  extremities  are  cold,  coupled  with  a  tendency  to  coma, 
an  ice  bag  or  two  applied  to  botli  the  abdomen  and  the 
bead,  and  hot-water  bags  or  hot  poultices  to  the  arms  and 
legs,  are  frequently  followed  by  the  very  best  results. 

Cerebral  Congestion  and  Cerebro-Spinal  Meningitis. — In 
these  diseases  the  application  of  a  number  of  ice  bags  to 
the  head  and  neck  is  a  most  useful  therapeutic  measure. 
The  action  of  the  cold  thus  employed  is  enhanced  by  the 
application  of  mustard  or  hot  water  to  the  extremities. 

Sun-Stroke  ;  Heat-Stroke. — The  former  is  merely  an  in- 
tensified form  of  the  latter,  and  both  conditions  require 
the  same  treatment.  The  patient  should  be  stripped, 
laid  on  a  canvas  cot,  covered  with  a  sheet,  and  a  stream 
of  iced  cold  water  allowed  to  play  on  his  whole  hoAj, 
while  at  the  same  time  the  head  is  packed  in  ice.  The 
stream  of  water  may  come  from  a  hose  or  from  the 
mouth  of  a  largo  can.  When  the  high  temperature  is 
reduced  and  approaches  the  normal  point,  his  body 
should  be  wrapped  in  warmed  woollen  blankets,  while 
the  application  of  cold  to  the  head  is  to  be  continued. 

Typhoid  Fever. — The  use  of  cold  in  various  forms  and  at 
different  temperatures  is  one  of  the  most  approved  meth- 
ods of  combating  tj'phoid  fever.  In  mild  ca.ses  of  this 
disease,  or  in  cases  in  which  the  general  tub  bath  is  not 
well  borne,  frequent  or  almost  constant  sponging  of  the 
whole  body  with  cool  or  cold  water,  slightly  acidulated 
with  vinegar,  is  usually  sufficient  to  restrain  the  tempera- 
ture and  to  reduce  it  to  a  proper  point.  In  case  the  fever 
makes  a  stubborn  resistance  the  patient  should  be  placed 
in  a  tub  bath  the  temperature  of  which  may  range  from 
60°  to  80°  F.  If  it  is  well  borne,  it  is  best  to  be.gin  with 
a  bath  temperature  of  65°  or  68°  F.  Sometimes  it  is  a 
good  plan  to  begin  with  a  bath  temperature  of  80°  and 
graduall}'  lower  it  to  60°  by  the  addition  of  ice  water. 
The  patient  .should  remain  in  the  bath  for  five,  ten,  or 
twenty  minutes,  or  longer  if  neces.sary,  to  reduce  the 
fever  to  102°  F. ;  and  the  bath  is  to  be  repeated  as  often 
as  the  temperature  rises  above  the  latter  point.  Between 
the  baths  ice  bags  should  be  used  over  the  abdomen  and 
head,  and  in  cases  of  intestinal  hemorrhage  or  of  marked 
tympanites  the  ice  bags  should  be  applied  continuou,sly  to 
the  abdomen.  Placing  an  ice  bag  over  the  region  of  the 
heart  also  serves  to  allay  the  irritability  of  that  organ. 
In  cases  in  which  tubbing  is  inexpedient  and  the  tempera- 
ture remains  high  tlie  cold  pack  may  be  resorted  to,  or 
the  patient's  bodj^  may  be  rubbed  with  small  lum]is  of 
ice.  After  the  patient  leaves  the  bath  his  body  nuist  be 
rubbed  dry  and  wrapped  in  a  warmed  blanket  in  order 
to  secure  good  bodily  reaction. 

Cold  water  should  also  be  freely  used  internally.  This 
is  of  great  importance.  It  sliould  be  given  systematically 
whether  the  patient  asks  for  it  or  not. 

Appendicitis. — Application  of  the  ice  bag  over  the  right 
iliac  fossa  is  a  useful  measure  to  aiford  relief  in  this 
affection.  It  is  .superior  to  the  hot  poultice,  although  in 
.some  instances  the  alternate  application  of  the  two  is 
beneficial.  When  vomiting  is  present  the  patient  should 
be  allowed  to  dissolve  small  pieces  of  ice  in  his  mouth. 

Acute  liheumutisin. — Professor  Esmarch,  of  Kiel,  as  far 


back  as  1861,  drew  attention  to  tlie  gi-eat  utility  of  ice 
locally  a])plied  to  the  involved  joints  in  the  treatment  of 
acute  articubir  rheumatism,  tlie  results,  as  compared 
with  tho.se  derived  from  theaiiiilication  of  lieat,  blankets, 
blisters,  etc.,  were  most  striking  both  in  regard  to  the 
shortening  of  the  attacks  and  the  diminution  of  the  pain. 
Dr.  Wilson  Fox  (Lancet,  vol.  ii.,  1871)  reported  two  cases 
of  rheumatic  fever  in  adults,  one  with  a  temperature  of 
110°  F.  and  the  other  with  a  temperature  of  107°  F.,  which 
were  treated  with  cold  applications  and  bot  li  made  proni])! 
recoveries.  The  ice  was  placed  on  the  chest,  abdomen, 
and  along  the  spinal  column,  and  iced  water  was  rapidly 
poured  over  the  patients'  bodies  at  the  same  time. 

From  all  the  practical  evidence  at  our  command  there 
is  no  more  reason  why  cold  should  be  contraindicated 
in  acute  rheumatism  than  it  is  in  any  other  acute  inflam- 
matory disease ;  and  the  day  is  not  far  distant  when  it 
will  be  employed  as  frequently  in  this  disease  as  it  is 
now  used  in  typhoid  fever. 

Acute  I'nciniioiiin. — The  principal  indications  in  the 
treatment  of  acute  pneumonia  are:  (1)  reducrion  of  the 
volume  of  blood  in  the  lungs,  (2)  reducrion  of  fever,  and 
(3)  support  of  the  function  of  the  heart.  From  his  own 
experience,  the  author  believes  that  all  these  indiearions 
are  fully  met  by  the  application  of  ice  to  the  chest  im- 
mediately over  the  seat  of  inflammation  in  both  croupous 
and  acute  catarrhal  pneumonia,  and  that  this  agent 
checks  the  extension  of  the  inflammatory  process,  con- 
stricts the  pulmonary  capillaries,  promotes  resolution, 
disperses  the  products  of  exudation,  reduces  fever, 
strengthens  the  pulse,  alleviates  difficult  breathing,  abates 
pain  in  the  cliest,  and  gives  general  comfort  to  the  patient. 

The  number  of  ice  bags  which  are  to  be  applied  in  any 
case  depends  on  the  degree  of  fever  wdiich  is  present  and 
on  the  size  of  the  area  which  is  inflamed.  If  the  fever  is 
not  very  high  and  the  inflamed  area  small,  one  or  two 
bags  will  answer.  If  the  fever  is  high  and  the  involved 
area  large,  as  manj'  as  eight  or  ten  may  be  applied,  it 
being  always  borne  in  mind  that  the  head  should  monopo- 
lize one  or  two  constantly.  The  length  of  time  during 
which  they  are  kept  on  also  depends  somewhat  on  the 
range  of  fever.  If  the  temperature  falls  near  the  normal, 
it  is  good  policy  to  remove  some,  but  not  all,  of  the  ice 
bags,  unless  the  crisis  is  at  hand.  If  the}'  should  be  re- 
moved too  earl}'  and  before  the  crisis-period,  the  tem- 
perature will  rise  again,  and  as  a  rule  it  is  brought  down 
with  greater  difficulty  the  secoml  than  the  first  time. 

Acute  Pleurisy. — There  is  no  other  external  application 
that  will  relieve  the  painful  breathing  of  acute  pleurisy 
more  quickly  than  that  of  the  ice  bag;  and  Avhen  this  is 
coupled  with  suitable  internal  tieatment  it  will  soon  cut 
short  the  disease. 

Acute  Perirarditis. — In  this  alfection  the  ice  bag,  when 
applied  directly  over  the  heart,  gives  relief  to  the  jjain, 
reduces  f(,'ver,  and  quiets  the  action  of  the  heart. 

Uii'iii'ii>tiisis. — Whether  haemoptysis  is  of  pulmonary  or 
of  cardiac  origin,  it  is  always  benefited  by  the  applica- 
tion of  one  or  two  ice  bags  to  tlie  chest.  It  is  important, 
of  course,  that  a  differential  diagnosis  in  regard  to  the 
.source  of  the  Ijleeding  should  be  made  as  soon  as  possible, 
so  that  each  case  may  be  treated  with  appropriate  inter- 
nal remedies  in  connection  witli  the  external  use  of  ice. 

Pnliiionarji  Phthisis. — The  cold  douche  has  been  used 
in  Germany  and  in  this  country  in  the  treatment  of  this 
disease,  and  is  highlj'  recommended  in  cases  in  which  the 
temperattu'e  of  the  body  is  at  or  ver}^  near  the  normal 
point.  The  patient,  previous  to  the  bathing,  is  rul)bed 
witli  a  dry  coarse  towel,  and  is  then  exposed  to  the 
douche  for  ten  or  tifteen  seconds,  or  even  longer,  after 
which  he  is  again  rubbed  until  the  skin  becomes  red. 
He  is  then  allowed  to  take  a  brisk  walk  for  a  short  period, 
after  which  he  takes  a  rest.  This  is  repeated  every  day. 
In  cases  of  acute  phthisis  one  or  two  ice  bags  should  be 
applied  over  the  affected  area  and  retained  there.  It  is 
veiy  good  practice  to  allow  phthisical  patients  with 
irritable  hearts  to  wear  an  ice  bag  continually  over  the 
cardiac  area.  It  quiets  the  heart  and  checks  the  tem- 
perature. Thomas  J.  31ays. 
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Cohiii.     (Siirgicid.) 

COLEMANVILLE  MINERAL  SPRINGS— Cuuiberlund 
County,  Viixiiiit'- 

PosT-OFFrcK— Liicyville.     IIi)tel  and  cottages. 

Tliis  resort  lias  recently  come  iuto  notice.  Under  its 
enterprising  management  it  gives  promise  of  becoming  u 
vigorous  rival  to  some  of  the  older  Virginia  spas.  The 
location  presents  many  pleasing  features  of  climate  and 
scenery,  but  its  chief  attraction  is  in  the  great  nnmlier 
and  variety  of  mineral  springs  in  tlie  neighborhood; 
these  are  eighty-seven  in  number.  We  present  the  fol- 
lowing analysis  of  two  of  the  best-known  springs,  made 
in  181)4  by  William  II.  Taylor,  state  chemist; 

Si'Ki.No  No.   7. 

One  UNrrEn  States  (;allo.\  Co.ntai.ss: 

Solids.  (iniins. 

Ciilciuni  )ncarb()n:it(A 7.!I3 

Masjnf'siiiiij  liicailiunatr ."j..").- 

Iron  bicarbonate Trace. 

I.itniiMii  liiearlionate Trace. 

Pofassiiiiii  suliiliate i)SZ 

Soiliuiii  cllloride 1.K7 

Potassium  chloride 0.114 

Mat,^nesiura  chloride b.4r> 

Silica :i.:i« 

Total 111.41 

Spring  No,   19. 

Iron  bicarbonate l.iiO 

Calcium  bicarbonate 1..52 

ISIa<rnesinin  bicarbonate 1.1.5 

Sodium  bicarbonate. 1.24 

Lithium  bicarbonate Trace. 

Potassium  sulphate 0.i:i 

Sodium  chloride 0.1.") 

Potassium  chloride 0.0.5 

Silica 2.45 

Total s.;w 

The  water  is  used  in  general  debility,  gastro-intestinal 
disorders,  and  derangements  of  the  liver  and  kidneys, 

Jiiiiies  K.  (Jniiik. 

COLIC,  INTESTINAL.— Intestinal  colic  is  irregular 
and  Huctuating  pain  in  the  intestines,  occurring  mostly  in 
seizures  of  variable  duration  and  at  varying  intervals, 
and  usually  without  inflammation,  fever,  or  discoverable 
organic  change,  Enteralgia  is  a  term  sometimes  applied 
to  colic,  but  more  often  to  a  neuralgia  of  the  intestines 
without  spasm.  The  terms  are  frequently  used  inter- 
changeably, and  no  discussion  of  either  could  fail  to  in- 
clude, in  some  measure,  both  subjects. 

Etiology. — Colic  attacks  both  se.xes,  is  very  rare  after 
the  middle  period  of  life,  but  affects  all  ages  up  to  that 
point,  and  is  especially  frequent  in  infancy.  It  is  due  to 
many  causes,  and  arises  under  a  great  variety  of  cirevim- 
stances.  IndifjeMiiiii.  causes  a  majority  of  all  the  eases. 
Irritating,  indigestible,  and  decomposing  food  in  the  in- 
testines causes  pain  directly,  and  often  pi'ovokes  sjjas 
modie  and  painful  iieristaltie  action,  wdiile  gas  is  raiiidly 
formed  wlierewith  the  bowel  is  distended  to  the  exteiit 
of  ijioducing  KuilViing.  A  dianluea  nuiy  be  set  up  tind 
expel  the  offending  material,  when  the  cnlie  ceas<'s. 

In  some  eases  of  mild  intestinal  iiidigesti(m  there  are 
frequent  slight  colicky  pains  without  other  symjitoms 

CoiiKiifHtiiori  may  induce  colic  in  tlit^  large  intestine 
The  colon  becomes  distended  with  liaid,  dry  f,-eces  by 
which,  after  a  variable  periotl  of  tolerance,  it  i'sstimulate'd 
to  severe  spasmodic  etforts  to  evaraiate  itself  with  the 
result,  usually,  of  sharp  paiii.s.  Vari.,us  /;,/t/,/'/,  h,.,]i,-H  in 
the  mtestmes  induce  liain,  as  worms,  irrilatini;- medicines 
the  indigestible  portions  of  fruits  and  vegetables  intes- 
tinal concretions,  and  unntitural  objects' swallowed  by 
accKh'iit  or  capi-iee.  Colh^ctions  ofV;«,v,  when  lar-e  ()r 
imprisoned  so  as  to  resist  peristaltic  force,  cause  the 
sevei-est  colic,  esi.eciully  i„  i„|„„ts.     Even  the  movement 
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of  moderate  iiuantities  of  gas  through  the  intestine  is 
sometimes  painful.  Cold  drinks  in  large  potations,  ices 
and  ice  cream,  may  cause  colic,  and  cold-aitching  and 
chilling  of  the  surface  may  induce  it  by  congestion  of 
the  abdominal  organs  and  disturbance  of  the  nervous 
system.  Rheiim<disvi  and  gout  may  attack  the  muscular 
and  nervous  tissues  of  tlie  intestine  and  induce  pain. 

Alcoliolic  exceasKH  are  sometimes  followed  b}^  colic. 
Probably  the  alcohol  simply  induces  indigestion,  wdiich 
in  turn  causes  the  colic.  This  vii.'W  seems  the  more 
plausible  since  in  many  of  these  cases  there  are,  with 
the  colic  or  preceding  it,  vomiting,  abnormal  thirst,  hic- 
cough, and  constipation. 

M(d(iri(d  poixoidng  occasionall}^  jiroduces  regularly  re- 
curring paroxysms  of  enteralgia,  the  periodicity  corre- 
sponding with  that  of  intermittent  fever.  Lead  prnmning 
is  a  prolific  cause  of  colic  in  adults,  and  poisoning  by 
copper  induces  it  in  a  few  cases.  Dysentery  and  other  in- 
tlammations  of  the  colim  and  rectum  are  attended  with 
colicky  pains,  more  or  less  severe  and  frequent.  Sypliilis 
is  said  occasionally  to  produce  nocturnal  enteralgia.  In- 
rnijiuation  of  the  intestine,  hernin,  and  perilouitis,  local 
and  general,  niaj'  cause  interrupted  iiains  in  the  intestines. 
Colic  is  sometimes  a  true  neurosis,  and  is  due  to  the  ordi- 
nary causes  of  neuralgia  and  hj'steria.  Depressing  emo- 
tions may  cause  it,  and  debility  from  chrcjnic  disease  or 
other  cause  tends  to  the  easy  occurrence  of  intestinal 
pains. 

Symptoms. — Thes3'mptoms  of  colic  vary  in  degree  and 
character.  An  attack,  especially  when  due  to  digestive 
disturbances,  may  be  preceded  \>y  such  symptoms  of  so- 
called  biliousness  as  anorexia,  .sense  of  oppression,  or 
weight  in  the  stomach,  eructations,  and  possibly  nausea 
and  vomiting.  All  the  forms  of  colic,  and  nearly  all 
forms  of  intestinal  pain,  are  characterized  liymore  or  less 
fluctuation  and  periodicity  in  the  suffering.  The  par- 
oxysms last  from  a  fe\v  seconds  to  several  minutes,  and 
are  followed  liy  remission  or  comiilete  cessation  of  piain 
lasting  from  a  few  minutes  to  many  hours.  Although 
colic  raav'  occur  in  any  part  of  the  intestinal  canal,  unless 
it  is  in  tiie  rectum,  the  patient  usually  refers  the  pain  to 
the  neighhorhood  of  the  umbilicus,  whichever  portion  is 
involved.  The  pain  may  lie  felt  in  other  regions  of  the 
abdomen,  especially  in  the  hypochondria  if  the  disease  is 
in  the  large  intestine ;  but  in  some  cases  of  colitis  the 
pain  is  complained  of  at  the  umbilicus  exclu.sively.  In 
non-inflammatory  cases  pressure  on  the  abdomen  fre- 
quently lessens  the  pain. 

Colic  has  all  shades  of  variation  in  degree  of  pain. 
Sometimes  so  mild  as  to  disturb  the  patient  but  little;  so 
slight  as  not  to  prevent  his  moving  about  and  attending 
to  the  duties  of  life ;  it  may  be  so  severe  as  to  cause  him 
to  writhe  and  groan,  bend  his  body  f(U-ward,  plunge  his 
fists  into  the  aliilcmien,  or  lean  forward  over  the  back  of 
a  chair,  or  roll  about  in  an  agony  of  torture  hardly  ex- 
ceeded in  human  experience.  Patients  characterize  the 
.severer  pains  by  a  variety  of  teims,  according  to  indi- 
viilual  fancy,  as  griping,  "twisting,  cutting,  and  tearing. 
The  abdomen  may  be  variously  distendedwith  gas,  orU 
maybe  quite  flat,  so  flat  that  in  a  thin  patient  the  spinal 
column  may  be  easily  felt  from  the  front.  In  colic  due 
to  indigestion  much  flatus  may  exist,  distending  the 
iibdomen  and  giving  evidence  of  its  active  movement 
during  ii  ]iaro\ysni  by  frequent  and  loud  borborygmi. 
In  the  absence  of  distention,  the  peristaltic  movenients 
and  knotting  of  the  intestine  by  the  spasm  thereof  may 
usually  be  felt  throimh  the  abdo'minal  Avail  at  themomeiit 
of  sutfering.  During  the  paroxysm  tlie  intestine  is  ob- 
served to  be  in  strong  movement,  or  in  hard  masses  or 
noilular  tumors,  but  during  an  interval  the  abdomen  is 
,sott  and  \yithout  motion.  In  attacks  of  pain  with  in- 
flammation, and  somelinies  without  it,  the  abdominal 
muscles  may  be  tense,  and  the  eiemaster  may  be  con- 
tracted,    Freciuently  with  colic  there  is  tenesmus. 

The  tcmiiertiture  in  an  attack  of  ordinary  colic  is  rarely 
elevated,  fever  is  quite  unusual,  while  the  extremities 
and  surface  are  often  cold  and  clammv  with  perspiration. 
The  pulse  is  not  usually  accelerated;   frequently  in  a 
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paroxysm  it  is  abnormally  slow,  incrciising  its  rate  im- 
mediately afterward. 

In  infants,  who  furnish  a  large  majority  of  all  cases  of 
colic,  the  symptoms  during  an  exacerbation  are :  repeated 
or  increased  crying,  refusal  to  nurse,  entirely  or  but  for 
a  moment  at  a  time.  Hexing  the  legs  and  thighs,  and 
bending  the  body  in  multifarious  contortions. 

A  number  of  other  symptoms  may  attend  those  of 
colic,  varying  with  many  circumstances  and  conditions; 
thus  there  may  be  nausea  and  vomiting,  dyspnoea  and  a 
sense  of  compression  of  the  chest,  taintness,  tremor,  and 
vertigo. 

In  hysterical  colic  considerable  cutaneous  hypenesthesia 
may  be  present,  cau.sing  light  pressure  and  palpation  to 
be  quite  painful,  while  lirm  and  deep  pressure  gives 
comfort.  Otlier  evidences  of  plumlnsm  nearl}^  always 
attend  lead  colic.  Among  these  are  anai'uiia,  cachexia, 
constipation,  anorexia,  a  bad  breath,  the  blue  line  of  the 
gums  about  neglected  teeth,  and  paralysis  of  the  extensor 
muscles  in  the  forearm. 

Pathology.— For  the  occurrence  of  intestinal  colic 
there  must  exist  either  an  irritation  or  hypera'slhesia  of 
the  intestine,  or  both.  There  is  reason  to  think  that  many 
cases  of  enteralgia — intestinal  pain  without  spasm — are 
pure  neuralgias  of  the  sympathetic  nerves  of  the  ab- 
domen, otherwise  neuroses. 

The  constipation,  scantiness  of  the  urine,  and  retarded 
pulse,  often  observed  in  colic,  particularly  that  from 
plumbism,  are  evidences  of  nervous  disturbance  as  veri- 
table as  is  pain.'  The  pneumogastric  nerves  are  proven 
to  have  relations  with  the  muscular  fibres  of  the  intestine, 
and  may  be  presumed  to  play  some  part  in  tlieir  pathol- 
ogy. Electrization  of  the  pineumogastrics  causes  con- 
traction of  the  muscles  of  the  intestine.  Galvanization 
of  the  solar  plexus  induces  contraction  of  the  small  in- 
testine. Irritation  of  the  fifth  nerve  at  certain  points, 
and  of  the  medulla  oblongata,  causes  muscular  move- 
ment of  the  stomach  and  intestines. 

Colic  is  in  most  cases  the  result  of  sliaip  peristaltic 
contraction  of  the  intestine  in  its  efforts  to  free  itself  from 
some  irritation.  The  contractions  are  regularly  peri- 
staltic, or  irregular,  erratic,  and  ineffective  toward  mov- 
ing the  contents  of  the  bowel  forward,  but  rather  pre- 
venting it.  In  severe  cases,  with  agonjr  from  muscidar 
contractions,  often  no  evacuation  results  until  the  system 
is  brought  fully  under  the  influence  of  opium  to  stop  the 
pain,  when  free  dejections  take  place. 

In  dj'sentery  and  other  inflammatory  states  of  the  colon 
and  small  intestine,  the  colicky  pains  experienced  are 
probably  due  in  most  cases — or  chiefly  due — to  noi'mal 
peristalsis  in  a  tender  intestinal  tube.  But  the  inflam- 
mation of  the  intestine  probably  sometimes  induces  spasm 
in  other  parts  than  at  the  seat  of  disease. 

In  lead  colic  the  ganglia  and  filaments  of  the  sympa- 
thetic nerves  of  the  abdomen  have  been  found  enlarged 
by  thickening  of  their  connective  tissue.  The  sheaths  of 
some  of  the  small  vessels  of  the  mucous  membrane  have 
likewise  been  found  in  this  condition. 

Diagnosis. — Intestinal  colic  is  to  be  discriminated  from 
hepatic,  renal,  ovarian,  and  uterine  colic ;  from  gastralgia, 
peritonitis,  and  other  inflammations  within  the  abdomen ; 
from  intussusception,  hernia,  and  other  obstructions  of 
the  intestines;  from  spinal  disease,  aneurisms  of  the  ab- 
dominal aorta,  and  from  labor  pains. 

Prom  hepatic  colic  it  is  distinguished  by  the  relatively 
long  continuance  of  the  former,  by  the  location  of  the 
pain  with  tenderness  at  the  epigastrium,  by  the  relatively 
continuous  character  of  the  pain,  and  by  occasional 
icterus. 

In  renal  colic  the  pain  is  in  the  region  of  one  ureter, 
and  continues  usually  much  longer  than  a  paroxysm  of 
intestinal  colic;  pains  shoot  down  into  the  groin  and 
pubic  region,  which  perhaps  never  occurs  in  intestinal 
colic ;  and  there  is  a  frecjuent  desire  to  urinate,  and  blood}' 
urine  may  be  passed  after  a  paroxysm,  if  not  during  its 
continuance.  Gastralgia  of  slight  degree  at  times  re- 
sembles intestinal  colic,  but  the  pain  is  usuallj'  higher  in 
the  abdomen  than  in  the  latter  affection,  and  has  such 


positive  relations  with  the  gastric  functions  as  to  make 
the  diagnosis  usually  easy.  Neariy  all  cases  of  severe 
epigastric  pain,  usually  called  ga.stndgia,  are  cases  of  gall- 
stone colic. 

Peritonitis  rarely  occurs  without  some  fever  and  a  rapid 
pulse,  although  it  may  exist  without  either.  The  patient 
is  quiet,  the  abdomen  is  tender  in  some  degree,  and  there 
are  no  moving  about  and  pressing  the  abdomen  for  com- 
fort as  is  seen  in  intestinal  colic.  But  it  is  hardly  safe 
to  regard  all  cases  of  tenderness  of  the  abdomen  as  in 
tia,mmatory,  since  in  lead  colic— uniformly  unattended 
with  inflammation — pressure  may  cause  pain.  On  the 
other  hand,  in  .some  cases  of  intestinal  ulceration  gentle 
and  firm  pressure  gives  a  sense  of  relief. 

Strangulated  hernia  has  been  mistaken  for  colic,  the 
pain  being  paroxysmal  and  referred  to  the  umbilical 
region.  In  a  ca.se  of  colicky  pains  in  the  abdomen,  about 
wliich  there  can  be  doubt  as  to  its  seat  and  character, 
careful  examination  for  hernia,  in  the  several  regions  of 
its  possible  occurrence,  should  never  be  omitted.  Intus- 
susception and  twisting  of  the  gut  have  been  more  than 
once  mistaken  for  flatulent  colic.  In  these  conditions 
there  are  usually  complete  intestinal  obstruction  and  some 
vomiting,  at  first  of  a  simple  character,  but  later  consist- 
ing of  stercoraceous  matter,  with  complete  absence  of 
evacuations  from  the  bowels,  except  in  some  cases  of 
intussusception  in  which  there  may  be  voided  a  few 
small  and  possibly  bloody  stools. 

There  is  no  certain  way  to  diagnosticate  the  presence 
of  worms  as  a  cau.se  of  colic,  except  to  see  them.  If  they 
are  suspected,  the  test  of  treatment  may  be  made  with 
some  anthelmintic  medicament. 

The  pain  of  abdominal  aneurism  is  less  severe  and 
paroxysmal  than  that  of  colic,  there  is  no  movement  of 
gas  in  conjunction  witli  the  pain,  nausea  and  vomiting 
are  absent,  as  also  is  a  tendency  to  diarrhoea.  Ausculta- 
tion will  readily  determine  the  question  of  aneurism,  and 
the  application  of  this  test  should  never  be  neglected  in 
any  case  of  persisting  abdominal  pain  in  an  adult. 

Prognosis. — In  the  main  the  prognosis  is  favorable. 
Deaths  have  occurred  from  rupture  of  the  intestine  due 
to  gaseous  distention.  An  occasional  death  of  an  infant 
with  convulsions  following  upon  colic  seems  to  be  due 
to  this  event,  but  ]5rob,ably  in  most  such  cases  the  colic, 
the  convulsions,  and  the  death  are  results  of  some  com- 
mon cause.  Severe  colic  may  lead,  in  infants,  to  intus- 
susception. 

Treatment. — The  first  theoretical  indication  in  colic 
is  to  stop  the  pain  and  spasm ; — after  that,  the  cause  is  to 
be  removed,  if  possible.  The  most  practical  treatment 
for  the  greatest  numbers  of  cases  of  intestinal  colic  is  free 
evacuation  of  the  colon  by  an  enema.  In  cases  of  moder- 
ate severity  benefit  may  be  expected  from  mild  opiates 
and  carminatives,  warming  agents  for  the  stomach  and 
bowels,  like  cardamou,  mint,  anise,  gaultheria,  aromatic 
si)irit  of  ammonia,  compound  spirit  of  ether,  and  chloric 
ether.     Of  the  opiates  the  best  for  such  cases  is  paregoric. 

For  severe  attacks  quick  relief  is  demanded,  and  a 
prompt  remedy  should  be  chosen.  Chloroform  and  ether 
by  the  stomach  and  b.y  inhalation,  and  morphine  h3'po- 
dermically,  fulfil  the  indication  best.  For  prompt  and 
certain  action  nothing  takes  the  place  of  hypodeimic  in- 
jections of  morphine.  One  moderate  dose  is  usually 
sufficient.  In  some  intense  cases  the  pain  is  slow  to  yield 
to  even  repeated  doses,  and  caution  is  necessary  to  avoid 
the  introduction  of  a  quantity  sufficient  to  bring  on  fatal 
narcotism — a  thing  that  has  been  done  more  than  once. 
The  morphine  should  be  supplemented  by  the  internal 
administration  of  such  remedies  as  chloroform,  ether, 
compound  spirit  of  ether,  and  chloric  ether,  and  by  in- 
halation of  anesthetics  if  necessary. 

In  cases  due  to  indigestion  the  alimentary  canal  should 
be  evacuated  soon.  Next  to  quieting  agents  for  the  pain, 
mild  cathartics  and  enemata  are  the  most  widely  useful 
medicines  in  colic.  Where  there  is  a  tendency  to  the 
extensive  development  of  gas  in  the  intestines  from  in- 
digestion, antifermentatives  and  aids  to  digestion  may  be 
used,  as,  for  example,  the  sulphites  and  hyposulphites, 
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tlif  salicylates,  salol,  the  preparations  of  pepsin  and  pan- 
creatiu,  and  the  various  stomacliics  and  carminatives.  In 
lead  colic  the  first  medicine  is  opium;  the  sj'stem  should 
feel  the  effect  of  it  before  the  attempt  is  iiiade  to  pro- 
duce catharsis.  One  of  the  best  cathartics  is  ci-oton  oil  in 
small  doses,  but  other  vegetable  cathartics  and  the  salines 
may  be  used  with  good  elTect.  Enemata  of  mistura  asa- 
fwtidoB  may  relieve  flatulence — an  excellent  measure  for 
children — and  a  long  catheter  passed  up  the  rectum  as 
far  as  possible  niaj^  give  exit  to  volumes  of  gas.  This 
latter  result  is  more  likely  to  ensue  if  the  body  can  be  to 
some  extent  inverted  so  that  the  pelvis  is  much  higher 
than  the  shoulders,  with  the  spine  uppermost.  If  gase- 
ous distention  is  so  extreme  as  seriously  to  threaten  the 
integrity  of  the  intestine,  or  to  portend  shock  or  death 
from  interference  with  vital  organs,  it  is  justifiable  to 
puncture  the  intestine  through  the  walls  of  the  abdomen 
with  a  trocar  of  small  diameter  and  to  evacuate  some  of  the 
gas  if  pos,sible.  This  operation,  not  devoid  of  difficulty 
and  danger,  may  yet,  in  a  perilous  meteorism — a  most 
rare  occurrence — offer  to  the  patient  the  lesser  of  two 
dangers  to  life.  If  the  surfaces  of  the  body  and  extremi- 
ties are  cold  they  must  be  kept  warm  by  clothing,  a  hot 
bath,  or  a  liberal  use  of  bottles  of  hot  water  or  .some  other 
heated  thing.  Mustard  sinapisms  and  hot  turpentine 
stupes  to  the  abdomen  frequently  somewhat  relieve  slight 
colicky  pains;  they  are  of  small  consequence  for  severe 
pain.  Stupes  or  dry  flannels  over  a  part  need  not  be  re- 
moved or  changed  for  reheating ;  they  may  be  kept  con- 
tinuously hot  by  a  succession  of  hot  plates  laid  against 
them.  Where  inflammation  exists,  particularly  if  the 
peritoneum  is  involved,  the  incessant  contact  of  a  hot 
dressing  constitutes  one  of  the  best  measures  of  treat- 
ment. 

The  colic  of  infants  requires  treatment  on  the  same 
general  principles  as  that  in  adults.  The  cause,  which 
is  usuall3'some  form  of  maldigestion,  must  be  discovered 
and  corrected  if  possible.  Infants  who  are  predisposed 
to  attacks  sometimes  experience  much  benefit  from  a  pro- 
tracted slight  efl'ect  of  belladonna  or  the  bromides,  or  both. 
For  the  relief  of  an  attack  of  colic  a  few  drops  of  whiskey 
or  brandy,  or  the  compound  spirit  of  ether  well  diluted 
with  water,  slightly  sweetened,  may  be  given,  or,  these 
failing  to  give  relief,  the  camphorated  or  the  deodorized 
tincture  of  opium  may  be  resorted  to  with  caution.  At 
the  same  time  the  mixture  of  asafoetida  may  be  injected 
into  the  rectum.  Frequently  no  permanent  relief  is  ex- 
perienced from  these  or  any  measures  till  the  bowels  are 
freely  evacuated,  and  this  should  be  the  fir.st  considera- 
tion when,  as  is  usuallj'  the  case,  there  is  reason  to  think 
that  the  intestine  contains  irritating  substances. 

Norman  Bridge. 

'  .J.  W.  Begbie,  Reynolds'  Syst.  Med.,  vol.  ill.,  p.  133. 

COLITIS,  MUCOUS.— A  distinction  is  frequently  made 
between  mucous  and  membranous  colitis ;  it  will  appear 
further  on  that  this  distinction  cannot  well  be  maintained, 
and  it  is  proposed  to  treat  the  subject  under  the  common 
heading  of  mucous  colitis. 

The  peculiar  group  of  symptoms  variously  termed 
mucous  or  membranous  colitis  or  enteritis,  pseudo-mem- 
branous enteritis,  fibrous  enteritis,  etc.,  constitutes  an 
affection  pre-eminently  of  the  female  sex.  According 
to  Litten,  eighty  per  cent.,  according  to  Kitagawa,  as 
much  as  ninety  per  cent.  f)f  all  observed  cases  occur  in 
women.  It  is  found,  however,  not  infrequently  in  men 
and  even  in  children.  LOwenstein  reports  the  case  of  a 
boy  three  years  old. 

The  women  suffering  from  mucous  colitis  show,  as  a 
rule,  well-marked,  more  or  less  extensive  neurotic  or 
hysterical  stigmata.  The  same  holds  good  for  cliildren. 
The  men  are  usually  distinctly  neurotic  or  hysterical. 

Of  late  years  the  clinical  symptoms  and  the  pathology 
nf  this  disease  have  been  the  subject  of  much  iliscussion", 
though  nothing  essentially  new  has  been  brought  out 
since  the  masterly  essay  of  the  late  Dr.  Da  Costa,  in  the 
American  Journal  of  the  Medical  Hcieacas  for  1871.     The 


more  important  clinical  symptoms  of  mucous  colitis  may 
be  briefly  summarized  as  follows: 

Pathognomonic  for  the  affection  are  the  peculiar  evacu- 
ations from  the  intestines.  Preceded  by  more  or  less  pain 
of  a  colicky  character  and  of  varying  duration,  masses  of 
a  grayish  white,  .somewhat  translucent,  substance  are 
evacuated.  These  masses  vary  in  quantity  and  in  form; 
at  times  they  appear  as  shreds,  single  or  netted  together; 
sometimes  as  balls  and  lumps;  again  as  membranes  or 
as  longer  or  shorter  apparently  solid  ropes,  or  again  in 
tubular  configuration  representing  complete  casts  of  seg- 
ments of  the  gut.  In  some  cases  only  a  comparatively 
small  quantity  is  passed ;  frequently,  however,  the  mu- 
cous masses  are  very  abundant  and  sometimes  appear  in 
really  enormous  quantities.  Fajces  are  as  a  rule  rarely 
passed  with  these  masses,  which  form  practically  the  sole 
constituent  of  the  stools.  When  floated  and  disentangled 
in  water  it  becomes  apparent  that  in  every  instance  these 
masses  are  rather  membranous,  and  are  rolled  up  or  balled 
together  to  resemble  lumps,  tubes,  ropes,  etc.  Chemically 
this  substance  presents  all  the  characteristic  reactions  of 
mucin;  though  sometimes  and  inaccurately  called  fibri- 
nous, no  fibrin  has  as  yet  been  found  whenever  careful 
chemical  examination  was  made. 

Microscopical  examination  shows,  besides  mere  traces 
of  fiecal  matter,  the  characteristic  striated  thready  mucoid 
substances  intermingled  with  innumerable  epithelial  cells 
either  discrete  or  else  in  connected  layers.  It  is  of  im- 
portance to  note  that  leucocytes  are  never  found  in  great 
numbers,  but  occur  rather  singly  here  and  there,  thus 
offering  no  suggestion  of  inflammation  or  suppuration. 

With  the  discharge  of  these  mucous  masses  the  colic  is 
usualh'  relieved.  In  rare  cases  one  single  attack  ends 
the  affection.  As  a  rule  the  seizures  occur  again  and 
again.  There  may  be  intervals  of  weeks  or  months  be- 
tween the  attacks,  during  all  of  which  time  the  patient 
may  feel  entirely  well..  The  attack  itself  may  last  for 
days  or  weeks  or  even  months.  A  single  attack  of  colic 
may  occur  each  day,  or  there  maj'  be  several  if  not  numer- 
ous ones,  so  that  the  patients  are  often  convinced  that 
they  have  diarrhoea  or  dysentery. 

The  pain  is  variously  described  as  griping,  burning, 
cutting,  pressure,  etc.  Not  infrequently  there  is  con- 
siderable tenesmus.  The  pain  is  located  in  some  portion 
of  the  colon,  most  frequentlv  in  the  sigmoid  flexure  or 
in  the  caecum.  If  in  the  latter  place,  it  frequently  gives 
rise  to  a  suspicion  of  appendicitis  in  the  mind  of  the  pa- 
tient as  well  as  of  the  phj-sician.  From  these  points  of 
origin  the  pain  radiates  towai'd  various  parts  of  the  ab- 
domen, most  often  toward  the  umbilicus  and  epigastrium; 
quite  frequently  also  down  one  or  the  other  thigh,  espe- 
cially down  the  left.  The  abdomen  may  be  more  or  less 
distended,  but  is  mostly  quite  normal  and  soft.  Fever 
is  never  present  in  uncomplicated  cases.  Nausea  is  often 
complained  of  during  the  attacks,  but  vomiting  is  rare. 

Enteroptosis  is  often  associated  with  this  disease,  and 
gastric  hyperacidity  is  not  an  infrequent  concomitant. 
Characteristic  of  uncomplicated  cases  is  the  fact  that  in 
the  intervals  between  the  attacks  there  are  no  intestinal 
disturbances,  and  the  patient,  aside  from  possible  neurotic 
complaints,  seems  quite  normal.  A  great  number  of  this 
class  of  patients  attribute  their  pains  and  discomforts  to 
gastric  and  intestinal  indigestion.  They  endeavor  to 
establish  a  connection  between  the  attacks  of  colic  and 
indiscretions  in  diet.  As  a  consequence  they  soon  come 
to  dread  almost  every  sort  of  nutritious  food,  and,  living 
on  an  entirely  insuflicientand  irrational  diet,  lose  rapidly 
in  weight  and  strength,  without  their  local  condition 
being  at  all  benefited.  On  the  contrary,  it  can  be  easily 
seen  that  in  all  these  cases,  with  the  loss  of  flesh  owing 
to  insufficient  nutrition  and  the  accompanying  increase 
of  neurotic  conditions,  the  malady  becomes  steadily  worse. 

As  regards  the  pathology  of  this  disease,  there  are  still 
some  differences  of  opinion.  Some  few  still  maintain 
that  mucous  colitis  is  an  organic  lesion  of  the  colon,  a 
true  inflammation,  a  catarrhal  or  even  an  ulcerative  proc- 
ess, and  that  besides  an  abnormally  abundant  secretion 
of  mucus,  portions  of  the  mucous  lining  are  detached  and 
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voided  in  the  form  of  shreds  and  membranes.  There  are, 
however,  serious,  and  it  seems  lo  me,  eouelusive  objections 
to  tliis  view.  It  is  true  that  dead-liousc  material,  by  means 
of  whieb  one  may  study  tliis  class  of  cases,  is  very  scanty 
indeed.  Those  cases,  however,  which  wliile  well  observed 
during  bfe  have  been  carefully  examined  after  death  by 
competent  observers  (Rothmaiin),  showed  no  anatomical 
lesions  whatsoever.  The  gut  was  entirely  normal. 
These  observations  tally  well  with  the  results  of  the 
microscopical  examination  of  the  mucous  discharges. 
The  absence  of  all  evidence  of  pus,  the  scanty  occurrence 
of  leucocytes,  the  absence  of  blood  or  of  any 'constituents 
of  the  intestinal  lining  with  the  exception  of  epithelial 
cells,  all  point  in  the  same  direction.  The  multitude  of 
epithelial  cells  that  can  be  seen  in  every  mucous  discharge, 
and  the  fact  that  they  are  often  present  in  extensive  lay- 
ers, do  not  of  themselves  speak  for  any  anatomical  lesion. 
It  is  well  known  that  intestinal  epithelium  comes  away 
very  readily  and  yields  to  slight  mechanical  influences, 
and  every  normal  stool  contains  great  numbers  of  epithe- 
lial cells. 

The  facts  that  the  majority  of  these  cases  occur  in 
women,  and  that  in  nearly  every  instance  neurotic  or  hys- 
terical stigmata  of  various  kinds  can  be  established,  speak 
also  most  emphatically  for  the  merely  functional  char- 
acter of  this  disease.  It  is  therefore  safe  to  assume  that 
the  so-called  mucous  colitis  is  no  colitis  at  all,  but,  as  was 
long  ago  suggested  by  Da  Costa,  and  more  recently  clearly 
stated  b}'  Leube,  a  secretory  neurosis,  characterized  by 
the  abnormal  and  excessive  secretion  of  mucus  in  the 
colon,  and  on  a  par  with  well-known  secretory  netiroses 
in  other  organs.  It  would  be  well,  therefore,  if  the  name 
colitis  mucosa  were  abandoned  altogether  and,  following 
the  suggestion  of  Nothnagel,  the  disease  termed  mucous 
or  membranous  colic. 

It  must  be  borne  in  mind,  however,  that  this  neurosis, 
like  any  other,  ma_y  complicate  other  organic  lesions. 
Thus,  besides  the  mucous  colic,  genuine  intestinal  catarrh 
may  be  present.  And  it  is  the  duty  of  the  physician  in 
every  instance  to  determine  first  of  all  whetherhe  has  to 
deal  with  a  case  of  mucous  colic,  that  is,  a  pure  functional 
neurosis,  or  whether  there  are  anatomical  lesions — catarrh, 
ulceration,  neoplasm,  etc. — complicating  the  neurosis. 

In  considering  the  therapeutics  of  mucous  colic  it  ap- 
pears difficult  or  rather  impossible  to  outline  any  special 
method  of  treatment.  As  iu  every  other  form  of  neurosis, 
each  individual  case  must  be  studied  and  treated  by  itself. 
It  is  above  all  necessary  to  obtain  tlie  patients'  confidence, 
to  inspire  them  witli  the  conviction  that  they  can  and 
will  get  well,  and  thus  become  assured  of  their  implicit 
obedience  in  the  carrying  out  of  every  ord(;r. 

The  habit  which  this  class  of  neurotics  invariably  cul- 
tivate of  anxiously  scrutinizing  each  stool  for  mucus 
must  be  stopped.  An  inestimable  advantage  is  gained  if 
the  patient  no  longer  knows  that  mucus  is  discharged. 
Strict  attention  must  be  paid  to  diet.  In  all  uncompli- 
cated cases  the  diet  should  be  as  little  restricted  as  possi- 
ble and  selected  with  a  view  to  counteracting  the  habitual 
tendencjr  to  constipation,  and  increasing  the  weight  and 
strength.  Nothing  encourages  patients  so  much  as  when 
they  find  themselves  enjoying  their  food  and  gaining 
weight.  Exercise  in  the  open  air  and  rational  hydrothera- 
peutics  are  valuable  aids  in  the  treatment  of  this  form  of 
neurosis  as  in  all  others.  General  massage  maj'  also  be 
employed,  but  abdominal  massage  should  be  rigorously 
avoided.  Local  treatment  of  the  gut  by  means  of  injec- 
tions has  been  widely  recommended.  The  astringent  in- 
jections, especially  of  nitrate  of  silver,  copious  lavage  of 
the  bowel  by  means  of  high  enemata  or  injections,  etc., 
are  still  favorite  methods  of  treatment  in  this  malady. 
It  is  our  conviction  that  all  these  methods  are  more 
harmful  than  curative.  It  is  not  wise  in  these  cases  to 
resort  to  any  remedial  measures  which  keep  the  patient's 
attention,  already  too  much  occupied  with  his  ailment, 
still  more  centred  upon  his  intestinal  condition.  Aside 
from  this  psychological  objection,  the  fact  is  well  estab- 
lished that  astringent  injections,  be  they  never  so  mild, 
even  enemata  of  plain  water,  or  saline,   have  a  direct 


tendency  towai'd  increasing  the  secretion  of  mucus  It 
IS  indeed  possible  by  means  of  nifraleof  silver  to  produce 
artihcial  casts  of  the  gut.  All  local  treatment,  therefore 
injections  of  all  kinds,  suppn.sitories,  etc.,  etc  should  be 
strictly  avoided. 

When  dietary  measures  alone  are  not  sufficient  to  re- 
lieve constipation,  mild  aperients,  such  as  cascara,  castor 
oil,  ail  occa.sional  dose  of  calomel,  etc.,  may  be  given. 
The  salines  in  uncomplicated  ca.ses  in  which  iio  intestinal 
catarrh  is  ]iresent  do  not,  as  a  rule,  act  well.  The  attacks 
of  pain  and  the  tenesmus,  when  present,  may  be  relieved 
by  small  doses  of  codeine  or  opium,  though  it  must  be 
borne  in  mind  that  this  class  of  drugs  sliould  be  employed 
most  grudgingly.  Besides  the  usual  roborant  and  tonic- 
medication  (iron,  strychnine,  etc.)  when  indicated,  good 
effect  is  frequently  seen  from  nitrate  of  silver  given  by 
mouth  in  the  form  of  enteric-,  keratin-,  or  salol-coated  pill's 
in  doses  of  gr.  |  to  i  three  times  a  day.  Sulphate  of  atro- 
pine in  doses  of  gr.  ^}^  three  times  a  day  may  also  be  of 
use. 

Altogether  the  treatment  must  be  mostly  moral  and 
hygienic,  and,  while  all  local  interference  with  the  intes- 
tines should  absolutely  be  avoided,  the  use  of  drugs  should 
be  restricted  as  much  as  possible. 

In  conclusion  it  is  well  to  state  again  that  this  method 
of  treatment  applies  only  to  the  uncomplicated  cases  of 
pure  mucous  colic.  In  all  those  cases  in  which  there  is 
organic  lesion — be  it  catarrh,  ulceration,  or  neoplasm — 
and  in  which  the  mucous  discharge  and  the  neurotic  con- 
dition are  merely  complicating  incidents,  it  is  obvious 
that  the  whole  force  of  treatment  must  be  directed  against 
the  organic  process.  Isaac  Adler. 

COLLODION.     See  Cotton,  Gun. 

COLLOID.— This  term  is  applied  to  many  substancesof 
different  origin  and  nature,  but  which  closely  resemble 
each  other  physically,  in  that  they  are  hyahne,  colorless 
or  slightly  colored  bodies  of  a  gelatinous  consistence. 
The  colloid  of  the  thyroid  may  be  taken  as  the  type  to 
which  the  various  bodies  designated  as  colloid  more  or  less 
conform.  There  is  a  great  divergence  of  opinion  among 
writers  as  to  the  use  of  the  term  colloid,  some  applying 
it  not  only  to  epithelial  products  but  also  to  the  hyaline 
changes  occurring  in  connective  tissue,  to  hyaline  fibrin, 
blood-plate  fibrin,  keratin,  keratohyalin,  etc. ;"  but  it  seems 
best  to  restrict  the  use  of  the  word  to  those  hyaline  bodies 
formed  by  the  activity  of  epithelial  cells  w'hich  do  not 
give  the  staining  reactions  of  mucin  or  pseudo-mucin. 
Even  with  this  restriction  in  its  use  it  is  evident  that  the 
term  is  a  collective  one  and  that  the  substances  included 
under  it  must  differ  widely  in  chemical  nature.  It  seems 
advisable  to  the  author  to  divide  the  substances  known 
as  colloid  into  two  classes:  true  colloid,  as  found  in  the 
thyroid  ;  and  colloid -like  bodies,  the  latter  class  including 
all  the  hyaline  products  of  epithelial  cell  activity  with 
the  exception  of  mucin  and  pseudo-mucin.  The  corpora 
amylacea  of  the  prostate,  nervous  system,  and  lung  may 
also  be  included  in  this  class. 

In  accordance  with  this  classification,  the  terms  colloid 
and  colloid-like  have  reference  only  to  general  micro- 
scopical appearances  and  not  to  the  ultimate  chemical 
nature  of  the  substance.  They  all,  like  mucin,  are  the 
products  of  epithelial-cell  secretion,  and  may  represent 
either  normal  or  pathological  forms  of  secretion. 

True  Colloid. — This  occurs  normally  in  the  thyroid, 
where  it  appears  in  the  form  of  hj'aline,  jelly-like  masses 
of  the  color  of  honey,  filling  up  the  gland  spaces  and  at 
times  extending  into  the  lymph  vessels.  Any  collection 
of  the  substance  beyond  a  certain  degree  is  to  be  looked 
upon  as  a  pathological  degeneration  of  the  glandular 
epithelium  (colloid  degeneration);  and  from  this  degen- 
eration the  condition  known  as  colloid  goitre  results. 
Microscopically,  the  colloid  of  the  thyroid  is  hyaline  or 
slightljr  granular ;  it  frequently  contains  blood  cells,  blood 
pigment,  and  desquamated  epithelium  showing  varj-ing 
stages  of  colloid  change.  Masses  of  calcification  not  in- 
frequently occur  in  it.     The  substance  is  veiy  resistant 


199. 


Colloid  Deseiieratloii,    pgpBj^ENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES. 
Colon.       [of  tlie  Skin. 


and  is  not  affecteil  by  alcoliol  or  acetic  acid.  "Witli  \  an 
Gieson's  stain  it  is  stained  yellow  or  ))i-o\vnisli  yellow; 
with  eosin  and  hematoxylin  it  stains  slightly  with  both 
the  nuclear  and  the  diffuse  stain.  The  consistence  of  the 
thyroid  colloid  varies  greatly ;  at  times  it  i.s  very  tirm, 
more  often  gelatinous,  while  occasionally  it  is  tiind  and 
soluble  in  water.  It  contains  the  active  sul)Stance  of  the 
thyroid,  iodotbvrin,  which  is  most  probably  an  albumi- 
nous body.  It'is  very  probable  that  the  chemical  nature 
of  the  thyroid  colloid'is  not  always  the  same. 

Colloid-Uke  .sw/'.s^/^a-s.— These  in  gcnci-al  I'cscmble  the 
colloid  of  the  thyroid,  and  ai'e  found  in  the  hypophy- 
sis cerebri,  parotid,  renal  tulniles,  prostate,  ovarian  and 
parovarian  cvsls,  mammary  gland,  ]iancreas,  etc.  The 
corpora  amylacea  of  the  n'ervous  system  and  lung  are 
also  to  be  "included  here.  In  all  eases  the  colloid-like 
substance  appears  in  the  form  of  a  smooth,  homogeneous 
mass  tilling  up  the  gland  lumen  or  duct,  or  it  may  apjiear 
in  the  form  of  hyaline  or  laminated  concretions.  The 
<olloid-like  bodies  of  the  kidney  tubules  are  known  as 
fuxts.  and  are  of  great  clinical  importance  from  their  oc- 
currence in  the  urine  in  pathological  conditions  of  the 
kidneys  (various  forms  of  nephritis). 

Though  all  of  these  bodies  bear  such  a  close  general 
resemblance  to  each  other,  exhibiting  similar  reactions 
with  ordinary  stains,  they  cannot  be  identical  in  their 
chemical  nature  either  with  the  true  colloid  of  the  thyroid 
or  with  each  other.  Some  of  them  give  a  characteristic 
reaction  with  iodine,  others  do  not,  but  this  varies  so 
much  that  it  cannot  be  used  as  a  means  of  classification. 
We  are  therefore  compelled  at  the  present  to  apply  the 
term  colloid  to  substances  derived  from  gland  cells,  which 
are  hyaline,  possess  a  certain  degree  of  firmness,  and  do 
not  give  the  reaction  for  mucin  or  pseudo-mucin.  Beyond 
this  uncertain  classitication  our  terminology  does  not 
take  us.  Aklred  l^cott  Warthiii. 

COLLOID  DEGENERATION  OF  THE  SKIN.— This  is 

a  very  rare  affection  of  the  skin,  first  described  by  AVagner 
as  colloid  milium.  Hardly  more  than  half  a  dozen  cases 
of  1  his  rare  disorder  have  been  reported.  It  occurs  chiefly 
upon  the  upper  two-thirds  of  the  face,  especially  upon 
the  cheeks,  forehead,  and  around  the  orbits;  it  has  also 
been  observed  on  the  cornea  and  the  septum  nasi.  The 
lesions  form  slowly — singly  or  in  groups,  never  becoming 
confluent.  They  consist  of  pinhead-  to  millet-seed-  or 
split-pea-sized,  flatfish,  or  irregularljr  rounded  lemon-yel- 
low colored  papules,  having  a  peculiar  glistening,  trans- 
lucent appearance,  that  suggests  their  being  vesicles,  but 
when  pricked  only  a  small  amount  of  a  gelatinous  sub- 
stance  accompanied  by  a  droplet  of  blood  can  be  expressed. 
Occasionally  slightly  dilated  vessels  surroimd  the  papules. 
Frequently  a  depression  appears  in  the  centre  of  the  pap- 
ide  and  increases  in  depth  until  the  surrounding  elevation 
disappears  altogether;  all  that  remains  being  a  slight  de- 
pression in  the  skin.  Or,  the  ]iart  becoming  inflamed,  a 
scab  forms  over  it  and  eventually  drops  off,  leaving  a 
mark,  but  no  true  cicatrix.  The  cau.se  of  the  disease  is 
unknown.  It  occurs  in  both  men  and  women  from  the 
age  of  sixteen  upward,  no  deviation  from  the  normal 
health  accompanying  the  disease  to  account  for  it.  Most 
of  the  cases  reported  were  in  individuals  living  an  out-of- 
door  life  much  exposed  to  the  weather. 

AVagner  at  first  thought  that  the  cause  began  in  the 
sebaceous  glands,  but  this  view  has  been  praclically  dis- 
carded. Balzer  c(jnsiders  that  the  C(jUoid  degeneration 
commences  as  an  infiltration  in  and  around  the  connective- 
tissue  fibres  and  cells  of  the  upjier  part  of  the  c(irium. 
This  change  occurs  es]>ecially  in  the  neighburhood  of  the 
sel)aceous  glands  and  alxnit  the  vessels  and  nerves.  The 
glands  themselves  and  all  eiiilbelial  structures— excejjt 
the  endothelium  of  the  vessels— escape.  P>aelzi'r  coidd 
not  determine  the  point  clearly,  but  he  thought  it  proli- 
able  that  th<^  affection  was 'due  to  ju-imary  vascular 
changes.  The  disease  is  not  identical  Avith  hvijradenonia, 
as  Philippson  endeavored  to  prove,  though  'the  differen- 
tial diagnosis  is  often  veiy  (lillicult  or  even  impossi))lc 
without  the  aid  of  hisf  ological  examination.    From  xanth- 


oma, with  which  it  most  often  is  confounded,  it  may  be 
distinguished  by  the  glistening,  translucent  appearance 
of  the  lemon-yellow-eolorcd  elevations. 

Treatment  is  unsatisfactory,  no  external  application 
having  any  effect.  Erosion  with  a  sharp  spoon  has  cured 
some  cases,  and  electrolysis  has  been  recommended  and 
would  seem  best  fitted  to  cope  with  the  trouble  without 
leaving  very  marked  scars. 

Chdrh'S  'I'liiriishend  D<(cle. 

COLOCYNTH.— C:oi,<)CYNTiiiN.  "The  fruit  of  Citrnl- 
Ins  Ojloryiil/iis  Scliad.  (fam.  Cuciirbitiice/f),  deprived  of 
its  rind  "  (U.  S.  P.).  The  colocynth  plant  bears  a  general 
resemblance  to  the  wafer  and  citron  melons— near  connec- 
tions—but  is  smaller,  slenderer,  and  besides  rough-hairy. 


Fiii.  ]4i>7.— t'lplocyntli  Fruit  and  Seed. 

while  the  others  are  more  nearly  smooth.  The  fruit  is 
globular,  from  two  to  four  inches  (10  to  20  cm.)  in  di- 
ameter, with  a  thin,  leathery,  mottled-green  rind,  and  a 
fleshy,  very  bitter  pulp.  The  latter  consists  of  the  meso- 
carp  and  fiiree  thick  parietal  placent'c  which  entirely  till 
the  cavity  and  make  a  spuriously  three-  or  six-celled,  out 
of  a  normally  one-celled,  ovary. 

The  plant"  is  widel}'  distributed  over  waste  and  desert 
places  in  India,  Araliia.  Syria,  the  "Levant,"  the  Medi- 
terranean islands.  Northern  and  "Western  Africa,  the 
Cape  of  Good  Hope.  .Java,  etc.  In  the  Arabian  desert,  a 
resinous  extract  from  the  fruit  is  painted  upon  the  water 
bags  to  protect  them  against  attacks  by  the  thirsty 
camels.  It  also  grows  in  Spain  and  other  portions  of  the 
extreme  South  of  Euro|ie,  and  has,  in  addition,  been 
cultivated  in  several  countries  for  many  centuries.  Cy- 
prus, the  South  of  Spain,  and  the  African  town  Slogador, 
supply  it  for  the  market.  It  is  collected  when  the  fruit 
is  ripe,  or  nearh-  so,  and.  in  the  European  varieties,  is 
usuallj'  peeled  while  fresh  with  a  knife.  The  i\Iogador 
colocynth  is  oftener  "coated,"  that  is,  dried  without  re- 
moving the  exocarp.  The  soft,  moist,  greenish-white 
pulpshrivelsc<msidciably  as  it  dries,  and  becomes  nearly 
white,  and  very  light  and  S]>ongy.  The  composition  and 
properties  differ  with  the  place  of  production.  Some 
fruits  grown  in  Texas  were  of  prodigious  size,  but  desti- 
tute of  medicinal  power. 

Desckiptkin. — As  usually  imported,  colocynth  comes 
in  very  light  and  brittle  round  balls,  from  one  and  a  half 
fo  three  inches  in  diameter  (0.04  to  0.08  metre),  composed 
of  a  nearly  wliite,  very  fragile,  cellular  tissue;  evidently 
cut  over  the  surface  with  a  knife,  and  containing  numer- 
f)us  white  or  whitish  cucumber  like  seeds  in  six  rows. 
These  "balls"  are  easil)'  broken  into  three  jiarts,  each 
including  one  of  the  jilacenta',  with  a  row  of  seeds  on 
each  of  its  two  broken  faces.  The  seeds,  wliich,  although 
of  little  bulk  compared  with  the  rest  of  the  fruit,  weigh 
heavily,  contain  seventeen  i)er  cent,  of  bland  fixed  oil, 
and  liave  no  medicinal  value.  They  are  thrown  awa}' 
when  the  ]uilp  is  prepared  for  use.  This  consists  of  ex- 
ceedingly large  and  thin-walled  parenchyma,  enclosing 
about  two  jier  cent,  of  its  weight  of  bitter  extractive 
(colocynthin).  The  variety  described  above  is  Turkish 
colocynth.  The  Spanish  variety  is  smaller,  has  a  dark 
and  much  less  spongy  Jiulp  and  a  larger  number  of 
heavier,  black  or  blackish  seeds.     Not  only  is  the  per- 
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ct'iitogc  of  pulp  smaller,  but  it  is  alsi)  inferior.  Colo- 
cyiitli  pul]),  freed  from  seeds,  grouud  or  whole,  is  an 
article  of  commerce.  The  presence  of  starch  is  an  in- 
dication of  adulteration,  as  this  is  wanting  in  the  genuine 
article. 

Composition. — The  active  constituents  of  colocynth  are 
resin  and  colocyutliiii.  The  crystalline  resinous  body 
cohicyiithitiii  is  not  active.  Gum  and  [lectin  are  also 
present.  Colocynthin  (CuJIhiOis  V)  is  a  yellow,  jjowdery, 
bitter  glucoside,  soluble  in  both  water  and  alcohol.  It 
is  purgative,  but  Merck  claims  that  his  is  not  poisonous 
or  drastic  like  colocynth. 

Colocynth  itself  is  a  harsh  and  irritating  drastic,  and 
seldom  given  alone.  In  small  doses,  and  modified  by 
other  catliarticsand  corrigents,  it  is  ane-\cellent  laxative, 
and  in  frequent  use  as  a  "dinner  pill"  in  chronic  con- 
stipation. 

Administration. — There  is  but  one  immediate  prepa- 
ration, namely,  the  Extract  of  Colocynth  (E.vtrnctiim 
Coloq/iitJiidis,'\J.  S.  P.),  made  by  evaporating  a  tincture. 
The  yield  is  about  sixty  per  cent,  of  the  pulp.  Dose, 
say  0'.03  to  0.12  gm.  (gr.  ss.-ij.).  Itis  seldom  u,sed  alone, 
bvit  enters  into  the  Compound  Extract  of  C'olocynth  (&- 
trrietiim  Ckdocynthidis  Com  posit  inii.  U.  S.  P.),  which  is  in 
everyday  use.     Its  formula  is: 

Extract  of  colocynth 16 

Purified  aloes .  .'. •'»0 

Cardamom 6 

Resin  of  scammony 14 

Soap 14 

Alcohol 10 

It  is  a  tine  powder,  easily  rolled  into  a  pill  itself,  or 
mixed  with  still  other  substances.  Dose,  as  a  laxative, 
2  or  3  dgm. ;  as  a  cathartic,  five  or  six  times  as  much  (gr. 
V.  ad  XXV.).  The  Compound  Cathartic  Pills  (Pilvkp 
Catharticiv  Onnpositre,  U.  S.  P.)  contain  about  one-third 
of  their  weight  of  this  extract.     Their  composition  is: 

Gm. 

Compound  extract  of  colocynth 80 

Extract  of  jalap 30 

Mild  chloride  of  mercury 60 

Gamboge 1  ■'' 

Mix  and  make  one  thou.sand  pills.  Dose,  from  one  to 
three  pills. 

The  compound  extract  is  also  an  important  ingredient 
of  the  otflcial  vegetable  cathartic  pills. 

Pure  colocynthin  can  be  given  in  doses  of  gr.  -J  to  f . 
A  resinous  extract  is  also  in  the  market  under  the  name 
colocynthin. 

Merck  recommends,  as  a  purgative  rectal  injection, 
Ttl  iv.  to  xvi.  of  a  four-per-cent.  solution  of  colocynthin 
in  equal  parts  of  glycerin  and  alcohol. 

Henry  II.  Rusby. 

COLON.  (SURGICAL.)— The  colon  is  wounded  in  the 
same  manner  as,  though  less  frequently  than,  the  small  in- 
testines. These  wounds  may  occur  from  penetration  of 
the  abdomen  by  a  knife,  bullet,  or  blunt-pointed  object, 
or  rupture  may  occur  from  a  contusion.  Perforation 
from  the  effort  to  use  the  sigmoidoscope  has  also  been 
reported.  Wounds  of  the  colon  often  occur  in  the  sepa- 
ration of  adhesions  during  intra-abdominal  operations. 
The  symptoms  of  a  wound  of  the  large  intestine  do  not 
differ  materially  from  those  which  present  themselves 
when  the  small  intestine  is  injured.  Those  wounds 
which  are  inflicted  during  operative  procedures  or  m  the 
course  of  an  examination  are  readily  observed.  But  ac- 
cidental injuries  can  often  only  be  surmised,  the  diag- 
nosis of  the  part  injured  being  determined  only  after 
an  exploratory  incision.  AYhile  .shock  is  to  be  expected 
in  such  wounds,  it  is  frequently  absent  or  present  in 
only  slight  degree.  Pain  and  tenderness  are  as  a  rule 
valuable   svmptoms,    but    their  absence   does   not   pre- 


clude the  possibility  of  a  wound.  Paresis  of  the  intes- 
tine and  the  residting  constipation  usually  occur  early 
as  the  result  of  the  violence  producing  the  injury  and 
later  from  the  development  of  peritonitis.  Vomiting  is 
fre(|uently  an  important  symptom,  especially  as  sep.sis 
from  extravasation  develops.  The  presence  of  free  gas 
in  the  peritoneal  cavity  is,  if  detected,  a  positive  sign  of 
rupture  of  the  bowel.  Tyni])auites  over  the  area  of  nor- 
mal liver  dulness  is  a  furthei'  evidence  of  this  condition. 
Senu  has  advised  the  rectal  iiisutHation  of  hydrogen  gas  to 
determine  the  presence  or  absence  of  an  intestinal  wound, 
esi)ecially  in  connection  with  jierforating  gunshot  wound 
of  the  abdomen  ;  the  diagnosis  is  made  when  the  hydrogen 
escapes  from  the  wound.  When  this  test  is  successfully 
made,  it  proves  positively  tlie  presence  of  a  wound,  but 
failure  of  the  gas  to  escape  does  not  exclude  injury. 
This  procedure  is  not  devoid  of  danger,  for  the  increase  of 
intra-intestinal  pressure  and  the  escai)e  of  the  gas  into  the 
peritoneal  cavity  certainly  favor  faecal  extravasation  and 
seriously  interfere  with  any  operative  procedure  which 
may  be  necessary.  This,  coupled  with  the  fact  that  only 
in  from  three  to  five  per  cent,  of  perforating  wounds  of 
the  abdomen  do  the  viscera  escape  injury,  makes  it  more 
advisable  to  perform  an  exploratory  operation,  especially 
as  the  latter  increases  the  mortality  very  slightly,  if  at 
all,  wlien  done  with  proper  aseptic  precautious. 

The  records  of  wounds  of  the  colon  .show  a  larger  per- 
centage of  recoveries  without  operation  than  do  similar  in- 
juries of  the  small  gut,  owing  perhaps  to  tlie  consistence 
of  its  contents  and  to  less  active  peristalsis.  These  in- 
juries are  always  serious  and  require  prompt  attention, 
as  every  hour  of  delay  lessens  the  chance  for  recovery. 
Notwithstanding  the  "number  of  reported  recoveries 
without  operation,  tlie  surgeon  is  certainly  not  justilied 
in  treating  these  cases  expectantly.  The  method  of  deal- 
ing with  intestinal  wounds  will  be  fully  covered  in  an- 
other portion  of  this  work.  It  is  sufficient  to  state  in  this 
connection  that  the  technique  must  he  thorough  and  the 
closure  perfect,  sufficient  lumen  for  the  ready  passage 
of  faces  being  allowed. 

Ulceration.— Ulceration  of  the  colon  assumes  surgical 
importance  when  a  tendency  to  perforation  or  to  the  de- 
velopment of  stricture  results.    The  causation  and  clinical 
history  of  many  of  these  ulcerations  are  somewhat  ob- 
scure.    However,  we  meet  with  certtdn  ulcers  which  pre- 
sent characteristics   sufficiently  distinct  to  be  properly 
classified  as  dysenteric,  typhoid,  tuberculous,  etc.     The 
colon  may  be  the  seat  of  simple  chronic  ulcers  similar  in 
all  respects  to  those  seen  in  the  stomach  and  duodenum. 
They  occur  very  rarely,  but  are  sometimes  seen  in  pa- 
tients suffering  from  Bnght's  disease.     Vascular  clianges 
and  emboli  probably  have  mvtch  to  do  with  their  develop- 
ment.    Sometimes  a  simple  large  ulcer  is  present,  but  as 
often  several  smaller  ones  are  found.     The  edges  of  the 
ulcer  are  raised  and  slightly  indurated,  the  base  is  some- 
what regular.     Healing  may  occur  at  one  margin  while 
the  ulcerative  process  extends  at  the  other.     The  ulcer 
may  terminate  by  repair,  and  if,  as  is  sometimes  the  case, 
it  has  extended  around  the  intestine,  narrowing  may  re- 
sult     Perforation  of  the  intestine  is  not  infrequent  and 
may  be  followed  bv  fa?cal  abscess  and  tistula  or  perito- 
nitis and  death.'     Parker  reports  two  cases  that  termi- 
nated  in  f*cal  abscess.     Collections  of   fieces  retained 
for  a  long  time  in  the  intestine  excite  an  increased  secre- 
tion of  mucus,  produce  softening  of  the  epithehum  and 
necrosis  of  the  mucous  membrane,  and  result  in  the  for- 
mation of  one  or  more  stercoral  ulcers.     These  ulcers 
may  excite  a  locaUzed   plastic  peritonitis  or  they  may 
ix'rforate  and  cause  acute  general  inflammation  of  the 
iieritoneum.      The  shock  itself  may  prove  fatal.      The 
sudden  onset  of  pain  and  prostration  in  a  case  of  pro- 
longed constipation,   especially  with  the  presence  of  a 
douo-hy,  irregular,  and  variable  tumor,  will  point  to  per- 
foration from  stercoral  ulcer.     Ulceration  at  the  seat  of 
the  solitary  glands  occurs  in  typhoid  fever,  and  a  few 
cases  of  pe'rf oration  from  such  ulcers  have  been  reported. 
These  ulcers  present  the  same  changes  which  take  place 
in  the  small  intestine.     Those  ulcers  which  result  from 
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dysentciw  or  which  follow  catarrhal  colitis  show  little  or 
no  tendency  to  the  formation  of  stricture.  According  to 
Woodward  -  no  case  of  stenosis  was  reported  as  the  result 
of  chronic  diarrhoea  or  dysentery  among  the  United  States 
troops  from  1861  to  1865,  although  a  vast  number  of  sol- 
diers suffered  from  these  diseases.  Syphilitic  ulcerations 
of  the  large  intestine  are  usually  limited  to  the  rectum. 
They  result  from  the  breaking  down  of  gummatous  de- 
posits in  the  submucous  tissue.  Malignant  disease  pro- 
duces ulceration,  and  stenosis  results  from  cicatricial  con- 
traction as  well  as  from  the  encroachment  of  the  neoplasm. 
Tuberculous  ulceration  occurs  with  great  frequency. 
About  one-half  of  the  cases  of  tuberculosis  show  lesions 
in  the  intestine.  The  lung  is  the  only  organ  more  often 
attacked.  These  lesions  are  situated  most  often  at  the 
lower  part  of  the  ileum  and  in  the  beginning  of  the  colon. 
They  may  be  primary,  or  secondary  to  a  focus  situated 
elsewhere.  In  children  primarj'  involvement  is  the  rule 
and  the  intestinal  lesion  may  be  so  slight  as  to  escape 
notice,  while  the  mesenteric  glands  will  be  greatly  in- 
volved. In  adults  the  lesions  are  more  often  secondary, 
and  the  solitary  glands  of  the  csecum  are  often  involved 
and  show  the  characteristic  deposit  of  tubercle.  This 
deposit  undergoes  softening  and  the  cheesy  material  is 
emptied  into  the  intestine.  An  ulcer  results  which  tends  to 
spread  around  the  circumference  of  the  intestine,  in  the 
course  of  the  vessels,  as  well  as  deeply  through  the  wall. 
The  peritoneum  over  the  iilcer  often  shows  yellowish, 
opaque  tubercles  in  its  structure,  the  surrounding  tissues 
become  adherent,  and  contraction  of  the  inflammatory 
product  may  cause  constriction  of  the  intestine.  The 
girdling  ulcers  tend  in  their  repair  to  produce  stenosis  and 
frequently  excite  symptoms  of  obstruction.  Perforation 
of  the  intestine  is  by  no  means  infrequent  and  may  give 
rise  to  faecal  abscess  and  subsequent  fistula  or  may  excite 
general  peritonitis  as  in  simple  ulcer.  Ulceration  of  the 
colon  presents  few  characteristic  symptoms ;  there  may, 
in  fact,  be  nothing  to  indicate  the  condition  even  when 
marked  and  extensive  lesions  are  present.  Diarrhoea  more 
or  less  persistent,  with  periodical  constipation,  is  usually 
present.  Mucus,  shreds  of  tissue,  some  blood  and  pus 
may  at  times  be  found  in  the  discharges.  In  tuberculous 
ulceration,  the  patient  will  lose  in  flesh  and  strength  and 
will  complain  of  pain,  especially  in  the  lower  part  of  the 
abdomen.  This  pain  is  increased  upon  slight  exertion. 
Localized  tenderness  on  pressiire  without  rigidity  may 
be  noted  in  these  cases,  and,  as  in  other  tuberculous  proc- 
esses, a  slight  evening  elevation  of  temperature  may  be  ob- 
served. As  stricture  develops,  after  the  symptoms  named 
above  have  lasted  for  months,  constipation  becomes  more 
and  more  marked  until  the  stools  are  completely  arrested. 
In  rare  cases  this  condition  may  occur  suddenly  and  may 
present  the  usual  symptoms  of  intestinal  obstruction,  as 
nausea,  vomiting,  pain,  distention,  and  obstinate  consti- 
pation. Perforation  will  be  known  by  the  shock,  disten- 
tion, pain,  tympanites,  etc. 

Diagmtsis. — The  diagnosis  is  at  all  times  difficult,  and 
it  is  extremely  probable  that  cases  of  ulceration  will  be  de- 
termined only  after  stenosis  occurs,  or  after  explora- 
tion. 

Treatment.— Thxa  is  operative,  and  colectomy  should 
be  performed  for  tuberculous  and  malignant  ulceration 
when  extirpation  can  thus  be  effected.  The  operation 
is  also  indicated  in  other  forms  of  ulceration  where  per- 
foration is  imminent  and  the  process  is  not  too  exten- 
sive. Tuberculous  and  malignant  cases  in  which  the 
disease  cannot  be  extripated  are  best  treated  by  anasto- 
mosis. Extensive  ulcerative  colitis  has  been  successfully 
treated  by  colostomy  and  flushing  the  colon  from  the  arti- 
ficial opening  to  the  anus.  Mayo  Robson,^  Goldiug 
Bird,-"  and  others  have  reported  cases  of  recovery  after 
this  plan  of  treatment. 

Stenosis.— Non-malignant  stenosis  may  follow  almost 
any  form  of  ulceration,  but  the  mo.st  frequent  process  is 
one  of  a  tuberculous  nature.  The  constriction  may  take 
place  a  long  time  after  the  ulceration.  Owing  to  this 
tact  strictures  are  noted  more  frequently  in  adults  than 
in  children.     Many  cases   of  stenosis  are  unrecognized 
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during  the  life  of  the  patient.  Two  or  more  pointsof 
stricture  may  be  present  in  the  same  case.  No  portion 
of  the  colon  is  exempt  from  this  lesion. 

Symptoms. — The  chief  symptom  of  stenosis  is  consti- 
pation, which  may  gradually  become  more  and  more 
persistent  or  may  occur  suddenly  and  become  com- 
plete. If  relieved  temporaril}',  a  return  of  the  constipa- 
tion is  to  be  expected  in  a  short  time.  The  patient  will 
perhaps,  give  a  history  of  troublesome  diarrha-a,  the  pass- 
age of  some  mucus  and  blood  having  occurred  at  some 
previous  time.  Obstructive  symptoms  sooner  or  later  set 
in,  and,  while  not  so  marked  as  in  some  other  forms  of 
obstruction,  are  very  persistent.  Uneasiness  in  the  ab- 
domen soon  becomes  pain  whicli  is  paroxysmal  and  is 
increased  by  purgatives.  The  abdomen  may  become  dis- 
tended, but  as  a  rule  it  is  flaccid  unless  peritonitis  is 
present.  After  a  time  vomiting  begins,  first  of  gastric 
contents,  later  of  fasces  unless  the  obstruction  is  re- 
lieved. The  patient  loses  flesh  and  strength  and,  after 
some  days  of  suff'ering,  death  follows  from  sepsis  and 
exhaustion. 

Diagnosis. — The  symptoms  of  recurring  and  more  or 
less  obstinate  constipation,  when  a.ssociated  with  emacia- 
tion and  in  the  absence  of  stenosis  of  the  rectum,  will 
usually  mean  stricture  of  the  colon.  Obstruction  of  the 
small  intestine  will  usually  pre.sent  a  more  acute  train  of 
symptoms.  In  stenosis  of  the  colon  vomiting  is  not  so 
prominent  a  symptom  and  becomes  fa;cal  at  a  much  later 
date  than  it  does  in  occlusion  of  the  small  gut.  The  ab- 
sence of  a  neoplasm  will  exclude  malignant  stenosis. 

Treatment. — Avoidance  of  purgatives  will  save  the  pa- 
tient much  discomfort.  Copious  enemata  will  give  relief 
during  the  early  stages.  When  obstruction  occurs  or 
attacks  of  constipation  are  often  repeated,  operation  is 
indicated. 

F.BCAL  Fistula.. — Sinuses  leading  from  the  colon  to 
the  surface  and  discharging  faeces  and  gas  result  from 
wounds  which  have  not  been  treated  or  which  have  been 
improperly  closed;  from  contusions  witliout  immediate 
rupture  but  followed  by  sloughing;  and,  finally,  from 
slipping  of  the  ligature  or  sloughing  of  the  stump  after 
operative  interference  for  the  relief  of  appendicitis.  The 
pressure  of  a  drainage  tube  is  not  infrequent!}'  a  cause 
of  this  condition.  The  same  is  true  of  gauze  drainage, 
the  removal  of  which  sometimes  produces  a  tear  of  the 
intestine.  Tuberculosis  of  the  colon  may  cause  perfora- 
tion and  thus  lead  to  the  formation  of  faecal  fistula.  In 
dealing  with  strangulated  hernia  associated  with  gan- 
grene of  the  gut,  the  surgeon  may  deem  it  best,  if  the 
patient's  condition  precludes  the  completion  of  colectomy, 
to  temporize  by  the  establishment  of  a  faecal  fistula  to  be 
cured  by  a  subsequent  operation  (colotomy).  In  malig- 
nant disease  the  formation  of  a  permanent  fistula  (arti- 
ficial anus,  colostomy)  has  become  a  recognized  surgical 
procedure. 

PailiGlogy. — When  from  any  cause  the  continuity  of 
tlie  intestinal  wall  is  disturbed,  gas  and  faeces  in  a  short 
time  escape,  and  under  the  most  "favorable  conditions  ex- 
cite a  localized  plastic  inflammation  in  the  surrounding 
peritoneal  surfaces,  with  the  tendency  to  the  formation 
of  adhesions  and  isolation  of  the  focus  of  irritation.  In 
time  the  surface  is  reached  through  an  abscess— where  the 
abdominal  wall  is  intact— or  through  the  wound  if  one 
exists,  and  the  faeces  tlien  escape  externally.  When  a 
^A'ound  of  th(>  al.idomen  is  present,  the  cominunication  is 
usually  estalilished  within  a  week  after  the  injury. 
When  the  abdominal  wall  is  intact,  a  longer  time  will 
elapse  before  the  fistula  develops.  The  general  perito- 
neum is  protected  liy  a  fibrinous  lympli,  and  the  fistula  is 
lined  with  granulation  tissue.  When  the  damage  to  the 
colon  is  shght  and  when  surrounding  parts  lie  in  close 
relation  to  tlie  wound  of  the  gut,  tiie  tract  will  grad- 
ually contract  and  eventually  heal.  This  is  the  most 
frequent  termination  of  such  cases.  A  fistula  may  per- 
sist when  the  intestine  is  fixed  directly  to  the  skin  with- 
out intervening  sinus,  when  the  wound  in  the  bowel 
is  very  large,  or  when  more  than  one  opening  exists; 
also  when  there  is  obstruction  to  the  passage  "of  f«ces 
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through  the  bowel  below  the  fistula,  owhig  to  a  stricture, 
tumor,  or  bend  of  the  intestiue.  Tuberculous  fistulre  are 
very  persistent,  and  repair  will  be  unliiiely  when  an 
abscess  cavity  is  formed  in  close  proximity  to  the  intes^ 
tinal  opening,  due  perhaps  to  a  failure  of  the  walls  of  the 
abscess  to  collapse.  The  symptoms  indicating:  the  de- 
velopment of  fiEcal  fistula  are  the  presence  of  a"  peculiar 
dark,  blackish,  brown  stain  upon  the  dressings  and  the 
detection  of  a  distinct  and  persistent  ftecal  odor.  A  mis- 
take is  scarcely  possible.  Some  difficulty  may  be  experi- 
enced in  determining  the  location  of  the  intestinal  opening, 
but  this  will  prove  of  little  moment.  In  some  instances 
progressive  emaciation  accompanies  the  condition,  but 
usually  the  patient  is  well  nourished.  The  prognosis  of 
this  condition  is  as  a  rule  good,  and  special  attention  will 
be  demanded  only  after  it  persists  for  some  montlis.  The 
affection  is  always  disagreeable,  but  its  seriousness  is 
certainly  less  than  in  the  case  of  a  fistula  leading  to  the 
small  intestine. 

Treatment.— \jTpon  first  impulse  it  would  appear  reason- 
able to  insert  drainage  in  some  form  to  remove  the  fieces 
and  to  keep  the  skin  wound  patulous.  Considerable  ex- 
perience in  such  cases  teaches  us  that  such  a  procedure 
is  unnecessary  and  frequently  productive  of  harm,  owing 
to  the  fact  that  no  drain  will  carry  off  the  fiEces  as  well 
as  the  pressure  within  the  intestine.  Moreover,  when  the 
fiscal  matter  remains  pent  up  in  the  tract,  symptoms  of 
sepsis  shortly  appear.  The  condition  is  best  treated  by 
placing  over  the  external  opening  a  large  loose  pad  of 
sterilized  absorbent  material,  and  retaining  it  in  place  by 
a  bandage.  These  dressings  should  be  changed  when- 
ever they  become  soiled ;  sometimes  this  is  necessary  as 
often  as  four  or  five  times  a  day.  When  the  dressings 
are  changed,  gentle  pressure  near" the  fistula  will  force  out 
the  contents  and  cleanse  the  tract.  The  skin  should  be 
washed  with  cold  water  and  alcohol,  and  when  any  ex- 
coriation occurs  the  parts  should  be  anointed  with  vase- 
line at  each  dressing.  The  bowel  below  the  fistula  should 
be  kept  patulous  by  enemata  to  make  the  passage  easier 
in  that  direction  than  through  the  abnormal  tract.  Laxa- 
tives should  be  used  only  to  prevent  constipation  and  too 
great  solidity  of  excreta. 

The  patient's  health  should  be  kept  up  by  tonics  and 
nutritious,  easily  digestible  food.  If,  after  several  months 
of  this  treatment,  the  fistula  persists  or  if  emaciation  is 
rapid,  an  operation  for  the  cure  of  tlie  affection  should 
be  undertaken.  This  operation  is  often  very  difficult, 
but,  with  proper  care  to  protect  the  general  peritoneum, 
it  can  usually  be  safely  accomplished.  Cleansing  of  the 
field  of  operation  must  be  absolute.  The  tract  should 
be  well  scraped  and  thoroughly  flushed  with  1  to  1,000 
bichloride  solution.  In  curetting  the  fistula  care  must  be 
exercised  to  avoid  injury  of  an  adjacent  fold  of  intestine. 
The  application  of  pure  carbolic  acid  to  the  tract  is  ad- 
visable, and  this  should  immediately  be  followed  by  the 
application  of  about  eighty-per-cent.  alcohol  to  prevent 
too  extensive  action.  In  order  that  the  canal  may  easily 
be  traced  it  should  be  packed  with  gauze.  The  incision 
should  be  made  with  the  greatest  care  to  avoid  injury 
of  the  bowel,  which  is  almost  always  adherent  to  the 
abdominal  wall  ai'ound  the  fistula.  TTherefore  begin  the 
cut  some  distance  away  from  the  fistula,  and  after  the 
peritoneum  is  opened,  with  the  finger  inside  the  abdo- 
men, separate  the  adhesions  until  the  incision  can  be 
safely  continued.  Protect  the  general  peritoneum  with 
flat  gauze  sponges.  When  the  tract  is  short  the  intes- 
tine can  be  readily  loosened,  lifted  into  the  wound,  and 
sutured  or  resected.  When  the  bowel  lies  six  or  eight 
inches  from  the  outlet  of  the  fistula,  considerable  dissec- 
tion will  be  necessary  to  free  the  adhesions  and  this 
requires  the  greatest  care.  The  edges  of  intestinal  open- 
ings are  pared  if  necessary  and  eoapted  by  Lembert  su- 
tures of  fine  silk.  Usually  a  second  supplementary  series 
of  sutures  will  be  necessary.  When  the  intestinal  wound 
is  so  large  that  the  lumen  of  the  gut  will  be  constricted, 
a  colectomy  will  be  necessar}'.  The  toilet  of  the  perito- 
neum must  be  made  in  the  most  thorough  fashion,  and 
after  the  tract  of  the  fistula  in  the  abdominal  wall  has 


been  excised,  the  wound  may  be  closed  completely— pro- 
vided the  operator  is  convinced  that  the  peritoneum  has 
not  been  soiled— or  it  may  be  left  suiflciently  open  to 
provide  the  necessary  drainage  outlet.  The  old  method 
of  closing  an  artificial  anus  by  the  pressure  of  a  clamp 
as  advrsed  by  Dupuytren  in  1815,  certainly  has  no  ad- 
vantages over  the  operation  just  described  and  is  not  to 
be  recommended. 

Intussusception;  Invagination.— The  abnormal  re- 
ception of  a  portion  of  the  intestine  within  an  adjoining 
and  continuous  segment  constitutes  an  intussusception. 
This  condition  may  develop  in  any  part  of  the  canal,  but 
is  most  likely  to  occur  at  the  ileo-cfecal  valve.  It  forms 
about  forty  per  cent,  of  all  fatal  cases  of  intestinal  obstruc- 
tion. According  to  Treves,  five  per  cent,  of  such  cases 
occur  under  two  years  of  age.  At  the  point  of  invagina- 
tion three  thicknesses  of  the  intestinal  wall  lie  in  close 
proximity  to  each  other.  The  outside  fold  is  known  as 
the  receiving  layer  or  intussuscipiens,  the  internal  as  the 
entering  layer,  and  the  middle  is  called  the  returning 
layer.  The  last  two  are  also  known  as  the  intussusceptum. 
The  peritoneal  coverings  of  the  entering  (internal)  and 
the  returning  (middle)  layers  lie  in  contact  and  in  a  short 
time  become  firmly  united,  while  the  mucous  surfaces 
of  the  receiving  and  returning  folds  show  no  such  ten- 
dency. 

The  descent  of  the  gut  exerts  traction  upon  the  mesen- 
tery and  compression  of  its  vessels  at  the  point  of  in- 
vagination, thus  producing  venous  obstruction  with 
swelling  and  o-dema  of  the  intussusceptum.  Softening 
and  gangrene  may  produce  perforation,  or  bacteria  may 
multiply  rapidly  in  the  congested  wall  and  excite  a 
rapidly  fatal  form  of  peritonitis.  In  rare  cases  nature 
effects  a  cure  through  sloughing  of  the  invaginated  seg- 
ment, after  adhesions  have  formed,  at  the  line  of  entrance, 
sufficiently  strong  to  prevent  rupture.  Usually  intussus- 
ception is  acute  and  rapidly  fatal,  but  in  adults  one  may 
encounter  the  chronic  form  which  after  two  or  three  weeks 
of  suffering  may  terminate  in  recovery,  or  which  may 
prove  fatal  through  chronic  diarrhoea,  septic  emboli, 
perforation,  peritonitis,  etc.  As  a  rule,  in  children  it  is 
quickly  fatal.  Its  causation  is  not  well  understood. 
Spasmodic  peristalsis,  which  forces  the  contracted  por- 
tion into  a  relaxed  segment,  or  a  paralyzed  segment  into 
a  normal  one,  has  been  advanced  to  account  for  its  de- 
velopment. The  experiments  of  Nothnagel  seem  to  show 
that  contraction  of  the  longitudinal  muscular  fibres  will 
draw  a  relaxed  portion  over  a  contracted  one.  The  pres- 
ence of  polypi  is  supposed  to  favor  the  development  of 
invagination.  The  anatomical  relation  of  the  ileum  to 
the  CfECum  must  also  be  considered  as  a  predisposing 
factor. 

Symptoms. — The  attack  begins  suddenly  with  severe 
griping  and  colicky  pains,  accompanied  by  marked 
anxiety  and  shock.  Vomiting  is  usually  present,  as  is 
constipation  after  the  bowel  below  the  obstruction  is 
emptied  of  its  contents.  Some  mucus  and  blood  may 
pass  and  the  tenesmus  is  marked.  Upon  examination 
a  sausage-like  abdominal  tumor  can  often  be  detected, 
especially  when  the  end  of  the  ileum  has  entered  the 
colon. 

The  Diagnoiis  is  based  upon  the  sudden  onset,  peculiar 
jsain,  sausage-shaped  tumor,  and  the  passage  of  blood- 
stained mucus  without  fieces.  At  times  the  exact  cause 
of  the  obstruction  will  be  determined  only  after  the  abdo- 
men is  opened.  The  prognosis,  as  incidentally  mentioned 
before,  is  always  grave,  and  in  most  cases  a  fatal  termina- 
tion occurs  in  less  than  one  week. 

Treatment. — Avoid  purgatives,  and  during  the  first 
twenty-four  hours  endeavor  to  set  free  the  invaginated 
segment  by  distention  of  the  colon  with  gas,  air,  or  water 
while  the  patient  is  in  the  knee-chest  position.  Bella- 
donna and  opium  may  be  cautiously  administered  to  allay 
spasm  and  limit  peristalsis.  Do  not  give  enough  opium 
to  mask  the  symptoms.  If  this  treatment  fails  to  relieve, 
a  laparotomy  should  be  performed — preferably  the  me- 
dian operation,  unless  a  well-defined  tumor  is  present,  in 
which  case  the  incision  should  be  made  directly  over  the 
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swelling.     Stimulants  will  frequently  be  needed  to  coun- 
teract shock. 

Techiiiqiic— Under  the  strictest  asepsis  the  abdomen  is 
opened  and  search  made  for  the  seat  of  obsti'uction,  first 
in  the  risht  iliac  fossa  and  with  as  little  exposure  of 
the  intestines  as  is  practicable.  A  needless  exposure  of 
the  intestines  will  greatly  increase  shock  and  lessen  the 
chances  of  recovery.  The  mass  should  lie  bi'ought  mto 
the  wound  and  protected  by  hot  pads  of  gauze,  while 
gentle  efforts  are  made  to  relieve  the  invagination.  If 
continuity  is  restored  without  damage  to  the  bowel,  re- 
currence can  be  prevented  by  suturing  the  mesentery 
to  the  abdominal  wall.  If  reduction  is  impossible,  if 
malignant  di.sease  is  present,  or  if  the  intestine  is  gan- 
grenoiis,  colectomy  should  at  once  be  performed,  and  re- 
sort to  colostomy  should  lie  had  only  when  the  patient's 
condition  prevents  the  operator  from  making  the  com- 
plete operation.  The  wall  of  the  abdomen  is  to  be  closed 
as  in  other  cases  of  abdominal  section. 

Volvulus.— Volvidus  constitutes  (me  of  the  most  fatal 
forms  of  intestinal  obstruction.  The  term  is  applied  to 
a  twisting  of  a  segment  of  the  intestine  and  its  mesentery 
so  that  the  circulation  of  the  blood  and  also  the  passage 
of  f;Eces  are  interrupted.  Such  a  twist  can  occur  only 
in  cases  in  which  the  peritoneal  attachment  is  sufficiently 
long  to  allow  considerable  mobility  of  the  gut.  The 
sigmoid  fle.xure,  therefore,  is  the  part  of  the  colon  wdiieh 
is  most  subject  to  this  accident.  Sudden  distention  of 
the  intestine  with  gas,  or  the  presence  of  a  ftecal  mass, 
with  or  without  an  accompanying  strain,  may  cause  vol- 
vulus. AVlien  the  torsion  occurs,  swelling  of  the  twisted 
portion  follows  immediately,  owing  to  interference  witli 
the  return  of  venous  blood.  This  swelling  tends  to  ac- 
centuate the  twist  and  to  increase  the  obstruction  to  the 
blood  supply.  The  adjacent  portions  of  the  intestine  are 
distended  with  gas,  which  tends  to  prevent  spontaneous 
restoration.  Gangrene  follows  in  a  short  time,  and  peri- 
tonitis is  present  if  the  patient  lives  long  enough  for  its 
development.  The  prognosis  is  essentially  grave.  Spon- 
taneous restoration  rarely,  if  ever,  occurs  and  no  meas- 
ures save  operation  offer  any  liope  to  the  patient. 

Symptom.i. — The  patient  is  suddenly  seized  with  vomit- 
ing, which  is  not  so  severe  in  volvulus  of  the  colon  as 
it  is  in  volvulus  of  the  ileum.  Severe  paro.xysmal  pain 
radiating  over  the  abdomen,  with  extreme  tenderness,  is 
always  present.  Sudden  cessation  of  pain  announces 
the  development  of  gangrene.  Pain  retui'ns  with  the 
development  of  peritonitis.  Obstruction  is  complete. 
Early  and  circumscribed  tympanites  may  j)recede  general 
distention  and  rigidity.  Rectal  examination  may  reveal 
a  mass  in  the  pelvis  in  case  a  twist  lies  in  that  region. 
Marked  restlessness  and  prostration  are  always  present 
and  the  patient  shows  great  anxiety.  The  surface  shortly 
becomes  cold  and  elannny  and  covered  with  perspiration. 
Hiccough  soon  appears  and  the  circulatory  and  muscular 
systems  become  rapidly  depi'essed. 

Diagnods. — Sudden  onset  of  obstinate  constipation 
(bowels  regular  before),  vomiting,  pain,  tenderness,  and 
localized  tj'inpanites  without  a  tumor  or  a  hernia  will 
point  strongly  to  volvulus.  It  is  not  always  possible  to 
make  out  the  exact  seat  of  the  obstruction,  but  the  symp- 
toms described  will  call  for  exploration. 

Treatment. — Palliative  mc^isures,  purgatives,  rectal  in- 
jections, etc.,  are  worse  than  useless.  An  early  lapa- 
rotomy offers  the  only  liopi-  for  the  sufferer.  When  this 
is  performed  early  the  result  is  very  gratifying,  but  delay 
is  dangerous.  The  m<'sentery  should  be'  sutured  to  the 
abdominid  wall  to  prevent,  recurrence.  When  the  bowel 
is  gangrenous  (which  is  shown  by  its  dark  color  and  the 
ease  with  which  the  i>eritoiieum'  is  separated  from  the 
muscularis),  immediate  resec'tiou  with  end  to  end  or  lat- 
eial  anastomosis,  or  the  formation  of  a  fa'cal  tistida,  is  the 
proper  surgical  procedure  to  be  adopted  in  a  case  of  this 
nature. 

Impaction.— Frecal  im|xictionsare  more  likely  to  occ\ir 
in  the  colon  than  in  the  small  intestine,  but  less  frequently 
perhaps  than  in  the  rectum.  The  right  and  left  iliac  fossie 
are  the  most  frequent  sites.     This  condition  develops  in 
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patients  who  have  a  tendency  to  constipation,  and  the 
accumulation  occurs  more  or  less  slowly  with  intermittent 
attacks  of  diarrha-a  until  ulceration  or  complete  obstruc- 
tion occurs. 

,s;i///y>^«/(.'<.— Sometimes  the  first  symptoms  are  diar- 
rhoja  with  tenesmus,  night  sweats,  lo,ss  of  appetite,  flesh, 
and  strength,  following  a  more  or  less  constipated  con- 
dition. In  time  constipation  will  take  the  place  of  the 
diarrlioea  and  there  will  be  evidence  of  obstruction  asso- 
ciated with  pain,  slight  tenderness,  and  distention.  Ex- 
amination will  reveal  a  tumor  which  is  dougliy  to  the 
feel,  which  can  be  indented,  and  which  varies  in  size  and 
shai)e. 

Treatment. — Large  enemata  of  sahnes,  oil,  soapsuds, 
etc.,  in  Hegar's  knee-chest  position,  with  gentle  kneading 
of  the  abdomen,  will  usually  afford  relief.  If  these  means 
fail,  the  surgeon  should  resort  to  a  laparotomy,  wliich  will 
render  it  possible  to  break  up  the  mass  by  gentle  manipu- 
lation of  the  intestine.  Recurrence  can  be  prevented  by 
the  administration  of  such  remedies  as  belladonna,  nux 
vomica,  aloes,  and  cascara  sagrada  to  tone  up  the  intestine. 
Daily  massage  of  the  abdomen  and  proper  diet  are  of 
marked  benefit.  When  the  mass  is  very  large  and  dan- 
ger of  rupture  of  an  ulcerated  colon  is  present,  a  colotomy 
is  justifiable. 

Tumors. — Benign  tumors  rarely  develop  in  ttie  colon. 
Papillomata,  adenomata,  and  fibromata  sometimes  form 
pedunculated  tumors  that  project  into  the  intestine  and 
thus  may  give  rise  to  intussusception  by  exciting  efforts 
of  expulsion.  They  may  also  grow  to  sutficient  size  to 
produce  obstruction.  As  a  rule  these  growths  are  single, 
but  occasionally  they  are  multiple.  Lipomata  sometimes 
appear  as  pedunculated  growths  upon  the  peritoneal 
surface  of  the  intestine,  where  they  have  as  a  rule  little 
pathological  importance.  These  tumors  also  develop  in 
the  submucous  tissue,  extend  into  the  intestine,  and  may 
even  completely  occlude  the  canal.  HofmokP  reports  a 
case  of  this  kind  in  which  the  tumor  obstructed  the  lumen 
of  the  intestine  for  a  distance  of  several  inches  and  caused 
invagination  of  the  colon.  Annular  benign  growths  are 
sometimes  seen  springing  from  the  middle  coat  of  the  in- 
testine ;  these  are,  as  a  rule,  fibroin j'omata.  Benign 
growths  only  demand  attention  when  they  cause  intus- 
susception or  obstruction.  Sarcoma  attacks  the  colon 
very  rarely  indeed,  even  less  frequently  than  it  does  the 
small  intestine.  Sarcomatous  growths  springing  from 
adjacent  organs  may  involve  the  colon  and  in  the  course 
of  their  growth  produce  obstructiim.  Clinicall)'  it  is 
impossible  to  dilTerentiate  between  sarcoma  and  carci- 
noma of  this  structure.  Sarcoma  possesses  no  tendency 
to  spread  through  the  lymphatics  and  may  be  expected 
to  occur  earlier  in  life  than  carcinoma.  The  final  results 
are  very  similar  in  either  instance.  Owing  to  the  amount 
of  involvement  which  takes  place  before  these  tumors 
are  recognized,  removal  rarely  proves  of  benefit  and  an 
early  recurrence  is  to  be  expected.  Therefore  entero- 
eolostomy,  or  as  it  is  sometimes  called,  short-circuiting 
of  the  intestine,  will  be  the  operation  that  offers  the  most 
to  these  patients.  By  this  proceilure  the  irritation  of  the 
fieces  and  the  tendency  to  obstruction  can  be  relieved. 
Senn  has  proven  that  a  segment  of  intestine  isolated  in 
this  way  is  able  to  rid  itself  of  its  secretions  and  of  faeces 
which  may  enter  it  accidentally. 

C.\RCiNo,M.\. — The  large  intestine  is  somewhat  fre- 
quently attacked  b_y  this  variety'  of  neoplasm;  about 
seven  per  cent,  of  all  cancers  have  their  origin  in  this 
organ.  According  to  Sutton,  ninety-eight  out  of  every 
one  hundred  intestinal  cancers  have  their  origin  in  the 
large  bowel  and  about  seventy-five  of  these  involve  the 
rectum,  ten  the  sigmoid  flexure,  and  fifteen  the  ca'cum 
and  remainder  of  the  colon.  According  to  Leube,  four- 
fifths  of  all  cancers  of  the  large  intestine  occur  in  the 
rectum  and  one-tifth  in  the  colon  and  sigmoid.  These 
growths  spring  from  the  mucous  surface  and  from  the 
glands  of  that  structure  and  infiltrate,  as  they  grow, 
into  the  deeper  tissues  of  the  intestinal  wall.  The  his- 
tological structure  resembles  more  or  less  closely  that  of 
the  benign  adenomata,  yet  this  variety  of  new  growth 
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shows  a  great  tendency  to  infiltrate  surrounding  tissue. 
These  tumors  may  project  into  the  lumen  of  the  intestine 
or  spread  through  the  submucous  tissue  until  the  entire 
circumference  o£  the  bowel  is  involved.  In  time  ulcera- 
tion occurs,  and  with  it  the  contraction  of  the  newly 
formed  tissue  until  the  canal  is  partially  or  completely 
occluded.  Secondary  involvement  of  the  intestine  by 
extension  from  carcinomata  of  neighboring  organs  not 
infrequently  occurs,  and  as  a  ride  such  cases  are  inoper- 
able owing  to  the  wide  dissemination  of  the  disease.  Can- 
cer of  the  large  intestine  may  exist  for  some  time  with- 
out giving  rise  to  any  distinct  symptoms  indicative  of 
its  presence.  During  this  time  some  irregularity  of  the 
bowels  may  be  present,  but  as  a  rule  not  of  suilicient 
moment  to  demand  attention.  After  a  time  there  may 
be  noted  a  sense  of  uneasiness  or  discomfort  in  the  abdo- 
men, and  this  is  soon  followed  by  more  or  less  constant 
pain  and  tenderness.  This  pain  is  at  times  colicky  in  char- 
acter. Loss  of  flesh  and  strength  greatly  out  of  propor- 
tion to  the  discomfort  of  the"  patient  accompanies  the 
foregoing  symptoms.  The  appetite  and  digestion  are  at 
first  unimpaired,  but  cachexia  soon  develops.  When 
ulceration  begins  blood-stained  muois,  shreds  of  broken- 
down  tissue,  and  some  pus  are  passed  with  the  fasces. 
As  the  ulceration  progresses  diarrhoea  and  pain  become 
constant  and  severe,  and  the  slight  septic  intoxication 
which  results  causes  loss  of  appetite  and  auoemia.  Con- 
stipation becomes  more  and  more  marked  until  complete 
obstruction  develops  as  the  result  of  stricture.  Intestinal 
obstruction  may  be  the  first  symptom  to  appear.  Ulcera- 
tion often  occurs  above  the  stricture,  and  a  number  of 
fistuUe  may  form  between  the  two  portions  of  the  intes- 
tine or  between  the  proximal  portion  and  the  surface. 
The  surrounding  parts  become  involved  finally  and  a 
peritonitis  with  ascites  develops.  Examination  at  this 
time  will  reveal  the  presence  of  a  nodular  tumor  unless 
it  is  masked  by  the  ascites.  The  positive  diagnosis  of 
carcinoma  of  that  portion  of  the  intestine  which  is  beyond 
reach  of  the  finger  and  rectal  examination  can  usually  be 
made  only  by  an  exploratory  incision  through  the  ab- 
dominal wall.  Rapid  emaciation  and  the  history  of  ir- 
regularity of  the  bowels,  uneasiness  and  pain  in  the  ab- 
domen, with  a  gradualljf  increasing  costiveness,  will  point 
strongly  to  cancer  of  the  intestine. 

Prognosis. — This  is,  as  a  rule,  a  fatal  affection.  The 
only  chance  offered  for  the  patient  is  by  an  early  and 
complete  extirpation  of  the  disease.  In  cases  in  which 
this  is  impossible  and  in  which  symptoms  of  obstruction  or 
marked  ulceration  are  present,  either  colostomjf  or  lateral 
anastomosis  will  give  temporary  relief  and  perhaps  ex- 
tend the  life  of  the  patient.  Colostomy  is  to  be  per- 
formed when  the  growth  is  in  the  lower  portion  of  the 
intestine.  Lateral  anastomosis  is  indicated  when  the 
growth  is  situated  high  in  the  colon  and  extirpation  is  not 
feasible. 

Operations  upon  the  CoIjON. 

Colotomy. — This  term  has  for  centuries  been  used  to 
designate  the  formation  of  an  artificial  anus,  but  recent 
writers  have  limited  its  meaning  to  incision  of  the  colon 
for  the  purpose  of  making  a  temporary  opening ;  while 
the  term  colostomy  is  applied  to  the  establishment,  by 
operative  measures,  of  a  permanent  opening  into  the 
colon.  Therefore  we  shall  in  this  connection  make  a 
distinction  in  accordance  with  the  literal  meaning  of  the 
terms.  Colotomy  is  indicated  for  the  removal  of  foreign 
bodies  lodged  in  this  part  of  the  intestine,  for  the  relief 
of  ftecal  impactions  which  cannot  be  otherwise  removed, 
for  the  establishment  of  a  temporary  opening  in  a  case  of 
imperforate  anus,  or  in  one  of  ulceration  of  the  rectum 
or  lower  part  of  the  colon.  The  incision  should  be  made 
over  the  swelling  in  the  first  two  instances,  or  in  the  me- 
dian line  if  the  diagnosis  is  not  made.  When  the  operation 
is  made  for  imperforate  anus,  the  left  inguinal  region  is 
best,  as  it  also  is  for  colostomy.  When  the  intestine,  which 
may  be  recognized  by  the  longitiidinal  bands  and  fatty 
appendages,  has  been  pulled  into  the  wound,  the  diagnosis 


sliould  be  confirmed  before  proceeding  with  the  operation. 
The  peritoneum  should  be  protected  with  gauze  and  an  in- 
cision made  longitudinally  through  the  wall  of  the  intes- 
tine. The  foreign  body  or  foecal  concretion  should  then 
be  extracted  and  the  part  thoroughly  flushed  with  saline 
solution.  Closure  of  the  intestinal  wound  is  then  accom- 
plished by  interrupted  Lembert  sutures  of  fine  silk  or  of 
strong  catgut.  The  needle  shoidd  penetrate  the  sub- 
mucosa  which  holds  the  stitch  in  place.  It  will  usually 
be  advisable  to  supplement  with  a  second  row  of  sutures. 
When  one  is  satisfied  that  approximation  is  perfect,  the 
colon  should  again  be  fl\[shed  and  dropped  into  the  ab- 
dominal cavity.  The  abdominal  wall  is  clo.sed  in  the  usual 
manner  without  drainage.  When  the  operation  is  per- 
formed for  imperforate  anus  and  for  painful  ulceration 
and  inflammation  of  the  rectum,  the  intestine  should  be 
brought  only  partially  out  of  the  wound  and  fixed  with 
angulation  so  that  excision  will  not  be  necessary  when  a 
cure  of  the  fistula  is  indicated. 

Arliflcial  Anus  or  Colostomy  in  the  operation  of  form- 
ing a  more  or  less  permanent  opening  from  the  colon  to 
the  surface.     Tlie  indications  for  eolostomjf  are: 

1.  Obstruction  of  the  intestine  below,  (a)  From  inojD- 
crable  tumor ;  (i)  from  stricture  of  the  rectum  or  colon. 

2.  Congenital  malformation  of  the  rectum  and  anus. 

3.  To  relieve  the  pain  and  irritation  of  intractable 
ulceration  of  the  rectum,  either  simple,  syphilitic,  tuber- 
culous, or  cancerous,  and  to  prevent  the  faces  passing 
over  the  diseased  area. 

4.  To  relieve  incurable  recto-vesical  fistula. 

Iliac  Colostomy  ^\ as  first  proposed  by  Littre  in  1710  and 
frequently  is  known  as  Littre's  operation,  although  it 
was  not  performed  until  1776  by  Pillore.  It  was  em- 
ployed at  intervals  after  this  time,  but  with  a  mortalityso 
high  that  it  was  abandoned  in  favor  of  lumbar  colostomy, 
proposed  by  Callisen  in  1796  and  successfullv  performed 
by  Amussat  in  1889.  According  to  the  statistics  of  Dr. 
Batt,  the  mortality  of  the  lumbar  method  was  31  per 
cent,  and  of  the  iliac  53  per  cent.  Mr.  Cripps  performed 
14  lumbar  and  27  inguinal  colostomies  with  one  death. 
With  the  perfection  of  surgical  technique,  the  objections 
to  the  inguinal  method  have  disappeared,  so  that  at  the 
present  time  lumbar  colostomy  is  rarely  performed.  In- 
guinal colostomy  places  the  artifloial  anus  in  a  position 
where  the  patient  can  properly  care  for  it  with  ease. 
The  colon  is  more  readily  accessible  by  this  route  than 
through  the  loin,  and  the  operation  is  equally  safe.  The 
fjBcal  flow  can  scarcely  be  entirelj^  cut  off  from  the  lower 
part  of  the  intestine  in  the  lumbar  operation,  thus  failing 
to  meet  an  important  indication,  and  when  a  long  meso- 
colon is  present  the  lumbar  route  is  useless.  Objections 
have  been  urged  to  the  establishment  of  a  f;ecal  fistula  in 
any  case,  but  patients  can  pass  a  very  comfortable  exist- 
ence for  a  number  of  years  after  its  formation.  Those 
patients  are  most  comfortable  who  have  means  and  leisure 
to  take  care  of  themselves,  but  even  the  working  class 
can  follow  their  usual  vocations  with  comparative  com- 
fort. Some  operators  recommend  excision  of  the  rectum, 
as  the  operation  of  choice,  but  the  majority  of  the  pro- 
fession prefer  colostomy.  When  the  obstruction  lies 
higher  in  the  colon,  the  opening  can  be  made  in  the 
transverse  portion  or  in  the  Cijecum,  but  the  \isual  site  is 
in  the  left  iliac  fossa.  An  incision  about  three  inches  in 
length  should  be  made  parallel  to  Poupart's  ligament  and 
about  one  inch  and  a  half  internal  to  the  anterior  superior 
spine  of  the  ilium.  This  incision  at  its  middle  should 
cross  an  imaginary  line  drawn  from  the  anterior  superior 
spine  to  the  umbilicus.  If  each  layer  of  muscular  fibres 
is  separated  by  blunt  dissection  and  the  retractor  used  to 
keep  the  wound  open,  considerable  control  over  the  orifice 
can  be  obtained  for  the  patient  after  repair  has  occurred. 
The  finger  introduced  into  the  wound  and  carried  deeply 
outward  toward  the  anterior  spine  will  catch  and  bring 
the  colon  into  tlie  wound  where  it  can  readily  be  recog- 
nized. The  intestine  should  be  pulled  down  until  the 
meso-oolon  is  on  the  stretch  to  prevent  prolapse  through 
the  artificial  opening.  The  whole  thickness  of  the  gut 
should  be  brought  out  of  the  wound  to  make  a  strong 
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flexure  and  it  should  be  held  there  by  a  glass  rod,  through 
the  meso-colon  as  advised  by  Maydl,  or  by  a  silkworm- 
gut  suture  as  advised  by  Kelsey. 

The  skin,  the  peritoneum  of  the  panetes,  and  the  wall 
of  the  intestine  should  he  united  by  eight  or  ten  sutures 
of  catgut  or  silk,  thus  closing  the  peritoneal  cavity  from 
chance  of  infection  when  the  intestine  is  opened.  Before 
these  sutures  are  inserted,  one  or  two  silkworm-gut 
stitches  should  be  passed  through  skin,  muscles,  and  fas- 
cia at  the  upper  and  lower  angles  of  the  incision  to  bring 
the  tissues  snugly  about  the  bowel.  The  wound  can  be 
hermetically  sealed  by  a  thin  layer  of  sterihzed  cotton 
and  collodion,  leaving  the  intestine  exposed  for  immediate 
opening  if  desired.  When  the  wall  of  the  intestine  is 
pared  away  some  hemorrhage  may  require  attention.  In 
cases  in  which  the  symptoms  of  obstruction  are  not  urgent 
it  is  quite  proper  to  wait  three  or  four  days  before  incis- 
ing the  intestine,  as  the  mortality  heretofore  has  been 
greatly  decreased  by  such  delay.  General  anajsthesia  is 
usually  unnecessary  for  opening  the  intestine  after  such 
postponement. 

Lumhar  Colostomy.— This,  often  known  as  Amussat  s 
operation,  can  be  more  readily  performed  if  the  colon  is 
distended  as  in  stricture  with  obstruction.  Under  anses- 
thesia  the  patient  should  be  placed  on  his  right  side  upon 
a  firm  pillow  to  arch  the  left  loin  as  much  as  possible. 
A  perpendicular  line  drawn  from  the  middle  of  the  crest 
of  the  ilium,  or,  according  to  AUingliam,  from  a  point  a 
half-inch  behind  the  middle,  will  mark  the  situation  of 
the  colon.  An  incision  four  inches  long  should  be  made 
parallel  to  the  last  rib  and  half-way  between  it  and  the 
crest  of  the  ilium  with  its  centre  in  the  line  just  mentioned. 
The  muscular  tissue  and  fascia  for  the  whole  length  of 
the  wound  must  be  carefully  divided  until  the  transversa- 
lis  fascia  and  the  edge  of  the  quadratus  lumborum  are  ex- 
posed. When  this  fascia  is  cut  through,  the  colon  will 
present  itself.  Unless  it  is  collapsed  it  can  easily  be  recog- 
nized by  its  color,  by  the  thickness  of  its  walls,  and  by 
the  scybalous  masses  which  it  usually  contains.  Care 
should  be  exercised  to  avoid  opening  the  peritoneum. 
The  colon  should  be  drawn  into  the  wound  and  sut- 
ured to  each  margin.  The  wound  should  be  closed 
with  silk-worm  gut,  an  opening  being  left  at  one  point 
for  drainage ;  and  when  obstructive  symptoms  are  not 
vu'gent  several  days  may  elapse  before  the  intestine  is 
opened. 

(Jolectomy. — Excision  of  part  of  the  colon  has  been 
performed  with  considerable  frequency  during  the  past 
ten  years.  The  ileo-cffical  coil  appears  from  the  reported 
cases  to  be  the  part  most  often  removed  (ileo-colectomy). 
Magill  in  1894"  collected  one  hundred  and  four  eases  of 
resection  of  this  portion  of  the  bowel,  with  a  mortalitj' 
of  thirty  per  cent.  The  first  resection  of  the  ileo-ca?cal 
fold  was  jjerformed  by  Krausshold,  1879,  with  a  fatal  re- 
sult. Maydl,  in  1882,  operated  successfully.  Since  that 
time  the  operation  has  become  a  recognized  surgical  pro- 
cedure. The  following  conditions  may  demand  resection 
of  the  colon:  1,  malignant  disease  (carcinoma  and  sar- 
coma); 2,  tuberculosis;  3,  invagination,  acute  and  chronic  ; 
4,  fa3cal  fistula;  5,  gangrene  from  volvulus  or  bands;  6, 
gangrene  from  hernia;  7,  wounds  with  considerable  loss 
of  substance;  8,  inflammatory  strictures;  9,  irreducible 
caecum  in  hernia.'' 

The  feasi))ility  of  resection  can  be  determined  only 
after  exploration  and  inspection  of  the  diseased  intestine. 
The  most  frequent  indication  for  the  operation  will  be  a 
removable  malignant  growth;  the  other  conditions  men- 
tioned are  also  frequently  best  treated  by  colectomy. 
The  larger  number  of  fatalities  a])pear  to  lie  "due  to  faulty 
technique,  and  improvement  along  tliisline  will  materially 
lessen  the  death  rate.  The  mortality  dilTei-s  materially  i'n 
the  different  conditions  that  call  for  the  o]ieration,  l)eiiig 
16.6  per  cent,  in  tuberculous  disease  and  as  high  as  40  iier 
cent,  in  invagination.  Cancerous  cases  sliow'  a  nuu-tality 
of  33^  per  cent.  This  appears  to  show  Ihal  the  peritoneuin 
will  prove  more  resistant  to  infection  in  (ul)ereulous  cases 
than  in  any  others,  and  can  then  be  handled  with  a  greater 
degree  of  safety. 


The  preparation  of  the  patient  should  be  the  same  as 
that  carried  out  for  any  abdominal  operation  and  should 
receive  the  most  careful  attention.  In  cases  of  obstruc- 
tion purgatives  cannot  be  used,  but  in  other  instances  the 
canal  should  be  thoroughly  emptied  of  its  contents.  The 
line  of  incision  will  depend  upon  the  part  of  the  colon 
involved.  Any  portion  can  be  reached  by  a  median  in- 
cision, but  the  operations  upon  the  cascum  or  sigmoid 
flexure  will  prove  very  diflicult  through  such  an  inci- 
sion. One  case  is  recorded  in  which  an  incision  from  the 
ensiform  to  the  pubes  was  found  neces.9ary  in  order 
to  complete  the  operation.  For  the  two  regions  men- 
tioned an  incision  in  the  respective  iliac  region  four 
inches  long,  parallel  with  and  about  one  inch  and  a  half 
internal  to  Poupart's  ligament,  with  its  centre  on  a  leval 
with  the  iliac  spine,  will  prove  satisfactory.  This  can  be 
extended  directly  upward  if  desired  after  digital  explora- 
tion of  the  region.  All  bleeding  from  the  wound  should  he 
arrested  before  the  peritoneum  is  opened.  The  diseased 
portion  of  the  intestine  should  be  well  isolated  by  gauze 
pads  to  prevent  contamination  of  the  peritoneal  cavity. 
The  mesentery  of  the  segment  to  be  removed  should  be 
tied  off  in  sections  or  clamped  and  ligatured  after  the 
bowel  is  removed.  The  first  is  perhaps  the  better  method. 
These  ligatures  should  be  of  strong  catgut  and  the  in- 
cluded mesentery  should  not  extend  beyond  the  point  at 
which  the  intestine  is  to  be  divided.  The  bowel  above 
and  below  the  portion  to  be  removed  is  emptied  as  nearly 
as  possible  of  its  contents  and  held  firmly  closed  by  the 
fingers  of  an  assistant,  by  rubber-covered  clamps,  or  by 
gauze  tapes.  In  competent  hands  the  first  plan  is  the 
best,  as  there  is  less  danger  from  pressure  exerted  in  this 
manner.  The  intestine  is  then  divided  by  sharp  scissors 
and  dissected  carefully  away  from  the  surrounding  parts. 
Watch  must  be  kept  for  the  ureter,  which  may  be 
wounded  in  resection  of  either  end  of  the  colon.  The 
continuity  of  the  intestine  can  then  be  restored  (1)  by 
end-to-end  sutures,  (2)  by  lateral  anastomosis  accom- 
plished by  means  of  absorbable  plates,  (3)  by  lateral  or 
end-to-end  anastomosis  with  the  aid  of  Murphy's  but- 


FiG.  1468.— Murphy's  Buttons. 

tons,  (4)  by  lateral  implantation  in  ileo-colectomy,  or 
(5)  by  lateral  anastomosis  with  the  aid  of  clamps  of  H. 
H.  Grant  or  La  Place.  In  cases  in  which  the  patient's 
condition  will  not  permit  the  ccnnplction  of  any  of  these 
steps  a  ftrcal  fistula  can  be  formed.  It  should  be  remem- 
bered, however,  that  this  entails  the  danger  of  a  later 
operation  and  therefore  should  be  avoided  if  possible. 
The  end-to-end  suture  may  be  accomplished  by  the 
method  of  Czerny-Lcmbcrt  (modified  by  Woelffler),  which 
calls  for  two  rows  of  sutures,  the  first  penetrating  the 
mucous  and  muscular  coats,  but  not  the  serous.  Avoid 
infection  of  the  peritoneum,  which  is  inverted  1)}'  the 
second  row  of  sutures  inserted  after  the  method  of  Lem- 
bert.  The  following  method  is  more  often  emploj'cd: 
The  cut  ends  of  the  intestine  are  held  together  by  an  as- 
sistant while  four  or  six  interrupted  Lembert  sutures  are 
inserted  at  intervals  around  the  bowel  to  approximate  the 
segments.  These  sutures  should  invert  less  than  one- 
eighth  of  an  inch  of  the  open  wall  of  the  intestine,  thus 
bringing  the  serous  surfaces  into  apposition.  Another 
row  of  Lembert  sutures,  interrupted  or  continued,  should 
be  applied  over  the  approximation  sutures  to  render  the 
closure  efflcient.  The  greatest  difliculty  in  preventing 
leakage  will  be  experienced  at  the  mesenteric  border; 
therefore  especial  care  must  be  given  to  suturing  at  that 
point.    Too  great  inversion  of  the  cut  edges  may  produce 
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obstruction  wlicn  repair  is  accniii])lis]ied.  The  operator 
sliould  be  perfect!}'  sure  tlnit  tlie  walls  of  the  iiitesliiie 
are  impervious  and  that  its  lumen  lias  been  restored  lie- 
fore  lie  completes  the  other  steps  of  Ihe  operation.  This 
can  be  delenuiued  by  forcing  the  contents  from  above 
through  the  point  of  anastomosis,  -while  the  intestine  is 
occluded  below  b.y  pressure  of  the  hand.  The  exjiosed 
parts  should  be  thoroughly  flushed,  the  redundant  mesen- 
tery folded  and  sutured  in  such  a  manner  that  it  cannot 
possibly  produce  strangulation,  and  the  intestine  dropped 
into  the  abdomen.  When  the  suturing  is  perfect  there 
need  be  no  fear  of  extravasation,  and  gauze  wicks  are 
therefore  unnecessary  and  often  productive  of  harm. 
The  omentum  is  drawn  down  in  fnint  of  the  intestines 
and  the  abdomen  closed  without,  any  provision  being 
made  for  drainage.  It  has  been  claimed  that  anastouK)- 
sis  by  suturing,  either  end-to-end  or  laterally,  requii'es 
considerably  more  time  than  when  absorbable  plates  or 
buttons  are  employed,  that  leakage  is  more  likely,  and 
therefore  that  it  is  not  as  useful  as  "one  of  the  latter'meth- 
ods.  The  same  amount  of  preparation  for  this  operation 
in  the  dead-house  or  upon  animals  will  make  an  operator 
about  equally  expert  in  the  use  of  either  plan.  Leakage 
is  no  more  likely  from  direct  suturing  than  when  soiue 
apphance  is  used,  and  perhaps  less  so,  owing  to  the  slough- 
ing which  sometimes  follows  the  use  of  either  the  but- 
ton or  the  absorbable  plate.  The  Murphy  button  will 
undoubtedly  prove  the  most  rapid  method  for  anasto- 
mosis, and  in  the  colon  will  cause  little  inconvenience 
from  its  presence  as  a  f(M-eign  body.  The  different  forms 
of  clamps  proposed  for  anastomosis  require  more  skill  in 
manipulation  than  the  other  methods,  save  nothing  in 
time,  and  will  scarcel}'  be  generally  adopted.  The 
Murphy  button  is  the  best  of  the  mechanical  aids  to  in- 
testinal suturing,  and  is  equally  suitable  for  end-to-end 
or  lateral  anastomosis.  One  section  of  the  button  is  held 
in  the  open  intestine  by  a  running  stitch,  known  as  a 
purse-string  sulurfe,  which  is  pulled  tightly  around  the 
button  as  it  is  tied.  The  sections  of  the  button  are  then 
pushed  together  and  locked.  A  few  stitches  can  be  in- 
serted to  reinforce  the  line  of  coa])tation.  The  mesentery 
should  be  caix-d  for  as  in  the  diiect  suture  and  the  opeia- 
tion  completed  in  the  same  wa.y. 

L.\TERAL  Anastomosis  by  Plates. — The  open  ends 
of  the  intestine  should  be  closed  by  two  la3'ers  of  tine 
silk  sutures  passing  deeply  enough  to  catch  the  suli- 
mucosa,  then  an  incision  is  made  in  each  bowel  opposite 
its  mesentery  about  one  inch  and  a  half  from  the  closed 
end  and  long  enough  to  admit  the  narrow  diameter 
of  the  absorbable  plate.  The  plates  proposed  by  Senn 
are  made  of  compact  ti.ssue  of  a  large  beef  hone  which 
has  been  decalcilied  by  immersion  in  ten-per-cent.  solu- 
tion of  hydrocMoric  acid.  Oval  plates,  7  cm.  lon,g,  3  cm, 
wide,  and  5  mm.  thick,  are  then  cut  out  of  the  bone.  An 
elliptical  opening  is  made  in  the  centre  of  the  plate  3  cm. 
long  and  7.5  mm.  wide.  At  each  end  and  at  the  middle 
of  each  side  a  hole  is  jiunched  in  the  bone  near  the  mar- 
gin of  the  opening.  Through  these  holes  double  threads 
are  carried,  leaving  a  needle  at  each  lateral  hole  and  a 
knotted  thread  at  each  end.  When  the  plates  are  placed 
longitudinall_y  in  the  intestine  the  needles  penetrate  its 
wall  and  the  corresponding  threads  are  tied  snugly  to 
those  of  the  oppo,site  plate.  In  this  way  the  two  intes- 
tines are  approximated.  A  continuous  Lembert  suture 
completes  the  anastomosis.  The  only  objection  to  this 
method  is  the  danger  of  infection  through  the  stitch 
wounds  in  the  intestinal  wall.  Von  Baracz'  vegetable 
plates  are  cut  of  the  same  size  and  shape  as  Senn's  bone 
plates  and  the  operation  is  performed  in  the  same  manner. 
Many  other  mechanical  appliances  have  been  proposed, 
but  the  ones  mentioned  are  the  best. 

Lateral  Ijiplaktation  is  the  method  of  suturing  the 
cut  end  of  the  small  bowel  into  an  incision  in  the  colon. 
The  incision  in  the  colon  is  made  longitudinally  and  is 
not  quite  so  long  as  the  diameter  of  the  ileum.  The  end 
of  the  ileum  is  fastened  into  the  side  of  the  colon  by  four 
sutures,  one  at  each  end  of  the  longitudinal  incision  and 
one  at  either  side.     As  each  knot  is  tied  the  suture  is  car- 


ried insid(!  the  colon  and  is  left  long  enough  to  draw  the 
Ime  of  suture  out  at  the  open  extremity.  The  suturing 
IS  then  completed  inside  the  gut.  After  replacement, 
the  serous  surfaces  are  sutui-ed  together  outside  the  in- 
testine for  reinforcement.  The  end  of  the  colon  is  then 
closed  by  inteniipted  Lendiert  sutures. 

Al'ter  excision  of  the  intestine  the  patient  should  have 
no  solid  food  for  about  four  days.  The  diet  should  cou- 
si.st  of  liquid  easily  as.similal)le  food.  On  the  thiid  day  a 
laxative  can  be  administered,  and,  after  the  bowels  move, 
feeding  can  be  commenced.  ,/.  Gniiund  HlierrUl. 

Bibliographical  References. 

'  St.  Bartliolomew's  Hospital  Reports,  1887,  vol.  xxlil.,  p.  313. 
''  Med.  History  of  War  of  Reliellion,  part  ii.,  vol.  1.,  p.  504. 
=  Traiisai-tlons  rijniral  Sorieiv,  London,  vol.  xxvi.,  p.  213. 
^  British  Medical  .loiirnal,  vol",  ii.,  |).  1.5.5(1. 
'Annual  Univ.  Med.  Sraences,  isii:!,  vol.  iii.,  c-41. 
"Annals  of  Surgery,  vol.  xx.,  p.  IH2. 
'One  case,  Clarke,  1893. 

COLONIAL  SPRINGS.— Suffolk  County,  New  York. 

Post-Office.— West  Deer  Park.  Hotel  (Colonial 
House!  new. 

Access.- Via  Long  Island  Railroad,  34  miles  cast  of 
New  York. 

These  springs  are  situated  near  the  base  of  a  bluff  that 
stands  about  one  hundred  feet  above  the  great  plain  of 
Long  Island,  the  water  rising  up  through  a  large  deposit 
of  clay  in  which  are  found  considerable  (juantities  of  iron 
and  other  minerals.  The  location  is  about  two  lumdred 
feet  above  the  sea  level  and  near  the  middle  of  the  island, 
being  5  miles  from  Babylon,  on  the  Great  South  Bay, 
and  7  miles  from  Huntington,  on  the  Sound,  It  is 
said  that  the  atmospheric  temperature  during  the  winter 
months  will  average  four  degi-ees  warmer  than  at  Lake- 
wood,  N.  J.  There  are  two  springs  in  use,  known  as  the 
"Colonial"  and  the  "Mo-Mo-ne"  Spring.  The  former 
has  been  known  and  used  foi'  many  yeais  by  peojile  in 
the  vicinity  suffering  from  kidnej'  troubles.  While  ex- 
cavating to  make  a  reservoir  for  the  "  Mo-Mo-ne  "  several 
,years  since,  four  Indian  wells  were  discovered  two  or 
three  feet  below  the  present  surface.  These  were  made 
from  the  trunks  of  the  swamp  aspen,  or  poplar — a  tree 
of  the  Southern  States.  The  trunks  had  been  burnt  out 
in  the  centre  with  hot  stones,  in  the  same  way  that  the 
Indians  employed  in  constructing  their  canoes.  The 
.smallest  of  the  wells  was  left  in  position,  while  the  others 
are  on  exhibition  at  the  Colonial  House.  This  discoveiy 
seems  to  prove  bej'ond  a  doubt  that  the  -svaters  here  were 
known  to  and  used  by  the  aborigines  before  the  advent 
of  Europeans. 

The  waters  of  the  two  springs  were  analj'zed  in  1894 
by  Professors  Chandler  and  Pellew,  of  Columbia  College, 
New  York : 

One  Uxited  States  Gallon  Contals's: 

Colonial      Mo-Mo-ne 
Solids.  Spring,         Spring, 

Grains.         Grains. 

Potassium  sulphate 0.19  0.13 

Potassium  rhloiidc «  .(« 

Sodium  chloride- SO  .48 

Sodium  .■arlionatc .01! 

Calcium  carlioualc 38  .119 

Macnrsiu in  carbonate 1"  .13 

Oxide  of  iron  and  aluminum 03  .03 

Sihca 44  .47 

Organic  and  volatile  matter 09  .19 

Total 2.50  1.03 

These  waters  are  very  pure,  the  analysis  showing  but 
a  minute  proportion  of  organic  matter.  They  are  well 
qualitied  for  domestic  use.  The  Colonial  Spring  is  similar 
to  the  Poland  Spring  of  Maine.  The  water  has  a  mild 
diuretic  and  tonic  action.  It  has  been  found  useful  in 
kidney  and  bladder  troubles,  and  may  be  taken  in  hirge 
quantities.  James  K.  Crook. 

COLOPHONY.     See  Roiin. 
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COLOR  PERCEPTION,  NORMAL  AND  SUBNOR- 
MAL.*—Normal  Color  Perception.— Wlien  the  most 
extended  nomenclature  for  color  and  the  richest  human 
color  sense  are  compared  with  the  almost  incalculable 
numbers  of  ethereal  vibrations  that  are  representative  of 
separate  and  special  color  impulses,  it  will  be  realized 
that  every  human  subject  lias  a  limited  power  of  receiv- 
infc  and  interpreting  color  impressions. 

The  vast  extent  of  color  jiower  po.s.sessed  by  some  na- 
tions, the  wide  range  of  the  so  called  Radde's  color  scale, 
so  much  used  at  the  ]iresent  time  for  commercial  pur- 
poses, and  the  wonderful  ability  of  the  world-renowned 
Chevreul,  all  sink  into  insignificance  when  they  are 
thought  of  in  connection  with  what  might  be  visible 
were  the  human  organs  of  vision  better  developed  and 
able  to  function  to  greater  degi'ees. 

The  meiest  dillerence  of  number  of  vibratory  move- 
ments— a  single  difference — makes  a  change  in  color,  and 
each  color  change  gives  a  different  degree  of  sensory  im- 
pul.se.  It  is  not  the  artificial  mental  division  of  the  solar 
color  spectrum,  for  example,  into  the  well-known  seven 
integral  parts  (violet,  indigo,  blue,  green,  yellow,  orange, 
red)  that  should  be  considered.  It  is  not  the  unscientific 
and  oftentimes  nonsensical  anatomical  construction  of  a 
color-perceiving  apparatus  into  adapted  component  por- 
tions that  is  obligatory.  Coarse  specialization  of  receiv- 
ing tip,  transmitting  fibre,  and  discharging  molecule  is 
unnecessary.  Supposed  peculiarities  of  physiological 
action,  brought  forwaid  in  order  to  explain  well-known 
visual  phenomena,  are  useless.  For  example,  chemical 
chromatic  and  achromatic  actions  (Wundt) ;  differences 
of  excitation  of  the  retinal  rods  and  cones  (Lederer); 
localized  vibratory  actions  in  the  macular  region  (Salom) ; 
vibration  movements  of  the  retinal  sheet  (Delbouef); 
movable  color  molecules  in  the  cerebral  color  centres 
(Krenchel);  paired  anachromatic  and  katachromatic  cones 
(Preyer);  and  the  better  known  three-fibre  and  triple- 
molecule  theories  claimed  to  be  outgrowths  of  Wilnsch's 
hypothesis  (Young-Helmholtz,  Maxwell,  Raehlmann,  and 
Helmholtz),  as  well  as  the  most  remarkaljle  supposed 
dissimilative  and  assimilative  powers  of  paired  sensa- 
tions, said  to  have  found  birth  in  Schopenhauer's  theory 
of  color  vision  (Hering),  constituting  the  mfist  important 
hypotheses  that  have  been  offered — are  all  fallacious  and 
unscientific.  These  and  their  many  thoughtlessly  ac- 
cepted modifications  are  in  the  main  so  ridiculous  when 
they  are  made  correlatively  to  apply  to  the  other  special 
senses,  that  it  seems  remarkable,  considering  the  present 
state  of  minute  research,  that  they  are  allowed  to  remain 
so  frequently  unchallenged  and  unattacked. 

The  fact  is,  that  every  difference  of  color  wave  gives  a 
different  degree  of  phy.sical  impact,  as  it  were,  ui)on  the 
one  and  the  same  receiving  tip.  Each  such  tip  receives 
such  an  impression,  and  in  strict  conformance  with  its 
individual  ability  transforms  the  impress  into  an  equiva- 
lent active  energy.  Each  transmitting  fibre  carries  this 
transformed  energy  to  its  anatomical  representative  in  the 
cerebral  cortex,  in  which  situation  it  is  ready  to  be  re- 
ceived and  interpreted  by  a  .series  of  complicated  sen- 
sorial acts. 

The  most  highly  specialized  receiving,  transmitting, 
and  discharging  portions  of  thecf)lor  apparatus  are  those 
that  have  their  peripheral  teiniinations  situated  in  the 
macular  regions  of  the  eyeball,  at  the  int<'rnal  ending  of 
what  is  known  as  the  direct  axis  of  visidn.  These,  as 
well  as  the  other  receiving  lipsor  ])eripheral  tei-minations 
of  the  sensory  neurones,  are  liathed  or  dipped,  as  it  were, 
to  difl'erent  degrees  in  a  number  of  photochemical  sub- 
slaiices  Avhieh  (luring  theii-  activity  aic  b<>ing  both  con 
stimtly  used  and  renewed.  Tlii>  newly  made  energies 
rush  centripi'lally  along  the  transmitting  portions  of 
their  related  niMironic  (issues  tn  IJH'ir  connected  internal 
prolongations  in   the  oecipittd  cortex,  and   thus  produce 

*Thisl,rl..f  arll.'l,.  isii  pnirtlciil  i..xr,fcssi..n  ,.f  mnch  iri(livf(tual  r.\- 
pmiiH-ntal  work  m,  thi-  subj.vt,  as  w.'ll  as  a  iv,ni|.ilatl.ill  i.f  Uic  many 
Triin.,r  rurnitiimiratiniis  llial,  I  l.avi'  from  linir  a,  lliii..  piihlisl.i.d  in  Hip 
„r,  '?  ''V'm'  .  ,  """■'■  <l''t"ll'''l  aiTcamt  is  rnservci  fnr  an  extKllUed 
monufcrapli  that  I  am  prcr.arlng  for  early  publii-atioti. 


corresponding  changes  in  the  cortical  structures  by  whicli 
momentary  molecular  mosaics  that  are  the  exact  repre- 
sentatives of  the  component  parts  of  the  peripherally 
placed  retinal  pictures,  are  obtained. 

Each  element  of  the  neuronic  system  has  its  individual 
duty  to  perfoi-m,  and  each  portion  of  every  particular 
neurone  does  its  specific  work ;  so  that,  as  a  finite  result, 
a  composite  expression  of  that  part  of  the  external  world 
which  is  visible  is  placed  in  a  position  for  perception  and 
recoguiti(ra. 

As  each  particular  sensory  neurone  has  its  relative 
power,  and  as  the  most  liighl}'  developed  ones  are  situated 
directly  in  the  visual  axis,  color  perception  is  found  to 
be  the  best  along  the  line  of  fixation ;  red,  for  example, 
being  the  farthest  seen,  followed  by  yellow,  blue,  and 
green.  Moreover,  as  might  be  expected,  each  sensory 
neurone  accomplishes  its  work  with  a  certain  degree  of 
celerity :  for  instance,  yellow  is  said  to  be  the  most 
quickly  seen,  followed  by  blue,  red,  and  green. 

From  this  central  area  of  highest  grade  of  perception 
of  color  difference  and  amount  of  color  saturation,  a  more 
extensive  area  in  which  the  less  and  less  difficult  of  color 
changes  are  successively  lost,  extends  in  all  directions. 
This  field  of  color  vision,  as  it  is  called,  extends  normally 
to  its  greatest  breadth  down  and  out.  The  order  of  the 
field  widths,  as  seen  clinically  for  a  few  of  the  colors  that 
are  the  most  commonly  employed,  are  green,  red,  blue, 
yellow,  and  white. 

As  with  the  individual  sensor}^  neurones,  so  with  the 
various  composite  series.  There  is  the  greatest  difference 
in  the  color-perception  value  of  difl'erent  individuals.  Vis- 
ual apparatuses  are  just  as  unlike  as  are  any  of  the  other 
physical  structures.  The  working  power  and  the  re.sidt- 
ant  physiological  expression  of  tlie  sensory  acts  are  pe- 
culiar and  idiocratic  for  similar  degrees  and  amounts  of 
external  stimuli.  Each  apparatus  holds  its  own  grade  of 
physical  material  and  hence  possesses  its  independent 
value  of  working  force.  This  constitutes  a  true  ex- 
pression of  the  entire  worth  of  the  color  apparatus.  It 
is  the  sum  total  of  its  powers.  It  represents  the  greatest 
capabilitjr  of  the  color-perceiving  elements  to  be  acted 
upon. 

Totally  different  from  this  is  the  linntation  of  color 
perception  that  is  dependent  upon  deficient  functional 
activity  as  the  result  of  want  of  educaticm  in  color  and 
lack  of  color  training.  Racial  differences,  sexual  pecu- 
liarities, and  constant  association  with  color  differentia- 
tion, all  play  their  effective  roles  in  this  type  of  defect. 
Many  nations  will  possess  finer  color  differentiation  .pist 
as  long  as  their  inhabitants  continue  to  employ  the  recog- 
nition of  color  as  one  of  their  most  important  means  of 
existence.  'Women,  who  as  a  rule  live  among  color 
changes  more  continuously  than  men,  must  perforce  al- 
most constantly  exceed  the  male  sex  in  their  color  powers; 
while  workers  in  color,  no  matter  of  what  sex  or  nation, 
m\ist  necessarily  acquire  a  much  better  color  sense  than 
those  whose  occupati<ms  do  not  require  the  determina- 
tion of  color  differences.  This  can  be  well  understood 
when  it  is  considered  that  an  ediicated  musician  is  able 
to  enjoy  musical  soiuuls  that  are  ignored  and  in  fact  un- 
heard liy  tliose  who  have  less  trained  auditory  appa- 
ratuses. In  other  words,  education  and  training  bi'ing 
into  recognized  activity  neuronic  olemenl  s  of  color  seeing 
and  sound  hearing  that  usually  remain  dormant  and  un- 
euiiiloyed. 

Color  perc<'iition  may  be  produced  in  several  ways; 
that  is,  the  neuronic  elements  may  be  excited  into  action 
by  stimuli  of  variovis  types  and'  from  different  places. 
The  visual  sensory  neurones,  composed  of  physical  ele- 
ments that  are  adapted  for  the  production  of  visible 
color,  will,  no  matter  in  what  way  excited,  give  visual 
perception  results.  They  are  made  for  tliis  purpose 
alone.  In  every  such  response  there  is  a  dual  act:  first, 
the  cmphiyment  of  sufficient  material  to  produce  the 
visibility  of  the  impinging  color  impulse  or  otherwise 
provoked  stimulus;  and  second,  the  reformation  of  an 
adequate  amount  of  substance  to  allow  the  immediate 
perception  of  a  fresh  impression. 
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Ordinariljf,  the  impulse  is  received  directly  through 
the  peripheral  tips  of  the  neurones  in  the  macular  regions 
of  the  ocular  retina,  giving  what  is  known  as  direct 
vision.  At  the  same  time,  a  whole  series  of  surrounding 
impulses  are  acting  upon  the  circummacular  regions  of 
the  same  retinas,  producing  indirect  vision  ;  the  two  com- 
posing what  is  clinically  termed  fields  of  vision  and  con- 
stituting the  entire  amount  of  physiological  action  of 
the  commonly  employed  visual  apparatus. 

Symptomatic  color  expressions  of  inadequacy  in  this 
process,  resulting  from  the  response  of  remaining  neuronic 
energies  after  perception  of  a  primary  impulse  has  taken 
place  and  before  any  fresh  material  in  the  sensory  neu- 
rones has  been  obtained,  are  known  as  subjective  after 
color  perception  (so-called  complementarj- colors,  because 
the  energy  left  is  always  equal  to  the  "subjective  com- 
plement of  the  primarily  seen  color).*  These  are  many 
and  most  varied.  For  example,  if  a  small  red  wafer  be 
superimposed  upon  a  sheet  of  white  paper,  and  the  eye 
made  to  gaze  intently  upon  it  for  a  tew  seconds'  tinie, 
the  underlying  white  areas  will,  when  the  wafer  is  sud- 
denly removed,  appear  green  in  tint.  Here  the  sensory 
neurones,  having  been  excited  and  employed  so  as  to  allow 
the  perception  of  a  red  area  in  a  white  field,  have  sud- 
denly exposed  to  them  an  area  (previously  occupied  by 
the  red)  necessitating  a  greater  degree  of  energy  than 
that  which  was  requisite  for  the  perception  of  the  red. 
The  neurones  used  for  this  area,  thus  lowered  in  their 
powers  bj'  the  red,  give  answer  to  their  utmost  ability, 
which,  in  this  example,  is  merely  sutlicient  to  produce  the 
perception  of  green. 

Again,  among  what  is  known  as  simultaneous  contrast 
colors,  the  answer  is  similar.  Here  the  contiguous  por- 
tions of  the  peripheral  parts  of  the  sensory  neurones  are 
unequally  excited  at  the  same  moment,  giving  rise,  as  the 
conditions  varj^,  to  all  manner  of  combinations  of  adjacent 
objective  and  subjective  colorations.  So,  too,  with  the 
alternating  subjective  after-colors,  or  "multiple  comple- 
ments" as  they  are  termed,  in  which  alternating  subjec- 
tive perceptions  of  red  and  green,  for  instance,  are  set 
into  activity.  These  are  most  probably  dependent  upon 
momentary  regains  and  discharges  of  neuronic  energies 
that  are  equal  at  the  moment  for  the  perception  of  the 
colors  recognized. 

If  color  perception  be  produced  by  an  iri-itant  other 
than  color  stimulus,  no  matter  in  what  portion  of  the 
sensory  neurones  it  may  be  situated,  the  result  is  known 
as  subjective  color.  Blows  upon  the  eyeball,  irritation 
of  the  pei-ipheral  tips  in  the  retina  through  inflammation 
in  the  contiguous  tissues,  vascular  changes,  neural  dis- 
oi'der — all  these,  for  example,  serve  as  etiological  factors 
in  the  production  of  this  form  of  neuronic  activity. 

SuBKOHMAL  CoLon  PERCErTiON. — As  previously 
stated,  every  human  visual  organ  is  adequate  for  the 
perception  of  but  few  of  the  color  diSereuces  that  are 
resident  in  the  spectrum  of  the  sun  or  other  illuminant; 
but  although  each  color-perceiving  apparatus  has  its 
limitations,  yet,  as  can  be  well  understood,  there  is  an 
average  perception  below  which,  should  any  individual 
set  of  organs  fall,  it  must  be  considered  as  having  reached 
a  subnormal  stage  and  should  be  placed  among  the 
defective. 

Forming  but  a  part  of  so-called  abnormal  color  vision 
(which  is  not  infrequently  abnormally  increased  in  cer- 
tain types  and  stages  of  organic  disorder  and  disease),  it 
expresses  itself  by  a  diminution  of  the  color  lields,  a  les- 
sening of  saturation  or  intensity  of  the  colors  themselves, 
and  a  loss  of  differential  coloration. 

Known  and  recognized  for  many  years  past,  it  at  first 
offered  itself  as  a  mere  literary  curiosity.  Later,  better 
understood,  it  became  a  well-appreciated  fact. 

Among  the  earliest  reported  cases  mention  may  be 
made  of  that  seen  by  Tuberville,  referred  to  in  a  letter 
written  to  the  Royal  Society  in  London  in  1684.     In  this 

*  This  Is  well  corroboratea  by  the  experiments  of  Herschel,  Wart- 
man,  and  Kelland,  in  which  it  was  shown  "  that  the  complements  no 
more  than  the  primaries  showed  to  color-blind  as  they  do  to  normal 
eyes." 
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communication  he  says,  "a  maid  two-and-twenty  years 
old  came  to  me  from  Banbury,  who  could  see  very  well, 
but  no  color  besides  black  and  wdiite,"  etc.* 

Nearly  one  hundred  years  later,  in  1777,  Huddart  gave 
a  detailed  account  of  an  intelligent  shoemaker,  one  of 
three  brothers  with  congenital  color  defect,  who  at  about 
foui-  years  of  age  had  his  attention  first  called  to  his  in- 
firmity by  his  being  unable  to  recognize  a  peculiarity 
which  othei-s  attached  to  a  certain  stocking  by  calling  it 
red.  Later,  he  observed  that  he  was  unable  to  differen- 
tiate red  cherries  from  green  leaves,  except  by  form.  It 
was  afterward  determined  by  scientific  investigation  that 
he  was  almost  wholly  devoid  of  color  sense. f 

Two  years  latei',  possibly  attracted  by  Huddart's  de- 
scription, Scott  reported  his  own  case  in  which  yellow 
and  deep  blue  were  alone  readily  distinguished. 

Fifteen  years  after  this,  appeared  the  report  of  the  well- 
knowm  historic  case  of  the  chemist  Dalton.  Occasionally 
making  a  study  of  botany  he  accidentally  discovered  that 
the  color  of  the  flower  Geranium  zonale,  which  is  pink, 
appeared  "  sky  blue  "  by  day  and  "  red  "  by  night.  Pur- 
suing a  series  of  investigations  with  the  solar  spectrum  he 
found  that  he  could  not  see  any  other  colors  than  "yel- 
low "  and  "blue"  or  "yellow,"  "blue,"  and  "purple." 
The  portion  which  is  ordinarily  seen  as  red  appeared  to 
him  as  "little  more  than  a  shade  or  defect  of  light." 

Passing  on  to  NiehoU's  case  of  a  "red-green"  blind 
boy  of  eleven  years  of  age,  and  a  forty-nine-year-old 
man  in  whom  "  the  different  shades  of  red  and  green,  I 
know  not  to  which  they  belong :  but  when  they  are  before 
me,  I  see  a  difference  in  the  shade,"  reported  in  1816  and 
1818,  we  are  brought  to  Hays'  Wills'  Hospital  case  seen 
in  1840,  Earle's  family  history  in  1845,  and  Wilson's 
Inglis  case  noted  in  18.5.'5. 

It  is  useless,  however,  to  argue  that  the  cultivation  of 
the  color  sense  was  carried  as  far  among  the  ancients  as 
it  is  at  the  present  time.  Pliny,  in  speaking  of  the  paint- 
ings of  Apelles,  who  flourished  about  three  hundred  _years 
before  Christ,  says  "  that  all  these  wonderful  paintings, 
which  were  the  admiration  of  all  mankind,  were  painted 
only  with  the  four  primitive  colors";  and  Cicero,  in  one 
of  his  books  "  De  Oratore,"  makes  Crassus,  in  a  conversa- 
tion upon  the  comparative  beauty  of  ancient  and  modern 
painting,  say,  "  Let  us,  for  instance,  consider  our  modern 
paintings.  Can  anything  be  more  splendid  and  livelj'  ? 
What  beaut]',  what  variety  of  colors !  How  sujierior  are 
they  in  this  point  to  those  of  the  ancients !  "  And  Diony- 
sius  Halicarnassensis,  who  flourished  about  the  time  of 
Augustus,  remarked  that  "  the  ancients  were  great  de- 
signers, and  understood  perfectly  all  the  grace  and  fervor 
of  expression,  though  their  coloring  was  simple  and  little 
various.  But  the  modern  painters,  who  excel  in  color- 
ing and  shades,  are  vastly  far  from  designing  so  well, " 
etc. 

At  present,  all  subnormal  color  perception  is  subdi- 
vided into  two  great  groupings.  'The  l:rst  is  the  con- 
genital, consisting  in  a  ^^'ant  of  properly  formed  physical 
material :  a  true  structural  incapability  as  it  were.  The 
second  is  the  acquired,  in  which  either  a  properly  made 
material  or  even  a  badly  formed  structure  is  lowered  in 
its  vitality  by  injury  or  disease  occurring  during  its 
functional  existence ;  a  traumatic  or  pathological  change 
taking  place  in  the  working  lifetime  of  the  color  ap- 
paratus. The  former  is  fixed  and  irremediable.  The 
latter's  betterment  is  always  in  direct  relation  with 
the  nature,  the  seat,  and  the  progress  of  the  causative 
condition. 

At  the  present  tiine,  the  congenital  form  is  found  in 
about  one  out  of  every  thirty  males,  and  in  about  one  in 
every  thousand  or  more  females.  Heredity  plays  an  im- 
portant part  in  its  production.  Horner's  law,  based  upon 
his  remarkable  series  of  ancestral  cases,  is  quite  frequently 
noticed. 

*  Dawbeney's  case  of  a  thirty-two-  or  thirty-three-year-old  woman  is 
probably  the  same  one.  Spurzhelm  describes  a  series  of  similar  cases 
in  one  family, 

■t  In  1779  Eozier  makes  mention  of  Calarean's  inability  to  distin- 
guish between  red  and  green. 
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Wilson,  Wartmann,  and  Jeffries  have  all  noted  a  pecul- 
iar facial  expression,  principally  ocular,  in  these  cases. 

The  current  naming  of  the  various  types  of  subnormal 
color  perception  depends  upon  whether  the  affected  sub- 
ject is  designated  by  the  coarse  color  differentiation  he 
fails  in  or  by  those  colors  which  he  is  able  to  recognize 
similarly  with  the  average  normally  sighted.  Wilson, 
Rose,  Holmgren,  and  others  obtain  their  systems  of  nam- 
ing from  the  unrecognized  color  or  coloi\s,  while  Mauth- 
ner  and  Szokalski,  for  example,  base  their  nomenclature 
divisions  upon  the  colors  which  remain  visible. 

The  naming  of  the  condition  in  general  has  been  just 
as  varied.  The  many  euphonious  pure  and  mongrel 
coinages  should  all  be  discontinued,  as  they  are,  as  a 
rule,  both  useless  and  inexpressive.  Resource  should 
be  had  to  the  compi-ehensive  term  "  subnormal  color  per- 
ception, "  reserving  the  naming  of  the  degree  of  the  defect 
to  a  numerical  value  based  upon  the  average  relative  ease 
of  color  diii'erentiation,  which  could  be  easily  obtained 
and  would  give  an  absolute  answer  to  the  grade  of  the 
defect,  just  as  is  done  at  present  in  expressing  the  valua- 
tion of  direct  vision  for  form. 

In  the  congenital  type,  the  preponderance  of  the  num- 
ber of  cases  begins  with  green  and  red.  Blue  and  yel- 
low blindness  is  exceptionally  seen;  while  the  so-called 
total  variety — in  which  nothing  remains  but  a  photo- 
graphic world,  as  in  Magnus'  well-known  case  of  a 
school  teacher  who  compared  her  color  spectrum  with  a 
very  finely  executed  lead-pencil  shading  growing  darker 
from  the  natrium  line  (a  very  sharply  defined  yellow  line 
in  yellow)  toward  the  un.shortened  end — in  such  delicate 
graduations  that  the  different  gray  wools  were  not  sufli- 
cient  to  represent  them — is  excessively  rare. 

Should  green  and  red  be  the  two  gross  color  differen- 
tiations that  have  disappeared,  the  position  of  the  green 
in  the  solar  spectrum  will  be,  as  a  rule,  occupied  by  a 
gray  zone. 

In  the  acquired  form,  green  followed  by  red.  blue,  and 
yellow  is  the  order  of  color  los^  that  is'usually  found. 
If,  in  cases  of  gross  inflammatory  changes  in  the  optic 
nerve  and  surrounding  retina,  a  subsidence  of  the  gross 
pathological  changes  takes  place,  there  is  frequently  a 
temporary  or  a  permanent  regain  of  the  colors — com- 
mencing with  yellow,  blue,  red,  and  green;  but  the 
color  sense  is  never  brought  back  to  the  same  degree  as 
it  originally  existed.  This,  however,  in  the  majority  of 
cases,  is  sooner  or  later  followed  by  a  permanent  though 
oftentimes  extremely  gradual  second  loss  of  color  changes 
which  take  place  in  their  original  order  of  progression. 

The  association  of  congenital  defects  in  other  sensory 
organs  with  subnormal  color  perception  is  very  rare. 
Jeffries'  mo.st  interesting  instance  of  a  celebrated  poet 
who,  besides  being  unable  to  distinguish  many  colors, 
was  almost  entirely  incapaljle  of  differentiating  musical 
sounds,  is  an  excellent  example.  As  Jeffries  says:  "The 
kaleidoscope  of  nature  and  the  harmonicon  of  art  are  the 
LTtopias  of  his  mind.  The  magic  hues  developed  by  the 
prism,  the  iridescence  of  shells'  and  minerals,  the  iirimi- 
1  able  colors  of  the  beasts  and  birds  of  tropical  climates, 
the  verdure  of  the  fields  of  spring,  the  splendor  of  the 
autumnal  foliage  of  the  forests,  the  myriad  hues  (jf 
flowers— all  these,  it  would  appear,  are  comparatively 
'  as  a  sealed  book  '  to  him.  Yet  from  his  writings  no 
evidence  of  this  can  be  detected. " 

We  are  now  brought  to  the  question.  What  does  a 
subject  with  subnormal  color  perception  see'?  If  we 
should  ask  a  re(l-l)lind  person  to  look  at  a  piece  of  red 
'(\'orsted  or  a  stick  of  red  sealing  wax,  what  will  he  tell 
us?_  He  says  he  notices  a  peculiar  dift'erence  in  its  shade 
which  characti'rizes  it  from  all  other  sensations,  and  his 
<lescriptionof  it  will  depend  entirely  upon  the  extent  and 
position  of  his  visilile  color  spectrum.  It  must  be  re- 
membered that  ]](!  1ms  no  language  for  red  as  we  .see  it; 
although  he  may  learn  Ijy  association  to  call  a  red  object 
by  its  proper  color  name,  yet  he  is  unable  to  recognize 
I  hat  peculiarity  which  to  a  normal  eye  so  strongly  con- 
trasts it  with  the  other  colors;  the  sanie  being  true  of  all 
the  other  forms  of  color  blindness.     Geissler  says,  for  the 
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red-blind  the  landscape  has  the  character  of  autumn.  A 
sunset  or  the  beauty  of  our  red  flowers,  with  their  vari- 
ous tones  of  blue  and  violet,  he  is  perfectly  indifferent 
to;  but  his  fine  sense  for  gray-white-blue  shadows  gives 
to  glacial  views  a  greater  charm  than  to  the  normal 
eye. 

Why  should  he  be  pitied'?  He  has  never  known  the 
color.  It  is  to  him  what  an  unknown  sense  might  be  to 
us:  we  are  contented,  not  knowing  better,  and  he  the 
same.  Again,  his  bichromatic  world,  for  example,  with 
its  innumerable  shades,  may  be  a  greater  source  of  de- 
light than  our  recognition  of  another  color  sensation. 

There  are  many  occupations  open  to  the  "color-blind," 
and  even  a  few  in  which  his  infirmity  serves  as  an  actual 
advantage, — in  photography  and  lithography,  wood-cut, 
steel-  and  copper-plate  engraving,  and  printing:  in  all 
of  these,  in  which  there  is  the  want  of  an  organ  able  ac- 
curately to  differentiate  between  the  many  shades,  he  be- 
comes an  adept.  Why  could  not  an  artist  with  sub- 
normal color  perception  limit  his  productions  to  winter 
landscapes,  lofty  mountain  scenery,  studies  in  gra.y.s — 
thus  obtaining  wonderful  and  almost  life-like  facsimiles 
of  nature?  Why  need  he  despair  and  complain  when 
such  a  field  of  studj'  and  such  a  source  of  pleasure  is 
thrown  open  to  liini — a  character  of  work  in  which,  by 
necessity,  he  must  surpass  all  others  who  do  not  possess 
this  now  properly  termed,  to  liim,  an  advantage'? 

From  this,  however,  it  will  be  understood  that  not 
only  is  the  recognition  of  the  condition  of  importance  to 
the  individual,  but  it  is  quite  frequently  of  value  to  the 
public  at  large.  Placed  in  a  position  so  sis  to  misinterpret 
color  signs,  such  subjects  oftentimes  become  a  menace 
to  the  safety  of  both  human  life  and  property. 

For  the  practical  recognition  of  the  condition  there 
have  been  many  devices.  These  plans  have  been  based 
upon  three  well-known  methods:  First,  direct  compari- 
son of  pigment  colors ;  second,  direct  comparison  of  spec- 
tral colors;  and  third,  the  study  of  subjective  after-color 
(complementary  color). 

The  first,  which  is  the  most  important  and  the  one  that 
is  in  common  use  for  wdinary  clinical  purposes  to-day, 
is  best  known  by  the  wools  of  Holmgren  that  were  bo'r- 
rowed  from  the  papers  of  Seebeck  and  the  worsteds  of 
Wilson.  Modified  in  all  manner  of  ways  b.y  assortments 
of  fixed  colors  that  have  been  arbitrarily  and  even  fool- 
ishly arranged  upon  cards,  sticks,  spools"  cones,  discs,  and 
other  articles,  it  has  suffered  the  most  varied  of  vicis.si- 
tudes  only  to  come  back  to  the  original  plan  of  loose- 
wool  selection  that  was  strenously  sought  for  bv  both 
Wilson  and  Holmgren. 

Maxwell's  and  Woinow's  revolving  discs,  Hierlinger's 
and  Jfagnus' tables;  Lip's  color  triangles;  the  optotypi 
of  Snellen;  the  color  tables  of  von  Reuss,  Daae,  and 
Roberts;  the  yarn-covered  spools  of  Schenke;  Kolbe's 
truncated  cone,  the  pseudo-i.sochromatic  wools'  of  Don- 
ders,  the  embroidery  jiatterns  of  Cohn,  and  the  stick  of 
Thomson,  constitute  the  niajoritv  of  the  devices  that 
have  been  successively  championed  and  upheld  by  their 
individual  contrivers. 

The  more  or  less  fixity  of  riie  tests,  thus  limiting  the 
number  of  colors  from  which  a  choice  might  be  taken; 
the  arbitrary  relationship  of  the  component  parts  with- 
out any  scientific  reason,  thus  allowing  them  to  fail  to 
express  the  many  iH'i'centages  of  lowered  color-vision 
presented  by  tlie  different  candidates  for  examinarion,  and 
liermittiiig  numbers  of  persons  affected  with  subnormal 
color  perceplicm  to  escape  bv  reason  of  the  confusion 
colors  not  being  e(|ual  to  the  exact  amount  of  the  resident 
color  error;  as  well  as  the  liability  of  the  methods  to 
become  known  and  understood,  and"  thus  rendered  prac- 
tically worthless  when  pursued  among  a  great  number 
of  similarly  placed  individuals,  are  some  of  the  main 
reasons  why  these  latter  plans  cannot  be  satisfactorily 
eniplojfcd. 

Another  jilan  by  the  same  method  is  the  placinn- of 
colored  powders  in  horaa-opathic  vials  as  pursued'by 
JMauthnei-  and  (iolin.  This  has  been  done  in  order  tha"t 
the  candidate   shall   not  be  able   to  diflferentiate  color 
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changes  in  .yarns,  worsteds,  and  wools  by  the  supple- 
mental use  of  the  senses  of  touch  and  smell.  That  the 
objections  these  authors  offer  to  the  free  handling  of 
colored  wools  is  in  measure  true  there  can  be  no  doubt ; 
a  fact  that  as  long  ago  as  1849  was  ])oiuted  out  by  Wart- 
man,  who  made  mention  of  a  man  with  well-marked  sub- 
normal color  perception,  who  "corrected  by  the  lielp  of 
touch  a  part  of  the  erroneous  judgments  which  he  formed 
regarding  colors."  This  power  of  the  possessor  of  sub- 
normal color-perception  was  rejiroven  onl}'  six  years  later 
by  Wilson,  who  justly  attributed  it  to  a  dehcacy  of  the 
tactile  sense  in  discriminating  between  the  liarshiicss  and 
the  smoothness  of  variously  colored  dyes,  and  said  "a 
wool  dyed  with  a  mineral  green  might  thus  be  distiu- 
g\nshed  by  the  touch  from  one  dyed"  with  a  vegetable, 
although  the  color-blind  eye  could  tletect  no  difference 
between  their  tints. " 

These  observations  have  in  a  measure  been  confirmed  by 
personal  research  by  myself  among  the  absolutely  blind. 
I  have  determined  without  a  doubt  that  a  few  of  the 
most  intelligent  and  dexterous  of  such  subjects  possess 
the  power  of  differentiating  the  dark-colored  wools  from 
the  light  ones  by  a  feeling  of  harshess  of  the  dark  skeins; 
although  to  obtain  anything  like  a  majority  of  proper 
results  necessitated  quite  a  long  and  frequent  association 
among  such  objects.  In  furUier  confirmation,  1  have 
found  that  some  of  the  wools  were  detected  by  the  sense 
of  smell,  the  white  ones  having  "a  woolly  odor." 

The  second  method  (direct  comparison  of  spectral  color) 
unfortunately  cannot  be  brought  into  every-day  emploj'- 
ment  as  an  ordinary  test  for  the  quick  detection  of  low- 
ered color  sense,  although  it  can  be  made  to  serve  a 
useful  purpose  in  cases  requiring  more  than  ordinary 
observation,  as  among  persons  under  judicial  action. 
The  apparatus  is  expensive;  its  mechauism  is  compli- 
cated and  liable  to  become  disarranged;  both  the  ex- 
aminer and  the  candidate  must  possess  the  necessary  in- 
telligence to  handle  the  instrument ;  and  tlie  dealing  with 
spectral  colors  which  are  not  the  ones  that  the  examiner 
is  brought  in  daily  touch  with  are  some  of  the  reasons 
why  this  plan  must  be  relegated  to  the  determination  of 
a  few  selected  cases. 

The  double  spectroscope  of  Hirschberg,  the  polariscope 
of  Rose,  and  the  not  very  euphoniousl}'  named  ehromato- 
photoptometer  of  Chibret  are  among  the  principal  and 
mo.st  ingenious  contrivances  employed  in  the  method. 

The  third  method  is  practicall}'  useless.  Much  time 
and  energy  have  been  expended  upon  it.  Contrivances  of 
all  kinds  to  show  simultaneous  and  successive  contrast 
colors  have  been  devised.  Prominent  among  them  are 
the  Heidelberg  and  Pflilger  color  books,  Scina's  mirror- 
contrast  apparatus,  Stilling's  so-called  chromatoskia- 
meter,  and  Cohn's  chromaskiopticon.  Unfortunately, 
in  this  series  of  experiments,  vagiie  subjective  colors  are 
dealt  with ;  uncertain  color  intensities  and,  in  fact,  abso- 
lute changes  of  color  vibration  are  u.sed;  and  the  adjust- 
ments of  the  instrumental  technique  are  frequent!}'  un- 
certain and  misleading. 

In  addition,  the  examinate  is  required  to  compare  the 
subjective  color  with  some  known  series  of  colors  such 
as  wools  and  papers,  which  might  as  well  have  been 
done  primarily  by  the  ordinary  method  of  loose-wool 
selection. 

For  general  clinical  purposes,  some  scientificallj^  ar- 
ranged collection  of  loose  wools  is  by  far  the  best,  the 
cheapest,  and  the  most  easily  handled  material  that  can 
be  used  for  testing  the  value  of  the  color  sense. 

The  series  brought  forward  by  myself  are  composed 
of  a  number  of  loose  test  and  match  skeins  that  have 
been  carefully  graded  to  equal  relative  intensities.  Each 
color  has  its  tint  expressed  in  such  a  way  that  while  its 
value  is  unintelli,gible  to  those  who  are  being  examined, 
an  exact  index  of  the  character  and  the  amount  of  color 
perception  of  the  subject  is  given.  The  "wools  them- 
selves have  been  made  of  one  grade  of  manufacture  and 
are  dj'cd  with  vegetable  materials.  They  can  be  em- 
ployed by  any  educated  layman  (even  though  he  himself 
have  subnormal  color  perception),  and  with  them  records  | 


of  all  passing  color  changes  may  be  kejit  for  future 
comparison. 

Broad  diffuse  daylight  is  necessary.  A  black  surface 
upon  which  the  wools  are  to  be  promi.scuously  thrown 
should  be  employed.  One  eye  of  the  examinate  is  to  be 
tried  at  a  time.  The  candidate  is  requested  to  match  the 
five  (green,  rose,  red,  blue,  and  yellow)  test  skeins  in  any 
order  that  may  be  desired.  The  letterings  upon  the  tags 
of  the  chosen  wools  are  to  be  registered  upon  appropri- 
ately arranged  blanks. 

For  the  study  of  the  color  sense  in  railway  and  marine 
services  resource  must  be  had  to  another  plan.  This, 
which  I  have  pointed  out,  consists  in  placing  the  candi- 
date in  the  actual  jiosition  in  which  he  is  afterward 
expected  to  discei-n  properly  tlie  colors  employed 
for  signalling  purpo.ses.  IMiniature  lanterns  containing 
ungauged  arbitrary  color  differences,  such  as  those  of 
Thomson  and  Williams,  held  fifteen  or  twenty  feet  away 
from  the  subject,  are  most  uncertain.  The  candidate 
must  be  tested  with  adaptations  of  apparatus  that  are  as 
nearly  as  possible  like  those  which  are  used  under  ordi- 
nary cii-cumstanees— /.f.,  when  he  is  emiiloyed  at  his 
work.  The  testing  must  be  done  rmder  the  actual  con- 
ditions which  are  sui)posed  to  exist  while  the  candidate's 
color  sense  is  protecting  life  and  property. 

As  early  as  1855,  Wilson  determined,  as  the  result  of 
numerous  examples  and  experiments,  that  not  only  could 
color  be  recognized  correctly  at  short  distances  and  not 
distinguished  at  longer  ones  where  such  colors  were 
plainly  discernible  to  the  normal-sighted,  but  he  also 
found  that  the  sensitiveness  to  the  colors,  while  being 
gazed  at,  became  more  quickly  lost  as  they  were  removed 
from  the  eye  of  the  "color-blind  "  than  when  they  were 
removed  from  the  unimpaired  visual  organ.  This,  wliich 
he  aptly  termed  "  chromic  myopia  "  or  "  short-sightedness 
to  color, "  expresses  in  a  word  or  two  why  candidates  for 
positions  necessitating  color  recognition  at  comparatively 
long  distances,  or  what  I  have  designated  as  "  safety  dis- 
tances," cannot  be  considered  as  adequately  determined 
when  they  have  been  tested  b}^  the  ordinary  methods  of 
loose-wool  selection  or  other  near-at-band  tests. 

Examination  of  such  candidates  at  safe  distances  be- 
comes a  necessity.  The  determination  of  the  color  sense 
along  the  visual  line,  or  what  is  generallj^  known  as  foveal 
vision,  is  the  main  requisite,  this  being  particularly  so 
when  it  is  considered  that  in  the  acquired  types  of  color 
defects  produced  by  the  introduction  of  toxic  agents,  such 
as  tobacco  and  alcohol,  into  the  sj'Stem,  it  is  in  the  cen- 
tral area  of  the  visual  field  that  the  color  becomes  dimin- 
ished in  saturation  or  is  lost.*  The  findings  at  one  or 
even  two  metres'  distance  are  in  this  character  of  cases 
worse  than  useless:  they  are  dangerous.  As  just  .said, 
the  degree  and  the  amount  of  color  sense  must  be  known 
when  the  organs  of  vision  are  placed  under  the  same  cir- 
cumstances as  they  would  be  when  it  becomes  necessary 
that  they  shoiTid  be  the  sole  means  for  the  avoidance  of 
threatened  accident  or  the  ijrevention  of  imminent  danger. 

Laden  engines,  for  example,  moving  with  the  rapidity 
of  twenty  to  thirty -five  metres  each  second,  or  so-called 
traction  trolleys  which  run  at  such  high  rates  of  speed, 
would  be  propelled  into  destruction  long  before  anjf  en- 
gineer with  "chromic  mj'opia  "  could  check  their  speed. 
The  lesson  for  the  recognition  of  the  customarily  used 
signal  must  be  made  at  a  distance  which  is  sufBcient  for 
a  proper  control  of  the  moving  mass.  It  must  be  known 
that  the  candidate  for  such  work  is  able  to  recognize  color 
at  long  distances.  To  accomplish  this  purpose,  the  can- 
didate must  be  made  to  select  definite  kinds  and  inten- 
sities of  both  reflected  color  by  daylight  and  transmitted 
color  by  artificial  light  .stimidus  jjlaced  at  distances  I  hat 
are  requisite  for  safety  in  after-work. 

The  test  that  I  have  applied  for  this  purpose  among 
railway  employees  consists  in  a  fixed  apparatus  which 
can  be  placed  anywhere  upon  the  company's  property. 
Wooden  frames  containing  properly  and  proportionately 

*  For  the  determination  ol  this  (.■ondltion  at  close  range,  Atiney's 
pellet  test  is  most  useful. 
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sized  match  and  confusion  colors  of  bunting  for  daylight 
work,  or  illuminated  plates  and  lanterns  of  transmitted 
color  for  bad  weather  or  night,  are  to  bo  lined  in  a  row 
in  any  order  whatsoever,  just  as  the  wools  are  pi-omiscu- 
ously  thrown  upon  a  table.  The  five  test  colors  similar 
to  the  ones  I  have  employed  for  the  near  tests  ai'c  placed 
in  an  upper  tier.  Just  as  with  the  near-woik  tests  the 
candidate  employs  one  eye  at  a  time.  This  done,  he  is 
then  made  successively  to  designate  by  the  actual  posi- 
tion of  the  color  in  the  lower  line  the  nearest  numerical 
match  to  each  of  the  upper  test  colors.  This  selection 
by  number  is  to  be  handed  to  the  examiner,  who  after 
having  obtained  the  true  color  names  of  the  numbers 
chosen  for  the  occasion  by  the  attendant,  places  the 
choosings  upon  suitable  blanks  for  permanent  registry. 

To  obtain  the  different  percentages  of  light  stimulus 
and  to  simulate  as  nearlj^as  possible  changes  in  character 
of  weather  (fog,  rain,  etc.),  variously  tinted  glasses  can 
be  used,  although  preferably  the  candidate  can  by  this 
plan  be  testetl  during  the  actual  states  of  weather. 

An  experimental  track  with  a  number  of  open  switches 
so  arranged  that  the  sidings  pass  directly  beneath  certain 
colors  would  be  useful  for  practically  testing  the  color 
vision  that  is  necessary  to  employ  while  running  locomo- 
tives, trolley  cars,  etc.,  at  full  and  even  high  rates  of 
speed. 

In  marine  service  the  danger  is  increased.  All  vessels 
carry  a  green  light  on  the  starboard  side,  and  a  red  light 
on  the  port,  each  being  so  boxed  as  to  be  seen  forward 
and  amidships.  These  are  accompanied  by  a  low  white 
forelight,  and  sometimes  by  a  high  white  aftllght. 
Hence,  by  comparison,  a  vessel's  course  can  be  easily 
distinguished.  If,  under  such  conditions,  however,  a 
heavy  fog,  or  snow,  or  a  rainstorm  were  to  exist,  it  can 
be  understood  how  an  official  with  subnormal  color  per- 
ception, judging  these  important  color  distinctions  by 
their  inten.sities  alone  during  the  best  of  weather,  is  placed 
in  a  position  that  practically  amounts  to  the  absence  of 
signals. 

For  the  detection  of  the  defect  in  marine  and  naval 
work,  quite  simple  modifications  and  adaptations  of 
color  testing  by  which  adequate  data  may  be  obtained 
can  be  made. 

In  all  railway  or  marine  testing,  care  must  be  taken 
that  both  the  test  and  the  later  working  colors  *  should 
be  graded  in  proportionate  .sizes  and  relative  intensities 
of  tone,  thus  giving  similar  distance  values  to  ever3'  color 
used  in  the  tests.  That  this  should  be  done  will  be  at 
once  appreciated  when  it  is  remembered  that  different 
degrees  of  vividity  of  color  areas  of  equal  size  produce 
such  alterations  in  impres.sions  that  the  colors  give  rise 
to  false  perceptions  regarding  their  relative  distances 
from  one  another. 

Again,  the  dominant  colors  of  the  reflecting  .surface 
near  which  the  test  is  made  (as,  for  instance,  the  green  of 
a  hillside,  the  gray  and  M'hite  of  a  mountain  top,  and  the 
blue  of  an  ocean  surface)  all  play  important  roles  as  to 
the  value  of  the  tests. 

The  character  of  the  illuminant  itself  is  of  the  greatest 
importance.  The  blue  of  diffuse  daylight,  the  greenisJi 
or  nearly  white  tint  of  incandescent  zirconia  or  metallic 
oxide  mantles,  the  varying  degrees  of  yellow  rays  from 
oils,  illuminating  gas  and  carbon  loops,  and  the  purples 
of  free  arcs  of  electricity,  show  how  varia))le  in  tint  color 
areas  must  become  when  exposed  to  these  different 
agents. 

Endeavors  should  be  made  to  try  to  overcome  the  totally 
different  values  that  are  empiricaily  placed  upon  the  hues 
of  the  test  colors  themselves.  This  might  be  done  by 
assuming  pigment  hues  which  are  equivalent,  with  the 
midway  bands  in  the  corresponding  portions  of  the  solar 
spectrum.  Such  .selections  could  be  determined  mathe- 
matically and  analytically  by  an  international  commis- 
sion, and  reproduced  in  pigments  from  a  consensus  of 
examination  by  national  or  sectional  sub-committees  of 


*  Unfortunately,  It  has  benn  found  hy  repeated  experiment  tbat  the 
very  colors  which  are  the  earlipst  and  the  easiest  lost  are  the  ones  that 
must  be  used  tor  practical  pun)oses. 
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competent  observers  possessing  normal  color  vision.* 
These  pigments  could  then  be  used  for  signal  boards, 
signal  lights,  and  test  colors  in  any  given  locality. 

There  should  not  be  any  degree  of  standard  in  regard 
to  the  color  capacity  of  any  railway  or  marine  official 
whose  routine  dutj'  consists  in  the  differentiation  of  color. 
Such  positions  are  relatively  so  few  when  compared  with 
the  great  supply  of  available  candidates,  and  the  respon- 
sibilities are  so  grave,  that  no  exception  should  be  made. 
Such  candidates  should  be  rejected  without  a  particle  of 
sentiment. 

The  lack  of  systematic  and  periodic  re-examination  of 
the  color  sense  is  another  great  evil.  This  inefficiency  in 
color  testing  is  most  reprehensible.  After  every  ca.se  of 
severe  injury  or  attack  of  illness  that  might  in  any  way 
be  likely  to  produce  visual  disturbance,  an  examination 
should  be  made;  and,  moreover,  among  those  who  are 
known  by  strict,  and  j'et  silent  surveillance,  to  use  any 
toxic  agents,  such  as  tobacco  and  alcohol,  the  tests  shovdd 
be  both  painstakingly  and  frequently  tried. 

The  increased  responsibilit^v  acquired  by  civil  service, 
in  which  older  subjects  who  are  more  prone  to  exhibit 
acquired  color  defects  than  younger  ones,  and  who  are  at 
times  given  positions  that  usually  necessitate  the  greater 
employment  of  normal  color  organs  than  before,  should 
be  especialljf  subjected  to  careful  periodic  repetitions  of 
some  of  the  more  important  measures  which  areemploj^ed 
for  the  determination  of  the  amount  and  degree  of  the 
color  sense. 

Losses  of  color  in  the  so-called  visual  fields  are  quite 
common.  They  as.sume  manjf  forms,  and  quite  fre- 
quently are  expres.sive  of  definite  types  of  both  local  and 
general  disease. 

Symptomatic  in  character,  they  oftentimes  help  demon- 
strate the  exact  position  of  intracranial  disturbance, 
prove  the  actual  functioning  condition  of  inflamed  and 
degenerating  local  tissues,  give  answer  to  situations  of 
gross  orbital  change,  and  serve  to  distinguish  functional 
complaint  from  organic  disorder. 

They  are  obtained  in  various  ways:  first,  by  ruled 
blackboards  upon  which  small  coloreil  objects  are  carried 
toward  central  fixing  points;  second,  by  perimeters, 
which  are  mere  mechanical  contrivances  for  carrying 
small  areas  of  color  inward  upon  graduated  metallic  arcs 
toward  fixed  central  points:  and  third,  by  similar  move- 
ments of  the  outstretched  fingers,  lighted  tapers,  and 
focussing  mirrors. 

To  be  strictly  accurate  they  should  be  repeated  under 
varying  conditions  of  time,  luminosity,  distance,  and 
position.  Charles  A.  Olner. 

COLOR  PERCEPTION,  SUBNORMAL;  RAILWAY 
AND  MARINE  EXAMINATIONS.— The  examinations 
made  to  detect  cases  of  defective  color  perception  were 
so  unsatisfactoi-y  in  the  railwav  and  marine  service  that 
in  1890  the  British  Board  of  Trade  asked  the  Royal  So- 
ciety, "What  is  the  best  test  for  color  blindness?  " 

A  committee  was  appointed,  including  some  of  the 
most  distinguished  members  of  the  Societv,  and  after  two 
years'  work  they  unanimously  reported  as  follows: 

"1.  That  the  Board  of  Trade,  or  some  other  central 
authority,  should  schedule  certain  employments  in  the 
mercantile  marine  and  on  railways,  the  fiilinir  of  which 
by  persons  whose  vision  is  defective  either  for  color  or 
form,  or  who  are  ignorant  of  the  names  of  colors,  would 
involve  danger  to  life  and  property. 

"2.  That  the  proper  testing,  both  for  color  and  form, 
of  all  candidates  for  such  employments  should  be  com- 
pulsciry. 

"3.  That  the  testing  should  be  entrusted  to  examiners 
certificated  by  the  central  authority. 

"  4.  That  the  test  for  color  vision  should  be  that  of 
Holmgren,  the  sets  of  wools  being  approved  by  the  cen- 
tral authority  before  use,  especially  as  to  the  correctness 
of  the  three  test  colors,  and  also  of  the  confusion  colors. 


*  Lovlhond's  tintometer.    Hood's    flicker   photometer,  or   Ahney's 
color-patch  apparatus  might  be  of  value  in  this  direction. 
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If  the  test  be  satisfactorily  passed,  it  sliould  be  followed 
by  the  candidate  being  required  to  name  without  hesita- 
tion the  colors  which  are  employed  as  signals  or  liifhts, 
and  also  white  light. 

"  5.  That  the  tests  for  form  should  be  those  of  Snellen, 
and  that  they  should  bo  carried  out  as  laid  down  in  Ap- 
pendix 6.  It  would  probably  in  most  cases  suflice  if 
half  normal  vision  in  each  eye  were  required. 

"6.  That  a  candidate  rejected  for  any  of  the  specilied 
employments  should  have  a  right  of  appeal  to  an  expert 
approved  by  the  central  authority,  whose  decision  should 
be  tinal. 

"  7.  That  a  candidate  who  is  rejected  for  naming  colors 
wrongly,  but  who  has  been  proved  to  possess  normal 
color  vision,  should  be  allowed  to  be  re-examined  after 
a  proper  interval  of  time. 

•'8.  That  a  certificate  of  the  candidate's  color  vision 
and  form  vision  according  to  the  appointed  tests,  and  his 
capacity  for  naming  the  signal  coloi-s,  should  be  given 
by  the  examiner;  and  that  a  schedule  of  persons  ex- 
amined, showing  the  results,  together  with  the  nature  of 
the  employments  for  which  the'examinations  were  held, 
should  be  sent  annually  to  the  central  authority. 

"9.  That  every  third  year,  or  oftener,  persons  filling 
the  scheduled  employments  should  be  examined  for 
form  vision. 

"10.  Tliat  the  tests  in  use,  and  the  mode  of  conducting 
examinations  at  the  different  testing  stations,  should  be 
inspected  periodicallj'  by  a  scientific  expert,  appointed 
for  that  purpose  by  the  central  authorit}'. 

"  11.  That  the  colors  used  for  lights  on  board  ship,  and 
for  lamp  signals  on  railways,  should,  so  far  as  possible, 
be  uniform,  and  that  glasses  of  the  same  color  as  the 
green  and  red  sealed  pattern  glasses  of  the  Royal  Navy, 
should  be  generally  adopted. 

"13.  That  in  case  of  judicial  inquiries  as  to  collisions 
or  accidents,  witnesses  giving  evidence  as  to  the  nature 
or  position  of  colored  signals  or  lights  should  be  them- 
selves tested  for  color  and  form  vision." 

In  a  further  discussion  of  the  subject  the  committee 
make  a  number  of  statements  which  it  is  well  to  keep  in 
mind.  "The  variations  in  the  amount  of  this  deficiency 
in  color  perception  are  numerous,  and  when  small  are 
often  exceedingly  difficult  to  classify.  We  have  to  re- 
gard these  deviations  from  normal  vision  more  from  a 
practical  than  from  a  theoretical  standpoint,  and  in  test- 
ing for  them  we  have  to  take  the  broad  view  that  the 
color  blindness  which  has  to  be  detected  is  that  which 
may  be  dangerous  to  tlie  public  in  the  industries  already 
mentioned. "  "  In  a  testing  room,  when  signal  lights  are 
used  as  tests,  color-blind  persons  may  possibly  be  able, 
with  practice,  to  name  the  different  colored  signals  cor- 
rectly, recognizing  them  b}'  their  relative  brightness,  and 
by  their  dilution  with  neutral  color.  The  practical  tests 
the  committee  have  carried  out  confirm  this  view ;  men 
who  are  absolutely  color-blind  having  passed  such  a  test 
without  being  detected.  It  might  be  supposed  that  if 
the  colors  of  signals  could  be  rightly  recognized  in  the 
testing  room  the}'  would  he  equally  well  recognized  else- 
where. It  must,  however,  be  recollected  that  the  atmos- 
pheric conditions  of  the  testing  room  are  often  very 
different  from  those  wliieli  are  found  outside.  As  a  rule 
any  judgment  of  the  color  of  a  signal  which  depended 
on  its  brightness  would  be  fallacious.  A  dirty  glass  or 
a  misty  atmosphere  wovdd  introduce  a  liability  to  erroi'. 
The  red  signal  of  danger  might  then  be  mistaken  for  the 
green  or  white  signal  of  safety,  and  vice  ver,sa.  It  must 
also  be  remembered  that  a  signal  light,  as  a  rule,  has  no 
white  light  adjacent  to  it  with  which  to  compare  it, 
and  thus  a  decision  as  to  whether  a  light  is  neutral  or 
slightly  colored  has  to  be  arrived  at  under  great  disad- 
vantages." "In  the  color  blindness  induced  by  disease 
or  injury,  although  the  loss  of  color  sense  is  usually  con- 
fined to  a  small  area  of  the  retina,  yet  as  it  is  the  central 
area  and  therefore  the  part  on  which  the  image  of  small 
objects  naturally  falls,  the  danger  of  mistaking  a  color  is 
as  great,  and  even  more  so  than  in  congenital  color 
blindness. "     "  The  standard  test  colors  which  have  been 


approved  by  Professor  Holmgren  have  been  referred  to 
the  spectrum.  The  first  standard  is  a  liglil  green  color, 
which  can  be  matched  with  a  green  in  the  spectrum  (X 
5000)  when  forty  per  cent,  of  white  is  added.  The  second 
standard  skein  is  light  purple  or  pink,  and  its  com- 
plementary color  is  a  green  in  the  spectrum  (A  5100). 
The  color  is  diluted  with  about  forty  per  cent,  of  white." 

"All  tests  in  wliieh  the  wools  are  suspended  from  a 
bar,  even  though  the  test  skeins  may  be  of  proper  color 
and  tone,  should  be  avoided,  since  the  order  of  arrange- 
ment might  be  ascertained  by  some  means  or  another  by 
those  who  are  tested.  It  is  quite  true  that  the  order 
miglit  be  changed ;  but  in  an  examination  of  this  char- 
acter, where  large  numbers  may  be  under  trial,  any  fre- 
quent changing  of  tlie  order  woidd  be  impracticable,  and 
hence  there  would  be  no  security  that  the  test  was  effi- 
cient. The  same  objection  appHes  to  all  diagrams  of 
color  which  the  examined  are  required  to  match  with 
standard  colors."  "The  Committee  would  not  insist 
upon  the  examiner  being  a  medical  practitioner,  but  it  is 
probable  that  a  medical  training  would  be  of  advantage. 
The)'  are  further  of  opinion  that  there  should  be  a 
periodic  inspection  of  the  different  testing  stations  by 
duly  qualified  ophthalmic  siirgeons,  who  should  report 
upon  the  condition  of  the  testing  appliances  and  upon 
the  mode  in  which  the  tests  are  carried  out :  and  who 
might  be  the  authorities  to  whom  an  appeal  from  a  re- 
jected candidate  should  be  referred.  In  no  case  should 
any  test  be  allowed  in  substitution  of  those  recommended, 
though  supplementary  tests  might  be  tried  if  desired. 
The  passing  or  rejection  of  the  candidate  should  always 
be  based  on  the  tests  which  have  been  laid  down."  In 
1893  a  Committee  of  the  British  Medical  Association 
made  a  report  on  "  The  Efficient  Control  of  Railway  Ser- 
vants'Eyesight,"  in  which  they  recommended:  "2.  That 
the  test  for  color  sense  should  be  that  of  Holmgren  carried 
out  in  strict  accordance  with  his  direction.  After  this 
test  has  been  pas.sed  the  candidate  should  be  required  to 
recognize  and  name  promptly  the  colors  used  in  signal- 
ling. We  wish  to  emphasize  the  importance  of  employ- 
ing gla.ss  of  standard  color  in  railway  signal  lamps :  as 
recommended  by  the  Committee  of  the  Royal  Society." 

In  Holland  the  rules  governing  the  examination  of  the 
eyes  of  the  employees  of  the  Dutch  state  railways  are 
more  complete  than- in  any  other  countrj'.  They  were 
arranged  by  Prof.  II.  Snellen,  who  is  also  the  consulting 
ophthalmic  surgeon,  to  whom  all  cases  of  doubt  are  re- 
ferred, but  the  ordinary  examinations  are  made  by 
ophthalmic  surgeons  at  various  convenient  places  on  the 
lines.  Article  10  provides  that  "  The  color  sense  is  to 
be  estimated — (a)  qualitatively,  by  pseudo-isochromatic 
tables  of  Stilling,  and  with  wools,  according  to  Holm- 
gren's method;  (ft)  quantitatively,  by  Donders'  method, 
which  must  be  applied  in  every  instance  without  excep- 
tion." 

In  a  small  and  compact  country  like  Holland,  it  isjDOs- 
sible  to  carry  out  methods  of  examination  which  would 
not  be  practicable  in  tlie  United  States,  wfiere  one  railroad 
company  in  several  instances  operates  more  than  seven 
thousand  miles  of  track,  and  has  an  army  of  employees 
widely  scattered  along  its  lines.  My  experience  with 
two  large  railways  in  the  United  States,  the  Burlington 
and  the  New  Haven  systems,  has  shown  that  very  good 
results  can  be  obtained  by  having  the  examinations  for 
color  perception  made  in  accoiTlance  with  caix-fully  pre- 
pared instructions,  drawn  up  by  an  ophthalmic  surgeon 
who  has  had  some  experience  in  these  matters,  the  routine 
examinations  being  made,  in  one  case  by  the  medical 
examiners  of  the  road,  and  in  the  other  case  by  employees 
selected  for  this  work  on  account  of  their  good  judgment 
and  intelligence;  in  each  case  the  examiners  were  first 
carefully  tested  to  make  sure  that  their  color  perception 
was  normal,  they  were  then  instructed  in  the  methods  to 
be  followed  in  making  the  examinations,  and  were  pro- 
vided with  printed  instructions  and  blanks  on  which  the 
records  of  the  examinations  were  to  be  made,  and  with 
the  necessary  materials  for  making  the  tests,  these  ma- 
terials having  l)een  previously  approved  by  the  ophthal- 
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mic  surgeon.  Cases  of  doiilit  were  referred  to  bim,  and 
on  one  road  the  reports  of  all  examinations  were  sent  to 
him  for  final  approval.  In  this  way  a  check  could  be 
kept  on  the  work  of  all  the  examiners,  and  uniformity 
of  standards  and  tests  secured. 

In  order  to  have  the  approval  of  the  operating  officers 
of  the  great  transportation  lines,  and  to  obtain  their  con- 
sent to  the  adoption  of  these  examinations,  the  tests  used 
must  be  simple  and  efficient,  and  in  some  portion  of  the 
examination  they  should  correspond  as  closely  as  possi- 
ble to  the  actual  conditions  of  service.  The  record  of 
the  examination  should  be  in  such  shape  that,  it  neces- 
sary, the  actual  results  of  the  test  can  be  reproduced  at  a 
future  time;  in  this  way  both  the  company  and  the  men 
have  better  protection, "for  if  a  man  is  rejected  he  does 
not  have  to  rely  only 
on  the  word  of  the 
examiner  that  his 
color  sense  is  defect- 
ive, but  his  record 
will  show  wherein 
he  has  failed;  and  in 
case  of  accident  the 
company  can  show 
from  the  record  tliat 
the  accident  did  not 
result  from  any  de- 
fect in  the  color  per- 
ception of  the  men 
concerned. 

For  the  last  ten 
years  I  have  been 
using  sets  of  Holm- 
gren's worsteds  in 
which  all  the  reds 
and  greens  have  odd 
numbers,  and  the 
confusion  colors  even 
numbers;  there  are, 
however,  only  reds 
and  greens  enough  in 
the  Holmgren  sets 
of  one  hundred  and 
twenty  -  five  colors 
to  carry  this  numlier- 
ing  to  100,  and  the 
remaining  twenty- 
five  colors,  including 
most  of  the  yellows, 
are  designated  by  let- 
ters. The  first  forty 
colors  in  the  set  have 
been  given  the  same 

numbers  as  the  corresponding  colors  on  the  Thomson 
.stick,  which  was  used  on  these  two  roads  before  the 
Hcjjmgren  test  was  adopted;  in  this  way  the  records 
of  the  first  forty  numbers,  both  before  and  after  the 
change,  refer  to  the  same  colors.  Small  numbers  are 
stamped  on  aluminum  tags  which  are  Avired  to  the  colored 
skeins  and  lie  concealed  in  the  worsted,  so  that  the  num- 
bers are  not  seen  by  the  person  being  examined;  but 
after  he  has  made  his  selection  of  the  colors  which  look 
to  him  like  the  test  skein,  the  examiner  looks  up  the 
tag  on  each  skein  and  makes  a  record  of  the  numbers 
cliosen.  At  the  central  office,  where  the  reports  of  all 
the  examinations  are  received,  a  standard  set  of  worsteds 
is  kejit,  sewed  in  numerical  order  on  a  liirge  piece  of 
wliite  cloth,  and  in  ea.se  it  is  desired  to  show  from  the 
recorded  numbers  all  the  colors  that  have  been  selected 
in  any  case,  it  can  be  readily  done  by  reference  to  this 
set.  When  not  in  use  this  standard  set  is  to  be  kept  pro- 
tected from  the  liglit,  dust,  and  moisture.  In  most  cases, 
liowcver,  it  can  l)e  seen  at  a  glance  from  the  recorded 
iiuinber  whetlier  the  Holmgren  test  has  been  passed  suc- 
cessfully or  not.  Only  two  test  skeins  are  used,  the  green 
for  the  general  determination  of  the  fact  of  defective 
color  sense,  and  the  rose,  or  light  purple,  to  show  whether 
the  defect  is  more  for  red  or  for  green.     lu  Holmgren's 


original  set  a  bright  red  test  skein  was  also  supplied;  of 
this  Holmgren  liimself  says,  "  it  is  not  necessary  for  diag- 
nosis, and  only  serves  as  a  confirmation,"  but  in  my  ex- 
perience it  has  often  confused  the  results  of  the  former 
test,  rather  than  confirmed  them.  A  man  who  has  shown 
by  the  former  tests  that  he  was  defective  in  his  color  per- 
ception would  often  make  no  mistake  with  the  bright  red 
test  skein,  and  would  think  he  was  unfairly  treated  be- 
cause, in  spite  of  his  making  no  error  in  the  last  selec- 
tion, he  was  still  cla.ssed  as  defective  in  color  sense. 
Therefore,  as  the  bright  red  test  skein  gives  no  additional 
information  it  has  been  omitted. 

Ill  addition  to  the  Holmgren  test  with  colored  worsteds 
some  form  of  test  with  colored  lights  should  be  used. 


Arrangements  should  be  made  to 


Fig.  UU9.-  Lantern  used  on  the  State  Railways  uf  Belgium,  on  the  Xew  Ytirk,  New 
Haven  and  Hartford  System,  and  on  some  other  American  railroads,  for  making  or- 
dinary railroad  examinations. 


vary  the  area  of  the 
color  shown,  to  have 
red  and  green  glasses 
of  different  shades, 
to  have  smoke  and 
ground  glasses  com- 
bined with  the  color- 
ed glasses,  to  show 
either  one  light  at  a 
time  or  two  together, 
and  to  have  some 
simple  means  of  re- 
cording the  glass 
shown  and  the  name 
given  to  it. 

Some  ten  years  ago 
I  used  a  Donders  lan- 
tern, but  did  not  find 
it  satisfactory  for 
making  ordinary  rail- 
road examinations:  I 
therefore  arranged  a 
new  form  of  lantern, 
which  has  been  mod- 
ified from  time  to 
time,  and  in  its  pres- 
ent shape  is  now  used 
on  the  state  railways 
of  Belgium,  on  the 
New  York,  New 
Haven  and  Hartford 
sy.stem,  and  on  some 
other  American  rail- 
roads. 

It  is  a  square  tin 
lantern  twelve  inches 
high  and  six  inches 
on  each  face.  On  the 
front  are  two  movable 
discs ;  the  lower  carries  tlie  following  glasses :  five  red  and 
four  green,  of  dilferent  shades,  one  yellow,  one  cobalt,  one 
smoke  and  one  colorless  glass.  The  upper  disc  has  Lon- 
don smoke  glasses  of  three  different  shades,  and  some 
clear  openings,  and  by  revolving  the  discs  any  of  these 
colors,  alone  or  combined  with  the  smoke  glasses,  can 
be  shown.  Between  the  discs  is  a  movable  diaphragm 
with  openings  of  2  mm.,  6  mm.,  and  20mm.  in  diameter, 
by  which  the  area  of  the  colored  lights  can  be  changed, 
and  inside  the  lantern  are  ground  glasses  which  can  be 
used  in  coiinectiim  with  the  colors,  or  can  be  drawn  aside. 
Tile  lamp  (d'  the  lantern  has  two  burners,  screened  from 
eacli  otiier,  and  in  front  of  each  burner  is  a  hole  in  the 
front  of  the  lantern  so  that  two  colors  can  be  shown  at 
one  time;  or,  by  nuiving  the  upper  disc,  one  of  the  open- 
ings can  be  closed,  and  only  one  color  seen.  In  this  way 
two  reds,  m-  two  greens,  of  different  intensit3^  or  a  red 
and  green,  red  and  white,  etc.,  can  be  shown  together, 
or  any  of  them  singly.  Below  each  colored  glass  in  the 
lower  disc  is  a  transparent  number,  illuminated  by  the 
lamp,  so  that  the  examiner  can  see  it  and  make  his  record 
of  the  glass  shown,  but  screened  from  the  person  being 
examined;  and  on  the  upper  disc  the  smoke  glasses  are 
similarly  designated  by  letters.  An  electric  lamp  has 
been  recently  made  for  use  in  this  lantern.     It  has  two 
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incandescent  lights,  and  in  the  base  a  series  of  resistance 
coils  encased  in  enamel  and  so  arranged  that  the  intensity 
of  the  light  can  be  varied  by  sending  the  current  throvigh 
more  or  less  of  the  resistance,  by  means  of  a  switch  which 
projects  behind  the  lantern.  The  electric  lamp  gives  a 
much  steadier  light  than  the  oil  lamp,  does  not  smoke, 
and  can  have  its  intensity  varied  by  tixed  amounts;  with 
such  a  lamp  those  cases  are  more  easily  recognized  in  which 
the  brightness  of  the  light  is  depended  on  to  recognize  its 
color.  With  such  a  lantern  the  examinations  can  be  made 
by  day  in  a  darkened  room  or  at  night;  the  colors  do  not 
fade.  A  large  number  of  combinations  of  color  and  in- 
tensity can  bo  made  by  means  of  tlie  two  discs ;  the  size 
of  the  colored  area  can  be  varied.  The  ground  and  smoke 
glasses  with  the  colors  give  something  of  the  effect  of  fog 
and  smoke  in  the  air,  and  the  illuminated  numbers  enable 
the  record  of  the  examination  to  be  quickly  and  easily 
made.  In  the  Donders  lantern  the  smallest  opening 
through  which  the  colors  are  seen  is  1  mm.  in  diameter, 
but  in  practice  it  is  a  tedious  process  to  make  a  fair  ex- 
amination of  railroad  employees  with  this  small  opening 
at  the  given  distance  of  5  metres,  or  sixteen  feet;  and  for 
the  practical  purpose  of  testing  the  color  perception  of 
the  central  portion  of  the  retina  it  is  sufficient  to  have  the 
opening  2  mm.  in  diameter,  and  place  the  lantern  at  a  dis- 
tance of  twenty  feet  from  the  person  examined,  which  is 
the  distance  used  in  the  tests  for  form  vision.  With  col- 
ored lights  the  recognition  of  the  signal  does  not  depend 
on  the  visual  angle  to  the  same  degree  that  it  does  with 
form  signals,  or  letters,  and  under  favorable  conditions 
the  color  of  a  switch  or  semaphore  signal  can  be  seen  at  a 
distance  of  more  than  a  mile. 

In  the  ordinary  tests  with  m_Y  lantern  the  candidate 
is  first  asked  to  name  all  the  colors,  as  seen  in  pairs 
through  the  largest  opening,  as  "right  red,  left  green," 
etc. ;  then  the  upper  disc  is  turned  to  close  one  of  the 
openings,  and  the  diaphragm  is  placed  to  bring  its  small- 
est hole  opposite  the  other  opening.  The  candidate  is 
then  asked  to  name  the  colors  as  seen  singly,  through 
this  2-mm.  hole.  In  this  way,  even  when  no  smoke 
glasses  are  used,  the  name  is  given  to  a  color  thirtj'-nine 
times  in  each  test,  and  it  is  very  rare  to  find  a  man  who 
passes  the  lantern  test  and  fails  with  the  worsteds,  but 
this  will  occasionally  occur.  On  the  other  hand,  I  have 
had  four  men,  in  about  a  year  and  a  half,  who  passed 
the  worsted  test,  both  Holmgren's  and  Thomson's,  with- 
out difficulty,,  but  who  failed  badly  with  the  lantern. 
They  were  excessive  users  of  tobacco,  possibly  with  some 
addition  of  alcohol,  and  had  a  small  central  defect  in  the 
retina,  which  was  so  small  that  the  retinal  image  from  a 
skein  of  worsted  held  in  the  hand  extended  beyond  the 
affected  area,  and  the  color  could  then  be  recognized  at 
once;  but  with  the  signal  light  the  image  was  formed 
wholly  within  the  affected  part,  where  its  color  could  not 
be  recognized. 

It  is  not  easy  to  fix  a  standard  for  color  vision  which 
shall  exclude  ail  the  dangerous  cases,  and  shall  not  ex- 
clude some  men  in  less  important  positions,  who  may 
have  a  somewhat  feeble  color  perception  and  yet  not 
enough  to  make  them  dangerous.  The  rule  of  the  New 
Haven  road  is  as  follows :  "  No  person  can  be  considered 
to  have  satisfactory  color  perception  who  calls  a  red  light 
green,  or  a  green  light  red,  under  any  of  the  varying  con- 
ditions of  the  lantern  test;  or  who  selects  the  grays, 
browns,  or  reds  with  the  greens,  as  looking  like  the  green 
test  skein,  and  selects  any  of  the  grays,  blues,  violets  or 
greens,  with  the  rose  or  red  colors,  as  looking  like  the  rose 
test  skein  of  the  worsted  test. "  A  mistake  of  one  or  two 
confusion  colors,  with  the  green  test  skein,  would  not  be 
sufiicient  to  reject  the  applicant,  but  mistakes  with  both 
green  and  rose  tests,  or  the  confusion  of  red  and  green 
in  the  lantern  test,  would  reject  him. 

The  New  York,  New  Haven,  and  Hartford  Railroad, 
which  operates  2,060  miles  of  track  and  has  29,000  em- 
ployees, has  recently  put  in  effect  a  very  complete  set  of 
rules  to  govern  the  examinations  for  vision,  color  sense, 
and  hearing.  These  rules  were  drawn  up  by  me  about  a 
year  and  a  half  ago  for  use  on  a  part  of  their  lines,  and 


have  worked  so  well  that  they  have  now  been  improved 
and  extended  over  all  the  fines  controlled  by  this  company ; 
and  as  they  may  serve  as  an  example  of  what  is  intended 
to  be  a  thorough  and  fair  examination,  they  wiU  be  quoted 
in  full.*  The  rule  in  regard  to  "  test  glasses  "  is  intended 
to  detect  cases  in  which  there  is  such  an  amount  of  hyper- 
metropia  as  would,  in  the  course  of  years  with  increasing 
presbyopia,  bring  the  vision  without  glasses  below  the 
standard  required.  It  is  not  so  complete  a  test  for  this  con- 
dition as  could  be  desired,  but  it  prevents  a  number  of  men 
from  entering  the  engine  service  who,  with  advancing 
years,  would  find  it  difficult  to  pass  the  vi.sion  test.  The 
other  rules  are  self-explanatory.     Gharles  II.  Williams. 

INSTRUCTIONS  FOR  EXAMINATION  OP  VISION,  COLOR  SENSE, 

AND  HEARING.* 

(The  New  York,  New  Haven  and  Hartford  Railroad  Company.) 

Each  Examiner  appointed  by  the  Division  Superintendent,  .sub.1ect 
to  the  approval  ot  the  General  Superintendent,  will  llrst  be  himself 
examined  as  to  Ms  vision,  color  sense,  and  hearing,  and  If  this  test  Is 
satisfactory  will  be  Instructed  In  the  use  of  the  following  material, 
which  will  be  furnished  Division  headquarters. 

1.  A  set  of  standard  test  letters  on  cards,  Including  cards  on  which 
semaphore  signals  are  printed ;  for  testing  the  acuteness  of  vision. 

3.  A  set  of  cards  with  reading  matter  In  print  of  various  standard 
sizes,  and  some  train  orders  written  on  the  manifold  copying  sheets ; 
for  the  reading  test. 

3.  A  set  of  approved  Holmgren  worsteds  (12.5  colors,  each  wltb 
numbered  tags),  and  a  standard  testing  lantern,  with  13  glasses  of 
dlllerent  colors,  and  smoke  glasses,  and  arranged  to  show  either  one 
or  two  colors  at  a  time  ;  for  testing  the  color  sense. 

4.  A  ratchet  acoumeter;  for  the  hearing  test. 

.9.  Two  pairs  of  spectacles,  one  with  plane  glasses,  the  other  with  a 
convex  lens  of  two  diopters,  for  each  eye. 

6.  Blank  forms  and  certlOcates,  for  noting  the  result  ot  toe  exami- 
nations. 

The  tests  should  be  made  in  a  well-lighted  room  In  which  a  distance 
of  20  feet  can  be  measured  from  the  test  type  to  the  person  to  be  ex- 
amined. Dark  shades  or  shutters  should  be  provided  so  that  the  room 
can  be  darkened  for  the  lantern  test.  The  colored  worsteds  must  be 
protected  from  light  and  dust  when  not  in  use. 

In  case  of  persons  desiring  to  enter  the  service  Insert  "2V pp."  before 
the  proposed  occupation. 

Each  Examiner,  after  fliling  In  the  results  of  the  tests  on  the  form 
T  533,  will  note  under  the  head  of  Remarks,  In  each  case,  "  satisfac- 
tory," or  "  not  satisfactory,"  according  as  the  person  examined  comes 
up  to  the  required  standard  or  not,  and  will  then  sign  the  form  and 
forward  it  to  the  office  of  the  General  Superintendent  after  an  impres- 
sion copy  has  been  taken  In  the  Division  Superintendent's  office. 

The  examinations  should  not  be  hurried.  Some  men  are  nervous 
when  undergoing  these  tests,  and  need  to  be  given  plenty  of  time, 
and  to  be  shown  that  no  unfair  advantage  Is  to  be  taken  of  them.  Do 
not  allow  frequent  interruptions  nor  the  presence  of  those  not  con- 
cerned In  the  test. 

Each  person  should  be  examined  separately,  so  that  no  assistance 
can  be  given  by  sign  or  sound  to  those  who  are  defective.  Much 
time  will  be  saved  by  having  a  clerk  to  till  in  the  record  on  form  T 
533,  the  Examiner  giving  him  the  data  as  the  examination  proceeds. 

All  c:iscs  of  diiuljt  should  be  referred  to  a  Board  consisting  of  the 
General  siiiierintendents  of  the  Eastern  and  Western  Districts  and 
Dr.  Charles  H.  Williams. 

ACUTENESS  OF  VISION.— Place  the  person  to  be  examined  so  that 
he  will  not  face  a  strong  light,  have  him  completely  cover  one  eye  by 
holding  a  card  over  it,  pressing  it  firmly  against  the  nose,  taking  care 
not  to  press  on  the  covered  eye  :  hang  one  of  the  20-foot  cards  at  a 
distance  of  twenty  feet  from  him  In  a  good  clear  hght,  but  not  in 
direct  sunUght,  arid  ask  him  to  read  the  letters  on  the  card.  If  he  can 
read  them  correctly,  or  with  a  mistake  of  not  more  than  one  letter, 
hold  up  another  of  the  20-foot  cards,  and,  if  this  Is  also  read  correctly, 
note  on  the  form  the  distance  at  which  the  test  letters  are  read,  and 
underneath  It  the  number  over  the  smallest  line  of  test  type  read  cor- 
rectly ;  In  this  case  20/20,  or  normal  vision.  If  he  cannot  read  the  let- 
ters on  the  20-foot  card  at  twenty  feet,  hold  up  a  30-foot  card,  then  a 
40-foot  card,  etc.,  until  letters  are  found  that  he  can  read ;  If  he  can- 
not read  the  .50-foot  letters  at  twenty  feet  let  him  approach  the  card 
until  he  can  see  them,  or  the  fact  is  shown  that  he  cannot  see  them  at 
any  distance.  If  the  letters  on  the  40-foot  line  are  the  smallest  that 
can  be  seen  with  this  eye  at  20  feet,  its  vision  will  be  noted  as 
30/40  of  normal,  the  numerator  of  the  fraction  being  the  distance  at 
which  the  letters  are  read  correctly,  and  the  denominator  being  the 
number  of  feet  printed  above  the  smallest  line  that  can  be  read,— that 
Is,  the  distance  at  which  they  ought  to  be  read  correctly  by  the  normal 
eye. 

Repeat  this  test  with  the  second  eye,  the  Drst  being  covered  In  its 
turn.  ■  If  the  vision  is  less  than  normal,  repeat  the  test  with  both  eyes 
uncovered  and  open,  but  if  the  vision  Is  normal  in  each  eye  omit  the 
test  with  both  eves  open. 

These  tests  are  to  be  made  without  glasses,  except  as  otherwise 
specified.  In  case  glasses  are  worn,  test  first  without  the  glasses  and 
then  repeat  the  test  with  the  glasses,  noting  on  the  form  T  523,  under 
the  head  of  Remarks,  the  vision  with  the  glasses. 

*The  test  letters  and  cards,  the  tagged  Holmgren  worsteds,  the 
spectacles  and  the  ratchet  acoumeter  can  be  obtained  from  Millar  & 
Weltch,  38  West  Street,  Boston,  Mass.  The  lantern  can  be  had  from 
the  maker,  Peter  Gray.  13  Marshall  Street,  Boston,  or  from  E.  B. 
Meyrowltz,  104  East  23d  Street,  New  York. 
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hrside  it.    Have  him  uniiiT- 

F.xuft  matfh  for  the  tfst  ski-in. 

ill  iippear  to  him  of  tlif  .^mkip 

that  are  lighter  ami  tliose 


POSTTION  Sk;nal  Test.— Place  one  of  the  cards  with  the  semaphore 
signals  at  a  distaoce  of  20  feet,  as  in  the  flrst  vision  test,  and  with 
ea'ch  eve  separately  have  the  person  being  examined  read  the  signals, 
as  stop  or  proceed,  beginninp:  at  one  end  of  the  card  with  one  eye, 
and  at  the  other  end  of  the  i-arfl  witli  tlie  other  eye.  Repeat  the  test 
with  anntlier  of  the  seniiipliore  cai'ds,  with  hoth  eyes  open,  and  n.ite 
the  distance  in  feet  at  whicli  the  sifirnds  can  be  read  correctly  wHlioiit 

Klasses.    The  position  slttnal  test  n I  not  he  used  fo?'  those  desiring 

to  enter  the  service,  nor  nidess  the  vision  is  less  than  2(1/20. 

KEADLXr,  Test.— Note  the  smallest  size  of  print  read  correctly  at 
the  ordinary  distance  of  about  18  inches,  either  with  or  without 
ghisses,  also  whether  manifold  train  orders  can  be  read  ccjrrectly  at 
that  distance.  .      ^        .      „ 

Test  Glasses.— In  the  case  of  men  making  apiilication  to  entiT  the 
engine  .service,  either  as  a  new  employee,  or  by  Iransfer  from  some 
other  department,  the  fnllouing  additional  te.sl  will  lie  made.  I'lac-e 
one  pair  of  the  test  glasses  in  spectaeic  frames  bef.Hv  the  eyes  of  the 
applicant,  and  have  iilin  lead  aLiotber  (.f  the  20-foot.  .'ards,  at  20  feet, 
then  try  the  other  pair  of  glasses.  If  he  can  read  llie  letters  through 
the  plane  glasses,  hut  cannot  read  them  through  the  coiive.x,  r,;- mag- 
nifying, glasses,  note  on  tlie  form,  under  the  head  of  liemarks,  "test 
with  test  glasses  satisfactory  ";  but  if  the  letters  I'an  he  read  through 
both  pairs  of  glasses,  note  "test  with  test  glasses  not  satl.sfa<iory." 
Engineers  and  firemen  in  the  servii-e  will  lie  tested  wiili  tin'  ti-st 
glasses,  and  if  they  have  20/20  or  20/30  vision  with  Imlh  pairs  of  glasses 
they  will  he  iv-e.x'ainlned  yearly  for  vision. 

Color  sknsk.— I.  Holmgren  Test.  Place  the  whole  numljer  of 
colored  woisiteils  on  a  table  in  good  clear  dayhght,  put  the  light  green 
test  siiein  A  at  a  little  distance  from  tlie  other  colors  and  ask  the  per- 
son being  examined  In  selc-ct  from  the  lieaji  of  colors  all  that  look  ti 
him  like  the  test  skein,  anil  plaee  the 
stand  that  he  is  not  expected  tn  find  ai 
but  that  he  is  to  choose  all  the  colers  I 
general  color  as  the  test  skein,  both  tl 

that  are  darker  in  shade.  If  he  does  not  easily  understand  what  is 
wanted,  let  the  Examiner  himself  select  the  ciilnrs.  Ilien  liavliig  re- 
turned them  to  the  general  heap  and  mixed  them  tlmroughly  with  the 
rest  of  the  colors,  let  hiTn  call  on  the  person  being  examined  to  n-peat 
the  selection.  'Ihis  demonstration  will  not  enable  a  person  wiio  is 
defective  in  his  color  perception  to  select  the  colors  correctly,  and  he 
will  pick  out  as  looking  to  him  like  the  green  test  skein  A,  some 
greens,  and  also  some  of  the  gray  or  brow"n  confusion  coloi-s,  which 
will  appear  to  him  of  the  same  general  color  as  the  test  skein,  only 
varying  from  it  in  shade.  Note  on  the  form,  the  numbers  on  the  tags 
of  the  colors  selected  as  similar  to  the  test  skein  A,  and  also  note 
whether  the  selection  is  prompt  or  hesitating.  Return  all  the  colors 
to  the  heap  and  mix  them  together,  then  place  the  rose  test  skein  B 
apart  from  the  rest,  and  liave  the  person  being  examined  select  as  be- 
fore all  the  colors  that  look  to  bim  like  this  skein,  and  note  the 
numbers  on  the  colors  so  chosen. 

No  names  should  he  mentioned  in  connection  with  any  color  in  the 
above  worsted  tests  ;  the  tests  should  be  based  only  on  a  comparison 
of  colors. 

2.  Lantern  Test.  The  room  being  darkened,  light  the  test  lantern 
and  place  it  20  feet  from  the  person  tieing  examined  about  on  a  level 
with  his  head.  Set  the  upper  disi-  so  that  empty  spaces  crime  in  front 
of  the  lights,  the  letters  A  and  C  lieing  illuminated  on  the  upper  part 
of  this  disc.  Push  the  brass  buttons  on  tlie  fnnit  of  the  lantern  so 
that  the  ground  glasses  on  the  inside  of  the  lantern  are  limught  in 
front  of  the  lights.  Set  the  handle  of  the  diaphvagm  at  the  lowest 
notch  so  that  the  colors  are  seen  through  the  full-sized  openings  of 
the  discs.  Then  turn  the  lower  disc,  carrying  the  colored  glasses, 
which  will  show  two  colors  at  a  time,  and  have  the  person  being  ex- 
amined call  the  names  of  the  colors  as  show^n ;  for  instance,  "  left, 
green  ;  right,  red,"  etc.  Note  on  form  T  .iSS  the  name  given  to  each 
color  as  shown,  corresponding  to  the  number  on  the  lower  disc  under 
the  color. 

Repeat  the  test,  placing  the  handle  of  the  diaiihragm  in  the  highest 
notch  so  as  to  have  the  color  seen  through  the  smallest  opening,  and 
turn  the  u]i|ier  dise  sn  that  only  the  letter  t'  is  illuminated;  in  this 
way,  only  mie  colur  will  he  seen  at  a  time.  Turn  the  lower  disc  and 
note  as  before  the  names  given  to  the  colors  as  shown.  In  case  there 
Isany  fjuestion  as  to  the  color  perception  of  the  pel-son  being  exam- 
ined, further  tests  may  he  made  liy  comiiining  the  .smoke  glasses  of 
the  upiier  disc  with  the  coli.reil  ghisses  of  the  lower  disc  and  using 
either  the  largest  or  the  medium-sized  openings  of  the  diaphniLOn; 
but  the  Miiaiicst  openings  of  the  diaphragm  should  not  be  used  witli 
tlie  smoke  glasses  of  the  njiiier  disc.  Also,  the  ground  glas,ses  inside 
the  lantern  may  be  pushed  aside  to  vary  the  test. 

3.  No  person  can  b insidered  to  have  satisractory  color  perception 

who  calls  a  red  hght  green,  or  a  green  light  red,  under  any  of  the 
varying  conditions  of  the  lantern  tesi  ;  or,  who  selei-ts  the  grays 
browns,  or  reds  with  the  greens,  as  looking  like  the  green  test  skein' 
and  selects  any  of  the  grays,  hlues,  violets,  or  greens  with  the  rose  or 
red  colors,  as  looking  like  tlie  rose  test  skein  of  the  worsted  test 

HEAKl.Mi  TKST. -Place  the  iierson  lo  be  exainir t  a  dlsta- ' 

..'Oteet,  Willi  one  side  Inward  the  Kx 
furthest  from  the  Exainim 
hun  repeat  iiiiiud  the  words 
cnnveisaliiinal  tone,  ami  note  the  d 
be    lelieated    ciirrectly.      ||;,ve    him 
Examiner,  and  repeat  the  test 

With  one  ear  closed  as  hiifiire  note  Ih 

which  the  ticks  of  tiip  nitchct  acoii t, 

with  e.'cch  ear.  Hold  the  aconmeter  by  11 
forefinger  ami  thumb,  nol  shield, -d  |,v  tl 
face  direi'tcil  inward  the  person  lii 

Re.marks— Under  Ihe  head  of  It 
might  impair  the  aci-iiiiicy  ,,f  the  tests     „  e„ 
te°t.f'°^  "■'"'-■''  Rives  any  addltionai   hiforinatl „„ 

Re-examinatton's.-AII  emplovees  who  are  rei|uire,l  to  |)ii 


iiiller;   have  hi 


.sto|i  Hie  ear 

by  iilacing   the  llngi.r  over  it,  llieii  let 

r  numbers  s|«iken  by  the  Examiner  In  a 


fei't 
the  othe 


It   which  lliey 

'   ear    toward 


Ihe 


■  greatest  distance  in  feet  at 
r  can  be  counted  corrcclly, 
i  narrow  edge  between  the 
e  llngeis,  and  Willi  o, 
iig  examined. 

arks  note  any  incident 
I'liig  sleiiin,  ( 
ill   in   regaril  to 


lliil 


the 


amination  fur  vision, 
follows  :  I.  AI  the  end 


)f  Uii 


■  years  fi 


iiring,  will 
om  the  date 


■d  as 
if  the  last  exauii- 


naHon  ;  or,  yearly  (for  vision )  in  Class  A  if  one  eye  is  found  to  have 
less  than  Ztt/iO  of'  normal  vision.  3.  After  any  accident  which  might 
he  caused  by  defective  vision,  color  sense,  or  healing.  3.  After  any 
serious  accident,  or  after  recovery  from  any  severe  illness,  or  after 
severe  inflammation  of  the  eye.s  or  eyelids.  4.  Before  promotion.  .5. 
Yearly,  for  vision,  in  case  of  enginemen  and  tlremen  who  have  20/20 
or  20/30  vision  with  hoth  pairs  of  test  gla,sses. 

Standards  of  Acuteness  of  Vision.— The  following  standards 
of  acuteness  of  vision  will  be  considered  as  satisfactory  for  the  differ- 
ent classes  mentioned.  These  standards  must  be  strictly  observed, 
hut  if  in  the  opinion  of  the  Division  Superintendent  any  exception 
should  be  made,  the  matter  must  be  referred  to  the  General  Superin- 
tendent tor  final  decision,  with  full  report  containing  the  reasons 
therefor. 

Class  A. 


Enginemen. 
Firemen. 


On  Entering  the  Ser- 
vice, or  Promotion. 


20/20  In  each  eye, 
tested  separately, 
without  glasses. 


Re-examination       of 
those  in  the  Service. 


Not  less  than  20/30 
with  both  eyes  open, 
without  glasses ;  each 
eye  should  also  be 
tested  separately  and 
the  vision  of  each 
noted. 


Class  B. 


Passenger  Conductors. 
Baggage 

masters. 
Brakemen. 
Ticket  Collectors. 
Asst.  Conductors. 
Freight  Conductors. 
Brakemen. 
Yard  Masters. 
"     Conductors. 
"     Brakemen. 
"     Enginemen      fre- 
tired  from  road 
service). 
Switchmen. 
Draw  Tenders. 


Towermen. 
Telegraph  Operators. 
Station  Agents. 
Section  Foremen. 


Criissing  Flagmen. 


On  Entering  the  Ser 
vice,  or  Promotion. 


20/20  in  one  eye  and 
not  less  than  20/40  in 
the  ofier,  tested  sep- 
arately,      without 

glasses. 


20/20  in  one  eye  and 
not  less  than  2(j/40  in 


Re-examination      o  f 
those  in  the  Service. 


Not  less  than  20/40 
with  both  eyes  open, 
without  glasses ;  each 
eye  should  also  he 
tested  separately  and 
the  vision  of  each 
noted. 


Not  less  than  20/40 
with  both  eyes  open, 
with  or  without  glass- 


the  other,  tested  sep-ies,"  each  eye  should 
arately,  with  or  with-  also  be  tested  sepa- 
OLit  glasses.  rately  and  the  vision 

of  each  noted. 


Not  less  than  20/40 
with  both  eyes  open, 
with  or  '  without 
glasses. 


Not  less  than  20/50 
with  both  eves  open, 
with  or  "  without 
glasses. 


Certificates.— In  case  glasses  are  necessary  to  bring  the  acuteness 
of  vision  up  to  the  above  standards,  the  Examiner  will  report  the 
facts  to  his  General  Superintendent,  through  the  Division  Superin- 
tendent, on  form  T  .')2:i,  with  the  full  record  of  the  examination,  and 
the  certificate  will  be  withheld  until  he  receives  the  approval  of  the 
General  Superinlendent.  This  will  not  apply  to  Towermen,  Telegraph 
(•lieraloi-s,  sialion  Agents,  Seetinn  Foremen,  or  Crossing  Flagmen. 

The  Examiner  will  give  a  certitlcate,  form  1.52:i  to  each  person  pass- 
ing a  satisfactory  examinaUon.  This  cerUficate  will  be  dated  and 
signed  by  the  Examiner,  and  will  also  be  signed  in  his  presence  by 
the  Iierson  examined. 

The  above  Instructions  will  apiilv  to  all  tests  of  vision,  color  percep- 
tion and  hearing,  made  after  May  1st,  1901. 

As  soon  as  practicatile  all  employees  who  are  required  to  pass  such 
tests,  and  yvlio  have  not  been  examined  by  one  of  the  Cnm|ianv's  Ex- 
aminers .since  April  1st,  1899,  must  beexaruined  in  accordance  with  the 
aliove  instructions.  w.  E.  Chammhri.ai.v, 

liosTOX,  May  Lst,  1901.  General  Maiiaacr. 

FORM  152:3. 
The  New  York,  New  Haven  and  Hartford'  Railroad  Company. 


This  certifies  that  I  have  this  day  carefnllv  tested  the  Acuteness  of 

Vision  and  Color  Perception  of 

whose  signature  is  attached  hereto,  and  tind  that  he  is  not'tiis'quaiifled 
by  color  blindness  i.r  other  defective  sight  from  employment  where  he 
is  required  to  distinguish  form  and  color  nf  signals. 

Examiner. 

1 

Signature  of  party  examined. 
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THE    NEW    YORK,    NEW    HAVEN    AND    HARTFORD    RAILROAD    C(JMP.' 


iNY. 


" -DIVISION 

Record  of  Examination  of  Sighl.    Color  Sense,  and  Hear 


■mg. 


OCCUPATION. 


Acuteness  of  Vision,  witliout  Ghisses. 


Distance  in  feet,  at  which  standard  test-type 
are  read. 


Smallest  line  of   standard   test-type  read  cor 
I'ectly, 


Riglit 
Eye. 


Left 
Eye. 


Both 
Eyes 
Open. 


Heading  Test,  Iioth  Eyes  Open, 


Size  of  reading  test-type  read  correctly. 


Written    train    orders   read    correctly    (Yes 
or  No). 


Without 
(jlasses. 


Position  Signal  Test,  without  glasses. 


Distance  in  feet  at  which  card  with  semaphore  arms  can  be  read  correctly. 


With 

Glasses. 


Right  Eye. 


Left  Eye. 


Both  Eyes  Open. 


COLOR    SENSE. 


Test-Skein 
Submitted. 

Numbers  on  the  Skeins  in  Standard  Holmgren  Color  Set,  selected  as  similar  to  Test-Skeins. 

A  Green. 

B  Rose. 

Size  of 
Opening. 

Number 
shown. 

1 

3 

2 

4 

,3 

5 

4 

6 

o 

7 

6 

8 

i 

9 

Testing 
Lantern, 

Name 
giyen. 

two 
lights. 

Number 
shown. 

8 

10 

9 

11 

10 

12 

11 

13 

12 

1 

13 

2 

1 

3 

Name 
given. 

Size  ot 
Opening. 

Nnmliei' 
shown. 

1 

2 

•:> 

4 

5 

G 

7 

Testing 
Lantern, 

Name 
given. 

one 

Number 
shown. 

8 

9 

10 

11 

12 

13 

1  • 

ligbt. 

Name 
given. 

Number  of  feet  at  which  numbers  or  words  can  be  repeated  correctly  when  spoken  in  a  conversational  tone. 


Right  Ear, 


Number  of  feet  at  which  rate-bet  acoumeter  can  be  heard. 


Left  Ear, 


REMAKES : 


Examiner. 
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COLORADO.— The  State  of  Colorado  embraces  about 
twice  as  much  territory  as  the  whole  of  New  England. 
The  western  two-thirds  of  the  State  is  covereil  by  a  por- 
tion of  the  Rocky  Moimtain  system,  while  the  eastern 
one-third  consists  of  the  western  margin  of  the  Great 
Plains  which  gradually  ascends  in  height  from  4,000  feet 
on  the  eastern  border  of  the  State  to  6,000  feet  where 
the  foothills  of  the  Rockies  begin.  The  foothills  with 
their  adjoining  valleys  vary  from  6,000  to  7,000  feet  in 
elevation. 

Westward  of  the  footliillsare  the  natural  parks,  .stand- 
ing at  altitudes  between  7,000  and  10,000  feet,  interspersed 
among  the  mountains  of  which  in  Colorado  there  are  liJO 
peaks  ranging  from  13,500  to  14,500  feet. 

The  eastern  or  plain  portion  of  the  State  consists  of 
elevated  plateaux  which  are  for  the  most  part  barren  of 
trees  and  vegetation  save  for  the  native  butfah)  grass, 
and  the  streams  are  few  and  small.  Tliis  region  is  >min- 
habited  except  in  the  few  widely  scattered  ranches  and 
small  towns. 

A  few  miles  eastward  from  the  foothills,  along  the 
margin  of  the  plains  where  they  approach  the  mountains, 
are  situated  the  most  prosperous  and  populous  towns  in 
Colorado,  and  it  is  on  this  strip  of  land  that  most  of  the 
invalids  locate.  In  the  northern  portion  of  this  area, 
on  the  plains  some  fifteen  miles  from  the  foothills,  stands 
the  city  of  Denver,  the  capital  of  the  State,  while  seventy- 
five  miles  to  the  south  of  it,  and  only  live  miles  from  the 
mountains,  is  Colorado  Springs  with  its  suburbs.  Forty 
miles  to  the  south  is  the  manufacturing  city  of  Puel)lo, 
and  still  farther,  on  the  borders  of  New  Mexico,  is  the 
city  of  Trinidad  with  its  important  coal  mines. 

To  the  westward,  in  the  valleys  among  the  foothills,  are 
foiuid  the  smaller  towns  of  Boulder,  Golden,  Manitou, 
and  Canon  City. 

The  mountain  parks  are  used  in  the  summer  by  in- 
valids, some  of  them  (especially  Estes  Park  and  Manitou 
Park)  being  well  supplied  with  accommodations  for  visit- 
ors. On  the  western  side  of  the  Rockies  are  man}'  pros- 
perous towns,  which  are  not  as  much  used  by  invalifis  as 
those  of  the  eastern  slopes  because  of  the  climate  being 
less  dry.  Glenwood  Springs,  however,  is  a  place  much 
frequented  by  the  sick,  tliough  uot  usually  by  those  who 
are  tuberculous.  The  varie'd  topograjihy  of  the  State 
naturally  gives  rise  to  variations  in  climate,  thougli  all 
share  in  the  common  attributes  of  sunniness,  dryness, 
and  diminished  barometric  pressure.  In  the  eastern  or 
plain  iiortion  is  to  be  foimd  the  most  sunshine  and  least 
humidity,  but  with  more  dust  and  wind  than  in  the  shel- 
tered valleys  and  parks  of  the  mountain  regions.  The 
average  annual  rainfall  is  tiftcen  inches.  The  range  of  the 
greatest  annual  extremes  is  not  more  than  ten  inches, 
while  on  the  coast  of  California  it  extends  to  thirty-nine 
inches.  The  rain  is  natiu-ally  more  cojjious  on  anil  near 
the  mountain  peaks,  and  at  this  great  lieiglit  it  usually 
though  not  invariably  increases  with  the  "altitude.  On 
the  eastern  side  of  the  main  range  the  Inilk  of  the  pre- 
cipitation occurs  during  the  summer  half  of  the  year, 
there  being  no  rain  thiough  the  winter  and  very  "little 
snow.  Oa  the  western,  or  Pacific  slope,  on  the  other 
hand,  the  precipitation  during  the  winter  six  months  is 
somewl]at  greater  than  in  the  summer.  The  mean  rela- 
tive liuniidity  cf  Colorado  is  .50  per  cent,  and  the  actual 
humidity  2.04  grains  per  cubic  foot  of  air,  the  average 
annual  temperature  being  .50°  F.  Tliis  drvncss  (if  the  .''rir 
causes  lioth  the  lieat  and  the  cohl  to  be  l)ctler  liorne  bir 
rc'asons  which  are  so  well  exiilaiiied  by  PnilVssor  Har- 
rington in  his  paper  upon  sensilile  leiiiiieraturcs  Id  lie 
tound  m  the  transactions  of  the  American  Climati.l(i"i(al 
A.ssoeiation  (vol.  x.). 

"The  sun  in  Colora<lo,  in  that  great  tract  along  and 
among  the  eastern  foolhills,  in  wliidi  are  located  Denver 
Oolorado  Springs,  Jbuiit.iu,  I'licbl.,,  Trinidad,  Golden! 
Boulder,  F(,rt  Collins,  an.l  Grciv;  in  lliat  reghm  to  which 
the  ounstamltlie  invalid  are  most  likely  I, i  c(mic  and 
u.  which  they  are  likely  to  sl.ay  longest-the  sun  h<.re 
shines  for  about  sixty-two  h.mrs  ,iut  of  every  hundr,.,!  in 
which  It  IS  above  the  horizon.     In  Philadelphia  the  ratio 
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is  forty-nine.  During  the  winter  months,  the  trying 
time  for  the  invalid,  the  difference  is  more  striking  still. 
In  Colorado  we  have  from  December  to  j\Iarch,  56  per 
cent,  of  all  possible  sunshine.  In  Philadelphia  they  get 
but  37  per  cent. ;  a  difference  in  Colorado's  favor  of  over 
one-half.  In  ten  years  there  were  in  Denver,  on  the 
average  in  each  year,  314  clear  or  partly  clear  daj's.  In 
Chicago,  in  the  same  period,  there  were  only  251 ;  in  New 
York,  362.  During  the  three  winter  mouths  the  sun 
shines  four  out  of  every  five  days.  Nor  do  these  figures 
tell  the  whole  stoiy.  One  of  tlie  greatest  advantages  of 
this  eastern  belt  along  the  front  of  the  range  is  the  early 
morning  sunshine.  There  are  no  high  mountain  ranges 
for  the  sun  to  climb,  as  in  so  many  high  altitude  resorts 
in  other  lands,  but  its  first  raj's  above  the  low  eastern 
liorizon  are  at  once  warming  and  cheering.  The  sun  is 
up  before  the  invalid  is  awake,  and  the  air  is  warmed  for 
his  outdoor  life  without  a  long  wait  till  mid-morning. 
In  Davos,  Switzerland,  the  sun  on  Januaiy  1st  does  not 
ri.se  till  10  a.m.,  and  sets  at  three  in  the  afternoon,  a 
possible  sunshine  of  only  five  hours.  In  Denver  on 
Januaiy  1st  the  sun  rises  at  7:30  a.m.  and  does  not  set 
till  after  4:30  p.m.  :  more  than  nine  hours  of  sunshine. 

"  Neither  do  the  few  cloudy  daj'S  preclude  an  outdoor 
life,  as  might  be  inferred.  The}'  do  not  bring  the  damp 
and  rawness  of  the  Eastern  or  Middle  States.  To  many 
there  is  a  restfulness  in  a  clouded  day  from  the  constant 
intensity  of  clear  blue  sky."  * 

The  temperature  of  the  air  in  the  sunlight  and  in  the 
shade  varies  from  40'  to  60°  F.  There  is  a  large  amount 
of  electricity  and  marked  diathermancy  of  the  air. 

The  wind  movement  of  Colorado  is  high,  especiall)'  on 
the  plains,  though  it  is  not  as  high  as  that  of  the  most 
important  cities  of  the  Union. 

Through  the  country,  where  the  plains  and  mountains 
meet,  the  .seasons  may  be  thus  briefiy  described :  March 
is  usuall_y  dry  and  a  pleasant  month  with  but  few  storms. 
April  is,  perhaps,  the  most  disagreeable  month  of  the 
year,  as  in  the  first  half  wet  snow  storms  or  heavy  rains 
are  usual.  In  !May  the  weather  improves,  and  in  the  last 
half  of  the  month  it  is  generally  good.  June  is  dry  and 
warm.  Through  .July  and  August  the  summer  heat  is 
not  excessive,  the  mornings  and  evenings  being  bright 
and  beautiful,  while  in  the  afternoons  heavy  thunder 
showers  lasting  some  twenty  minutes  are  usual.  By  the 
middle  of  September  the  rains  have  ceased,  and  beautiful, 
dry,  sunny  autumn  weather  is  experienced  usually  until 
the  turn  of  the  year.  In  January  and  February  the  cold- 
est weather  occurs,  but  as  it  is  dry,  clear,  and  sunny  it 
is  bracing  and  pleasant,  except  to  those  who  are  too 
feeble  to  react  to  its  tonic  effects. 

Dr.  C.  T.  Williams,  in  describing  the  qualitj-  and  effect 
of  the  various  factiirs  of  the  Colorado  climate,  writes  as 
follows:  "Thus  the  climate  of  Colorado  is  dry  and  sunny, 
with  bracing  and  energizing  qualities,  iiermitting  out- 
door exercise  every  day  all  the  year  round,  the  favorable 
results  of  -which  may  be  seen  in  the  large  number  of 
former  consumpti\-es  whom  it  has  rescued  from  the  life 
of  invalidism  and  converted  into  healthv,  active  work- 
ers, "f 

Boulder — elevation  5.300  feet,  population  5,000,  lati- 
tude 40.  This  little  town  is  situated  at  the  mouth  of 
I'oulder  canon,  some  thirty  miles  northwest  from  Denver. 
1'he  State  University  of  Colorado  is  here,  and  there  is  also 
a  sanitarium  which  is  a  branch  of  the  Battle  Creek  sani- 
tarium. Comfortable  accommodations  can  lie  obtained  at 
the  holel  and  boarding-houses.  The  mean  temperatures 
(Fahr.  )as  recorded  are:  spring,  40';  summer,  65°;  au- 
tumn, 49  ;  winter,  24°.  Total  rainfall,  19.21  in.  ;  spring, 
S  in.  ;  summer,  7.7  in.  ;  autumn,  2  in.  ;  winter,  1.51  in. 
The  humidity  and  wind  movement  observations  are  not 
to  be  obtained.  The  soil  is  sandy.  The  water  supply  is 
good,  but  there  is  no  system  of  sewerage. 

Canon  City— elevation  5,300,  latitude  38°"  30';  popula- 
tion 4.500.       Canon  C^ify  lies  in  a  valley  close  to  the  en- 

♦rolnradci:   "Aliciut  its  Climate."    By  J.  C.  Dana,  Librarian,  and 
Carroll  E.  Erlson,  M.D.,  Denver,  (dl. 
+  "  Aerotlierapeutics,"by  Charles  Tlieodore  Williams,  M.D.,  l^ndon. 
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trance  to  the  Grand  Canon  of  tlie  Arkansas.  It  is  forty- 
five  miles  northwest  of  Pueblo,  It  is  well  sheltered  from 
winds,  except  where  an  occasional  westerly  wind  blows 
through  the  canon.  It  has  a  mild  winter  climate.  The 
soil  is  mostly  adobe,  so  it  is  slow  in  drying  up  after  rain 
and  snow.  The  water  supply  is  good.  "There  are  fair 
hotels  and  boarding-houses,  and  the  prices  are  moderate. 
The  streets  are  pleasantly  shaded  with  trees.  Fruit 
growing  is  successfully  carried  on  by  irrigation  through- 
out the  valley.  There  are  hot  and  cold  soda  springs. 
The  seasonal  temperatures  (Fahr.)  and  rainfall  are  as 
follows:  Spring  temperature  .52',  rainfall  4.3  in.;  simmicr 
temperature  73,  rainfall  4.3  in.;  autumn  temperature 
53°,  rainfall  l.G  iu. ;  winter  temperature  34°,  rainfall  1.8 
in. 

Colorado  Springs— elevation  6.000  feet:  latitude  38°  51' ; 
population  30,000.     Colorado  Springs  is  situated  seventy 


the  curve  lies,  as  it  were,  iu  a  bay  opening  southward  to 
the  ocean  plain."* 

In  looking  landward  from  the  town  it  will  be  noticed 
how  it  is  encircled  by  ramparts  formed  by  the  ground 
rising  from  6,500  feet  on  the  east  up  to  7,000  feet  on  the 
north,  and  sloping  upward  along  the  western  line  to  over 
14,000  feet  upon  the  sununit  of  the  Peak  and  southward 
again  to  the  6,500  foot  level.  The  ramparts  formed  by 
the  mountains  afford  shelter  from  the  sweep  of  the  con- 
tinental storms  and  by  their  attraction  keep  back  nuieh 
of  the  rain  and  snow  that  gather  around  the  Peak.  The 
lofty  eminence  of  this  grand  mountain,  piercing  the  upper 
cooler  strata  of  the  atmosphere,  draws  toward  it  the 
clouds  which,  as  they  break,  pass  southward  over  Chey- 
enne Mountain  and  northward  over  the  Front  Range,  and 
thus  eastward  along  the  ridge  of  the  Divide. 

The  heavy  trans-continental  storms  coming  from  the 


Fig.  1470.— Manitou,  Colorado,  on  the  Denver  and  Rio  Grande  Railroad. 


five  miles  soutli  of  Denver  on  the  mountain  shore  fring- 
ing the  ocean  of  the  Great  Plains.  "  These  plains,  which 
begin  to  rise  eight  hundred  miles  away  to  the  eastward 
and  stretch  an  equal  distance  north  and  south,  have  been 
called  the  Great  American  Desert.  This  great  plateau  is 
almost  completely  barren  of  trees  and  crops,  and  is  trav- 
ersed by  a  few  slender  streams.  The  arid  soil  yields  but 
little  water  from  infrequent  wells  and  springs,  and  the 
dry  air  blowing  over  this  plateau  gives  but  scant  moist- 
ure ;  so  tliat  there  are  onljr  a  few  scattered  oases  of  cul- 
tivation in  this  vast  expanse  of  grassy  plain.  To  the  eye 
the  rolling  prairie  conveys  the  impression  of  the  sea,  and, 
no  doubt,  it  was  this  thought  that  prompted  the  early 
pioneers  to  call  their  wagons  as  they  slowly  lumbered 
over  the  plain  'prairie  schooners,'  the  wagon  covers  in 
the  distance  resembling  sails. 

"  The  town  has  in  tlie  west,  towering  eight  thousand 
feet  above  it,  that  great  sentinel  of  the  Rockies,  Pike's 
Peak,  with  its  shoulders  sloping  to  the  lower  heights  of 
Cheyenne  Mountain  in  the  south  and  melting  into  the 
Front  Range  in  the  north,  with  a  spur,  the  Divide.  This 
Divide  projects  from  the  front  range  to  the  eastward, 
with  its  crest  being  twenty-five  miles  north  of  the  town, 
and  curving  southward :  it  therefore  shelters  the  city  on 
the  north  and  east.  These  mountains  and  their  spurs 
form  a  semicircle.     The  town  situated  in  the  depth  of 


west  over  the  mountains,  for  the  most  part,  do  not  strike 
the  plains  short  of  fifteen  miles  to  the  eastward,  because 
of  the  great  width  of  the  angle  at  which  they  descend  by 
reason  of  their  great  velocity  and  the  height  of  the  moun- 
tains they  liave  to  cross,  thus  leaving  the  town  in  the 
wind-shed  below.  This  sheltered  position  does  not, 
however,  prevent  the  town  from  experiencing  on  these 
occasions  much  movement  of  the  air  from  the  eddying 
currents  set  in  motion  by  the  storms  that  pass  over  and 
around  it. 

Perhaps  one  of  the  strongest  features  in  the  resemblance 
to  a  seashore  is  in  the  customary  daily  variations  of  the 
local  winds.  Wherever  the  land  and  ocean  meet  there 
is  a  daily  breeze  blowing  from  the  sea  to  the  land  and  a 
nightly  one  from  the  land  to  the  sea.  Here  we  have  in  the 
diurnal  winds  an  exact  counterpart  of  the  sea  and  land 
breezes.  In  ordinary  weather,  throughout  the  night,  a 
gentle  breeze  blows  from  the  north  and  northwest,  and  as 
the  sun  begins  to  rise  the  wind  shifts  eastward  and,  passing 
south,  blows  from  the  southwest  during  the  early  after- 
noon ;  then  turning  backward  through  the  eastern  quarter 
it  reaches  the  north  once  more  as  the  sun  goes  down, 
where  it  lingers  through  the  night.     The  velocity  of  the 


*"  An  Inland  Seashore,"  by  S.  E.  Solly,  M.D.,  Mountain  Sunshine, 
Fall  Number,  vol.  i.,  1899,  p.  3,  Colorado  Springs. 
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■\viDd  is  very  sliglit  duriug  the  liours  of  darkness,  but  in- 
ereases  after  da.ybreak  vip  to  two  or  three  o'chjck  in 
the  afternoon  when  it  bhiws  willi  its  maximum  force, 
gradually  dying  down  again  as  sunset  approaches  and 
it  returns  to  the  northern  quarter.  Thus  we  liave  l)y 
day  a  sea  or  plaiu  breeze,  by  night  a  shore  or  mountain 
breeze. 

The  customary  winds  are,  however,  very  dilferent  in 
their  quality  from  those  on  the  seashore,  because  they  are 
dry  instead  of  moist.  This  is  particularly  the  case  in 
contrasting  the  sea  and  plaiu  winds.  Tlic  winds  passing 
over  the  ocean  toward  the  sli(jre  must,  from  the  very  na- 
ture of  things,  bring  with  them  much  humidity,  so  that 
iu  whatever  climate  a  sea  breeze  blows  it  is  always  damp 
and  there  can  be  only  relative  dryness  in  sea  Ijreezes,  but 
owing  to  the  varying  temperatures  its  effects  may  be 
very  different.  For  instance,  on  a  seashore  whei-e  there 
are  brilliant  sunlight  and  genial  warmth,  as  on  the  coast 
of  Southern  California,  througli  the  warmer  hours  of  the 
daj'  the  sea  breeze  blows  and  does  not  part  with  its  hu- 
midity as  rain  or  fog.  During  the  early  morning  and 
evening  hours  the  change  of  temperature  is  usually  too 
slight  to  cause  a  fall  of  rain,  but  the  moisture  in  the  air 
condenses  to  a  light  fog.  This  condition  is  practically 
the  same  both  suuuuer  and  winter  in  California,  but  on 
the  North  Atlantic  coast  the  conditions  are  only  similar 
during  the  summer,  while  in  winter  the  greater  cold 
brings  harsh  weather  with  increased  precipitation.  The 
groat  and  important  difference  between  this  fancied  sea- 
shore and  a  real  one  is  that  it  is  dry  instead  of  moist, 
though  they  are  alike  in  this,  that  breezes  bring  an 
abundance  of  pure  air  which  has  blown  over  surfaces 
untainted  by  malaria  or  the  habitations  of  man.  It  is 
the  proximitj'  of  the  great  plains  with  their  dry,  tree- 
less, and  sparsel}'  populated  soil  that  gives  to  Clolorado 
Springs  such  a  magniticent  reservoir  of  pure,  sun-dried 
air  for  it  to  draw  upon. 

The  open  aspect  to  the  south  and  east  with  the  slojnng 
southern  shoulder  of  the  Peak,  allows  longer  hours  of 


In  the  Alpine  valley  re.soits  the  daily  breeze  blows 
more  gently  over  chilly  mountain  tops  or  ice  fields,  bring- 
ing a  much  cooler  and  slightly  damper  atmosphere  tlian 
that  which  reaches  Colorado  Springs  from  the  plains. 
While  the  qualities  of  the  Colorado  Springs  diurnal  winds 
are  suited  and  agreeable  to  many,  yet  for  others  the 
greater  coolness  and  lesser  velocity  of  the  daily  breeze  ex- 
perienced in  Davos  are  more  to  be  preferred. 

The  plateau  upon  which  the  town  stands  is  composed 
of  sand  and  gravel,  rising  some  seventy  feet  above  the 
clay  bed  of  the  streams.  In  this  soil  no  water  is  to  be 
found  and  the  city  is  dependent  upon  water  brought 
from  the  mountains.  The  surface  of  the  plateau  thus 
lifted  above  the  river  valleys  is  level  and  has  a  gentle 
slope  from  north  to  south,  which  allows  good  natural 
drainage  and  easy  sewerage.  When  one  is  standing  on 
the  town  .site,  the  elevation  of  this  plateau  above  its  im- 
mediate surroundings  conveys  the  impression  of  height; 
but  on  looking  down  upon  the  town  from  the  encircling 
benciies  or  hills,  we  then  see  that  it  really  rests  in  the 
holhjw  of  a  bay  with  two  sheltering  arms  stretching  out 
from  Pike's  Peak  around  it  to  the  north  and  east,  and 
to  the  south  and  west,  leaving  the  southeastern  aspect 
open  to  the  jdains. 

Occasionally  during  the  winter  half  of  the  year  the 
wind  will  remain  throughout  the  day  in  the  northern 
quarter,  bringing  cold,  stormy  weather  from  across  the 
mountains;  though  when  the  thermometer  drops  near  or 
below  zero,  as  it  occasionally  does,  the  wind  usually  also 
abates,  ,so  that  the  intense  cold  is  quite  endurable  and 
even  pleasant  if  the  body  is  well  protected  b}'  warm 
clothing.  It  is  also  a  rare  day  Avhen  the  sun  does  not 
shine.  During  the  nights,  which  are  usually  the  coldest 
portion  of  the  twentj'-four  hours,  there  is  rarely  much 
wind  blowing.  After  a  cold  snap,  when  snow  has  fallen, 
often  the  chinook — a  warm,  dry  wind  which  rapidly  melts 
the  snow  and  dries  the  ground — will  blow  from  the  west. 
It  is  similar  to  the  fohn  wind  of  Switzerland,  which  is 
sometimes   called    "the   snow   eater."     The   velocit}'  of 
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sunshme  and  intenser  light  than  are  found  in  tlir  Swiss 
mountam  vahey  resorts.  For  instance,  on  111,,  first  dav 
ol  January  the  possible  hours  of  sunlight  in  Dav.isare 
four  hours,  whereas  in  Colcnelo  Springs  th.^y  are  nine. 
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the  Chinook  is  very  great,  liut  it  i'ar<>ly  blows  more  than 
a  few  hours  at  a  time.  Winds  from  tlie  west  and  south- 
west are  infre()uent,  but  in  addition  to  those  which  have 
been  mentioned  occasional  local  breezes  will  spring  up. 
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blowing  from  the  west,  but  not  of  liigh  velocity  or  of  long 
duration,  "  "' 

The  mean  total  monthly  wind  movement  is  at  Colorado 
Springs,  6,653  miles;  JN'ew  York,  6,«8:!:  Boston,  7,997; 
Chicago,  7,007;  St.  Louis,  7,0(1;  San  Francisco,'  6,863.' 
These  places  all  show  a  greater  anxjunt  of  wind  move- 


Asheville,  48  at  Aiken,  ol  at  Tliomasviile,  30.5  at  San 
Antonio,  and  18  at  Santa  Barl)ara.  In  autumn  the  pre- 
cipitiition  is  not  more  than  two  inelies. 

The  annual  average  relative  humidity  of  Colorado 
Springs  is  50  per  cent.,  being  19  percent,  less  than  Ashe- 
ville,  15  ]ier  cent  less  than  Thnmasville,  18  per  cent,  less 
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-Glenwood  Springs,  Colorado,  on  the  Western  Sl^ipe  of  the  Et  tck.v  Mountains.    Elevation,  .5,30(J  feet.    View  of  hotel,  bath-houses,  and  pool. 


ment  than  Colorado  Springs,  while,  on  the  other  hand, 
in  the  following  places  the  wind  movement  is  somewhat 
less;  At  St.  Paul  it  is  5,156  miles;  San  Antonio,  5,801; 
San  Diego,  4,105;  Thomasville,  4,335;  Denver,  4,980,  and 
Pueblo,  5,438.  This  average  annual  monthly  movement 
of  the  wind  at  Colorado  Springs  is  largely  augmented  by 
the  spring  gales,  the  autimin  and  early  winter  being 
much  less  windy. 

The  hourly  wind  velocity  at  Colorado  Springs  during 
the  autumn  is  nine  miles  per  hour,  being  only  sliglitly 
greater  than  that  of  the  summer  season,  and  quite  a  little 
less  than  that  of  the  winter  and  sjiring. 

The  number  of  cloudy  days  of  the  entire  year  is  very 
small,  averaging  but  57  as  against  139  in  the  Adirondacks, 
106  at  Asheville,  97  at  Thomasville,  93  at  San  Antonio, 
and  73  at  Santa  Barbara.  In  the  principal  cities  of  the 
Union — Boston,  New  York,  Chicago,  St.  Louis,  and  San 
Francisco — the  number  of  cloudy  days  range  from  88  at 
San  Francisco  to  117  at  Chicago.  Of  the  57  cloudy  days 
which  occur  through  the  year  at  Colorado  Springs  the 
fewest  are  seen  during  the  autumn,  averaging  less  than 
half  the  number  in  the  summer  and  winter  and  one-third 
of  the  number  during  the  spring,  which  is  the  cloudiest 
season. 

The  annual  average  rain  and  melted  snow  fall  is  14.5 
inches,  as  contrasted  with  39  in  the  Adirondacks,  45  at 


than  San  Antonio,  and  33  three  per  cent,  less  than  Santa 
Barbara.  In  the  autumn  it  is  about  4  per  cent,  higher 
than  in  the  winter  and  summer,  and  8  per  cent,  higher 
than  during  the  spring.  This  is  because  of  the  dimin- 
ished precipitation ;  a  little  more  moisture  being  retained 
in  the  air. 

The  annual  average  absolute  humidity  of  Colorado 
Springs  is  1.48  grains  as  against  3. 34  grains  for  Asheville, 
or  4.86  for  Tliomasviile,  or  5.36  for  San  Antonio  and  4.30 
for  Santa  Barbara.  In  the  autumn  the  aljsolute  humidity 
in  Colorado  Springs  is  3.05,  which  is  very  low,  though 
slightly  in  excess  of  the  annual  average. 

The  average  temperature  (Fahr.)  for  autumn  of  Colo- 
rado Springs  is  48°,  contrasted  with  43°  in  the  Adiron- 
dacks, 53°  at  Asheville,  and  61°  at  Aiken,  63°  at  Santa 
Barbara,  and  34°  at  DaA'os-Platz. 

The  average  night  temperature  of  Colorado  Springs  for 
the  autumn  is  84°,  being  about  the  same  as  that  of  the 
spring;  while  in  summer  it  rises  to  51°  and  in  winter 
drops  to  17°  F.,  owing  to  the  cold  but  still  night. 

(Colorado  Springs  has  a  complete  system  of  sewerage, 
electric  lights,  and  electric  street  cars.  The  water  supply 
is  brought  in  pipes  from  the  mountains  and  is  abundant 
and  pure.  The  wide,  level  streets  are  shaded  bj'  trees. 
Tliere  are  excellent  stores,  four  banks,  two  theatres,  and 
several  first-class  hotels.     The  Antlers,  recently  rebuilt, 
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is  the  most  cdiiiplete  hotel  iu  the  West;  it  is  fireproof 
aud  stands  iu  a  beautiful  park.  A  fine  social  club  house 
and  two  couutrj'  clubs  are  adjacent.  The  churclies  are 
numerous  and  well  served.  The  residences  are  detached, 
with  gardens  and  trees  around  tliem,  and  are  for  the 
most  part  pleasing  in  Ihcir  architecture.  The  general 
air  and  resources  of  the  city  suggest  the  best  type  of  the 
Eastern  rather  than  that  of  the  Western  States. 

Glenwood  Springs— elevation  5,300,  population  1,500 
—lies  on  the  western  slope  of  the  great  continental 
Divide,  and  is  situated  in  a  valley  at  the  junction  of 
the  Grand  and  Roaiing  Forlv  rivers.  The  Denver  and 
Rio  Grande  and  the  Colorado  Midland  railways  pass 
through  the  town  on  their  way  fioni  Denver  to  Salt 
Lake  and  the  Pacific  coast.  Here  is  the  far-famed  Yampa 
hot  spring,  from  which  flows  each  minute  3,000  gal- 
lons of  water  at  a  temperature  of  184'  F.  This  water 
is  rich  in  salts,  and  sulphureted  hydrogen  gas  is  freely 
given  off  from  its  surface.  The  arrangements  foi-  bath- 
ing are  of  the  most  complete  and  modern  description. 
There  is  an  open  swimming  pool  700  feet  in  length  and 
100  feet  in  width,  in  which  a  hot  salt  bath  can  Ijc  thor- 
oughly enjoyed.  On  one  side  of  this  pool  is  a  beautiful 
bathhou.se  containing  baths  of  all  kinds;  on  the  other 
are  sulphurous  vapor  caves  which  are  most  corafortaljly 
fitted  up.  The  baths  of  Glenwood  are  justly  celebrated 
for  their  efficacy  in  the  treatment  of  various  diseases, 
especially  gout,  rheumatism,  syphilis,  and  certain  renal 
and  hepatic  atfections.  Its  climate  is  soothing  and  rest- 
ful and  of  great  service  in  irritable  nervous  disorders. 

"Glenwood  Springs  has  one  of  the  finest  hotels  in  the 
West.  It  is  a  large  building  in  the  Italian  style  of 
architecture,  constructed  of  Colorado  peachblow-colored 
stone  and  Roman  brick.  It  surroimds  an  open  court 
wliieh  is  terraced,  and  has  grass  plats,  fountains,  and 
beds  of  flowers.  The  hotel  has  200  guestrooms;  it  is 
well  heated,  liberally  su|iplied  with  open  fireplaces,  and 
is  lighted  by  electricity."  * 

Climatic  Conditions  at  Glenwood  Springs. 

Monthly  mean  temperature  (Fahr.)  — 

Winter 27° 

Slirinf,'  '.'.'.'..'.'.'.  ,50 

Summer 69 

Autumn 47 

Year 48 

Rainfall  (total,  Indies)  — 

Winter 4  90 

Spring ..'.........'.'.'.'.'.      3.04 

Suumier ;Jt,S0 

Autumn 4''» 

Year ;;.';;;;  isija 

Monttily  mean  temperature,  for  .January  (two  years) ...    23° 

Monthly  mean  temiieraturi-  for  .Inly  (two  years) 73° 

Mean  yearly  inininium  ithrei-  years)  ' 5° 

Mean  yearly  maximum  (three  years) 100° 

Therivpcitir  Vse  ,f  Chh,rodi'.  —  \N\vAX  has  l)een  written 
about  the  use  of  high  stations  in  the  Alps  applies  to 
Colorado  witlj  ceitain  modifications.  The  latitude  of 
Colorado  is  much  lower  than  tliat  of  the  Alps,  that 
of  Colorado  Springs  l)eing  about  the  same  as  tliat  of 
Naples.  It  is  therefore  much  warmer,  and  also,  because 
of  its  situation  in  tlie  interior  of  the  continent,  much 
dryer ;  luoreover,  it  enjoys  the  climate  of  the  high  plateau 
as  well  as  that  of  tlie  nuiuntaiii.  Tliis  increa.sc^  the  dry- 
ness, the  length  of  sun.shine,  and  also  the  windiness  of 
th(.'  climate.  If  the  reader  will  turn  to  the  description  of 
toloiiuh)  Spru)gs,  111-  will  understand  how  this  health 
station  combines  the  features  of  a  plateau  ami  a  moun- 
tain station  m  a  remarkable  degree.  The  other  iilaces 
mentioned  in  this  article,  except  Denver  iuid  Pueblo 
he  more  in  the  mountains,  and  receive  more  shelter  but 
l(;ss  suiislune,  and  are  less  under  the  influence  of  (lie 
)«r  ot  the  plains.  When  Colorado  was  first  visited  as 
a  health  resort,  the  ideit  was  that  it  Wiis  better  to  place 
stations,  particularly  for  eonsum|.tiv,.s,  in  the  more 
slH^.ltcied  resorts.  For  instance,  Manitou  and  Caiion 
Lity  were  gi'ciitly  used,  tmd  Colorado  Siirings  very  lit- 

*Solly's  Hanabook  on  "ClimatoloBy,"  p.  3.-,l. 
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tie ;  but  the  experience  of  the  patients  and  of  tlie  doc- 
tors brought  about  a  change  in  this  respect,  and,  in 
spite  of  the  accommodations  being  inferior  at  that  time, 
patients  frequented  Colorado  Springs  in  large  numbers 
to  the  neglect  of  the  sheltered  resorts.  At  the  present 
time,  and  indeed  for  some  years  past,  the  accommoda- 
tions and  resources  for  invalids  have  been  excellent  at 
Coloi-ado  Springs,  and  far  better  than  in  any  other  re- 
sort in  the  Rocky  Mountain  region.  The  wisdom  of  this 
change  of  base  has  been  proved  by  the  local  experience, 
and  is  further  corroborated  by  the  successful  use  of  open- 
air  treatment  in  England  and  elsewhere,  where  the  ex- 
posure to  wind  and  stormy  weather  is  much  greater  than 
in  Colorado  Springs.  At  the  same  time,  the  more  shel- 
tered spots  are  of  greater  service  to  a  few  of  the  cases. 
While,  in  comparing  Colorado  Springs  with  the  Aljjine 
resorts,  we  find  that  it  excels  them  in  the  amount  of 
sunshine  and  dryness,  and  because  the  climate  is  less 
harsh,  we  must  at  the  same  time  admit  that  it  falls  be- 
hind them  in  that  there  is  more  wind  and  dust.  One  of 
the  most  prominent  advantages  that  Colorado  Springs 
enjoys — an  advantage  which  is  also  shared  in  a  lesser 
degree  by  the  other  Colorado  resorts — is  that  the  con- 
sumptive ijatient  can  conlinue  under  the  influence  of 
the  climate  all  the  year  round,  there  being  no  falling 
and  melting  snow  periods  as  in  the  Alps.  To  this  the 
writer  attaches  great  importance,  because  he  does  not 
believe  that  in  seriously  affected  cases  a  residence  of  a 
few  months  is  suflicient  to  insure  permanent  results. 
Further,  when  the  consumpti\e  is  able  to  move  about 
and  take  exercise,  lie  lias  a  wide  area  over  which  he 
can  pass;  he  can  ride  aud  drive,  plaj'  golf,  aud  vary 
his  amusements.  Also,  at  Colorado  Springs,  at  least,  he 
can  have  the  advantage  of  literary  and  musical  circles, 
and  all  kinds  of  educational  and  religious  institutions, 
aud  find  reasonable  social  distractions.  Those  also  in 
whom  the  di.sease  is  arrested,  but  for  whom  it  is  inex- 
pedient that  they  should  return  to  their  former  home,  or 
who  do  not  desire  to  do  so,  can  find  opportunities  for 
work  or  investment  of  money.  The  recent  discoveries 
of  gold  at  Cripple  Creek  have  added  to  the  wealth  aud 
prosperity  of  the  city,  aud  to  the  business  opportunities 
of  all  kinds,  but  have  not  brought  any  of  the  objectionable 
features  of  the  mining  camp.  Besides  the  resources  of 
the  town,  there  are  beautiful  environs  in  which  patients 
can  live  or  to  which  they  can  resort  b_y  day. 

It  is  often  urged  that  for  a  consumptive  who,  of  neces- 
sity or  by  choice,  returns  to  his  home,  it  is  far  better  that 
he  be  treated  in  the  same  climate.  There  are  undoubt- 
edly many  cases,  particularly  those  iu  an  early  stage,  in 
which  this  can  be  done,  or  must  be  tried  :  but  "the  (Objec- 
tion which  is  often  made,  viz..  that  the  patient  in  whom 
the  disease  is  arrested  in  a  ditt'erent  climate,  especially 
that  of  an  altitude,  is  unable  to  return  with  safety  to  his 
home  climate,  does  not  hold.  The  writer  in  his  visits  to 
England  aud  the  Atlantic  seaboard  of  America  frequently 
has  the  pleasure  of  meeting  old  patieuts  who  have  recov- 
ered in  Cohu-ado,  and  who  are  continuing  in  good  health 
in  their  f  tinner  homes.  It  is  chiefly  a  iiuestion  of  care,  espe- 
cially iu  the  first  months  of  their  return,  during  the  period 
of  reacclimatizatiou.  As  Sir  Herman  AVcber  aud  other 
writers  of  eminence  have  said,  a  patient  cured  iu  a  high 
altitude  is  just  as  much  cured  as  one  cured  elsewhere, 
and  if  a  patient's  condition  is  such  as  to  justify  his  return 
home,  provided  he  has  acipiircd  the  hygienic?  education 
that  lie  should  receive  from  his  physician,  he  can  do  so 
without  fear.  Of  course,  in  sencling  a  patient  far  from 
home,  his  pecuniary,  domestic,  and' social  circumstances 
have  to  be  very  carefully  investigated  aud  considered 
before  such  a  ste|i  is  taken.  Nostalgia  is  the  curse  of 
many  patients,  Ihougli  it  is  surprisingly  less  under  the 
sunny  iind  stimulating  influence  of  a  high  altitude  than 
ill  resorts  wheic  cloudy  weather  aud  setlative  influences 
dominate. 

The  journey  to  Colorado,  owing  to  the  distance,  is 
usually  expensive,  and  the  cost  of  living  ranges  about 
twenty -five  per  cent,  higher  than  in  most  of  the  cities 
at  sea  level,  but  is  very  little  if  auy  greater  than  in  the 
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generality  of  bealtli-resorts.  Fair  accommodations  can 
be  secured  at  a  dollar  a  day,  but  for  the  well-to-do  tliey 
would  range  from  one  and  one-half  to  two  and  one-half 
per  day.  This  applies  to  boarding-houses,  which  are 
both  numerous  and  of  all  i(ualitics.  The  best  hotels 
charge  from  three  to  five  dollars  a  day,  somewhat  lower 
rates  being  secured  bj'  the  week. 

The  writer  believes,  and  statistics  confirm  the  belief, 
that  in  properly  selected  cases  the  arrest  which  is  l)rought 
about  in  an  altitude  is  more  rapid  and  more  lasting  than 
that  which  has  been  procured  in  low  places,  thi.s  being 
probably  mainly  due  to  the  fact  that  the  changes  in 
the  blood  quickly  remove  the  anaemia.  Open-air  life  is 
possible  and  agreeable  for  the  whole  twenty-four  hours 
throughout  the  year,  except  during  occasionally  stoi-my 
spells,  many  patients  sleeping  out  upon  balconies'  through 
all  the  seasons.  The  statement  is  undoubtedly  true  that 
for  most  consumptives  cold  is  better  than  heat ;  therefore 
the  majority  of  consumptives  improve  more  in  the  cool 
air  of  Colorado  than  in  the  warm  air  of  New  l\[exico 
and  Arizona.  However,  fibroid  patients,  in  whom  the 
circulation  is  feeble,  and  catarrhal  individuals,  to  whom 
the  variations  of  weather  are  dangerous,  improve  more 
surely  dui-ing  the  winter  in  the  warmer  climates  of  New 
Mexico  and  Arizona,  although  in  the  summer  time  the 
cool,  temperate  weather  of  Colorado  suits  them  bettei- 
than  the  extreme  heat  of  Arizona  and  New  Mexico.  If 
the  reader  has  studied  the  meteorology  of  this  region,  and 
has  read  the  article  upon  Altitude,  he  will  appreciate  the 
indications  for  selecting  Colorado  Springs  or  the  other 
resorts  which  have  been  described,  and  also  will  appre- 
ciate the  principles  upon  which  the  choice  of  an  altitude 
should  be  made.  ,9.  Edtcin  Solly. 

COLORING  MATTERS,  ANIMAL.— Many  of  the  ani 
mal  coloring  matters  are  substances  of  considerable  func- 
tional consequence.  Some,  for  example,  are  of  special 
service  in  respiration;  others  appear  to  be  important 
factors  in  vision;  a  large  number  afford  protective  ef- 
fects; several,  also,  are  attractive  in  their  influence.  A 
majority,  however,  seem  to  be  without  any  ajiparent 
physiological  relations  and  not  a  few  are  purely  excre- 
torjr  products. 

I.    CLASSIFIC.\TrON. 

The  multitude  of  animal  j.iigments  may  be  arranged 
conveuientlj'  in  the  following  general  groups: 

1.  Respiratory  Pk^ments. — These  coloring  matters 
are  very  important  functiouall}'.  Most  of  them  are  car- 
riers of  oxj'gen,  with  which  they  imite  loosclj',  receiving 
it  in  the  organs  of  respii'ation,  conveying  it  to  the  body 
parts,  and.  there  giving  it  up  to  the  tissues.  The  leading 
ones  are  compound  ("chromo")  proteids.  Among  them 
are  hsmoglobin,  hffimocyanin,  hoemerythrin,  and  ehloro- 
cruorin. 

2.  Deefvatives  of  Respiratory  Pigments. — Some 
of  the  best-known  animal  coloring  matters  are  derivatives 
of  hfemoglobin,  and  many  of  the  colored  substances  in  the 
lower  animals  are  undoubtedly  formed  from  their  blood 
pigments.  Prominent  derivatives  of  hsemoglobin  are 
bilirubin  (hfematoidin),  stercobilin  (urobilin),  urochrom, 
and  liaBmatoporphyrin. 

3.  LiPOCHROMES. — These  substances,  yellow  or  yel- 
lowish red  for  the  most  part,  are  very  numerous.  Thej' 
are  found  particularly  in  adipose  tissue,  yolk  of  egg, 
butter,  and  in  the  tissues  and  epidermal  structures  of 
the  lower  animals.  In  solubilities  they  are  much  like 
the  fats,  and  they  show  absorption  bauds  toward  the  violet 
end  of  the  spectrum.  Little  is  known  of  their  chemical 
composition.  They  appear  to  consist  of  only  carbon, 
hydrogen,  and  oxygen.  Among  them  are  serum  lutein, 
tetron  erythrin,  and  the  "  chromophanes. " 

4.  Melanins. — These  are  brownish-black  pigments  oc- 
curring especiall}'  in  epidermal  structures.  They  con- 
sist of  carbon,  hydrogen,  nitrogen,  and  oxj-geu.  Nearly 
all  contain  sulphur;  a  few,  iron.  It  is  thought  by  some 
that  they  are  derivatives  of  hfemoglobin;  by  others, 
modified  lipochromes.     They  have  been  produced  out- 


side of  the  body  from  simple  ])roteids  by  prolonged 
hydration  ("melanoidins "),  which  fact  suggests,  of 
course,  that  they  may  be  so  derived  within  the  system 
Among  the  typical  members  of  the  group  are  iuscin, 
phymatorhusin,  and  sepic  acid. 

5.  Curomogenb.— These  are  tlie  colorless,  or  less 
colored,  precursors  of  actual  pigments  occurring  in  na- 
tiire.  The  leading  ones  arc  indoxyl  compounds,  which 
give  rise  to  red  and  lilne  indigo;  liielanogen ;  nrorosein- 
ogen;  the  chromogen  of  the  suprarenal  ineduUa,  related 
probably  to  the  pigment  of  the  skin  in  Addison's  di.sease ; 
and  urobilinogen.  The  so-called  "humous  substances,"' 
obtained  by  destructive  chemical  metliods,  and  such 
bodies  as  proteinochromogen  (tryptophan),  which  merely 
form  colored  eomljinations  with  Various  reagents,  are,  of 
comse,  purposely  excluded  here. 

6.  Miscellaneous  Pigments.— This  residual  group 
includes  a  very  large  number  of  protective,  attractive, 
and  either  coloring  mattei-s,  characteristic  especially  of 
the  lower  animals,  studied  only  spectroscopically  for  the 
most  part.  Among  those  whose  chemical  individuality 
is  not  disputed  are  turacin,  carminic  acid,  punicin, 
chlorophyll,  and  lepidotic  acid. 

II.  Distribution. 

Lower  Animals. — Coloring  matters  are  widely  dis- 
tributed throughout  the  whole  of  the  animal  kingdom. 
In  some  animals  they  occur  only  in  the  body  fluids,  in 
others  they  are  also  diffused  throughout  various  tissues. 
In  many  they  occur  in  the  form  of  granules  in  certain 
cells  or  cellular  laj'crs.  Many  of  the  lowest  types,  such 
as  infusoria,  sponges,  and  hydroids,  contain  cldompliyll 
(green)  in  granular  form  and  some  ciliated  animalcules 
are  colored  by  stentorin  (blue).  Chlorophyll  is  fotmd  in 
several  mollusks,  Crustacea,  and  insects,  and  also  in  the 
so-called  livers  of  many  invertebrates  (enterochlorophyll). 
The  latter  organs  also  contain  a  ferruginous  pigment, 
ferrin  (brown)  and  cholechrom  or  Itepatochrom  (reddish 
yellow),  a  lipochrom;  also  helicorubin,  (orange  red). 
'nmnatopor'pliyrin  (]iurplish  red),  a  derivative  of  hmiio- 
globiti  (red),  occurs  in  the  integument  of  star  fishes, 
slugs,  the  common  earthwoi-m,  and  various  sponges.  A 
number  of  corals  and  hydroids,  and  some  sea  anemones, 
are  colored  by  actinioelirom  (red) ;  also  by  polyperythrin 
(red),  probably  identical  with  lucmatoporphyrin.  Some 
actiniai  contain  a  coloring  matter  very  similar  to  another 
derivative  of  hoemoglobin,  liannodiromogen  (red),  and  con- 
vertilile  into  luTinatoporphyrin.  Many  echinoderms  con- 
tain/«// ?(/(■?■/;(//(  (red  and  purple)  and  the  following  pig- 
ments give  special  coloration  to  the  lower  species  from 
which  the  terms  are  derived:  aplysiopurpurin  (purple), 
hnndh'in  (green),  ecMnmtriii  (red),  ostroidin  (yellow), 
rhhostomin  (violet),  ophiuriii  (yellowish  brown),  astero- 
ryaniii  (bluish  violet)  and  eoiiiatiiUn  (red).  Punicin  (pur- 
ple) is  derived  from  the  colorless  secretions  of  various 
mollusks  on  exposure  to  light,  and  cnrndidc  acid  (red)  is 
the  jiigment  characteristic  of  the  cochineal. 

The  shells  of  some  mollusks,  and  also  some  corals,  con- 
tain "  lipochromoids  "  and  "  melanoids. "  The  brownish- 
black  ink  of  Sepia  oflicinalis,  used  to  color  the  sea  water 
and  cover  the  flight  of  the  animal,  contains  a  melanin, 
sepic  acid  (black).  The  green  (chlorophan),  yellow  (,r««- 
thophuu),  and  red (r7/of?o;)A«»)  pigments,  "chromophanes," 
of  the  oil  droplets  in  the  retinal  cones  of  birds,  reptiles, 
and  fishes,  as  well  as  the  yellow  substance  in  the  yolk  of 
egg  ((iiitochrin),  are  lipochromes.  The  egg  of  the  water 
spider  is  colored  by  the  two  lipochromes,  Htelloruliiu  (red) 
and  mtellolutein  (yellow).  Some  of  the  characteristic 
coloring  matters  in  decapod  Crustacea  are  lipochromes. 
The  red  crvstaceoruUn  is  closely  related  to  hepatochrom 
(cholechrom)  in  the  livers  of  these  animals.  The  eggs  of 
the  river  crab  and  the  lobster  contain  the  same  bluish 
pigment  as  that  in  the  carapace  of  the  animals.  This 
pigment,  called  cyunocryaUdlin,  becomes  red  with  acid 
and  on  boiling  in  water.  Crustaceorubin  appears  to  be 
derived  fron^it.  The  shells  of  various  birds'  eggs  are 
pigmented  by  haemoglobin  derivatives,  among  which  are 
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lilirerdiii  (green);  ooei/ioiin  (Hw),  closely  related  to  bill- 
verclin;  oarhtideiii  (reddish  browu),  probably  ideutical 
with  htt-matoporphyrin ;  wc/tfo;'*';/,  (yellow)  aud  m.raiithin. 
(red). 

In  certain  butterflies  the  white  pigment  of  the  wings 
coiisisis  of  nrkitnd:  the  yellow  pigment,  of  lepuJotic 
(icid.  which  yields  uric  acid  on  liydration.  The  red  pig- 
ment of  the  body  scales  is  closely  related  to  lepidotic  acid. 
The  wing  covers  of  beetles  contain  coleojiteriii  (red).  The 
showy  colors  in  the  plumage  of  birils  are  due  in  part  to 
the  influence  on  light  which  tlie  feathers  themselves  e.xert, 
causing  the  so-called  "interference  colors";  in  great 
part,  however,  to  pigments.  Tiiniciii  (rc^d)  is  one  of  the 
best  known  of  these.  Among  the  many  other  feather 
pigments  are  tuntcorenUu  (green),  zourierythriii  (red),  zmi- 
Tubiib  (brown),  zoofuMn  (yellow),  fiicofuMn  (yellow), 
tiivMobniiUn  (brown),  and psittacofulvin  (yellow).  N(.'arly 
all  of  the.se,  "  lipochromoids  "  and  "  melanoids,  "  seem  to 
be  very  closely  related  to  the  numerous  skin  pigments  in 
birds,  and  .scale  and  flesh  pigments  in  tishes,  such  as 
tetronerythrin  (red)  and  coriosulfurin  (yellow);  and  to 
lacertof all-in.  (yellow),  Upochriii  (yellowish  green)  and 
others,  in  the  skin  of  reptiles  and  various  amphibia.  The 
red  pigment,  diemyctylin,  of  Diem3'ctj'lus  viridescens, 
like  lepidotic  acid,  yields  uric  acid  on  hydration.  Many 
invertebrates  contain  "histoha?ma tins,"  haemoglobin  de- 
rivatives, chief  of  which  is  myohmmatin  (myochrom)  of 
the  red  muscles;  found  in  the  muscles  of  insects  and 
mollusks.  also,  whose  h£emol}fmph  does  not  contain 
hicmoglobin.  The  characteristic  color  of  the  muscles  of 
the  salmon  and  other  related  fishes  seems  to  be  due  to  a 
red  lipochrom  identical  with  tetronerythrin.  The  nerves, 
particularly  the  ganglia,  of  some  worms  are  colored 
bright  red  by  haemoglobin. 

Hiiemoglobin  is  present  in  the  circulating  fluid  of  many 
species  of  the  invertebrate  sub-kingdoms.  It  has  been 
found  in  several  species  of  the  .star  fish  family;  in  no 
lower  invertelirate  forms,  however,  but  in  most  species 
of  all  genera  higher  up  the  scale.  The  corpuscles  in  the 
hydrolymph  of  sea  urchins  Cfmtain  eclauoclirom  (yellow), 
a  "lipochromoid,"  with  possibly  respiratory  function. 
The  hsemolymph  of  various  invertebrates  is  colored  }-el- 
lowish  to  yellowish  green  by  lipochromes;  violet  to  pur- 
plish red  "by  "floridins,"  of  which  hdnnerythrin  (red)  is 
the  best  known.  Hsemerythrin,  and  also  chlorocriioriii 
(green),  replace  haemoglobin  in  the  hamnolymph  of  worms ; 
hmrwcyanin  (blue)  in  that  of  most  mollusks,  Crustacea,  and 
some  members  of  the  spider  family.  In  the  haamolymph 
of  Crustacea  the  lipochrom,  t<itronerythrin  (crustaceo- 
rubin,  zoonerythrin),  is  also  frequently  found  along  with 
the  hwmocyanin.  The  blood  of  the  common  house  fly. 
and  other  like  species,  contains  h;emoglobin,  but  that  of 
butterflies  and  many  related  insects  is  green,  and  con- 
tains chlorophyll  derived  from  the  food ;  althoiigh 
chlorophyll  occurs  in  other  parts  as  well.  The  blood 
of  many  insects  turns  brown  to  black  when  it  is  shed, 
to  which  process  the  term  "melanosis"  has  been  ap- 
plied. 

Hronp:H  ANiiiALS.^The  various  tissues  and  fluids  of 
the  higher  animals  owe  their  color,  very  often,  to  mix- 
tures of  several  pigments.  Colored  granules  are  fre- 
(piently  derived  directly  from  external'sources;  into  the 
lungs  (pneumonokoniosis),  such  as  coal  dust  (anthraco- 
sis),  iron  particles  (.siderosis),  etc.,  whence  they  are  some- 
times distiibuted  to  the  liver,  lymphatic  glands,  kidneys 
and  other  organs.  They  result,  also,  from  mediciiiai 
introduction,  as  reduced  silver  in  the  alimentaiy  tract, 
skin,  liver,  kidneys,  etc.  (argyria.)  Through  the  skin,  alsc'i 
(tattoo).  The  following  concise  arrangement  gives  |H-ac- 
tically  all  the  more  im[)ortaiit  jiigmcnts  found  in  man 
and  mammalia  generally,  and  will  aid  to  reference  to 
more  extended  accounts  than  can  be  given  here.  The 
terms  m  italics  indicate  the  pignnmts  occurring  only 
under  unusual  or  abnormal  conditions: 

Adipose  TrssuE— lipochrom.  Bri.n— bilirubin  bili- 
verdin;  also  biliprasin  and  urobilin  in  some;  hilipi^Hii, 
chol„ha:m,itu,.  (from  chromogen),  hydrohainihiii  hmiio- 
(jMjui,    metlm-iiiofjlohin,    IwiikiHu.      Biliaky    calculi— 


bilirubin,  biliverdin,  bilicyanin,  bilifuscin,  bilihumin  (?), 
biliprasin,  choletelin  (hydrobilirubin?).    Blood — (a)  coii- 
PUBCLES:  oxyluemoglobin,  hannoglobin;  (i)  plasma:  se- 
rum lutein,   bilirubin  (in  some)-;   hmnoglobin  and  direct 
derivatives,    haemoglobin    compounds   with  poisonous    sub- 
stances,  hepatogenous  pigments,  melanin.      Blood  clots 
(old) — haematoidin  (bilirubin),   rubigin   or   ha;mosiderin 
(ferric  hydroxide).     Bone — lipochrom  in  cssein  and  yel- 
low   marrow;    red    marrow:    haemoglobin.      Conjunc- 
tiva— bile  pngnients.     Connective  tissues — lipochrom, 
melanin;    bile   pigments.       Contusion — bile    pigments, 
haematoidin.     Corpus  luteum — lutein,    lurmatoidin  (?) 
Cysts — lipochrom;    lux'moglobin    derivatives,    including 
bile  pigments.     Eve — («)  choroid  and  iris,  fu,scin;  (A) 
retina,  1.  rods — visual  purple  (rhodopsin),   visual  yel- 
low   (xanthopsin);   2.    Pigment   layer — fuscin,  lipochrin. 
F/ECEs — stercobilin  (urobilin),   indigo  chromogens,  uro- 
bilinogen; pigments  from  food,  such  as  carrotin,  chlo- 
rophyll, lia'inatin  ;  luemoglobin  a.nd  siderous  hcematogenous 
pigments,  bile  and  drug  pigments.     Freckles — hematog- 
enous pigment.    Ganglion-cells — lipochrom.    Gastro- 
intestinal MUCOSA — hcemoglobin  and  its  direct  derivatives 
(haematochromatcsis).     Glands  in  general — hfemoglo- 
biu  in  capillaries,  chromogens,  hcematogenous  pigments. 
Hair — lipochrom,    melanin.      Intestine  —  (a)   concre- 
tions: hepatogenous  pigment;  (*)  contents:  essentially 
same  as  fceces,  including  bile  pigment  and  h3Tlrobilirubin 
normall}'.     Leucocytes  (phagoc3'tic  cells) — any  pigment 
found   elsewhere   in   the   bod}'.      Liver — ferrin,    chole- 
chrom,  rubigin,  non-siderous  hematogenous  and  also  bile 
pigments.     Lungs — Inhaled  particles,  hamosiderin,  rnela- 
7iin(1).     Ly'mpiiatic  (ce)  fluids — serum  lutein,  hcematog- 
enous and  hepatogenous  pigments;   (b)  glands:  hcemoglo- 
bin  derivatires.     ^Meconium — bile  pigments,  Juemoglobin 
and    its  deriratives.      JIenstrual    fluid — haemoglobin 
and  direct  derivatives.      Milk  (cream,  butter,  cheese) — 
lipochrom;    "blue  milk,"  tri}>henylrosiiniUn  {B.  cyanoge- 
nous);    "red  milk,"  pigment   b}'  M.  prodigiosus.     Mole 
(nfevus) — haunatogenous  pigment.     jNIuscle — nyochrom 
(diffused    htemoglobin?),     mvohaematin     (hfemochromo- 
genV).    Pancreas — haematogenous  pigment.    Placenta 
— haunoglobin,  haunatoidin,  ha'inatochlorin  (biliverdin?). 
Pus — lipochrom,    pyocvanin    (B.    pyocyaneus).    pvoxan- 
those,  bilirubin,  indigo  blue  (?),  haemoglobin  and  decom- 
position products.     Sebaceous  secretions — lipochrom. 
Skin — melanin,  bile  jiigmcnts  (haemochromatosis),   histo- 
h(ematins('!).  Spleen — haemoglobin,  rubigin,  non-siderous 
haimatogenous  pigment.     Sputum — blood,  bile,  and  pus  pig- 
ments ;  also  inhaled  particles.    Stomach  contents — food 
pigments ;  blood  and  bile  coloring  matters.    Supharenals — 
iiauuochromogeu  and  chromogen  j'ieldiug  red  pigment 
on  exposure  to  light.     Sweat — pyocyanin.  indigo  blue  ( ?), 
bile  pigments  ;  hamoghibin  and  deriratives  ("  red  sweat  "); 
hip]iopotamus  and   kangaroo,   reddish-brown   pigment; 
dwarf  antelope,  blue.     Tissues  generally — coloration 
efl'ects  due  to  blood  in  capillaries ;  bile  pigments,  hoemo- 
globin,  and  hamatogeuous  pigments.      Tumors — phyma- 
torhusin,  sarcomelanin,  lipochrom,   hiiemoglobin  and  de- 
rivatives; horse:  hippomelanin.     Urine — (</)  pigments: 
urochrom,  urobilin,  uroerythrin,  haematoporphiyrin  (uro- 
spectrin),  skato.ryl  red.   melanin,   indigo  (blue   and   red), 
bih'  pigments,    hamogbibin    and    direct    deriratives,    drug 
coloring  matier,f :  (b)  chromogens:  indoxyland  skatoxyl 
compounds;   precursors  of   hrematoporphj-riu  and  uro- 
rosein  (urorhodin,  urorubin,  etc.);  urobilinogen,  hydro.ry- 
beuxene    deriratives   {" al/captonuria"),    melanogen.      Uri- 
nary calculi  and  sediments — uroerythrin,   urochrom 
haMuatoidin,    indigo   blue,    bile    pigments,    htemoglobin 
products.     Vomit — blood,  bile,  food  and  drug  pigments. 

III.  Chemical  and  Physical  Qualities. 

The  animal  pigments  have  been  the  subjects  of  many 
laborious  researches,  but,  owing  to  the  great  difficulties 
they  present  to  the  investigator,  our  iMowledge  of  the 
chemical  characters  of  most  of  them  is  very  sfight  and 
uncertain.  The  primary  obstacle  in  the  way  of  their 
proper  chemical  study  is  the  strikingly  minute  amount 
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in  which  they  commonly  occur,  and,  as  nearly  all  of  them 
have  very  great  tinctorial  power,  their  coloration  effects, 
therefore,  are  usually  out  of  all  proportion  to  the  actual 
quantity  in  which  they  are  present  in  any  medium. 
Further,  isolation  of  the  pigments  by  chemical  means  is 
apt  to  induce  radical  changes  in  them,  for  many  are  very 
unstable,  and  much  confusion  has  resulted  fr()m  failure 
to  recognize  this  important  fact.  Nearly  all  of  the  ani- 
mal coloring  matters  seem  to  have  definite  and  character- 
istic effects  on  the  spectrum,  and  may  be  diiferentiated, 
to  a  certain  extent,  by  the  number  and  position  of  their 
absorption  bands.  But  even  the  extremely  delicate  in- 
dications of  the  spectroscope  have  undoubtedly  led  to 
error  in  some  cases,  since  very  wide  spectroscopic  ditfer- 
ences  may  be  brought  about  by  very  slight  changes  of 
molecular  structure  or  physical  condition,  such  as  often 
result  from  ordinarj^  chemical  treatment.  Consequently, 
there  is  good  reason  for  believing  that  not  a  few  of  the 
coloring  matters  which  have  been  dignified  with  special 
names  are  merel}'  closelj^  related  artificial  derivatives 
(oxides,  reduction  products,  etc.)  of  several  antecedent 
pigments  or  chromogeus.  It  would  carry  us  far  beyond 
the  scope  of  this  particular  article  to  present  detailed 
reference  to  each  of  the  pigments  already  mentioned. 
All  of  the  most  important  are  given  due  notice  in  more 
extended  accounts  of  blood,  urine,  faeces,  bile,  etc.,  in 
these  volumes,  so  that  it  will  be  suflicient  here  to  de- 
scribe, in  conclusion,  a  few  of  the  best  known  of  those 
foimd  in  the  lower  animals. 

H.«M0CYANiN  (blue),  CHLOROCiinoKiN  (green). — Each 
of  these  pigments  is  analogous  to  hiiemoglobin  in  cliemi- 
cal  structure  and  in  function,  the  first  replacing  it  in  the 
ha-molvmph  of  mollusksand  related  forms,  the  second  in 
that  of  worms.  Both,  like  haemoglobin,  unite  loosely 
with  oxygen ;  oxyhsemooyanin  is  blue,  hsemocyanin  itself 
is  colorless.  Hsemocyanin  contains  copper  in  place  of 
iron  and  has  no  special  influence  on  the  spectrum.  Chloro- 
cruorin,  on  the  other  hand,  yields  hfematin  and  shows 
characteristic  absorption  bands. 

TuEACiN  is  a  red,  feather  pigment.  It  possesses  a 
spectrum  which  is  almost  identical  with  that  of  oxyhaj- 
moglobin.  It  contains  .seven  per  cent,  of  copper,  besides 
carbon,  hydrogen,  nitrogen,  and  oxygen.  The  quantity 
of  turacin  in  the  feathers  of  a  single  bird  does  not  exceed 
two  or  three  grains.  It  may  be  extracted  from  the 
feathers  with  0.1  per  cent,  alkali  and  precipitated  from 
its  solution  with  dilute  acid.  It  is  insoluble  in  water, 
alcohol,  and  ether. 

CABJimic  Acid  (Cakmin).  —  The  female  cochineal 
(Coccus  cacti)  contains  from  twenty -five  to  fifty  per  cent, 
of  this  coloring  matter.  The  pigment  is  also  found  in 
the  blossoms  of  certain  plants.  Its  composition  is  shown 
byits  formula:  CnHisOio.  Some  of  its  compounds  pro- 
duce effects  on  the  spectrum  analogous  to  those  of  oxy- 
hemoglobin. Carminic  acid  is  a  glucoside;  when  it  is 
boiled'with  dilute  acids,  and  thereby  hydrated,  it  yields 
an  optically  inactive,  non-fermentable  sugar  and  also 
"carmiu  red"  (CiHijOt): 

C,,H,b0,„  +  3H2O  =  C,,H,-0,-|-C„H,„0,. 
Carminic  acicl  may  be  extracted  from  the  cochineal  with 
warm   water.     The   pigment  is  soluble  in  alcohol   and 
dilute  acids,  and  forms  salts  with  alkalies  and  metallic 
compounds. 

PuNiciN. — The  colorless  secretion  of  a  glandular  organ, 
situated  at  the  lower  part  of  the  mantle,  between  the  gill 
and  the  rectum  of  various  species  of  Murex  and  Purpura, 
assumes,  on  exposure  to  light,  a  blui.sh-green  color  at 
first,  then  red,  and  lastly  a  purple-violet.  This  coloring 
matter,  "Tyrian  purple,"  is  the  "purple of  the  ancients" 
and  for  centuries  was  the  dye  of  greatest  beauty  and 
value.  Punicin  is  the  name  of  the  pigment :  the  chro- 
mogen  has  not  been  isolated.  Punicin  is  insoluble  in 
water,  alcohol,  and  ether;  soluble  in  boiling  glacial  acetic 
acid.  It  dissolves  readily  in  boihng  aniline,  from  which 
it  separates,  on  cooling,  in  crystalline  form. 

Chlorophyll.— This    important    plant    pigment    is 
found  in  Hydra  viridis,  Spongilla  flunatilus,  in  the  elytra 
of  canthari'des  beetles,  in  the  blood  of  many  insects,  in 
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the  so-called  livers  of  many  invertebrates,  etc.  It  is  in- 
soluble in  water,  but  dissolves  in  alcohol  and  ether,  and 
consists  of  carbon,  hydrogen,  nitrogen,  and  oxygen,  and 
possibly  iron.  Chlorophyll,  ti'eated  with  concentrated 
acid,  yields  phyllocyanin.  The  latter,  on  fusion  with 
caustic  .soda,  is  transformed  into  phylloporphyrin 
((.'loHiBN.iO),  a  close  relative  of  luematoporpliyrin 
(CioHjaNjOa),  which  may  be  produced  from  hicmo- 
globin,  on  treatment  with  acids,  and  is  isomeric  with 
bilirubin  (Colli .NjO.,.)  PhylltTijorphyrin  and  hiemato- 
porphyrin  are  probably  oxides  of  one  and  the  same 
radicle.  This  kinship  corresponds  to  analogous  physio- 
logical relations  of  the  pigments  from  wdiich  each  can  be 
derived. 

TetRONERYTHBIN  (CRUSTACEOIiUBIN,  ZoONERYTURIN). 

— The  red  pigment  in  the  warty  integument  round  the 
eyes,  and  also  in  the  feathers,  of  various  birds,  and  in  the 
hypoderm  and  hsemolymph  of  many  invertebrates,  is  one 
of  the  most  widely  distributed  of  all  the  pigments.  It  is 
soluble  in  ether,  alcohol,  and  chloroform,  and  shows  the 
absorption  bands  and  gives  the  reactions  of  a  typical 
lipoclirom. 

Leitdotic  Acid. — The  yellow  pigment  in  the  wings 
and  excrements  of  butterflies  (pieridina?).  It  may  be 
extracted  with  hot  water  or  dilute  alkalies,  and  is  pre- 
cipitated from  such  extracts  on  acidification.  Its  solutions 
show  a  greenish  fluorescence  and,  on  warming  with  dilute 
nitric  acid,  it  jields  uric  acid.  Warmed  with  dilute  sul- 
phuric acid  a  purple  product,  lepidoporphyrin,  is  ob- 
tained, which  shows  two  characteristic  absorption  bands ; 
this  substance  may  also  be  derived  directly  from  uric 
acid.  The  close  relation  of  lepidotic  acid  to  xanthin  ami 
uric  acid  is  shown  by  the  figures  for  their  percentage 
composition : 


C. 

H. 

N. 

0. 

Xauthin  (dioxypurin) 

39.4 
38.1 
3,5.7 

2.() 
3.5 

a.4 

36.8 
37.1 
33.3 

31.1 

21.3 

28.6 

Willifim  J.  Giex. 

COLTSFOOT.  —  Tussilago.  Farfara.  The  plant 
TiiKKtlfirjo  Fd.rfara  L.  (fam.  Compodtoi).  This  is  a  peren- 
nial herb  with  a  branched  and  creeping  root  stock  which 
sends  up  in  the  early  spring  numerous  simple  scaly  flower 
stems,  and  later  in  the  season  large,  angidar,  heart-shaped 
leaves.  It  is  common  in  rich,  moist  places  in  Europe  and 
Asia,  and  occasional  in  the  United  States. 

The  rhizome,  leaves,  and  flower  heads  have  been  sepa- 
rately employed.  The  leaves,  which  have  been  most 
used,  contain  gum,  tannin,  and  a  bitter  glucoside,  besides 
a  slight  amount  of  an  unknown  odorous  principle.  The 
drug  possesses  no  very  active  properties.  It  has  been 
used  chiefly  as  an  expectorant  and  mild  tonic.  Its  use  is 
now  mostly  confined  to  patent  medicine  and  domestic 
practice. 

Coltsfoot  is  the  only  species  of  its  genus,  but  the  next 
genus,  Petadtes,  resembles  it  very  closely,  and  has  sev- 
eral species  which  have  enjoyed  about  the  same  reputa- 
tion as  coltsfoot. 

This  name  is  also  applied,  in  some  sections  of  the 
United  States,  to  Snakeroot,  Canada,  which  see. 

Ilenry  II.  Busby. 

COLTSTAIL.     See  Erigeron. 

COLUMBIA  SPRINGS.— Columbia  County,  New  York. 

Post-Office. — Hudson.     Hotel. 

jVccess.— Via  New  York  Central  and  Hudson  River 
Railroad,  or  bv  steamer  on  the  Hudson  River  to  Hud- 
son, 115  miles  north  of  New  York  and  37  miles  south 
of  Albany;  thence  4  miles  northeast  by  carriage  to 
springs. 

This  is  a  very  pleasant,  qvdet  resort,  where  salubrious 
air  and  charming  r\iral  scenery  may  be  enjoyed.     The 
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springs  are  four  in  numlier.     An  analysis  by  Professor 
Atwood  shows  the  following  contents: 


One  United  States  Gallon  Contains: 

Solids.  G 

Calcium  carbonate 

Sortiiiin  hyposulphite 

Cali'lniri  sulphate 

Smliurii  phosphate 

SoiliuMi  chloricle 

Potassium  chloride 

Magnesium  chloride 

Iron  sesquichloride 

Loss 


rains. 

21  .VO 

K.15 

IJ4.tl4 

a.u 

K4.72 
1.1'.) 

31.43 

3.43 

.H3 

nam 


Total 

Sulphureted  hydrogen  gas,  4.4(1  cubic  inches. 

This  analysis  shows  a  veiy  valuable  saline-sulphur 
water,  with"  a  consiilei-able  pi'oportion  of  iron.  A  new 
examination  is  desirable,  as  we  are  informed  that  this 
analysis  was  made  many  years  ago. 

Jamen  K.  Oi'ook. 

COLUMBO.— CammbA.  "  The  root  of  Jatenrhiza  pal- 
maUt  (Lam.)  Miers  (fam.  3feimpermacere)"  (U.  S.  P.) 

The  columbo  plant  is  a  large,  perennial  climber,  often 
ascending  to  the  tops  of  the  loftiest  trees,  with  ii  rounded, 
thick,  yellow  rhizome,  fi'ora  which  numerous  fleshy  roots 
are  given  off.  These  roots  are  fusiform,  resembling  long 
dahtia  or  sweet-potato  roots,  attached  to  the  also  tuber- 
ous root  stock.  They  are  dug  up,  sliced  transversely, 
and  dried  in  the  shade. 

(!olumbo  is  a  native  of  Mozambique,  Zanziliar,  and  tlie 
adjacent  lands  of  tropical  Africa,  and  is  said  to  be  culti- 
vated. 

The  dried  .sliced  root  has  a  very  characteristic  appear- 
ance. It  is  in  circular  discs  from  1  to  5  or  C  cm.  in 
diameter  (.J-  to  3  in.),  and  from 
one-fifth  to  one-half  inch  in 
thickness;  the  edge  (surface 
of  the  root)  is  brown  and 
rough;  the  flat  surface  (sec- 
tions of  the  root)  lemon-yel- 
low, and  depressed  in  the 
middle  from  collapse  of  the 
soft,  thin-walled  cells  of  the 
pith  in  drying.  A  dai'k  cir- 
cle marks  the  camliiiim,  and  one  or  two  indistinct  cir- 
cles of  woody  bundles  can  be  seen  within  it.  The  tissue 
is  chiefly  parenchyma,  loaded  with  starch. 

Columbo  contains  several  bitter  principles.  One  of 
them,  berberijie,  is  found  in  several  other  plants  (see  Bar- 
berry). ColurrMn  is  a  colorless  crystalline  substance  of 
excessively  bitter  taste  and  neutral  i-eaction.  ColumMc 
acid  is  a  yellow  amorphous  powder,  also  bitter.  The 
medicine  owes  its  value  to  all  these  constituents.  Besides 
these,  it  contains  starch  and  mucilaginous  substances. 

None  of  the  active  princijdes  of  columbo  are  in  any 
degree  poisonous.  They  unite  in  making  it  a  simple  bit- 
ter tonic. 

The  dose  of  the  powdered  root  is  from  0.5  to  1  gin. 
(gr.  viij.  ad  xvi.),  but  it  is  seldom  emploved  so.  A  fluid 
extract  and  a  ten-per-cent.  tincture  are  official. 

W.  P.  Bolles. 

COLUMN/E  ADIPOS/E.     Hoe  Skin. 

COMANJILLA.— (^luaiiajiiato,  Mexico.  There  are  abotit 
eighteen  <if  tliese  springs.  On  account  of  their  heat  tliev 
are  called  "Calderas."  The  waters  ha\-e  a  temperature 
of  96"  C,  and  are  therefore  considered  the  hotlcst  springs 
in  the  world.  Amongst  other  substances  lhe\'  contaui 
carbonate  of  lime  and  sulphal(^  and  oxide  of  alumina. 

They  are  very  useful  in  rheumatism,  sy]iliilis  and  dis- 
eases of  the  skin.  i\/.  J   -p,,!,,.,. ,,,.  j^-.„i, 


PIG.  1473.— Section  of  Calumba 
About  Natural  Sii^e.  (Bail 
Ion.) 


acne   jiunctata; 


COMEDO.-(Syiionyms:   Blackheads, 
Oer.,  Miltr.f.iirr;  Vr..Verirn  lih'iicn.) 

Definition.— A  comedo  has  most  usually  been  deflned 


as  a  collection  of  sebaceous  matter  in  the  excretory  duct 
of  a  sebaceous  gland.  More  correctly,  the  blackhead  is 
a  parakeratosis  of  the  epidermic  lining  of  the  duct  and 
encloses  between  its  concentric  layers  and  in  its  central 
portion  a  variable  amount  of  sebaceous  matter. 

Symptomatology. — Comedones  or  blackheads  are  rep- 
resented by  slightly  prominent  and  elevated,  but  in  some 
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Fig.  1474.— Section  ol  a  Comedo  from  the  Back.     (Ori^nal.) 

instances  depressed  and  di.scolored,  points  occupying  and 
corresponding  to  the  external  follicular  orifices  of  the 
sebaceous  glands.  They  occur  especiall_y  on  the  face, 
forehead,  and  cheeks,  but  also  on  the  temples,  around  and 
in  the  ears,  on  the  neck,  the  back,  and  the  chest.  They 
have  also  been  seen  frequently  on  the  penis,  scrotum, 
mons  veneris,  and  on  other  parts  of  the  body  suppHed 
with  fat  glands.  Comedones  may  occur  singly  and  may 
be  distributed  in  a  discrete  manner,  or  they  may  be  closely 
aggregated  and  packed  together.  In  some  cases  only  a 
few  maj'  be  present,  while  in  others  they  may  be  so 
numerous  that  the  skin  has  a  discolored,  dirt}'  and  rough 
appearance.  In  their  cohjr  and  in  their  size  great  varia- 
tions may  be  seen.  In  color,  they  may  be  light  yellow, 
or  brown,  bluish,  and  even  black,  while  in  size  thej'  may 
occur  as  minute  dark  points — on  the  chin  producing  a 
dusk}'  aiipearance;  or.  as  on  the  nose,  cheeks,  or  back, 
the  individual  lesion  may  be  as  large  as  a  pinhead  or 
even  larger. 

Usually  single,  it  is  not  unusual  to  meet  with  a  double 
comedo,  that  is,  one  which,  while  consisting  of  one 
body,  yet  occupies  two  or  more  ducts  of  separate  glands. 
When  this  is  the  case,  the  dark  ]ioints  are  grouped  to- 
gether, separated  by  narrow  liridges  of  normal  skin. 
Pressure  docs  not  cause  extrusion  of  one  blackhead,  but 
of  all  at  the  same  time.  Another  type  of  comedo,  which 
has  been  described,  is  constituted  of  "  grouped  come- 
dones "  (Crocker).  The\'  occur  occasionally  on  the  trunk, 
but  particularly  on  the  cheeks,  forming  symmetrical 
groups  of  densely  crowded  black  points.  They  show  no 
tendency  to  inflammatory  reactiim  and  suppuration.  On 
the  temples,  on  the  lobes  of  the  ears,  and  on  the  chest, 
small,  papiilar,  wliitisb  elevations  are  often  seen,  which 
on  ]iressure  yield  a  soft,  white,  flliform  body  resembling 
verinieelli  sticks.  They  are  usually  classed  with  come- 
dones, but  are  in  reality  small  relention  cvsts,  the  seba- 
ceous matter  being  accumulated  in  the  gland  body  and 
not  implicating  the  duct  in  any  way.  (They  should  not 
be  confounded  with  milia,  however,  as  the  contents  of 
these  latter  cannot  be  siiucezed  out.) 

AVlien  ])re.ssure  is  applied  to  a  comedo,  a  somewhat 
den.se,  resistant,  more  or  less  globular  or  ovoid  body 
emerges  ficim  the  follicular  canal.  Its  outer  end  is  yel- 
low lo  black,  its  body  is  yellowish,  while  the  lower  end 
is  soft  and  white,  consisting  of  sebaceous  matter  from 
the  gland  body  itself.  The  life  history  of  a  comedo  is 
of  variable  duration.  It  may  be  removed  by  washing 
or  rubliing,  or  it  ma_v  persist  unchanged  for  a  long  time. 
Inflammation  of  the  cutanecuis  tissues  surrounding  it 
may  and  most  frequently  does  occur,  and  results  in  the 
formation  of  a  pustular  lesion — an  acne  pustule. 
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Etiology. — Puberty  is  accused  of  being  the  most  fre- 
quent and  constant  cause  of  the  comedo  formation.  It 
certainlj-  occurs  most  usually  at  or  about  that  age,  tint  it 
is  also  not  uncommon  in  younger  children  and  even  in 
infants.  That  the  comedo  maj'also  develop  much  later 
and  in  adult  life  is  a  matter  of  too  frecjuent  observation 
to  constitute  a  rarity.  The  active  hair  growth  which 
takes  place  at  puberty  has  been  regarded  as  an  important 
etiological  factor,  as  well  as  a  want  of  tonicity  of  tlie 
walls  of  the  follicular  canal ;  but  in  all  probability  the 
phy,siological  rather  than  the  anatomical  conditions  in  the 
evolution  of  the  sebaceous  glands  at  the  age  of  dcA^elop- 
ment  should  be  considered.  At  an}'  rate,  it  can  be  said 
that  coincident  with  tlie  origin  of  the  blackheads,  there 
are  also  found  one  or  more  of  those  defects  of  nutrition, 
or  those  systemic  disturlmnces  so  usuall_v  present  at  the 
time  of  pubei-ty,  such  as  anscmia,  constipation,  gastric 
and  intestinal  disturbances,  errors  of  diet,  etc.  The 
comedo  formation  has  also  been  ascribed  to  uncleanliness, 
but,  except  under  exceptional  circumstances,  this  condi- 
tion can  scarcely  act  as  a  factor.  Comedones  arc  not 
uncommonly,  however,  of  artiticial  origin.  Tliat  is  to 
say,  the  external  appearances  characteristic  of  a  comedo 
may  be  due  to  some  foreign  s\ibstances  blocking  up  the 
orifice  of  a  sebaceous  gland.  Among  such,  tar  may  be 
mentioned  especiall_v,  and  .similar  conditions  majr  be  seen 
in  workers  in  brass  and  iron  factories  and  workshops,  or 
in  tiremen,  oilers,  or  stokers.  In  other  words,  any  sub- 
stance blocking  up  the  orifice  of  a  sebaceous  gland  maj' 
simulate  a  comedo. 

Pathology  akd  MoitniD  Anatomy. — A  comedo  has 
usually  been  considered  as  an  accumulation  of  sebum  in 
the  duct  of  a  sebaceous  gland.  The  causes  of  the  ac- 
cumulation have  been  ascribed  to  a  loss  in  tonicity  and 
contractility  of  the  walls  of  tlie  ducts,  and  the  improper 
fatt}'  degeneration  of  the  glandidar  cells  has  also  been 
brought  into  the  question.  More  lately  (Unna),  the  de- 
velopment of  the  comedo  has  been  attributed  to  a  para- 
keratosis of  the  external  stratum  corneum  and  that  portion 
of  it  lining  the  duct  of  the  gland.  The  cause  of  tliis 
hyperplasia  of  the  horny  layer  is  claimed  by  Unna  to  be 
a  minute  bacillus,  but  corroboration  of  his  claim  is  still 
wanting.  Kaposi,  in  view  of  Biesiadecki's  investiga- 
tions, had  also  long  before  claimed  that  the  corneous  and 
outer  layer  of'a  comedo  was  due  to  a  Jiyperplasia  of  the 
epiderniic  lining  of  the  duct,  but  he  had  considered  tlie 
irritation  from  the  impinging  of  lanugo  hairs  on  the  Avails 
as  the  cau,se  of  the  thickening.  At  any  rate,  a  comedo 
cannot  be  regarded  as  simply  a  sebum  plug,  since  his- 
tologically it  will  be  found  to  be  made  up  for  the  most 
part  of  concentric  layers  of  h(jrny  epidermis  surrounding 
a  central  cone  of  sebum,  lanugo  hairs,  and  epidermic 
scales.  At  times  the  acarus  or  demodex  folliculorum 
may  be  present,  but  it  is  not  of  any  particular  conse- 
quence in  human  beings. 

The  color  of  the  outer  end  of  a  comedo  is  generally 
ascribed  to  dust,  particles  of  dirt,  etc.  Unna  has  claimed 
that  it  was  due  to  ultramarine  normally  ]iresent  in  the 
secretions  and  to  a  darkening  of  the  horny  plug  conse- 
quent upon  exposure  to  the  air.  Owing  to  the  incori- 
sequence  of  the  subject,  definite  or  corroborative  investi- 
gations have  not  been  made. 

The  double  comedo  does  not  differ  in  origin  from  the 
ordinary  or  single  lesion.  The  fact,  however,  that  it 
communicates  with  a  single  cavity  has  been  shown  to  be 
due  to  pressure  atrophy.  Two  conriguous  sebaceous 
glands,  becoming  each  plugged  up  with  a  comedo,  does 
not  cause  cessation  of  glandutar  secretion.  The  resulting 
accumulation  leads  to  mutual  distention,  pressure,  ab- 
sorption of  intervening  tissue,  and  ultimately  to  forma- 
tion of  a  single  cavity. 

The  pathological  importance  of  a  comedo  resides  in 
its  intimate  relationship  to  acne.  It  very  usually  con- 
stitutes the  point  of  origin  of  a  perifoUiculiris  and  a  fob 
Hculitis,  or,  in  other  words,  of  an  acne  pustule. 

Diagnosis.— There  should  be  no  difficulty  in  recog- 
nizing comedones.  Their  localization,  their  situation  in 
the  follicular  orifices,  their  color,  and  the  fact  that  they  so 


commonly  are  a  focus  for  perifollicular  infiammation  and 
su|)puration  should  readily  oldigate  their  recognition. 

Prognosis. — The  outlook  in  tlie  case  of  comedones  is 
always  favorable,  except  that  their  presence  usually  leads 
to  the  development  of  an  acne.  The  process  is  one 
amenable  to  treatment,  though  complete  cessation  in 
their  development  is  difficult' of  attainment.  In  some 
individuals,  the  period  during  wliicli  they  appear  is 
of  short  duration,  in  others  the  preilispositlon  may  exi.st 
during  life. 

TuEATiiENT. — Particular  importance  in  all  cases  of 
comedones  should  be  given  to  the  systemic  health.  In- 
vestigation should  be  made  for  any  and  all  etiological 
factors  which  may  be  in  existence,  and  these,  wliatever 
they  may  be,  should  be  removed.  An;cmia,  gastric  or 
intestinal  or  other  derangements,  should  be  corrected,  and 
the  same  attention  to  the  general  and  functional  health 
should  be  given  as  would  be  done  in  a  full-fiedgcd  case 
of  acne.  The  diet  should  be  regulated.  Sweets,  candies, 
oatmeal,  cheese,  nuts,  rich  entrees,  etc.,  should  be  ex- 
pressly forbidden,  and  the  regimen  be  made  a  plain  but 
nutritious  one.  Moderate  outdoor  exercise  and  attention 
to  general  hygiene  is  called  for,  as  well  as  all  other  mat- 
ters which  may  conduce  to  improvement  of  tlie  patient's 
bodily  conditions.  The  loml  treatment  is  also  of  great 
importance.  The  comedones  may  be  removed  mechani- 
cally l.iy  means  of  a  comedo  extractor,  such  as  are  found  at 
anjr  instrument  maker's.  This,  however,  should  be  done 
by  tlie  physician  and  not  entrusted  to  the  patient,  and 
should  be  followed  by  the  application  oftliat  one  or  other 
local  application  ordered  in  the  case.  Scraping  the  sur- 
face with  a  sharp  curette  has  also  been  recommended  ;  but 
it  does  not  remove  more  than  the  outer  portion  of  tlie 
comedo,  wliich  then  quickly  reforms.  The  operation  is 
likewise  painful  and  disfiguring,  and  in  the  writer's  ex- 
perience demands  a  very  submissive  patient.  Face  mas- 
sage is  a  means  of  removal  advocated  by  advertising 
so-called  complexion  specialists.  The  comedones  are 
removed,  but  the  ultimate  results  are  usually  disastrous. 
The  same  statements  may  be  made  in  regard  to  face 
steaming,  as  the  process  is  not  disposed  of  simply  by  re- 
moving the  comedo.  It  is  the  patient  and  his  skin  who 
require  such  care  and  such  appropriate  treatment  as  will 
prevent  the  re-formation  of  the  comedo  after  its  removal 
that  is  necessary.  In  view  of  what  has  just  been  stated, 
it  may  he  understood  that  all  purely  local  remedies  are 
therefore  onl}'  such  as  are  aids  to  the  general  systemic 
treatment.  An  efficacious  and  simple  remedy,  which 
softens  and  removes  the  blackhead,  is  an  ointment:  I^ 
Sod.  borat.,  Jij.;  Ungt.  aq.  ross,  31.  M.  Sig. :  Ap- 
ply freely,  and  after  a  half  to  one  hour  wash  off  with 
soap  and'  oM  water.  Then  apply  one  or  the  other  of 
these  lotions:  I^  Zinci  sulphat.,  Kali  sulphuret,  Sulph. 
lact.,  aa  gr.  xv. ;  Aq.  rosa-,  |  i.  M.  and  S. ;  or  B,  HgClj, 
gr.  ij.;  Acid,  acetic,  dil.,  3  vi. ;  Aq.  ross,  Spts.  vini, 
aa  1  ss.  M.  and  S. ;  or  a  saturated  .solution  of  salicylic 
acid  in  alcohol  may  be  used.  The  latter  causes  a  free 
exfoliation  of  the  horny  epidermis,  and  the  comedones  are 
frequently  removed  entirely  by  its  means.  Among  oint- 
ments, tliere  may  also  be  mentioned  the  Ungt.  hydrarg. 
ammoniat.,  5  to  10  percent.  ;  Ungt.  resorcin.,  3  to  10  per 
cent. ;  Ungt.  sulphur.,  5  to  10  per  cent. ;  etc.  Soap  and 
cold-water  washings  twice  a  day  are  of  great  value.  The 
kind  of  soap  is  not  of  importance,  so  long  as  it  is  a  neu- 
tral one  and  does  not  contain  an  excess  of  lye.  How- 
ever, soaps  with  sand  or  with  marble  dust  have  been 
recommended,  as  well  as  the  tincture  of  green  soap,  and 
also  a  host  of  medicated  soaps  with  which  the  market 
is  to-day  inundated  ;  but  when  it  is  borne  in  mind  that 
the  cause  of  the  comedo  formation  is  the  important  factor 
re(iuiring  treatment,  it  can  be  judged  that  all  of  these 
are  only  subsidiary  and  not  agents  of  any  special  value. 

George  T.  Elliot. 

COM FREY.— Symphytum.  The  root  of  Symphytum, 
officinale  L.  (fam.  Boraginacece).  This  is  a  coarse,  rough, 
perennial  herb  of  Europe,  sparingly  naturalized  in  the 
United  States.     For  medicinal  use  the  root  is  gathered  in 
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autumn,  split  longitudinally,  and  rapidly  dried.  It  is 
then  furrowed  and  wrinkled,  with  a  black  surface  and 
bluish-£;ray  section.  It  occurs  mostly  in  pieces  from 
one  to  Ifour  inches  in  length  and  of  the  thickness  of  a 
lead-pencil  or  loss.  Its  te.xture  is  hard  and  horny ;  frac- 
ture, cclhdar;  taste,  mucilaginous,  slightly  bitter,  and 
astringent. 

Comfrey  has  been  long  in  use,  first  as  a  vulnerary,  and 
afterward  as  a  demulcent  and  "  pectoral  "  ;  its  constituents 
are  similar  to  most  others  of  its  class:  mudlage,  snrinr, 
iwparagin,  tannic  and  gnlUc  acids,  and  starch.  Dose — a 
decoction  may  be  taken  ad  lihitum. 

The  leaves  have  a  similar  composition  and  use. 

Henry  II.  Ryuhy. 

COMIVIONWEALTH     MINERAL     SPRINGS— Middle 

sex  County,  JIassacliusetts. 

Post-Office. — Waltham. 

This  spring  is  located  in  the  extreme  northern  part  of 
the  town  of  Waltham.  It  yields  ten  gallons  of  water  per 
minute,  having  a  temperature  of  48°  F.  the  year  round. 
An  analysis  by  Prof.  S.  Dana  Hayes,  the  State  assayer, 
in  1879,  resulted  as  follows: 

One  Uxited  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  bicarbonate 0..')0 

Magnesium  bicarbonate 18 

Lime  bicarbonate 4.5 

Potassium  sulphate fil 

Sodium  chloride •'34 

Silicic  acid  (in  solution)  37 

Iron  and  alumina Merest  traces. 

Total 3.4.5 

The  water  is  naturally  charged  with  oxygen,  nitrogen, 
and  carbonic-acid  gases.  It  is  clear  and  sparkling  and 
quite  free  from  any  appreciable  organic  matter.  The 
water  is  bottled  and  sold  extensively  in  Massachusetts. 
It  is  also  used  in  making  a  number  of  plea.5ant  beverages. 
The  water  is  said  to  have  a  satisfactory  influence  in  some 
of  the  functional  disturbances  of  the  liver,  kidneys, 
stomach,  and  blood.  James  K.  Crook. 

COMPOSIT/E.— (77(P  Ihmy  Family.)  Taken  in  its 
broad  sense,  as  generall}'  regarded,  this  is  our  largest 
family  of  plants,  comprising  more  than  eight  hundred 
genera  and  more  than  ten  thousand  species,  though  some 
authorities  reduce  the  number  by  separating,  as  distinct 
families,  a  number  of  our  sub-orders.  There  is  .scarcely 
any  flora  of  the  earth  where  these  plants  are  not  found, 
or  even  where  tliejr  are  not  abundant.  Their  economic 
importance  is  great,  as  ornamental  plants  and  to  some 
extent  as  foods.  Among  the  latter  are  the  artichokes, 
salsify,  burdock,  several  plants  of  the  thistle  group,  let- 
tuce, and  chicoiy.  Starch  is  largely  wanting  in  the  fam- 
ily, its  place  being  tilled  by  the  closely  related  innlin,  and 
this  is  the  important  nutrient  constituent.  Medicinally, 
the  family  repri^sents  three  classes  of  agents,  dependent 
upon  distinct  classes  of  constituents.  We  have  first, 
stomachics  and  tonics,  dependent  ujion  volatile  oils  ami 
bitter  substances.  In  some  cases,  as  in  the  iron  weeds 
(  Vernonia),  the  bitter  element  is  almost  alone;  in  others, 
like  Erigeron,  the  volatile  oil  is  nearly  devoid  of  bitter 
association.  In  some  cases,  moderate  quantilies  of  tan- 
nin are  also  pn-sent.  Occasionally,  these  substances  are 
unthi'lmiiitie,  as  in  santoniea,  or"inseeticidal,  as  in  the 
insect  flowers. 

The  second  class  of  remedies  de])end  upon  resins  or 
powerful  volatile  oils  for  their  counter-irritant  luoperlies. 
Intei-nally  they  are  powerfully  irritant,  to  the  extent  of 
beniK  poisonous,  like  arnica,  pyretlinim,  or  tansy. 

Thu-dly  we  have  a  few  milkv  juiced  i)lants  of'the  sub- 
order (V'//<,r/«cw,  with  laxativi' and  alterative  pi-op.^rties 
like  dandelion  and  chicory,  or  even  narcotic  like  lactu- 
carium  A  few,  like  absinthium,  po.ssess  peculiar  prop- 
erties, due  to  special  constituents.  An  cnunu^ration  of 
all  the  drugs  ol  tins  family  in  domestic  and  aboriginal 


use  would  carry  us  far  into  the  hundreds,  yet  the  total 
medicinal  importance  of  the  family  cannot  be  regarded 
as  other  than  minor.  Henry  H.  Busby. 

CONCA.— Queretaro,  Mexico.  These  waters,  besides 
being  employed  in  rheumatism  and  leprosy,  are  supposed 
to  be  of  benefit  in  menstrual  derangements. 

iV.  ./.  Ponce  de  Leon. 

CONCRETIONS    AND    CALCULI.— Concretions    and 

calculi  are  terms  applied  in  medicine  to  aggregations  of 
solid,  more  or  less  hard  substances,  whicli  form  in  the 
body  tissues  or  fluids  and  act  as  foreign  bodies.  The 
substances  composing  the  aggregations  are  usually  such 
as  are  formed  in  the  tissues  and  fluids  normally  or  patho- 
logically, and  may  be  either  organic  or  inorganic  sub- 
stances, or  a  mixture  of  both ;  occasional!}',  however, 
foreign  matter  finds  its  way  into  some  part  of  the  body 
and  acts  as  a  nucleus  for  a  calculus.  Crystalline,  granu- 
lar, or  amorphous  masses  may  be  deposited  in  a  ti.ssue 
and  thus  cause  it  to  assume  a  hardened  state ;  or  the  lat- 
ter condition  may  result  from  the  ab.sorption  of  fluid. 
The  terms  petrifaction  and  calcification  are  applied  to 
such  hardenings  so  long  as  the  tissue  in  which  tlie  change 
occurs  bears  its  normal  relation  to  the  surrounding  parts; 
but  when  this  relationship  ceases  and  the  hardened  area 
acts  as  a  foreign  body,  then  it  is  proper  to  employ  the 
terms  concretion  or  calculus,  whether  the  mass  is  em- 
bedded in  the  tissues  or  lies  free  in  some  cavity. 

Chemically,  the  change  most  frequenth'  results  from 
a  deposit  of  calcium  carbonate  or  phosphate  with  perhaps 
in  addition  a  small  amount  of  magnesium  salts.  The 
process  is  apt  to  accompany  or  follow  degeneration  or 
death  of  tissue;  in  fact,  it  seems  as  though  tissue  under- 
going necrobiosis  has  a  special  attraction  for  calcium 
salts.  Connective  tissue  undergoing  hyaline  degenera- 
tion with  accompanying  calcification  is  of  ten  encountered 
in  the  walls  of  the  blood-vessels,  in  the  endocardium,  in  the 
th3'roid,  and  in  the  thickened  plevira,  and  may  be  found 
in  other  portions  of  the  body.  Calcification  of  tubercu- 
lous areas,  uterine  fibroids,  and  ovarian  and  other  CA'Sts  is 
also  frequent.  Under  exceptional  conditions,  and  more 
particularlv  in  advanced  age,  the  process  occurs  in  tissue 
in  which  degenerative  changes  are  not  recognizable.  In 
rare  instances  calcareous  infiltration  is  believed  to  be  due 
to  an  absolute  increase  of  calcium  .salts  in  the  blood,  such 
as  perhaps  occurs  in  extensive  caries  and  in  osteomalacia. 
This  is  certainly  unusual,  but  some  observations  seem  to 
support  the  view. 

Amyloid  concretions,  or  corpora  amylacea,  are  small, 
oval,  homogeneous  or  laminated  bodies  that  frequently 
occur  in  the  tissues  of  the  nervous  system  and  in  the 
prostate.  In  the  nervous  system  they  are  especially  apt 
to  occur  in  conditions  of  atrophy  or  softening.  The 
ependyma  of  the  ventricles,  the  white  substance  of  the 
brain,  the  choroid  plexus,  the  ojitic  nerve,  and  the  spinal 
C(U'd  are  their  favorite  seats.  The}'  are  occasionally  met 
with  in  the  lungs,  in  mucous  and  serous  membranes,  and 
in  extravasations  of  blood.  Amyloid  bodies  were  for- 
merly believed  to  consist  of  amyloid  substance.  While  it 
is  true  that  they  may  assume  a  liluish  color  on  treatment 
witli  solution  of  iodini'  or  ioiline  and  sulphuric  acid,  and 
resemble  somewhat  in  structure  the  product  of  progressive 
amyloid  change,  it  is  now  recognized  that  their  formation 
is  dependent  on  local  changes,  and  it  is  not  believed  that 
I  hey  are  similar  to  the  product  of  amyloid  degeneration. 
Kedlich  con.siders  the  corpora  amylacea  of  the  nervous 
system,  which  stain  similarly  to  nuclei  with  hajmatoxyUn, 
to  be  made  up  of  the  nuclei  of  neuroglia  cells  and  to  be 
a  senile  retrograde  de\'elo]mient  of  tlie  tissue.  Stroebe 
believes  them  to  be  composed  of  fragments  of  swollen 
axis  cylinders,  while  Siegert  believes  them  to  have  origi- 
nated from  cells.  In  the  choroid  plexus  and  lateral  ven- 
tricles they  frequently  become  calcified  and  then  consti- 
tute one  form  of  "brain  sand." 

Biliary  concretions  are  both  frequent  and  of  clinical  im- 
]iortance.  Europeans  have  found  gall  stones  in  from  five 
to  ten  per  cent,  of  all  autopsies;  in  the  East,  on  the  con- 
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trary,  they  are  extremely  rare,  only  one  or  two  cases  be- 
ing recorded. 

The  stones  are  usually  found  within  the  gall  bladder, 
less  frequently  in  the  cystic  or  common  duct  and  in 
the  alimentary  tract,  having  passed  down  from  the  gall 
bladder,  and  in  rare  instances  they  occur  in  the  intra- 
hepatic ducts.  Biliary  tistuUe  are"  uot  uncommon,  and 
through  these  abnormal  communications  gall  stones  have 
been  known  to  pass  to  the  outside  of  the  body,  into  the 
abdominal  cavity,  into  the  stomach  or  intestines,  into  a 
liver  abscess,  into  the  portal  vein,  or  into  the  urinary 
passages,  and  records  are  not  rare  in  which  they  have 
entered  the  lungs.  A  single  calculus  may  l)e  present  in 
the  gall  bladder,  in  which  case  it  is  usually  ovoid  and 
may  be  quite  large;  or  the  number  may  be"  verj'  great, 
7,802  having  been  reported  in  one  case.  The  usual  num- 
ber is  between  four  and  lifty,  and  the  average  size  is  apt 
to  vary  inversely  with  the  number,  from  that  of  a  pin- 
head  to  a  cherry!  When  numerous  they  may  be  the  size 
of  small  grains,  while,  on  the  other  hand,  Meckel  has  de- 
scribed a  single  biliary  calculus  15  cm.  long  and  6  broad. 
When  more  than  a  few  are  present  they  commonly  lose 
their  ovoid  shape  and  show  signs  of  mutual  pressure, 
having  a  polygonal  form  with  smooth  facets.  AH  those 
present  in  the  same  individual  commonly  have  the  same 
chemical  composition  and  present  the  same  physical 
characters,  but  ma}'  vary  considerably  in  size. 

Chemical  analysis  has  shown  that  the  vast  majority  of 
biliary  calculi  are  composed  chiefly  of  either  or  both  of 
two  substances,  viz.,  cholesterin  and  the  calcium  salt  of 
bile  pigment,  known  as  bilirubin-calcium.  Either  of  the 
two  substances  may  be  the  sole  constituent  or  the_y  maj' 
together  form  the  mixed  varieties,  with  the  two  substances 
in  almost  any  proportion.  Certain  materials  only  occa- 
sionally enter  into  the  composition  of  gall  stones  or  do  so 
commonly  only  in  very  small  amount;  such  are  inorganic 
calcium  salts,  notably  the  carbonate,  sulphate,  and  phos- 
phate, small  quantities  of  copper,  traces  of  iron,  zinc  and 
manganese,  globules  of  mercury,  fats,  silica,  uric  acid, 
and  foreign  bodies.  Of  these  latter  the  round  worm,  a 
portion  of  distoma  hepaticum,  a  needle  and  a  plum 
stone  have  each  been  recorded  as  being  the  nucleus  of  a 
calculus.  The  presence  of  calcium  salts  in  mixed  calculi, 
particularly  the  carbonate,  contributes  hardness;  in  rare 
instances  the  concretion  may  be  chiefly  or  entirelj'  cal- 
careous. The  bile  acids  and  other  constituents  of  bile 
are  found  in  calculi  only  in  such  traces  as  are  explained 
by  the  absorption  of  this  fluid  in  the  interstices.  Again, 
the  bile  pigment  in  combination  with  calcium  is  not  al- 
ways bilirubin,  but  frequently  in  part  biliverdin  or  bili- 
fuscin. 

It  may  be  said  that  in  general  cholesterin  predominates 
in  the  larger  stones,  while  the  smaller  are  more  apt  to 
contain  considerable  bihrubin-calcium.  Naunyn,  in  his 
admirable  treatise  on  cholelithiasis,  recognizes  six  classes 
of  gall  stones : 

1.  Pure  Cholesterin. — Usually  pure  white  or  yellowish, 
translucent ;  in  rare  instances  dark  colored.  Ordinarily 
oval  or  roughly  spherical  in  form,  hard,  seldom  exhibit 
facets,  not  stratified  or  only  feebly  so  and  vary  in  size 
from  a  cherry  to  a  pigeon  egg. 

2.  Laminated  Cholesterin. — Contain  ninety  per  cent, 
or  more  of  cholesterin,  the  other  constituents  being  cal- 
cium compounds  of  the  bile  colors  and  calcium  carbonate. 
Are  usually  hard,  but  occasionally  when  dry,  brittle, 
and  friable,  more  frequently  facetted  than  the  first  va- 
riety, more  or  less  distinctly  laminated,  with  the  layers 
perhaps  differing  in  color,  often  with  those  nearer  the 
centre  more  crystalhne  in  structure  and  those  nearer  the 
surface  hardened  by  the  presence  of  calcium  carbonate. 
They  resemble  pure  cholesterin  stones  in  form  and  size, 
but  are  apt  to  be  somewhat  darker  in  color. 

3.  Common  Oall  Stones. —  These  comprise  the  great 
bulk  of  gall  stones,  varying  in  size  (pinhead  to  cherry), 
in  composition,  and  in  form  and  tint.  Usually  facetted 
and  laminated.  The  soft  nucleus  may  consist  of  bili- 
rubin-calcium, or  the  centre  may  consist  of  a  cavity  hold- 
ing a  yellowish  alkaline  liquid.     If  soft  when  removed 


they  harden  and  shrink  on  drying,  without  developing 
fissures. 

4.  Mired  Bilirubin-caleimn. — Usually  the  size  of  a 
cherry,  occur  in  groups  of  three  or  four,  and  are  facetted. 
They  are  twenty-live  per  cent,  or  less  cholesterin,  the  re- 
mainder being  chiefly  bilirubin-calcium.  They  have  a 
brown  c(dor,  are  seldom  hard,  and  develop  fissures  when 
they  dry. 

5.  Pure  Biliruhin-caleimn. — Common  in  cattle,  rare  in 
man.  Vary  in  size  from  a  grain  of  sand  to  a  pea,  being 
the  stones  that  are  sometimes  observed  in  the  intrahepatic 
bile  ducts.  The  smaller  ones  may  have  a  wax-like  con- 
sistence, with  brownish-black,  rough,  irregular  surface, 
while  the  larger  ones  usually  are  brittle,  have  a  smooth 
surface,  and  a  gray  to  black  color  with  a  metallic  lustre. 
In  calculi  of  this  class  bilifuscin  is  practically  always 
present. 

6.  Rarer  Forms. — (a)  Amorphous  and  incompletely 
crystalline  cholesterin  gravel:  small,  often  resembling 
pearls,  and  always  with  a  nucleus  of  ditterent  structure. 
(A)  Calcareous,  consi.sting  almost  entirely  of  calcium  car- 
bonate, (c)  Concretions  which  include  foreign  bodies 
and  conglomerate  stones,     (d)  Casts  of  bile  ducts. 

As  to  the  source  of  cholesterin  in  bile,  Austin  Flint  more 
than  a  third  of  a  century  ago  presented  the  view  that  the 
separation  of  this  constituent  from  the  blood  by  the  liver 
is  a  regular  and  important  function  of  this  organ.  Since, 
however,  it  is  not  increased  in  bile  liy  the  character  of 
the  diet  or  the  administration  or  subcutaneous  injection 
of  cholesterin,  recent  observers  have  come  to  believe  that 
it  is  independent  of  the  amount  in  the  blood.  It  may  be 
that  small  amounts  are  regrdarly  separated,  as  Flint  held, 
by  this  organ,  but  the  observations  of  Naunyn,  confirmed 
by  Hunter,  present  considerable  evidence  that  at  least 
most  of  the  cholesterin  of  calculi  is  formed  in  situ,  being 
a  product  of  the  diseased  mucous  membrane  of  the  biliarj^ 
passages.  This  conclusion  accords  with  its  frequent 
formation  as  a  product  of  degenerative  conditions  in  other 
locations,  e.g.,  in  cysts  and  in  the  secretions  of  other  dis- 
eased mucous  membranes,  as,  for  example,  its  occurrence 
in  the  sputum  of  bronchitis.  Naunyn  observed  myelin 
globules  within  the  degenerating  epithelial  cells  of  the 
biliary  passages,  and  especially  of  the  gall  bladder,  which 
escape  in  a  viscous  condition  and  are  to  be  seen  floating 
about  in  the  bile.  On  the  addition  of  acetic  acid  these 
masses  solidify  into  a  mass  of  cholesterin  crystals.  Ac- 
cording to  this  view,  then,  the  cholesterin  of  concretions 
has  never  been  in  solution  in  bile  at  all.  In  further  sup- 
port of  the  local  origin  is  the  fact  that  although  the  small 
amount  normally  present  in  bile  is  held  in  solution  by 
the  bile  salts,  soaps  and  fats,  the  formation  of  cholesterin- 
containing  calculi  does  not  appear  to  be  associated  with 
their  diminution. 

Bilirubin-calcium  is  not  a  normal  biliary  constituent, 
and  its  occurrence  in  concretions,  therefore,  demands  a 
further  explanation  than  the  mere  presence  of  bile  color. 
The  exact  origin  has  not  yet  been  conclusively  demon- 
strated. If  lime  be  added  to  bile  the  formation  of  this 
compound,  being  hindered  by  the  presence  of  bile  salts,  is 
not  accomphshed  until  large  quantities  have  been  added; 
the  mere  secretion  of  calcium  in  excess  does  not  therefore 
adequately  explain  the  formation.  Moreover,  calcium  is 
not  secreted  in  excess  wdien  it  is  present  in  increased 
amount  in  the  food  and  drinking  water,  as  has  been  held. 
What  has  been  observed  is  that  the  presence  of  albumin 
overcomes  the  retarding  influence  of  bile  salts  on  bili- 
rubin-calcium-formation ;  and  it  seems  in  all  probability 
that  this  condition,  viz.,  the  presence  of  albumin  in  bile, 
is  the  deciding  factor.  Whether  its  presence  is  dependent 
on  the  disintegration  of  epithelium  resulting  from  catarrh 
of  the  mucous  surfaces,  as  was  suggested  by  Naunyn,  is 
not  known,  but  it  is  not  unreasonable  to  believe  that  at 
times  albumin  may  pass  from  the  blood  through  the 
hepatic  cells  into  the  bile  in  much  the  same  way  as  in 
nephritis  it  passes  into  the  urine  in  the  kidney.  If  the 
explanations  advanced  are  correct,  it  will  be  seen  that 
the  conditions  leading  to  the  separation  of  the  two  chief 
constituents  of  gall  stones  are  essentially  local,  namely, 
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epithelial  degeneration  and  the  catarrhal  and  inflamma- 
tory conditions  of  the  bile  ducts  and  passages  that  lead 
to  the  presence  of  albuminous  substances. 

Nauuyn's  views  find  support  in  clinical  experience  and 
are  interesting,  though  not  universally  accepted.  Thudi- 
chum  holds  that  gall  stones  contain  ingredients  found  in 


t 


Fig.  1175.— Biliary  Calculi,  Facetted,  of  Impure  Cholesterln,  Removed 
Bladder.     (Natural  size.) 

bile  only  after  its  decomposition  and  that  the  mucous 
glands  of  the  gall-bladder  do  not  participate  in  their 
production  (Fig.  1475). 

According  to  the  older  view  of  Frerichs  and  others  the 
etiological  factors  in  cholelithiasis  are  advanced  age, 
female  sex,  pregnancy,  tight  lacing,  and  sedentary  habits, 
— conditions  favoring  retention  of  bile.  From  what  has 
been  said,  it  follows  that  this  is  so  only  to  the  extent  that 
stagnation  is  a  factor  in  the  production  and  continuance 
of  infection  of  the  biliary  passages,  which  in  late  years 
has  been  recognized  as  the  immediate  cause  of  stone 
formation,  certainly  in  the  great  majority  of  instances. 
The  infecting  agents  that  have  chiefly  attracted  atten- 
tion are  the  colon  bacillus  and  the  typhoid  bacillus,  but 
it  is  known  that  in  individual  cases  the  pyogenic  organ- 
isms as  well  are  intruders. 

Particular  interest  is  attached  to  the  occurrence  of  .gall 
stones  following  typhoid  fever:  it  is  probable  that  in 
some  cases  the  infection  of  the  bile  with  the  typhoid 
bacillus  persists  for  months  and  even  years,  and  that  in 
many  instances  it  determines  inflammatory  conditions  of 
the  biliary  passages  that  directly  lead  to  the  formation 
of  biliary  calculi.  It  has  been  suggested  that  groups  of 
typhoid  bacilli  become  the  nuclei  of  concretions,  and 
observations  seem  to  support  this  view.  If  so,  it  is  not 
improbable  that  in  some  instances  the  bile,  which  is 
known  to  acquire  the  property  of  causing  the  bacilli  to 
clump,  actually  leads  to  the  formation  of  nuclei  by 
agglutinating  the  typhoid  bacilli  contained  in  it. 

The  invasion  of  the  various  organs  by  the  colon  bacil- 
lus is  now  too  well  recognized  to  require  argument  of 
the  possibility  of  such  an  occurrence  in  the  case  of  the 
bile  passages.  Instances  are  not  uncommon  in  which  for 
some  reason  the  bacillus  is  particularly  virulent  and  the 
tissues  less  resistant  than  normal,  and  in  which,  conse- 
quently, the  bacteria  invade  the  liver  and  bile  passages. 
Under  these  circumstances,  especially  if  associated  with 
stagnation  of  bile,  the  conditions  are  ripe  that  favor  the 
formation  of  biliary  calculi. 

Calculus  formation  commonly  originates  from  (1)  epi- 
thelium in  bile,  (2)  sedimentary  masses,  or  (3)  aggluti- 
nated bacilli;  less  commonly  from  the  iidhering  together 
ot  small  nodular  mas.ses  of  pure  bilirubin-calcium  or 
cholesterm.     The  growth  is  both  by  the  addition  of  fresh 
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layers  and  transformation  within  the  calculus;  this  is 
rendered  possible  by  the  existence  of  minute  infiltration 
channels  through  which  there  is  continuous  progressive 
infiltration  with  cholesterln  and  its  deposit  in  crystalline 
form.  Even  pure  cholesterln  calculi  do  not  crystallize 
directly  from  solution,  but  are  secondary  formations. 
The  layers  deposited  on  the  surface  of  cal- 
culi are  as  a  rule,  hardly  more  than  1  mm. 
thick,  but  if  rich  in  bilirubin-calcium  they 
may  be  5  mm.  tliick  or  more.  Early  in  the 
formation  of  some  calculi,  even  while  they 
are  acquiring  a  firm  crust,  changes  may 
occur  in  the  soft  interior;  either  the  con- 
tents may  deposit  on  the  firm  crust,  leaving 
a  hollow  interior,  or  such  a  deposit  may 
leave  the  contents  fluid.  The  growth  of 
the  concretion  by  deposit  of  bilirubin-cal- 
cium ceases  when  bile  ceases  to  enter  the 
bladder,  but  the  acquisition  of  cholesterln 
from  the  mucous  membrane  may  continue. 
Cardiac  calculi,  so  called,  are  found  in 
rare  instances,  at  the  necropsy,  lying  free 
in  the  pericardial  sac.  Some  are  soft  and 
smooth,  varying  in  size  from  a  pea  to  a  bean ; 
others  firm,  fibrous,  occasionally  stratified 
or  calcified,  either  in  a  central  nucleus  or 
throughout.  They  are  regarded  either  as 
polypi  detached  from  the  inner  surface  of 
the  pericardium,  or  as  results  of  fibrinous  or 
calcareous  deposits  about  some  foreign  sub- 
stance. 

Cutaneous  concretions  are  nodular  calcare- 
ous deposits  in  the  cutis  or  still  oftener  in 
the  hypoderm.  They  are  usuall.y  surround- 
ed by  capsules  of  firm  connective  tissue  from  which 
septa  extend  into  the  contents  of  the  tumor,  dividing  it 
into  segments  which  are  made  up  of  calcified  cells. 
True  ossification  of  these  septa  has  been  observed, 
though  this  Is  exceptional,  they  being  usually  fibrinous  or 
calcareous. 

Views  regarding  the  nature  of  the  cellular  masses 
differ  according  to  the  explanation  of  the  development  of 
the  tumor  which  the  observer  accepts.  Malherbe  believes 
that  the  majority  of  cutaneous  stones  develop  from  pro- 
liferated and  cj'stic  sebaceous  glands.  Von  Noorden 
reports  a  stony,  hard,  pear-shaped  tumor,  which  hung 
behind  the  ear  by  a  peduncle  and  in  which  the  epithelial 
collections  looked  like  concentric,  horny  pearls  and  which 
in  spite  of  its  benignancy  he  classed  with  carcinoma. 
Four  small  tumors  of  the  skin  of  the  scrotum,  in  a  boy 
of  twelve,  were  regarded  by  Lewinski  to  be  calcified 
lymph  thrombi.  While 
all  sorts  of  degenerated 
tissue  and  inspissated 
secretion  maj^  take  up 
calcium  salts  and  lead 
to  the  formation  of 
stone,  Unna  believes 
that  fat  and  fat  prod- 
ucts have  a  special 
tendency  to  this,  ow- 
ing to  the  formation  ot 
insoluble  calcium  soaps 
b_y  the  reaction  with 
calcium  bicarbonate  of 
the  lymph.  He  differs 
from  Malherbe  in  be- 
lieving that  calcifica- 
tion involves  glands 
only  in  so  far  as  they 
are  enclosed  in  fat  lob- 
ules. 

Skin  concretions  are 
of  rare  occurrence. 
They  have  been  more  frequently  found  in  the  aged. 

In  the  course  of  gout  a  deposit  of  tophi  composed  of 
biurates  is  common,  most  often  in  the  kidneys,  skin,  and 
subcutaneous  tissue,  but  also  frequently  in  the  tendon 


Fig.  1476.— Biliary  Calculus  from  Cystic 
Duct :  case  6l  empyema  of  gall 
bladder.  (Slightly  enlarged.  The 
actual  specimen  measured  one  incU 
and  one-quarter  in  its  long  diam- 
eter. ) 
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sheaths,  the  tendons,  ligaments,  synovial  niembranes  and 
articular  cartilages,  and  ultimately  perhaps  in  nearly 
every  tissue  and  organ  in  the  body,  excepting  tissues  of 


Fig.  U77.— Gouty  Nodes  ot  the  Hand.     (After  Lancereaux.) 

the  nervous  system.  The  composition  is  indicated  in  the 
following  analysis  of  such  a  concretion  by  Ebstein  and 
Sprague. 

One  Hundred  Parts  of  Solids  Contained  : 

Uric  acid 59.70 

Tissue  organic  matter 37.88 

NajO 9.30 

KjO 2.9.5 

CaO 17 

MgO,  Fe,  P2O5,  S Traces. 

The  views  of  various  observers  differ  as  to  the  cause 
of  the  formation  of  gouty  concretions.  The  earlier  view 
of  Garrod  and  others  was  to  the  effect  that  uric  acid  is 
present  in  undue  amount  in  the  blood  and  separates  as 
tophi  owing  to  the  sluggish  circulation  in  the  various 
locations.  Ebstein  advanced  the  opinion  that  the  deposit 
is  determined  by  tissue  necrosis  preceding  the  formation 
of  concretions.  Others  (Bouchard,  E.  Pfeiffer)  held  that 
diminished  alkalinity  of  the  blood  is  the  prevailing  etio- 
logical factor.  Von  Noorden  belicve.s  that  tissue  necrosis 
in  gouty  conditions  is  of  such  a  kind  as  to  lead  to  urate 
formation  from  cell  products  at  the  site  of  the  concretion 
and  that  the  material  of  tophi  is  not  directly  brought  to 
the  area  by  the  blood.  It  is  at  least  certain  that  although 
in  leukaemia  and  some  other  conditions  uric  acid  is  formed 
in  the  body  in  large  excess,  it  does  not  lead  to  the  deposit 
of  the  tophi  so  characteristic  of  gout  (Fig.  1477). 

Intestinal  calculi,  ov  enteroliths,  occur  more  frequently 
in  herbivorous  animals  than  in  man.     In  certain  animals, 


which  have  the  liabit  of  licking  their  own  coats  or  those 
of  their  as.sociates,  the  formation  in  the  stomach  and  in- 
testines of  balls  of  felted  liair  is  not  infrequent;  these 
hair  balls  perhaps  attaining  consiilerablo  size.  Com- 
monly, intestinal  concretions  are  found  in  the  colon  and 
are  very  small,  rarely  as  large  as  a  hazelnut,  so  that  it 
is  very  infrequent  for  them  to  cause  ob,struction.  We 
have  already  mentioned  that  gall  stones  may  enter  the 
alimentary  tract.  Various  foreign  sub.stanees  are  intro- 
iluced  through  the  mouth  and  ccsophagus,  a  very  small 
percentage  of  which  become  nuclei  of  concretions.  In 
most  instances  the  central  mass  consists  of  undigested 
food  residue  or  inspissated  mucus,  while  the  material 
composing  the  bulk  of  the  calculus  is  commonly  am- 
monium magnesium  phosphate,  pei-haps  with  magnesium 
phosi)liate,  but  may  include  calcium  phosphate  and  car- 
bonate and  occasionally  calcium  and  magnesium  soaps 
and  albuminous  matter.  I  have  seen  one  small  concre- 
tion, which  the  patient  said  passed  per  rectum,  which 
appeared  to  be  identical  with  urostealith,  presenting  the 
characteristic  appearance  and  giving  the  chemical  reac- 
tions of  this  substance.  In  countries  where  oatmeal  is 
largely  eaten,  often  as  a  substitute  for  bread,  intestinal 
concretions  resembling  hair  balls  are  not  infrequent; 
they  contain  calcium  and  magnesium  phosphate,  about 
70  per  cent.  ;  oatmeal  bran,  1.5-18  per  cent. ;  soaps  and 
fats,  about  10  per  cent. 

Oriental  "  bezoars "  are  intestinal  concretions  which 
probably  were  formed  in  Capra  (vganm  and  Antelope 
donas.  They  arc  usually  spherical  or  oval  and  have  a 
dark  olive-green  color  due  to  biliverdin,  with  a  smooth, 
shining  exterior,  and  are  composed  almost  entirely  of 
lithofellic  acid,  Co^HaaO,,  soluble  in  boiling  alcohol  from 
which  the  acid  separates  on  evaporation  as  small  pointed 
rhombohedra  or  three-sided  prisms.  This  acid  is  insolu- 
ble in  water  and  ether,  but  dissolves  in  glacial  acetic  acid. 
It  is  closely  related  to  cholalic  acid.  When  heated,  true 
bezoars  evolve  aromatic  fumes. 

False  bezoars,  which  come  from  Eastern  countries, 
have  a  brownish-black  color,  do  not  melt  or  evolve  aro- 
matic fumes  when  heated,  and  are  composed  chiefly  of 
ellagicacid,  C,iH,e08  + 2H2O,  probably  derived  from  the 
tannins  contained  in  the  food  consumed  by  the  animals 
which  yield  them. 

Pancreatic  calculi  are  usually  small,  varying  in  size 
from  a  grain  of  sand  to  a  walnut;  multiple,  numbering 
from  one  to  more  than  a  hundred,  and  of  light  gray  or 
white  color.  They  are  usually  round  or  oblong,  some- 
times elongated  and  branched.  The  surface  may  be 
smooth,  rough,  or  spinous.  They  are  composed  chiefly 
of  calcium  carbonate,  but  contain  some  calcium  phosphate 
and  occasionally  cholesterin.  They  may  be  the  cause  of 
pancreatic  cysts  and  chronic  pancreatitis. 

Preputial  concretions  sometimes  form  in  those  cases  in 
which  the  prepuce  cannot  be  drawn  over  the  glans,  and 
they  usually  have  for  their  nucleus  dried  smegma,  around 
which  may  be  deposited  the  ordinary  constituents  of 
urinary  calculi,  especially  the  phosphates.  Some  of  these 
concretions  have  been  found  to  consist  of  dried  smegma 
and  epithelial  scales:  one,  analj'zed  by  Zahn,  was  made 
up  of  epithelium,  calcium  salts,  and  cholesterin,  and 
another  examined  by  E.  Salkowski  gave  fat,  free  fatty 
acids,  and  calcium  salts. 

Prostatic  concretions,  which  are  of  frecjucnt  occurrence, 
may  originate  in  the  substance  of  the  gland,  may  come 
from  the  bladder  or  the  urethra,  or  may  be  deposited 
from  the  urine  in  suppurating  prostatic  pouches.  Those 
that  are  present  in  the  substance  of  the  gland  usually 
originate  as  the  amyloid  bodies  alreadj^  described,  which 
indeed  are  so  constantly  present  in  this  organ  that  the}^ 
can  hardly  be  considered  abnormal.  As  they  increase  in 
size,  in  most  instances  in  later  adult  life,  they  excite  in- 
flammation and  become  hardened  by  the  deposition  of 
calcium  salts,  particularly  the  phosphate  and  carbonate. 
These  calculi  may  lie  separately  in  pouches  or  several 
may  be  together  in  a  common  pouch,  in  whicli  instance 
they  are  often  adherent  or  exhibit  facets.  Their  color  is 
brown  or  black,  and  the  surface  smooth  and  polislied. 
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Fig.   1478.— Salivary 
"Wharton's  Duct. 


Concretion   from 
(Natural  size.) 


Those  coming  from  tlie  bladder  and  those  forming-  fi-om 
urine  present  ihe  cliaracters  of  vesical  calculi  formed 
under  similar  conditions;  they  consist  most  frequently 
of  a  mi.xture  of  calcium  and  ammonio-magncsium  phos- 
phates. Dr.  Herbert  Barker  has  described  a  large  pros- 
tatic calculus  which  was  pear-shaped,  measureil  four 
and  seven-eighths  inches  in  length  and  four  and  five- 
eighths  inelies  in  cir- 
cumference, and 
weighed  1,081  grains. 

Piiliiiiiiiiiry  en  lea  li 
are  most  fre([uently 
found  in  the  lumen  of 
bronchi,  but  may  oc- 
cur in  air  vesicles  and 
even  on  the  walls  of 
pnlmonary  cavities. 
Those  formed  in  the 
bronchi  aie  comjiosed 
of  inspissated  and  cal- 
cified mucus  or  blood, 
calcified  broken-down 
bronchial  glands,  or 
incrustated  foreign 
bodies.  In  pulmonary 
cavities  or  air  vesicles 
a  portion  of  the  wall 
becomes  incrusted  or  impregnated  with  dust  of  various 
kinds  and  is  subsequently  thrown  off  by  necrosis.  A 
case  of  lenticular  necro.sis  in  a  stonecutter's  lung,  re- 
centl}'  reported,  had  progres.sed  to  the  formation  of 
pneumoliths  in  an  apex  cavity  and  their  subsequent 
expectoration.  Seventy  small,  hard,  black 
angular  stones  were  found  at  autopsy. 
They  varied  in  shape  and  in  size  up  to  7 
mm.  in  diameter. 

RMnolUhs  are  found  in  the  nostrils  after 
chronic  inflammation  of  the  mucous  mem- 
brane ;  they  are  usually  formed  by  the 
depo.sition  of  the  na.sal  secretion  about 
foreign  bodies  as  a  nucleus  and  contain 
a  large  proportion  of  organic  matter. 

Salivary  concretions  form  in  the  sali- 
vary ducts,  especially  in  Wharton's  duct, 
and  are  usually  oblong  in  shape.  They 
are  formed  by  the  deposition  of  the  sali- 
vary salts  and  may  reach  a  large  size;  one 
weighing  7. .5  gm.  is  recorded.  They  are 
composed  chiefly  of  calcium  carbonate 
and  phosphate,  mixed  with  epithelium 
and  organic  matter  (Fig.  1478). 

Tonsillar  calculi,  amj'gdaloliths,  are 
sometimes  formed  in  chronic  enlargement 
of  this  organ  in  which  the  inspissated  se- 
cretion of  the  crypts  has  accumulated 
deep  within  the  giand  and  remained  for 
a  prolonged  period  of  time,  undergoing 
calcification.  Fragments  of  the  calculus 
may  be  discharged ;  in  some  instances  the 
mass  has  been  visible.  The  formation  of 
a  true  tonsillar  calculus  is  rare  (Fig.  1479). 
Urinary  calculi  are  of  frequent  occur- 
rence. They  may  be  f(jund  in  any  part 
of  the  urinary  tract,  but  usually  occur  in 
the  pelvis  of  the  kidney  or  in  the  bladder, 
and  according  to  their  location  are  desig- 
nated renal  or  vesical.  They  occasionally 
occur  in  the  kidney  substance,  in  the 
ureters,  or  in  the  male  urethra,  and  have 
been  found  in  sinuses  between  the  cavities 
of  other  organs  and  the  urinary  passages 
Most  varieties  are  formed  by  the  deposit 
of  normal  or  pathological  urinary  solids 
and  are  usually  named  from  the  substances 
of  which  they  are  chiefly  composed  Thus 
we  designate  the  following:  Uric  acid 
calcium  oxalate,  phosphate,  urate,  cv.stin' 
carbonate,  and  xan- 


thin.     The  formation  of  concretions  is  not  alone  attribu- 
table to  the  mere  separation  of   these   substances   from 

the  urine,  since  in- 
stances are  not  uncom- 
mon in  which  copious 
depo.sits  occur,  partic- 
ulai'lj'  of  urates,  uric 
acid,  oxalates,  or  phos- 
phates, even  for  long 
periods  of  time,  with- 
out the  tendency  to 
form  calculi.  Another 
accompanj'ing  condi- 
tion is  essential,  name- 
ly, the  presence  of  an 
albuminous  substance 
which  leads  to  an  ag- 
glutination of  the  sep- 
arating  material  in 
cr3'stallization.  Masses 
thus  formed  increase 
in  size  and  become  the  various  concretions  with  which  we 
arc  familiar.  Further  evidence  of  the  importance  of  this 
condition  is  obtained  by  dissolving  out  the  salts  of  the 
calculus  without  macerating  the  mass,  when  an  albumi- 
nous or  colloid  framework  will  remain.  Hence  we  recog- 
nize two  primary  factors  as  being  essential  to  calculus 
formation,  namely ;  a  tendency  to  the  separation  of  cer- 
tain urinary  solids,  and  the  presence  of  an  albuminous 
substance  in  the  urine  which  becomes  the  framework  of 
the  concretion  (Figs.  1480-148.5). 

The  former  factor,  that  is,  the  tendency  to  crystallize. 


Ftc.  1479.- 


-Tonsillar  Concretion, 
ural  size. ) 


urostealith,  calcium 


Fig.  148U.— Calculi  in  Kidney,  Conforming  in   Sliape  tu 
Cavities.     (Natural  size.) 


the  Infundibular  and  Pelvic 
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is  furnislied  by  a  considerable  variety  of  uriuary  condi- 
tions, whicli  will  be  mentioned  in  describing  the  constitu- 
ents of  calculi.     The  latter  is  dependent  on  a  condition  of 
renal  or  vesical   irritation  by  means  of 
which   blood   and   serum,    and   perhaps 
undue  amounts  of  nmcus,  are  permitted 
to  enter  the  urine.     It  reminds  us,  in  a 
measure,    of   the   condition   essential  to 
the  formation  of  bilirubin-calcium,  dis- 
cussed in  describing  biliary  calculi. 

It  is  not  to  be  understood  tliat  cal- 
culus formation  is  always  accompanied 
by  albuminuria.  Such  is  not  the  case. 
Many  instances  are  clearly  recalled  in 
■which  albuminuria  was  certainly  not 
detected  and  probably  did  not  exist. 
Vesical  irritation,  tor  example,  intro- 
duces not  necessarily  serum  albumin 
but  always  considerable  nmcus,  the  al- 
buminoid basis  of  whicli  is  not  known  to 
us  chemically,  but  which  is  probably  a 
nucleo-proteid  of  some  liind,  not  mucin 
as  has  been  so  generally  stated.  That 
urine  contains  mucus  is  a  well-recog- 
nized fact  and  is  proved  bj'  the  forma- 
tion of  froth  when  the  urine  is  sliaken. 
This  appears  greater  in  concentrated 
specimens  and  in  those  which  have  re- 
mained long  in  the  bladder.  Under  con- 
ditions of  vesical  irritation  tlie  mucus  in 
urine  is  materially  increased,  and  doubt- 
less in  some  instances  affords  the  factor  which,  as  has 
f  been  stated,  is  essential  for  conglomeration  of  crystal- 
lizing urinary  solids. 

Uric  acid  occurs  in  the  body  fluids  and  in  urine  in 


states  that,  it  an  aqueous  solution  of  this  salt  be  allowed 
to  stand  for  .some  time,  one-half  the  uric  acid  separates 
from  the  solution  as  crystals  and  the  other  half  remains 


FIG.  1482.- 
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Fig.  1481.— a  stone  Irom  the  Urinar.v  Bladder.    (Natural  size.) 

combination  with  sodium,  potassium,  or  ammonium,  the 
salt  being,  according   to  Roberts,  a   quadriurate.*    He 


*  TunnicHfle  and  Rosenheim  have  very  recently  attacked  the  con- 
clusion of  Roberts  as  to  the  existence  ot  quadrlurate,  and  state  that  it 
Is  a  mliture  of  biurate  and  uric  acid  in  varying  proportions. 


Transverse  Section  of  Fiff.  1481.    Showing  the  laminated  body  composed  of 
magnesium  phosphate  and  a  nucleus  of  calcium  oxalate. 


in  solutitm  in  combination  with  the  base  as  biurate.  The 
quadriurate  has  split  into  uric  acid  and  biurate.  The 
reaction  in  urine  differs  somewhat  from  this.  Acid  phos- 
phates are  present  and  they  react  with  any  biurate  formed 
and  remove  some  of  the  base,  at  once  converting  the 
biurate  again  into  quadriurate.  Consequently  biurate  is 
never  present  in  siich  quantity  that  it  can  be  detected  in 
the  urine.  The  separation  of  uric  acid  f  r(mi  the  remain- 
ing quadriurate  and  the  cfmversion  of  the  biurate  into 
quadriurate  again  go  on  till  ultimately  no  more  quadri- 
urate remains,  when  all  of  the  uric  acid  will  be  deposited 
as  crystals,  excepting  the  small  amount  that  is  soluble 
as  such  in  the  urinary  fluid.  In  urine  the  separation  dif- 
fers not  only  in  the  particular  just  mentioned,  but  also 
in  that  it  is  normally  inhibited  or  greatly  retarded.  The 
water  of  the  ui'ine  does  not  so  readily  break  up  the  quadri- 
urates  as  when  in  aqueous  solution,  the  inhibition  being 
chiefly  due  to  the  presence  of  the  mineral  salts  or  the 
pigment  of  the  specimen.  The  separation  of  uric  acid 
does  go  on,  nevertheless,  under  certain  pathological  con- 
ditions in  the  manner  that  has  been  desciibed.  Just  what 
the  conditions  are  and  just  why  they  operate  to  effect  the 
result  it  is  difficult  always  to  say,  but  we  believe  that  at 
least  four  condirions  tend  to  accelerate  the  preeipitarion— 
namely:  (1)  high  acidity,  (3)  poverty  in  mineral  salts,  (3) 
low  pigmentation,  and  (4)  high  percentage  of  uric  acid, 
while  the  opposite  conditions  tend  to  retard  precipitation. 
The  acidity  of  urine  is  due  to  acid  phosphate,  which 
in  turn  is  derived  from  the  basic  phosphate  of  the  blood. 
It  may  be  increased  by  internal  conditions,  as,  for  ex- 
ample, the  internal  administration  or  production  of  acids 
or  by  a  diminished  secretion  of  acid  in  the  gastric  juice, 
under  wliich  conditions  the  increase  is  absolute;  or  it 
may  be  relatively  increased  by  a  diminution  in  the  vol- 
ume of  water  secreted.  Acid  is  produced  in  prolonged 
muscular  exerrion,  in  diabetes  mellitus,  and  by  some  of 
the  putrefactive  and  fermentative  changes  that  food  may 
undergo  in  alimentation.  A  diminution  in  the  volume 
of  urine  is  noted  in  those  who  drink  little  water,  in  in- 
dividuals leading  a  sedentary  life,  and  in  those  who  ex- 
perience an  increased  loss  of  water  from  the  body  through 
other  channels,  e.g.,  the  sweat  and  bowels.  Under  these 
various  conditions,  then,  urinary  acidity  and  the  conse- 
quent tendency  to  uric-acid  separation  are  increased,  and 
in  the  presence  of  the  condirions  of  vesical  or  renal  irri- 
tation already  mentioned  tend  to  the  production  of  uric- 
acid  concix'tions. 
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Under  what  conditions  urine  is  poor  in  mineral  salts 
we  are  not  in  every  instance  prepared  to  say.  It  is 
known  that  chlorides  are  diminished  in  various  gastric 
disorders,  and  that  in  chronic  interstitial  nephritis  the 
amount  of  phosphate  in  urine  is  below  normal.  Again, 
the  increase  of  acidity  by  internal  administration  or  pro- 
duction of  acids  may  change  the  character,  althoiigli  it 
does  not  decrease  the  quantity,  of  tlie  urinary  salts. 

The  pigmentation  of  tlie  urine  is  dependent  on  pro- 
found and  at  present  not  well-understood  metabolic  proc- 
esses and  is  derived  more  or  less  directly  from  the  pig- 
ment of  the  blood,  bile,  and  perhaps  from  thesuprarenals 
It  is  relatively  low  in  dilute  urine  and  in  diabetes,  and 
appears  to  sutler  absolute  reduction  in  other  conditions 
which  have  not  been  carefully  studied. 

A  high  percentage  of  uric  acid  may  be  (a)  relative,  from 
the  concentrated  character  of  the  urine,  or  (i)  absolute, 
from  its  increased  production  in  the  body.  The  older 
view  that  uric  acid  originates  from  suboxidation  of  al- 
buminous constituents  of  tissues  is  not  supported  by 
experimental  or  clinical  evidence.  It  is  now  generally 
admitted  that  it  is  an  end  product  of  the  destruction  in  the 
body  of  nucleins,  either  of  body  cells  or  perliaps  of  the 
food  as  well.  Increase  of  uric  acid,  then,  results  (1)  from 
the  administration  in  undue  amounts  of  nuclein  in  food, 
(3)  from  an  increase  of  those  physiological  catabolic  proc- 
esses that  result  in  nuclein  decompositions,  and  (3)  from 
pathological  catabolic  processes  that  accomplish  this  re- 
sult. Uric  acid  in  health  appears  to  come  chiefly  from 
foods  and  from  leucocyte  destruction  incident  to  the 
function  of  these  migratory  body  cells,  or  at  least  it  seems 
to  be  variation  in  these  two  sources  in  the  great  majority 
of  instances  that  determines  the  usual  variations  in  uric- 
acid  excretion.  This  physiological  process  is  augmented 
by  those  pathological  states  which  bring  about  undue 
leucocyte  activity,  as,  for  example,  many  acute  diseased 
conditions,  leukfemia  and  certain  other  blood  diseases, 
malignant  growths,  and  auto-intoxications  such  as  the 
digestive  auto-intoxications  that  are  frequently  seen  in 
neurasthenia.  Pathological  processes  in  which  uric  acid 
is  formed  from  local  cell  necrosis  appear  to  be  the  cause  of 
the  biurate  production  in  various  localities  in  gout.  The 
urate  passes  into  the  blood  and  ultimately  to  the  urine. 

Of  these  four  conditions  leading  to  uric-acid  separation, 
the  acidity  of  urine  is  probably  the  most  important 
factor.  Uric  acid  is  only  slightly  soluble  in  urine.  Witli 
its  continuous  jiroduction  in  the  body  and  with  so  man)' 
factors  interacting  to  produce  its  separation  from  the 
urine,  it  is  not  surprising  tliat  the  formation  of  concre- 
tions of  this  substance  is  more  frequent  than  that  of  other 
forms  of  urinary  stone.  Uric-acid  crystals  have  sharp 
edges  and  points,  and  tluis  tend  to  be  more  or  less  irritat- 
ing, for  which  reason  it  apjiears  that  they  are  especially 
capable  of  giving  rise  to  those  conditions  of  irritation  of 
the  urinary  tract  by  which  the  albuminous  siubstances 
are  introduced  that  we  have  seen  to  be  essential  to  the 
aggregation  of  the  crystallizing  material. 

Uric-acid  calculi  vary  in  size  from  a  grain  of  sand  to  a 
goose  egg.  The  surface  is  usually  smooth,  sometimes 
granular,  while  the  color  is  yellow  or  red.  They  are 
moderately  hard  and  may  be  quite  irregular  in  shape, 
owing  both  to  tlie  shape  of  the  cavity  wherein  they  are 
contained  and  to  the  restricted  attrition  from  motion. 
They  originate  in  the  pelvis  of  the  kidney,  but  may  pass 
to  the  Ijladder,  usually  causing  the  violent  and  paroxys- 
nial  pain  of  renal  colic.  In  the  latter  cavity  they  may 
increase  in  size  by  the  further  accretion  of  ui'ic  acid,  or 
they  may  enter  into  the  formation  of  mixed  calculi,  men- 
tion (jf  which  will  be  made  below.  The  formation  of 
uric-acid  calculi  is  nio.st  fiviiuent  in  children  and  in  the 
aged. 

Urates  are  rarely  the  principal  ingredients  of  urinary 
stone,  such  calculi  being  observed  almost  exclusively 
in  children.  The  urate  infarcts  of  the  newly  born  may 
form  true  stones  in  the  substance  of  the  kidney,  but  most 
urate  calculi  are  found  in  tlie  pelvis  or  the  lower  ])art  of 
the  urinary  tract.  They  are  moderately  soft,  rarely  large, 
and  are  grayish  yellow  in  color. 


Urates  ordinarily  separate  from  urine  as  a  copious  de- 
po,sit,  usually  amorphous  but  occasionally  crystalline, 
and  are  tinted  a  brick-red  color  by  uroerythriu,  their 
separation  being  dependent  solely  on  their  solubility  and 
not  on  such  a  variety  of  conditions  as  we  have  seen  to 
determine  uric-acid  precipitation.  Consequently  urate 
deposits  are  nearly  always  observed  in  concentrated 
urines.  If  the  urates  are  increased  by  systemic  condi- 
tions which  have  already  been  considered  in  connection 
with  uric  acid,  the  tendency  to  precipitation  is  thereby 
increased.  Usually  sodium  is  the  base  present,  perhaps 
together  with  small  amounts  of  potassium  and  am- 
monium, and  even  traces  of  calcium  and  magnesium. 
The  ammonium  salt  is  much  more  apt  to  deposit  in  urines 
which  have  undergone  ammoniacal  fermentation,  separat- 
ing as  spheroidal  clumps  with  projecting  spines.     The 


Fig.    148:).  —  Calculus    ol   Calcium    Oxalate.      External    view   and 
section.     (Natural  size.) 

aggregation  of  the  precipitating  urates  into  calculi  is 
apparently  subject  to  the  same  conditions  as  determine 
the  formation  from  other  constituents. 

Calcium  o.irilate  forms  the  hardest  of  all  urinary  stones. 
They  are  rarely  large,  are  more  or  less  spheroidal  in 
shape  if  single,  facetted  if  multiple,  and  have  cither  a 
rough,  tuberculated  surface,  giving  rise  to  the  name  of 
"  mulberry  "  calculi,  or  less  often  they  are  small,  rounded, 
smooth  bodies  known  as  "hempseed"  calculi.  They  are 
usually  dark  brown  or  black,  but  may  be  light  in  color 
and  may  form  in  acid  urine  about  a  nucleus  of  epithelium 
or  more  commonly  uric  acid.  Amorphous  urates  and 
phosphates  may  be"  deposited  between  the  tuberculations. 
They  have  been  found  in  the  secreting  substance  of  the 
kidiicy,  but  are  usually  formed  in  the  pelvis,  from  wdiich 
loc'aliiy  they  may  pass  to  the  lower  urinary  tract.  They 
probalily  never  occur  excepting  in  patients  with  oxaluria, 
a  (liuthefic  condition  existing  in  certain  neurotic  states, 
particularly  those  associated  with  indigestion,  and  which, 
I  believe,  is  always  dependent  on  digestive  disturbance. 
With  the  exception  of  the  physiological  oxaluria  follow- 
ing the  administration  of  oxalate  in  the  food,  it  is  prob- 
able that  oxalic  acid  is  formed  in  part  or  wholly  from 
food  in  alimentation,  chiefly  from  carbohydrates,  by 
bacterial  activity.  Thus  the  administration  of  undue 
amounts  of  cane  sugar  is  in  certain  individuals  followed 
by  the  appearance  of  a  copious  deposit  in  the  urine  of 
crystals  of  calcium  oxalate.  It  is  further  noticeable  that 
such  individuals  are  apt  to  suffer  fromhyperchlorhydria, 
an  important  connection  when  it  is  remembered  that  cer- 
tain bacteria,  including  the  eohjn  bacillus,  which  tend  to 
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Fig.  1484.— Ooral-Shapert  Stone  from 
the  Bladder,  Composed  ol  D.xalate 
and  Pbospbate  of  Calcium.  (Natu- 
ral size.) 


produce  putrefaction  of  ijrotciil  matter  in  neutral  or 
slightly  acid  media,  direct  their  activities  chiefly  or  wholly 
to  the  fermentation  of  carbohydrates  in  moi'e  strongly 
acid  solutions. 

Pliospliatie  concretions  occur  next  in  fi'etiuency  to  uric- 
acid  calculi.     They  are  composed  of  calcium  piiosphate, 

a  m  lu  o  n  i  o  -  magnesium 
pliospliute,  or  both;  are 
nearly  always  vesical  iu 
iiiigiu,  and  are  usually 
formed  in  ammoniacal 
urine.  For  this  reason 
they,  together  with  other 
calculi  dependent  upon 
this  lU'inary  change  for 
their  formation,  are 
spoken  of  as  secondary 
concretions,  in  contra- 
distinction to  the  pi'i- 
mary  calculi  that  seiia- 
rate  in  urine  which  has 
not  undergone  alkaline 
fermentation. 

Phosphates  are  normal 
constituents  of  urine,  in 
which  thejr  exist  as  sol- 
uble salts  of  the  alkalies 
(about  seventjr-five  per  cent.)  and  salts  of  the  alkali 
earths,  calcium  and  magnesium :  they  are  soluble  only  in 
acid  urine.  It  is  this  latter  portion  that  tends  to  sep- 
arate, not,  however,  from  the  presence  of  an  excess  of 
phosphate  or  of  calcium  and  magnesium,  or  from  a  con- 
centrated condition  of  the  urine,  but  owing  to  the  ab- 
sence of  acidity  of  this  fluid.  In  cystitis,  for  example, 
in  which  tlie  urine  is  ammoniacal  from  decomposition, 
phosphates  of  the  alkali  earths  are  precipitated;  and 
since  this  pathological  state  is  so  generally  associated 
with  vesical  irritation,  the  condition  is  favorable  to  the 
agglutination  of  the  separating  phosphate  into  calculi. 
Prom  what  has  been  said  it  is  apparent  that  the  intro- 
duction of  calcium  into  the  body,  as  in  the  use  of  hard 
drinking-waters,  can  have  no  influence  on  the  formation 
of  these  urinary  concretions,  as  was  at  one  time  sup- 
posed to  be  the  case. 

The  ammonio-niagnesium  salt,  the  so-called  triple 
phosphate,  is  commoner  in  calculus  formation  than  cal- 
cium phosphate,  although  calculi  composed  exclusively 
of  the  former  are  uncommon.  Tho.se  occurring  are  not 
as  a  rule  of  marked  size.  Being  formed  iu  aumioniacal 
urine  only,  they  are  vesical  in  origin  and  frec^uently  com- 
plicate cystitis. 

Calcium  phosphate  only  occasionally  forms  unmixed 
concretions.  The  structure  of  the  latter  may  be  compact 
or  spongy.  Two  forms  occur:  1.  Round  or  oval,  varying 
in  size  from  a  small  beau  to  a  hen's  egg.  They  have  a 
white,  chalky  appearance  and  break  with  an  amorphous 
fracture.  They  are  of  vesical  origin,  and  are  more  fre- 
cjuent  in  elderly  people,  especially  dyspeptics.  2.  Ir- 
regular, sometimes  branched,  usually  of  a  grayish- white 
color,  compact  in  texture,  brittle,  and  with  a  porcelain- 
hke  fracture.  They  are  usually  found  in  cysts  and 
pockets  of  the  urinary  tract  and  seem  to  be  of  local 
origin. 

By  far  the  most  common  phosphatic  calculi  are  those 
of  the  mixed  variety  containing  both  calcium  phosphate 
and  triple  phosphate;  these  calculi  often  attain  a  large 
size.  Under  the  blowpipe  they  fuse  to  a  black,  enamel- 
hke  mass,  and  hence  have  been  termed  "fusible  calculi." 
They  have  a  grayish-white  color,  are  friable  and  some- 
what spongy,  and  are  often  composed  of  concentric 
lamina.  Tlie  outside  and  fracture  surfaces  may  present 
bright,  glistening  points,  triple  phosphate  crystals.  They 
usually  form  about  a  nucleus  of  different  composition. 

Phosphatic  calculi  are  e-xceptionally  formed  within  the 
urethra,  in  which  locality  they  are  most  frerjuently  ob- 
served in  infancy  and  after  middle  age.  Their  common 
seat  is  in  the  bulbo-membranousand  pro,static  regions  and 
in  the  navicular  fossa;  they  rarely  form  behind  a  stricture. 


but  rather  in  urethral  pouches  and  diverticula.  The 
growth  from  incrustation  is  backward.  As  they  increase 
in  length  they  may  be  .segmented  by  fracture,  eventu- 
ally forming  a  row  of  calculi  that  articulate  with  one 
another.  There  is  usually  a  constriction  at  the  vesical 
neck  back  of  which  the  growth  may  extend  in  the  l>lad- 
der  in  any  direction,  the  calculus  eventually  becoming 
mushroom-shaped  or  taking  on  the  appearance  of  two 
nodules  connected  by  a  bar. 

In  pyonephrosis,  iu  which  ammoniacal  fermentation 
of  m-ine  occurs  iu  the  pelvis,  there  is  the  same  tendency 
to  the  formation  of  phosphatic  calculi  as  when  this 
change  occurs,  as  it  more  commonly  does,  in  the  bladder. 

Calciu'iii  carbonate  caUiili,  which  are  so  often  found  in 
other  parts,  are  rarely  found  in  the  urine  of  man,  but 
occur  more  frequently  in  herbivora.  When  found  they 
have  been  multiple,  small,  weighing  hardly  more  that  3 
or  3  gm.  each,  with  a  smooth  surface  and  resembling 
somewhat  calcium  oxalate  stones,  being  hard  and  lamellar 
in  structure.  They  are  usually  round,  often  translucent, 
and  on  section  present  numerous  concentric  lines  and  a 
multiple  nucleus.  On  crushing  they  break  into  sharp 
fragments. 

Vystin  calculi  occur  but  seldom.  They  are  of  primary 
formation,  have  a  smooth  or  rough  suifaee,  are  white  or 
pale  yellow,  have  a  crystalline  structin-e,  and  vary  in 
size  up  to  that  of  an  egg.  They  are  not  very  hard,  but 
break  with  a  crystalline  fracture.  On  section  they  pre- 
sent a  radiated  surface  of  yellow  color  which  turns  gray 
on  exposui'e  to  light.  The  occurrence  of  cystin  is  patho- 
logical. There  appears  to  be  a  peculiar  putrefaction 
within  the  intestine  in  cystinuria,  leading  to  the  forma- 
tion of  eadaverin  and  putrescin.  Whether  this  is  con- 
nected with  the  formation  of  cystin  is  uncertain  but 
probable.  During  the  formation  of  a  cystin  calculus, 
the  characteristic  hexagonal  crystals  of  cystin  are  usually 
found  in  the  urinary  sediment.  There  appears  to  be  a 
tendency  to  the  formation  of  cystin  calculi  in  members 
of  the  same  family. 

Indigo  concretions  have  been  met  with  in  the  urinary 
passage  in  one  or  two  Instances.  The  material  for  such 
a  stone  is  derived,  presumably,  from  the  indican  of  the 
urine.  This  substance,  winch  is  indoxyl  potassium  sul- 
phate, originates  from  indol,  a  product  of  the  putrefac- 
tion of  albuminous  matter,  usually  in  the  intestines,  and 
on  oxidation  readily  jdelds  indigo.  In  certain  chronic 
diseased  conditions  within  this  organ  it  is  continuously 
increased  iu  the  urine  many  times  the  usual  amount. 

Urostealith  calculi  consist  of  fatty  matter  in  an  amor- 
phous or  crystalline  condition.  Their  occurrence  is  so 
exceedingly  infrequent  that  their  existence  has  been 
(juestioned :  thus,  Krukenburg  found  that  what  appeared 
to  be  a  fatty  concretion  consisted  in  fact  of  parafHne  de- 
rived from  a  parafliine  bougie.  That  they  do  exist  the 
writer  is  prepared  to  aftirm  from  the  fact  that  in  a  case 
in  which  one  was  passed  he  afterward  found  another  at 
necropsy  embedded  in  the  tissue  of  the  cystic  kidney. 
Horbaczewski  has  recently  analyzed  one  as  follows: 

Water 3-'i  per  cent. 

Inorganic  solids ^'-8       ^ 

Organic  siilids  insoluble  in  ether 11.7      [ 

Organic  solids  soluble  in  ether 85.1)  * 

*  5t..5  per  cent,  fat  acids  (stearic,  palmitic) ,  33..5  per  cent,  neutral  fat 
(myristic),  trace  of  cholesterin. 

At  the  temperature  of  the  body  tliese  calculi  are  soft 
and  ela.stic,  for  which  reason  they  do  not  produce  colicky 
pains  when  passing  through  the  ureters.  At  ordinary 
temperature  they  are  brittle,  soft,  have  an  amorphous  or 
glassy  fracture,  and  are  translucent. 

XantUn  calculi  are  exceedingly  rare,  less  than  a  dozen 
being  recorded  in  the  literature.  Their  occurrence  has 
been  confined  to  young  subjects.  The  calculi  observed 
have  been  either  pure,  or  mixed  with  uric  acid,  which 
xanthin  so  closely  resembles.  The  size  has  varied  from 
a  pea  to  that  of  a  hen's  egg,  and  the  color  from  wdiitish  to 
dark  brown.  They  have  a  medium  hardness,  amorphous 
fracture,  and  on  nibbing  take  on  a  waxy  appearance. 
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Coneliirango. 
Coudyloma. 
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Fig.  1485.— Pin  Forming 
the  Nuclens  of  a  Calcu- 
lus Composed  of  Cal- 
cium Pbosphate,  Uric 
Acid,  and  Dried  Blood. 
(Natural  size.) 


Calculi  composed  of  ./?6/-2/(,  blood,  or  inspisiuitml  albumin 
are  mentioued  as  having  been  met  with  in  urine.  They 
have  a  glassy  fracture.  Their  occurrence  must  be  re- 
garded not  only  as  unusual,  but  as  anomalous. 

In  the  description  of  the  various  urinary  concretions 
very  httle  has  been  said  of  the  formation  of  mi.xed  cal- 
culi. As  a  matter  of  fact,  calculi  are  not  commonly  com- 
posed of  a  single  constituent.  The  location  of  their 
formation  and  growth  and  the  attending  conditions  upon 
which  their  formation  depends  so  change  from  time  to 
time  that  dilfereut  substances  enter  into  their  structure, 
and  the  result  is  the  formation  of  mi.xed  calculi.  Uric 
acid  and  calcium  oxalate  most  frequently  form  calculi 
consisting  exclusively  of  one  ingredient;  on  the  other 
hand,  calculi  composed  of  separate  and  alternating  layers 
of  these  two  substances  are  the  most  common  example 
of  the  so-called  "alternating"  calcidus. 

The  different  deposits  may  be  primary,  primary  and 
secondary,  or  secondary.  They  almost  invariably  have  a 
central  nucleus,  while  the  substance  of  the  calculus,  tlie 
body,  may  be  surrounded  by  an 
external  layer  or  crust  which  is 
nearly  always  phosphatic.  The 
nucleus  varies  in  composition  and 
in  size.  It  may  not  differ  from 
the  body,  especially  in  primary 
calculi,  and  on  the  other  hand  may 
even  consist  of  bits  of  tissue,  as 
blood  clots,  epithelium,  or  inspis- 
sated mucus.  Exceptionally,  for- 
eign bodies  which  have  found  their  way  into  the  bladder 
become  nuclei  (Fig.  1485).  A  calculus  was  recently  ob- 
served in  which  the  nucleus  was  a  snake's  tail  which  a 
patient  had  been  advised  to  pass  into  his  urethra  for  the 
cure  of  a  stiffened  right  arm.  A  form  of  mixed  calculus 
that  is  very  common  is  the  phosphatic  concretion  that 
results  from  atnmoniacal  urine.  A  primary  calcidus,  en- 
teiing  the  bladder,  or  exceptionally  forming  within  this 
organ,  there  produces  such  vesical  irritation  as  eventu- 
ally to  give  rise  to  c_ystitis  with  ammoniacal  fermenta- 
tion of  the  urine  leading  to  the  deposit  of  phosphate  upon 
the  primary  formation. 

Ex.\MiN..VTiON  OF  Urinary  Calculi. — Before  proceed- 
ing to  the  analysis  it  is  always  well  to  record  the  color, 
hardness,  appearance  on  section  or  fracture,  and  perhaps 
the  specific  gravity  of  the  specimen.  The  appearance  of  a 
powdered  or  fractured  portion  under  the  microscope  may 
also  be  of  value.  In  the  case  of  mixed  calculi,  each  layer 
should  be  examined  independently.  The  chemical  an- 
alysis may  be  conducted  as  follows: 

Heat  a  small  portion  of  the  powder  on  porcelain  or 
platinum. 
A.   The  material  burns  away,  leaving  little  or  no  residue. 

1.  It  melts,  burns  with  a  smoky  flame,  emitting  an 
aromatic  odor.  It  is  soluble  in  ether,  the  ether  leaving  a 
fatty  residue  on  evaporation.  It  is  soluble  in  potassium 
hydroxide.      Vrostealith. 

2.  It  gives  off  purple-red  vapor.  The  material  is  solu- 
ble in  sulphuric  acid  with  the  formation  of  a  blue  color, 
the  solution  showing  a  band  before  D  in  the  spectro- 
scope.    Indigo. 

3.  It  gives  the  odor  of  burning  feathers.  The  ma- 
terial responds  to  tests  for  protcids:  e.g.,  Millon's 
xantho-protein.     Albumin,  fibrin,  blood. 

4.  A  fresh  portion,  when  treated  with  hydrochloric 
acid,  dissolves  completely. 

(a)  Also  soluble  in  ammonia.  Filtration  and  evapora- 
tion to  remove  ammonia  produce  a  sejiaration  of  hexag- 
onal crystals.  These  may  also  be  obtained  by  acidify- 
mg  the  ammoniacal  solution  with  acetic  acid.     Gi/stin. 

(b)  Dissolve  a  fresli  portion  in  nitric  acid,  evaporate  to 
dryness  in  a  porcelain  dish  over  a  water  bath,  moisten  yel- 
low residue  when  cool  with  iiotassium  hydroxide  and  an 
orange-red  color  is  i)rodneed  which  jjecomes  reddish 
violet  when  heated.     Xuuthin. 

5.  A  fresh  portion,  wlien  treated  with  hydrochloric 
aeid,  does  not  dissolve  completely.  Filter  and  test  the 
hltrate  as  descrilied  under  4. 
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(c)  After  washing  the  residue  on  the  filter,  dissolve  in 
nitric  acid  and  evaporate  to  dryness.  The  yellow  residue 
turns  red  when  exposed  to  the  vapor  of  ammonia,  and  the 
addition  of  potassium  hydroxide  produces  a  bluish-violet 
color  which  disappears  on  standing.      Urie  acid. 

(d)  In  addition  to  the  test  for  urie  acid,  the  fresh  ma- 
terial gives  reactions  for  ammonia,  e.g.,  when  heated  in 
solution  with  potassium  hydroxide,  ammonia  fumes  are 
given  off  as  recognized  by  the  smell,  bluing  of  red  litmu.s, 
and  production  of  white  fumes  with  a  rod  moistened  with 
hydrochloric  acid.     Atmnonium  urate. 

B.  The  material  may  or  may  not  blacken  and  leaves  a 
considerable  residue. 

6.  The  original  material  dissolves  completely  in  hydro- 
chloric acid. 

(e)  With  effervescence.  The  solution  made  alkaline 
with  ammonia  yields  a  white  precipitate  on  the  addition 
of  ammonium  oxalate.     Calcium  carbonate. 

(/)  Without  effervescence. 

(1)  The  ignition  residue,  treated  with  water,  dissolves 
in  part  to  a  strongly  alkaline  solution  and  dissolves 
wholly  in  acetic  acid  with  effervescence.  Addition  of 
ammonium  oxalate  to  this  acetic -acid  solution  produces 
a  white  precipitate.     Calcium  oxalate. 

(2)  The  ignition  residue,  treated  with  water,  does  not 
dissolve  in  part  to  a  strongly  alkaline  solution.  It  dis- 
solves in  acetic  acid  without  effervescence.  If  the  nitric 
acid  solution  of  the  original  material  is  added  to  an  ex- 
cess of  ammonium  molybdate  solution  in  nitric  acid  a 
yellow  precipitate  is  formed  when  the  mixture  is  warmed. 
Pliosphate. 

The  solution  in  acetic  acid  obtained  above  or  of  the 
original  material  yields  a  white  precipitate  on  the  addi- 
tion of  ammonium  oxalate.      Calcium  pJwsphate. 

The  filtrate  from  the  calcium  oxalate  yields  a  precipi- 
tate when  rendered  alkaline  with  ammonia.  The  original 
material,  when  moistened  with  potassium  hydroxide, 
does  not  give  reactions  for  ammonia.  Calcium  and 
magnesium  phosphate. 

The  above  reaction  for  ammonia  is  strongly  positive 
and  magnesium  is  present.  Ammonia- magnesium  phos- 
pitate  (triple  phosphate).  If  calcium  is  present  as  well 
there  is  an  admixture  of  calcium  phosphate. 

7.  The  original  material  does  not  dissolve  completely 
in  hydrochloric  acid. 

Uric  acid  is  present  and  may  be  tested  for  in  the  residue 
by  the  murexide  test  described  in  5  (c).  When  a  platinum 
wire  is  moistened  with  the  hydrochloric  acid  solution  and 
then  introduced  into  a  Bunsen  flame,  a  yellow  coloration 
of  the  flame  is  produced  owing  to  the  presence  of  sodium. 
Sodium  tirate.  Traces  of  potassium  urate  and  even 
the  ammonium,  calcium,  or  magnesium  salt  may  be 
present. 

(Note. — The  application  of  the  foregoing  scheme  to  the 
analysis  of  mixed  calculi  maj'  call  for  such  slight  modifi- 
cations of  the  procedure  as  will  be  apparent.) 

E.  E.  Smith. 

CONDURANGO.— The  bark  ot  3Iarsdenia  Condurango 
Nicholson,  syn..  Oonolobus  Condurango  Triana  (fam,  As- 
clepia.daceo').  This  plant  is  a  medium-sized,  milky-juiced, 
woody  twiner  of  Ecuador  and  neighboring  parts  of  South 
America.  The  bark  was  introduced  as  a  specific  for 
cancer,  due  apparently  to  the  loose  application  of  this 
term,  in  South  America,  to  various  minor  ailments.  Its 
trial  resulted  in  disappointment,  notwithstanding  that 
it  produces  some  favorable  results  as  an  alterative,  in ' 
cancerous  as  in  other  diseases.  Besides  containing  a  con- 
siderable amount  of  resin,  condiirangin  has  been  de- 
scribed as  an  amorphous,  yellowish  glucoside.  This  is 
now  believed  to  consist  of  a  mixture  of  two  or  more 
glucosides,  which  are  similar  in  action,  producing  inco- 
ordination and  loss  of  movement.  Their  therapeutical 
application  has  not  been  demonstrated.  They  are  soluble 
in  both  water  and  alcohol.  Condurango  is  an  excellent 
stomachic,  though  only  mildly  bitter.  Weak  alcohol  is  the 
best  menstruum.     The  average  dose  is  3  gm.  (gr.  xxx.). 

Henry  11.  Rusby. 
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Ooiidurango. 
Condyloma. 


CONDYLOMA.— Condyloma  is  ck'fined  b.y  Uiina  as 
"a  pure  acanthoma,  appearing  isolated  around  the  mu- 
cous openings  and  on  moist  and  seborrheic  areas  of  skin, 
and  tending  to  extend  su- 
perficially." The  Avord  is 
here  used  in  this  limited 
sense,  and  indicates  only 
those  growths  known  as 
condjdoma acuminatum.  It 
thus  becomes  tlie  name  of 
a  distinct  i)athological  for- 
mation. The  employment 
of  the  same  word  to  desig- 
nate certain  syphilitic  le- 
sions (condyloma  latum)  is 
to  be  discouraged,  except 
when  it  is  properly  quali- 
fied. The  careful  study  of 
the  histogenesis  and  histol- 
ogy of  condylomata  has 
demonstrated  the  incorrect- 
ness of  empliiying  papil- 
loma as  a  synonym  for  con- 
dyloma. The  formation  is 
not  a  papilloma  proper,  the  papilhc  being  secondarily  al- 
tered b}'  the  proliferating  epithelium.  In  the  following 
description  we  have  adhered  quite  closely  to  that  given  by 
Unna  as  representing  the  results  of  the  most  recent  and 
reliable  study.  The  growth  begins  as  a  small  elevation, 
wdiich  later  may  become  divided  b_Y  furrows  and  depres- 
sions, giving  when  exti'eme  a  cauliHower  appearance. 
They  are  usuall_y  located  upon  the  external  genitalia  in 
either  sex,  or  about  the  anus,  and  most  often  follow  a 


Fig.  I486.— Pointed  Condylomata 
upon  the  Prepuce  and  Glans 
l*enis.     (Atter  Grunfeld.) 


possibility  of  transferring  portions  of  the  lesion  or  its 
secretion  with  a  subsequent  development  of  condylomata 
at  the  site  of  introduction.  This  has  been  denied  by 
Fetters  and  Glintz,  and  they  have  been  sustained  by  the 
experimental  results  of  E.'  Bumm.  Bumm  found  that 
long-continued  chemical  or  mechanical  irritation  may 
cause  the  lesions,  but  insists  upon  the  necessity  of  a  pre- 
disposition being  present  also.  If  a  specific  agent  is  pres- 
ent, its  nature  is  still  unknown.  The  growth  tends  to 
extend  locally  by  direct  extension,  especially  in  a  ser- 
piginous manner,  following  the  folds  where  surfaces 
come  in  contact.  In  this  way  lai-ge  tumor  masses  are 
produced,  which  show  no  tendency  to  Itecome  limited  or 
to  disappear  spontaneously.  The  skin  upon  which  they 
develop  is  usually  previously  altered  by  siippuration, 
eczema,  seborrhoaa,  etc.  The  color  depends  upon  the 
tissue  where  thej'  are  found  during  the  early  stage.  Upon 
the  skin  they  are  yellowish-white,  upon  mucous  mem- 
branes red.  Later  the  degree  of  cornification  determines 
the  color,  the  red  condyloma  upo)i  a  mucous  membrane 
becoming  yellow. 

Unna  distinguishes  two  histological  stages.  In  the 
first  there  is  a  patchy  thickening  of  the  epithelium,  with 
a  depression  and  flattening  of  the  underljdng  papilla'. 
There  then  becomes  apparent,  as  a  very  fine  point  macro- 
scopically,  a  button-like  projection  of  epithelium.  The 
growing  epithelial  ridges  do  not  penetrate  deeply  nor 
depress  the  base  of  the  papillary  bod}',  but  thej' are  rather 
elevated  by  the  papillary  body  which  becomes  more  and 
more  swollen.  The  surface  elevation  is  at  first  mostly 
dependent  upon  swelling  of  the  cutis,  but  later  the  epi- 
thelium is  greatly  in  excess.  While  the  elevation  and 
growth  in  size  are  due  in  part  to  changes  in  the  connective 


FIG.  1487.-Longitndinal  Section  of  a  Non-Spe,  ,n,  rondylomn,  Ton^.trnff  of  a  Pnmary  ^^  „^;^«?1  ^"  "^''^  P^Tcenir^^^^ 
an  original  drawing  by  Dr.  James  M.  Frencb.    Magnilled  alioiit  four  hundred  diameters  and  reduced.) 


chronic  irritation  from  an  inflammation  of  the  urethra, 
idcers,  decomposition  of  the  preputial  secretion,  etc. 
Bumm  demonstrated  that  the  previous  idea  that  the 
gonococcus  was  the  essential  etiological  agent  was  incor- 
rect. He  showed  that  they  occur  without  gonococci 
being  present.     Kranz  had  apparently  demonstrated  the 


tissue  the  epithelium  alone  is  active  in  the  formation  of 
the  lesion.  Differences  in  resistance  at  various  points  in 
the  cutis  are  factors  in  determining  the  form  of  the 
growth,  but  this  is  only  in  a  passive  way.  Many  minute 
elevations  occurring  at  the  same  time  cause  the  surface 
to  appear  finely  granular. 


ConIfera\ 
Coiiluiii. 
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In  the  second  stage  the  growth  is  either  a  cauli- 
flower or  fiuger-aud-toe  shape,  or  in  the  form  of  simple 
buttons.  At  this  time  the  epitlielium  proliferates  very 
luxuriantly,  mitosis  is  found  not  only  in  the  basal  layer 
of  the  prickle  cells,  but  even  in  the  fourth,  fifth,  or  sixth 
epithelial  row.  The  prickle  cells  are  much  enlarged, 
some  being  four  or  even  eight  times  the  size  of  those 
in  the  neighborhood.  There  is  great  dilatation  of  the 
lymph  spaces  between  the  prickle  cells,  and  the  connect- 
ing bridges  of  the  cells  are  unusually  well  developed. 
When  the  lymiih  spaces  of  the  epithelium  are  very  wide, 
the  prickles  connecting  the  epithelial  cells  may  be  drawn 
out  to  long  threads,  which  may  connect  cells  Ij'ing  some 
distance  apart  and  otherwise  disconnected. 

Everytlnng  indicates  an  exceptionally  luxuriant  nutri- 
tion of  epithelium  and  a  growth  of  the  prickle  layer  in  all 
directions  from  abnormallj^  numerous  points.  The  gran- 
ular layer  is  broad,  as.sociated  with  delayed  cornification. 
The  horny  layer  is  of  normal  thickness  or  only  moderately 
thickened.  There  is  no  hyperkeratosis.  The  connective 
tissue  is  rich  in  blood  and  lymph,  and  penetrated  by  wide 
vessels  and  lymph  spaces.  The  capillaries  of  the  papillae 
are  sometimes  as  large  as  cutaneous  veins  and  pass  to  the 
free  ends  of  the  papilloe.  Nets  of  fibrin  and  fibrinous 
lumps  with  much  granular  fibrin  are  found  in  the  wide 
lymph  spaces,  and  the  connective  tissue  is  sometimes 
penetrated  by  fine  fibrin  threads.  In  the  connective  tis- 
sue there  are  found  an  excess  of  spindle  cells,  and  an 
abnormal  number  of  leucocytes,  which  wander  into  the 
epithelium.  The  action  of  caustics,  etc. ,  may  be  followed 
by  a  more  extensive  accumulation  of  leucocytes.  Jlast 
cells  are  always  found  in  the  newly  formed  connective 
tissue  in  considerable  numbers,  rather  round  in  form  than 
elongated,  but  large  and  multiform. 

With  the  growth  of  the  condyloma,  the  number  of 
papillie  is  always  increasing.  The  original  main  papillfe, 
being  abundantly  supplied  with  blood  and  lymph,  be- 
come considerably  increased  in  size  by  the  formation  of 
young  cells  and  the  emigration  of  leucocytes.  They  also 
are  divided  by  the  ingrowing  folds  of  epithelium",  and 
thus  the  number  of  papillae  becomes  increased.  There 
is  never,  however,  an  independent  growth  of  papill.'p  into 
the  epithelium,  as  the  name  "  papilloma  "  suggests.  The 
irregular  formation  of  condyloma  is  finally  due  to  the 
succulence  and  marked  swelling  of  the  connective  tissue 
and  of  the  uncorniflcd  epithelium.  The  direction  of 
growth  is  not  limited,  but  is  unlimited  in  all  directions. 
The  external  form  varies  as  widely  as  its  internal  struc- 
ture. Rarely  the  horny  layer  is  firm  enough  to  form  a 
continuous  covering  for  the  swelling,  and  a  mushroom 
or  pear-form  results.  Moi-e  often  the  horny  layer  gives 
way,  and  after  penetrating  into  the  divisions  between  the 
larger  main  papilla;,  it  falls  off,  leaving  the  finger-and- 
toe  form.  If  the  hoiny  covering  of  these  again  gives 
way,  and  tlie  horny  layer  penetrates  into  the  yoimger 
epithelial  buds  and  between  some  of  the  newly  furrowed 
papilla;,  a  cauliflower  surface  is  the  result. 

Unna  gives  as  the  characteristics  by  which  the  condylo- 
ma may  al wa}'S  be  distinguished  from  verruca  vulgaris  as 
follows:  "The  thin  horny  covering  and  ab.sence  of  hyper- 
keratcsis;  the  remarkable  size  of  the  prickle  cells  and  the 
interspinal  spaces;  the  numerous  and  ever-pi-esent  mito- 
ses, even  in  the  iqiper  prickle  layei's ;  the  complicated  fur- 
rowing of  the  surface;  the  constant  active  dilatation  of  the 
vessels,  winch  later  gives  place  to  a  regular  chronic  inflam- 
mation, with  cell  formation,  leucocyric  emigration  and 
abundant  sero-fibnnons  exudarion;  and  finally  the' per 
sistent  papillary  furrowing  by  the  growing  ejiithelium." 

TuEATMENT.-If  the  irritant  acUug  ui>on  the  involved 
surface  is  removcMt,  and  the  parts  kept  dry,  or  an  astrin- 

wit  lout  further  rcatment.  The  further  means  to  cmplov 
of  J Iwr  "'n  "r  ''■■'■•  .'f"«i'^".  erosion,  or  causli.'s  (nitrate 
?nr?  Jf  'ti  r '  1^""'"'  '^''■^-     l'*"'  '^'-ffe-  .ijrowlhs,  liga- 

t^ue  of  the  pe.hcle  may  be  rcrpiired.  Removal  bv  (he 
Paquelm  cautery  is  followed  by  an  eschar,  which'  pro- 
tects the  s  irface  and  i.revents  hemorrhage.  The  electric 
needle  IS  also  useful  at  limes.  imenciuc 
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CONIFER/E.— r/zf!  Cone  Family.     (Pine  Family,  in  the 
broad  sense.     According  to  some  authors,  and  probably 
correctly,  it  is  subdivided  into  the  Piaaceo!  and   Taxa- 
eecB,  but,  for  convenience,  we  here  follow  Engler  and 
Piantl,  in   considering   both  under  the  title   Caniferm.) 
The  family  contains  between  thirty  and  forty  living  gen- 
era, and  ten  times  as  man}'  species,  besides  a  number  of 
fossils.     They  grow  mosUy  in  temperate  climes,  espe- 
cially  the  northern.     Probably   no   other   family   is    of 
greater  interest.     These  trees  represent  a  flora  "for  the 
most  part  extinct,  and  are  closely  related  to  those  which 
produced   our   coal.     They  are  "not  .so  well  adapted  to 
present  conditions  as  mos't   plants,  and   their  tenure  of 
life  may  be  regarded  as  cm  the  whole  weak,  and  them- 
selves destined,  for  the  mo.st  part,   to  early  extinction. 
The  largest  known   trees  are  members  of  this  family. 
They  yield  almost  all  of  our  soft  building  lumber.     They 
yield  our  vegetable  tars,  pitches,  and  turpentines,  though 
apparently  some  of  the  trees  yielding  these  will  be  prac- 
tically extinct  within  a  few  years.     Through  extinct  rela- 
tives, their  relations  to  coal  tar  explain  the  close  sim- 
ilarity between  the  two  clas.ses  of  products.     The  seeds 
of  a  number  constitute  important  foods.     Medicinally 
the  family  is  of  great  importance,  being  very  rich  in  vola- 
tile oils,  of  which  those  of  juniper,  "cedar,  turpentine, 
savin,  cypress,  and  others,  are  important  drugs.     Empy- 
reumatio  oils  similarly  used  are  represented  by  those  of 
tar  and  cade.     Amaroids,   glucosides,  and  at  "least  one 
alkaloid,  with  an  abundance  of  tannin,  also  occur.     Be- 
cause of  the  close  similarity   in   nature   and  properties 
between   these   products,    only   the  most  imjiortant  are 
treated  in  this  work.     The  number  of  pines,  spruces, 
flrs,  larches,   cedars,   and  related  plants  in  use  is  very 
great.  Henry  H.  Rushy. 

CONIUM.— CoxirM  Fruit  (incorrectly  "  Seed  ").  Hem- 
lock.    Poi.vm  Henih'ick. 

"The  full-grown  fruit  of  Conivm  maculaUnn  li.  (fam. 
Vmhelliferee)  gathered  while  yet  green"  (U.  S.  P.).  The 
leaves,  formerly  official,  are  "no  longer  so.  This  plant  is 
a  stout,  erect,  biennial  herb  a  metre  or  more  (three  to  six 
feet)  in  height,  Avith  a  long,  simple  or  forked,  rather 
fleshy,  yellowish-white  root  2  cm.  or  so  in  diameter, 
and  a  smooth,  branching,  striated  or  furrowed,  purple- 
spotted,  dark-green,  hollow,  slightly  glaucous  stem.  The 
spots  are  small  and  rather  numerous;  the  pith  cavity  is 
closed  at  the  joints  of  the  stem.  The  characters  of  the 
leaves  and  white  flowers  are  well  displayed  in  the  accom- 
panying cut. 

Hemlock  is  a  common  Old- World  plant,  occurring  in 
the  temperate  portions  of  Eui'ope,  Asia,  and  even  Africa. 
It  is  also  rather  common  in  many  places,  as  an  introduced 
weed,  in  the  United  States.  It  affects  rich  and  moist 
waste  places,  especially  swamps  and  brook-sides  and 
damp  and  shady  gardens.  It  is  easily  distinguished  from 
most  harmless  UmbeUifera'  by  its  spotted  "stem,  short, 
thick,  disagreeable-smeiling  fruits,  and  the  absence  of  oil- 
bearing  vitta'  in  the  latter."  Cicula(see  Poismwiis  Plants) 
is  very  easily  mistaken  ior  it,  but  both  are  similarly  poi- 
sonous. 

Couium  is  notorious  as  an  ingredient  of  the  state  poison 
of  the  ancient  Greeks,  by  which  the  philosopher  Socrates 
met  his  death.  It  is  mentioned  by  several  Greek  writers 
of  aljout  the  Sixme  time,  and  b}-"  numerous  Latin  ones 
since— by  these  often  under  the  name  Cioita.  It  was 
used  as  a  meilicine  by  English  and  Scotch  physicians 
seyeral  hundred  years  ago,  but  its  employment  under 
modern  ideas  of  luedicine  dates  from  the  time  of  Stoercke, 
about  seyenty-liyc  >ears  since.  The  use  of  the  term 
Cirn/a  as  tlu'  name  of  the  hemlock  by  Latin  authors  has 
created  some  confusion,  which  Ayas"not  diminished  by 
LiniKcus  when  he  gave  the  latter  name  to  the  relate"d 
genus. 

All  parts  of  hemlock  are  active,  and  have  been  em- 
ployed in  medicine.  The  drug  should  be  carefully  and 
quickly  diied,  without  heat.  As  the  active  prin'ciples 
are  volatile,  conium  deteri<irates  rapidly,  and  should  be 
considered  inferior  if  more  than  one  season  old.     The  in- 
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tensity  of  odor  developed  by  moisteniu!'-  it,  aud  especially 
by  treating  witb  potash,  is  a  rough  way  of  estimating  its 
value.  Tlie  leaves  are  especially  unstable;  their  o(lor, 
wheJi  fresh  aud  green,  is  strong  and  disa<j;reeablc,  and 
developed  still  more  S(.)  by  the  potash ;  wlieu  dry  they 
often  have  no  strength  or  value.     The  fruits  are  alone 


foiilferic. 
Couiiiin. 


Fig.  1488.— Cnniiim  maculatum  L. 

ofBcial  in  the  United  States,  the  dried  leaves  having 
proved  to  be  general!}'  worthless  in  this  country.  They 
are  thus  described  in  the  Pharmacopaua :  "About  one- 
eighth  of  an  inch  (3  mm.)  long;  broadly  ovate;  later- 
ally compressed ;  graj'ish  green ;  often  divided  into  the 
two  meriearps,  each  with  five  crenate  ribs,  without  oil 
tubes,  and  containing  a  seed  which  is  grooved  on  the 
face;  odor  and  taste  slight."  They  hold  their  strength 
comparatively  well,  and  yield,  on  the  whole,  more  uni- 
form preparations  than  even  the  fresh  leaves. 

Composition. — Conium  contains  but  very  little  es.vn- 
tial  oil  compared  with  the  aromatic  members  of  the  order, 
and  that  little  is  neither  pleasant  nor  useful.  Its  most 
important  constituents  are  two  or  three  closely  related 
alkaloids. 

The  most  important  of  these  in  quantity  and  activity 
is  coniine,  also  called  conicine  and  cicutine,  which  in  tlje 
plant  exists  combined  with  one  of  the  conunon  vegetable 
acids,  probably  malic,  to  the  extent  of  al)Out  one-fifth  to 
one-half  per  cent,  in  the  fruit.  The  leaves  contain  much 
less.  It  is  a  strongly  basic,  colorless,  oily  liquid,  of 
penetrating  odor,  closely  resembling  that  of  urine  or  the 
nests  of  mice,  and  a  sharp,  burning,  tobacco-like  taste. 
It  is  volatile  at  ordinary  temperatures,  and  boils  at  166° 
to  166.5°  C.  In  faciio  it  can  be  redistilled  without 
change,  but  in  the  air  a  portion  is  decomposed.  It  be- 
comes thicker  and  yellow  upon  prolonged  expo,sure,  and, 
finally,  resinous  looking.     Specific  gravity,  0.88.     Chem- 


ical composition,  CJI„,NII,CII.,,CHo,CH.,.  It  is  freely 
soluble  in  alcoliol,  chloroform,  the  essential  oils,  etc., 
l)ut  only  to  the  extent  of  one  per  cent,  in  water.  It,  on  the 
other  hand,  dissolves  in  from  twenty  to  thirty  per  cent, 
of  cold  water,  wliich  may  be  separated  by  heating.  It 
unites  \yith  acids,  forming  neutral  salts,  which  are  often 
erystallizable.'  Tiiat  most  u.sed  is  the  hydrobromate,  in 
white  needles,  soluble  in  two  jjurts  of  waferor  of  alcohol. 
Complete  inirification  of  coniine  is  difficult  to  accomplish. 
The  second  alkaloid,  roiilniitriiic  or  oxyconiine,  is  .solid 
and  concretes  in  the  head  and  tul)e  of  the"  retort  in  pearly, 
iridescent,  white,  foliaceous  crystals.  It  has  a  faint  co- 
uium-like  odor,  melts  at  118°  to  121°  C,  and  boils  at  220° 
to  225°  C.  It  is  soluble  in  alcohol  and  slightly  so  in  water. 
Conhydrine  can  be  converted  into  coniine  by  abstracting 
the  elements  of  water  with  phosphoric  anliydriile.  Tlie 
proportion  of  conhydrine  in  conium  is  much  less  than  that 
of  coniine.  IMethyl  coniine  is  usually  present  in  commer- 
cial coniine  and  is  probably  a  constituent  of  the  drug 
itself.  The  coniine  of  the  market  is  also  apt  to  contain 
some  pseudo-conhydrine  dissolved  in  it,  wliich  can  be 
separated  by  freezing.  This  is  white,  crystalline,  soluble 
in  alcohol  and  water. 

The  physical  properties  of  coniine  and  conhydrine  are 
very  nearly  those  of  an  essential  oil  and  its  carnpiior. 

Action  and  Use.— The  action  of  conium  may  be  re- 
garded as  entirely  that  of  coniiiiu  ;  conhydrine  and  methyl 
Conine,  besides  their  smaller  proportion,  are  pliysiolog- 
ically  only  coniine  reduced  ;  the  oil  and  other  constituents 
(vegetable  acids,  etc.)  amount  to  nothing. 

It  is  very  difficult  to  interpret  and  harmonize  the  phe- 
nomena attending  the  action  of  coniine.  Pharmacologists 
are  not  agreed  as  to  the  mode  of  their  production,  and 
they  will  be  considered  here  only  in  their  practical  bear- 
ing. The  drug  is  promptly  absorbed  from  the  stomach, 
very  shghtly  if  at  all  locally,  circulates  as  coniine,  and  is 
rapidly  excreted  through  the  kidney.  It  is  a  nauseating 
depressant,  the  effect  varying  in  degree  from  slight  lan- 
guor and  weakness,  through  nausea,  salivation,  weak 
perspiration,  vomiting,  great  muscular  weakness,  results 
in  general  similar  to  sea-sickness,  up  to  complete  collapse 
and  death  by  respiratory  failure,  after  preliminary  stim- 
ulation. There  is  dilatation  of  the  pupil,  perhaps  after 
temporary  contraction,  especially  upon  local  application. 
There  are  evidences  of  vaso-niotor  depression.  There 
is  slight  depression  of  the  cardiac  gangha.  There  may 
be  temporary  aud  slight  tremors  and  muscular  twitchings, 
though  the  later,  and  strictly  speaking  physiological 
effect  is  opposed  to  these,  destroying  them  when  they 
already  exist.  There  is  little  disturbance  of  sensation 
proper,  and  intelligence  is  little  or  not  at  all  affected. 
The  one  important  element  is  depression,  or  paralysis  of 
the  motor  nerve  endings.  There  is  apparently,  at  first, 
central  stimulation,  followed  by  dei^ression,  beginning 
below  and  passing  upward.  The  peripheral  paralysis 
referred  to  also  apparently  proceeds  gradually  along  the 
nerve  trunks.  The  best  authorities  agree  that  conium 
has  failed  in  nearly  all  the  therapeutic  uses  to  which  it 
has  been  put.  Most  of  these  uses  have  centred  about 
the  theorjf  that  it  relieves  pain,  in  spite  of  its  failure  to 
affect  sensorjr  nerves.  The  fact  is  that  when  pain  is 
kept  up  through  muscular  twitchings,  commonly  them- 
selves induced  \^J  existing  pain,  conium  prevents  this 
aggravation  by  cutting  these  movements  short.  In  an}' 
case,  this  appears  the  only  use  for  which  it  can  be  recom- 
mended. 

In  administering  conium,  it  is  most  important  that  the 
nature  of  its  constituents  be  remembered.  Coniine,  the 
most  important,  is  volatile,  so  that  careless  manufacture 
is  destructive  to  activity.  Long  exposure  to  the  air  also 
induces  destructive  changes.  The  greatest  care  should 
thus  be  taken  in  selecting  preparations,  and  only  those 
which  are  assayed  should  be  accepted.  Conium  and  its 
fluid  extract  should  contain  0.5  percent,  of  total  alka- 
loid, the  extract  2.5  per  cent.  The  Pharmacopftia  sup- 
plies an  extract,  the  dose  of  which  is  0.02-0.06  gm. 
(gr.i-i-).  and  a  fluid  extract,  the  dose  lU  i.-v. 

Henry  H.  Rushy. 
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CONIUM,  POISONING  BY.     i^ee  Hemlock. 

CONJUNCTIVA,   AFFECTIONS   OF  THE.— Hypek- 

i5Airv  OP  THE  Conjunctiva.— Hyperemia  of  the  con- 
iunctiva  when  at  all  pronounced,  is  apt  to  be  accom- 
panied by  more  or  less  discomfort  of  the  eyes— usually  a 
sensation  of  burning  or  itching- and  by  ulidue  lachry- 
mation.  It  is  met  with  as  a  transient  condition  and  also 
as  a  chronic  and  persistent  one. 

Transient  or  acute  conjunctival  hyperemia  may  arise 
from  a  great  variety  of  causes  and,  as  a  rule,  is  a  matter 
of  but  little  moment.  The  presence  of  a  foreign  bo<ly 
upon  the  cornea  or  conjunctiva,  exposure  of  the  eyes  to 
a  strong  wind,  to  undue  heat  or  intense  light,  prolonged 
use  of  the  eyes,  especially  with  imperfect  illumination, 
crying,  irritant  gases,  etc.,  are  some  of  the  causes  which 
may  give  rise  to  it.  It  also  marks  the  onset  of  most 
superticial  inflammations  of  the  eyes,  and  is  a  frequent 
accompaniment  of  acute  rhinitis  and  of  facial  neuralgia. 

Chronic  conjunctival  hyperamia,  a  condition  of  greater 
significance,  is  probably  more  frequently  due  to  eye 
strain,  the  result  of  errors  of  retraction  or  anomalies  of 
the  ocular  muscles,  than  to  any  other  one  cause.  It  may 
also  be  dependent  upon  chronic  rhinitis,  inflammation  of 
the  lachrymal  passages,  trichiasis,  alcoholism,  and  gout. 

In  the  treatment  of  this  condition  the  most  important 
consideration  is  the  removal  of  the  cause.  In  chronic 
hyper;i?mia  the  refraction  and  muscular  balance  of  the 
eyes  should  be  looked  into,  and,  if  they  are  found  to  be 
indicated,  glasses  should  be  carefully  adjusted.  Nasal 
or  lachrymal  disease,  if  present,  should  be  treated,  and 
measures  taken  to  combat  any  disorder  of  the  system, 
such  as  a  gouty  diathesis,  which  might  be  a  factor  in  the 
causation  of  the  local  afEection.  As  supplementary 
measures,  a  collyrium  of  boric  acid  (2  to  IQO),  or  of  boric 
acid  (2  to  100)  and  sulphate  of  zinc  (^tt-tu  to  100)  and, 
especially  in  acute  cases,  the  application  to  the  lids  of 
cold  water  or  ice  cloths,  are  useful. 

Conjunctivitis. 

Although  authors  given  to  multiplying  titles  de- 
scribe many  kinds  of  conjunctivitis,  there  seems  to 
be  no  good  reason  for  making  more  than  eight  dis- 
tinct varieties,  namely:  (1)  Catarrhal  or  simple  con- 
junctivitis; (2)  purulent  conjunctivitis;  (3)  croupous  or 
membranous  conjunctivitis;  (4)  diphtheritic  conjuncti- 
vitis; (5)  follicular  conjunctivitis;  (6)  trachomatous  or 
granular  conjunctivitis;  (7)  vernal  conjunctivitis  or 
spring  catarrh;  and  (8)  phlyctenular  or  scrofulous  con- 
junctivitis. Whether  regarded  from  a  clinical  or  a  path- 
ological point  of  view,  all  of  the  usually  described  forms 
of  conjunctival  inflammation  may  very  properly,  and 
with  practical  advantage,  be  divided  into  these  eight 
varieties,  which,  though  they  possess  certain  features  in 
common,  exhibit  other  well-marked  and  distinctive  char- 
acteristics. As  a  rule  it  is  not  dilficult  in  practice  to 
difEerentiate  these  several  varieties;  but  occasionally  the 
most  experienced  ob.server  may  find  him,self  at  fault  in 
this  respect,  being  unable  to  determine,  simply  from  in- 
spection, to  which  class  a  particular  case  should  be  as- 
signed. The  history  of  the  case,  and  especially  its  be- 
havior under  treatment,  will,  however,  dispel  the  doubt. 
With  the  exception  of  diphtheritic  and  phlyctenular 
conjunctivitis,  all  of  these  diil'erent  varieties  of  conjunc- 
tival inHaoinuition  are  essentially  local  disorders.  As 
regards  their  etiology  much  has  yet  to  lie  learned,  thouah 
considerable  progress  has  been  made  in  this  direction 
within  the  past  few  years.  Catarrhal  conjunctivitis  un- 
doubtedly aiises  from  a  variety  of  causes.  It  may,  like 
catarrh  of  the  nasal  or  broiich'ial  mucous  membrane,  be 
produced  by  exposure  of  the  surface  of  the  body  to  cold 
and  IS  then  doubtless  dependent  directly  upon  vaso'- 
motor  disturbance;  or  it  may  be  excited  by  irritant 
vapors  or  other  substances  coming  in  contact  with  and 
acting  immediately  upon,  the  conjunctiva  Then'  is  also 
a  variety  which  is  decidedly  contagious,  and  which  under 
tavorahle  conditions  siireads  from  individual  to  individ- 


ual, direct  contact  or  transference  of  secretion  from  one 
eye  to  another  not  being  necessary  to  its  propagation. 
Here,  doubtless,  there  is  a  volatile  specific  germ  which 
finds  in  the  conjunctival  sac  conditions  especially  favor- 
able to  its  development,  and  which  during  its  sojourn 
there  excites  in  this  membrane,  in  much  the  same  fashion 
that  the  irritant  vapor  does,  first  a  hypera^mic,  and  then 
an  inflammatory  condition.  According  to  Weeks,  the 
micro-organism  wdiich  gives  rise  to  this  variety  of  con- 
junctivitis is  a  small  Iiacillus,  resembling  that  of  mouse 
septicsemia,  which  stains  readily  with  methylene  blue 
and  loses  its  color  by  the  Gram  method.  Other  investi- 
gators, however,  have  been  led  to  regard  the  pneumo- 
coccus  as  the  active  agent.  Purulent  conjunctivitis,  on 
the  other  hand,  which  rarely  occurs,  in  this  country  at 
least,  except  in  the  new-born  from  infecting  vaginal  dis- 
charges, and  in  adults  from  gonorrhoeal  inoculation,  is 
(in  these  forms  at  any  rate)  essentially  a  specific  germ 
disease;  and,  fortunately  for  the  human  race,  the  micro- 
organism— the  gonococous — which  gives  rise  to  it,  is 
non-volatile,  and,  therefore,  communicable  only  by  gross 
transplantation  and  not  through  the  medium  of  the 
atmosphere. 

A  priori,  there  is  no  reason  why  a  purulent  conjunc- 
tivitis should  not  be  produced  otherwise  than  through 
the  agency  of  the  gonococcus,  and  probably  under  cer- 
tain conditions  of  climate,  etc.  (as  in  Egypt),  this  may 
happen;  but,  under  the  relativel}'  favorable  h3'gienic 
conditions  which  prevail  in  this  country,  it  maybe  safely 
asserted  that  a  con  j  unctival  inflammation  of  such  intensity 
as  to  warrant  its  being  classed  as  purulent,  scarcely  ever 
occurs  except  as  the  result  of  gonorrhceal  inoculation.* 

Trachomatous  or  granular  conjunctivitis  is  also  doubt- 
less the  product  of  a  specific  germ.  It  is  decidedl_y  con- 
tagious, but,  like  purulent  conjunctivitis,  is  communi- 
cated only  by  direct  transference  of  discharge  from  eye 
to  eye.  A  small  diplococcus,  isolated  by  Sattler,  is  sup- 
posed to  be  the  contagium  which  gives  rise  to  it,  but 
this  has  not  been  definiteh'  proven. 

Diphtheritic  conjunctivitis  is,  of  course,  due  to  the 
presence  in  the  conjunctival  sac  of  the  Klebs-LofBer  ba- 
cillus; Vmt,  as  the  ocular  mucous  membrane  does  not  seem 
to  be  a  favorite  habitat  for  this  organism,  it  is  a  disease 
of  rare  occurrence. 

As  to  the  etiologj'  of  croupous  conjunctivitis  and  of  ver- 
nal catarrh,  we  are  yet  without  definite  knowledge;  that 
of  phlyctenular  conjunctivitis  will  be  considered  later. 

Having  said  this  much  regarding  the  specific  charac- 
teristics of  the  several  varieties  of  conjunctival  inflamma- 
tion, we  shall  take  up  separately  each  variety  for  more 
particular  consideration,  and.  having  in  mind  the  prac- 
tical purpose  of  this  article,  shall  deal  with  them  from  a 
therapeutical  rather  than  from  a  pathological  standpoint. 

C-\T.vKuii.\i,  CoxjrxcTiviTis. — In  a  well-marked  at- 
tack of  this  disease,  ilecided  evidences  of  ciliarj-  irritation 
are  present.  Pain  is  rarel.y  felt,  but,  especially  at  the 
comniencement  of  the  attack,  there  are  photophobia  and 
more  or  less  profuse  lachrymation.  A  sensation  as  though 
a  foreign  body  were  in  the  eye  is  almost  always  com- 
plained of;  and,  as  at  this  stage  of  the  disease  the  symp- 
toms, including  the  coinmcncing  conjunctival  injection 
and  the  slight  mucous  discharge,  are  preciselj'  such  as 
are  i>roiluced  b_y  the  presence  of  a  foreign  body,  it  is  al- 
ways best,  by  careful  inspection,  to  make  certain  that 
they  are  not  due  to  this  cause.  The  cornea,  therefore, 
should  be  carefully  scanned,  and  the  lids  everted  and 
their  conjunctival  surface  scrutinized,  so  that  the  pres- 
ence of  a  foreign  body  may  not  be  overlooked.  Although 
catarrlial  conjunctivitis  almost  invariably  afEects  both 
eyes  (dilfering  in  this  respect  from  phlyctenular,  and  to  a 
slill  more  piduounced  degree  from  purulent  conjunctivi- 
tis), it  soiuelinies  begins  twenty-four  or  thirty-six  hours 
sooner  in  one  than  in  the  other.     When,  already,  both  are 

*  The  writer  does  not  recall  a  single  case  ol  well-marlted  purulent 
I'onJuucUvllis  met  with,  in  either  hospital  or  private  practice,  during 
an  experience  of  nearly  thirty  years,  which  could  not  be  traced 
elll'.er  to  some  similar  case  or  to  inoculation  with  a  vapinal  or  urethral 
discharfje. 
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affected  there  is,  of  eruirse,  small  reasfin  to  suspect  the 
])i'eseuee  of  a  toreign  body.  In  mild  cases  the  iiitlaimna- 
tiou  is  limited  to  the  palpebral  conjunctiva  and  the  dis- 
charge is  slight  and  mucoid  in  character,  guuuning  the 
lids  together  during  sleep,  but  during  the  day  showing 
itself  only  about  the  inner  cauthus  and  in  the  rctrotarsal 
folds  of  the  conjunctiva;  in  severe  cases  there  is  marked 
injection  of  the  bulbar  conjvinctiva,  and  the  discharge  is 
more  profuse  and  is  nuico-purulent  in  cliaracter.  The 
injected  vessels  are  cominirativcly  coarse,  are  tortuous 
and  movable,  and  cause  the  bulbar  conjunctiva  to  have 
a  uniform  brick-red  color,  in  marked  contrast  to  tlie  pink- 
ish, pericorneal  injection,  due  to  hyperamiia  of  the  finer 
and  iuuuovable  subconjunctival  vessels,  which  is  charac- 
teristic of  corneal  and  iritie  iutlammatiou. 

Epidemics  of  catarrhal  conjunctivitis  not  infrequently 
occur  in  orphan  asylums  and  in  other  institutions  where 
large  rumibers  of  children  are  brought  together.     Under 
such  circumstances*  it  is  apt  to  be  more  severe  in  type 
(closely  resembling,  in  some  instances,  trachomatous  con- 
junctivitis) and  less  amenable  to  treatment.     Especially 
in  strumous  children,  a  conjunctivitis  purely  catarrhal  at 
the  outset,  and  due,   perhaps,  to  cold  or  contagion,  may 
assvmie  a  phlyctenular  type,  and,  secondarily,  the  cornea 
may  become  involved.    The  use  of  unduly  strong  astring- 
ent collyria  tends  to  bring  about  this  unfavorable  change. 
Catarrhal  conjunctivitis  rarely  assumes  a  chronic  form, 
except  through  the  operation  of  special  causes.     In  ob 
stinate  cases, "therefore,  complicating  conditions  uuist  be 
sought  for,  and,  it  possible,  eliminated.     Sometimes  it 
will  be  found  that  the  conjunctival  inflammation  is  only 
a  secondary  manifestation  of  a  chronic  naso-pharyngeal 
catarrh,  or  there  may  be  stricture  of  the  nasal  duct  pres- 
ent,  with  blennorrlicEa  of  the  lachrymal  sac.     In  other 
instances  the  strain  due  to  optical  errors  may  prolcmg  the 
attack,  or  even  excite  amild  form  of  conjunctivitis.     E.\- 
traneous  causes,  such  as  the  presence  of- irritant  gases  m 
the  atmosphere  (as  in  the  neighborhood  of  certain  manu- 
facturing establishments),  also  have  their  effect,  render- 
ing of  no  avail  remedial  measures  which  otherwise  would 
prove  effectual. 

The  treatment  of  this  variety  of  conjunctivitis  can  be 
described  in  a  few  words.     The  most  important  point  to 
bear  in  mind  is,  that  harsh  remedies  are  to  be  avoided,  as 
they  are  likely  to  do  harm  by  producing  corneal  comp  i- 
cations,  and  so  converting  a  very  simple  into  a  possibly 
serious  conditicm.     When   there   is  considerable  ciliary 
irritation  at  the  commencement  of  the  attack,  decided 
relief  may  be  obtained  by  applying  to  the  closed  lids, 
more  or  less  constantly,  linen  or  absorbent  gauze  pads 
wet  with  a  lotion  of  boric  acid  and  opium  (ext.  opu,  0.60 
gm  ;  boric  acid,  3gm. ;  aq.  destill,  128  gm.  ;  or  ext.  opn, 
gr.  x.  ;  boric  acid,  gr.  xl. ;  aq.  destill.,  1  iv.)-a  most  use- 
ful preparation  in  many  conditions  of  the  eyes  attended 
by  ciliary   irritation.    'As  a   coUyrium   the   writer  has 
found  nothing  so  generally  efficacious  as  a  2  to  100  solu- 
tion of  boric  acid,  with  the  addition  of  a  small  quantity 
of  sulphate  of  zinc,  the  proportion  of  the  latter  being 
varied,  according  to  the  amount  and  character  of  the  dis- 
charge and  the  sensibility  of  the  eye,  from  ^\  to  100  to  -g 
to  100  (zinci  sulphat.,  gr.  i-i-  ;  acid,  boric,  gr.  x.  ;  aq 
destill      I  i  ).     By  means  of  an  eye-dropper  this  should 
be  applied  to  the'eyes  freely  three  times  a  day,  the  head 
being  held  back,  and  the  solution  kept  in  contact  w;ith 
the  eye  for  some  moments.     In  addition,  a  simple  oint- 
ment'such  as  cold  cream  or  vaselin  cerate,*  should  be  ap- 
plied to  the  edges  of  tlie  eyelids  at  bedtime,  to  prevent 
their  being  gummed  together  by  the  drying  of  the  dis- 
charge during  the  night.  ^  „     .      ■  „ 
Under  this  treatment  the  inflammation  usually  begins 
to  subside  within  a  day  or  two,  and  at  the  encl  of  a  week 
or  ten  davs  will  have  entirely  disappeared.     When  a  sat- 
isfactory" improvement   does   not   manifest  itself    some 
other  astringent  should  be  substituted  for  the  sulphate  of 
zinc.     Alum  and  nitrate  of  silver  are  both  useful,  the  tor- 

*VPiinwwax  one  part.:  vaseline,  four  parts :  melted  toRettier  and 
stirred  While  c^oUng.-me  Trans.  Am.  Opnthalmological  Soc,  vol. 
lii.,  p.  573. 
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mer  in  the  proportion  of  gr.  ij.-v  to  |  i.,  the  latter  in  much 
weaker  solution — gr.  ^-i  to  5  1.  Tannin  (gr.  iv.-viij. 
to  3  i.)  is  a  favorite  remedy  with  some,  while  protai'gol, 
in  from  5  to  100  to  10  to  100  solution,  has  recently  been 
highly  commended.  When  there  is  doubt  as  to  the  char- 
acter of  the  intlammation — whether  it  be  simply  catarihal 
or  phlyctenular — boric  acid  in  a  fairly  strong  solution  is 
the  safest  thing  to  jirescribe,  as  it  is  likely  to  do  good  in 
either  ease  and  certainly  can  do  no  harm.  In  obstinate 
cases  the  probable  existene(;  of  complicating  conditions 
is  to  be  borne  in  mind,  and  if  found  to  be  i)resent,  these, 
of  course,  should  receive  the  attention  they  may  require. 
Should  the  inflammation  assume  a  phlyctenular  character 
the  use  of  astringents  ought  to  be  discontinued  at  once, 
and  in  their  stead  the  remedies  employed  which  are  suited 
to  this  form  of  conjunctivitis. 

After  a  severe  attack  of  catarrhal  conjunctivitis,  espe- 
cially if  its  treatment  has  been  neglected,  the  eyes  some- 
times remain  asthenopic  and  irritable  for  a  considerable 
time.  When  this  occurs  they  should  be  given  as  perfect, 
rest  as  practicable,  the  state  of  the  patient's  health,  which 
commonly  needs  building  up,  should  be  looked  after, 
and  soothing  local  remedies,  such  as  the  boric  acid  and 
opium  lotion  referred  to  above,  or  a  collyrium  of  boric 
acid  (2  to  100)  shf)uld  be  employed. 

Purulent  Con.iunctivitis. — Although  it  is  possible, 
as  has  been  said,  for  a  conjunctival  inflammation  of  such- 
intensity  as  to  deserve  the  name  purulent  to  be  excited 
in  a  variety  of  ways,  practically,  a  pronounced  purulent 
conjunctivitis  hardly  ever  occurs,  at  least  in  this  country, 
except  as  the  result  of  gonorrhaal  inoculation. 

In  the  severer  types  of  catarrhal  conjunctivitis  the  dis- 
charge, as  has  been  stated,  frequently  assumes  a  muco- 
purulent character,  and  also  in  some  cases  of  scrofulous 
conjunctivitis  this  may  happen;  but  these  are  not  cases 
of  true  purulent  conjunctivitis,  and  should  not  be  de- 
scribed, as   they   sometimes  are,  as  such.     In  purulent 
conjunctivitis  the  inflammation,  though  similar  in  char- 
acter, is  far  more  intense  than  in  the  catarrhal  form.     The 
discharge,  which  is  very  profuse,  is  thick  and  creamy, 
and,  since  the  inflammation  is  not  confined  to  the  con- 
junctiva but  involves  the  submucous  tissue,  the  lids  be- 
come greatly  swollen  and  tense,  so  that  it  is  commonly 
impossible  to  evert  them,  and  the  loose  texture  covering 
the  anterior  segment  of  the  ball  so  ccdematous  and  che- 
motic  tliat  it  overlaps  and  nearly  hides  from  view  the  cor- 
nea.    In   consequence   of   this   the  nourishment^  of  the 
cornea  is  seriously  interfered  with,  and  ulceration  and 
necrosis  frequently  occur,  and  may  lead  to  its  complete 
destruction.     The  prognosis  is  more  grave,  and  the  in- 
flammation usually  runs  a  more  violent  cour.se,  in  the 
gonorrha'al  conjunctivitis  of  adults  than  in  the  infantile 
form  of  the  disease.     Why  this  should  be  is  not  plain, 
since  both  are  due  to  specific  inoculation,  and  in  the  dis- 
charge from  each  the  gonococcus  of  Neisser  is  present. 
Probably,  as  has  been  suggested,  the  explanation  is  to 
be  found  in  the  fact  that  the  discharge  which  infects  the 
eyes  of  infants  is  seldom  the  product  of  a  recently  ac- 
quired gonorrhcea,  whereas  in  adults  the  inoculation  is 
m(jre  apt  to  occur  during  the  height  of  the  urethritis  or 
va^anitis   when  the  infecting  power  of  the  discharge  is 
grc^atest. '    It  would  seem,  however,  apart  from  this,  that 
the  eyes  of  the  new-born  are  capable  of  resisting  the 
disease  better  than  are  those  of  adults.     From  twelve  to 
forty -eight  hours  is  given  as  the  interval  which  usually 
elapses  between  the  inoculation  of  the  eye  and  the  out- 
break of  the  disease  (Nettleship) ;   but  in  infants  the  in- 
terval is  not  so  brief,  since  the  inflammation  of  the  eyes 
does  not   manifest  itself,  as  a  rule,  until  the  third   or 
fourth  day  after  birth.     In  ophthalmia  neonatorum  both 
eyes  are  usually  affected,  because  each  is  almost  sure  to 
be  inoculated  with  the  vaginal  secretion ;   in  adults  the 
disease  begins  in  one  eye,  and  only  spreads  to  the  other 
if  there  is  an  actual  transference  of  the  discharge.     In 
the  beginning  of  the  attack  there  are  considerable  photo- 
phobia and  lachrymation,  with  a  sensation  as  though 
sand  were  in  the  eye.     Later  on,  the  irritation  of  the 
ciliary  nerves  is  so  great  as  to  cause  severe  pain,  which 
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may  become  intense  if  perforation  of  tlie  cornea  occurs 
witli  prolapse  of  the  iris  and  secondar}-  iritic  intiamma- 
tion.  At  tirst  tlie  disoliarge  is  not  purulent,  but  mucoid 
or  thin  and  watery  in  cliaracter.  This  usually  gives 
place  very  soon  to  a  true  purulent  discharge,  which  is 
thick,  yellowish,  and  very  abundant.  In  some  cases  this 
change  is  slow  in  manifesting  itself,  and  under  such  cir- 
cnmstances  tlie  intlanuuation  is  apt  to  be  more  intense, 
and  the  appearance  of  the  purulent  .secretion  may  be 
preceded  by  a  plastic  infiltration  of  the  subconjunctival 
tissue,  and  a  membranous  exudation  upon  the  surface  of 
the  conjunctiva.  After  this  severe  type  of  the  disease 
cicatricial  bands,  like  those  which  occur  in  the  submucous 
tissue  of  the  urethra  and  give  rise  to  stricture,  may  form 
in  the  conjunctiva  and  in  the  cellular  tissue  beneath  it, 
and  by  their  contraction  may  cause  distortion  or  incurva- 
tion of  the  lids.  Opacities  of  the  cornea,  varying  in 
extent  and  density,  due  to  ulceration,  with  in  many 
instances  anterior  adhesions  of  the  iris,  are  among  the 
frequent  consequences  of  purulent  conjunctivitis. 

Besides  the  true  purulent  form  of  ophthalmia  neona- 
torum, which  outside  of  lying-in  asylums  is  compara- 
tively a  rare  disease,  there  is  a  mild  variety  of  conjunc- 
tivitis, verj'  amenable  to  treatment,  which  is  frequently 
met  with  in  the  new-born.  It  is  characterized  by  slight 
su'elling  of  the  lids,  considerable  conjunctival  injection, 
and  a  mucoid  discharge  sufficient  in  amount  to  gum  to- 
gether the  lashes.  It  yields  very  promptly  to  the  instilla- 
tion, three  or  four  times  a  day,  of  a  2  to  100  solution  of 
boric  acid,  and  as  we  can  never  be  certain  when  we  en- 
counter this  mild  form  of  conjunctivitis  that  it  is  not  the 
incipient  stage  of  the  more  severe  ophthalmia,  its  treat- 
ment should  in  no  case  be  neglected. 

Exceptionally,  this  mild  type  of  conjunctivitis  in  the 
iie\v-born  does  not  respond  so  satisfactorily  to  treatment, 
and  then  it  will  usually  be  found  that  it  is  associated  with 
and  dependent  upon  a  blennorrhcea  of  the  lachrymal  sac. 
A  colly rium  of  liichloride  of  mercury  (1  to  12,()()0),  to  be 
•dropped  into  the  inner  corner  of  the  eye,  after  the  lachry- 
mal sac  has  been  emptied  of  its  contents  by  gentle  press- 
ure with  the  tip  of  the  finger,  is  the  remedy  the  writer 
has  found  most  u.seful  in  controlling  this  condition, 
which,  in  liis  experience,  rarely  requires  operative  treat- 
ment. Alum  and  boric  acid,  and  nitrate  of  silver  (1  to 
2,000)  are  also  useful. 

In  gonorrhoeal  ophthalmia  the  prognosis  is  extremely 
grave,  destruction  of  the  cornea  being  of  frequent  occur- 
rence. When  this  destruction  is  not  complete,  however, 
the  ultimate  result  as  regards  vision  is  far  better  than 
would  seem  possible  during  the  heiglit  of  the  inflamma- 
tion, the  portions  of  the  cornea  not  destroyed  clearing  up 
in  a  surprising  manner.  Tlie  disease  runs  a  tedious 
course,  and,  even  wlien  the  cornea  e.scapes,  the  conjunc- 
tival inflammation  may  not  disappear  entirely  for  two  or 
three  months.  After  the  more  acute  symptoms  liave 
subsided,  a  "  granular "  condition  of  the  palpebral  con- 
junctiva, which  closely  resembles  true  trachoma,  but 
should  not  be  confounded  with  it,  as  it  is  less  obstinate 
and  more  amenable  to  treatment,  frequently  makes  its 
appearance. 

In  the  iretitiiiint  of  purulent,  conjunctivitis  time  is  a 
most  important  element.  If  seen  at  its  very  commence- 
ment, it  is  possible,  by  active  measures,  to  ciit  short  even 
a  case  of  genuine  gonorrhcpal  ophthalmia.  The  writer's 
experience  furnishes  at  least  one  unquestionable  example 
of  this.  The  success  which  has  attended  the  prophylac- 
tic measures  recommended  by  Crede,  for  the  prevention 
of  ophthalmia  neonatorum,  shows  what  may  be  accom- 
plished in  this  disease  by  treating  the  eye  immediately 
after  the  inoculation  has"occurred,  and  before  inflamma- 
tion has  had  time  to  develop.  Crcde's  plan  is  to  drop 
into  the  eyes  of  all  children,  directly  after  birth,  when 
there  is  reason  to  fear  inociilation,  a'2  to  100  solution  of 
nitrate  of  silver.  In  the  large  lying-in  hospitals  of 
Jiurope  where  this  plan  has  been  extensively  adopted, 
every  child  being  treated  in  this  way,  the  results  have 
been  extremely  .satisfactory,  the  percentage  of  ophthal- 
mia neonatorum,  heretofore  so  large  as  to  be  a  matter  of 


serious  moment,  having  been  reduced  to  a  small  fraction 
of  what  it  formerly  was;  and,  as  the  instillation  of  such 
a  solution  into  the  eyes  of  the  new-born  seems  to  be  at- 
tended by  no  unpleasant  consequences,  this  prophylactic 
measure  should  never  be  neglected  when  there  is  the 
slightest  reason  to  fear  that  inoculation  has  occurred. 

The  abortive  treatment  of  gonorrhoeal  conjunctivitis, 
which  has  been  practised  for  many  years,  is  practically 
the  same  as  that  suggested  by  Crede  for  ophthalmia  neo- 
natorum. It  consists  in  the  daily  application  to  the 
everted  lids,  at  the  earliest  possible  moment  after  the  dis- 
ease has  begun  to  manifest  itself,  of  a  strong  solution  of 
nitrate  of  silver  (from  2  to  100  to  4  to  100).  When  there  is 
reason  to  suspect  that  there  has  been  a  transference  of 
specific  matter  to  the  eye,  the  risk  involved  is  so  great  as 
to  justifj^  resort  to  this  treatment  without  waiting  for  the 
supervention  of  conjunctivitis,  especially  as  the  pain 
which  the  application  of  the  silver  solution  produces 
may  be  obviated  entirely  by  instilling  into  the  e_ve,  be- 
forehand, a  few  drojis  of  a  4  to  100  solution  of  muriate 
of  cocaine,  or  better  still,  perhaps,  of  a  1  to  100  solution 
of  muriate  of  holocaine.  When,  however,  the  disease 
has  once  become  fairly  established,  we  can  no  longer  ex- 
pect to  cut  it  short.  Our  efforts,  then,  must  be  directed 
to  controlling,  as  far  as  possible,  the  intensity  of  (he  con- 
junctival inflammation,  and  preserving  the  integrity  of 
the  cornea. 

Although  various  remedies  have  from  time  to  time 
been  recommended  as  especially  efficacious  in  the  treat- 
ment of  jnirulent  conjunctivitis,  there  is  not  one  which 
has  proven  so  generally  useful  as  nitrate  of  silver.  The 
daily  applicati(]n  (to  the  everted  lids,  if  the  swelling  is  not 
too  great  to  prevent  their  being  turned  out)  of  a  strong 
solution  of  nitrate  of  silver  (from  2  to  100  to  4  to  100,  ac- 
cording tfi  the  condition  of  the  cornea  and  the  .sensitive- 
ness of  the  eye),  anaesthesia  having  been  induced  before- 
hand by  a  1  to  100  solution  of  holocaine;  the  in.stillation 
two  or  three  times  a  day  of  a  -1  to  100  to  |  to  100  solution 
(gr.  i.-iij.  to  1  i.j  of  nitrate  of  silver;  the  application,  in  a 
similar  manner,  of  a  1  to  100  solution  of  sulphate  of 
atropine,  to  diminish  pain  and  to  obviate,  or  favoralily 
influence,  corneal  complications,  together  with  the  more 
or  less  constant  application  of  ice-cloths  to  the  lids,  if 
grateful  to  the  patient,  or,  if  more  acceptable  to  him,  of 
cloths  wet  with  a  lotion  of  opium  or  belladonna  (ext.  opii 
vel  ext,  belladonnfe,  2  gm.  (gr.  xxx.);  aqufc,  256  gm.  (fl. 
I  viij,),  and  the  careful  cleansiug  of  the  eye  every  hour, 
or  even  eveiy  half -hour,  while  the  discharge  is  profuse  and 
creamy,  with  a  saturated  (4  to  100)  solution  of  boric  acid, 
constitute  a  plan  of  treatment  which,  in  the  gonorrhnpal 
ophthalmia  of  adults  (the  most  virulent  form  of  purulent 
conjunctivitis),  oilers  the  best  prospect  of  success,  and 
which,  with  slight  modification,  generally  is  successful  in 
the  infantile  form  of  the  disease.  When  ulceration  of  tl}e 
cornea  is  present,  the  stronger  solutions  of  nitrate  of  sil- 
ver are  not  so  well  boi-ne,  and  must  be  used  with  more 
caution,  being  applied,  if  practicable,  only  to  the  palpe- 
bral conjunctiva,  and  not  allowed  to  comcin  contact  with 
the  cornea;  or  the  silver  solution  maj'  be  neutralized  by 
applying  directly  after  it  a  warm  solution  of  table  salt. 
When  there  is  pronounced  cliemosis,  scarification  of  the 
conjunctiva  does  good  by  depleting  somewhat  the  dis- 
tended vessels;  and  when  tlie  swollen  lids  appear  to  be 
exerting  dangerous  pressure  upon  the  eye,  free  division 
of  the  outer  canthus  (a  single  cut  with  "strong,  straight 
scissors,  in  a  horizcmtal  direction,  will  suffice)  is  recom- 
mended, and  is  doubtless  a  judicious  procedure,  although 
the  writer's  exjierienee  has  not  presented  a  case  in  which 
resort  to  it  seemed  to  be  called  for. 

Protargol,  in  from  20  to  100  to  40  to  100  solution,  has 
of  late  been  recommended  as  a  useful  substitute  for  ni- 
trate of  silver,  its  chief  advantage  being  that  its  applica- 
tion causes  but  little  discomfort.  Several  cases  of  oph- 
thalmia neonatorum,  recently  under  the  writer's  care, 
have  yielded  in  an  exceptiouaily  favorable  manner  to  pro- 
targol, supplemented  by  hourly  cleansing  of  the  eyes  with 
a  saturated  solution  of  boric  acid.  A  10  to  100  to  20  to 
100  solution  of  protargol  was  dropped  into  the  eyes  three 
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times  a  day,  and  a  40  to  100  solution  (whicli  seemingly 
caused  but  little  discomfort)  was  applied  to  the  everted 
lids  every  other  day. 

As  the  transference  of  pus  from  the  inflamed  eye  to 
the  sound  one  will  almost  inevitably  cause  the  disease 
to  develop  in  it,  every  precaution  should  be  taken  to 
prevent  this  happening.  The  patient  and  attendants 
should  be  constantly  warned  of  the  danger  of  handling 
the  sound  eye  when  there  is  a  possibility  of  the  dischai-ge 
being  on  their  lingers,  and  of  the  risk  of  inoculating  this 
eye  while  cleansing  and  applying  remedies  to  the  diseased 
one.  To  lessen  this  latter  risk,  as  well  as  to  diminish 
the  danger  of  tlie  attendant's  eyes  being  inoculated,  tlie 
writer  would  suggest  that  the  discharge  be  removed  by 
means  of  absorbent  cotton,  and  not,  as  is  usually  recom- 
mended, with  a  syringe.  While  the  discharge" is  abun- 
dant the  patient  should  not  be  allowed  to  lie  with  the 
diseased  eye  uppermost,  as  in  this  position  the  pus  may 
flow  across  the  bridge  of  the  nose,  and  so  reach  the  oppo- 
site eye.  The  frequent  washing  away  of  the  discharge 
with  the  boric-acid  solution,  as  already  suggested,  will 
further  lessen  the  likelihood  of  this  accident  occurring. 
Most  authorities  recommend  that  the  sound  eye  be  her- 
metically sealed  up  with  rubber  adhesive  plaste'r  and  col- 
lodion; and,  to  render  this  more  endurable  to  the  patient, 
Dr.  BuUer,  of  Montreal,  inserts  a  watch  glass  between 
two  layers  of  the  rubber  plaster,  so  that  the  eye  may 
still  be  used,  and  leaves  the  outer  and  lower  angle  of  the 
covering  open  for  ventilation. 

As  the  intensity  of  the  inflammation  subsides,  and  es- 
pecially as  the  discliarge  diminishes  and  loses  its  creamy 
consistence,  becoming  muco-purulent  in  character,  the 
treatment  should  be  less  active,  the  astringent  and  anti- 
septic applications  being  made  at  longer  intervals,  and 
the  strong  silver  solution  diminished  in  strength  or  ten- 
tatively omitted.  It  is  in  this  way  only — by  carefully 
watching  the  effect  of  the  remedies  employed,  and  by 
modifying  the  treatment  from  time  to  time  as  maj'  seem 
neces.sary — that  the  inflammation  can  be  kept  in  some 
measure  under  control,  and  the  great  danger  which  con- 
stantl}'  impends,  destruction  of  the  cornea,  be  obviated. 
Besides  the  remedies  which  have  been  mentioned,  others, 
such  as  corrosive  sublimate  in  weak  solution  (^^^  to  100), 
carbolic  acid  (5  to  100),  finel_y  powdered  iodoform,  to  be 
applied  freely  to  the  conjunctiva,  peroxide  of  hydrogen, 
and  weak  solutions  of  permanganate  of  potassium,  tri- 
kresol,  and  formaldehyde,  have  been  recommended  as 
useful  in  this  disease. 

In  the  so-called  diphtheritic  form  of  purulent  conjunc- 
tivitis, in  which  the  discharge  is  thin  and  ichorous,  and 
there  is  a  tendency  to  plastic  exudation  and  infiltration, 
strong  astringent  solutions  are  contraindicated.  Boric 
acid  and  atropine  should  here  be  chiefly  relied  upon,  until 
by  the  application  of  warm  fomentations  the  tj^pe  of  in- 
flammation shall  have  been  changed,  and  the  discharge 
sliall  have  assumed  a  purulent  character,  when  the  use  of 
protargol  or  nitrate  of  silver  should  be  begun  witli  cau- 
tion and  the  effect  carefully  noted. 

Constitutional  treatment;  ma}^  not  be  called  for  in  all 
cases,  but  when  the  patient  is  in  robust  health  and  of 
plethoric  habit,  the  good  old  plan  of  moving  the  bowels 
freely  by  a  mercurial  purgative  will  do  good;  while,  on 
the  other  hand,  quinine  .should  be  given  freely,  supple- 
mented by  iron  and  a  generous  diet,  when  there  is  auas- 
niia  and  an  impoverished  state  of  the  system.  After  the 
acute  symptoms  have  subsided,  alum  and  tannin  are 
especially  useful  in  overcoming  the  persistent  hypenemia 
of  the  ocular,  and  the  so-called  "  granular  "  condition  of 
the  palpebral,  conjunctiva. 

The  treatment  of  purulent  conjunctivitis  in  the  infant 
is  essentially  the  same  as  in  the  adult,  except  that,  as  the 
inflammation  is  generally  less  intense,  the  caustic  and 
astringent  solutions  should  be  somewhat  milder,  ice- 
cloths  are  not  indicated,  and  the  opium  and  belladonna 
fomentations  are,  of  course,  out  of  place.  The  instilla- 
tion of  atropine,  however,  should  not  be  omitted,  espe- 
cially if  ulceration  of  the  cornea  be  present  or  threaten- 
ing.    Chiefly  from  maltreatment  or  neglect,  this  affection 


probably  causes  a  greater  amount  of  irremediable  blind- 
ness than  any  other  one  disea.se  of  the  eyes.  AVhen  the 
destruction  of  the  cornea  has  not  been  complete,  how- 
ever, it  frequently  liappens  that  great  improvenient  in 
vision  may  be  obtained  by  a  well-placed  artificial  pupil. 

Choopous  or  Membranous   Con.junctivitis. It  is 

with  some  hesitation  tliat  I  describe  this  variety  of  con- 
junctival inflammation  as  a  separate  disease,  since  there 
are  excellent  reasons  for  regarding  it  rather  as  simply  a 
type  of  inflammation  prone  to  occur,  under  favoring  con- 
ditions, in  several  different  kinds  of  conjunctivitis.  Ref- 
erence has  already  been  made  to  the  fact  tliat  certain 
cases  of  purulent  conjunctivitis,  of  unfavorable  type  and 
accompanied  by  a  thin,  watery  discharge,  are  character- 
ized by  the  formation  of  a  "croupous"  membrane,  usu- 
ally upon  the  palpebral,  but  occasionally  upon  the  bulbar 
conjunctiva;  and  it  may  be  added  that  a  similar  disposi- 
tion occasionally  manifests  itself  in  catarrhal  conjuncti- 
vitis. A  typical  form  of  membranous  conjunctivitis  is 
that  which  is  induced  by  the  application  of  the  jequirity 
bean  in  the  treatment  of  trachoma.  In  rare  instances  a 
chronic  form  of  croupous  conjunctivitis  is  met  with,  and 
the  membrane  forms  and  re-forms  repeatedly  for  weeks 
or  even  months. 

In  true  chphtheria  of  the  conjunctiva  the  membrane 
forms  upon  the  bulbar  as  well  as  upon  the  palpebral 
conjunctiva;  but  in  the  milder  affection  which  we  are 
considering  the  exudate,  which  does  not  invade  the  sub- 
conjunctival tissue,  as  in  true  diphtheria,  and  can,  as  a 
rule,  be  easily  detached,  is  commonly  confined  to  the 
conjunctiva  of  the  lids.  The  danger  of  corneal  implica- 
tion is  comparatively  slight;  but  there  is  apt  to  be  marked 
ciliary  irritation  and"  more  decided  redema  of  the  lids  than 
is  found  in  catarrhal  conjunctivitis.  The  discharge  is 
scant  and  watery.  After  a  few  days  the  membrane — 
which  consists  of  a  mesliwork  of  clotted  fibrin,  pus  cor- 
puscles, and  epithelial  cells — ceases  to  be  formed,  and  the 
case  assumes  the  features  of  a  severe  catarrhal,  or,  per- 
haps, of  a  purulent,  conjunctivitis. 

The  general  condition  of  tlie  system  seems  to  have 
much  to  do  in  determining  this  type  of  conjunctival  in- 
flammation. Unhealthy,  ill-nourished  children — the  sub- 
jects of  inherited  syphilis,  for  example — are  especially 
prone  to  it.  It  may  also  be  induced  by  the  injudicious 
employment  of  too  severe  remedies  in  catarrhal  and  pur- 
ulent conjunctivitis,  as,  for  example,  unduly  strong  solu- 
tions of  nitrate  of  silver. 

The  Treatment  should  be  constitutional  as  well  as  local. 
Iron  and  quinine  are  indicated,  and  mild  applications  to 
the  eyes.  Boric  acid,  in  ten-  to  fifteen-grain  solution,  is 
useful,  as  is  also  a  1  to  8,000  solution  of  corrosive  subli- 
mate. Atropine  (gr.  i.-|i.)  may  be  employed  with 
advantage  when  there  is  marked  ciliary  irritation.  After 
the  formation  of  the  membrane  has  ceased,  and  the  dis- 
charge, previously  watery,  has  become  purulent  or  muco- 
purulent, astringents — sulphate  of  zinc,  alum  or  protar- 
gol, in  mild  solution — are  called  for,  but  should  be  used 
with  circumspection. 

Diphtheritic  Conjunctivitis. — True  diphtheria  of  the 
conjunctiva,  characterized  by  the  presence  of  the  Klebs- 
Loffler  bacillus — to  which  condition  the  term  diphtheritic 
conjunctivitis  should  be  restricted — is,  as  has  been  said, 
a  disease  of  extreme  rarity.  It  occurs  more  frequently 
in  children  than  in  adults,  and  is  one  of  the  most  danger- 
ous afEections  to  which  the  eye  is  subject.  Destruction 
of  the  cornea,  in  consequence  of  the  rapid  and  extensive 
infiltration  of  the  ocular  conjunctiva  interfering  with  its 
nourishment,  is  the  result  which  is  most  to  be  dreaded. 
Speaking  of  its  mode  of  origin,  Nettleship  says:  "Very 
rarely  the  process  creeps  up  to  the  conjunctiva  from  the 
nose  in  ca.ses  of  primary  diphtheria,  or  is  caused  by  in- 
oculation of  the  conjunctiva  with  membrane;  while  in  a 
few  the  ophthalmia  forms  the  first  symptom  of  a  general 
diphtheria."  Diphtheritic  infection  of  the  eye  has  also 
been  known  to  occur  after  operative  procedures.  The 
onset  of  the  disease  is  sudden,  and  its  development  rapid. 
The  lids  are  not  only  greatly  swollen,  but,  owing  to  the 
solid  infiltration  into  their  texture,  are  tense  and  brawny. 


243 


Conjunctiva. 
Coiijimctlva. 


REFERENCE   IIANDB(_)OK   OF   THE   MEDICAL   SCIEXCES. 


The  membrane  may  form  \\\mn  the  bulbar  as  well  as  the 
])alpebral  conjunct'iva,  is  thick  and  coherent,  and  extends 
'io  deeply  into  the  subcoujuuctival  tissue  that  it  is  usu- 
ally not'possible  to  detach  it.  The  discharge  is  at  tirst 
thin,  ichorous,  and  scanty,  but  at  a  later  stage  may  be- 
come purulent.  As  in  faucial  diphtheria,  necrotic  changes 
not  infre(iueutly  occur,  and  extensive  sloughs,  involvmg 
the  subconjunctiyal,  as  well  as  the  conjunctival  tissue, 
result.  This  leads  to  the  formation  of  scar  tissue,  the 
enntraction  of  which  may  eventually  produce  iocurva- 
tiim  of  the  lids  with  its  attendant  ill  conseciuences. 

In  the  Treiitiiient  of  diphtheria  of  the  conjunctiva,  as 
in  that  of  the  faucial  variety  of  the  disease,  injections  of 
the  diphtheria  antitoxin  should  lie  resorted  to  as  soon  as 
possible  after  the  diagnosis  is  established.  The  results  of 
this  plan  of  treatment  have  lieen  most  satisfactory,  and, 
according  to  Jackson,  "its  importance  oversliadows  that 
of  all  local  remedies"  ("Diseases  of  the  Eye,"  ji.  252). 
Quinine,  iron,  stimulants,  and  a  nutritious  diet  are  also  in- 
dicated. The  local  treatment  consists  in  the  applica- 
tion of  cold  or  heat  (ice-cloths  or  warm  fomentations),  as 
may  be  more  grateful  to  the  patient,  unless  the  cornea 
be  involved,  when  the  former  is  contraindicated ;  and  for 
direct  application  to  the  conjunctival  sac,  in  addition  to 
atropine  or  holocaine,  antiseptic,  rather  than  caustic  or 
astringent,  remedies  should  be  employed.  Among  these 
boric  acid  in  saturated  solution,  and  weak  solutions  of 
bichloride  of  niercuiy,  of  carbolic  acid,  and  of  perman- 
ganate of  potassium  (3  to  100)  are  the  most  useful. 
When  the  disease  is  confined  to  one  eye,  the  same  pre- 
cautions should  be  taken  to  prevent  inoculation  of  the 
other  as  in  purulent  conjunctivitis,  and  those  in  attend- 
ance should  be  warned  of  the  need  of  caution  lest  they 
should  infect  their  own  ocular  or  faucial  mucous  mem- 
brane. During  the  declining  stage  of  the  disease,  after 
the  membi-ane  lias  been  thrown  off,  the  inflammation  not 
infrequently  assumes  a  purulent  type.  When  this  occurs, 
protargol  fir  nitrate  of  silver,  in  not  too  strong  solution, 
may  be  employed  with  ad^'antage. 

Follicular  CoN.iuNCTiyiTis. — The  seat  of  this  affec- 
tion is  chiefly  in  the  palpebral  conjunctiva.  Its  charac- 
teristic feature  is  the  presence  of  enlarged  follicles — hy- 
pertrophied  lymphoid  tissue — in  the  superior  and  inferior 
retrotarsal  folds.  In  well-marked  eases  it  bears  a  rather 
close  resemblance  to  the  follicular  tyjie  of  trachomatous 
conjunctivitis;  but  there  are  no  so-called  "granulations" 
(hypertrophied  papilla")  present,  and  it  does  not  lead  to 
pannus  or  deformity  of  the  lids.  Nevertheless,  it  is  an 
olistinate  affection,  and  at  times  is  but  little  influenced  by 
treatment.  It  is  an  interesting  fact  that  the  negro  race, 
which  is  almost  immune  to  trachomatous  conjunctivitis, 
is  especially  prone  to  this  variety  of  conjunctival  inflam- 
mation. It  is  probably  of  microbic  origin,  but  this  has 
not  been  proved.  A  collyrium  of  corrosive  sublimate 
(from  1  to  12,000  to  1  to  8,000),  dropped  into  the  eyes  three 
times  a  day,  has  seemed  to  accomplish  more  than  any  other 
remedy  the  writer  has  employed.  Sulphate  of  zinc  and 
boric  acid,  as  recommended  in  catarrhal  conjunctivitis, 
alum,  and  protargol  are  other  remedies  which  may  be 
found  of  use. 

Trachomatous  or  Granular  Con.junctivitis. — The 
distinctive  characteristics  of  this  form  of  conjunctivitis, 
which  expends  its  force  chiefly  upon  that  portion  of  the 
conjunctiva  which  lines  the  lids  and  constitutes  the  retro- 
tarsal folds,  are  its  obstinacy,  the  marked  structural 
changes  which  it  causes  in  the  subconjunctival  tissue,  as 
well  as  in  the  conjunctiva  itself,  and  Ilic  secondary  altera- 
tions, known  as  pannus,  which  it  induces  in  tlu!  cornea. 

Its  pathology  is  as  yet  but  imperfectly  understood. 
Doubtless  it  is  a  contagious  disease,  the  product  of  a 
specific  miero-orgaiiism;  but  that  the  small  diplococcus, 
described  by  Sattler,  is  the  organism  which  jiroduces  it' 
IS  yet  to  be  conclusively  proven.  It  is  usual  to  describe 
two  varieties  of  the  disease— a  papillary  and  a  follicular, 
in  the  former  the  distinctive  feature  is  hypertrophy  of 
the  papilhe  of  the  conjunctiva  covering  ihe  tarsus'  in 
the  latter  the  presence  in  the  retrotarsah  folds  of  the  so- 
called  trachoma  granules  or  follicles.     Commonly  the  af- 
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fection  is  of  a  mixed  type,  and  both  of  these  features  are 
present.  The  trachoma  follicles,  which  are  made  con- 
spicuous by  everting  the  lids  and  causing  the  retrotarsal 
folds  to  protrude,  are  translucent  bodies,  not  unlike  boiled 
sago  grains  or  frog's  spawn  in  appearance.  Recent  in- 
vestigation seems  to  show  that  they  are,  in  fact,  hyper- 
tropliied  lymphoid  and  connective-tissue  cells  enclosed  in 
a  fibrous  "envelope.  The  hypertrophy  of  the  papilla-  of 
the  tarsal  conjunctiva,  which  is  observable  chiefly  upon 
the  upper  lid,  and  the  development  of  the  trachoma  folli- 
cles are  accompanied  by  pronounced  hyperplasia  of  the 
submucous  connective  tissue;  and  ultimately  there  super- 
venes a  stage  of  atrophy  which  involves  all  of  these  struc- 
tures, and  in  the  worst  cases  results  in  the  condition 
known  as  xerophthalmia,  in  which  the  conjunctiva — itself 
so  atrophied  that  the  retrotarsal  folds  are  obliterated,  and 
free  movemeut  of  the  lids  and  ball  curtailed — lases  the 
character  of  a  mucous  membrane,  and  becomes  dry  and 
cuticular,  and  entropion  develops  in  consequence  of  in- 
curvation of  the  tarsal  cartilage  from  contraction  of  the 
plastic  material  previouslj'  tiirown  out  in  the  subcon- 
junctival tissues.  As  Nettleship  has  pointed  out,  the 
palpebral  conjunctiva  does  not  undergo  ulceration,  and, 
therefore,  the  trachomatous  condition  which  it  as.sumes 
is  not  due  to  true  "granulations,"  but  to  the  hypertrophy 
of  its  papill*.  The  secondary  changes  wdiich  occur  in 
the  cornea  are  chiefly,  if  not  entirely,  due  to  the  mechan- 
ical violence  to  wdiich  it  is  subjected  through  constant 
friction  with  the  roughened  inner  surface  of  the  lids. 
The  first  evidence  of  corneal  implication  is  a  slight  rough- 
ening of  the  external  epithelial  layer.  Eventually  the 
cornea  becomes  more  or  less  opaque;  numerous  blood- 
vessels develop  upon  it;  its  surface  becomes  uneven;  and 
sluggish  ulcers  occasionally  make  their  appearance — these 
changes  being  more  marked  upon  the  upper  half  of  the 
cornea,  because  liere  the  lid  friction  is  greatest. 

Although  one  of  the  most  intractable  diseases  of  the 
eye  with  which  we  have  to  deal,  and  in  its  ultimate  con- 
sequences as  disastrous  to  sight  as  any.  granular  conjunc- 
tivitis does  not,  like  purulent  conjunctivitis,  threaten  the 
eye  with  immediate  destruction.  The  inflammation  does 
not  approach  in  intensity  that  which  characterizes  the 
latter  disease;  nevertheless,  during  the  acute  stage  wdiich 
supervenes  upon  inoculation  (for,  without  doubt,  the  mal- 
ady always  originates  in  this  wa_y)  there  are  frequently 
considerable  swelling  of  the  lids,  marked  conjunctival  in- 
jection, and  pronounced  photophobia,  lachrymation,  and 
blepharospasm.  The  discharge,  which  is  not  abundant, 
is  usually  mucoid  or  miico-punileiit  in  character.  With 
the  subsidence  of  these  more  acute  symptoms,  the  chronic 
stage  of  the  disease  begins,  and  this,  if  left  to  itself,  may 
last  for  a  lifetime,  rendering  the  individual's  wdiole  exist- 
ence miserable,  and  reducing  him  to  a  state  of  helpless- 
ness and  dependence. 

The  Treatment  of  .tcranular  conjunctivitis  does  not  usu- 
allj'  yield  very  satisfactory  results,  and  even  in  the  most 
favorable  cases  must  be  long-continued  to  be  effectual. 
Relapses  frequently  occur,  and  even  when  a  complete 
recovery  seems  tii  iia\-c  bi'en  secured,  it  is  wise  to  give 
a  .ffuarded  prognosis  as  to  the  future.  In  dealing  with 
this  loathsome  malady,  prophj'lactic  measures  are  of  the 
first  iniportance.  In  this  country,  at  least,  as  the  writer 
has  had  occasion  to  remark  before,  the  disease  seems  to 
to  be  kept  alive  in  institutions,  such  as  orphan  asylums 
and  houses  of  refuge,  in  which  the  young  are  crowded 
together.  Indeed,  in  the  writer's  experience,  it  is  an  ex- 
Ireniely  rare  occurrence  to  meet  with  a  case,  originating 
in  this  country,  which  cannot  be  traced,  either  "directly 
or  indirectly,  to  some  such  source.  If  the  evil  were  sys- 
tematically and  energetically  attacked  in  these  its  strong- 
hohls,  its  complete  eradication,  it  would  seem,  ought  to 
be  only  a  question  of  time.  Unfortunately,  however,  it 
occasionally  happens,  through  the  criminal  carelessness 
of  those  who  have  the  management  of  these  institutions, 
that  the  disease  is  allowed  to  spread  from  inmate  to  in- 
mate, being  transmitted  usually  by  means  of  towels 
wdiich  those  with  diseased  and  those  with  healthy  eyes 
are  permitted  to  use  in  common.     To  prevent  the  possi- 
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bility  of  coutagion  in  such  institutions,  all  (liosf  -with  af- 
fected eyes  should  be  placed  in  dormitories  apart  fmni 
the  other  inmates,  and,  as  far  as  possible,  should  be  kept 
entirely  away  from  them.  An  intermediate  class  should 
also  be  established,  in  which  the  doubtful  cases  (for,  as 
has  been  stated,  the  recognition  of  the  different  varieties 
of  conjunctivitis  is  not  always  an  easy  matter)  should  be 
quarantined. 

To  combat  the  disease  when  it  has  become  established, 
local  remedies  arc  chiefly  to  be  relied  uiion,  although 
tonics  should,  of  course,  be  administered  when  the  state 
of  the  system  seems  to  t'all  for  them.  Nitrate  of  silver, 
sulphate  of  copper,  alum,  tannin,  boric  acid,  yellow 
oxide  of  mercury,  atropine  for  the  relief  of  marked  ciliary 
irritation,  and  infusion  of  jequirity  bean,  are  the  reme- 
dies which  wei'e  formerly  chiefly  relied  upon.  More  re- 
cently the  mechanical  treatment  of  trachoma,  especially 
the  expression  ol'  the  trachoma  follicles  by  the  roller  for- 
ceps, has  been  very  generally  adopted  and  has  been  found 
to  be  of  undoubted  value.  Protargol  also  doubtless  has 
a  useful  field  in  this  atTection,  as  well  as  in  purulent  con- 
junctivitis. 

When,  during  the  early  stage  of  the  attack,  there  is 
pronounced  irritation  of  tiie  ciliary  nerves,  manifested  by 
pain,  photophobia,  and  lachrymation,  atropine  (f  to  100) 
should  be  applied  to  the  eyes  three  or  four  times  a  day, 
and  astringents  should  be  used  witli  caiition,  a  collyrium 
of  alum  (4-1  to  100)  and  boric  acid  (2-4  to  100),  to  be 
drouped  into  the  eyes  three  times  a  day,  being  perhaps 
the'safest  to  begin  with.  Protargol  (10-20  to  100)  may 
also  be  used  with  good  effect,  even  in  this  stage  of  the 
attack,  being  applied  two  or  three  times  a  day  if  well 
borne.  When  the  ciliary  irritation  has  somewhat  abated, 
a  daily  appUcation  of  a  solution  of  nitrate  of  silver  (2-4 
to  100)  should  be  made  with  a  brush,  or  a  wooden  tooth- 
pick armed  with  absorbent  cotton,  to  the  inner  surface  of 
the  everted  lids,  the  excess  of  silver  being  neutralized  by 
chloride  of  sodium  if  the  application  causes  much  dis- 
comfort. The  anaesthetic  action  of  cocaine  may  be  cm- 
ployed  to  lessen  the  pain  which  the  nitrate  of  silver 
produces.  K  the  photophobia  increases  under  this  treat- 
ment, the  silver  solution  should  be  applied  less  fre- 
quently, or,  instead,  the  everted  lids  may  be  touched 
once  in  twenty-four  or  fortv-eight  hours  with  a  smooth 
crystal  of  surphate  of  copper.  In  the  mean  time  the 
patient  should  continue  to  apply,  three  times  a  day,  the 
alum  and  boric-acid  solution,  or,  if  this  does  not  seem  to 
be  doing  good,  a  weak  solution  (i-i-  to  100)  of  nitrate  of 
silver  or  of  alum  (4-1  to  100)  and  sulphate  of  zinc  (i-| 
to  100).  As  a  substitute  for  the  silver  and  copper,  wlien 
these  are  not  well  borne,  Dr.  Noyes  recommends  a  2-0  to 
100  solution  of  tannin  in  glycerin. 

When  the  disease  has  assumed  a  chronic  character,  tlie 
crystal  of  copper,  and  the  solutions  of  protargol  (20-40 
to  100)  of  nitrate  of  silver,  and  of  tannin  are  still  among 
the  most  valuable  remedies.  The  "lapis  divmus  (sul- 
phate of  copper,  alum,  and  nitrate  of  potash,  each  1  part) 
is  also  a  favorite  remedy,  and  a  simple  crystal  of  alum, 
wliich  maybe  applied  to  the  palpebral  conjunctiva  three 
or  four  times  a  day,  is  another  which  the  writer  has 
sometimes  found  extremely  useful.  Again,  there  are 
cases  which  are  benefited  by  the  daily  application  ot  yel- 
low oxide  of  mercury  ointment  (hydrarg.  ox.  tlav.,  1 
part-  vaselin  ,  30-60  parts),  combined  with  the  instillation 
of  atropine.  Corrosive  sublimate,  in  strong  .solution  (i  to 
100)  to  be  applied  to  the  everted  lids  as  the  silver  solu- 
tions are  applied,  is  one  of  the  more  recently  suggested 
remedies,  which  has  hardly  justified  the  claims  made  m 

its  behalf.  ,   ,        ,,      ^ 

The  indication  for  the  employment  of  the  roller  forceps 
is  the  presence  of  the  trachoma  follicles,  the  squeezing 
out  or  expression  of  these  follicles  being  the  end  m  view. 
The  eye  being  under  the  influence  of  cocaine  and  the 
lids  everted,  the  forceps  are  made  to  grasp  the  everted 
cartila"-e  and  the  follicles  are  expressed  by  traction  com- 
bined with  not  too  firm  compression  of  the  blades. 

Although  in  a  few  instances  disastrous  consequences 
have  followed  the  employment  of  jequirity  m  the  treat- 


ment of  "granular  lids"  (cases  having  been  reported  in 
which  destruction  of  the  cornea  occurred  as  a  result  of  its 
use),  it  has,  on  the  other  hand,  so  often  ])roved  of  the  great- 
est value,  in  the  very  cases,  too,  in  which  all  other  reme- 
dies had  failed,  that  the  writer  feels  it  still  deserves  to  be 
looked  upon  as  one  of  the  valualile  remedies  in  the  treat- 
ment of  the  later  stages  of  trachoma.  Its  therapeutical 
action  is  dependent  ujioii  the  acute  inflammation  which  • 
it  excites  in  the  conjunctiva  and  cornea,  and  which  sup- 
lilants,  so  to  speak,  the  chronic  trachomatous  infisumna- 
tion.  A  similar  effect  was  formerly  sought  I  o  be  obtained 
by  the  more  dangerous  pi-ocedure  of  inoculating  the  eye 
with  pus  from  a  case  of  ophthalmia  neonatorum.  Its 
use  should  be  restricted  to  cases  of  chronic  trachoma  in 
which  the  cornea  is  more  or  less  opaque  and  vascular. 

Experience  has  shown  that  there  is  an  astonishing  dif- 
ference in  the  susceptibility  of  individuals  to  the  action 
of  jequirity,  a  single  application  of  a  3  or  3  to  100  infu- 
sion causing  in  some  persons  a  higher  grade  of  conjunc- 
tival inflammation  than  a  dozen  applications  of  a  5  to  100 
infusion  in  others.  For  this  reason  it  is  wise  in  all  cases 
to  exercise  caution  in  beginning  the  use  of  this  potent 
remed}'. 

A  2 'to  100  infusion  suftiees  in  most  cases  to  excite  the 
requisite  degree  of  inflammation.  A  stronger  infusion, 
therefore,  need  not  be  employed  (and  certainly  should 
not  be  at  the  commencement  of  the  treatment),  unless  an 
insusceptibihty  to  its  action  is  manifested,  when  it  may 
be  necessary  to  use  a  5  to  100,  or  even  a  10  to  100  in- 
fusion. After  the  first  application,  which  should  be 
made  with  a  mop  to  the  everted  lids,  an  interval  of  at 
least  twenty-four  hours  should  elapse  before  the  treat- 
ment is  repeated,  in  order  that  we  may  carefully  observe 
the  effect  produced.  Occasionally  it  will  happen,  in 
those  peculiarlv  susceptible  to  the  action  of  the  jequirity, 
that  this  first  a'pplication  will  suffice  to  excite  the  requi- 
site degree  of  inflammation.  More  freq\iently  the  treat- 
ment must  be  repeated  once  in  twenty-four  hours,  for 
three  or  four  days,  to  attain  this  end,  and  not  rarely  sev- 
eral applications  a  day,  for  as  long  a  period,  may  be  re- 
quired. The  inflammation  which  ensues,  as  has  been 
mentioned,  is  of  a  "croupous"  or  "membranous"  char- 
acter, and  the  degree  which  it  is  desirable  to  produce 
is  attended  by  decided  oedema  of  the  lids,  considerable 
increase  in  the  previously  existing  cloudiness  and  vas- 
cularity of  the  cornea,  and  the  formation  of  a  "croup- 
ous "  membrane  upon  the  palpebral  conjunctiva.  Pain 
in  the  eyes  and  headache  are  generally  present,  and 
not  infrequently  there  is  considerable  fever,  with  rest  so 
brol^en  that  a  li'bei-al  use  of  anodynes  is  called  for.  After 
the  jequirity  applications  are  discontinued,  the  induced 
ophthalmia  "usually  subsides  rapidly,  and,  unless  com- 
plications have  occurred  (such  as  ulceration  of  the  cornea), 
no  further  treatment  is  demanded.  With  the  subsidence 
of  the  inflammation  the  corneal  opacity  begins  to  diminish, 
and  the  trachomatous  condition  of  the  lids  to  disappear, 
and  in  favorable  cases  the  improvement  in  vision  which 
results  is  most  gratifying.  ^  ^i.    ■ 

In  consequence  of  the  croupous  character  ot  the  in- 
duced conjunctivitis,  cicatrices  are  not  infrecjuently  left 
in  the  palpebral  conjunctiva :  but  the  writer  is  not  aware 
that  any  case  has  been  reported  in  which  they  were  of 
such  a  nature  as  to  give  rise  to  inconvenience. 

Relapses  occasionally  occur  after  the  jequirity  treat 
ent  as  they  do  after  every  other  plan  ^^■hich  has  beer 


nrooosed  for  the  cure  of  this  proverbially  obstinate  affec 


tion  and  even  temporary  improvement  is  not  attained  in 
every  case.  When  benefit  results,  but  only  to  a  moder- 
ate degree,  a  reproduction  of  the  jequirity  ophthalmia 
may  be  indicated,  and  under  such  circumstances  it  will 
.generally  be  found  more  chtfleult  to  establish  it,  because 
Sf  an  acquired  tolerance  to  the  irritant  action  of  the  bean. 
It  has  been  suggested  that  the  property  of  exciting  a 
necuhar  type  of  conjunctivitis  possessed  by  the  jequirity 
is  dependent  upon  a  specific  bacillus  which  develops  in 
the  infusion,  but  there  appears  to  be  no  substantial  basis 
for  such  a  belief.  It  has  seemed  to  the  writer  that  in 
preparing  the  infusion  uniformity  of  strength  is  more 
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certainly  secured  by  allowing  the  maceration  to  continue 
for  twenty-four  hours.  To  preserve  the  infusion  from 
putrefactive  changes,  which  soon  take  place,  especially 
in  warm  weather,  boric  acid  (3  to  100)  should  be  added. 
By  this  means  the  infusion  may  be  kept  unchanged  for 
weeks.  The  beans  should  be  hulled,  and  then  finely 
ground  or  crushed.  Cold  water  should  be  used  in  mak- 
ing the  infusion,  and  a  .single  filtration  through  absorb- 
ent cotton  is  better  than  a  slower  and  more  perfect  tiltor- 
ing  through  paper. 

Vernal  CoN,jUNCTr\aTis  on  Spuing  Cat Aiuni.— This 
is  a  very  obstinate  form  of  conjunctival  inrtanmiation 
which  is" chiefly  met  with  in  children;  it  usually  attacks 
both  eyes,  and  is  probably  mildly  contagious.  It  de- 
rives its  name  from  the  fact  that  the  affection  remains 
comparatively  dormant  during  the  winter  and  becomes 
more  active  and  troubles<ime  with  tlie  oncoming  of 
warm  weather.  Though  it  is  probably  dependent  upon  a 
specific  germ,  the  efforts  to  discover  it  have  been  fruitless. 

Two  distinct  types  of  the  disease  are  met  with.  In 
one,  the  bulbar  conjunctiva  is  the  seat  of  the  character- 
istic changes;  in  the  other,  they  occur  in  the  conjunctiva 
of  the  tarsus.  Well-marked  examples  of  the  two  types 
are  rarely  met  with  in  the  same  individual ;  at  least,  this 
has  been  the  experience  of  the  writer.  In  the  bulbar 
variety  one  finds  a  slightly  elevated,  nodular,  gelatinous 
growth,  of  yellowish-brown  color,  upon  the  conjunctiva 
close  to  the  "limbus  corneiie.  In  some  instances  it  exhibits 
a  tendency  to  encircle  the  cornea  as  a  rather  narrow 
band;  in  others  it  tends  to  spread  upon  the  conjunctiva, 
especially  in  the  direction  of  the  inner  and  outer  canthi, 
and  to  a  less  extent  upon  the  cornea.  In  rare  cases  the 
whole  cornea  is  overrun  by  the  growth.  The  nodular 
masses,  which  are  stable  and  show  no  disposition  tfi  ulcer- 
ate, are  composed  of  connective  ti.ssue  and  grcati  v  thick- 
ened epithelium,  the  latter  showing  a  tendency  to  extend 
into  the  underlying  tissue  in  the  form  of  solid  epithelial 
plugs  (Fuchs). 

In  the  palpebral  variety  the  papillfe  of  the  tarsal  con- 
junctiva, and  to  a  less  extent  those  of  the  retrotarsal 
folds,  undergo  a  peculiar  hypertrophy,  and  at  the  same 
time  become  flattened  (probably  from  the  ])ressure  to 
which  they  are  constantly  subjected),  so  that  the  inner 
surface  of  the  lid  presents  a  strikingly  tes.scllated  appear- 
ance. The  papilhe  are  as  firm  almost  as  cartilage,  and 
their  edges,  which  overhang  in  mushroom-like  fashion, 
can  be  slightly  elevated.  According  to  Fuchs,  they  are 
composed  of  a  sort  of  areolar  connective  tissue,  with"  con- 
nective-tissue cells  which  have  undergone  a  peculiar 
hyaline  degeneration,  and  are  covered  by  thickened  epi- 
thelium, which  latter  gives  to  the  conjunctival  surface 
of  the  lid  the  bluish-white,  skimmed-milk  appearance 
that  is  a  feature  of  the  disease.  These  characteristic 
changes  are  limited  to  the  upper  lids. 

The  most  prominent  symptom  of  vernal  catarrh  is  in- 
tense itching.  Pain  is  no"t  complained  of,  but  rather  a  sen- 
sation as  thougli  dust  or  sand  were  in  the  eyes.  The  dis- 
charge is  slight.  In  some  instances  the  disease  lasts  for 
many  years;  it  is  never  of  brief  duration.  Not  infre- 
quently several  cases  are  met  with  in  different  members  of 
the  same  family.  The  writer  has  encountered  marked 
examples  of  the  palpebral  variety  in  a  father  and  son. 
and  also  in  sisters  who  were  twins.  Treatment  is  not  of 
much  avail.  A  collyriuni  of  sulphate  of  zinc  and  boric 
acid,  as  suggested  in  catarrhal  conjunctivitis,  or  of 
bicliloride  of  mercury  (t  to  8,000),  yellow  (ixide  of  mercury 
omtment,  combined  in  some  instaiices  witli  instillation  rif 
atropine,  dilute  acetic  acid  (1  part  of  the  dilute  acid  to  250 
of  water)  as  recommended  by  Van  Millingi'ii,  anil  the  use 
ot  the  I'oller  forceps,  are  sonic  of  the  rcinedies  which  the 
writer  has  employed  f)-(,ni  time  td  time  with  a  measure  of 
success.  The  inteni;d  adniiiiistmtion  of  iodide  of  iron  he 
has  thought  a  useful  supiilement  t-,o  the  local  livatmcnt 
An  ointment  of  salicylic  acid  and  lanolin  (or,  si  ill  better 
vase  me)  2-1.5  to  100,  as  reeommemled  by  Uan(l(ili)h  is 
another  remedy  which  at  times  seems  to  "be  serviceable 
It  should  be  rubbed  int(.  the  conjunctiva  daily,  cocaine 
havmg  previously  Ijeeii  instilled.  ' 
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Pni.YCTENULAK     OR     SCROFtTLOUS    CONJUNCTIVITIS.— 

The  essential  feature  of  this  form  of  conjunctivitis, 
which  is  also  known  as  conjunctivitis  lymphatica  and  as 
eczema  conjunctivae,  is  its  dependence  upon  a  constitu- 
tional cause.  The  exact  nature  of  this  dependence  has 
not  been  very  clearly  set  forth.  In  decidedly  strumous 
subjects  the  resisting  power  of  the  tissues  is  so  poor,  the 
cellular  instability  so  marked,  that  the  most  trivial  irrita- 
tion, acting  locally,  may  set  up  a  conjunctivitis,  as  it 
may  excite  an  inflammation  of  other  mucous  membranes, 
or  of  the  skin  or  lymphatic  glands.  Very  often,  how- 
ever, phlyctenular  conjunctivitis  occurs  in  subjects  who 
cannot  properly  be  considered  as  scrofulous.  This  hap- 
pens especially  in  young  children;  and  here  we  fre- 
quentl}'  And  a.ssociated  with  the  ocular  disease  eczema- 
tous  inflammation  of  the  auricle,  of  the  upper  lip,  of  the 
ti.ssucs  about  the  roots  of  the  finger  nails,  and  not  un- 
commonly suppurative  inflammation  of  the  middle  ear. 
A  furred  tongue,  "feverish  "  breath,  loss  of  appetite,  and 
constipation  of  the  bowels,  are  the  other  usual  accom- 
paniments of  this  condition.  That  in  this  latter  class  of 
cases  we  have  a  condition  of  the  nature  of  septicemia, 
the  writer  has  for  some  time  thought  probable,  and  that 
the  infection  of  the  system  occurs  from  the  alimentary 
canal  as  the  result  of  improper  feeding  and  its  conse- 
quences, seems  equally  probable.  This  view  is  sup- 
ported not  only  by  the  clinical  features  of  these  cases, 
which  are  exactly  sucli  as  we  might  expect  would  result 
from  the  presence  in  the  blood  of  a  relatively  benign 
.septic  organism,  but  also  by  the  nature  of  the  treatment 
which  proves  most  effective.  For  not  only  are  the  salts 
of  mercury  the  most  valuable  of  local  applications,  but  of 
all  remedial  measures  none  produces  so  prompt  and  de- 
cided a  change  for  the  better  as  the  administration  of  a 
generous,  old-fashioned,  calomel  purge,  which  rids  the 
alimentary  canal  not  onlj'  of  much  ftieeal  matter,  but  also, 
probably,  of  myriads  of  bacteria  and  their  poisonous 
products. 

In  the  typical  form  of  phlyctenular  conjunctivitis 
the  conjunctival  injection  is  not  uniform,  but  is  con- 
fined to  the  neighborhood  of  the  phlyctenulae — 3'ellow- 
ish-red  elevations  varying  in  size  from  that  of  a  mustard 
seed  to  a  split  pea  and  composed  chiefly  of  lymphoid 
cells, — which  make  their  appearance  upon  the  ocular  con- 
junctiva, and  are  quicklv  converted  into  superficial  ulcers 
through  loss  of  their  cpiithelial  covering.  In  many  cases, 
however,  the  conjunctival  injection  is  diffuse,  and  the 
phlj'Ctenidai  are  absent  or  not  distinguishable,  so  that 
the  eye  presents  almost  precisely  the  Sijme  appearance 
as  in  catarrhal  conjunctivitis,  with  which  this  variety  of 
strumous  ophthalmia  is  very  apt  to  be  confounded,  if 
only  the  condition  of  the  conjunctiva  be  relied  upon  as 
a  diagnostic  guide.  In  genuine  catarrhal  conjunctivitis, 
however,  both  ej'es  are  almost  invariably  affected,  and 
there  are  no  evidences  of  constitutional  derangement; 
whereas,  in  the  catarrhal  type  of  strumous  conjunctivitis, 
it  fre(iuently  happens  that  oulj-  one  eye  is  affected,  or 
that  the  disease  makes  its  appearance  in  one  eye  some 
days  before  it  develops  in  the  other,  while  it  is  seldom 
the  case  tluit  there  are  not  present  other  evidences  of  the 
constitutional  disorder  upon  which  the  ocular  inflam- 
mation depends.  In  the  latter  affection,  too,  blepharitis 
is  often  |)rcseut.  and  there  are  usually  more  decided  evi- 
dences of  ciliaiy  irritation,  manifested  by  pronounced 
pliotopbobia,  ble]iliarospasm.  and  laclirymation,  while 
the  discharge,  which  is  mucoid  in  character,  is  consider- 
ably less  in  amount.  As  the  treatment  which  is  called 
for  ill  catarrhal  conjunctivitis  (the  use  of  astringent  eol- 
lyria)  is  almost  sure  to  do  harm  in  strumous  ophthalmia, 
it  is  of  the  first  importance  tliat  these  two  conditions 
should  be  distinguished  one  from  the  other.  When 
there  is  uncertainty  upon  this  point,  it  is  wise  to  treat 
the  case  as  one  of  strumous  character.  lu  children 
particularly  this  rule  should  be  followed,  as  they  are 
especially  subject  to  phlyctenular  conjunctivitis,  and 
with  them  ff.e  doubtful  cases  are  alniost  sure  to  be 
of  this  nature.  The  staphylococcus  aureus  and  staphy- 
lococcus aH)us  are  often   found  in  the  conjunctival  sac 
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f'onjuncllva. 
Coujuntdva. 


in  strumous  oplithalmia,  but  a  differential  diagnosis 
co\ild  scarcely  be  based  upon  the  presence  or  absence 
of  these  organisms. 

In  phlyctenular  conjunctivitis  the  cornea  is  very  fre- 
(juently  involved  in  the  inflammatory  process.  In  fact, 
in  scrofulous  inflammation  of  the  eyes  the  rule  is  that 
both  the  cornea  and  the  conj\inctiva  are  affected.  When 
this  is  the  case,  the  photophobia,  lachrymation,  etc.,  arc 
usually  more  severe  than  when  the  inflanmiation  is  con- 
tined  to  the  conjunctiva.  E.\ten.sive  ulceration  of  the 
cornea  sometimes  occurs,  but  very  rarel}',  except  in  con- 
sequence of  neglect  or  injudicious  treatment.  The  use 
of  astringents  (nitrate  of  silver,  sulphate  of  zine,  sul- 
phate of  copper,  etc.)  always  aggravates  the  inflanmia- 
tion of  the  cornea,  and  usually  leads  to  the  develo]5ment 
of  plilyctenula;  upon  it,  when  previously  they  may  have 
been  confined  to  the  conjunctiva.  All  of  the  varieties  of 
scrofulous  ophthalmia  occur  much  more  frequently  in 
children  than  in  adults;  indeed,  adults  very  rarely  suffer 
with  the  disease  unless  they  have  had  similar  attacks  in 
childhood,  which  have  permanently  damaged  their  cor- 
nea\  and  so  rendered  their  eyes  susceptible  to  rccurient 
attacks  of  inflammation. 

The  Treatment  of  strumous  conjunctivitis  is  very 
simple,  and  the  results  obtained  are  almost  invariably 
extremely  satisfactory,  and  yet  this  affection  is  often 
improperly  treated.  In  the  average  medical  mind  there 
seems  to  be  an  indissoluble  connection  between  the  idea 
of  a  conjunctival  inflammation  and  that  of  an  astringent 
collyrium.  Given  the  former,  the  mind  turns  intuitively 
to  the  latter  as  the  one  only  therapeutic  resource.  No 
exception  is  made  in  favor  of  the  variety  of  conjunctivi- 
tis under  consideration,  and,  as  may  be  supposed  from 
what  has  been  said,  the  consequences  of  this  singular 
disposition,  always  unfoituuate,  are  sometimes  most  dis- 
astrous. As  has  already  been  pointed  out,  whenever 
tliere  is  even  a  doubt  as  to  the  strumous  character  of  a 
conjunctival  inflammation  the  use  of  astringents  should 
be  scrupulously  avoided ;  for  not  only  are  the  photo- 
phobia, blepharospasm,  and  lachrj-mation  aggravated 
tliereb}',  but  the  danger  of  serious  corneal  complications 
is  greatly  increased. 

The  treatment  which  rarelj'  fails  to  ameliorate  the 
symptoms  almost  immediately,  and,  when  supplemented 
by  proper  attention  to  the  constitutional  disorder  upon 
which  the  local  disease  depends,  in  the  large  majority  of 
cases  eft'ects  a  prompt  cure,  is  the  application  to  the  eye 
three  times  a  day  of  a  solution  of  sulphate  of  atropine, 
and  once  a  day  of  an  ointment  of  j^ellow  oxide  of  mer- 
cury and  vaseline.  It  is  better  that  the  atropine  should 
be  dissolved  in  distilled  water,  and  the  strength  of  the 
solution  should  vary  from  i  to  100  to  1  to  100  (gr.  i.-iv. 
to  I  i.)  according  to  the  severity  of  the  symptoms  and  the 
obstinacy  of  the  attack,  the  weaker  solution  being  effec- 
tive in  most  cases.  The  proper  strength  for  the  ointment 
is  3  to  100  (hydrarg.  ox.  flav.,  gr.  1.  ;  vasehni,  3  i.).  For 
the  effectual  "application  of  the  atropine  solution  an  "  eye 
dropper  "  is  indispen,sable,  and  even  with  its  aid,  owing  to 
the  spasm  of  the  lids,  this  is  not  always  easy  of  accom- 
plishment. The  patient  should  be  placed  in  a  recumbent 
posture,  and,  if  a  child,  will  probably  require  to  be  held 
firmly  while  the  application  is  being  made.  The  oint- 
ment (which  should  be  gotten  well  into  the  conjunctival 
sac)  may  be  conveniently  applied  on  the  end  of  a  flat 
toothpick,  or,  if  the  treatment  is  to  be  carried  out  by  un- 
skilful hands,  more  safely  by  means  of  a  eamers-hair 
brush.  It  should  be  inserted  between  the  upper  or  lower 
lid  and  the  eyeball.  An  ointment  of  this  strength,  if 
properly  prepared,  does  not  irritate  the  eye  in  the  least 
degree.  Some  care,  however,  is  necessary  in  its  prepara- 
tion, for  if  it  be  mixed  in  a  mortar  or  upon  a  tile  which 
has  Ihe  slightest  trace  of  iodine,  iodide  of  potassium,  or 
iodoform  about  it,  the  oxide  of  mercury  is  soon  changed 
to  a  green  iodide,  whicli  few  ej^es  can  tolerate.  For  the 
same  reason  it  frequently  happens  that  the  ointment  is 
not  well  borne  when  iodide  of  potassium  is  being  given 
internally.  The  ordinary  doses  of  iodide  of  iron  are  not 
apt   to   give  rise  to  the  same  inconvenience.     Calomel 


dusted  into  the  eye  once  a  day  acts  in  a  similar  manner 
to  the  yellow  oxide  ointment,  and  many  use  it  in  prefer- 
ence. In  the  catarrhal  type  of  strumous  conjunctivitis, 
a  3  to  100  solution  of  boric  acid  dropped  into  the  eye  three 
times  a  day  sometimes  acts  extremely  well,  and  in  such 
cases  it  is  convenient  to  add  the  boric  acid  to  the  atropine 
solution.  An  ointment  of  yellow  oxide  of  mercury  and 
vaseline  cerate,  4to  100  (gr.  ij.  to  3,  i.),  should  beapplied 
to  the  lids  at  bedtime,  when  blcpliaritis  is  present. 

As  for  constitutional  treatment,  which  is.  of  course,  of 
the  first  importance,  when  there  is  a  well-marked  stru- 
mous diathesis,  the  iodide  of  iron  and  cod-liver  oil  with 
hypo])hosphites  are  especially  useful.  In  the  writer's 
experience,  however,  the  phosphates  of  iron,  quinine,  and 
strychnine  (given  in  the  form  of  a  .syrup  or  an  elixir)  is 
the  remedy  which  accomplishes  the  greatest  good,  more 
especially  in  the  less  flistinetl,y  strumous  cases  previously 
spoken  of  as  so  common  among  young  children.  In  this 
form  of  the  disease  the  writer  has  also  found  the  prepa- 
rations of  "beef,  wine,  and  iron"  very  useful,  also  the 
"elixir  of  gentian  and  tincture  of  chloride  of  iron,"  both 
of  which  have  the  advantage  of  being  palatable,  a  matter 
of  importance  when  children  are  concerned.  As  a  rule, 
however,  and  especiallj'  in  acute  cases,  and  when  the 
ocular  inflammation  is  accompanied  by  other  evidences 
of  constitutional  derangement,  sucli  as  nasal  catarrh, 
otorrlirea,  eczema  of  the  face,  scalp,  auricles,  etc.,  a  pur- 
gative dose  of  calomel  and  rhubarb,  or  of  calomel,  rhu- 
barb, and  scammony,  repeated  once  or  twice  at  intervals 
of  two  or  three  days  if  necessary,  should  precede  the 
exhibition  of  other  constitutional  remedies,  and  not  infre- 
quently it  will  happen  that  when  this  has  had  its  effect 
the  case  will  be  S(.i  far  on  the  road  to  recover}^  that  the 
tonics,  which  are  to  follow,  will  have  but  little  left  to  do. 

The  exanthematous  fevers  are  frequently  accompanied, 
or  followed,  by  inflammation  of  the  conjunctiva,  and 
writers  commonly  make  of  these  cases  a  distinct  variety  of 
conjunctivitis,  wliich  they  denominate  "  exanthematous. " 
There  seems  to  be  no  good  reason  for  doing  so,  however, 
as  they  differ  in  no  essential  respect  from  the  sj'stemic 
conjunctivitis  we  have  just  considered,  and,  like  it,  pre- 
sent at  times  a  distinctly  phlyctenular  character,  with 
marked  tendency  to  corneal  imiilication,  and  at  other 
times  a  catarrhal  tj'pe.  The  treatment,  too,  which  they 
require  is  exactly  the  same. 

PinguecuTjA. — An  elevation,  yellowish  in  color,  and 
varying  in  size  and  shape,  situated  upon  the  conjunctiva 
in  the  interpalpebral  space,  usually  upon  the  nasal,  and 
less  frequently  upon  the  temporal,  margin  of  the  cornea, 
was  given  the  name  pingiiecnlii  (from  pinguis,  fat),  be- 
cause it  was  formerly  supposed  to  be  due  to  the  deposi- 
tion of  fat  in  the  conjunctiva.  It  is  seldom  met  with  in 
young  persons,  and  is  oftenest  observed  in  individuals 
who  have  passed  middle  life.  The  fact  that  it  occurs 
upon  the  most  exposed  portion  of  the  bulbar  conjunctiva 
seems  to  indicate  that  it  is,  in  some  measure  at  least,  due 
to  the  irritation  caused  by  wind,  dust,  etc.  According 
to  Fuchs,  it  is  a  thickening  of  the  conjunctiva,  chiefly 
dependent  upon  an  increase  in  the  number  and  size  of  its 
elastic  fibres,  and  its  yellow  color  is  caused,  not  by  the 
deposition  of  fat,  butby  the  presence  of  numerous  con- 
cretions of  a  yellowish  colloid  sulistance.  On  account  of 
its  unsightliness  its  removal  is  sometimes  called  for,  and 
in  other  cases,  when  it  is  especially  prominent,  it  may 
cause  annoyance  and  should  be  gotten  rid  of.  It  may  l.)e 
excis(.'d  with  sharp  scissors,  care  being  taken  to  sacrifice 
as  little  as  possible  of  the  surrounding  conjunctiva.  The 
edges  of  the  wound,  after  being  undermined,  should  be 
brought  together  by  one  or  two  tine;  silk  sutures. 

PTKJivfiiii.M  (i-rf/jt'f,  a  wing). — A  circumscribed  hyper- 
trophy of  the  conjunctiva  and  subconjunctival  tissue, 
triangular  in  shape,  more  or  less  vascular,  and  exhibiting 
a  tendency  to  encroach  upon  the  cornea.  The  apex  of 
the  growth  is  always  turned  toward  the  centre  of  the 
cornea,  the  base  tciward  the  equator  of  the  eye.  Its 
usual  location  is  to  the  nasal  side  of  the  cornea,  over  the 
region  of  attachmentof  the  tendon  of  the  rectus  internus; 
exceptionally  it  occurs  to  the  outer  side  of  the  cornea, 
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and  still  more  riircl)'  al)()vc  or  below  it.  It  usuiillj'  de- 
velops very  slowly,  and  many  months,  or  even  years, 
may  elapse  without  its  e.xteuding  far  enougli  toward  the 
centre  of  the  cornea  to  impair  vision.  It  is  rarely  met 
with  in  children,  and  is  more  prevalent  in  ti-opieal  than 
in  temperate  countries.  The  a]iex  of  a  pterygium  oc- 
casionally reaches,  but  rarely  passes  beyond,  the  centre 
of  the  cornea.  The  writei-  has  met  with  one  case,  how- 
ever, in  which  a  pterygium  of  unusually  large  size,  start- 
ing from  the  nasal  side  of  the  eye,  grew  entirely  aci'oss 
the  cornea  to  its  external  margin.  Tlie  other  eye  of  the 
same  individual  (a  woman  advanced  in  years)  also  ex- 
hibited a  large  pterygium,  which  had  already  passed  be- 
yond the  centre  of  the  cornea.  So  long  as  the  growth  is 
confined  to  the  conjunctiva  and  the  periphery  of  the 
cornea  it  usually  causes  little  or  no  inconvenience;  but 
as  soon  as  it  encroaches  upon  the  area  of  tlie  pupil  it 
greatl}^  impairs  vision,  not  only  because  it  obstructs  the 
passage  of  light  into  the  eye,  but  because  tiie  curvatiire 
of  the  corneal  surface  about  its  apex  is  so  altered  as  to 
produce  a  high  grade  of  irregular  astigmatism. 

In  the  text-books  of  forty  or  fifty  years  .since,  four  or 
five  varieties  of  pterygium  are  described.  There  seems 
to  be  little  reason,  however,   for  making  even  the  two 


Fig.  US9.— Pteryffium. 

varieties  which  more  recent  authors  mention;  although, 
as  some  pterygia  arc  thin  and  scantily  supplied  wkli 
blood-vessels  while  others  are  thi(;k  and  vasculai-,  there 
is  some  warrant,  perhaps,  for  calling  the  former  varietv 
pterygium  ienve,  and  the  latter  pterygia m  cramim.  The 
pterygium  pingiie  of  the  older  authoi's  is  the  Pinguecula 
of  the  present  day,  which  is  no  longer  regarded  as  a 
variety  of  pterygium;  while  their  jit'eniqiii li,,  jiuiliqiniiii 
was,  as  its  name  implies,  simply  a  malignant  growtli  in- 
volvmg  the  cornea,  which  at  the  present  day  one  wouhl 
of  course,  not  think  of  confounding  with  trui-  pterv,ti:ium 
It  13  possible  for  several  pterygia  to  develop  upon  the 
same  eye,  advancing  upon  the  cornea  from  different 
directions,  and  cases  of  this  character  have  been  reported 
but  are  of  extreme  rarity. 
^  The  question  of  the  etiology  of  ptervgium  has  from 
time  to  time  been  discu.ssed,  and  various  theories  have 
been  suggested  to  account  for  its  devel()])inent  and 
growth.  Arlt,  some  years  ago,  suggested  that  the  slart- 
ing-pomt  of  pterygium  is  the  existence  of  a  superficial 
ulcer  or  abrasion  at  the  margin  of  the  cornea,  to  wliieb 
the  neighboring  swollen  conjunctiva  becomes  adherent 
and  that  the  dragging  and  irrilation  which  result  fronl 
this  IS  the  cau.se  of  ils  subsequent  growth  ;  and  this  theorv 
at  one  time  met  with  very  general  aceeptance  It  takes 
no  account  of  the  fact,  however,  that  ulc.rsand  abrasions 
ot  the  cornea  are  n.,t  esiH.eially  fre.|uent  upon  its  nasal 
margin,  while  pterygium,  as  we  have  seen,  occurs  ,.nlv 
very  rarely  elsewhere;  nor  of  the  further  fact  Ihal  manV 
cases  of  pterygium  can  be  recognize.l  as  such  before  ihV 
apex  of  the  growth  has  even  readied  tli,.  corneal  linibus 

X  fi  sf«f"''''  '•';'■"?  "'f  p'«'"^«  "•''!•■'' '« ^'-nued  tl:  ; 

the  fust  step  in  its  development  has  taken   |)laee      Tleit 
pterygium  ,s  produced  in  this  mann,.,-,   in  ,.x,.eplion 
ca.ses,  there  is  no  doubt;  but   this  fact  was  rec  g    'e 
before  Art's  day,  notably  In-  W.  Lawren.r    who  i'^!,'' 
to  cases  of  pterygium  following  purulent  opbU,almia   in 
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which  the  conjunctiva  of  the  upper  part  of  the  globe 
had  become  adherent  to  an  ulcer  upon  the  lower  part  of 
the  cornea.*  He  distinguishes,  however,  between  these 
cases  and  true  pterygium,  and  mentions  his  suspicion 
that  the  pterygia  said  to  have  been  seen  on  the  upper 
part  of  the  globe  were  cases  of  this  character,  as  he  had 
never  seen  true  pter3rgium  in  this  situation. 

It  is  manifest  that  any  theory  which  would  satisfac- 
torily account  for  the  development  of  pterygium  must 
also  account  for  the  fact  that  it  occurs  in  so  large  a  pro- 
pf)rtion  of  cases  to  the  nasal  side  of  the  cornea.  This 
Arlt's  theory  fails  to  do;  for  it  is  beyond  question  that 
if  jiterygium  were,  as  a  rule,  produced  in  the  way  he 
describes,  we  should  find  it  encroaching  upon  the  cornea 
from  eveiy  possible  direction,  and  not  much  more  fre- 
quently from  one  direction  than  from  another.  The 
tlieoiy  proposed  by  Poncet — that  pterygium  is  a  parasi- 
tic disease,  and  that  its  advance  over  the  cornea  is  due  to 
the  presence  of  microbia  (parasitic  "  vibriones  ")  which 
he  finds  beneath  the  head  of  the  pterygium,  and  which 
are  supposed  to  tunnel  their  way  under  the  corneal  epi- 
thelium— fails  equally  in  this  respect;  and,  besides,  the 
precedent  ulcer  which  he  regards  as  the  starting-point  of 
the  process,  and  as  essential  to  it,  has  not  been  clinically 
demonstrated,  but,  rather,  assumed  to  be  present. 

In  endeavoring  to  reach  a  satisfactory  explanation  of 
the  origin  of  pterygium,  it  is  important  that  we  should 
bear  in  mind  the  fact  (which  .seems  usually  to  have  been 
lost  sight  of)  that  in  its  incipient  stage  the  growth  does 
not,  as  a  rule,  involve  the  cornea  at  all,  but  is  confined 
to  the  sclerotic  conjunctiva.  As  Lawrence  very  aptly 
puts  it;  "It  begins  with  the  appearance,  in  the  conjunc- 
tiva sclerotica",  of  a  few  ves.sels  rather  larger  than  natural, 
and  running  from  behind  forward  nearly  parallel  to  each 
other.  After  some  time  the  membrane  is  found,  on  ac- 
curate inspection,  to  be  a  little  raised,  but  the  surface  is 
smooth  and  entire.  It  gradually  assumes  the  triangular 
shape,  the  basis  extending  toward  the  circumference  of 
the  eye,  while  the  apex  passes  over  the  junction  of  the 
sclerotica  and  cornea  and  advances  on  the  latter."  This 
description  of  the  development  of  pterygium  entirely 
agrees  with  the  writer's  observations,  and  it  suggests  at 
once  that  the  primary  cause  of  pterygium  is  to  be'sought 
for  cl.sewhere  than  in  diseased  conditions  of  the  cornea. 
Fuchs  holds  that  pterygium  always  originates  from 
Pinguecula.  The  writer  cannot  accept  this  view;  never- 
theless he  is  convinced  that  Pinguecula  does,  not  infre- 
quently, precede  pterygium,  andlie  has  occasionally  met 
with  transitional  types  which  resembled  as  closely  one 
as  the  other  of  these  conditions. 

It  has  long  been  taught  that  the  development  of  pteryg- 
ium is  favored  Ijy  conditions  which  bring  about  per- 
sistent liyperffimia  of  the  conjunctiva,  as,  "for  example, 
when  the  eyes  are  expo.sed  to  Hie  heat  of  a  tropical  sun, 
as  in  long  sea  voyages,  or  to  the  heat  from  furnaces,  as 
is  the  case  with  stokers  and  founders,  or  to  the  irritant 
acticui  of  dust  and  vapors,  as  in  mills  and  other  manu- 
facturing establishments;  and  the  evidence  in  favor  of 
this  view  is  much  too  strong  to  be  put  aside.  Assum- 
ing, then,  that  byiiera-niia  of  the  conjunctiva  is  an  im- 
portant factor  in  the  ]iroduetion  of  p'tervirium.  is  there 
any  rea.son  why  tliis  condition  should  occur  especially 
where  jitei ygium  usually  makes  its  appearance— to  the 
nasal  side  of  the  cornea  V  The  writer  is  not  aware  that  it 
has  been  suggesti'd  heretofore  that  the  recti  muscles  of 
the  globe  have  anything  to  do  with  the  production  of 
literygium;  but  it  seems  to  him  lii<,rlily  probable  that 
sueli  is  the  case.  In  the  tirst  place,' it  "is  an  extremely 
rare  occurrence  to  meet  with  a  ptervgium  which  does 
not  lieover  the  insertion  of  one  of  tlicse'muscles,  usuallv 
the  rectus  internus,  less  frequently  the  rectus  e'xternus. 
Again,  the  vascular  system  of  the  conjunctiva  in  the 
neighboriiooilof  the  corneal  border  (anterior  conjunctival 
vessels  ot  Van  Woerden)  is  so  intimately  connected  with 


*  TiM'  writer  mIs.,  Ikis  iiiHt  Willi  a  fu.se  ,.t  this  eharaeter  as  a  re.sultof 
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that  of  the  recti  muscles,  through  branches  derived  from 
the  autcrior  ciliary  arteries,  that  the  possibility  of  the 
blood  supply  of  the  former  being  influenced  by  that  of 
the  latter  can  seaieely  bo  doubted.  There  i.s  nothing 
improbalilc,  therefore,  iu  the  assumption  that  an  undue 
determination  of  lilood  to  the  recti  nuisclcs  may  bring 
about  a  hyperwmic  condition  of  the  overlying  conjuiu^ 
tiva,  and  that  this  condition,  as  we  have  seen,  may  iu 
time  lead  to  the  development  of  pterygium.  j\Ioreo'ver, 
it  is  manifest  that  the  recti  interni' muscles  would  be 
likely  to  exert  a  more  decided  influence  in  this  i-espect 
than  any  of  the  others ;  for  they  are  not  only  the  largest 
of  the  straight  muscles,  and  the  ones  wliich  perform  by 
far  the  greatest  amount  of  work,  but  their  altachment  to 
the  sclerotic  is  considerably  nearer  the  corneal  border, 
and  they  are,  therefore,  more  intimately  connected  with 
the  conjunctiva.  Thus,  in  accordance' with  the  theory 
suggested,  the  location  of  pterygium  to  the  nasal  side  of 
the  cornea  is  explained. 

What  condition  is  tliere,  then,  likely  to  prod\iee  an 
undue  determination  of  blood  to  the  lateral  muscles? 
The  answer  is,  an  insufHcieucy  of  these  muscles — an 
exophoriaor  anesophoria.  In  a  word,  the  writer  believes 
that  insufficiency  of  tlie  inteinal  recti  muscles  is  an  im- 
portant factor  in  the  causation  of  pterygium.  His  belief 
is  based  not  only  upon  the  theoretical  grounds  just  set 
forth,  but  upon  the  clinical  observation  that  exophoria 
is  very  frequently  found  in  association  with  pterygium 
situated  upon  the  nasal  side  of  the  cornea.  In  support 
of  this  view  of  the  origin  of  pterj-gium  (which  to  the 
writer  seems  at  least  to  be  more  satisfactory  than  those 
which  have  as  yet  been  offered),  it  ma}'  be  mentioned,  as 
a  matter  of  observation ,  that  persf>ns  who  have  pterygium 
not  infrequently  complain  that  the  pterygium  itself,  and 
the  conjunctiva  in  its  neighborhood,  become  bloodshot 
when  the  eyes  are  miieli  used  in  near  work.  It  remains 
to  be  added  that  pterygium  sometimes  has  its  origin  in 
traumatic  lesions  of  the  conjunctiva,  as,  for  example,  to 
cite  from  tlie  writer's  experience,  a  burn  from  a  scale  of 
hot  iron  or  from  partiall}'  slaked  lime  splashing  into  the 
eye. 

In  regard  to  the  Trentment  of  pterygium,  little  is  to  be 
expected  except  from  operative  interference.  In  its  in- 
cipient stage,  however,  its  growth  may  possibly  be  ar- 
rested b,y  correcting  any  error  of  refraction  or  any  mus- 
cular defect  which  may  exist;  and,  even  when  it  has 
reached  a  more  advanced  stage,  its  development  may, 
perhaps,  be  favorably  influenced  in  this  way.  So,  too, 
after  any  operation  which  may  tje  resorted  to  for  its  cure, 
the  good  which  glasses  may  do  by  lessening  tlie  tendency 
to  a  recurrence  should  not  "be  lost  sight  of.  It  .should  be 
borne  in  mind  that  the  asthenopie  symptoms,  of  which 
persons  having  pterygium  often  complain,  are  much 
more  likely  to  be  due' to  an  error  of  i-efraction  or  a  mus- 
cular defe'ct  than  to  the  mere  presence  of  the  growth. 
The  propriety  of  resorting  to  operative  treatment  will  be 
determined  by  several  considerations:  If  the  pterygium 
is  coulined  to  the  conjunctiva,  it  may  be  advisable  to 
operate  upon  it,  provi'ded  it  is  narrow  and  well  defined. 
If,  on  the  contrary,  it  is  broad  and  ill  defined,  it  will  be 
wiser  not  to  inte'rferc  with  it,  as  the  condition  and  ap- 
pearance of  the  eye  after  the  operation  will  probably  not 
be  better  than  before.  If,  however,  it  has  encroached 
upon  tlie  cornea,  it  is  better,  as  a  rule,  to  operate,  be- 
cause, as  has  been  said,  it  usually  advances  fartlicr  and 
farther  upon  this  membrane,  and,  as  it  does  so,  it  pro- 
duces such  changes  in  its  structure  as  leave  behind  a 
permanent  opacity,  even  when  the  growth  is  most  care- 
fully removed.  Patients  will  freijuently  assure  the  sur- 
geon that  the  pterygium  is  not  growing,  and  that  for 
months  or  years  it  lias  made  no  progress:  but  their  testi- 
mony upon  tliis  point  is  not  always  to  be  relied  upon, 
and  to  prevent  the  possibility  of  'the  sight  eventually 
becoming  impaired,  unnecessary  delay  in  resorting  to 
operation  should  be  avoided. 

The  operative  procedures  which  have  been  suggested 
for  the  c;ure  of  pterygium  are  numerous.  Until  a  com- 
paratively recent  period,  excision  was  the  only  operation 


whieli  was  in  vogue.  The  results  obtained  by  this  method 
were,  however,  by  no  means  uniformly  successful,  the 
removal  of  the  growth,  as  it  was  eomuKjnly  practised, 
being  not  infre(piently  followed  by  its  I'ecurrence.  In 
con.seciuencc  of  this,  various  substi'tutes  for  this  opera- 
tion were  ju-oposed.  For  example,  Des  Marres  sug- 
gested transiilantation  of  the  pterygium;  Szokalski  its 
desti-uetiou  liy  strangulation,  Avhile  Knapji  introduced 
a  moditication  of  the  former,  and  Gale/.owski  of  the 
latter  procedure.  Pagensteclier  recommended  that  the 
.growth  should  bo  dissected  from  its  corneal,  and  in  part 
from  its  sclerotic,  attachments,  and  then  be  allowed  to 
atrophy,  the  edges  of  the  conjunctival  wound  being 
united  beneath  the  partially  detached  pterygium  l)y 
means  of  sutures.  Arit  also  preferred  a  method  essen- 
tially the  same  as  that  of  Pagonstecher.  In  Des  Marres's 
o])eration  the  pterygium  is  detached  from  the  cornea  and 
sclerotic  quite  u|i  to  its  base,  and  is  then  inserted  in  an 
incision  made  in  the  conjunctiva  near  the  lower  edge  of 
the  cornea,  where  it  is  retained  by  sutures.  Knapp's 
modification  of  this  method,  appliea'ble  to  cases  in  which 
the  pterygium  is  of  large  size,  consists  in  splitting  the 
literygium  longitudinally,  after  having  removed  its  cor- 
neal portion,  and  inserting  the  upper  half  in  an  incision 
made  in  tlie  conjunctiva  above  its  ba.se,  and  the  lower 
half  in  one  made  below.  He  also  unites  the  edges  of  the 
conjunctival  wound  by  sutures,  and,  to  facilitate  this, 
separates  the  conjunctiva  from  the  subjacent  tissue  above 
and  below  the  wound.  In  Szokalski's  operation  the 
strangulation  is  accomplished  by  passing  two  needles, 
wliicli  have  been  threaded  with  the  opposite  ends  of  a 
fine  silk  ligature,  beneath  the  pterj^gium,  one  near  its 
apex,  the  other  near  its  base,  and  then,  after  cutting  out 
the  needles,  by  tying  together  the  ends  of  the  tliree 
threads  which  are  thus  left  in  position,  so  as  to  cut  off  its 
vascular  supply  near  its  base,  near  its  apex,  and  from  its 
sclerotic  surface.  Galezowski,  after  dissecting  up  the 
pterygium,  "takes  a  thread,  armed  at  each  end  with  a 
curved  needle,  and  pierces  the  apex  with  both  needles, 
so  as  to  include  it  in  a  small  loop.  Then  turning  the 
needles  inward,  lie  brings  them  out  at  the  base  of  the 
growth,  one  near  the  upper  and  the  other  near  the  lower 
margin.  The  two  ends  are  then  tied  in  a  tight  knot,  and 
thus  the  apex  of  the  pterygium  is  turned  inward  toward 
the  base,  and  the  latter  is  strangulated  by  the  knot."  It 
is  claimed  for  each  of  these  procedures  that  a  recurrence 
of  the  growth  is  less  apt  to  happen  than  when  simple 
excision  is  pi'actised. 

The  operation  of  excision  has,  in  the  Avriter's  experi- 
ence, yielded  such  satisfactory  results  that  he  has  not 
been  tempted  to  make  trial  of  any  of  these  proposed  sub- 
stitutes. The  end  which  they  all  aim  to  accomplish 
■seems  to  him  to  be  the  same^to  minimize  the  loss  of 
conjunctival  tissue,  and  this  is,  undoubtedly,  a  most  im- 
portant tliin.g;  hut,  if  the  excision  be  performed  as  it 
should  be,  the  loss  of  tissue  is  insignificant.  Although 
the  ill  effects  fif  a  too  free  excision  of  the  growth  were 
long  ago  pointed  out,  especially  by  Scarpa,  the  writer 
is  inclined  to  think  that  the  jioor  results  which  many 
liave  obtained  fiom  this  operation  are  due  to  unneces- 
sary loss  of  conjunctival  tissue.  Even  when  but  little 
mo're  than  the  apex  of  the  growth  is  removed  the  gap 
Avhieli  is  left  in  the  conjunctiva  is  of  considerable  size, 
and  when  the  whole  pterygium  is  cut  olf,  the  size  of  the 
gap  which  results,  owing  to  the  retraction  of  the  con- 
junctiva, is  surprising.  Under  such  circumstances  the 
iiealing  process  is  slow  an<l  difficult,  and  not  infre- 
quently a  conspicuous  vascular  cicatrix  is  left,  which  is 
as  unsightly  and  as  likely  to  cause  trouble  as  the  ptery- 
gium itself. 

Since  the  employment  of  cocaine  in  ophthalmic  surgery 
the  removal  of  pterygium  has  been  rendered  much  easier, 
as  the  operation  is  entirely  painless.  Tlie  method  of 
operating  which  the  writer  has  adopted,  and  which,  as 
has  been  said,  has  yielded  satisfactory  results,  being  very 
rarely  followed  by  a  return  of  the  pterygium,  is  as  fol- 
lows"; The  eye  having  been  brought  under  the  influence 
of  cocaine,  and  the  "patient  being  seated  in  a  chair,  a 
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speculum  is  introduced  and  tlie  operator,  standing  beliind 
tlie  patient,  seizes  tlie  growtli  near  tlie  apex  witli  suit- 
able forceps,  and  with  an  iridectomy  knife,  which  is  but 
sli"htly  bent,  cleanly  dissects  it  from  the  cornea,  taking 
especial  care  to  detach  its  margins  from  the  corneal 
limbus  Its  more  loose  attachments  to  the  sclerotic  are 
also  separated  for  a  short  distance  (2  or  8  mm.)  from  the 
corneal  margin.  Then,  with  a  pair  of  slender  scissors, 
curved  on  the  flat,  the' whole  of  the  corneal  and  a  very 
small  part  of  the  conjunctival  portion  of  the  growth  is 
removed  by  two  converging  cuts.  If  decided  traction  is 
made  with  the  forcei^s  upon  the  detached  portion  of  the 
growth  while  the  scissors  are  being  used,  and  if  the  latter 
are  pressed  against  the  sclerotic,  a  very  much  larger  piece 
of  the  pterygmm  will  be  removed  than  is  desirable.  Only 
very  slight  traction,  therefore,  should  be  exerted,  and  in 
using  the  scissors  it  should  be  borne  in  mind  that  we  are 
more  apt  to  remove  too  much  than  too  little  tissue.  If 
the  edges  of  the  conjunctival  wound  are  now  slightly 
undermined,  so  as  to  detach  them  in  a  measure  from  tin; 
underlying  fascia,  one  or  two  stitches  of  fine  black  silk 
will  suffice  to  close  the  wound,  and,  unless  more  tissue 
has  been  sacriticed  than  is  necessary,  will  bring  its  edges 
together  without  undue  (raction.  The  closure  of  the 
wound  in  this  way  hastens  the  healing  process,  and  the 
removal  of  the  stitches  on  the  second  or  third  day,  as 
may  seem  more  desirable,  can  be  accomplished  without 
pain  by  the  instillation  of  a  drop  or  two  of  cocaine.  A 
light  bandage  should  be  applied,  and  may  be  worn  until 
tlie  stitches  are  removed.  A  coUyrium  of  Iwric  acid  (gr. 
X.  to  aq.  destill.,  3  i.),  used  three  or  four  times  a  day, 
soothes  the  eye,  and  helps  to  subdue  the  inflanimation. 
Should  there  be  much  ciliary  irritation  from  intlamnia- 
tion  of  the  corneal  tissue,  atropine  is  indicated,  while, 
on  the  other  hand,  if  there  is  considerable  conjunctival 
secretion,  without  ciliary  irritation,  a  very  little  sulphate 
of  zinc  (gr.  i-i  to  3  i.)  or  alum  (gr.  ss.-i.  to  |  i.)  may 
be  added,  with  benefit,  to  the  boric  acid  solution.  The 
patient  should  be  warned  that  the  improvement  in  the 
appearance  of  the  eye  will  be  slow,  else  ho  may  sup- 
pose the  operation  has  not  been  successful,  and  may 
mistake  the  vascularity  which  remains  for  some  time 
about  the  former  site  of  the  pterygium  for  a  return 
of  the  growth.  When  the  pterygium  has  encroached 
upon  the  cornea,  he  should  also  be  made  to  under- 
stand that  after  its  removal  a  more  or  less  perceptible 
opacity  will  remain.  Should  this  opacity  involve  the 
central  portion  of  the  cornea,  which  in  exceptional  in- 
stances is  the  case,  an  iridectomy  may  be  necessary  in 
order  to  obtain  a  pupil  behind  a  part  of  the  cornea  which 
is  clear, 

Traum.\tic  Lesions  of  the  Conjunctiva. — The  con- 
junctiva is  occasionallj'  torn  or  cut  without  injury  to 
the  deeper  coats  of  the  eye.  Considerable  extravasation 
of  blood  into  the  loose  underlying  connective  tissue  and 
pronounced  cedema  are  apt  to  supervene,  and  the  appear- 
ance of  the  eye  suggests  that  the  injury  is  much  more 
serious  than  is  actually  the  case.  The  edges  of  the 
wound,  if  they  show  a  disposition  to  irape,  should  be 
brought  into  apposition  with  fine,  black-silk  sutures,  and 
a  light  bandage  should  be  applied.  A  collyrium  of  boric 
acid  is  often  useful. 

Foreign  bodies  entering  the  eye  frequently  lodge  upon 
the  cornea,  Init  rarely  attach  themselves  to  the  conjunc- 
tiva of  the  bulb  or  to  that  of  the  lower  lid.  Their  favor- 
ite resting  ])lace,  however,  is  the  tarsal  conjuncti\a.  of 
the  upper  lid;  and  here  they  give  rise  to  an  especial 
amount  of  discomfort,  because  through  the  movements 
ot  tlie  eyeball  and  the  lids  they  constantly  scrape  tin. 
surtacc  of  the  sensitive  cornea.  When  ibe  eyelid  is 
everted  (,li,.y  are  brought  into  view  and  can  be  easily  iv- 
move( [--most  conveniently  by  means  of  a  wooden  tooth- 
pick, about  the  sharp  end  of  which  a  very  little  alis.nb- 
ent^ cotton  has  been  wound.  The  writer  recalls  but  one 
ins  ance  in  many  years'  experience  in  which  a  f,)reii.n 
body_a  small  fragment  ot  coal-was  found  in  the 
.superior  retro  lusal  told.  Probably,  when  foreign  sub- 
stances enter  this  region  they  are  carried  by  the.  move- 


ments of  the  lid  toward  the  inner  canthus  and  are  then 
easily  removed. 

Caustic  substances,  such  as  lime,  lye,  and  the  stronger 
acids,  and  molten  metal,  when  they  find  their  way  into 
the  conjunctival  ,sac,  arc  likely  to  do  serious  damage. 
An  obstinate  inflammation  of  the  conjunctiva  is  almost 
sure  to  ensue ;  but  when  the  caustic  action  has  involved 
neighboring  parts  of  the  bulbar  and  palpebral  conjunc- 
tiva, a  much  more  formidable  condition  is  apt  to  result 
— an  adhesion  may  occur  between  the  lid  and  the  eyeball, 
and  the  condition  known  as  synMepharon  be  established. 
The  treatment  of  these  cases,  if  they  can  be  seen  at  once, 
is  the  application  of  an  agent  which  will  tend  to  neu- 
tralize the  caustic  substance  that  has  entered  the  eye. 
In  the  case  of  an  alkaline  caustic  the  conjunctival  sac 
should  be  washed  out  with  vinegar  or  acetic  acid  diluted 
with  water,  and  if  the  caustic  be  an  acid  a  solution  of 
bicarbonate  of  soda  should  be  similarlj'  employed.  The 
application  of  castor  oil  affords  relief  and  does  good  by 
pidtecting  the  burned  surfaces.  Still  greater  relief  may 
be  obtained  by  using  a  solution  of  atropine  (the  alkaloid) 
in  castor  oil.     Ilolocaine  is  another  useful  i-emedy. 

If  a  dis])Osition  to  union  between  the  bulbar  and  the 
palpebral  conjunctiva  manifests  itself,  eveiy  effort  should 
be  made  to  prevent  this.  The  lid  .should  be  frequent^ 
drawn  away  from  the  eyeball  and  the  apposed  surfaces 
should  be  kept  coated  with  castor  oil  or  vaseline.  Suc- 
cess will  probably  be  attained  if  the  retrotarsal  fornix 
has  escaped  the  action  of  the  caustic;  but  if  tliishas  been 
seriously  involved  a  sj'mblcpharon  will  almost  certainly 
develop  in  spite  of  all  we  may  do.  And,  under  such  cir- 
cumstances, any  subsequent  efforts  which  we  may  make 
to  undo  the  mischief  by  operative  procedure  is  likely  to 
be  equally  barren  of  results.  On  the  other  hand,  if  the 
symblepharon  is  band-like  and  does  not  extend  to  the 
fornix,  a  good  result  may  be  almost  ahvaj'S  obtained  by 
operation. 

Athopinism,  etc. — An  inflammation  of  the  conjunc- 
tiva ot  ffillicular  tj'pe,  accompanied  usually  b_y  consider- 
able itching,  is  occasionally  excited  by  the  long-continued 
use  of  coUyria  containing  atropine,  eserine,  and  other 
drugs  of  similar  character.  Indeed,  there  are  individuals 
in  whom  a  single  application  to  the  eye  of  a  solution  of 
atropine  will  produce  a  marked  conjunctivitis,  and  not 
infrequently  such  individuals  are  equally  susceptible  to 
all  of  the  commonly  employed  mydriatics,  though  this  is 
not  always  the  case.  For  example,  the  writer  has  under 
observation  at  the  present  time  a  case  in  which  neither 
atropine  nor  hyoscyamine  was  tolerated,  and  another  in 
which  atropine  excited  after  a  few  days'  use  a  marked 
conjunctivitis,  in  each  of  which  he  is  now  using  sulphate 
of  dulioisine  without  ill  effect.  The  withholding  of  the 
drug  to  wbich  the  susceptibility  is  shown  and  the  use  of 
a  collyrium  of  boric  acid  will  soon  restore  the  eye  to  its 
normal  condition. 

SuncoN.iUNCTivAi.  IIe.morrhage. — This  condition, 
wliich  usually  manifests  itself  suddenly,  may  occur 
spontaneously  or  be  of  traumatic  (U-igin.  Spells  of  vio- 
lent coughing,  vomiting,  or  sneezing  may  pirodnce  it, 
while  in  some  instances  it  occurs,  perhaps  during  sleep, 
without  assignable  cairse.  The  existence  of  angio- 
scleidsis  ]U'edisposes  to  it  as  to  hemorrhages  in  other  parts. 
It  not  infrei|iiently  encircles  the  cornea  and  spreads  over 
the  whole  eyeball,  giving  to  it  a  bright-red  appearance, 
wbich  often  leads  to  the  belief  that  something  very  seri- 
ous has  lia])i)ened.  It  is  usually  mistaken  for  "inflam- 
mation " ;  but  an  inspection  of  the  eye  shows  at  once  that 
tlu^  ri'dness  is  not  due  to  injection  of  the  conjunctival 
vessels.  It  may  give  ri.se  to  a  slight  soreness  of  the  eye- 
ball; but  beyond  this  it  causes  no  inconvenience  apart 
from  itsunsiglitliness.  During  the  process  of  absorption, 
which  may  occupy  two  or  three  weeks,  the  bright  red 
color  of  the  extravasated  blood  changes  to  a  greenish- 
yellow.  Treatment  is  scarcely  callecrf or;  but  if  it  is  a 
matter  of  moment  to  hasten  the  restoration  of  the  nor- 
mal apiiearance  of  the  eye,  a  compress  bandage  and  the 
internal  administration  of  potassium  iodide  may  be  of 
some  avail. 
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Argyria  Conjunctivae. — From  the  long-continued 
application  to  the  eye  of  nitrate  of  silver  a  pernuuient 
stain,  usually  of  the  lower  tarsal  and  retrotarsal  con- 
junctiva, but  occasionally  of  the  bulbar  conjunctiva  as 
well,  may  result.  The  "  white  of  the  eye  "  assumes  an 
olive  color,  while  the  retrotarsal  conjunctiva  and  the 
inner  surface  of  the  lids  are  stained  a  bluish-gray  or  slate 
color.  A  similar  discoloration  of  the  conjunctiva  is  said 
to  occur  in  persons  who,  owing  to  the  nature  of  their 
cmploj'ment,  aie  constantly  exposed  to  the  action  of 
silver  dust  (Fuchs).  Cases  of  argyria  from  protargol 
have  been  reported,  and  as  this  preparation  of  silver  is 
more  penetrating  in  its  action  and  is  used  more  liberally 
than  the  nitrate,  it  is  probable  that  in  the  future  tliis 
condition  will  be  met  with  more  frequently  than  has 
been  the  case  hitherto.  The  stains  are  indelible.  Differ- 
ent agents  liave  been  employed  to  remove  them,  but 
without  success.  Sumiiel  TheohiU. 

CONNECTIVE  TISSUE.— Connective  tissue,  as  its 
name  suggests,  connects  and  binds  together  other  struct- 
ures. If  we  attempt  to  remove  the  skin  from  the  rmder- 
lyiug  tissues  we  find  it  bound  to  them  by  delicate,  fibroiis 
bands.  On  further  dissection  of  the  body  we  find  the 
nuiscles  bound  together  by  tissue  which,  even  to  the 
nuked  eye,  is  like  that  under  the  skin.  Sheaths  of  the 
same  sort  are  found  about  the  vessels  and  nerves,  beneath 
the  mucous  and  serous  membranes  and  in  many  other 
places.  This  is  conneetive  tissue.  Under  the  microscope 
it  is  characterized  by  an  extensive  development  of  the 
intercellular  substance,  and  it  is  the  intercellular  struct- 
ures and  not  the  cells  which  are  of  functional  importance. 
Not  only  does  it  comprise  the  fascia,  the  subcutaneous 
and  subepithelial  ai-eolar  tissue,,  and  the  packing  sub- 
stance about  the  great  vessels  and  nerves,  but,  in  moditied 
forms,  it  makes  up  the  groimdwork  of  the  spleen,  lymph 
glands  and  marrow,  the  tendons,  aponeuroses  and  liga- 
ments, the  periosteum  and  perichondrium,  the  sclera  of 
the  eye,  and  the  membranes  of  the  cential  nervous  system. 
The  supporting  tissues— bone  and  cartilage— are  closely 
related  to  it  both  histologically  and  embryologically. 
Indeed,  no  tissue  occurs  so  universally  in  the  body,  and 
it  would  be  useless  to  try  to  give  a  list  of  places  where 
it  is  found.  All  the  blood-vessels  lie  in  tracks  of  it. 
With  them  it  penetrates  every  solid  organ,  and  binds  to- 
gether its  most  delicate  parts— the  fibres  of  the  muscle  or 
file  tubules  of  the  gland.  Though  inconspicuous,  it  is 
as  indispensable  in  the  make-up  of  any  organ  as  are  the 
rivets  in  the  building  of  a  ship. 

In  order  properly  to  understand  the  histology  of  con- 
neetive tissue  and  to  appreciate  the  relationship  of  one  of 
its  forms  to  another  we  must  approach  the  subject  from 
the  embryological  standpoint.  We  will  therefore  con- 
sider lirst  embryonic  connective  tissue,  then  the  typical 
adult  form,  and  afterward  take  up  successively  the  vari- 
ous modifications. 

If  we  look  at  a  section  of  a  young  chick  embryo  we  see 
nothing  but  cells.  We  see,  moreover,  that  these  cells  are 
of  two  sorts— differing  markedly  in  shape  and  still  more 
markedly  in  their  relations  to  one  another.  The  covering 
of  the  body,  and  the  intestinal  canal,  the  rudiments  of 
Ihe  central  nervous  system,  and  any  viscera  that  may  be 
present  will  be  seen  to  consist  of  cells  tightly  packed  to- 
gether, forming  layers  or  membranes.  Such  a  layer  of 
closely  compacted  cells  is  called  an  epithelium.  Lying 
between  these  organs,  in  a  position  comparable  to  the 
straw  in  a  barrel  of  crockery,  is  the  other  kind  of  cells. 
These  are  not  united  to  one  another  in  continuous  layers, 
but  are  far  apart  and  loosely  packed,  the  interstices  ap- 
pearing empty  in  the  secrion.  Tliis  is  the  "mesen- 
chyma."  It  gives  rise  in  the  further  development  of  the 
animal  to  many  other  things  than  coimective  tissue. 
Still  in  the  embryo  it  corresponds  so  closely,  in  structure 
and  relations  to  other  parts,  to  our  conception  of  connec- 
tive tissue  in  the  adult  that  it  is  justifiable  to  call  it 
"  embryonic  connective  tissue. " 

If  we  trace  the  development  of  the  mesenchyma  back 
we  find  that  it  arises  from  the  mesoderm  or  middle  germ 


layer.  A  di.scussion  of  the  develo|)ment  of  the  mesoderm 
would  be  out  of  place  here;  but  it  is  enough  to  say  that 
at  one  period  it  forms  a  fairly  compact  layer  in  wdiieh 
subsequently  a  cavity  arises.  The  epithelium-like  lining 
of  this  cavity  makes  up  the  mesothelium.  The  rest  of 
the  cells  of  the  mesoderm  form  the  mesenchyma. 

Embryonic  Connective  Ttssue  or  Mesenchyma  con- 
sists histologicallv  of  («)  cells  and  (i)  an  intercellular 
matrix  (see  Fig.  1490). 

The  cells  have  large  and  round  or  oval  nuclei  with  one 
or  more  granules  of  chromatin.  In  stained  sections  the 
nucleus  appears  to  be  distinctly  vesicular,  and  does  not 
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Fie..  149U.— Euibryonic  ConiKH-tive  Tissue  ( Mesetichyraa)  from  Em- 
bryo C^liick.      •  7(1(1. 

color  deeply.  It  often  shows  kai-yokinetic  figures.  In 
early  embiyos  the  nucleus  is  suri-ounded  by  but  little 
protoplasm.  Later  the  amount  is  greatei'.  The  proto- 
plasm is  finely  gnmular  and  no  cell  wall  is  recognizable. 
The  shape  of  the  iiidividual  cell  is  stellate,  with  irregular 
tapering  and  branching  processes  projecting  in  all  direc- 
tions. The  branches  of  each  anastomose  freely  with 
those  of  its  neighbors,  so  that  the  protoplasm  is  continu- 
ous from  cell  to  cell.  Indeed,  the  anastomosis  is  often  so 
free  and  the  cell  bodies  so  inconspicuous  that  the  mesen- 
chyma may  be  described  as  a  network  or  spongework  of 
protoplasm,  with  the  nuclei  at  the  thick  places  Avhere 
the  strands  meet. 

The  matrix  is  an  albuminous  fluid  of  slight  consistence. 
It  is  the  intercellular  juice  of  the  embryo. 

The  further  development  of  the  mesenchyma  into  adult 
structures  takes  place  by  virtue  of  (1)  changes  mainly  in 
the  intercellular  substance,  (2)  changes  mainly  in  the  cells, 
or  (3)  more  complicated  changes  involving  both  the 
matrix  and  the  cells  and  giving  ri.se  to  special  structures. 
Thus,  for  instance,  we  have  fat  cells  and  smooth  muscle 
fibres  arising  by  difEerentiation  of  the  mesenchymal  cells. 
In  such  tissues,  to  be  sure,  the  intercellular  substance 
undergoes  modification,  but  the  function  of  adipose  or 
muscular  tissue  depends  rather  upon  the  cells.  The 
walls  of  the  blood-vessels  are  examples  of  the  third  class 
of  mesenchymal  tissues;  they  show  complicated  changes 
both  in  the  cells  and  in  the  matrix.  But  it  is  with  the 
first  class  that  this  article  has  chiefly  to  deal— with  tissues 
differentiated  fi-oni  the  mesenchyiua  mainly  by  changes 
in  the  intercellular  substance. 

This  class  includes  the  supporting  tissues  and  the 
connecting  tissues.  The  supporting  tissues  are  bone  and 
cartilage.  Their  cells  diifer  from  those  of  the  mesen- 
chyma in  shape  and  arrangement,  but  bone  is  bone  and 
cartilage  is  cartilage  because  the  fluid  matrix  has  been 
replaced  by  lime  .salts  or  chondrin.  The  same  is  true  of 
connective  tissue.  Its  distinguishing  features  and  the 
physical  characters  to  which  it  owes  its  function  are  due 
to  the  intercellular  structures. 

Ordinary  Adult  Connective  Tissue  consists  of  the 
following  elements:  (a)  Matrix;  (J)  fibres;  (<•)  elastic  net- 
work; {(T)  cells.  The  cells  and  the  matrix  are  present  m 
the  embrvonie  form.  All  the  cells  of  the  adult  form  of 
connective  tissue  are  developed  from  cells  of  the  mesen- 
chyma.    The  elastic  network  and  the  fibres  are  not  found 
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in  embryonic  connective  tissue.  These  vunous  elements 
may  be.st  be  studied  by  excising  small  bits  of  tlie  subcu- 
taneous connective  tissue  of  a  rabbit  and  e.xammmg  tUem 
fresh  in  normal  salt  solution  (see  Fig.  1491). 

((0  The  mntri.v  of  adult  connective  tissue  i,s  not  macli 
dilTerent  from  that  of  the  emliryonic  form.  It  is  still  a 
soft  liomogcneous,  albuminous  substance. 

{b)  Tlie  fibres  are  perliaps  tlie  most  important,  from  a 
physiological  point  of  view,  of  the  constituents  of  con- 
nective tissue.     They  are  long,  wavy  bundles,  running 


the 
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Fig.  1191.  -Subi-iitaneous     ConnectivB     Tissue    of    Rabbit.      Fresh, 
"  teased  "  specimen.     X  350. 

through  tlie  matrix  amongst  the  cells.  Each  fil)re  is 
composed  of  a  large  number  of  fine  flbrilla;.  The  latter 
are  filaments  of  the  most  extreme  delicacy.  They  do  not 
var'v  much  in  diameter,  tlie  size  of  the  fibre  dependmg 
upon  tlie  number  of  flbrilla;,  and  not  upon  the  calibre  of 
the  individual  elements.  Large  fibres  may  split  into 
smaller  ones,  but  the  individual  fibrillte  do  not  branch. 
The  arrangement  and  relative  number  of  fibres  vary  in 
different  forms  of  connective  tissue,  as  will  be  presently 
described.  They  are  best  stained  with  Mallory's^  con- 
nective-tissue stain.  In  large  iirasses  they  are  white  in 
appearance.     They  are  not  elastic. 

On  boiling  the  fibrilkie.  are  converted  into  gelatin. 
They  swell  up  and  become  transparent  when  treated  with 
acetic  acid,  and  are  destroyed  by  alkalies. 

The  origin  of  the  fibres  is  not  thoroughly  understood. 
They  were  formerly  tliought  to  arise  from  tlie  trans- 
formation of  elongated  cells.  At  present,  however,  tliat 
they  arise  in  the  matrix,  entirely  apart  from  the  cells 
themselves,  by  a  process  more  comparable  to  the  forma- 
tion of  fibrin  in  clotting,  seems  more  probable. 

(e)  The  ela.itic  -network  is  also  intercellular.  It  differs 
from  the  fibres  already  described  in  appearance  and 
structure,  in  chemical  and  physical  properties,  and  in 
physiological  function.  It  consists  of  .solid  strands  of 
a  highly"  refractile  substance.  Unlike  the  white  fibres 
these  strands  are  homogeneous— not  composed  of  fibiilhe. 
They  anastomose  freely  so  as  to  make  a  network.  In 
fact,  this  characteristic  is  so  well  marked  that  it  is  better 
not  to  use  the  term  "fibres"  at  all  in  speaking  of  them, 

but  to  speak  of  the  "net- 
work, "reserving  the  word 
"fibres"  for  the  white, 
non-elastic,  fl  b  r  i  11  a  t  e  d 
structures  described  in  a 
p  r  e  c  e  d  i  n  g  jiaragrapli 
(Minot).  The  strands  dif- 
fer greatly  in  calibre. 
They  may  be  extremely 
fine,  so  that  the  network 
is  delicate  and  o]ien- 
nieshed,  as,  in  Fig.  1491, 
or  tliey  ma}'  lie  so  thick, 
especially  at  tlie  anastomosing  points,  that  tlie  network 
presents  tlie  appearance  of  a  solid  plate;  perforated  by 
sieve-like  openings.  Such  a  dense  mass  of  elastic  mat erial 
is  represented  in  Fig.  141)2.  Wliere  one  of  the  delicate 
strands  is  broken  it  usually  curls  up,  as   is   shown  in 
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Fig    1491.     But,  throughout   all   of   its   variations, 
ela"stic  material  is  always  a  continuous  network. 

Chemically  the  network  is  composed  of  clastm.  Ihis 
is  not  converted  into  gelatin  by  boiling.  It  resists  the 
action  of  acids,  so  that  when  tissues  containing  both 
fibres  and  network  are  treated  with  acetic  acid  the  fibres 
swell  up  and  become  inconspicuous  and  the  elastic  net- 
work is  brought  out  very  clearly  and  sharply.  It  difters 
from  the  fibres  also  in  staining  reactions  and  is  evidently 
not  at  all  of  tlie  same  chemical  nature.  It  is  best  differ- 
entiated by  staining  with  Weigert's  resorcin  fuchsme. 
According  to  Mall  the  strands  of  elastin  arc  enclosed  in 
delicate  sheaths  of  a  different  chemical  nature. 

In  mass  the  elastic  material  is  yellow,  and,  as  its  name 
implies,  possesses  elasticity.  These  properties  are  the 
distinguishing  features  of  connective  tissue  in  which  it 
predominates,  as  contrasted  with  the  white,  inelastic 
tissue  in  wdiicli  the  fibrillated  fibres  are  in  the  ascendant. 
Concerning  the  embryological  origin  of  the  elastic  net- 
work there  is  still  some' doubt.  According  to  certain  ob- 
servers the  network  arises 
from  the  protoplasm  of 
anastomo.sing  cells,  and 
special  relations  of  tlie 
network  to  the  nuclei  of 
the  connective-tissue  cells 
have  been  demonstrated. 
But  the  significance  of 
this  connection  is  not 
clearly  shown.  This  view, 
like  tiie  similar  one  in  re- 
gard to  the  wliite  fibres, 
is  warmly  supported  by 
those  who,  from  theoreti- 
cal considerations,  believe 
that  all  parts  of  the  or- 
ganism are  composed  of 
cells  or  their  derivatives. 
A  much  more  plausible 
view  is  that  the  elastic 
network,  like  the  fibres,  is 
deposited  in  the  matrix 
and  is  not  formed  by  di- 
rect transformation  of 
cells.  Indeed,  Ranvier 
has     shown    conclusively 

that  ela.stin  is  deposited  first  in  the  form  of  little  glo- 
bules arranged  in  rows  which  subsequently  fuse  into 
plates  or  anastomosing  strands. 

((/)  The  eellx  of  adult  connective  tissue  are  often  much 
modified  from  those  of  the  mesenchyma  which  are  their 
ancestors.  The  greater  jiart  of  them  are  still  stellate  in 
outline— and  still  retain  the  protoplasmic  processes  con- 
necting them  with  each  other.  But  the  great  develop- 
ment of  the  intercellular  structures  has  resulted  in  marked 
changes  in  form  and  appearance.  They  are  tiattened  and 
grouped  in  various  ways.  They  are  comparatively  few 
in  number.  Not  only  do  they  tend  to  be  flattened  be- 
tween  the  fibres,  but  they  form  more  or  less  definite 
sheaths  about  some  of  tlie  larger  bundles.  Such  sheaths 
arc  at  times  so  complete  that  the  cells  are  united  by  their 
edges  as  in  an  epithelium.  Perhaps  close  to  these  will 
be  found  other  cells,  farther  apart  and  united  to  one 
another  and  to  the  cells  in  the  sheaths  only  by  their  long 
])rotoplasmic  processes.  They  may  be  wavy  or  elon- 
gated.    Thus  they  differ  much  in  appearance. 

Ill  addition  to  these  ordinary  connective-tissue  cells, 
two  special  varieties  lia\e  been  described — plasma  cells 
and  granular  or  mast  cells.  JIucli  confusiiui  exists  in 
the  use  of  these  terms,  as  the  original  cells  described  by 
Waldeyer  as  plasma  cells  were  afterward  described  by 
Ehrlieli  as  mast  cells;  while  Unna  applied  the  term 
lilasina  cells  to  the  granular  cells  of  "Waldeyer.  In  this 
article  the  terms  will  be  used  as  applied  by  Unna  and 
Ehiiich. 

Plasma  cells  are  distinguished  by  the  absence  of 
prominent  granules  in  the  protoplasm.  The  latter  stains 
with  basic  aniline  dyes  and  is  often  irregularly  colored 


Fio.  1493.  —  Elastic  Network  from 
Ligamenta  Subflava.  (From 
Quain's  '*  Anatomy.") 
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or  vacnolafed.  The  cells  may  be  elongated  or  braiielied. 
Although  observed  in  norniat  tissues  they  are  moi-e  char- 
acteristic of  pathological  conditions.  Their  derivation, 
signiheance,  and  function  are  unknown. 

Granular  or  mast  cells  are  couuei^tive-tissue  cells  hav- 
ing prominent  granide.s  in  their  iirotojilasm.  These 
granules  stain  intensely  Avitli  certain  aniline  dyes  and 
liave  also  given  the  name  "eosinophile "  to  tlie  cells. 
The  latter  are  more  apt  to  be  spherical  than  the  ])lasnia 
cells.  They  occur  in  normal  as  well  as  in  diseased  tissues. 
As  in  plasma  ce'-ls  we  do  not  know  their  signiticance  or 
function. 

Leucocj'tes  are  often  found  wandering  about  in  the  in- 
tercellular fluid.  But  they  are  to  beregariled  as  invaders 
and  not  as  elements  of  connective  tissue  at  all. 

Besides  the  protoplasmic  granules  mentioned  as  occur- 
ring in  certain  connective-tissue  cells  the  latter  may  con- 
tain two  other  important  visible  substances — pigment  and 
fat.  Pigment  is  deposited  in  the  form  of  dark-brown 
granules  of  a  substance  called  melanin.  It  is  found  in 
the  irregular,  branching  cells.  The  amount  varies  from 
a  few  granules  to  such  a  large  number  that  the  nucleus  is 
completely  hidden.  The  coloring  of  many  portions  of 
the  body,  both  in  man  and  in  animals,  is  due  to  cells  of 
this  sort.  Moreover,  the  pigment  of  the  epithelium  is 
probably  originally  of  this  nature,  being  formed  in  con- 
nective-tissue cells  which  wander  into  the  epithelium  and 
deposit  their  pigment  there.  Fat  is  deposited  in  the  cells 
of  connective  tissue  in  much  tlie  same  way  as  pigment  is 
laid  down  in  them.  Little  droplets  of  fat  appear  in  the 
protoplasm — mainly  in  the  granular  cells.  These  drop- 
lets, at  first  small,  become  larger  and  more  ntimerous  till 
finally  the_v  fuse  into  one  large  drop.  This  fills  the  cell 
and  distends  it  to  many  times  its  original  size.  The 
protoplasm  remains  about  the  globule  of  fat  as  a  thin 
envelope  cimtaining  at  one  point  the  flattened  nucleus. 
Accumulations  of  such  cells  bound  together  by  the  ordi- 
nary elements  of  connective  tissue,  and  abundantly  sup- 
plied with  blood-vessels,  constitute  adipose  tissue. 

To  recapitulate:  adult  connective  tissue  consists  of 
cells  and  a  fluid  matrix,  in  the  latter  of  A\diich  are  present 
two  structures,  differing  fronr  each  other  histologically, 
chemically,  and  physiologically — viz. :  white,  non-elastic, 
fibrillated  fibres,  and  a  homogeneous,  yellow,  elastic  net- 
work. The  cells  are  of  four  kinds :  conuuon  flattened  or 
lamellar  cells,  plasma  cells  and  granule  cells,  all  of  which 
are  true  connective-tissue  elements,  and  wandering  leuco- 
cytes which  are  not  to  be  regarded  as  connective-tissue 
cells  at  all.  Connective-ti.ssue  cells  may  contain  fat  or 
pigment. 

Adult  connective  tissue  may  be  classified  according  to 
the  predominance  of  one  or  the  other  of  its  intercellular 
elements,  as  fibrous,  elastic,  and  fibro-elastic. 

In  fibrous  connective  tissue,  which  is  perhaps  the  most 
typical  and  widespread  form,  the  fibres  predominate  over 
the  elastic  network.     Examples  are  seen  in  the  aponeu- 


portlon  of  elastic 
network. 


nucleus  of  connec- 
tive-tissue cell. 


=^:.i_,  fibres. 


Fig.  1494.— Section  of  Connective  Tissue  from  Wall  of  Va^na.    Only 
tlie  nuclei  of  the  cells— not  the  protoplasm— can  be  seen.     X  iCKI. 

roses,  the  tendons  and  ligaments,  the  periosteum  and  the 
dura.  All  these  structures  are  white  when  seen  in  mass 
and  will  not  stretch. 

In  elastic  connective  tissue   the  netwoi-k  predominates 
over  the  white  fibres.     The  resulting  tissue  is  yellow  in 


macroscopic  amounts  and  is  capaiili!  of  stretching  much 
and  then  I'eluiiiing  to  its  original  condition.  Tlie  class- 
ical example  is  the  liijiimciiliiiii  iihcIkc  of  lai'ge  quadru- 
peds, like  the  horse.  In  these  animals  the  ligament  ex- 
tends from  the  verteliial  spines  to  the  occiput  and  supports 
the  head.  When  the  head  is  depressed  the  ligament  is 
stretched,  and  it  acts  as  a  soj-t  of  s))ring  whenllie  head 
is  elevated  again.     In  man.  aceoj-ding  to  Shiirei-  (C^uain's 


FKi.  149.^.— Mucons    Oi-'DDective    Tissue    from    the    Urnllilical    Cord. 

"Anatomy,"  vol.  i.),  it  occurs  as  follows:  (1)  In  the  Ufja- 
it'ienta  subfljim,  between  the  verteljral  arches,  where  its 
elasticity  permits  the  spine  to  be  flexed.  (2)  In  the 
stylo-hyoitl  and  crico-thyroid  ligaments  and  in  the  vocal 
cords  and  trachea.     (3)  In  the  coats  of  the  blood-vessels. 

Iir  fibro-eliistic  coniiectiee  tissue  both  fibres  and  elastic 
network  ai'e  present  in  considei'able  ciuantities.  Stietch- 
ing  is  hence  allowed,  but  the  elasticity  is  limited.  It 
will  of  course  approach  fibrous  tissue  on  the  one  hand 
and  elastic  tissue  on  the  other.  The  classification  here 
given  is  merely  one  of  degree,  and  no  shar]i  boundary 
lines  can  be  drawn.  The  best  example  of  fibro-elastic 
connective  tissue  is  perhaps  the  adventitia  of  the  lai'ger 
arteries.  Here  we  can  readily  recognize  both  the  fibres 
and  the  elastic  material.  Other  good  examples  are  seen 
in  the  subnnicous  layers  of  tlie  (.esophagus  and  of  the 
vagina  (see  Fig.  1494). 

In  stained  mici'oscopical  sections  of  oi'dinary  connec- 
tive tissue  we  recognize  all  the  elements  described.  The 
fibres  usually  make  up  the  gi'eater  part  of  the  section. 
Their  dii'cction  and  compactness  will  be  evident  at  a 
glance  and  will  of  couj-se  depend  on  the  source  of  the 
specimen  examined.  The  elastic  elements  are  white 
(j'ellow  only  in  macroscopical  amounts),  glistening,  and 
highly  I'efi-actile.  They  usually  form  thick,  wavy  bands 
lying  amongst  the  flbi-es.  Though  not  difficult  to  recog- 
liize  in  stained  sections,  it  is  impossible  in  a  drawing  like 
Fig.  1494  to  even  approximate  their  actual  appearance. 
They  are  best  sttidied  by  the  beginner  in  the  walls  of  the 
arteries. 

The  cells,  in  dense  forms  of  connective  tissut,  are  flat- 
tened between  the  wavy  bundles  of  fibrillije.  This  makes 
it  difficult  to  recognize  the  pi-otoplasm,  so  that  about  all 
we  see  of  them  in  sections  is  the  nuclei.  As  the  latter 
also  conform  to  the  pressure  of  the  surrouniling  fibres 
they  are  elongated  and  wavy  and  often  have  character- 
istically pointed  tips.  This  pointed  shape,  together 
with  their  deeper  staining,  is  in  sharp  contrast  to  the 
nuclei  of  smooth  muscle  fibres  with  which  students  are 
disposed  to  confuse  them.  They  stain  very  deeply  and 
homogeneously,  so  that  in  ordinary  specimens  little  or 
no  intranuclear  structure  can  be  made  out. 

In  the  foi-egoing  description,  I  have  dealt  with  the 
typical  form  of  connective  tissue,  such,  for  example,  as 
occurs  beneath  the  skin  or  mucous  membranes.  There 
remains  to  l)e  described  the  various  special  modifications, 
all  of  which  are  best  understood  by  remembering  their 
embryological  evolution.  We  have  also  to  define  certain 
more  or  less  appropriate  terms  in  common  use. 

Mucous  connective  tissue  or  "  Wharton's  jelly  "  (Fig.  1495) 
is  only  slightly  modified  fi-om  the  mesenchyma.  The 
cells    remain    almost   unchanged.     Their   small,    proto- 
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plasmio  bodies  surrounding  the  rather  large,  vesicular 
nuclei  send  off  tapering  processes.  The  latter  branch 
and  anastomose  freely  with  those  of  neigiiboring  cells. 
The  large  intercellular  spaces  are  filled  with  mucin,  and 


Wm.  fixed  cell. 


lymplioid  cell. 


Fig.  1496.— Reticular  Connective  Tissue  from  Lymph  Glanr]  of  Dog. 
The  upper  left-hand  portion  of  the  tlf^ure  consists  of  adenoid  or 
lymphoid  tissue.     >.  OUIi. 

there  are  also  a  few  ])oorly  developed  fibres.  The  mucin 
gives  the  whole  the  peculiar  jelly-like,  translucent  look 
in  gross  amounts,  which  is  familiarly  seen  in  the  umbilical 
cord.  The  umbilical  cord  represents  its  only  normal  oc- 
currence in  man.  It  is  more  abundant  in  lower  forms  of 
life.  In  tlie  human  adult  it  is  not  normallj^  present  at  all. 
Pathologically  it  is  seen  in  myxomata,  the  commonest 
example  of  which  is  the  ordinary  nasal  polyp. 

Iictk-idar  cfiiiiii'iiirr  tissue  is  a  highly  sijecialized  form 
of  connective  tissue  found  in  the  spleen,  lymjih  glands, 
tonsils,  the  solitary  and  agminated  follicles  of  the  intes- 
tine, the  submucosa  of  the  digestive  tract,  and  in  other 
places.  Its  structure  lias  always  been  obscure.  Ordinary 
microscopical  sections  show  little  more  than  a  mass  of 
nuclei.  These  are  easily  seen,  however,  to  be  of  two 
sorts  (see  Pig.  1496).  Some  are  small,  deeply  .stained,  and 
round.  Others  are  often  oval,  larger,  vesicular  in  char- 
acter with  a  well-marked  nuclear  membrane  and  with 
nuclear  contents  staining  but  faintly  save  for  one  or  more 
granules  of  chromatin — in  other  words,  nuclei  like  tho.se 
of  the  mesenchyma.  Careful  study  of  favorable  sections 
will  show  some  of  tlie  protoplasmic  bodies  of  the  cells  to 
which  these  nuclei  belong.  The  outlines  of  the  cells  to 
which  belong  the  small  dark  nuclei  are  simply  circles— 
in  other  words  the  cells  are  like  the  young  mononuclear 
leucocytes  and  arc  hence  called  "lymphoid"  cells.  The 
other  nuclei  are  sometimes  surrounded  by  irregular 
mas.ses  of  protopla.sm  with  obscure  branches.  They  are 
the  fixed  connective-tis.sue  cells  of  the  part.  The  lym- 
phoid cells  are  not  fixed,  but  may  be  regarded  as  sim'ply 
fioating  in  the  matrix.  The  differences  "between  the  two 
types  of  cells  are  well  .shown  in  the  accompanying  illus- 
tration (Fig.  1496). 

If  we  treat  a  section  in  appropriate  reagents  and  shake 
it  vigorously  before  mounting,  most  of  the  lymphoid 
cells  may  be  removed  and  the  other  parts  show  more 
clearly.  Such  a  section  shows  a  network  of  rather  large 
anastomosing  strands  containing  the  nuclei  of  the  fixed 
cells.  Itsaiipeaninec  resembles  very  closely  that  of  the 
omentum  of  certain  animals,  such  a.s  the  dog.  Here  in- 
stead of  being  two  layers  of  flattened  epithelial  cells  with 
a  little  connective  tissue  between,  as  in  man,  the  omentum 
consists  of  an  open-meshed  network  of  delicate  fibres  the 
latter  being  surroimded  by  tube-like  sheaths  of  cells  so 
that  the  whole  is  like  a  sieve  full  of  holes.  Ordiniiry 
specimens  show  neither  fibres  nor  cell  outlines  but  onTy 
the  nuclei  lying  upon  the  strands  of  the  lietwork  Now 
shaken  sections  of  reliciilur  tissue  look  like  this  exeeiit. 
that  the  fibres  are  not  all  in  one  plane,  but  run  in  manv 
directions.  ■' 

This  appearance  has  given  rise  to  a  controversv  in 
winch  the  last  wtjrd  has  not  yet  been  spoken.  Docs  the 
reticulum  consist  of  a  network  of  cells  alone,  or  of  fil)res 
alone,  or  of  fil,rcs  with  cells  in  close  relation  to  them?  It 
seems  to  the  writer  that  this  question  is  answered  bv 
specimens  m  which  all  of  the  cells  have   been  removed 
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by  digestion,  or  in  which  only  the  fibres  are  stained.  In 
such  sections  we  still  see  a  network  of  fibrillated  fibres 
interlacing  and  cro.ssing  one  another  in  all  directions  so 
as  to  make  a  framework.  These  fibres,  in  organs  like 
lymph  glands,  are  continued  directly  into  the  more 
den.sely  packed  fibres  of  the  capsule.  In  the  fresh  state 
the  fibres  are  surrounded  bj'  the  flattened  connective- 
tissue  cells  wliich  make  sheaths,  more  or  less  definite, 
about  them,  in  much  the  same  way  as  do  the  endothelial 
cells  in  the  dog's  omentum.  That  this  is  the  case  is  also 
proven  by  staining  in  such  a  way  as  to  show  the  outlines 
of  the  individual  cells.  This  flattening  out  of  mesen- 
chymal cells  to  form  membranes  is  seen  in  manj'  other 
regions, — notably  in  tlic  endothelia  of  the  blood-vessels. 
The  intercellular,  anastomosing  proces.ses  are  doubtless 
preserved,  and  if  we  assume  that  these  fixed  cells  are  also 
connected  by  their  proto])lasmic  processes  with  the  con- 
nective-tissue cells  in  the  capsule  the  relations  become 
clear.  Each  of  the  fibres  of  reticular  connective  tissue, 
then,  consists  of  a  central  core  of  fibrillae  surrounded  b}' 
a  more  or  less  definite  tube  of  flattened  mesenchymal 
(endothelial)  cells.  According  to  Mall  the  fibres  in  reticu- 
lar connective  tissue  diltc^r  both  from  the  white  fibres 
iind  from  the  yellow  clastic  network,  and  consist  of  a 
thii'd  .substance  called  reticulum. 

I'he  terms  adeii.oid  tissue  anil  lymphoid  tissue  refer  to  a 
form  of  reticular  tissue  whose  spaces  are  filled  full  of 
fioating  lymphoid  cells,  so  that  the  fixed  cells  are  va.stly 
outnumbered.  Such  tissue  is  found  in  the  tonsils,  the 
secondar3r  nodules  of  the  lymph  glands,  the  Malpighian 
corpuscles  of  the  spleen,  the  solitary  follicles,  and  Pej'er's 
patches  of  the  intestine.  This  tissue  is  rejiresented  in 
a  portion  of  Fig.  1496. 

Areola)'  or  iiitcrstitiid  tissue  is  a  loose  foriu  of  connec- 
tive tissue  where  the  fibres  and  strands  of  the  elastic  net- 
work run  in  all  directions,  not  being  disposed  in  layers. 
Such  is  the  tissue  shown  in  the  teased  specimen  repre- 
sented in  Fig.  1491.  It  is  perhaps  the  most  typical  form 
of  connective  tissue.  It  occurs  underneath  the  skin  and 
mucous  membranes,  about  the  vessels  and  nerves,  and  in 
the  various  places  where  its  function  is  to  connect  loosely 
parts  between  which  a  cousiilerable  degi-ee  of  motility  is 
required. 

Fibrous  membiruics.  like  the  periosteum  and  perichon- 
drium, the  fasciiie  and  the  dura  are  made  up  of  connec- 
tive tissue  of  the  adult  type.  The  fibres  are  especially 
well  developed  and  make  up  the  greater  bulk  of  the 
tissue.  They  are  densely  packed  together  so  that  there 
is  little  fluid  matrix.  A  small  amouiVt  of  elastic  network 
is  present  even  in  places  where  elasticity  is  hardly  a 
feature  of  the  gross  membrane,  as  in  the  periosteum.  ' 

Ligaments  and  tendons  (Figs.  149T  and  1498)  are  also 
made  up  of  dense  counectiv'e  tissue,  the  most  marked 
histological  peculiarity  being  that  the  fibres  all  run  in 
the  same  direction  and"  are  gathered  info  parallel  bundles. 
The  cells  occur  between  these  bundles,  their  form  and 


Fig.  U97.— Cross  Section  of  Tendo  Achlllls.     X  333. 

iirrangement  being  determined  by  the  positions  in  which 
they  lie.  Thus  they  form  characteristic  chains,  as  is  well 
shown  in  Fig.  1498.  It  will  be  noticed  in  such  longitudi- 
nal sections  that  the  nuclei  are  generally  near  the  ends  of 
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the  cells.  Often  the  cells  appear  to  be  in  gronps  of  two, 
for  the  reason  that  the  unelei  of  a  pair  of  cells  arc  in  tlie 
adjacent  ends  of  their  respective  cell  bodies.  The  nuclei 
may  be  flat  or  they  may  be  round  or  oval.  In  such 
longitudinal  sections  we  see  little  trace  of  the  stellate 
form  that  the  cells  once  had  -when  they  formed  part  of  tlic 
embryonic  mcscnehynia.  In  cross  sections  (Fi,i;'.  f4i)7), 
however,  we  see  a  strikingly  different  picture.  We  now 
havestellate  cellswhose  long  processes  anastomose  freely 
— those  of  one  cell  with  those  of  another.  In  fact,  each 
tendon  corpuscle  sends  out  lateral  lamellar  processes, 
lying  in  planes  parallel  to  the  general  direction  of  the 


tendou  cells. 


Fig.  U98.— LonRltudlnal  View  of  Tendon  of  Rat's  Tail. 
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tendon,  and  these  lamella'  break  up  into  the  anastomosing 
branches.  Hence  the  striking  difference  in  appearance 
between  cross  and  longitudinal  sections. 

There  are  many  other  special  modifications  of  connec- 
tive tissue,  such  as  the  submucosa  of  the  uterus  and  the 
cornea  and  sclera  of  the  eye,  but  these  are  best  treated 
in  connection  with  the  organ  to  which  they  belong. 
There  are  also  tissues  belonging  to  the  third  group  in  the 
classification  of  mesenchymal  tissues— structures  de- 
veloped fronr  the  mesencbyma  by  changes  both  in  the 
cells  and  in  the  intercellular  matrix.  These  are  not  com- 
monly classed  as  connective  tissue  at  all,  but  they  are 
clo.seiy  allied  to  it.  Take,  for  example,  the  walls  of  the 
arteries.  Nothing  enters  into  their  composition  but  mes- 
enchymal cells  and  the  various  intercellular  structures  of 
connective  tissue.  The  flattened  endothelial  cells  of  the 
intima  are  modified  mesenchymal  cells,  as  are  also  the 
smooth  muscle-fibres  of  the  media.  The  elastic  plate  of 
the  intima  and  the  fibres  and  elastic  tissue  of  the  adven- 
titia  are  the  .same  intercellular  structures  found  in  con- 
nective tissue. 

Such  structures  as  these  are  not  classed  ordinarily  as 
connective  tissue  at  all.  In  concluding  this  article,  how- 
ever, the  writer  wishes  to  emphasize  the  importance  of 
the  embryological  aspect  in  understanding  not  only  the 
histology  of  the  various  forms  of  connective  tissue,  but 
also  their  essential  unity.  Ralph  C.  Lurmbce. 

For  bibliograpliv,  consnlt :  Quain's  Anatomy,  vol.  i.,  1891.  p.  243.  C. 
S.  Minot:  Human  Erabryolog.v,  1892.  J.  Dlsse:  Das  retikiilare 
Bindegewebe,  in  Ergebn.  d.  Anat.  u.  Entwickelungsgescb.,  Anat. 
Hefte,  vu.,  1897,  p.  9. 

CONSANGUINITY.— This  term  denotes  blood  relation- 
ship, and  is  to  be  distinguished  from  affinity,  which 
signifies  relationship  by  marriage.  The  husband  bears 
the  same  relation  to  certain  individuals  by  athnity  that 
the  wife  bears  by  consanguinity.  But  two  persons,  each 
related  to  a  third  person  by  affinity,  have  thereby  no 
afiinity  for  each  other. 

The  principal  importance,  from  a  medical  point  of 
view,  of  the  subject  of  consanguinity  is  in  the  effect  pro- 
duced upon  offspring  by  the  fact  of  such  a  relation  ex- 
isting between  the  parents.  In  part  from  a  belief  in  the 
injurious  effects  upon  offspring  of  marriages  between 
near  kin,  in  part  from  the  influence  of  authority,  and  in 
part  from  a  natural  repugnance  to  such  unions,  legal 
prohibitions  have  been  placed  in  many  countries  upon 
marriages  between  persons  who  are  within  certain 
specified  degrees  of  consanguinity.     In  some  instances 
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these  restrictions  have  been  extended  from  the  field  of 
consanguinity  to  that  of  affinity.  In  England,  for  ex- 
ample, for  the  past  two  hundred  years  it  has  been  illegal 
for  a  man  to  marry  his  deceased  wife's  sister,  a  relation 
obviousljr  not  within  the  bounds  of  consanguinity  at  all. 
Consanguinity  may  be  (•itlier  lineal  or  collateial.  The 
former  is  n'ckoneil  between  i)ei'sons  in  the  direct  line  of 
descent,  citherdownward  fiom  progenitor  to  descendant, 
or  upward  from  descendant  to  progenitor.  Collateral 
consanguinity  e.xists  between  two  persons  descended,  not 
tlie  one  from  the  other,  but  both  from  some  common  an- 
cestor. The  ilegree  of  consanguinity  is  measured  in  the 
first  instance  by  the  number  of  generations  separating 
the  two  individuals.  Thus  grandfather  and  grandchild 
are  in  tlie  second  degree  of  lineal  or  direct  consanguinity. 
In  defining  the  degree  of  collateral  or  indirect  consanguin- 
ity two  different  methods  have  been  used,  which  have 
given  risetosome  confusion.  Bythe  civil  lawthe  degree 
is  measured  by  counting  the  number  of  generations  up- 
ward from  one  individual  to  the  common  ancestor,  and 
thence  downward  to  the  other.  By  the  canon  law  the 
number  of  degrees  are  counted  only  in  one  line  (that 
which  is  the  longer  of  the  two)  from  the  common  ancestor. 

Thus,  supposing  F  and  G  to  be  great-grand- 
children of  A,  and  lience  second  cousins,  as  by  ^^ 
the  accompanying  diagram,  according  to  the  r^' 
civil  law  they  would  be  in  the  sixth  de,gree  of  I^ 
consanguinity,  while  by  the  canon  law  they  p) 
would  be  in  thethii-d.  The  imperfectnessof  the  i 
latter  mode  of  reckoning  is  shown  by  the  fact  ^ 
that  G  would  also  be  in  the  same  degree  of  con-  jj 
sanguinity,  viz.,  the  third,  to  A,  B,  and  D  ;  but 
in  the  fourth  degree  to  H,  the  count  then  l)eing  made  in 
the  other,  or  longer  line.  Evidently,  a  pnihiliition  of 
marriages  within  the  third  degree,  made  by  the  civil  law, 
would  become  much  more  onerous  if  interjireted  in  ac- 
cordance with  the  canon  law.  This  was  actually  done 
by  Pope  Gregory  I.  (a.d.  590-604). 

'  Much  diversitj'  has  prevailed  among  difl'erent  nations 
in  their  views  concerning   the  marriage  of   kin.      The 
traditions  of  the  ancient  mythologies,  in  their  account, 
fur  instance,  of  the  relations  between  Jupiter  and  .Juno, 
and  between  Osiris  and  Isis,  show  that  unions  in  the 
closest  collateral  degrees  of  consanguinity  were  not  con- 
sidered abhorrent.      On  the  other   hand,    the  story   of 
ffidipus  and  Jocasta  indicates  that  marriages  in  the  direct 
line  of  descent  were  looked  upon  as  impious.     The  an- 
cient Egyptians  intermarried   very  closely,   and  in  the 
history  which  we  possess  of  the  dynasty  of  the  Ptolemies, 
a  large  proportion  of  the  mariiages  are  seen  to  be  be- 
tween brother  and  sister.     In  other  nitionsof  the  East, 
notably  among  the  Persians,  marriage  in  t  le  nearest  de- 
grees, even  of  direct  consanguinity,  prevailed.     There  is 
evidence  that  prior  at  least  to  the  tim;'  of  Moses  this 
custom  prevailed  among  the  children  <  :  Israel.     This 
very  nation  was  descended  from  consang.r   v-us  unions. 
Abraham  married  his  half-sister,   Sarah,   asa.t^  married 
Rebecca,   his  first  cousin  once  removed,   and  Jacob  his 
two  first  cou.sins,  Rachel  and  Leah.     Yet  no  one  has  ever 
(questioned  the  vigor  of  the  IsraeUtes,  who,  in  the  first 
fourteen  generations  from  their  origin,  became  six  hun- 
dred thousand  fighting  men.     Indeed,  a  literal  interpre- 
tation of  the  record  in  the  Book  of  Genesis  would  indicate 
that  the  sons  of  Adam  must  have  married  their  sisters, 
and  that  the  whole  human  race  is  the  product  of  a  con- 
sanguineous marriage  in  the  closest  degree.     The  restric- 
tions placed  upon  the  marriage  of  Tclatives  by  the  Mosaic 
law  are  worthy  of  special  attention,  because  they  have 
remained,  to  a  great  degree,  in  the  usage  of  Christian  na- 
tions in  modern  times.     The  following  marriages  were 
prohibited  on  the  score  of  kinship  by  the  Levitical  law 
(Leviticus  xviii.):  That  with  a  parent,  or  with  a  step- 
mother;   with   a   sister,    or    half-,sister;    with   a   grand- 
daughter; with  an  aunt,  or  an  uncle's  wife;  with  a  son's 
wife;  with  a  brother's  wife;  with  a  step-daughter,  or  a 
step-granddaughter;  with  a  wife's  sister,  during  the  life- 
time of  the  former.     The  Greeks,  while  forbidding  mar- 
riages in  the  direct  line  of  descent,  permitted  them  be- 
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tween  liulf-brotliers  auil  lialf-sisters ;  Uie  Atlieuiaus  allow- 
ing the  marriages  of  brothers  and  sistei'S  by  the  same 
father,  but  not  of  those  by  the  same  motlier;  and  tjie 
LacedfTJmonians,  on  tlie  otlier  hand,  allowing  uternie 
brothers  and  sisters  to  marry,  but  not  those  having  a 
common  father— an  obviously  arbitrary  distinction. 

The  Romans  held  still  stricter  views.  Not  only  the 
direct  line  of  consanguinity,  as  well  as  brothers  and 
sisters,  either  in  whole  or  in  half,  were  excluded  from 
intermarriage,  but  any  union  within  the  degree  of  tirst 
cousin  was  practically  illegal,  the  occasional  marriage  of 
uncles  with  nieces  in  the  times  of  the  Tarquins  and  of 
the  emperors  being  held  to  be  a  stretch  of  despotic  au- 
thority. The  Institutes  of  Justinian,  the  basis  of  the 
modern  civil  law,  fortiade  marriages  in  tlie  direct  line, 
and  in  the  collateral  line  within  the  fourth  degree.  First 
cousins  and  all  remoter  kin  might  marry.  The  Roman 
Catholic  Church  extended  the  restrictions,  discouraging, 
and  then  forbidding  unions  between  first  cousins.  Vari- 
ous councils  in  the  early  centuries  altered  the  rules,  usu- 
ally in  the  direction  of  greater  exclusiveness.  The  pres- 
ent canon  law,  that  of  the  foui'th  Lateran  (twelfth  general) 
Council,  A.D.  1215,  in  force  in  most  Roman  Catholic 
countries,  permits  marriages  only  outside  the  fourth  de- 
gree, i.e.,  third  cousins  are  forbidden  to  marry.  The 
Church,  however,  reserves  and  exercises  the  power  of 
allowing  dispensation  from  this  prohibition.  The  civil 
law  permits  marriage  in  the  fourth  (civil)  degree,  that  is, 
allows  first  cousins  to  marry.  The  Greek  Church  allows 
third  cousins  to  marry,  but  prohibits  all  nearer  relations. 
In  England  the  ecclesiastical  prohibitions  on  this  subject 
were  at  Jirst  even  more  stringent  than  those  of  the  pres- 
ent canon  law,  but  under  Magna  Charta  they  were 
modified  so  far  as  to  admit  marriage  outside  the  fourth 
canonical  degree. 

The  restrictions  of  the  canon  law  were  set  aside  in 
England  by  the  Marriage  Act  of  1540,  in  the  reign  of 
Henry  VIII.,  and  the  prohibitions  of  the  civil  law,  prac- 
tically the  same  as  those  of  Leviticus,  were  substituted. 
Marriages  may  be  made  in  the  fourth  and  all  remoter  de- 
grees, computed  according  to  the  civil  law.  Hence  first 
cousins  may  marry,  as  may  also  nephew  and  great-aunt, 
or  niece  and  great-uncle.  Indeed,  by  the  letter  of  the 
law,  as  has  been  pointed  out,  while  a  man  may  not  marry 
his  grandmother,  he  may  marry  her  sister.  This  law 
affects  England,  Scotland,  Ireland,  and  all  the  British 
colonies.  It  is  worthy  of  remark  in  this  connection  that 
the  prohibition  of  marriage  with  a  deceased  wife's  sister, 
which  is  not  Levitieal,  and  which,  in  spite  of  an  annual 
effort  to  remove  it,  is  still  maintained  in  the  home  country, 
has  been  removed  in  most  of  the  British  provinces. 

In  the  various  States  of  this  country  the  degrees  of 
con.sanguinity  in  which  marriage  is  prohibited  are  prac- 
tically those  of  the  Levitieal  code.  A  few  of  the  States, 
however,  forbid  by  law  the  marriage  of  first  cousins,  and, 
on  the  other  hand,  in  one  or  two,  a  man  is  allowed  to 
wed  his  aunt  or  his  niece. 

The  difficulties  in  the  way  of  obtaining  accurate  knowl- 
edge as  to  the  production  of  evil  effects  in  offspring  bj' 
consanguineous  marriages  are  very  great.  In  the  first 
place,  in  the  absence  of  State  registration  covering  this 
point,  people  are  apt  to  resent  inquiries  as  impertinent. 
Especially  is  reluctance  manifested  if  the  children  have 
any  physical  or  mental  defect.  Secondly,  upon  persons 
who  collect  and  record  such  cases  among  their  own  ac- 
quaintances, instances  of  evil  results  are  liable  to  produce 
more  effect  than  negative  cases,  which,  presenting  noth- 
ing of  importance,  drop  out  of  notice,  and  the  fact  of 
consanguinity  on  the  part  of  the  parents  is  quite  forgotten. 
Thirdly,  in  some  of  the  unfavorable  cases  collected,  too 
little  attention  is  paid  to  the  moral  elements  of  the  case 
For  mstance,  in  the  family  of  the  Ptolemies,  where  the 
mtermarriages  were  very  close,  whatever  may  be  claimed 
as  to  the  physical  degeneracy  of  the  stock  (and  there 
seems  to  be  very  little  ground  for  Mr.  Francis  Galton's 
remark  as  to  its  sterility)  may  be  in  considerable  degree 
a.scribed  to  the  enervating  physical  and  moral  effects  of 
unlimited  despotic  power.     Other  tabulated  lists  prepared 
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to  show  the  evil  effects  on  offspring  of  marriages  between 
relarives  include  unions  nearer  than  the  fourth  degree. 
But  clo.se  incestuous  unions  presuppose  moral  degrada- 
tion, and  this  cannot  fail  to  have  its  effect  on  the  phy- 
sique both  of  parents  and  of  children.  Some  of  the  figures 
collected  upon  this  subject  have  been  obtainable  only  from 
records  of  public  institutions,  and  are  based,  for  the  most 
part,  only  on  the  lowest  classes  of  society.  But  where, 
as  in  the  individuals  included  in  Dr.  Howe's  statistics, 
"most  of  the  parents  were  intemperate,"  it  would  evi- 
dently be  unfair  to  conclude  that  the  large  percentage  of 
idiots  among  the  children  was  due  entirely  to  the  con- 
sanguinity of  the  parents,  and  not  in  large  part  to  their 
intemperance.  Again,  accounts  have  been  published  of 
certain  European  communities,  geographically  isolated, 
where  numerous  consanguineous  marriages  have  occurred, 
Grantiug  that  there  is  no  moral  obliquity  in  these  individ- 
uals, there  is  certainly  very  little  ambition  or  enterprise 
in  men  who  are  content  to  stagnate  in  the  same  spot  where 
their  ancestors  have  lived  for  generations,  with  no  curios- 
ity to  learn  what  lies  outside  the  borders  of  their  hamlets. 
Fourthly,  confusion  exists  between  the  effects  of  con- 
sanguinity and  those  of  hereditarj'  morbific  transmission. 
Where  two  relatives  wed,  both  of  whom  possess  a  similar 
disease  or  tendency  to  disease,  the  offspring  are  very 
likely  to  inherit  the  disease,  the  latent  tendenc_y  even  be- 
coming a  patent  actuality.  But  this  is  the  fault  of  the 
morbific  strain  multipliecl  into  itself,  and  thus  raised,  as 
it  were,  to  its  second  power,  and  not  of  the  mere  fact  of 
consanguinity  in  the  parents.  For  the  same  result  would 
follow  the  union  of  two  persons  not  related  if  thej'  pos- 
sessed some  defect  in  common ;  and,  on  the  otlier  hand, 
in  the  breeding  of  animals,  while  the  parents  are  blood 
relations,  yet  such  care  is  taken  to  select  perfect  speci- 
mens that  no  chance  is  allowed  for  the  propagation  of  a 
fault.  This  point,  which  is  of  great  importance,  will  be 
again  alludect  to  later  on.  Fifthly,  and  finall}' ,  it  should 
be  remembered  that  positive  cases  in  which  the  marriage 
of  relatives  has  been  found  to  give  numerous  and  per- 
fectlj'  healthy  children  are  more  significant  and  impor- 
tant than  negative  instances,  -where  perfect  children  did 
not  follow  such  unions.  Because  in  the  latter  case  the 
imperfection  may  have  been  due  to  other  elements  than 
the  consanguinity,  whereas,  if  the  fact  of  consanguinity 
in  the  parents  constitutes  j)f?'  se  an  obstacle  to  the  propa- 
gation of  healthy  children,  defective  offspring  should 
follow  in  all  or  nearly  all  cases  wherever  that  bar  to  per- 
fect offspring,  to  wit,  consanguinitj-,  existed  in  the  par- 
ents. 

With  the  above  provisos  as  to  the  interpretation  of 
statistics  bearing  upon  this  point,  we  will  now  examine 
some  of  these  reported  facts. 

Dr.  Bemiss  ("  Report  on  Influence  of  Marriages  of  Con- 
sanguinity upon  Offspring,"  Transactions  of  the  Ameri- 
can Medical  Association,  1858,  vol.  xi.,  p.  334)  collected  a 
large  number  of  cases  of  marriage  between  relatives, 
which  tell  strongly  against  the  safety  of  such  unions. 
Eight  hundred  and  thirty -three  such  marriages  are  re- 
ported, including  cases  of  incest  between  parent  and 
child,  and  brother  and  sister.  The  average  number  of 
births  was  4.6.  An  extract  from  his  table  is  given  on  the 
next  page.  This  table  presents  the  case  against  consan- 
guineous marriages  with  its  full  strength.  Yet,  as  the 
author  himself  says:  "It  is  natural  for  contributors  to 
overlook  many  of  the  more  fortunate  results  of  faniilj'  in- 
termarriage, and  furnish  those  followed  by  defective"  off- 
spring or  sterility."  One  other  vulnerable  point  in  these 
figures  presents  itself.  Marriages  between  third  cousins 
are  much  more  productive  of  evil  results  in  the  offspring 
than  marriages  between  second  or  even  first  cousins !  In 
other  words,  the  eighth  degree  of  consanguinity,  which 
is  so  remote  that  persons  occupying  it  must  "often  be 
ignorant  that  any  kinship  at  all  exists,  really  constitutes 
a  greater  danger  to  marriage  than  relationship  in  the 
fourth  degree. 

Dr.  Mitchell's  statistics  ("Memorandum  before  the 
Anthropological  Society  of  London,"  vol.  ii.,  1866,  p. 
403),  also  classical  upon  this  point,  are  based  upon  45 
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cases  of  consanguincotis  miu-i-iagc.  Ei.nlit  couiilcs  weiu 
barren,  and  the  remaiuder  pvcjdiiced  146  childi'en;  an 
average  of  about  4  for  eacli  fertile  marriage,  or  of  8  for 
all  marriages,  barren  and  fertile.  Eight  ehildren  were 
idiots,  5  imlieeile.  If  insane,  2  ei)ile|)tic,  4  paralytic,  2 
(leaf-mntes,  3  blind,  2  defective  in  vision,  3  deformed,  6 
lame,  1  rachitic,  22con,snniptive,  scrofiilotis,  ornianifestty 
of  weak  constitution. 

T)r.  S.  G.  Howe's  tables,  computed  from  jMassachnsetts 
statistics  (./()'/;■/!«?  of  P.\i/chiil<,i-/i,-iil  MeiHriiie  itinl  Miiilnl 
Piitholofiji,  Jtdy,  1858), 'have  been  already  referred  to. 
These  marriages  produced  95  children,  an  average  of  5.5 
each.  Forty-four  were  idiots,  12  scrofulous,  1  deaf,  and 
1  a  dwarf. 

Huth,  in  the  appendix  of  his  work  (-'The  Marriage  of 
Near  Kin  "),  from  which  some  of  the  above  observations 
have  been  taken,  has  gathered  a  series  of  299  cases  from 
many  sources,  a  considerable  portion  being  from  Avriters 
who  disapprove  of  consanguineous  marriages.  The  cata- 
logue of  diseases  referred  to  this  cause  is  long,  numbering 
nearly  forty.  The  total  children  born  were  at  least  1,155 
(3.8  per  marriage),  and  in  83  of  the  families  tliere  were 
no  unhealthj'  children. 

It  will  thus  be  seen  that,  those  who  condemn  consan- 
guineous marriages  ipso  facto  have  presented  a  very  (Ex- 
tensive catalogue  of  charges.  Those  most  generally 
dwelt  upon  have  had  relation  to  what  may  be  called  the 
social  functions  of  the  individual.  As  Guipon,  r(3pre- 
sentingthis  opinion,  puts  it  {C'omptes  Rendus,  vol.  Ivn., 
p.  513),  "consanguinity  exerts  a  depressing  effect  on  the 
vital  forces,  notably  upon  reproduction,  so  that  if  steril- 
ity is  not  observed  in  consanguineous  marriages  tliem- 
stdves,  it  at  least  shows  itself  in  their  children.  It  affects 
the  functions  of  relation  and  the  organs  of  sense,  hearing, 
speech,  and  .sight.  The  genital  sense  is  exalted,  but  its 
natural  end  and  aim  is  thwarted." 

On  the  other  hand,  numerous  and  reputable  oljservers 
have  reported  many  cases  where  consanguineous  mar- 
riages were  unattended  by  any  degenerative  conditions 
in  the  offspring.  For  example,  we  have  an  instance^re- 
ported  by  M.  Dally  (Anthrop.  Berieic,  May,  1884,  p.  J.J), 
where  two  families  continually  intermarried  f(or  tive  gen- 
erations, no  marriage  being  in  a  more  distant  degree  than 
first  cousins,  except  two  of  second  cousins.  1  he  total 
number  of  branches  direct  and  collateral  was  120  to  140. 
There  was  not  a  single  case  of  deaf-mutism  or  idiocy, 
but  there  were  2  cases  of  consumption,  1  caused  l)y  a 
cold  "  and  1  case  of  senile  insanity  in  a  woman  of  sixty- 
eight.  It  should  be  remarked  that  there  was  no  predis- 
position to  disease  in  the  family. 

Perhaps  the  most  striking  instance  on  record  (it  con- 
sano-uineous  marriages  without  ill  effect  upon  offspring 
is  furnished  by  M.  Bourgeois  ( C";;iirf('S  Bemhis,  vol.  Ivi., 
p  178)  The  family  in  question  is  Ins  own,  A  genea- 
logical table  is  giveii  covering  seven  generations.  In  one 
branch  of  the  family,  of  five  successive  gen(3rations  four 
married  their  cousins,  and  the  offspring  of  the  tourm 
successive  consanguineous  marriage  consisted  of  six  cliil- 
dren  all  perfectly  healthy  save  one,  who  is  detectivfj 
nientalh'— a  defect,  however,  ascribable  to  an  accidental 
traumatic  injury.  The  founder  of  the  race  himself  mar- 
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ried  a  kinswoman,  and  among  the  descendants  seven 
other.s  have  married  cousins.  Indeed,  of  the  sixty -eight 
unions  that  have  occurred,  all  feeling  more  or  less  the 
influence  of  consanguinity,  but  one  has  been  infertile, 
and  that  infertility  was  due  to  disease  of  the  mother,  who 
Avas  an  alien;  (m  the  husband's  side,  moreover,  it  was 
necessary  to  ascend  three  generations  to  reach  the  first 
union  of  cousins  Among  the  two  hundred  individuals 
of  this  remarkably  inbred  family,  all  are  very  healthy, 
exceiit  the  children  of  one  of  the  latest  marriages,  in 
some  of  whom  a  tubeieidoiis  taint  has  appeared. 

M.  Voisin  collected  some  obseiwations  bearing  strongly 
on  the  favorable  side  of  consanguineous  marriages.  In 
the  commune  of  Batz,  in  Brittany,  was  a  population  of 
3,300  sotils,  quite  isolated  from  the  rest  of  the  depart- 
ment. In  1804,  j\I.  Voisin  found  in  that  community  5 
marriages  between  cousins-german,  31  between  cousins 
of  the  next  degree  below,  and  10  between  cousins  of  the 
degree  after  that.  The  first  class  produced  23  children 
free  from  all  constitutional  disease,  2  only  having  died 
of  casual  disorders.  The  31  marriages  of  second  cousins 
liroduced  120  children,  all  free  of  constitutional  taint,  24 
dying  of  acute  disorders.  The  10  marriages  of  third 
cousins  gave  29  healthy  children,  of  whom  3  died  of  ac- 
cidental diseases.  Sterility  occurred  in  only  two  families, 
the  parents  being  related 'to  each  other  in  the  third^  de- 
gree (canonical).  Mental  disorders,  idiocy,  deaf-mutism, 
and  hemeralopia  were  all  unknown.  The  general  health 
of  the  population  was  good. 

The  same  author  states,  as  the  result  of  a  careful  ex- 
amination of  1,077  of  his  patients  at  the  BicStre  and 
Salp(;triere  hospitals,  that  in  no  one  instance  of  his  idiotic, 
epileptic,  or  insane  patients  could  healthy  consanguinity 
be  legitimately  regarded  as  the  cause  of  the  affection.  ^_ 

M.'Seguin  gives  the  result  {Comptes  Reiuhm,  vol.  Ivii., 
1863  p.  253)  of  ten  consanguineous  marriages  occurring 
in  his  own  family.  One  marriage  was  barren,  but  the 
average  children  in  each  of  the  ten  marriages  was  over 
six  There  was  not  a  single  case  of  deaf-mutism,  hydro- 
cephalus, impediment  of  speech,  or  supernumerary  digits 
among  all  the  children. 

One  great  dilflculty  has  been,  in  considenng  the  returns 
of  defective  cliildr(-'n  born  from  consanguineous  mar- 
riages, that  we  have  no  means  of  knowing  what  the  pro- 
portion of  consanguineous  marriages  themselves  is.  Ln- 
til  this  latter  element  is  learned  we  cannot  tell  whether 
the  defective  children  of  relatives  are  or  are  not  numerous 
out  of  proportion  to  the  children  of  the  non-related.  It 
is  very  desirable,  therefore,  that  by  some  authority,  like 
that  of  the  census,  the  number  of  consanguineous  mar- 
riages Ix'  ascertained.  This,  unfortunately,  has  never 
betm  done  A  formal  request  to  this  effect  was  made 
by  a  scientific  body  of  the  director  of  the  Eleventh 
United  States  Census,. but  was  denied. 

Mr  George  H.  Darwin,  however,  has  collected  some 
valuable  and  novel  observations  upon  this  point  (.A^vrna^ 
of  the  statistical  Society  of  London,  .U\j.  1875;  also,  Hort- 

niqhtly  Meriew,  July,  \Sm-     ^    .'       .  ,   ,■     . 

■■This  writer    by   means    of    ingenious    computations 

wliich  space  is  insufficient  to  allow  of  giving  m  detail, 

concludes  that   in  London,   comprising  all   classes,   tiie 
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first-cousin  maniag-es  are  about  IJ-  per  cent,  of  all  mar- 
riages; in  the  urban  districts,  3  per  cent.;  in  the  riinil 
districts,  2J  per  cent. ;  in  the  middle  and  upper  middle 
class,  or  in  the  landed  gentry,  3^  per  cent.  ;  and  in  the 
aristocracy,  probably  4-J-  per  cent. 

Mr.  Darwin  then  collected  returns  from  a  number  of 
lunatic  and  idiotic  asylums  regarding  the  proportion  of 
the  inmates  who  were  the  ofi'spring  of  consanguineous 
marriages,  and  found  that  where  the  figures  obtained 
were  most  reliable,  the  proportion  exceeded  but  slightly, 
if  at  all,  the  ratio  of  first-cousin  marriages  in  the  countiy 
at  large,  being  from  three  to  four  per  cent.  Among  deaf- 
mutes,  also,  the  offspring  of  tirst-oousin  marriages  was 
almost  exactly  the  same  as  the  proportion  of  such  mai- 
riages  for  the  town  and  country. 

Regarding  the  fertility  of  first-cousin  maniages  and  of 
the  descendants  of  sucii  marriages,  against  which  Pro- 
fessor Mantegazza,  M.  Boudin,  and  others  have  pro- 
nounced, Mr.  Darwin  finds,  from  figures  obtained  from 
"Burke's  Landed  Gentry  "  and  the  "Peerage,"  that  the 
fertility,  as  shown  by  the  number  of  sons  surviving  in- 
fancy, is  somewhat  greater  in  marriages  of  first  cousins, 
and  wheie  one  of  the  parents  was  the  child  of  a  first- 
cousin  maniage,  than  when  the  parents  were  not  con- 
sanguineous, the  average  number  of  sons  in  each  of  these 
three  classes  being  respectivel_v  L92  to  2.07,  1.93,  and 
1.9L  As  to  the  }'outhful  death  rate,  the  evidence,  from 
the  small  number  of  families  (37)  for  which  these  data 
existed  (all  from  the  peerage),  gave  a  slightly  increased 
death  rate  in  early  years  for  the  children  of  consanguine- 
ous parents. 

While  admitting  a  certain  amount  of  truth  in  the 
popular  sentiment  in  regard  to  the  evil  effects  upon  off- 
spring of  marriages  of  kin,  Mr.  Darwin  holds  that  the 
evil  has  been  much  exaggerated. 

The  writer  of  the  present  article  collected  a  series  of 
cases  of  consanguineous  marriages,  whose  results  were 
embodied  in  a  paper  read  before  the  Massachusetts  Medi- 
cal Society,  June,  1885,  and  published  in  its  "Proceed- 
ings "  for  that  year.  Li  108  such  unions  103  were  fertile, 
producing  413  children.  Excluding  from  the  category 
of  the  "healthy"  all  who  had  an_y  physical  defect,  in- 
cluding even  polydactylism  and  strabismus,  all  who  were 
below  the  average  in  mental  or  bodily  vigor,  all  who  de- 
veloped phthisis  or  any  other  constitutional  taint,  even 
though  it  did  not  appear  till  late  in  life,  and  all  who  died 
in  infancy.,  except  when  the  death  was  known  to  be  from 
some  acute  malady,  312  of  the  children,  being  75+  per 
cent,  of  the  whole  number,  wereclas,sed  as  healthy.  The 
principal  diseases  and  defects  comprised  12  cases  of  deaf- 
mutism  (all  occurring  in  a  small  isolated  community  on 
the  island  of  Martha's  Vineyard),  7  of  insanity,  13  of 
idiocy,  and  15  of  consumption.  The  fertility  of  all  of 
the  unions  which  were  known  to  have  lasted  twenty-five 
years  or  over,  57  in  number,  was  on  an  average  5  cliildren 
to  each  couple. 

There  were  17  consecutive  consanguineous  marriages, 
i.e.,  those  in  which  one  or  both  the  parties  marrying  in 
kinship  were  themselves  descended  from  a  similar  imfon. 
Of  these  marriages  only  9  had  lasted  the  whole  child- 
l)eai-iug  period,  and  these  produced  50  children.  Li  all, 
from  thi'  17  marriages,  15  being  fertile,  68  children  were 
born,  of  whom  48  were  "healthy." 

There  were  also  138  marriages  not  consanguineous,  but 
to  wliieli  one  or  both  of  the  parties  were  descended  from 
persons  I'clated.  Some  of  the  marriages  had  lasted  but 
a  short  time;  biit  110,  or  86  per  cent.,  had  already  jiroved 
fertile,  with  at  least  372  children,  and  probali'ly  many 
more.  Only  47  of  the  unions  were  known  to  have  lasted 
twenty -five  years  or  over,  and  these  produced  340  children. 

An  analogy  of  considerable  significance  to  the  question 
of  consanguineous  unions  in  the  liuman  suhjec't  is  to  be 
drawii  from  tlie  so ca.lled  in-and-in  breeding' of  animals 
Bakcwell,  the  bnitliers  Collings,  and  Bates,  in  Engla.nd 
were  the  first  to  advocate  and  practise  incestuous  bveed- 
ing  among  cattle.  The  Leicester  breed  of  sheep  and  a. 
breed  of  long-horned  cattle  were  created  by  Bakewell  on 
this  plan,  and  with  a  good  measure  of  success.     The 
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"  Duchess  "  short-horned  cattle,  produced  by  Bates  in  the 
.same  manner,  were  also  famous  for  a  time,  but  have  now 
l)ecome  nearly  extinct.     Cattle  breeders  at  the  present 
time   are   divided  in   opinion   as  to   the  advantages   of 
thorough  in-and-in   breeding,   some   claiming   that   this 
method  in  time  will  impair  the  fertility  of  the  stock,  and 
pointing  for  proof  of  this  to  the  numerical  deterioration 
of  some  of  the  breeds  first  forme<l  on  this  plan.     Their 
opponents  say,  on  the  other  hand,  that  as  long  as  Bake- 
well  himself  lived  to  give  the  benefit  of  his  judgment  to 
the  selection  of  the  individuals  to  be  bred  from,  the  stock 
retained  its  excellence.     Moreover,  there  are  numerous 
examples  to  be  adduced  in  which  incestuous  breeding 
has  succeeded  in  not  only  developing,  but  perpetuating 
a  bi'eed  for  long  periods.     M.  Beaudouin  tells  (Comjites 
Ileii.ilii.i,  August  5t]i,  1802)  of  having  inbred  merino  sheep 
very  closely  for  twenty-two  years  without  in  any  degree 
diminishing  tlieir  fertility.     The  "Jersey"  cattle  have 
for  one  hundix-d  and  fifty  years  been  bred  on  a  small 
island  only  six  miles  b_v  eleven  (no  larger  than  a  western 
ranch),  with  no  intermi.xture  of  fureign  blood;  yet,  when 
first  known  to  the  outside  world  they  were  already  an 
establislied  breed,  noted  not  only  for  their  excellence  as 
butter-makers,  but  for  their  beauty,  docility,  and  intelli- 
gence.    The  early  importations  of  these  cattle  to  this 
country  were,  of  necessity,  very  closely  inbred.     Indeed, 
some  of  the  most  striking  instances  of  in-and-in  breeding 
f>n  record  are  among  Jerse}'  cattle.     Take,  for  instance, 
the  St.  Ilelier  strain.     This  bull  was  put  successively  to 
his  daughter  and  granddaughter,  and  bj'  the  latter  begot 
a  son  (Oxoli),  which  was  also  a  great-grandson,  and  a 
daughter  (Chromatella),  which  was  also  his  great-grand- 
daughter.    Each  of  these  animals  had  87+  per  cent,  of 
the  blood  of  their  great-grandsire  (se vent j' -five  per  cent, 
more  than  lias  a  child  by  a  non-consanguineous  union). 
Chromatella  was  bred  to  the  sou  of  her  brother  OxoK, 
and   dropped    two   daughters,    both   healthy   and   good 
breeders.     Oxoli   also   bred   to   three   daughters   of  St. 
Heller  (having  fifty  per  cent,  of  the  latter's  blood),  one 
of   them   being   liis   own   (Oxoli 's)  granddam.     He  also 
bred  to  several  cows  having  seventv-five  per  cent,  of  the 
blood  of  St.  Ilelier,  of  which  he  himself  had  87+  per  cent. 
In  fact,  the  history  of  this  strain  shows  a  large  number 
of  unions  of  the  very  closest  possible  nature,  a  great  ma- 
jority of  the   descendants  having  more   than^fifty  per 
cent,  of  the  blood  of  their  progenitor.     Yet  for  excellence 
not  only  of  the  butter  record,  but  of  general  health,  and 
for  fertility,  the  strain  is  most  remarkable.     Again,  the 
bull  Favorite,  himself  highly  inbred,  was  put  successively 
to  his  daughter,   daughter's  daughter,   and  daughter's 
daughter's  daughter,  he  being  thesire  in  each  caseT    The 
result  of  this  last  union  was  "a  cow  having  93|  per  cent, 
of  the  blood  of  Favorite,  and  the  mother  of  some  of  the 
most  remarkable  animals  known. 

Among  racing  horses  "Rysdyk's  Hambletonian  "  may 
be  mentioned  as  an  example  of  a  closely  inbred  horse. 
Yet  it  is  stated  on  good  authoritv  that  d'uring  the  year 
18«3,  amoug  190  new  performers 'that  entered  the  list  of 
3.30  trotters,  41  per  cent.  Avere  by  Rvsdvk's  Hamble- 
tonian, his  sons  and  grand.sons;  while  30  per  cent,  of  the 
residue  were  mcu-e  or  less  closely  related  to  Hamble- 
tonian. 

It  is  important  to  bear  in  mind  that  what  is  called  "in- 
and-in  breeding  "  among  cattle  breeders,  means  a  close- 
ness of  mating  whicli  is  not  only  out  of  the  question  in 
the  human  subject  on  ethical  considerations,  but  is  far 
beyond  the  bounds  of  phy.sieal  possibility.  In  mankind, 
a  marriage  between  first  cousins  would  g'ive  theolTspring 
but  twenty-five  per  cent,  of  the  blood  of  the  common 
ancestor  of  the  parents.  The  child  of  parents  who  are 
uncle  and  niece  will  have  thirty -seven  per  cent,  of  the 
blood  of  the  common  ancestor;  and  even  the  jiroduct  of 
the  union  of  brother  and  sister  will  have  but  fifty  per 
cent,  of  the  blood  of  one  of  its  grandparents.  In  other 
words,  unions  c<|uivalent  in  closeness  to  the  nearest  con- 
sanguineous marriages  made  among  men  are  not  con- 
sidered by  cattle-breedi'rs  worthy  tl'ie  name  "in-and-in" 
at  all.     ]\lr.  Campbell  Brown,  siieaking  (as  a  disbeliever 
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in  incestuous  breeding)  of  a  liorse  that  liiul  been  cluiined 
as  closely  inbred,  says  "that  lie  had  (jnly  l\venty-li\e  ]ier 
cent,  of  the  blood  of  a  certain  other  stallion,"  and  adds 
"that  that  is  a  degree  of  inbreeding  to  wliieli  there  can 
hardly  be  rational  objection."  Yet  this  is  just  the  per 
cent,  which  the  child  of  first  cousins  has  in  the  blood  of 
their  common  ancestor. 

In  comparisons  between  the  results  of  in-breeding  in 
animals  and  in  man,  we  are  to  rememljer  of  course  that 
in  the  former  case  there  is  a  studied  selection  of  the 
qualities  in  the  individuals  to  be  mated,  while  in  the 
union  of  human  beings  all'ection  is  usually  the  only  guide. 

In  estimating,  liowever,  the  effect  of  consanguinity 
pure  and  simple  as  au  element  in  the  determination  of 
offspring,  it  is  proper  to  take  it  whei-e  it  is  free  from  all 
possible  complication  by  inherited  morbid  infi\iences.  If 
cattle  breeders,  in  their  endeavors  to  perpetuate  a  fine 
breed  by  the  principles  of  natural  selection,  can  win  suc- 
cess out  of  in-breeding,  it  follows  that  there  is  nothing 
in  the  fact  of  consanguinity  itself  in  parents  which  of 
necessity  deteriorates  the  offspring.  "When,  therefore,  it 
is  objected  that  human  consanguineous  marriages  .should 
not  be  compared  to  in-and-in  breeding  among  animals, 
for  the  reason  that  in  the  former  the  princijiles  of  natural 
selection  are  not  observed  as  they  are  in  the  latter,  it  may 
be  answered  that  what  is  the  same  in  the  two  classes  of 
animal  is  unions  of  kindred,  and  that  it  is  those  similar 
conditions  only  which  it  is  sought  to  compare.  It  is  not 
denied  that  "like  produces  like,"  whether  of  bad  or  of 
good,  and  if  a  union  of  two  imperfect  individuals  of  allied 
blood  produces  diseased  or  defective  offspring,  it  is  in 
obedience  to  a  law  of  nature  too  universal  to  be  affected 
in  any  way  bj'  the  accident  of  consanguinity. 

The  objection  has  also  been  made  that  the  product  of 
in-and-in  breeding  is  not  a  perfect  animal,  but  is,  as  Dr. 
Mitchell  has  expressed  it,  "a  saleable  defect,"  a  "perfect 
pathological  specimen, "  less  useful  to  himself  if  he  were 
to  be  left  to  himself  and  deprived  of  artificial  care  and 
keeping  than  the  natural  animal  would  be  under  like  cir- 
cumstances. Here  again  the  influence  of  consanguinity 
has  been  confounded  with  that  of  natural  selection.  In 
accordance  with  the  latter  principle,  an}'  quality  may  be 
selected  as  the  aim  of  breeding — as  speed  or  strength  in 
the  horse ;  milk,  draught,  or  flesh  in  cattle ;  wool  or  fat 
in  sheep,  etc.  According  to  the  point  of  view  of  the  ob- 
server will  the  product  of  such  breeding  be  intrinsically 
beautiful  and  valuable,  or  the  reverse.  A  breed  of  pigs 
maj'  be  produced  so  fat  that  they  cannot  stand,  and  cer- 
tainly "  less  useful  to  themselves  "  than  in  a  natural  state. 
Yet  we  have  it  on  the  best  authority  that  no  horse  bears 
fatigue  so  well,  or  recovers  from  its  effects  so  soon,  as 
the  thoroughbred.  "Indeed,"  says  an  eminent  hunting 
authorit}',  "  there  is  scarcely  a  limit  to  the  work  of  full- 
bred  hunters  of  good  form,  constitution,  and  temper." 
The  argument  that  the  thoroughbred  animal  is  less  "  use- 
ful to  himself,"  because  he  has  become  dependent  on 
artificial  conditions  of  food  and  shelter,  would  prove 
equally  well  that  civilized  man  is  inferior  to  the  aborigines. 

Deaf-mutism  is  a  defect  which  has  been  said  to  bear  a 
special  relation  to  marriages  of  near  kin.  This  general 
impression  is  doubtless  due  to  the  undeniable  frequency 
of  deafness  among  the  children  of  unions  where  one  and 
especially  where  both  of  the  parties  are  deaf.  This  ha- 
bility  is  greatlv  enhanced  if  the  deafness  of  the  parents  is 
congenital,  or" if  either  of  them  has  deaf  relatives.  On 
this  ground  Professor  Bell  has  urgently  advised  that 
deaf-mutes,  if  they  marry,  should  select  hearing  persons 
and  those  too,  only,  who  have  no  deaf  relatives.  He 
says  that  a  deaf  person  (not  born  deaf)  who  has  no  deaf 
relatives  will  not  increase  the  liability  to  deaf  oft'spring 
by  marrying  a  blood  relation;  but  a  congenital  deaf-mute 
under  tlie  same  conditions  he  thinks  will.  While  a  deaf 
person,  so  born  or  not,  who  has  deaf  relations  will  espe- 
cially increase  thi.s  liability  in  the  offspring  if  he  marries  a 
relative  on  the  same  side  of  his  family  in  wdiieh  other 
cases  of  deafness  have  occurred. 

Boudiu  asserted  that  deaf -mutism  was  specially  selected 
by  Providence  as  the  punishment  for  the   violation  of 


"nature's  law"  involved  in  consangm'neous  marriages, 
in  order  that  man,  as  the  "talking  animal,"  may  bear  the 
brunt  of  the  penalty!  But  Dr.'  Child  has  shown  that 
deaf-mutism  is  sinqily  a  congenital  deafness  to  wdiich 
mutism  has  succeeded  because  the  individual  cannot  hear 
himself  speak,  and  that  the  same  defect,  congenital  deaf- 
ness, may  and  does  exist  in  the  lower  animals.  Indeed, 
the  whole  drift  of  modern  science  is  against  such  at- 
tempted distinctions.  Man  is  physiologically  an  animal, 
and  in  the  maimer  of  his  propagation  is  subject  to  the 
same  laws  as  any  other  animal.  If,  then,  as  seems  to  be 
the  case,  analogies  drawn  from  the  lower  animals  show 
that  even  "in-and-in  breeding,"  in  Ihe  hands  of  practical 
men  working  for  pecuniary  returns,  gives  good  results 
in  the  form,  usefulness,  and  fertility  of  their  stock,  it  is 
a  fair  inference  that  at  least  the  occasional  admixture  of 
a  comparatively  small  amount  of  kindred  blood,  involved 
for  instance  in  a  marriage  of  cousins,  is  innocuous  in  the 
human  species. 

How,  then,  shall  we  reconcile  the  above  conchrsions 
with  figures  such  as  those  published  by  Bemi.ss,  Howe, 
Mitchell,  and  Boudin  ?  Have  no  unfortunate  results  been 
found  from  consanguineous  unions?  Undoubtedly;  but 
such  results  have  followed  for  the  most  part,  and  prob- 
ably exclusively,  where  con,sanguineous  marriages  have 
intensified  morbid  characteristics  of  both  parents.  Such 
unions  may  transmit  and  intensify  admirable  attributes 
as  well  as  undesirable  ones.  Children  have  a  tendency 
to  revert  to  a  common  ancestor.  If  the  common  ancestor 
of  both  parents  is  not  a  remote  one  (by  reason  of  their 
consanguinity),  the  type  to  which  the  child  reverts  is  not 
the  conmion  t3'pe  of  the  race,  but  is  that  of  this  compara- 
tively recent  ancestor,  say,  a  grandfather.  Should  that 
ancestor  possess  exceptionally  desirable  qualities,  the 
child  stands  a  chance  to  be  above  the  average  of  its  fel- 
lows. But  if  this  common  progenitor  has  a  depraved  or 
diseased  quality  of  mind  or  body,  it  is  more  likely  to  find 
expression  in  the  child  inheriting  from  him  in  two  lines, 
than  in  that  inheriting  from  him  only  in  one.  Because 
anj'  newly  acquired  taint  in  an  individual  is  much  less 
likely  to  lose  itself  in  his  descendants  if  diluted  in  an 
extraneous  strain  than  if  intensified  by  being  multiplied 
into  itself,  and  so  going  on  in  a  sort  of  geometrical  in- 
crease. 

It  must  be  admitted  that  many  families  do  possess 
physical  and  mental  traits  whtjse  perpetuation  would  be 
undesirable.  And  it  is  this  fact  which  lends  whatever 
danger  there  is  to  consanguineous  marriages.  It  is  per- 
fectly true  that  what  has  been  called  "social  consan- 
guinity "  in  marriage  is  open  to  much  the  same  objec- 
tions as  true  consanguinity.  If  marriages  are  constantly 
contracted  within  the  same  locality  and  social  environ- 
ment, the  resultant  offspring  may  become  as  eccentric 
mentally  and  feeble  physically.  Certain  royal  families 
have  suffered  perhaps  as  much  from  the  lack  of  this  so- 
cial dilution  as  from  anything  else  short  of  the  actual 
in-breeding  of  disease. 

To  conclude,  a  danger  exists  to  the  offspring  of  related 
parents  if  these  parents  are  sharers  in  any  family  disease 
or  tendency  thereto,  and  not  otherwise. 

Charles  F.  WitJiington. 

CONSCIOUSNESS,  DISORDERS   OF   THE.— In  any 

discussion,  having  for  its  object  the  setting  forth  of  some 
aspects  of  the  subject  of  "  Disorders  of  Consciousness," 
it  is  desirable  that  certain  features  of  normal  conscious- 
ness should  be  presented,  and  yet  from  the  very  com- 
plexity of  this  latter  subject  such  a  preliminar}'  i'or  the 
present  purposes  might  seem  fruitless. 

In  the  present  exposition  it  is  assumed  that  it  is  not 
known  what  consciousness  is:  one  is  cognizant  only  of 
what  one  feels  at  any  particular  moment.  Reasoning 
along  such  lines  many  modern  psj'chologists  assume  the 
"stream-like  character  of  consciousness,"  with  its  con- 
tinuous flow;  the  moments  consciousness  being  in  focus 
as  the  stream  goes  by.  This  moment's  consciousness  is 
made  up  dimly  of  the  appercepti(ms  of  things  about  to 
come  into  consciousness  and  faintly  fringed  about  with 
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perceptions  whicli  have  come  aiid  gone  or  are  out  on  the 
edge  of  the  conscious  field.  Thus  in  every  moment's 
consciousness  tliere  are  parts  whicli  are  vivid  and  sharjily 
outlined,  and  parts,  probably  by  far  the  greatest  numliei', 
which  are  faintly  foreshadowed  and  dimly  outlined,  and 
still  others  which  make  an  impress  somewhere  on  the 
cerebral  mechanism,  which  never  under  ordinary  cir- 
cumstances are  known,  and  are  thus  truly  called  sub-con- 
scious. Thus,  restricting  the  consideration  of  a  moment's 
consciousness,  there  exists  an  immense  gamut  of  con- 
scious perceptions  which  may  be  traced  through  the 
various  grades  of  definitcness  to  the  vast  mass  of  sub 
conscious  contacts.  This  gamut  even  witli  the  most 
primitive  intelligence  is  of  immense  sco]ie,  and  its  com- 
plexity, for  man,  in  time  and  in  space,  and  as  registered 
on  the  organs  of  sight,  hearing,  touch,  taste,  smell,  and 
the  various  illy  defined  sense  organs,  witli  their  sensory 
elements,  is  of  the  complexity  of  human  life  and  human 
experience. 

Digressing  for  a  moment,  it  is  a  corollary  thatanything 
which  interferes  witli  any  incoming  tract,  bj'  cutting  out 
a  certain  palh  of  incoming  sensations,  interferes  with  tlie 
character  of  the  moment's  consciousness  and  with  the 
interpretation  of  it  by  the  subjective  ego  and  society  at 
large.  Such  a  corollary  has  its  obvious  relationship  to 
man}'  of  the  insanities,  especially  bearing  on  the  de- 
velopment of  hallucinatory  and  delusional  states,  since 
man}-  of  these  have  been  shown  to  be  based  on  oi-gani- 
cally  defective  sense  organs  conveying  defective  sense 
perceptions. 

Lloyd  Morgan's  categories  of  the  various  conscious 
states  is  heie  partly  followed.  Certain  molecular  dis- 
turbances bring  about  psychical  states.  Those  disturb- 
ances which  are  dominant  become  focal  in  consciousness, 
or  the  mind  is  fully  conscious  of  such.  Those  that  are 
sub-dominant  bring  about  marginal  or  sub-conscious 
psychical  states,  and  finall}'  those  impulses  f>r  irritations 
which  are  infra-dominant  act,  in  the  psychical  sphere, 
below  the  threshold  of  consciousness  and  bring  about 
infra-conscious  or  extra-marginal  psychical  activities. 
All  of  these  have  their  determining  influence  on  conduct; 
and  conduct  is  the  chief  if  not  the  only  olijective  sign  by 
which  we  can  judge  of  conscious  states  in  others  than 
ourselves. 

Ckkebral  Locatjzation. — The  general  biological 
principle  of  the  concentration  of  energy  as  a  feature  of 
advanced  evolutionary  development  finds  its  expression 
for  the  psychical  sphere  in  the  more  or  less  distinct  local- 
ization of  definite  functions  to  certain  portions  of  the 
brain. 

For  the  purely  vegetative  activities  such  localization 
is  fairly  definite,  and  we  know  that  the  areas  governing 
the  various  members  are  accurately  located.  The  inv 
portaut  sense  organs  also  show  a  like  integration,  and 
the  localization  of  the  centres  for  sight,  hearing,  smell, 
and  motor  speech  now  admits  of  little  question. 

It  is,  by  more  or  less  common  consent,  based  on  general 
grounds,  as  well  as  on  the  data  afforded  by  physiological 
experiment  and  pathological  observation,  as  well  as  by 
the  study  of  the  comparative  psychology  of  the  lower  ani- 
mals (Romanes,  Darwin,  Morgan,  Mills,  and  Thorndike), 
that  the  higher  mental  processes  (i. p.,  those  that  are  more 
complex  and  those  which  have  developed  late  in  the 
evolution  of  the  race)  are  located  in  the  frontal  lobes  of 
the  brain  ;  but  it  is  certain  that  as  far  as  the  ego,  taken 
in  its  totality,  is  concerned,  no  such  localization  can  exist. 
The  whole  lirain  is  the  psychical  organ,  and  the  sense 
of  the  ego  depends  on  such  a  multitude  of  sensory 
impressions  that  its  location  is  coexistent  with  the  ner- 
vous system  in  its  totality.  It  is  to  be  borne  in  mind  tliat 
the  complex  nexus  of  associational  fibres  should  be  con- 
.sidered  constant  factors  in  the  idea  of  a  consciousness. 
The  great  modifications  that  occur  in  consciousness — due 
to  the  cutting  out  of  action  of  certain  of  such,  associated 
fibres — is  a  constant  feature  in  cci-tain  hemii)legic  states, 
and  probably  some  similar'  patliologieal  entities  lie  at 
the  foundation  of  some  of  the  mtjdilicatiuiis  of  conscious- 
ness in  some  of  the  insanities,  notably  general  paresis. 
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Within  recent  years  the  labors  of  the  histopathologists 
have  brought  into  prominence  the  importance  of  minute 
structural  changes  of  the  connections  of  the  various  nerve 
processes;  collaterals,  axis  cyhnders,  and  dendrites, 
forming  plexuses  of  communication  between  various 
systems  of  nerve-cell  groups.  Such  changes  are  closely 
correlated  and  are  the  probable  direct  causative  agents  of 
many  of  the  symptoms  of  mental  disease,  such  as  loss  of 
attention,  diminished  initiative,  amnesia,  blunting  of  tlie 
higher  ethical  ideas,  insomnia,  and  many  of  those  psy- 
chical activities  which  modify  conduct  so  largely,  and 
hence  are  representative  of  the  empirical  ego.  As  put 
by  Mills,  from  Andriezen  :  "  The  earliest  changes  in  many 
if  not  most  of  the  in.sanities  are  in  the  cortical  fields  of 
conjunction,  the  regions  in  which  anatomical  units  or 
groups  of  them  are  brought  together.  These  fields  of 
conj  unction  Ijecome  less  and  less  permeable  to  all  forms  of 
excitation,  and  one  of  the  first  results  is  'delay  in  reac- 
tion time. '  The  association  system,  which  gives  way 
first  in  these  cases,  is  probably  represented  most  in  the 
polymorphic  layer  of  the  cortex;  it  is  the  last  and  the 
least  organized,  although  subserving  the  highest  func- 
tions, especially  volition,  and  in  chronic  processes  of  dis- 
integration it  is  the  first  to  go. " 

From  such  a  purely  preliminary  sketch  it  can  be  seen 
that  it  is  futile  to  attempt  to  speak  of  a  localization  of 
consciousness  as  if  such  a  faculty  were  a  thing  per  se 
rather  than  an  attribute  of  psvcliical  nerve  activities. 

Connected,  however,  with  this  (juestion  there  are  to  be 
considered  certain  localizations  of  some  of  the  more 
clearly  defined  psychical  activities. 

Evidence  derived  from  the  lower  animals  points  to  the 
fact  that  following  the  ablation  of  the  prefrontal  lobes 
there  is  more  or  less  mental  degradation.  Close  attention 
is  lost,  and  observation  which  looks  for  the  safety  of  the 
animal  is  often  notably  affected.  Attention,  judgment, 
memory,  and  notabl}-  inhibition  are  factors  of  the  ego 
which  are  notably  modified  by  disease  or  injury  to  the 
frontal  lobes,  and  with  such  are  associated  hesitation, 
fear,  uncertainty,  and  motor  restlessness  due  to  impaired 
inhibition. 

Much  discussion  has  been  indulged  in  with  reference 
to  the  functions  of  the  basal  ganglia  and  the  relations  of 
such  to  the  phenomena  of  automatism,  double  conscious- 
ness, and  the  like.  Wliile  much  is  known  from  the  in- 
vestigations of  Ferrier,  Ziehen,  March.  Danilewsky,  Hale, 
White,  Bourneville,  and  others  relative  to  lesions  in  the 
caudate  and  striate  nuclei,  little  of  definite  value  for  gen- 
eralization has  been  thus  far  adduced.  Cortical  connec- 
tions are  definite  though  slight. 

Much  the  same  uncertainty  exists  for  the  functions  of 
the  thalamus;  its  connections,  however,  with  the  cortex 
are  more  direct,  and  it  is  widely  beheved  that  it  serves  as 
a  special  centre  intermediate"  between  special  sensory 
centres  and  the  cerebral  cortex.  The  symptomatology 
of  pure  thalamic  involvement  is  still  uncertain. 

What  are  Disorders  op  Consciousness? — From 
the  unconsciousness  of  death  and  that  of  accident,  and 
the  profound  intoxications,  to  sleep;  through  the  simple 
stages  of  consciousness  in  many  of  the  sleep  phenomena, 
somnambulism,  the  hypnotic  state  and  its  allies;  through 
normal  waking  consciousness;  through  the  active  exaUed 
states  of  dramatic  abandon,  ecstasy-,  the  minor  intoxica- 
tions, to  the  distinctly  di.seased  emotional  states  of  hys- 
teria and  cpileiisy  and  the  insanities,  finallv  to  the  living 
death  of  dementia,  there  is  the  gamut  of  the  human  psy- 
chical activities  divided  into  a  few  cardinal  categories 
wdiicli  admit  of  general  classification. 

,Tust  Avhat  shall  eonslitule  a  normal  stale  and  what  an 
abnormal  state  must  be  left  largely  to  the  study  of  ma- 
jorities. Conduct  is  tlie  great  criterion  of  consciousness, 
and  for  most  ju-actical  purposes  it  mav  be  assumed  that 
disordered  consciousness  is  coi-relative  with  disordered 
conduct. 

In  discussing  the  subject  of  disordered  consciousness  It 
has  been  the  cuslom  to  describe  three  types:  exalted, 
diminished,  and  iierverted  states.  ^Vhile'this  classifica- 
tion is  extremely  convenient  for  many  purposes,  it  fails 
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to  give  an  idea  of  the  clinical  signitieauce  of  any  particu- 
lar phase.  It  is  only  too  f  reciuently  tlie  case  that  tlie  same 
clinical  entity,  hysteria  or  epilepsy,  for  example,  will 
demonstrate  all  these  separate  states,  Avhich  at  times 
merge  willnn  each  other  or  follow  one  another  with  be- 
wildering rapidity. 

The  more  important  question  seems  to  be:  Given  a 
definite  mental  state,  which,  .iuilged  from  conduct,  de- 
parts so  far  from  wliat  a  broad  experience  teaches  to  be 
a  fairly  normal  state,  to  what  factor  or  factors  is  svieh  an 
abnormal  state  due,  into  wliat  category  does  it  tit,  and 
how  can  it  best  be  regulated  or  controlled  to  insure  the 
best  results  to  the  individual  and  to  society  V 

The  subject  of  categories  of  the  elinica'l  groupings  of 
such  disordered  conscious  states  will  be  here  only  touched 
upon.  Such  a  problem  in  classitieation  is  manifestly  ex- 
tremely difticult  because  of  the  extreme  richness  of  the 
emotional  content  of  consciousness,  and  the  few  rather 
broad  categories  here  proposed  ;ii-e  to  be  regarded  purely 
in  the  light  of  general  convenii'nce  rather  than  as  at- 
tempts to  cover  the  entire  ground. 

The  disorders  of  consciousness  for  the  present  purposes 
are  broadly  divided  into  a  few  general  groups.  Tliese 
are:  (1)  Disorders  of  sleep  and  the  allied  phenomena; 
(3)  disorders  of  the  neuroses,  hysteria  and  epilepsy,  in- 
cluding the  phenomeua  of  automatism,  double  conscious- 
ness, amnesia,  etc.;  (3)  the  intoxications;  and  (4)  the  in- 
sanities. Such  a  clas.sitieation  is  manifestly  incomplete 
and  imperfect.  Thus  many  of  the  phenomena  of  groups 
(1)  and  (3)  are  intercliangeable.  It  is  moreover  p^)pular 
at  the  present  time  to  attribute  mf)st  of  the  psychical 
ills  to  various  toxa'mias,  either  autogenous  or  heterog- 
enous, and  it  is  certain  that  no  hard-and-fast  line  can 
be  drawn  clinically  between  certain  maniacal  states  due  to 
intoxication  and  those  of  prima  ry  etiology.  In  the  present 
unsettled  conditions  of  neural  ]iathology,  to  say  nothing 
of  psychological  classification,  the  question  of  categories 
may  be  an  academic  one  after  all. 

1.  Disorders  of  Sleep  and  Allied  Plienonienu  :  Dreooix, 
SoDiridmbiiUsm,  Trance,  Lethargy,  Catalepsy,  Ilypnotisiii, 
etc. — Under  this  category  there  are  included  a  large  num- 
ber of  closely  allied  phenomena,  the  most  striking  feature 
of  which  is  what  it  is  at  present  pojiular  to  call  a  disso- 
ciation of  consciousness.  In  most  of  these  phenomena 
tile  ordinary  waking  conscious  state,  with  its  refinements 
of  judgment,  inhibition,  etc.,  is  in  temporary  abe_yance, 
naturall}'  or  artificially  induced,  wliile  the  more  primi- 
tive states  of  consciousness,  the  ordinary  motor  functions, 
are  active. 

Somiiamlmlisiii. — Tlie  simplest  type  of  such  is  found 
in  some  somnambulistic  states.  In  these  the  individual 
may  perform,  wliile  still  asleep,  many  of  the  simpler 
acts  of  the  waking  state,  and  indeed  even  many  ex- 
tremely complex  acts  are  carried  to  completion.  The 
patient  awakes  without  any  knowledge  whatever  of  the 
acts  performed,  and  often  such  actions  have  been  harm- 
ful to  self  and  society. 

The  clinical  phenomena  are  not  constant.  The  eyes 
are  frequently  closed  or  semiclo.sed,  or  even  wide  open 
and  staring.  'The  pupils  are  a])t  to  be  sluggish  in  their 
reactions,  but  may  be  normal  in  diameter,  dilated  or 
contracted.  The  data  collected  by  Gould  and  Pyle* 
may  be  referred  to  by  those  who  would  learn  more  of 
the  complicated  motor  acts  that  manj'  notable  cases 
have  been  known  to  perform.  Suicide  and  homicide 
have  been  committed  by  persons  in  the  somnambulistic 
state. 

The  most  important  etiological  factor  seems  to  be 
heredity.  This  is  usually  associated  with  a  highly  neu- 
rotic or  emotional  temperament. 

Nightmare. — These  represent  some  of  the  simplest 
forms  of  the  pathological  condition.  In  many  instances, 
where  such  are  extremely  distressing,  they  have  been 
knf>wn  to  precede  grave  cerebral  disturbance.  Cerebi'al 
congestion,  hemorrhage,  paresis  are  often  associated  with 
markedly  disagreeable  nightmares.      As  they  influence 
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conduct  but  little,  they  are  1o  be  regai-ded  as  disordered 
states  only  in  certain  severe  cases. 

Letharyy,  Catalepsy,  Traia-e.—T]\ivi-  are  terms  used  to 
describe  almormal  subconscious  states  which  are  as  yet 
iin|jerfectly  classilied,  partly  on  accoimt  of  the  fugitive 
character  of  tlie  alterations  and  ])artly  because  of  the 
complications  of  the  picture  with  other  .symptoms  of  the 
hysterical  and  epileptic  conditions.  Th(>'])lienomenon  of 
hypnotic  sleep  is  best  put  in  this  category. 

In  catalepsy  the  prevailing  pheiioiiKiion  consists  of 
the  wax-like  rigidity  wliich  the  limljs  can  be  made  to 
assume,  at  times  unconsciously ;  again,  especially  in  the 
hypnotic  condition,  by  the  suggestion  of  the  operator. 
Ill  trance  conditions  there  may  he  manifest  a  great  varia- 
tion of  ])hases,  most  of  which  are  accompaniments  of  the 
hysteiieal  state. 

Hypnotic  States. — Hypnotic  subconscious  states  are  too 
involved  and  complex  to  be  more  than  touched  upon. 
Medical  and  psychological  literature  is  full  of  interesting 
in.stances.  Many  false  phenomena  are  undoubtedly  col- 
lected and  made  to  pass  as  true  hypnotic  phenomena; 
but,  notwithstanding  such,  there  .seems  to  exist  a  certain 
type  of  consciousness  which  may  be  placed  in  such  a 
eonditi(ra  as  to  be  pecuharly  capable  of  manifesting  the 
conditions  of  di.ssociatiou,  so  that  two  different  states  of 
mental  activity  may  be  made  to  appear,  on  suggestion, 
following  proper  methods  of  induction.  Such  mental 
states  may  be  totally  different  and  the  patient  may  ex- 
hibit many  grades  of  amnesia  Avith  reference  to  the  other 
state.  Space  does  not  permit  a  fuller  di.scussion  of  this 
pecniliarly  induced  condition,  which  is  often  reproduced 
in  certain  pathological  conditions,  notably  in  hysteria 
and  epilepsy  (see  Flypnotism). 

3.  TIh'  Disia-dered  Conscimis  States  of  Hysteria  and  Epi- 
lepsy.— Tliese  two  neuroses,  so  closely  allied  at  some 
points,  are  often  associated  with  such  marked  modifica- 
tions of  consciousness,  which  present  so  many  points  in 
common,  that  they  are  discussed  as  part  of  the  113'sterical 
or  epileptic  phenomena.  These  have  been  termed  by 
various  names,  but  more  particularly  are  classed  as  per- 
versions of  consciousness,  amnesic  states,  automatism, 
double  consciousness,  etc.  There  are  observers  who 
claim  that  all  such  states,  when  noted  in  nature  and  not 
artilieially  produced  by  the  influences  which  bring  about 
the  hypnotic  .state,  are  due  to  the  hj'sterical  or  epileptic 
influence.  This  is  warmly  disputed,  but  the  study  is  loo 
much  in  its  infancj'  to  admit  of  positive  dicta,  and  we 
prefer  here  to  class  these  conditions  as  epi -phenomena  of 
these  neuroses. 

The  celebrated  ease  of  Dr.  Jekyll  and  Mr.  Hyde  illus- 
trates the  central  type  of  the  phenomenon.  The  per- 
sonality' may  suffer  but  a  very  short  and  tiansitory 
change,  or  it  may  undergo  serious  modification,  as  it  un- 
doubtedly does  in  many  epileptics,  and  for  a  considerable 
length  of  time.  Craig  Colony  for  epileptics  is  filled 
with  patients  who  show  double  personalities,  covering  a 
space  of  weeks  or  even  mimths,  during  which  their  ordi- 
nary personality  has  been  eonsideralily  modified.  There 
are  ca.ses  recorded  in  literature  which  seem  to  be  bona 
tide  where  such  an  alteration  has  persisted  for  years. 

Automatism. — Some  of  the  minor  grades  of  automatism 
are  well  illustrated  in  epilepsy.  The  patient  may  or 
may  nrjt  suffer  from  a  pronounced  epileptic  attack,  but 
following  one  he  may  be  noted  to  go  about,  sometimes  in 
ada/.ed  condition;  then  again,  he  may  even  resume  play- 
ing a  game  of  baseball  profoundly  oblivious  of  what  he 
is  doing,  and  yet  be  able  to  catch  and  toss  the  ball  as 
though  in  his  normal  state.  Altered  emotional  tone  is 
especially  common  in  the  hysterical  or  epileptic  auto- 
matic. Crying,  weeping,  intense  anger,  culminating  in 
the  homicidal  impulse,  may  be  the  prevailing  note  of  the 
altered  personal  state. 

Amnesic  Conditions. — Cases  too  numerous  to  mention 
have  been  reported  in  literature  of  the  gradual  or  sud- 
den loss  of  memory  of  a  former  state  of  existence.  The 
person  lives  in  new  surroundings,  under  new  impulses, 
and  there  occurs  just  as  sudden  a  reversion  to  the  mem- 
ory of  the  former  condition  and  a  total  loss  of  memory 
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respectiiiu;  the  second  state  of  coiiseiousness.  Some  of 
the  most  uiterestiug-of  these  are  collected  in  Dana's  article 
in  the  lirst  edition  of  this  Handbook  (Vol.  H.,  pp.  277 
el  xeq.) 

Many  of  these  cases  show  psychical  states  which  are 
in  the  borderland  between  the  sane  and  the  insane  and  as 
such  are  worthy  of  the  most  careful  analysis,  and  these 
are  capable  of  the  most  interesting  experimentation. 
Their  relationship  to  the  hysterical  and  epileptic  symp- 
tom-complex should  be  kept  in  mind.  It  is  impossible 
to  enter  into  all  of  the  details  of  such  amnesic  and  au- 
tomatic states.  The  countless  varieties  of  the  hundreds 
of  cases  that  have  been  reported  now  make  up  an  im- 
posing mass  of  literature.  It  seems  clear,  however,  that 
they  occur  for  the  most  part  in  the  highly  strung  nini- 
rotic  individual,  the  artistic  and  emotional  deseciuilibiee. 

S.  The  Iiifii.i'iee/tioiis. — It  is  only  necessary  to  call  to 
mind  the  idtered  mental  states  brought  abcmt,  in  man,  by 
the  tox;i;mias  of  the  microbian  diseases.  The  maniacal 
states  of  scailet  fever,  diphtheria,  typhoid,  pneumonia, 
and  other  diseases  are  too  well  known  to  require  further 
details.  The  muttering  delirium  of  renal  insufflciencies 
is  also  of  this  type. 

The  altered  mentality  induced  by  alcohol  is  also  too 
well  known  to  need  further  description;  and  the  same  is 
true,  although  to  a  less  extent,  of  the  mental  states  of 
the  habitue  to  morphine  or  cocaine. 

Cannabis  indica,  as  is  well  known,  brings  about  a  con- 
dition of  altered  subjective  personality  which  is  interest- 
ing, but  the  reader  is  referred  to  that  drug  for  its  con- 
sideration. Like  the  following  category,  this  subject  is 
taken  up  only  that  the  mosaic  may  show  some  pattern. 

4.  The  Inmimiie^. — The  tinal  stage  in  the  gamut  of 
disordered  conscious  states  falls  into  the  loose  category 
of  the  insanities.  Here  the  prevailing  note  is  markedly 
anti-social  conduct,  and  the  individual  and  society  are  at 
loggerheads.  It  is  not  the  purpose  of  the  present  article 
to  discuss  the  insanities,  and  they  are  here  included  more 
for  the  purpose  of  rounding  out  the  general  conception 
of  what  is  in  the  present  article  regarded  as  the  "  Dis- 
orders of  Consciousness."  Even  in  the  insanities  there 
can  be  traced  the  final  stages  of  many  of  the  milder 
forms  of  disordered  conscious  states.  The  analogies  of 
a  melancholia  attoiiita,  for  example,  to  hysterical  paraly- 
ses are  suggestive,  even  if  apparently  far  fetched,  and 
certainly  the  vagaries  of  a  major  attack  of  hj^steria,  so 
far  as  the  emotional  content  is  concerned,  i^ass  by  insen- 
sible stages  into  many  maniacal  states.  The  present 
writer  would  not  push  the  analogy  too  far,  however,  but 
would  employ  it  merely  as  stiggestive  of  the  continuity 
of  the  mental  activities  whicli  both  in  their  normal  and 
abnormal  manifestations  present  such  a  richness  of  varia- 
tion as  to  defy  all  categorical  classitications. 

Smith  Ely  JeUiffe. 

CONSTIPATION.— Tills  term  is  applied  to  an  abnormal 
sluggishness  in  the  movement  of  the  intestinal  contents 
through  their  canal.  In  extreme  cases,  when  the  bowel 
becomes  entirely  closed  up,  one  speaks  of  the  condition 
as  obstipation.  When  there  is  a  movement  daily,  but 
the  amount  is  small,  so  that  an  accumulation  takes  place 
within  the  intestine,  it  is  called  costiveness.  It  is  obvious 
that  there  is  no  sharp  line  separating  constipation  from 
health.  But  in  general  it  may  be  said  that  most  pci'.sons 
to  be  in  health  require  to  have  a  stool  daily.  Exceptions 
do  occur;  some  people  habitually  have  an  operation  only 
once  in  two  days,  and  show  no  .signs  of  suffering  for  the 
lack  of  a  daily  evacuation;  others  habitually  Ijave  more 
than  one  di.scharge  a  day.  The  dejection  sho\dd  be 
moderately  soft  in  consistence,  and  cylindrical,  not 
spherical,  in  form. 

Among  the  symptoms,  other  than  infrecniency  and 
incompleteness  of  defecation,  may  be  mentioned  head- 
ache, furred  tongue,  foul  breath,  muddy  complexion  and 
conjunctiviE,  a  sense  of  weight  in  the  abdomen.  The 
constipated  condition  may  even  be  masked  by  a  diarrha'a 
affecting  only  the  lower  bowel,  while  an  actual  impaction 
exists  above.     At  times,   moreover,   in   the  ca'cum  and 


colon  hard  masses  may  accumulate  in  sacculi  in  the  pe- 
riphery, while  a  moderate  amount  of  liquid  fseces  flows 
along  the  centre  of  the  gut.  ]\Iany  of  the  symptoms  of 
constipation  are  those  of  dyspepsia,  the  two  conditions 
often  co-existing,  and  mutually  aggravating  one  another. 

The  causes  of  diminished  bowel  action  are  numerous. 
First  may  be  mentioned  mechanical  or  structural  causes, 
including  adhesions,  bands  resulting  from  inflammatory 
deposits,  new  growths  within  and  without  the  intestine, 
constrictions,  invaginations,  twists,  for  whose  discu.ssion 
the  reader  is  referred  to  tlieir  appropriate  heads.  The 
non-structural  cau.ses  only  will  be  considered  in  this 
article.  Dilatation  of  the'  intestine  with  atony  is,  per- 
haps, the  commonest  cause  of  constipation.  The  fault 
lies  especially  in  the  large  intestine,  which  is  intended 
especially  as  a  receptacle  for  the  fa'ces.  Normally,  they 
rest,  in  the  intervals  of  defecation,  in  great  part  upon  the 
sigmoid  flexure,  and  the  rectum  is  for  the  most  part 
empty.  The  passage  of  a  portion  of  the  dejecta  into  (he 
rectuin  and  the  vicinitj'  of  the  sphincter  sets  up  that 
irritation  which  by  reflex  action  produces  the  phenome- 
non of  defecation.  If  this  chU  is  habitually  neglected, 
the  sensibility  of  this  portion  (jf  the  l)Owcl  is  blunted,  so 
that  a  great  accumulation  of  fa'cal  matter  may  take  place. 
This  dilates  the  bowel  and  still  further  obtunds  sensibility, 
so  tliat  a  vicious  circle  is  established  and  the  evil  is  in- 
creased. Another  cause  of  this  condition  of  things  is  the 
lack  of  a  regular  habit  of  defecating  at  a  fixed  time  daily. 
It  seems  possible  to  train  the  intestine,  as  it  were,  to  send 
its  contents  into  the  rectum  at  a  stated  time  daily;  and  if 
this  periodicity  can  be  secured,  one  has  a  powerful  aid 
toward  regular  and  complete  evacuation.  From  the 
atony  above  described  one  finds  various  degrees  up  to 
paralysis  of  the  peripheral  nerve  endings  in  the  intestine, 
and  of  the  centres  in  the  cord  presiding  over  peristalsis 
and  defecation.  Again,  the  atony  may  not  be  confined 
to  the  unstriped  muscles  of  the  intestine,  but  may  affect 
the  voluntary  muscles  as  well.  This  is  especially  the 
case  in  obese  persons,  and  those  having  lax,  pendulous 
bellies,  as  after  numerous  pregnancies.  Deficiency  of 
secretion  of  the  intestinal  glands  contributes  to  constipa- 
tion by  lessening  the  fluidity  of  the  chyle.  Over-active 
absorption  of  the  fluids  of  the  chyle  may  act  in  the  same 
waj';  this  occtirs  in  febrile  states,  and  when  the  perspira- 
tion is  abundant.  Antemia  is  usually  given  as  one  of  the 
causes  of  constipation ;  perhaps  it  would  be  truer  to  say 
that  the  two  conditions  have  some  causes  in  common; 
among  them  an  indoor  life  and  sedentary  occupations. 
Probably  a  large  proportion  of  individuals  engaged  in 
sedentary  callings  suffer  at  some  time  from  constipation. 
This  is  especially  the  case  in  those  who  have  changed 
their  mode  of  life  from  a  more  active  one,  as  in  the  case  of 
students  who  have  formerly  been  active  bodily  workers. 
Any  change  in  surroundings,  even  though  it  do  not  involve 
a  lack  of  exercise,  ma\'  cause  constipation,  as  when  a  per- 
son removes  from  one  climate  and  soil  to  another.  The 
change  of  water  very  possibly  adds  to  this  effect.  Jlost 
landsmen  taking  a  sea  voyage  suffer  more  or  less  from 
constipation.  Congestion  of  the  mucous  membrane  of 
the  bowel  has  sometimes  a  constipating  effect,  especially 
when  it  is  due  to  chronic  ventuis  obstruction.  For  this 
reason  diseases  of  the  liver  involving  passive  congestion 
of  the  portal  system  are  often  attended  with  constipation. 
Tim  explanation  seems  to  be  that  long-continued  passive 
congestion  leads  to  thickening  of  tlie  mucous  and  sub- 
mucous coats,  which  imjiairs  ]ieristalsis. 

Some^  forms  of  cerebral  disease,  notably  tuberculous 
meningitis,  are  attended  with  constipation  to  a  greater 
degree  than  other  maladies  of  like  febrile  intensity. 
An  important  aggravating,  if  not  primary,  cause  of  con- 
stipation is  the  use  of  cathartics.  These  are  seldom  if 
ever  required  in  the  treatment  of  constipation,  laxatives 
ah\'ays  being  preferable  to  purgatives.  But,  through  a 
mistaken  notion  of  what  is  needed,  the  laity  are  much 
addicted  to  the  use  of  powerfid  cathartics,  wh'ich,  though 
they  relieve  temporarily,  in  the  end  aggravate  the  diffl- 
culty.  Enormous  ((uantities  of  cathartic  iiills,  chiefly  of 
the  proprietary  order,  are  consumed  by  the  public,  and 
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no  small  proportiou  of  their  iisci-s  an-ive  at  that  unfortu- 
nate condition  when  nothing  but  a  repetition  of  tliese 
drastic  purges  will  ]in)('ure  tlieni  an  evacuation.  Im- 
proper foods  are  anotlier  cause  of  constipalion ;  among 
such  we  may  mention  those  wliich  are  Bi)ecially  concen- 
trated, so  that  tliey  leave  little  residuum;  a  certain  bulk 
of  uuassimilable  residue  is  necessary  for  the  intestine  tfi 
act  upon.  Foods  tliat  aro  too  bland,  as  mill<,  act  in  the 
same  way,  not  affording  an  irritation  sutlicient  to  stimu- 
late peristalsis.  This  elleet  of  faulty  foods  is  specially 
observable  in  young  children,  p^inally,  chioiiic  lead- 
poisoning  has  among  its  .symptimrs  marked  constipation; 
here  of  course,  ordinarily,  one  can  obtain  the  eoilaleial 
evidence  of  colic,  bhie  line  on  the  ganns,  etc. 

Much  of  tlie  importance  altaehing  to  consti])ation  de- 
pends up(ai  the  effects  which  it  produces.  Among  these 
that  upon  the  digestive  function  has  been  referred  to.  It 
is  perhaps  to  the  latter  that  the  mental  dejiressiou  so  often 
observed  in  ct)nstipatcd  persons  is  more  diieetly  due  ;  but 
however  this  may  be,  the  coexistence  of  constipation  with 
mental  irritability  and  melancholy  is  often  maiked.  In- 
testinal catarrh  may  be  induced  by  constipation,  and 
may,  as  already  hinted,  show  itself  by  a  diarrluca  actually 
coincident  with  constipation  in  other  parts  of  the  bowel 
The  catarrhal  process  occasionally  localizes  Itself,  notably 
about  the  ileo-cajcal  valve  ;  inilanunatiou  here  (tj-phlitis) 
may  go  on  to  ulceration,  and  even  perforation,  or  may 
by  extension  cause  perityphlitis,  with  or  without  ulcers. 
Other  neighboring  viscera  may  suffer  from  o\-crloaded 
bowels ;  a  distended  and  dilated  rectiuu  may  cause  uterine 
congestion,  thence  proliferation  of  tissue  ailds  weight  and 
finally  causes  displacement.  More  frequently  is  its  ag- 
gravation of  symptoms  due  to  uterine  disease  that  had  an 
independent  causation.  Neuralgias,  ovarian,  and  espe- 
cially of  tlie  sciatic  nerve,  may  be  determined  by  consti- 
pation. In  the  male,  seminal  emissions  are  sometimes  so 
caused.  Hemorrhoids  constitute  one  of  the  most  annoy- 
ing and  serious  consequences  of  constipation,  the  disten- 
tion of  the  hemorrhoidal  plexus  being  evidently  aggra- 
vated by  a  loaded  rectum.  The  general  effects  of  the 
irritation  of  the  blood  by  the  absorption  into  it  of  the 
contents  of  the  lower  bowel,  through  the  prolonged  ex- 
posure of  the  latter  to  an  absorbing  surface,  are  shown 
by  the  fact  that  repair  of  traiuiiatic  injuries  and  opera- 
tive wounds  is  observed  to  be  delayed  when  the  bowels 
remain  for  a  long  time  constipated.  From  this  it  seems 
reasonable  to  suppose  that  other  vital  processes,  depend- 
ing upon  a  healthy  state  of  the  blood,  are  similarly  Iiin- 
dered  by  habitual  inaction  of  tlie  bowels. 

Auto-intoxication  has  lately  come  to  be  recognized  as 
a  cause  of  many  diseases,  especially  of  a  mental  or  nervous 
character. 

TuEAT.MENT. — Tliis  is  oftcn  a  matter  requiring  great 
judgment  and  patience.  Some  of  the  essentials  of  treat- 
ment have  been  hinted  at  in  what  was  said  of  the  causes 
of  constipation.  Special  attention  should  be  paid  to  the 
prevention  of  this  tro\ible  in  young  children,  by  training 
them  from  their  earliest  years  to  regular  habits  in  this 
regard.  The  person  who  is  suffering  from  constipation 
must  be  enjoined  to  select  a  detinite  hour  (if  possible, 
directly  after  breakfast),  when  he  will  be  able  daily  to 
devote  at  least  fifteen  minutes  to  securing  a  proper  evac- 
uation. This  attempt  should  be  made  daily,  whether  the 
desire  is  felt  or  not,  and  in  time  the  endeavors  will  grad- 
ually become  more  and  more  successful.  The  water-closet 
should  be  made  comfortable  enough,  so  far  as  tempera- 
ture and  accessibility  are  concerned,  so  that  the  individual 
can  spend  that  amount  of  time  in  it  without  danger  of 
taking  cold.  Unsheltered  and  exposed  privies  are  a  fer- 
tile source  of  constipation  in  delicate  females.  After  a 
stool  occurs,  a  few  minutes  should  be  given  to  see  if  a 
further  amount  of  faecal  matter  finds  its  way  into  the 
rectum,  a  thing  which  often  happens.  It  should  never 
be  allowed  to  remain  in  the  rectum,  for  that  will  blunt 
the  sensibility  of  the  mucous  membrane,  and  so  delay 
the  cure.  A  call  to  defecate,  no  matter  when  it  occurs, 
should  never  be  neglected  for  a  moment.  The  "post- 
ural" treatment  has  been  recommended,  wherein  the  pa- 


tient ass\unes  a  squatting  nither  than  a  silting  attitude, 
thereby  seeming  a  mechanical  advantage  in  the  act  of 
<lefecation.  The  diet  is  of  great  importance  to  a.  con.sti- 
pated  subject.  Fruit  is  usually  of  benefit,  particularly 
ligs,  berries,  stewed  prunes,  and  baked  apples.  Oatnieiil 
has  a  popular  repulalion  in  this  regard,  though  occasion- 
ally per.sons  are  found  upon  whom  it  .seems  to  have  a 
binding  clfect.  lirown  bread  and  molasses  arc  anti-con- 
stipative.  An  orange,  or  a  pear,  taken  innnediately  on 
)  ising,  will  sometimes  act  :bs  a  hixative.  In  infants,  after 
(he  tifth  or  sixlh  month,  costiveness  is  usually  an  indica- 
lion  for  introducing  starchy  substances  into  the  diet. 
Among  h\'gienic  measures,  we  mention  out-of-door  exer- 
cise— in  jiarticular  horseback  ilding;  massage  or  knead- 
ing of  the  abdomen,  ^^■hich  should  be  practised  daily  on 
rising,  the  manipulation  being  over  the  ascending,  trans- 
verse, and  desceniling  colon,  in  that  order.  El(;ctricity 
similarly  applied  has  proved  effective.  It  may  be  men- 
tioned that  tobacco-smoking  acts  with  some  persons  as  a 
laxative.  The  ingestion  of  a  considerable  amount  of 
water  is  to  be  recommended,  and  a  glass  taken  on  an  empty 
stomacli  in  the  morning  is  particularly  effective.  Slineral 
waters  ai-e,  many  of  them,  of  value  chiefljr  by  attracting 
patients  to  ingest  large  (juantities  of  fluid,  which  other- 
wise they  would  neglect  to  do.  Some  mineral  waters, 
of  course,  have  a  distinct  laxative  character  by  virtue  of 
their  dissolved  ingredients.  Such  are  Hunyadi  Janos, 
FricdriclLshall,  Congress,  Carlsbad,  Rubinat-Condal, 
Apenta,  etc.  Laxative  waters  that  can  be  drunk  on 
the  spot,  i.e.,  among  diverting  and  pleasant  scenes  and 
society,  are  particularly  useful.  One  to  tive  glasses  dail}', 
according  to  the  strength  of  the  water,  may  be  required. 
The  drug  treatment  of  constipation  always  requires  cau- 
tion. Purgatives  are  almost  never  indicated,  except,  per- 
haps, once  at  the  beginning  of  a  course  of  treatment. 
Laxatives  in  the  form  of  mineral  waters,  just  alluded  to, 
or  as  salines,  magnesia,  potassii  et  sodii  tartras,  etc. ,  may 
be  given  in  small  repeated  doses  if  necessary.  Probably 
no  better  drug  exists  for  the  treatment  of  chronic  consti- 
pation than  aloes,  wdiich  acts  specially  on  the  lower 
bowel,  and  but  little  upon  the  secretions.  This  should 
be  given  in  small  doses  (say  0.01  to  0.02  gm.,  gr.  ^  to  -J- 
in  pill;  two  pills  to  be  taken  two  or  three  times  a  day). 
Unlike  other  cathartics,  this  does  not  re(iuire  to  be  in- 
creased in  do,se  to  maintain  its  effect,  but  one  pill  can  be 
dropped  at  a  time  till  the  motions  are  natural.  Bella- 
donna in  the  form  of  the  extract,  0.01  to  0.15  gm.  (gr.  ^ 
to  i),  once  or  twice  a  day,  is  highly  recommended  by 
Trousseau.  Nux  vomica  and  strychnine  have  given  good 
results,  but  are  most  reliable  when  combined  with  other 
remedies.  They  act  not  as  cathartics,  but  probably  by 
increasing  the  reflex  irritability  of  the  spinal  centres  which 
preside  over  peristalsis.  The  buckthorn  {E/tcww  us fnin- 
gvla,  R.  purilmina,  etc.)  has  been  advocated,  and  thecas- 
cara  sagrada,  in  the  form  of  the  fluid  extract,  in  doses  of 
3  gm.  and  over  (  3  ss.),  seems  to  be  a  valuable  addition 
to  the  therapeutics  of  constipation.  The  latter  drug  is 
also  used  in  the  more  palatable  form  of  compressed  tab- 
lets, with  or  without  aloin  and  nux  vomica.  Cold-  or 
hot-water  injections  may  be  practised  daily  as  an  adju- 
vant to  otlier  treatment ;  suppositories  of  glycerin  or  of 
soap  immersed  in  oil  are  sometimes  effective,  especially 
in  children.  Finally,  in  cases  of  obstinate  rectal  impac- 
tion, mechanical  removal  of  the  fa;ces  by  the  finger  or  by 
a  scoop  may  be  necessary.  VTiarUa  F.   M'Wdngton. 

CONSUMPTION,  CLIMATIC  RELATIONS  OF— From 

the  period  when  De  niribiix,  aquis  et  locis  was  written  to 
the  present  time,  when  each  year  sees  a  number  of  new 
publications  devoted  to  the  special  virtues  of  particular 
liealth  resorts,  it  has  been  generally  accounted  true  that 
Hippocrates  was  right  when  he  wrote,  "Whoever  desires 
to  understand  medicine  thoroughly  can  by  no  means 
neglect  the  study  of  the  seasons  with  their  variations,  of 
the  winds,  both  as  to  heat  and  cold,  and  those  jx-culiar 
to  certain  regions,  and  of  the  properties  of  different 
waters."  The  bearing  of  these  words  has,  by  writers  of 
every  age,  both  historical  and  scientific,  been  noticed  in 
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connection  -with  diseases  in  generul,  but  especially  witli 
rcgai-d  to  phthisis,  whicli  lias  prevailed  among  i^very  race 
of  men  of  whose  history  we  have  autlientic  records.  At 
the  present  day,  so  fre(|uently  do  we  read  andliear  of  one 
region  after  another  being  free  from  consumption,  and 
of  this  and  that  heiilth  remn-t  being  veritable  air  ciiivn  fcir 
tuberculosis,  that,  could  we  accept  the  statements  of  their 
advocates,  "  the  conclusion  would  follow  that  wellnigli 
all  of  them  are  detached  fragments  of  the  originiU  Para- 
dise, replete  with  all  that  can  make  life  enjoyable,  and 
Availed  round  from  the  incursions  of  death."  Dr.  W.  H. 
Walsh  says:  "Probably  the  earth  oilers  few  known  spots 
more  favorable  to  the' tuberculi/.ed  British  patient  than 
Nubia;  yet  the  native  Nubians  on  their  own  soil  are  oc- 
casionally destroyed  by  phthisis. "  New  Zealand  is  popu- 
larly believed  to  give  perfect  immunity  from  jihthisls, 
and  yet  rheumatism  and  pneumonia  ])revail  there,  and 
partial  mortalitj'  returns  give  more  than  ten  per  cent,  of 
deaths  as  being  caused  by  consumption.  Dr.  E.  M. 
AV'ight  writes  of  tlie  inhabitants  of  the  Cumberland  table- 
land in  Eastern  Tt'nnessee,  as  a  "  people  without  consump- 
tion " ;  while  local  physicians  sing  the  praises  of  the 
Laurentide  forest  and  lake  region  of  Northern  Ontario, 
as  having  a  Canadian  population  free  from  plithisis.  So 
the  records  read,  but  actual  facts  cruelly  bani.sh  the  illu- 
sion, and,  concerning  them  all,  we  ha^'C  finally  to  admit 
the  truth  of  the  statement  of  Dr.  Bennett,  who,  while 
praising  the  towns  of  the  Riviera,  is  yet  forced  to  .say : 
"The  perpetual  spring,  the  eternal  summer,  the  warm, 
southern,  balmy  atmosphere  described  to  the  reader  in 
such  glowing  terms,  only  exist  in  the  imagination  of  the 
writers." 

Wliile,  however,  it  is  well  to  admit  at  the  outset  that 
perfection  of  climate,  as  regards  immunity  from  consump- 
tion, is  not  to  be  expected,  there  has,  nevertheless,  been 
too  much  taught  us  by  the  healthfulness  of  the  inhabitants 
of,  and  by  the  experience  of  invalids  in,  regions  having 
certain  climatic  characteristics,  to  prevent  us  perceiving 
that  there  are  certain  meteorological  conditions  more  con- 
ducive to  freedom  from  phthisis  than  ai'C  others;  and  it 
will  be  our  aim  to  point  out  what  these  are,  and  where 
the}'  exist  in  highest  pierfection.  The  opinion  of  Hip- 
pocrates, thousands  of  years  old,  regarding  diseases  in 
general,  was  but  repeated  and  added  to  by  Mr.  John 
Simon,  C.B.,  Chief  Medical  Ollicer  of  the  Local  Govern- 
ment Board  of  Great  Britain,  when,  in  1867,  he  wrote: 
"That  vastly  fatal  disease  [phthisis],  if  we  are  to  have 
proper  knowledge  of  its  causes,  must  be  studied  from 
many  different  points  of  view. "  His  investigations  show 
it  to  be  a  disease  "  which  undergoes  development  in  pro- 
portion as  men  are  v ii irJiolesotiiely  gatlicred  togctlier  in  in- 
door industrieH^^  ;  and  again  he  says,  "it  is  shown  to  be 
a  disease  which  develops  itself  in  proportion  as  men-  are 
dwellinfj  vjion  it  humid  soil.^'  Dr.  H.  I.  Bowditch,  of 
Boston,  arrived  at  a  similar  conclusion  as  long  ago  as 
1862,  regarding  the  intimate  comiection  between  damp- 
ness of  soil  and  the  prevalence  of  consumption;  and  the 
Secretary  of  the  Provincial  Board  of  Health,  Ontario, 
Canada,  has  pointed  out  that  in  two  contiguous  health 
districts  of  the  province,  one  of  which  is  a  plateau,  and 
notably  free  frf)m  malaria,  and  the  other,  a  Hat,  malarious 
district,  the  deaths  from  consumption  in  1881  were,  in 
the  tirst,  8.5  per  cent,  of  all  deaths,  or  1.03  per  1,000; 
and  in  the  other,  12.7  per  cent.,  or  1.64  per  1,000. 

From  thes(.:  various  statements,  based  upon  statistics, 
it  must  lie  pUdn  that  meteorological  conditions  jicr  sc 
form  but  a  p;iit,  auil  ajjparently  a  small  part,  of  the 
factors  entering  info  the  (pieslion  of  the  cau.satiou  of 
consumiition.  Assuming  the  truth  of  these  statements, 
it  will  be  necessarjr  to  adopt  some  compreliensive  method 
of  ti-eafing  the  subject,  from  the  evident  fact  tliat  there 
are  many  elemenls  of  a  heterogeneoiis  character  entering 
into  it. 

Simon  asserts  that  in  discussing  the  prevalence  of 
phthisis,  its  hereditary  relalionn,  and  the  nature  of  the 
■niorliid  procesH'irlrirli,  ammifianie-'i  it,  cannot  be  overlooked. 
Within  more  recent  years,  however,  as  the  stiidy  of  the 
causation  of  tuberculosis  has  become  more  exact,  most 


authorities  are  agreed  that  while  the  hereditary  element 
in  the  disease  cannot  be  neglected,  a  clear  distinction 
must  be  made  between  cause  and  tendency.  The  gen- 
eral dissemination  of  tuberculosis,  its  chronic  character 
and  the  great  vitality  of  its  germ,  make  infection  more 
widely  distributed  than  that  of  any  other  disease;  and 
hence  it  is  that  persons  inheriting  a  taint  or  vicious  qual- 
ity of  tissue  as  the  scrofulous  habit,  or  living  under  con- 
ditions affecting  the  vital  resistance  of  tissues,  are  espe- 
cially liable  to  contract  this  as  any  other  communicable 
di.sease,  when  exposed  to  infection. 

This  being  the  case,  it  is  apparent  that  there  are  briefly 
to  be  considered : 

1.  Tlie  nature  of  the  cause. 

2.  How  its  development  is  aided  by  (fi)  heredity,  (*) 
vitiated  air,  ('■)  moisture  of  soil,  and  (rf)  atmospheric  con- 
ditions. 

'd.  The  climatic  conditions  counteracting  its  develop- 
ment, and  favoring  a  return  to  health  of  the  phthisical. 

1.  The  Natcke  of  the  Cause. — Assuming  that  until 
experiments,  greatly  m(jre  extended  than  liave  yet  been 
instituted,  shall  have  proved  the  incorrectness  of  the 
zymotic  theory  of  tuberculosis,  it  may  be  taken  as  estab- 
lished, and  hence  the  qualities  of  the  Bacillas  tubereiilvsis 
in  relation  to  external  intiueuces  affecting  its  development 
may  be  noticed.  Koch  observes  that,  while  the  spu- 
tum of  tuberculized  patients  almost  invariably  contains 
bacilli,  and  that  very  frequently  these  bear  spores,  the 
former  existing  external  to  the  body  for  many  days,  and 
the  latter  for  many  months,  yet  they  are  not  likely  to  be 
borne  on  the  air  until  they  have  become  desiccated.  This 
tends  to  the  destruction  of  such  vegetable  cells,  but  their 
destruction  is  especially  favored  bj^  the  action  of  sunlight, 
experiments  such  as  those  of  Marshall  AVard  and  Blichner 
going  to  show  that  this  destructive  action  depends  espe- 
cially upon  the  ultra-violet  rays  of  sunlight,  causing  a 
destructive  oxidizing  action  to  take  place  on  the  cells. 
Owing  to  this  sensibility  to  light  and  temperature,  their 
growth  requiring  a  temperature  between  29'  and  43'  C. 
(85°  and  108'  F.),  and  their  fastidiousness  as  to  the  compo- 
sition of  the  soil,  the  important  conclusion  as  regards  infec- 
tion is  aiTi  ved  at,  that  the  IjaeilU  oftnt/ercitJosis  are  limited  to 
a  parasitic  mode  of  lifein  anininls,  and  cannot  groio  ontside 
of  the  body  under  the  conditions  found  in  nature.  It  has 
further  been  established  that  the  inhalation  of  a  spray, 
containing  bacilli  in  suspension,  by  guinea-pigs,  rats,  and 
mice,  inoculates  these  various  animals  with  the  disease, 
and  that  the  extent  of  the  tuberculization  depends  on  the 
leugtli  of  time  between  their  inoculation  and  death. 
From  the  peculiarities  of  the  Bacilhis  ttdjcrculosis  as  re- 
gards its  development,  it  becomes  evident  how  little  in- 
fectious the  disease  is,  compared  with  sonre  other  zymot- 
ics,  and  how  the  spread  of  the  disease  is  made  possible, 
almost  wholly,  by  the  inhalation  of  the  atmosphere  of 
apartments  which  the  phthisical  have  inhabited. 

2.  How  THE    Dl<;VKI.()fMENT    OF  THE    CaUSE    IS  AlDED. 

— That  there  are  conditions  favoring  the  development  of 
tubercle  there  can  be  little  dinibt,  and  among  these  in 
this  connection  may  be  mentioned — 

{a)  Heredity. — Koch  tells  us  that  the  character  of  the 
pathological  lesions  depends  on  the  number  and  localiza- 
tion of  the  bacilli,  and  m\  the  power  of  resistance  of  the 
tissues  of  the  patient.  Dr.  II.  F.  Formad  illustrates  this 
difference  in  power  to  resist  by  asserting  that  the  scrofu- 
lous habit,  or  a  tending  to  take  on  a  tuberculous  intlam- 
mation,  exists  in  certain  animals,  as  rabbits,  etc.,  through 
a  structural  narrowness  of  the  lymph  spaces  of  the  con- 
nective tissue,  and  that  similar  tissm;  exists  in  scrofulous 
individuals.  Dr.  Jonathan  Hutchinson,  of  London,  main- 
tained for  years  the  iiosilion  that  the  bacillus  of  tubercu- 
losis is  directly  transmitted  to  the  infant  in,  ntero,  and 
that  it  may  under  certain  conditions  lie  dormant  in  the 
tissues.  Professor  Bang,  of  Copenhagen,  estimates  this 
transmission  at  one  ]ier  cent,  in  calves  from  tuberculous 
mothers;  but  perhaps  as  much  as  can  be  said  with  such 
isolated  facts  before  tis  is  that  clinical  evidence  in  this,  as 
in  many  othei-  diseases,  as  well  as  inoculation  experiments, 
has  placed  the  fact  beyond  doubt  of  there  being  a  rela- 
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live  sviseeptibility  or  ins\isccptibilitv  to  infection,  oi-, 
in  other  words,  hcreditnnj  tind  uidiuril  tendency  to  dis- 
ease. 

(h)  Vitiated  Air.— It  is  hardly  necessary  to  draw  tJie 
conclusion,  justiticd  by  the  (iiialities  of  Bacillus  tulier- 
culosis,  that  the  impure  atmosphere  of  crowded  apart- 
ments where  consumptives  aic  present  must  receive  and 
retain  greater  numbers  of  bacilli  than  if  it  were  fre- 
quently renewed,  and  that  tliosc  e.xpo.sed  will  be  more 
likely  to  inhale  them.  There  are  otlier  elements,  how- 
ever, which  greatly  promote  the  inoculation  of  the  in- 
mates of  such  apartments.  Tlie  insulliciency  of  oxygen, 
the  excess  of  carbonic  acid,  and  t lie  volatile  emanat"ions 
from  those  inhabiting  tlie  ])lace,  and  the  frequently 
vitiating  action  ou  the  huigs  of  air  containing  much  dust 
and  ius\ithcieut  moisture,  all  tend  to  induce  aniemia, 
catarrh,  and  other  derangements,  Avhieh  not  only  lessen 
the  resisting  power  of  the  system  to  disease,  but  also,  by 
colds  and  catarrh  causing  congestion  of  themucous  tract, 
produce  just  such  conditions  as  form  a  //((?«.>(  favorable 
for  the  reception  and  stdisequent  growth  of  Bacillus 
tuberculosis.  The  antithesis  of  this  condition  is  the  ex- 
ternal air  of  even  cities,  Avhich  is  purity  itself  when  com- 
pared with  indoor  air:  while  the  reconstructive  effects  of 
free  coimtry  air  and  stmlight  ai-e  the  elements  to  which 
we  now  chiefly  look  for  resistance  to  the  disease. 

((•)  Moixtiire  of  Koil.  —  Ol  all  the  climatic  conditions 
which  promote  phthisis  Dr.  B\iehanan's  investigations 
show  this  to  be  the  greatest.  Tims  he  foimd  that  after 
the  completion  of  improved  systems  of  land  drainage, 
the  percentage  of  deaths  from  iihthisis  in  everjr  town 
whose  statistics  are  given  decreased;  this  decrease 
amounting  in  some,  as  Ely  and  Rugby,  to  forty-seven 
and  forty-three  per  cent.  This  remarkable  decrease  be- 
ing the  result  of  drainage,  it  liecomes  of  interest  to  con- 
sider its  modus  operimdi.  Dr.  Th.  J.  Turner,  formerly 
Medical  Inspector,  U.  S.  N.,  has  abundantly  sliown  the 
influence  of  damp  air  ou  the  health  bj'  comparing  the 
sickness  and  death  rates,  especiall_y  from  consumption, 
on  vessels  in  the  United  States  and  British  navies,  in 
some  of  which  the  old  custom  of  daily  washing  down 
the  decks  was  practised,  while  in  others  this  was  per- 
formed much  less  frecjuently.  lie  asserts  that  breathing 
the  impure  damp  air  has  been  the  chief  cause  of  phthi- 
,sis;  and  that  it  is  the  damj)  air,  rather  than  the  limited 
amount  of  air.  is  sliown  from  the  fact  that  tlie  air  space 
per  man  in  both  classes  of  vessels  was  much  the  same. 
Sir  Alexander  Armstrong,  of  the  Briti.sh  nav)^,  says: 
"There  can  be  no  more  fertile  source  of  di.sease  among 
seamen  or,  indeed,  other  persons,  than  the  constant  in- 
halation of  a  moist  atmosphere,  whether  sleeping  or 
waking:  but  particularly  is  this  influence  injurious 
when  the  moisture  exists  between  the  ship's  decks, 
where  it  may  be  at  the  same  time  more  or  less  impure, 
and  hot  or  cold,  according  to  circumstances."  While 
doubtless  the  truth  of  the  statistics  of  Buchanan  and 
Turner  illustrates  a  fact  of  extreme  importance,  yet  the 
experimental  work  of  recent  years  would  seem  to  supply 
the  explanation  of  tlie  fact  in  a  manner  somewhat  differ- 
ent from  that  understood  at  tlie  time  b}'  these  writers. 
In  both  cases  we  see  damp  atmos]iheres  confined  in  spaces 
wliere  the  influence  of  sunlight  is  impossible,  and  where 
while  the  bacilli  of  tuberculosis  may  not  develop,  yet 
when  introduced  tlie  conditions  favorable  to  their  vitality 
are  present,  whether  in  the  cellar  or  spaces  under  floors 
and  in  the  holds  of  ships.  jMoreover,  in  both  cases  de- 
composition of  organic  matters  goes  on,  and  morbific 
germs  and  the  gases  produced  by  them  are  ever  present 
to  lower  vital  resistance  to  the  specific  germs  of  this  dis- 
ease when  once  introduced. 

Inasmuch,  however,  as  the  bulk  of  population  live  on 
the  land,  it  is  necessary  to  inquire  into  the  influences 
affecting  them  in  this  regard.  Drdinarily  it  may  be  con- 
sidered that  the  relative  humidity  of  the  air  for  health 
should  lie  betw-een  70  and  75,  at  the  ordinary  temjiera- 
ture  of  66°  F.  When  it  is  greater  than  this,  as  with  a 
damp  soil  and  low  temperature,  the  heat  is  very  rapidly 
abstracted,  the  action  of  the  skin  in  its  secretion  of  urea 


and  eaiiioiiic  acid  is  chee]<eil.  and  the  internal  organs, 
ami  notably  the  lungs  and  air  ]ia.ssages,  are  congested! 
having  increased  work  thrown  upon  tliein,  and  are' 
moreover,  subjected  to  the  same  chilling  influences  as 
the  skill.  Hence  colds  and  catarrhs  are  generated,  and 
conditions  favorable,  as  we  have  seen,  to  the  develop- 
ment of  the  specific  bacillus  are  produced. 

That  damp  soil  serves  to  keeii  tlio  superambient  atmos- 
phere damp  is  seen  in  the  fact  that  diainage  rai.ses  the 
temperature  of  tlie  soil,  and,  therefore,  of  the  contigu- 
ous air.  This  has  been  proved  by  Parkes,  who  found 
tliat  the  mean  average  temperature  of  thirty-seven  ex- 
periments gave,  at  seven  inches  below  the  surface,  an 
incrca.se  of  10'  F.  in  a  drained  and  cultivated  soil  over 
that  at  the  same  depth  in  an  adjacent  bog.  The  wet 
lanil  remains  cold  on  account  of  evajioration  from  it  pro- 
ducing cold,  as  water  has  a  liigh  radiating  power  and  a 
high  specific  heat,  and  through  tlie  conduction  of  heat 
downward  in  a  soil,  deprived  of  a  circulation  of  air, 
taking  ]ilace  .slowly. 

Inasmuch  as  every  increase  of  about  20°  F.  of  tem- 
perature doubles  the  capacity  of  air  for  moisture,  it  is 
not  difficult  to  see  how  the  soil,  by  keeping  the  contigu- 
ous air  at  a  low  temperature,  must  to  the  same  extent 
keep  it  damp  by  lessening  its  capacity  for  moisture,  and 
thereby  produce  the  evils  already  referred  to.* 

When  it  is  remembered  that  the  inhabitants  of  wet 
lands  habitually  breathe  an  atmosphere  saturated  with 
moisture,  that  their  sleeping-rooms  are  cold  and  damp, 
that  such  dampness  renders  the  air  of  their  unventilated 
living  apartments  more  likely  to  retain  suspended  in  it 
any  volatile  and  organic  matters  that  maybe  present,  and 
finally  that  all  these  factors  tend  to  diminish  their  resist- 
ing powers,  it  must  be  confessed  that  such  a  combination 
of  conditions  must  favor  in  a  high  degree  the  successful 
implantation  and  development  of  the  germs  of  tubercu- 
losis in  the  people  who  are  thus  unduly  exposed. 

ether  atmospheric  conditions  dependent  upon  the 
moisture  of  the  atmosphere  may  be  mentioned  here.  One 
of  these  is  that  the  diathermancy  of  the  air  is  increased 
or  dimini.shed  according  as  the  air  has  little  or  inuch 
moisture  in  it;  and  that  proportionately  to  the  diather- 
mancy the  day  temperature  rises  rapidly,  and  the  night 
temjierature,  through  radiation,  falls  just  as  rapidly. 
Thus  Denver,  at  5,200  feet  of  altitude,  sliows  an  average 
daily  range  of  30°  F.,  and  even  witli  this  difference  dew 
but  seldom  forms.  Though  this  latter  fact  will  indicate 
the  low  relative  humidity  of  the  air,  there  can  be  but 
little  doubt  that  such  extreme  and  sudden  changes  must 
injuriously  affect  persons  other  than  the  most  robust. 
At  these  high-altitude  Jiealth  resorts  it  is  carefully  ordered 
that  consmuptivcs  either  wrap  themselves  well  before 
remaining  out  in  the  night  air,  or  remain  within  doors  or 
under  .shelter  during  the  evening.  Notwithstanding 
these,  tlie  greatest  drawbacks  to  such  dry  climates,  the 
fact  nevertheless  remains  that  a  comiiarativel}^  small 
change  of  temperature  in  a  moist  atmosphere  produces 
subjective  sensations  often  greater  than  do  much  greater 
changes  where  the  air  is  dry.  Though  under  ordinary 
cii-cumstances  it  can  hardly  be  said  that  hot  climates  are 
favorable  to  phthisis,  yet  it  may  well  be  that  the  en- 
deavors made  to  keep  the  body  cool  by  seeking  out  shady 
retreats  and  protecting  their  houses  by  trees  to  shelter 
tliem  from  the  sun's  rays,  create  dam;)  atmospheres  in 
the  latter,  which,  through  favoring  fungoid  growth,  may 
promote  phthisical  tendencies  in  the  ])o])ulation. 

'A.  Tiiii  Ci.iM.\Tio  Conditions  CorNTEKACTiNCi  the 
Development  of  Consumption,  and  Favouing  a  Re- 
turn TO  Health. — The  nature  of  the  cause  of  the 
disease  indicates,  in  great  measure,  in  which  direction 
these  favorable  conditions  must  be  looked  for.  Most 
writers,  in  their  remarks  on  the  failure  of  all  climates  to 
produce  a  cure  in  cases  of  consumption,  have  failed  suf- 
ficiently to  discriminate  between  hereditary  and  indveed 

*  Too  palnf  iillv  accurate  is  the  tllstlcti  from  "  Morte  d'Arthur  "— 

"  Ttie  wtiite  mist  lilie  a  face  clotti  to  ttie  face 
Clung  to  the  dead  earth,  and  the  land  was  still." 
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phthisis.  It  is  manifestl,y  mifiiir  to  expect  tliat  uny  in- 
flueuee,  such  a.s  a  perfect  climate— were  such  to  l)e  fouud 
—would  be  sufficient  to  uudo  what  seierations  have 
produced  of  imperfect  structural  development  ot  tissue; 
and,  on  the  other  hand,  before  pronouncing  against  lUr 
ciire.i  for  consumption,  it  is  only  just  to  weigh  carefully 
the  influences  under  which  people,  not  affected  with  con- 
sumption., have  lived.  When,  in  the  latter  case,  it  is  found 
that  such  people  have  lived  in  a  climate  wliicli  made  an 
out-door  life  almost  perennially  possible,  and  when  their 
occupation  has  been  either  pastoral  or  agricultural,  it  be- 
comes apparent  that  we  have  the  plainest  rules  set  forth 
to  guide  us,  both  for  the  prevention  and  treatment  of 
consumption.  Though  experience  has  shown  that  no 
climate  can  be  called  perfect  in  regard  to  every  condition, 
yet  a  careful  analysis  of  the  reports  of  the  many  air  curea 
and  other  health  resorts  indicate  very  clearly  the  special 
qualities  we  are  to  look  for  in  those  climates  which  are 
favorable  to  the  prevention  or  treatment  of  consumptive 
diseases. 

Of  these  qualities  the  following,  y\z.,  piiritii,  ihijness, 
temperateness,  and  bright iiess,  may  be  considered  the  most 
im])ortant.  It  is  unnecessary  to  point  out  that  these  four 
qualities  of  the  atmosphere  of  a  healthy  climate  are  in- 
timately related  in  their  causes,  one  to  the  other,  since 
no  one  quality  of  climate  can  be  discussed  m  other  than 
a  relative  sense. 

(a)  Purity  of  the  Atinosjjhcre. — This  not  onlj'  means 
that  the  air  ought  to  contain  the  normal  amounts  of  its 
two  principal  constituents,  but  also  that  there  shall  not 
be  an  undue  amount  of  carbonic  acid  in  it,  since  this 
serves  but  to  indicate  tlie  presence  of  large  amounts  of 
organic  matters  undergoing  combustion.  [An  exception 
to  this  rule  may  be  pointed  out  in  the  case  where  the 
air,  at  considerable  mountain  heights,  according  to  Prof. 
R.  Angus  Smith,  contains  more  than  the  usual  amount  of 
carljonic  acid.  In  this  case  it  may  fairly  be  assumed  that 
the  excess  is  due  rather  to  a  rapid  oxidation  of  existing 
organic  matter  than  to  its  amount  being  greater  than  that 
on  lower  levels.]  From  this  gauge  of  purit}'  it  follows 
that  the  air  of  badly  ventilated  rooms,  of  the  cabins,  and 
especially  the  berths  of  ordinary  vessels,  of  all  except 
the  openest  and  cleanest  of  towns,  and  of  that  in  proxim- 
ity to  marshes  and  other  large  deposits  of  decaying 
vegetable  matter,  must  be  equally  avoided,  since  each 
instance  indicates  the  progress  of  organic  combustion, 
due  to  either  chemical,  phj^siological,  or  zymotic  agency. 
The  latter  form  of  combustion  is  of  great  importance  in 
this  connection,  since  it  is  indicative  of  conditions  favor- 
able to  the  development  of  the  Bacillus  tuberculosis. 
From  these  considerations  open  spaces,  as  in  the  open  fields 
of  most  cultivated  districts,  in  inland  localities  with  dry 
soil  and  good  sanitary  surroundings,  and  especially  those 
situated  at  a  relatively  low  elevation — e.  g.,  areas  which 
have  a  light  rainfall  and  possess  a  mountain  climate — are 
the  places  to  be  sought  out  by  the  phthisical. 

(h)  D'ryne.is  of  the  Atirimphere. — If  it  be  true  that  purity 
of  air  is  one  of  the  essential  conditions  if  consumption  is 
not  to  be  produced,  it  is  just  as  true  that  dryness  of  the 
atmosphere  is  one  of  the  conditions  upon  which  we  have 
to  depend  for  retarding  the  progress,  and,  much  more, 
for  effecting  the  cure  of  the  disease  in  its  early  stages. 
These  curative  conditions  are  not  only  freedom  from  f he 
dampness  of  the  .soil,  but  also  the  direct  eifects  of  dry  air 
upon  the  tubereulizing  process  in  the  lungs.  These 
latter  arc  seen  in  the  ex])erieuce  of  the  phthisical  in  high 
altitude  climates,  as  that  of  Davos  and  Colorado,  from 
wlileh  it  would  appear  that— owing  either  to  the  dimin- 
islied  irritation  produced  by  sucli  dry  air  or  to  the  de- 
creased activity  of  the  tubercle  bacil'li— there  is  less  se- 
cretion from  the  respiratory  mucous  membranes.  As 
stated  by  a  gentleman  recently  living  in  Colorado:  "Ex- 
pectoration is  usually  less  here  than  in  the  East;  I  su])- 
pose  first  on  account  of  dryness,  and  second  on  accoimt 
of  a  peculiar  mildness  or  balminess  of  the  air.  My  tender 
throat  seldom  feels  here  that  raw,  rasping  danqt'air  that 
one  gets  in  England  and  the  East,  .  .  .  We  seldom  have 
dew  here ;  had  more  in  Davos,  I  think."     It  is  also  a  niat- 
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ter  of  universal  experience  that  people  resist  the  cold 
better  in  dry,  even  though  at  very  low  temperatures, 
than  in  moi.st  atmospheres. 

{e)  Temperateiiens  of  the  Atmosphere.— By  this  it  is  un- 
derstocxl,  first,  that  a  climate  ought  not  to  be  subject  to 
great  extremes  of  heat  or  cold;  and,  second,  that  the 
changes  from  lieat  to  cold,  or  vice  versd,  ought  not  to  be 
either  rapid  or  extreme.  The  experience  of  robust  per- 
sons residing  long  in  India,  or  subtropical  America,  shows 
the  debilitating  effects  of  great  heat  on  the  physical 
system;  while  the  sufferings  of  delicate  people  in  cold 
climates  indicate  the  strain  produced  by  low  tempera- 
tures. Frequent  and  extreme  changes  are,  however,  the 
special  points  of  interest  in  relation  to  temperate  climates, 
since  on  these  must  greatly  depend  the  relative  humidity 
of  any  locality.  From  Glaisher's  tables  it  appears  that 
the  capacity  of  a  given  volume  of  air  is  doubled  for 
about  every  20'  F.  of  increase  in  temperature;  from 
which  it  follows  that  an  atmosphere  which  at  noon,  with 
a  temperature  of  70"  F. ,  shows  a  relative  humidity  of  50, 
will,  at  sundown,  with  a  temperature  of  50'  F. ,  be  satu- 
rated; or  if,  as  is  often  the  case,  the  relative  humidity  at 
noon  be  75,  saturation  pioint  will  be  reached  as  the  tem- 
perature approaches  60'  F.  If  we  remember  that  it  is 
radiation  of  the  earth's  heat  with  the  declining  sun  that 
lowers  the  temperature,  and  that  this  radiation,  as  well 
as  the  amount  of  heat  absorbed  by  the  earth  during  the 
day,  is  largely  regulated  by  the  amount  of  vapor  in  the 
atmosphere,  it  is  perfectly  plain  that  we  must  expect 
rapid  and  great  daily  changes  in  diy  climates,  and  much 
less  rapid  changes  in  moist  climates.  From  these  con- 
siderations it  must  be  apparent  that  tables  of  mean  an- 
nual relative  humidities,  as  ordinarih'  given  in  works  on 
special  health  resorts,  have  no  practical  value  in  determin- 
ing the  fitness  of  a  locality  for  consumptives. 

These  facts  being  kept  in  view,  it  becomes  a  matter  for 
careful  study  to  determine  wherein  lies  the  happy  mean 
between  dry  climates,  with  great  daily  range,  and  moist 
climates,  with  small  dailj'  range  of  temperature.  In  a 
general  way,  it  may  be  said,  that  between  the  two  ex- 
tremes lie  tire  conditions  most  favorable  to  health.  The 
experience  of  persons  on  arid  wastes,  and  in  rooms  which, 
ill-ventilated,  are  heated  by  hot-air  furnaces,  without  any 
means  for  supplying  moist  air,  shows  that  there  is  a  limit 
at  which  dry  air  becomes  inimical  to  health  from  its  irri- 
tating qualities,  and  by  its  abstracting  moisture  from  the 
mucous  membrane.  The  injurious  effects  of  damp  air 
are  too  well  known  to  require  illustration  here. 

Before  leaving  the  question  of  the  teuiperateness  of  the 
atmosphere,  some  remarks  are  required  regarding  the  in- 
fluence of  winds  on  health.  They  mav  most  properly  be 
considered  here  from  their  power  to  affect  the  tempera- 
ture of  the  bodjf.  That  the_y  play  a  most  important  part 
in  purifying  the  atmosphere  carmot  be  doubted,  while 
the  fact  that  they  are  promotive  of  health,  through  the 
pleasant  sensations  they  may  produce,  is  equally  evident. 
But  their  benetieent  influences  are  dependent  upon  their 
degree  of  temperature,  moisture,  and  their  force.  As 
regards  temperature,  it  is  well  known  that  winds  of  low 
temperature  are  injurious  in  proportion  to  their  force, 
from  the  rapidity  with  which  they  al)stract  heat  from 
the  body.  So  marked  is  this  fact  that  the  degree  of  re- 
duction of  temperature  compared  with  the^  force  of 
wind  has  become  the  subject  of  experiment,  and  has 
been  reduced  to  a  definite  law.  Colonel  Charles  Smart, 
Assistant  Surgeon-General.  U.  S.  Army,  has  determined 
the  rate  at  which  the  mercury  of  a  thermometer  falls  in 
the  calm  from  a  standard  teniperature,  when  subjected 
to  ditferent  degrees  of  temperature  for  given  lengths  of 
time;  and,  also,  the  increased  rate  of /«W  when  exposed  to 
certain  temperatures,  plus  wind  and  moisture.  Thus,  the 
ratio  borne  by  the  fall  irhen  exposed  to  wind,  as  compared 
with  the  fall  in  the  calm,  the  latter  being  taken  as  unity,  is: 

Wind  at  !4  mile  per  hour  increases  fall  l..t3  over  1.00. 

"       1      "          ■'                "  '■  1.71     "     1.00. 

.,       S      "          "                "  "  2.ta     "     1.00. 

10                                  "  "  ;i.l8     "     1.00. 

14       '          "                "  "  :i.:39     "     1.00. 

20      ■'          "  •'  3.60     "     1.00. 
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Tilt'  iiioisluie  iu  this  case  is  not  estimated  in  its  effects, 
but  it  is  a  factor  of  extreme  importance  in  the  reducticin 
of  temperature.  Heat  is  abstracted  not  only  in  propor 
tion  to  tlie  force  of  tlie  wind,  but  also  in  projiortiou  to 
its  degree  of  moisture,  for  the  reasons  mentioned  in  con- 
nection with  moisture  iu  general.  The  force  of  the  wind 
further  becomes,  at  certain  health  resorts  in  certain  sea- 
sons, a  source  of  injury  to  consumptives,  from  its  caus- 
ing clouds  of  dust  and  sand  to  be  blown  along,  which, 
being  inhaled,  beconu^  very  irritating  to  aJfected  hmgs! 
Such  effects  are  said  to  be  especially  nolieeable  in  thos(^ 
reputed  resorts  of  consumptives,  Australia,  Cape  Colony, 
Arizona,  and  Soutlieru  California,  and  have  been  men- 
tioned by  Marcet  as  being  the  cause  of  scjre  throats  dur- 
ing dry  days  at  Cannes.  From  facts  such  as  the  forego- 
ing, it  is  apparent  that  the  prevalence  of  certain  winds 
nuist  affect  very  greatly  the  character  of  the  climate  of 
different  localities,  as  regards  their  claim  to  being  heallli 
resorts. 

(d)  Brightness  of  the  Atmosp/wre. —This  quality,  which 
in  large  measure  bears  a  direct  relation  to  dryness,  must 
for  several  reasons  be  considered  an  important  element 
in  its  bearing's  on  the  subject.  That  the  amount  of  sun- 
shine is  not  always  the  gauge  of  the  healthfulness  of  any 
locality,  is  seen  in  the  mortality  and  disease  statistics  of 
temperate  North  American  regions;  since  from  some  of 
these  it  appears  that  November  is  among  the  healthiest 
months  of  the  year,  although  having  the  smallest  amount 
of  sunshine.  The  absence  in  some  measure  of  winds, 
such  as  those  of  March,  and  the  low  average  daily  range 
of  temperature,  must  be  credited  with  this  favorable 
result. 

Brightness,  or  diathermancj'  of  the  air,  which  is  used 
to  express  the  intensity  of  suusliine,  may  be  said  to  be  in 
direct  proportion  to  the  relative  humidity  of  the  air. 
From  Jourdanet's  and  Denison's  tables  it  appears  that 
the  intensitj'  of  sunshine  increases  directly  with  the  alti- 
tude. This  intensity  is  measured  by  the  difference  be- 
tween the  temperature  in  sun  and  in  shade,  and  has  been 
represented  by  the  following  rule  of  Denison,  viz.  :  One 
degree  greater  difference  between  temperature  in  sun  and 
shade  for  each  rise  of  2.35  feet.  The  ex]ieriments  of  many 
others,  as  Piazzi  Smyth  on  the  Peak  of  Teueriffe,  and  of 
Vacher  and  others  at  Davos,  abundantl3r  prove  the  inten- 
sity of  the  sun's  raj'S  in  high  altitudes.  This  intensity, 
as  is  readily  understood,  is  associated  with  the  fact  that 
there  is  sunshine  in  such  localities  on  almost  every  day 
throughout  the  year.  That  sunshine  has,  when  the  heat 
is  not  too  great,  most  beneficial  effects  upon  man,  as 
upon  mo.st  living  animals,  is  too  commonplace  a  remark 
to  recjuire  reasserting.  Some  of  the  wa3'S  by  which 
such  good  influences  are  exerted  are  well  known.  Dr. 
Thaon,  in  his  "Cliniciue  Climatologique, "  has  well  sum- 
marized these  influences.  He  remarks  that  solar  heat 
increases  all  the  functions  of  animal  as  well  as  vegetable 
hfe;  the  blood  circulates  with  greater  rapidity,  respira- 
tion is  increased,  peripheral  circulation  is  more  active  to 
the  advantage  of  internal  organs,  which  thus  free  them- 
selves from  stagnant  blood  charged  with  exerementitious 
principles.  Light,  also,  as  seen  iu  vegetation,  plays  a 
most  important  part  through  its  active  rays.  "It  red- 
dens the  blood,  it  cures  chlorosis  in  the  same  manner  as 
it  restores  the  color  to  plants  bleached  in  darkness." 

Slight  consideration  must  make  it  apparent  that  the 
numberless  variations  in  the  combinations  of  these  factors 
cannot  fail  to  create  climates  with  equally  varying  char- 
acteristics ;  nor  can  we  fail  to  remark  that  the  same  local- 
ity throughout  the  year  is  subject  to  e(iually  numerous 
changes  in  the  combinations.  Further,  when  it  is  re- 
membered that  the  conditions  of  phthisical  persons,  de- 
pending upon  hereditary  or  induced  causes,  are  infinite  in 
their  differences,  we  are  not  surprised  that  the  question 
of  what  climate  will  best  suit  individual  cases  becomes 
of  extreme  difScultjf  as  well  as  importance. 

The  sex  of  persons,  their  ages,  their  education  and 
tastes,  their  companionships,  their  attendants,  their  pecu- 
niary abilities,  the  progress  of  the  disease,  etc.,  may  all 
be  questions  equal  in  importance  to  that  of  climate,  if  not 
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I'ven  more  inqiortant— so  susceptible  is  the  physical  well- 
being  to  a-sthetic  and  psychical  iidluenccs. 

Thequeslion  of  climate  as  regards  the  prevenlion  of 
phthisis  is  of  greater  iniporlaiice  l)y  far  than  that  re- 
,u,arding  its  cure.  Ex])eilence  lias  shown  that  in  every 
climate  consumption  has  increased  with  the  increasing 
[lopulation,  and  therefore  th(!  liist  step  in  its  prevention, 
as  in  its  cui'e,  is  to  see  that  the  sanitary  surroundings  of 
l)eople  in  their  homes,  and  when  employed  in  their  daily 
vocations,  are  of  the  mo,st  perfect  nature  possible.  But 
inasmuch  as  it  has  become  the  mode  to  draw  distinctions 
lietween  climates  fitted  for  the  phthisical  at  dillerent 
stages,  it  will  not  be  improper  for  us  to  give  some  direc- 
tions which  experience  has  proven  to  be  of  some  value 
in  the  treatment  of  consumption. 

In  all  early  stages  of  the  disease,  before  ha'moptysis 
has  occurred,  bright,  dry  elimates,  where  the  air  is  in- 
vigorating, as  at  varying  heights  rising  to  five  thousand 
feet  above  the  sea,  where  the  rarefied  air  allows  of  greater 
lung  expansion,  and  where  life  with  active  exercise  in  the 
open  air  may  be  engaged  in.  are  those  which  seem  likely 
to  produce  most  gratifying  results.  Owing,  however, 
to  the  extreme  daily  range  of  temperature,  protection 
from  the  night  air  in  well-ventilated  dwellings  or  in 
tents  is  markedly  indicated.  That  height  is  probably 
not  the  necessary  element  in  the  cure,  except  so  far  as  it 
is  the  gauge  of  brightness  and  dryness,  is  seen  in  the  al- 
most uniformly  good  eftects  of  .lurceyivg  and  crimping 
out  in  the  bracing  air  of  the  Northwestern  prairies,  as  of 
Montana  and  the  British  Territories.  Such,  too,  are  the 
experiences  of  consumptives  at  the  far-famed  health  re- 
sorts of  the  whole  Riviera  in  the  winter  season.  When 
pronounced  haemoptysis  has  taken  place  both  theory  and 
experience  contraindicate  treatment  by  high  altitudes, 
with  their  rarefied  air,  unless  by  the  most  gradual  ascents. 
Jaccoud  illustrates  the  first  liy  patients  going  to  the 
mountains  direct  by  rail  from  Paris,  only  to  have  a 
hemorrhage  occur  on  their  arrival, — a  hemorrhage,  how- 
ever, wdiich  ceases  immediately  on  their  descending  again. 
Dr.  Paul  Regnard  has  given  statistics  greatl}^  qualifying 
the  tendency  as  stated  by  Jaccoud.  In  such  cases  the 
bracing  air  of  the  Northwestern  prairies  would  seem  to 
be  of  the  greatest  value.  When  the  disease  progresses 
but  slowl}',  high  altitudes  with  their  tonic  influences  and 
effects  upon  digestion  and  nutrition  do  produce  good 
effects.  In  cases  with  much  cough  and  bronchitis,  the 
inland  lake  districts  on  the  Laurentides  of  Canada,  with 
thiiir  immense  evergreen  forests  of  cedar,  hemlock,  and 
pine,  supply  conditions  eminently  tonic  and  soothing. 
The  temperature  is  equalized  by  the  evaporation  from 
the  lakes,  and  the  trees  diminish  the  violence  of  the  winds. 
Then,  besides,  the  cool  waters  which  flow  from  the  north- 
ern watershed  into  the  innumerable  small  lake  basins 
make  the  air  cool  and  invigorating  in  the  midst  of  summer, 
and  afford  the  opportunities  for  camp  life,  with  unlimited 
facilities  for  fishing  and  hunting,  thus  giving  variety  and  . 
exercise  without  the  danger  of  fatigue,  so  often  incident 
to  hill  climbing.  The  average  height  of  these  lakes  is 
about  one  thousand  feet  above  the  sea. 

Reference  has  been  made  to  purity,  dryness,  and  bright- 
ness as  being  the  chief  elements  that  give  therapeutic 
qualities  to  the  atmosphere;  and  that  these  qualities  usu- 
ally exist  in  their  highest  degree  in  mountain  climates 
has  been  indicated  by  experimental  work  made  during 
the  past  ten  years  by  numerous  workers,  which  has 
added  much  to  our  knowledge  of  the  physiological 
changes  going  on  at  high  altitudes.  The  most  compre- 
hensive exposition  of  this  work  and  the  conclusions  based 
upon  it  is  that  by  Dr,  Paul  Regnard,  Paris.  Similar 
conclusions  are  set  forth  by  Dr.  Solly,  Colorado  Springs, 
in  his  recent  work.  These  with  other  competent  observ- 
ers insist  that  tuberculosis  practically  does  not  exist 
in  high  altitudes  except  when  introduced,  and  Regnard, 
summing  up  the  reasons  for  this,  says: 

1.  That  Freudenrich  aflrrms  that  the  rarity  of  the 
bacillus  is  due  to  the  degeneration  induced  in  this  organ- 
ism by  its  life  in  cold  atmospheres  for  many  months— a 
fact  proven  experimentally. 
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2  That  persons  rich  in  blood  constituents  are  seldom 
inoculated  with  the  disease,  its  onset  depending  upon 
an.'Tiniia  and  general  depreciation  of  the  health,  and  that 
these  conditions  but  seldom  prevail  in  mountain  climates, 
owing  to  the  fact  that  the  blood,  at  these  high  altitudes, 
is  richer  in  red  corpuscles  than  it  normally  is  at  low  levels. 

y.  That  while  a  cold  fresh  air  prevails  in  the  moun- 
tains even  in  the  summer,  there  is  the  additional  fact 
that  in  winter  mountain  atmosphere  is  fresh  and  dry 
with  sunshine  of  great  intensity. 

When  the  change  of  residence  is  first  made  from  a  low 
level  to  that  of  a  mountain  resort  the  individual  is  likely 
to  experience  what  is  known  as  the  nialudie  de  la  Muii- 
iaqne,  the  symptoms  of  which  are  heat  sensations,  tur- 
gi'dity  of  lips  and  conjunctiva,  with  flushed  face,  nose- 
bleeding,  sleeplessness,  breathlessne.ss,  headache,  and 
vertigo.  This  is  rapidly  followed  by  improved  appetite, 
a  sensation  of  Meti-etre,  improved  si)irits,  decrease  of 
nervousness  and  dyspnoea.  The  first  symptoms  were 
due,  according  to  Regnard,  to  an  anoxiemia  and  the 
physiological  needs  created  by  this  condition.  Under  the 
stimulus  of  this  demand  for  more  oxygen  a  condition  of 
hyperhiemoglobiniemia  soon  becomes  established.  In 
other  words,  tlie  blooil  of  anaemic  persons  who  transfer 
their  residence  fromalow  toaliigh  altitude  will  .soon  con- 
tain the  amoimt  of  oxygen  which  a  fairly  healthy  person 
would  possess  at  the  h>wer  level,  and  this  can  only  be  at- 
tained through  an  increase  in  the  number  of  red  blood 
corpuscles;  for  experiments  on  animals  subjected  for 
weeks  to  atmospheres  of  reduced  atmospheric  pressure 
show  that  the  capacity  of  red  corpuscles  to  hold  oxygen 
varies  directly  with  the  decreased  pressure  or  with  eleva- 
tion above  sea  level.  The  corpuscles  will  rise  in  number 
from  a  normal  at  sea  level  of  4,000.000  per  cubic  milli- 
metre of  blood  to  6,000,000  or  7,000.000,  according  to 
height,  within  a  fortnight.  Paul  Bert's  law  is  thus  ex- 
pressed:— If  at  760  mm.  (30  ins.  on  barometer)  blood  ab- 
sorbs 20  e.c.  of  oxygen,  at  370  mm.  it  absorbs  only  10. .5 
e.c.,  and  at  30  mm.  it  absorbs  only  7.4  e.c. 

Regnard,  after  a  review  of  the  experimental  evidence 
regarding  nutrition,  the  changes  in  the  composition  of 
the  atmosphere  and  the  increa.sed  ha-matopoiesis  having 
an  intimate  relation  to  it,  saj'S  that  when  the  atmos- 
pheric pressure  diminishes,  the  oxygen  supplied  for 
organic  combustion  diminishes.  Then  the  red  corpuscles 
begin  to  increase,  and  soon  the  normal  condition  of  tissues 
is  restored  and  even  passes  the  normal.  It  is  certain, 
then,  that  in  the  mountains  the  appetite,  stimulated  by 
the  fresh  air  and  walking,  determines  a  more  active 
nutrition  and  more  intense  combustion.  Similarl}-,  there 
is  an  excess  in  the  moisture  given  olf  in  the  mountains 
by  pulmonary  respiration.  Probably,  however,  there  is 
a  ten<leiicy  to  increase  in  weight  by  residence  in  the 
mountains. 

Much  may  be  said  concerning  the  stinuilatiug  influ- 
ences derived  from  the  ozonized  air  and  the  salt  breezes 
blowing  fi-om  the  ocean.  These  must,  however,  be  as- 
sociated with  a  mild  air,  otherwise  the  dami)ne.ss  and  fogs 
of  the  coast  cannot  fail  to  injure  all  except  early  cases  of 
consumption,  in  which  general  debility  is  chiefly  present. 
In  such  eas('S  the  coast  fmm  B(jston  southward  during  the 
summer,  and  the  Gulf  of  jMexico  iluring  the  winter,  seem 
to  best  fulfil  the  indications.  Los  Angeles,  etc.,  on  tlie 
Pacific  coitst  may,  witli  good  caiise,  be  cou.sidered  in  this 
ccinnection.  The  equable  character  given  to  the  climate 
of  tlie  Pacific  coast  by  the  rciiini  eqi(<it<iriiil  current 
tifiwing  from  the  north  to  join  the  parent  stream  at  the 
equator,  has  of  iveent  years  given  it  many  claims  to 
prominence  in  the  treatment  of  consum|)tion.  In  manv 
ivspe(]ts  the  climate  of  Southern  Calirornia  su|i|i]i('s 
America  with  a  resort  in  a  fair  way  of  becoming  as 
celebrated  a  winter  residence  for  invalids  as  the  far  fameil 
Riviera  of  the  Mediterranean  ;  and,  if  laekiim  in  some  of 
the  historic  interest  attaching  to  tin:  latter,' it  certainly 
surpass(.'S  it  in  a  freedom  from  the  unsanitary  condition's 
t(JO  often  present  in  these  old  towns. 

Any  attempt  to  emnnerate  the  almost  infinite  number 
of   health  resorts   whose   special  claims   have,    even   in 


America,  but  especially  in  France,  Italy,  Germany, 
Spain,  England,  Scdtland,  Switzerland,  Algiers,  Aus- 
tralia, and  Tasmania,  been  set  forth  by  special  advocates, 
would  bo  as  impossible  as  it  would  be  unscientific ;  and 
it  is  only  by  a  careful  review  of  the  many  conditions  in 
connection  with  each  case  that  satisfactory  results  are 
at  all  likely  to  be  arrived  at  as  regards  its  treatment. 

P.  H.  Bryce. 

CONTAGION.     See  Infections  DineMes. 

CONTRACTILITY,  CONTRACTION.— Contractility  is 

one  of  the  fundamental  and  inherent  properties  of  living 
matter.  Nearly  all  of  the  movements  which  are  so  char- 
acteristic of  living  nature  are  due  to  this  property;  that 
is,  they  arc  due  to  the  contraction  of  protoplasm. 

The'contraction  of  a  body  or  of  a  substance  implies  an 
alternating  compensatory  expansion  or  relaxation.  If  it 
were  not  for  the  alternating  contraction  and  expansion 
(or  relaxation),  a  repetition  of  a  movement  could  not  oc- 
cur, and  the  end  for  which  contractility  seems  to  exist 
could  not  be  accomplished. 

Contraction  is  active,  while  relaxation  is  passive.  Con- 
traction can  be  accomplished  only  through  a  catabolisra 
of  the  living  substance,  while  relaxation  involves  no  catab- 
olism  and  may  take  place  at  the  same  time  with  anab- 
olism. 

I.  TnE  Significance  op  Contractility.— Contractil- 
ity in  its  most  primitive  form  is  possessed  by  the  active 
protoplasm  of  unicellular  plants  and  animals.  In  a  more 
advanced  form  it  is  the  property  of  more  or  less  special- 
ized portions  of  the  metaphyta  and  of  themetazoa.  The 
active  protoplasm  of  higher  plants  forms  so  small  a  por- 
tion of  the  plant  body,  and  the  activities  of  this  portion 
are  so  ob.scured  bj'  the  more  prominent  and  apparent  por- 
tions of  the  plant,  that  one  is  likely  altogether  to  lose  sight 
of  the  Importance  of  contractility  in  the  plant  kingdom. 

On  the  other  hand,  the  extreme  pi'ominence  of  this 
property  and  of  the  highly  specialized  muscular  tissue 
Avhieh  manifests  it  in  the  higher  animals  leads  the  casual 
observer  to  associate  contractility  with  the  animals,  and 
to  look  upon  it  as  one  of  the  characteristics  distinguishing 
animals  from  plants. 

Being  an  inherent  property  of  living  matter,  contrac- 
tility must  have  a  significance  which  bears  a  fundamental 
relation  to  life. 

Only  through  the  study  of  primitive  forms  can  one 
elucidate  these  problems  of  life.  Let  us  suppose  that 
one  has  before  him  under  a  microscojie  an  amceba  just 


Fiii.  liilfl.— Sliowiiij,'  Various  I^bases  ol  Amoeboid  Movement, 


taken  from  au  a(iuarium  (Fig.  1499).  "When  first  seen 
under  these  conditions  the  organism  is  likely  to  be  a 
fairly  compact  subspherical  grayish  mass.  Presently  one 
sees  a  portion  of  tlie  mass  slowly  extending  out  froin  the 
main  body.  Other  portions  may  extend  out  in  other  di- 
rections. These  extensions  or  pseudopodia  seem  to  be 
feelers.  Thnnigh  them  the  (n-ganism  seems  to  get  infor- 
mation regarding  its  immediate  environment.  Presently 
one  of  the  pseudopodia  gels  rapidly  larger  through  a 
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flowing  of  the  protoplasm  into  llie  growing  pscndopo- 
diuni  from  the  cell  body  and  its  other  extensions.  In 
this  way  the  organism  moves  across  Uie  Held. 

Shonld  it  by  accident  or  otherwise  come  in  contact,  at 
amy  part  of  its  peripherj',  with  a  small  solid  body,  stich 

as  11  unicellnlar  plant  of 
sma  lie  r  dimensions 
than  itself,  it  inmied;- 
ately  flows  around  the 
foreign  body,  thus  en- 
gultiiig  it.  A  plant 
body  thus  engulfed  or 
swallowed  is  actually 
digested  and  assimilat- 
ed by  the  aniiilia. 

If'  the  glass  slide 
upon  which  the  organ- 
ism is  resting  be  jar- 
red, or  if  in  any  way 
the  animal  is  snddeidy 
stimulated,  it  (juickly 


Fig.  l.iOO.— Cross-Section  of  a  Fiisciou- 
lus  of  Muscle.  Note  tliat  each  muscle 
fasciculus  Is  suiToumled  t>y  a  sheath 

called  the  ]ieiinivsluui ;  that  the  fibres  draws  up  in  a  S])heri 
which  constitute  a  fasci,-ulus  are  sepa-  gal  mass,  and  remtiins 
rated  from  one  amitlier  by  endomy- 
sium,  and  that  each  111  ire  Is  surrounded 
by  a  cell  yyall  calleil  the  sarcolemma. 
The  dots  ,1ust  within  the  sarcolemma 
represent  nuclei. 


thus  contracted  until 
everytliing  is  quiet  and 
the  way  seems  clear 
for  another  reconnoit- 
rinu:  of  the  environment — another  foraging  tour. 

FinuU)',  after  a  preliminarj-  period  of  rest  the  old 
ama>ba  divides  into  two  young  ones,  thus  completely 
merging  its  individuality  into  that  of  the  succeeding  gen- 
eration. This  act  ( if  reproduction  is  accomplished  through 
tlie  means  of  a  certain  amount  of  contraction  and  move- 
ment. 

The  foregoing  is,  of  course,  an  interpretation  of  the 
movements  of  the  ama^ba  in  terms  of  the  known  activi- 
ties of  the  higher  animals,  especially  of  man.  How  far 
this  is  justifiable  is,  of  course,  a  question;  Imt  if  we  in- 
terpret the  actions  of  low  organisms  at  all  we  must  of 
necessity  do  so  In  terms  of  our  own  experience. 

Accepting  this  as  a  basis  for  our  reasoning,  we  may 
say,  then,  that  there  are  three  fundamental  ends  served 
by  the  movements  of  the  ama?ba:  ('()  nutrition;  (4)  pro- 
tection; (c)  reproduction. 

In  serving  these  three  great  realms  of  life  activity,  con- 
tractility stands  in  most  intimate  relation  to  the  whole 
of  hfe.  If  we  study  the  higher  ranks  of  living  nature, 
we  shall  find  that  contractility  holds 
just  as  important  a  relation  to  nnti'i- 
tion,  protection,  and  I'eproduction 
as  is  observed  in  the  pi'Otozoan. 

II.  The  SxHrcTURE  ov  Con- 
TKACTii.E  Substance. — It  has  been 
stated  above  that  all  living  sub- 
stance possesses  the  property  of 
contractility  as  one  of  its  inherent 
characterisfies.  It  follows  that  the 
discussion  of  tJie  structure  of  i^^i}- 
trttrtile  siihstaricc  is  really  the  dis- 
cussion of  the  structure  of  Umng 
siibstdiif-e.  It  is  the  intention  of  the 
writer  to  discuss  in  detail  only  those 
features  of  ]3rotoplasmic  structure 
which  are  of  especial  significance 
in  contractility. 

Beginning  with  that  substance 
which  is  most  highly  specialized 
as  to  contractility,  viz.,  muscle 
tissue,  one  notes  that  the  cell  is  a 
fibre  and  that  the  cell  substance  is 
tibrillated.  In  action  it  is  observed 
that  the  cell  becomes  shortened  in 
its  long  axis  while  its  lateral  di- 
mensions increase,  the  volume  re- 
maining the  same.  The  shortening 
of  the  muscle  fibre  (cell)  is  universally  conceded  to  be 
the  result  of  the  shortening  of  the  fibrillie,  which  take  a 
prominent  part  in  the  structure  of  each  muscle  cell. 


Fig.  1.501.  —  Portion  of 
a  Fibre  of  Human 
Muscle.  Note  the 
transverse  bands  or 
striations.  The  light 
discs  are  divided  by  a 
dotted  line  (plane), 
first  described  by 
Krause  and  supposed 
by  him  to  be  a  mem- 
brane. 


Each  fibre  or  cell  is  suri-ounded  by  a  delicate  cell  wall, 
the  xinrdlfiiiiiiii,  shown  in  Pig.   1500. 

In  the  lignre  the  shaded  areas  (areas  of  Colmheim)  into 
which  the  cr(jss-section  of  each  tibi'e  is  divided,  represent 
bundles  of  fibrilUe,  iiiiixrlc  etiliiiiiiix,  which  are  seiiarated 
by  the  sarcoplasni. 

The  proportion  of 'sareoiilasm  to  fibrillar  substance 
may  vary  enormously  in  the  muscles  of  different  Sjiecies 
as  well  as  in  the  dillVrent  muscles  of  the  same  animals. 
"Those  muscle  fibres  which  serve  flic  most  ])er.sistcnt  or 
most  strenuous  actions  are  richest  in  sarcoplasni."  "The 
great  pectural  muscle  of  the  best  filers  (among  the  birds) 
consists  exclusively,  or  almost  exclusively,  <if  ))la.smic 
(rich   in   sarcoplasni)  fibres,   while  in  the  weak-winged 


(MIW) 
■»■ 
tanii 
■iiii 

llllllB 
(IIIIIIH 

!»■ 

tlHIIIlll 

Miii 

mn 


FIG.  1503.— Wint'  Muscles  of  an   Insect.      (After   Shiifer.l     ,1,   Con- 
tracted ;  J!,  same,  relaxed  ;  ( ',  moderately  extended. 

fowls  it  consists  predominantly  of  aplasmic  (poor  in  sar- 
copla.sm)  iilires. "  "  There  can" be  no  doubt  that  energetic 
chemical  changes  gn  on  in  the  sarcoplasm,  as  is  proved 
by  the  frequent  appearance  within  it  of  fat  drops." 
"All  indications  favor  the  proposition  that  the  mrcoplasm 
furnishes  the  pabulum  which  nourishes  the  fibrillar  dur- 
ing its  activity."  "If,  then,  it  really  is  the  role  of  the 
interfibrillar  plasma  (sarcoplasm)  to  preside  over  the 
nutrition  of  the  contractile  substance,  the  greater  abun- 
dance of  sarcoplasm  in  the  muscles  which  serve  the  most 
strenuous  and  persistent  functions  is  readily  in teUigible.' 
(Onotations  from  Biedermann's  "Electro-Physiology.") 

the  structure  of  the  fibrilla  has  been  under  discussion 
for  many  years.     Many  of  the  points  at  issue  are  still 


FIG  1.5a3  -Diagram  of  a  Sarcomere.  (After  Shater.)  A,  Extended , 
B  contracted  The  shaded  portion  of  each  sarcomere  is  a  sarcosome. 
/,  Plaiie  .It  Hensen;  K  lu  membranes  of  Krause;  s.  e..  poriferous 
sarcous  element. 

unsettled  Pi"-  1='><'1  show's  a  human  muscle  fibre  under 
hi.rh  magnification.  Note  that  the  fibre  presents  alter- 
nating light  and  dark  bands  and  that  the  light  bands  are 
subdivided  by  a  fine  dotted  line.  This  line  is  called 
Knmse's  mfmbrcme,  because  it  was  at  first  thought  to 
be  a  membrane.  The  whole  fibre  is  composed  of  a  great 
number  of  parallel  fibrillre.  Each  fibrilla  is  segmented 
and  presents  the  same  alternating  dark  and  light  seg- 
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Fre.  1504.  —  Expanded  End  of  a 
Fnraniinifer's  Pseudopod.  X 
3,IX)0.     (After  Biitschli.) 


ments  shown  by  the  til.re  as  a  whole.     Furthermore,  each 
flbrilla  pcssesses  a  portion  of  the  "  Kranse  membrane. 

The  most  favorable  material  for  the  study  of  the  hner 
structure  of  the  fibrill*  is  presented  by  the  wmg  mus- 
cles of  insects.  Shufer  s 
preparations  shown  in  Fig. 
150a  give  a  very  good  idea 
of  tliis  structure.  The  por- 
tion between  two  Krause 
membranes  is  called  a  .wr- 
miiinr.  Note  lluit  in  the 
extended  condition  the  dark 
band  has  a  hght  line  divid- 
ing it  transversely;  tliis 
hght  line  is  called  the  line 
or  plane  of  llensen  (see 
Fig.  1503,  A,  h).  This 
plane  of  Hensen  disappears 
when  the  tibrilla  is  con- 
tracted (see  Fig.  1503,  B, 
h).  Each  sarcomere  then  is 
occnjiied  by  dark  and  light 
matter.  The  dark  matter 
seems  to  be  more  solid  than 
the  light  matter.  It  is  call- 
ed a  sarcous  element  or 
SKi-cnsome. 

From  the  figures  given  it 
is  evident  that  the  tibril- 
lated  structure  of  muscle 
protoplasm  must  pla,y  an 
important  role  in  contrac- 
tion. The  attention  has 
already  been  Cidled  to  the 
fact  that  the  muscle  cell  is 
composed  of  fibrillaj  and  sarcoplasm.  Note  from  Figs. 
1502  and  1503  that  the  librilla  is,  in  turn,  composed  of  a 
darker  and  a  lighter  portion,  the  stircosuine  and  the 
sarcolymph.  The  sarcosome  seems  to  be  of  greater  con- 
sistency— that  is,  viscous ;  while  tlie  sarcolymph  seems  to 
be  limpid  in  consistency.  Not  all  of  the  substance  of 
the  librilla  is  contractile.  The  sarcosome  is  actively  con- 
tractile, while  the  sarcolymph  is  passively  adapted  to 
the  movements  of  the  sarcosome,  flowing  to  and  fro  in 
response  to  pressure  from  the  sarcosome.  Biedermann, 
cited  aljove,  has  called  attention  to  the  fact  that  it  is 
the  sarcoplasm  that  serves  as  passive  food  for  the  active 
flbrilla.     But  within  the  librilla  the  passive  sarcolymph 

^ probably  serves  as  food  for 

! '  "  tlie  active  sarcosome. 

]  In    the    muscle    cell    we 

seem   to  reach  the   highest 
''p  Tt*^-rj_r  j_i.,;  order   of    differentiation   in 

ti.'vir'trt-i.-^  (         Pi   toplasmic  structure.     It  will 
profitable  to  .study  less  highly 
lijl(  rentiated  cells  in  the  .search 
1  lomologucs  to  the  structures 
\\    \  e  described. 

I  nder  favorable  conditiinis 
11  1  with  sufficiently  high  mag- 
nit  ition  the  ])r()ti)plasm  of  ani- 
n  d  cells  is  found  to  be  com- 
1  1  of  a  meshwork  of  tibrillie. 
n  d  ])ortion  of  the  protoplasm 
(  ilsde  of  the  nucleus,  viz.,  the 
//  jilnnm  or  ryti)]iliisin  is  thus 
c  nposed  of  substances  rejire 
s  1  ting  at  least  two  wcU-dellned 
1  I  \  sical  condilions,  and  bi'long- 
n  without  rcasoiialile  doubt, 
t  t  vo  categories  from  a  pliysio- 
1  1  -al  stand])oint.  The  threads 
or  tibrillie  which  form  the  icticu- 
lum  are  of  more  viscous  consist- 
ency, while  the  li(|ui(l  which  tills 

„,  ,    ,,,,.     _  .,        ,    „  the   meshes  of  the  reticulum  is 
Fio.   1.50,>.— Epidermal    Oe  I 

of     an     Earthworm.     X  J^""''-      ^v.atery     in     C'onsistency. 

3,000.     (After  Butsctiil.)  The  denser  thread    substance  is 
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called  spongiophmn,  while  the  liquid  in  the  meshes  is 
called  cytolympli. 

A  study  of  Figs.  1504,  1505,  and  1506  will  reveal  all  of 
these  features  in  cells  representing  a  wide  range  of  dif- 
ferentiation in  the  animal  kingdom. 

This  reticulated  structure  of  protoplasm  with  its  dif- 
ferentiation into  spongioplasm  and  cytolymph  is  so  gen- 
eral and  constant  that  Wilson,  of  Columbia  University, 
has  made  a  diagram  of  a  typical  cell  (see  Fig.  1507)  in 
wdiich  the  reticulum  in  the  cytoplasm  is  a  prominent  fea- 


FiG.  1.506.— Section  through  a  Nephrldial  Cell  of  the  Leech,  Clepsine. 
(Drawn  by  Arnold  Graf  from  one  of  his  own  preparations.)  The 
centre  of  the  cell  is  occupied  by  a  largre  vacuole,  tilled  with  a  watery 
liquid.  The  cytoplasm  forms  a  very  regular  and  distinct  reticulum 
with  scattered  miciosonies  which  lieconie  very  large  in  the  periph- 
eral zone.  The  larger  pale  boilies.  lying  In  the  gi-ound  substance, 
are  excretory  granules  ( i.  f .,  metaplasm ) .  The  nucleus,  at  the  right, 
is  surrounded  by  a  thick  chromatic  membrane,  is  traversed  by  a 
very  distinct  linin  network,  contains  nuiuerous  scattered  chromatin 
granules,  and  a  single  large  nucleolus  within  which  is  a  vacuole. 
Above  are  two  isolated  nuclei  showing  nuiieoli  and  chromatin 
granules  suspended  on  the  linin  threads.  (Wilson:  "The  Cell,  in 
Uevelopmect  and  Inhentance,"  lS9t).) 


ture.  The  nucleus,  centrosome,  plastids,  and  metaplasm 
are  of  importance  in  ;iny  discussion  of  the  cell  reproduc- 
tiim  and  iiutrilicui.  but  may  be  passed  without  further 
reference  at  this  time. 

There  can  scarcely  exist  a  d(nibt  in  one's  mind  that 
the  librilla'  of  a  muscle  cell  are  homologous  to  the 
siKuigioidasm,  while  the  sarco]5lasm  is  homologous  to  the 
cytolymi)h.  The  spongioplasm  is  not  homogeneous, 
but  consists  of  substances  of  dilferent  consistency,  nota- 
ble among  the  denser  substances  being  the  microsomes  or 
])r()toplasmic  granules.  Though  a  homology  may  be 
traced  between  dilTerent  features  in  the  structure  of  the 
litirilUc  and  those  of  the  spongioplasmic  threads,  it  is 
probably  too  early  to  venture  a  judgment  on  such  a  rela- 
tion. This  thing  is  certain:  the  cells  which  have  paral- 
lel, contractile  tibrilUe  are  lineal  descendants  of  cells 
which  possessed  the  spongi(5plasmiC  retictilum.  Further- 
more, the  spongioplasm  is  active,  while  the  cytolymph 
is  a  passive  food  supply,  so  that  the  analogy  between 
librilloe  and  sarcoplasm  on  the  one  liand,  and  spongio- 
plasm anil  cytolymph  on  the  other,  is  perfect. 
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rxpausion,  but 
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Attraction  Sphere  inclosing  the  Co^utrosomcs, 


plasmosome    or 
true  nucleolus 

cliToniatin  -  net- 
work 
linin-network 


karyri s o me  or 
net-knot 


Let  us  turn  briefly  to  ;i  consideration  of  otlier  contrac- 
tile structures.  The  ciliated  cell  possesses  permanent 
cell  extensions — the  cilia — which  are  in  constant  motion. 
Fig.  1508  shows  the  structure 
as"  it  appears  under  favorable 
conditions.  The  tibrillre  of  the 
cytoplasm  represent  the  spougio- 
plasm  of  the  ciliated  end  of  the 
cell.  The  cilia  seem  to  be  simple 
extensions  of  the  cytoplasmic 
fibrillK,  inter- 
rupted at  the 
cell  border  by  a 
zone  of  micro- 
somes, which,  in 
Fi.fi;.  1509,  are 
strongly  s  u  g- 
gestive  of  sarco- 
somes. 

Biedermann's 
study  of  the 
propertjr  of  con- 
tractility among  tlie  Ciliata  makes 
it    evident    that   in  this   class   of 
unicellular    animals    aa  e    have    a 
fibiillated  structure  in  which  the 
tibrilke   are    also    homologous   to 
the  spongioplasmic    threads    (see 
Fig.  1510). 

The  contractile  substances  thus 
far  discussed  are  those  which  have 
the  power  of  contracting  in  one 
particular  direction.  The  Rhizo- 
poda  among  one-celled  animals, 
also  the  undifferentiated  proto- 
plasm of  plant  cells,  possess  the 

property  of  contractility,  but  the  character  of  tlie  move- 
ment is  quite  different  from  that   of  any  of   the  ani- 
mals   al)Ove     the 
Ehizopoda  in  that 
\':    ''\-\'r.\'-  :..'.';,        ■   ■:■  t  li  e     contraction 

'  '  '  ■  '         '    ■  •  ■  jj.^^y     ^j^J.g     plj^gp    JQ 

any  direction 
whatsoever.    This 
particular  charac- 
ter of  movement 
is  called  auweboid 
(see    Fig.     1499). 
The   amccba,    the 
monera,  the  leu- 
cocyte, and   the 
protoplasm    of 
plant     cells     do 
not  seem  to  have 
a    protoplasm 
differentiated  in- 
to spongioplasm 
and  eytolymph. 
The  protoplasm 
of  certain,   per- 
haps   all,    fora- 
m  i  n  i  f  e  r  a     is, 
h  o  w  e  v  e  r, 
thus     differ- 
entiated, and 
it  is  capable 
of    typical    amn?- 
boid     movements 
and    of    no    other 
kind     of      move- 
ments.    Fig.  1504 
shows  the  ex- 
panded end  of  the 
pseudopod    of     a 
Fio.  1.508.-A  Ciliated  Cell  from  the  Intestinal    foramiuifer.     Tlie 
Epithelium  of  Cvclas.    Note  the  cytoplasmic    spongioplasni      is 
abrillse  terminating  in  a  zone  of  peripheral    yery    evident     in 
microsomes  to  which  the  cilia  are  attached,    ^.i  /  i  „i,-  „f    ti^g 
(From  Wilson,  after  EnRlemaun.)  ™c     UOQ)    01 


plastids  lyinff  In 
the  cytoplasm 


no.  l.")07.— DiaRram  of  a  Cell.  (After  Wilson.)  Note 
that  this  dlaKTam  contains  everything  which  a  study 
of  actual  cells,  as  shown  above,  would  seem  to  be 
essential  and  typical  in  cell  structure. 


Butselili    has   not  shown  it   in   any   of 
The   literature   of  the   subject   would 
believe    that   the    lil)rillar    reticulum, 
met  with  in  some  of  the  animals 
endowed    with    aimcboid     move- 
ments,   has     any    causative   rela- 
tion lo  those  movenuaits. 
HI.  The   Ciiakactkk  of  Con- 
Tli  .\  CTl  ON  s. —  As 
stated     above,     con- 
tractions   alternate 
with  relaxations. 
This    condition   is   a 
physiological    neces- 
sity, because  conlrac- 
tions  are  1he  result  of 
catubolism,  while  re- 
laxations take   ])lace 
during   anabolism, 
though  they  are  not 
necessarily    the     re- 
sult of  anabolism. 

Contractions  inva- 
riabl}'  decrease  the 
surface  of  a  body  ex- 
posed to  the  sur- 
rounding medium, 
while  relaxations  as 
invariably  increase 
the  surface  exposed. 
When  an  amoeba  re- 
laxes it  at  the  same 
time  sends  out  one  or  more  exten- 
sions of  the  body  wall,  thus  in- 
creasing the  surface,  and  through 
tlie  increase  of  surface  also  in- 
creasing the  absorptive  area,  and  the  opportunity  to 
come  into  contact  with  solid  bodies  that  may  serve  as 
food.  With  these  two  advantages  there  always  comes 
the  disadvantage  that  the  expanded  animal  is  subjected 
to  greater  danger  of  attack  by  other  organisms,  or  of 
injui-y  by  the  environment.  Contraction  decreases  dan- 
ger, decreases  supply  of  nutriment  and  knowledge 
environment.     This   seems  to  be   a   general   law  appli 


vacuole 


lifeless  hod  i  e  s 
(metapl  a  s  m) 
suspended  in 
the  cytoplas- 
mic reticulum 


of 


r.O<)-A  Ciliated  Cell  from  the  fiill  of  a  Fresh-Water  Mussel. 
The'ciha  are  contracted.     (From  Wilson,  after  Englemann.; 


of  indi- 


cable  to  higher  animals  and  to   higher   orders 
viduals,   i.e.,   to    the    municipality,   the   state,   and   the 

4  The  C'liiinieter  iif  Aiiiiehoid  Movements. — Amadioid 
movements,^  so  called  because  first  observed  in  the 
anicelia  are  characteristic  of  the  Rhizopoda  in  general, 
of  leucocvte?,  and  of  some  of  the  lower  plant  forms  as 
well  as  of  the  unmodified  protoplasm  found  m  active 
plant  cells. 
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Fig.  1510.— a  Vortlcella  iCarchesium 
polnphuim).  Note  tlie  converclng 
flbrillai  developed  from  the  exo- 
plasm  ;  also  the  muscle  nbre  of  the 
pedicel. 


The  niovcments  usuallj'  cliissitifd  uiuler  lliis  category 
differ  slightlj-  among  themselves,  and  maj'be  subdivided 
into  the  Jiowint/  moKincnts  which  in  plant  cells  become  a 

distinct  nrcuhitinn  of 
streams  of  protoplasm 
in  the  form  of  threads  or 
strands  of  varying  diam- 
eter from  tlie  region  of 
the  nucleus  out  to  dis 
lant  portions  of  the  cell, 
visiiallj' along  one  side  or 
through  the  middle,  and 
ret\irning  along  tlie  op- 
posite side  or,  in  the 
latter  case,  along  both 
sides.  It  is  inconceiv- 
able that  these  move- 
menls  could  take  jilace 
in  ])roto])lasm  formed 
in  pari,  by  a  reticulum, 
much  less  that  the  retic- 
ulum C(juld  be  active  in 
causing  the  floiriiirj  and 
circulation.  In  this  form 
of  movement  we  prob- 
ably have  to  do  with  the 
most  primitive,  spon- 
taneous movements  of 
living  matter.  That  the 
terms  coutracticm  and 
expansion  may  be  applied  appropriately  to  this  kind  of 
movement  is  evident  from  the  response  which  the  proto- 
plasm gives  to  any  sudden,  efficient  stimulus  it  contracts 
into  globular  masses  either  along  the  course  of  the  threads 
or  around  the  nucleus  (see  Fig.  1511). 

The  other  form  of  amceboid  movement  shown  by  the 
higher  Rhizopoda  and  by  leucocytes  is  characterized  by 
a  slow  pushing  out  of  a  pseudopod  from  any  point  iii 
the  surface  of  naked  animals,  but  from  the  foramina  of 
the  foraminifera. 

The  mechanism  of  this  pushing  out  is  a  matter  of  in- 
terest. A  pseudopod  cannot  be  fhrust  out  as  a  result  of 
simple  rela.xation.  Relaxation  is  passive,  and  passivity 
never  pushes.  We  must  then  have  to  do  with  some  other 
factor  than  simple  relaxation, 
dimension  only  and  contrac- 
tion in  the  other  two.  When 
one  thiusts  his  tongue  out 
ot  Ins  mouth  the  transverse 
muscle  fibres  contract,  while 
the  longitudinal  ones  relax. 
The  result  is  a  sudden  change 
in  the  dimensions  of  the 
tongue  ;  the  longitudinal 
axis  elongating  at  the  ex- 
pense of  "the  transverse  di- 
mensions. Something  analo- 
gous to  this  takes  place  in  the 
pseudopod  of  an  ama'ba. 
^  What  we  call  the  contrac- 
tion stage  is  a  contraction  in 
all  dimen.sions.  This  leads  to 
the  assumption  of  the  spheri- 
cal shape. 

Some,  at  least,  of  the  or- 
ganisms which  possess  the 
power  of  ama'boid  move- 
ment, possess  also  a  reticulat- 
ed spongioiilasm  (.see  Fig.  1504).  The  Ihi-eads  of  the  re- 
tieiiliiiii  he  in  the  thi'ee  dimensions  and,  therefore,  from  a 
mecljameid  standpoint  may  cause  the  movements  Inas- 
much ascontraclioii  iiiils  jdgher  diilVrentiation  is  clearly 
the  function  ofthe  librillateil  sponnioplasm  or  its  homo- 
lo.ttue,  we  are  justitied  iji  soarchinn'  for  I  he  beninnin..-s  of 
this  differentiation  as  soon  as  we  find  contractility  and 
tibnllated  si.ongioplasni  j.ossi'ssed  by  the  same  organism 
h.  I  he,  (Jiitnictcr  of  Ciliorn  ,Vo cements. —In  ciliary 
contractions  we  have  foi-  the  first  time  an  indubitable  re- 
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1.511.  — Showins   the    Pro- 
lasiii  of  u  Stanien-liiilr  Cell 
Tradescaritia,     e.xpanded 
((f)  and  (■(inlracted  (/<). 


lation  between  fibrillated  spougioplasm  and  contractility. 
Note  that  the  contraction  is  transverse  to  the  axis  of  the 
fibres  (see  Figs.  1508  and  1509).  This  can  be  accounted 
for  only  on  the  grounds  of  a  contraction  upon  one  side  of 
the  fibre  or  cilium,  the  other  remaining  relaxed  (.see  Fig. 
1513).     (Verworn,  Allgemeine  P1tysiolf>gie,  p.  358). 

Nobody  seems  to  have  raised  the  question  as  to  how  a 
cilium  regains  its  erect  position.  Is  it  through  a  con- 
traction of  the  opposite  side  or  through  elasticity? 


Till.'  time  and  rhythm  of  ciliary 
\ 


Fig.  I.^IS.— Showiiifr  the  Position  and  Con- 
ilition  of  the  Large  and  Slow-inovinp;  Cilia 
Uooi  a  Rib  of  a  Tunicate.  .-1,  Stage  of 
rela.\ation  ;  B,  stage  ot  contraction. 


contraction  must  be 
governed  by  the 
cells  of  which  they 
are  extensions,  be- 
cause all  of  the  cilia 
of  one  cell  contract 
in  rhythmical  uni- 
son. Upon  ciliated 
surfaces  all  of  the 
cilia  act  in  har- 
mony, sending  a 
series  of  undula- 
tions over  the  sur- 
face similar  to  those 
which  run  over  a 
tield  of  wheat  under  the  influence  of  the  wind. 

The  ciliary  contraction  is  strong  and  quick  in  one  direc- 
tion, wdiile  the  relaxation  is  slow  in  the  other:  this  results 
in  a  transportation,  over  the  ciliated  surface,  of  any 
bodies  or  matter  which  ma)'  be  resting  upon  the  surface, 
the  transpoi-tution  always  being  in  tlie  direction  of  the 
contractions. 

The  ciliated  surfaces  of  the  body  are  the  respiratory 
tract  below  the  larynx,  the  oviducts,  and  the  vasa  defer- 
eutia.  The  coliminar  epithelium  of  pharynx,  (esophagus, 
and  small  intestine  in  m;iny  of  the  lower  vertebrates  is 
ciliated;  while  in  man  there  remains  of  this  ciliated  field 
only  a  sort  of  vestigial,  non-motile,  crown  of  short  cilia 
upon  the  columnar  epithelium  of  the  small  intestine. 

The  function  of  the  cilia  is  evidently  to  carry  secretions 
along  a  duct  or  passage,  or.  in  addition  to  that,  to  remove 
foreign  matter,  as  in  the  ease  of  the  cilia  of  the  respira- 
toi'y  tract. 

Ciliary  contraction  may  be  grouped  in  two  cla.sses:  (1) 
Concerted,  rhythmical,  undulatory  movement  over  a 
ciliated  area;  and  (2)  the  whip-like  movements  of  a  single 
large  cilium  caWeA  florieUHin.  A  good  example  of  flagel- 
late ciliary  movement  is  found  in  the  spermatozoon.  The 
/oospores  of  the  alga'  usually  possess  one  or  two  flagelli. 
The  locomotion  f)f  a  spermatozoon  is  a  sculling  niove- 
ment. 

C.  The  Chiiroctcr  of  Muscular  Contr<tction.—MviBc\\\a.y 
contraction  is  characterized  by  the  shortening  of  flbrillfe. 
We  have  already  discussed  at  some  length  the  minute 
structure  of  a  muscle  cell  of  some  of  the  higher  orders 
of  animals.  Biedermanu 
(  Electro-Physiology,"  vol. 
1  jiji.  8-5)  ti'aces  the  mus- 
cle tibrilUe  phylogenetically 
back  through  the  whole  in- 
vertebrate division  of  the 
rnimal  kingdom,  back  to 
the  longitudinal  contractile 
tibrilhe  of  the  stentor  and 
the  vorticella(see  Fig.  1510). 
In  the  case  of  the  stentor  the 
fibrils  are  separate  thi-ough- 
out  their  coursi';  but  in  the 
vortlcella  note  that  the  sep- 
arate fibrils  of  the  exoplasm 
are  gathered  into  the  cou- 
tractile  fibre  of  the  pedicel. 
The  spiral  course  of  this 
fibre  down  the  inside  of  the 
elastic  sheaf  h  of  the  pedicel 
causes  the  latter  to  be 
thrown  into  a  cylindrical 
spiral  when  the  fibre  con- 
tracts (see  Fig.  15l;i).    Bied- 
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1513.— .\  Vortlcella  Expanded 
(a)  and  Contracted  (fjj. 
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eniimin  ("Electro-Physiology  ")  ilciiionslratiMl  that  u  eon- 
tractod  yorticella  roturus  to  the  e.\ijau<leil  couditiou 
tlirough  the  elasticity  of  the  pedicel.  Muscle  libiils 
nevt'i-  push;  thejr  are  capable  of  active  contraction  of 
their  longitudinal  dinieusions,  but  not  of  the  transverse 
dimensi(iu  to  restore  the  original  length.  In  this  re- 
spect muscular  contractiou  ilill'ers  fundamentally  from 
the  anio?boid  movement.  Muscle  fibres  may  contnict 
and  relax,  but  they  cannot  eoiiinict  and  e.rpaiid.  Dur- 
ing their  condition  of  rehi-xatiou  they  are  absolutely 
passive.  They  are,  during  tins  stage  of  their  change, 
expanded;  but  the  expansion  depends  upon  the  actioii 
of  some  factor  outside  of  the  fibre  itself.  In  the  ease 
of  the  vorticella  it  depends  upon  the  elasticity  of  the 
pedicel;  in  the  case  of  the  ciliary  muscles  of  the  eye  it 
depends  upon  the  elasticity  of  the  tissues  to  which  the 
muscles  are  attached ;  in  the  case  of  hollow  viscera  it 
depends  upon  intravisceral  pressure;  while  in  the  case  of 
the  skeletal  muscles  the  return  to  the  expanded  condition 
depends  in  part  upon  the  elasticity  of  tissues  and  in  part 
upon  the  active  contraction  of  opposing  sets  of  muscles. 
Other  topics  on  the  subject  of  muscular  contractiou  are 
discussed  at  length  iu  Dr.  Simon  H.  Gage's  admirable 
article  on  Muscle  (q.  v.).  Wiiijkld  S.  Hall. 

CONTUSIONS. — A  contusion  is  a  surgical  injury — 
other  than  a  fracture  or  a  wound  proper — in  which  "the 
skin  remains  intact.  If  there  be  a  solution  of  continuity 
of  the  skin  also,  the  term  contused  wound  is  used. 

The  force  producing  a  contusion  is  necessarily  blunt 
in  its  nature — a  blow  or  a  fall  with  resulting  violent  com- 
pression. The  lesion  produced  therebj'  is  chiefly  a  lacer- 
ation of  the  subcutaneous  structures,  varying  in  amount 
according  to  the  degree  of  force  applied  and  the  resist- 
ance or  state  of  health  of  the  part  subjected  to  injurjr. 

A  contusion  may,  of  course,  involve  the  skin  alone 
(without  breaking  it),  or  any  deeper  structures,  as  muscle, 
blood-vessel,  nerve,  viscus,  or  bone.  There  is,  in  a  con- 
tusion, probably  alwaj's  vascular  rupture  of  some  degree. 
The  resulting  extravasation  has  received  various  names, 
according  to  its  apparent  shape,  its  amount,  etc.  For 
instance,  hemorrhagic  spots  when  small  and  round  are 
called  ■petechia ;  when  elongated,  as  in  stripes  from  a 
whip,  vihices ;  when  of  irre,gular  shape,  though  small, 
ecchymomata  or  eccliymoises.  lIieiiKitiimittit-  are  localized 
collections  of  blood,  of  some  size.  The  term  piirpyrn, 
while  sometimes  applied  to  .small  extravasations  into  the 
parenchyma  of  the  cutis,  is  more  generally  given  to  a 
systemic  disease  (Werlhof 's)  in  which  such  hemorrhages 
are  a  prominent  symptom.  Felinxia  is  used  in  a  similar 
sense.  Svggillation  is  sometimes  considered  synonymous 
with  ecchymosis;  some  medico-legal  writers,  however, 
have  employed  the  former  term  to  indicate  certain  post- 
mortem appearances  produced  by  the  settling  of  the  blood 
beneath  the  skin.  The  diagnosis  between  these  condi- 
tions may  be  made  by  examining  a  section  of  the  skin — 
which,  if  the  injury  was  ante  mortem,  will  be  found  in- 
filtrated with  blood",  and  firmer  and  thicker  than  natural ; 
but  if  post  mortem,  the  blood  will  be  lieueath,  or  upon, 
but  not  in,  the  cutis.  Moreover,  the  post-mortem  mottling 
will  generally  occur  at  the  most  dependent  parts,  and  the 
effused  blood  will  be  found  fluid.' 

Of  medico-legal  interest  also  is  haemophilia,  as  those 
subject  to  this  diathesis  are  liable  to  extensive  extravasa- 
tions resulting  from  slight  violence;  and  this  is  also  true 
of  certain  chronic  cardiac,  hepatic,  splenic,  renal,  and 
blood  diseases,  in  which  the  blood  is  unhealthy  and  the 
ve.ssels  of  diminished  resisting  power.  It  is  a  fact  of 
common  observation  that  certain  people — perhaps  wom- 
en more  often  than  men — even  though  not  subjects  of 
serious  disease,  nevertheless  have  such  delicate  blood- 
vessels as  to  suffer  rupture  of  these  from  even  trivial 
causes.  "  Black-and-blue  "  spots  of  even  extensive  degree 
will  in  them  consequently  result  from  the  most  trifling 
blows  or  falls;  and  in  divorce  suits  where  "cruel  and  in- 
human "  treatment  is  alleged,  also  in  suits  for  assault 
and  battery,  this  fact  should  be  borne  in  mind. 

The  amount  of   extravasation  in  any  contusion  will 
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vary  with  the  extent  of  vascular  involvenient  the  degree 
ol  vascular  tone,  and  the  density  of  the  surrounding  tis- 
sues. If  tlie  bleeding  take  |)lace  from  an  artery  of  some 
size,  a  lalse  aneurism,  either  circum.scribed  or  diffused 
may  result.  Or,  it  may  be  that  there  is  no  immediate 
escape  of  blood  from  a  large  vessel,  and  yet  its  walls 
ha,ve  been  so  injured  as  finally  to  disintegrate,  and  per- 
mit a  violent  .secondary  hemorrhage  beneath  the  skin. 
Or,  again,  an  inunediate  true  aneurism  inay  be  produced 
thnmgh  partial  rupture,  usually  involving  the  inner  and 
middle  coals. 

We  sometimes  see  cases  in  which  the  jiulsatidn  entirely 
ceases  in  the  main  artery  of  a  lindj  beyond  the  point  of 
injury.  Here  there  has  generally  been  rn|)ture  of,  at 
least,  the  inner  coat,  with  consequent  throndiosis;  or,  if 
imlsatiou  is  oidy  lost  after  some  lime  has  elapsed,  this  is 
due  to  obliteration  from  adhesive  inllamniation.  Such 
instances  may  well  be  followed  by  dry  gangrene,  or  moist 
if  the  accompanying  vein  or  veins  be  occluded. 

DiACJNOsis.— it  is  impossible  to  estimate  the  gravity  of 
any  case  of  contu.sion  from  mere  inspection  of  the  pa- 
tient. The  weight  and  velocity  of  the  missile,  or  the 
distance  fallen,  the  posture  in  which  the  injury  was  re- 
ceived, etc.,  should  be  ascertained.  The  surface  may 
show  no  evidence  of  a  contused  and  ruptured  viscus  with- 
in. If  the  vascular  lesions  have  taken  place  deep  in  the 
tissues,  several  days  may  elapse  before  the  extra vasaled 
blood  reaches  the  skin,  becoming  thus  of  diagnostic 
value;  and  not  infrequently  it  makes  its  appearance  sev- 
eral inches  distant  from  the  seat  of  contusion,  commonly 
in  the  direction  of  gravity,  having  dissected  its  way  to  the 
surface  between  layers  of  dense  fascia.  A  late-appear- 
ing ecchymosis  is  thus  one  of  the  signs  whereby  in  diffi- 
cult cases  a  fracture  may  be  diagnosticated. 

C'ontusion  presents  a  certain  superficial  resemblance  to 
gangrene,  but  is  to  be  differentiated  by  the  following 
points:  1.  The  discoloration,  although  present  in  both, 
becomes  gradually^  less  marked  and  lighter  colored  in  ec- 
chymosis, and  steadily  more  marked  and  darker  in  gan- 
grene. 2.  There  are  often  numbness  and  diminished  sensi- 
bility over  a  contused  surface,  but  in  gangrene  the  dead 
part  is  devoid  of  sensibility,  wdiile  the  dying  portion  ad- 
joining is  often  hyperissthetic.  3.  The  local  temperature 
is  frequently  elevated  in  a  contusion,  whereas  in  gangrene. 
it  is  loAvered.  4.  In  moist  gangrene,  more  frequently 
than  in  contusion,  the  epidermis  becomes  raised  iu  blebs;, 
these  are  less  sharply  defined  and  more  easily  moved 
about,  in  gangrene.  5.  Emphysematous  crackling  may 
be  felt  in  gangrene  when  decomjiosition  with  consequent 
liberation  of  gas  has  set  in.  6.  The  foul  odor  of  putre- 
faction, veryr  faint  at  first,  may  be  detected  in  gangrene. 

The  diagnosis  between  hsematoma  and  abscess,  or  be- 
tween it  and  soft  malignant  disease,  is  not  always  easy; 
but  the  history,  the  employment  of  the  aspirating  needle, 
and  microscopic  examination  of  the  fluid  withdrawn  will 
sullice. 

In  the  scalp  a  hematoma  with  hard,  sharply  defined 
border  and  soft  centre  is  sometimes  mistaken  for  de- 
])re.ssed  fracture.  Here  deep  pressure,  if  need  be  preceded 
by  asjiiration,  will  show  the  bone  to  be  at  its  proper  level. 

Sv.Mi'ToMS  AND  CounsE. — The  immediate  pain  from 
a  contusion  is  commonly  not  great.  There  is  usually 
numbness  of  some  degree,  followed  by  heavy  aching,  or 
thi-dbbing  during  the  inflammatory  stage,  and  accom- 
l)anied  by  loss  of  function. 

The  inflannnatoiy  symptoms  are  simply  those  occur- 
ring after  any  traumat"ism,  but  with  less  tendency  to  be- 
come of  the  septic  or  the  suppurative  order  than  those 
following  .similar  lesions  exposed  to  the  air. 

Shock,  in  contusion,  is  generally  proportionate  to  the 
amount  of  injury  inflicted;  but  bruising  of  certain  parts 
—as  the  breasts,  "testes,  and  large  jcinls— induces  shock 
in  an  unusual  degree. 

Pulping  of  the  tissues,  or  injuries  of  the  large  vessels, 
will  often  be  followed  l.>y  gangrene. 

The  discoloration  of  the  tissues  and  the  swelling  are 
due  .sometimes  to  the  extravasation  of  pure  blood,  and 
sometimes  to  blood-tinged  serum.     In  extravasation  un- 
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del-  a  mucous  membrane— as  the  cniijuncliva~a  red, 
ai'iated  color  is  often  maintained;  but  in  otlier  parts  tlie 
well-known  "black  and  blue"  is  observed  in  varying  in- 
tensity, according  to  the  distance  from  tlie  surface  and 
amount  of  blood  in  the  ellusion.  Subsequently,  as  the 
blood  corpuscles  gradually  disintegrate  and  become  ab- 
sorbed, the  purplish  hues  fade,  giving  way  successively 
to  violet,  olive-brown,  greenisli,  and  yellow,  and  the 
abnormal  color  finally  disappears  in  from  ten  days  to  a 
fortnight.  Several  of  these  colors  may  generally  be  seen 
at  once  in  different  parts  of  the  same  contusion.  When, 
owing  to  the  depth  at  which  extravasation  takes  place, 
it  does  not  show  itself  for  several  days,  it  will  usually 
appear  in  the  form  of  in'egular  yellow  spots,  marbled 
with  green  and  blue." 

The  blood  in  a  ha'matoma  may  remain  fluid  for  months 
or  years,  becoming,  however,  gradually  darker  and  disin- 
tegrated, and  often  mixed  with  inflammatory  products, 
^[ore  often  it  is  completely  absorbed  in  a  few  weeks.  If 
air  be  allowed  to  enter  a  haanatoma,  rapid  decompositir)n 
of  its  contents  and  suppuration  ensue. 

The  discussion  of  the  symptoms  and  treatment  of  rup- 
tured viscera  comes  more  properl}'  under  other  heads, 

Tre.vtment. — The  indications  are;  1.  To  limit  the 
amount  of  extravasation.  3.  To  subdue  pain,  shock, 
and  ijiflammatory  action.  3.  In  severe  cases  to  main- 
tain vitality  in  tlie  part.  4.  To  pronrote  absorption  of 
ellused  blood.     5.  To  treat  complications  and  sequelte. 

1.  Here  we  obtain  tlie  greatest  benefit  from  either  heat 
or  cold,  together  witli  rest,  gentle  rubbing,  and  such  a 
posture  as  will  aid  the  return  cii'culation.  In  the  more 
superficial  contusions,  heat,  as  intense  as  can  be  borne,  is 
particularly  effective,  and  is  sometimes  more  giateful, 
quieting  pain  better  than  cold.  Either  heat  (not  mere 
'warmth)  or  cold  contracts  the  caliljre  of  the  smaller  ves- 
sels, and  hence  diminishes  congestion  and  extravasation. 
If  the  cold  lie  too  intense  or  applied  for  too  lon,g  a  time, 
—  as  ice  for  several  hours  continuously  —  there  will, 
through  temporary  exhaustion  of  the  vascular  muscles, 
lie  pai'alyfic  dilatation.  an<l  tlie  congestion  will  no  longer 
be  diminished  by  this  means. 

The  neatest  and  least  troublesome  way  of  applying 
locally  either  heat  or  cold  is  by  the  rubber  coil.  This  I 
prefer  to  the  metallic  coil,  because  it  is  lighter  and  more 
easily  adjusted  to  any  part.  In  water-supplied  rooms, 
the  simplest  method  is  to  fasten  the  inlet  end  of  the  pipe 
over  tlie  cold  or  hot- water  faucet.  If  this  cannf)t  be 
done,  siphonage  must  be  used. 

2.  To  subdue  pain,  either  heat  or  cold  is  of  value,  b\it 
some  otlier  analgesic  agent,  such  as  morphine,  acetanilid, 
phenacetin,  or  antipyrine,  by  mouth,  or  the  first  and  last 
by  needle,  may  be  required,  or  cocaine  hypodermics  may 
be  needed. 

In  severe  cases,  systemic  shock  may  require  the  use  of 
strychnine  by  hypodermic  and  hot  saline  ,solution  (nor- 
mal) by  tlie  intravascular  route,  or  the  rectal;  in  either 
case  at  a  temperature  of  130'  F. 

The  treatment  of  the  inevitable  inflammatory  reaction 
in  the  irritated  or  partially  disorganized  tissues  still  de- 
) lends  mainly  u)i(in  the  use  of  cold  or  heat.  Local  blooil- 
letting,  by  leeches  or  otherwise,  may  be  used,  but  I  pre- 
fer to  accomi)lifili  the  same  result  by  aconite,  a  watery 
purge,  and  low  diet. 

3.  Whene\-eraease  presents  itself  of  such  severity  that 
from  disintegration  and  |iulping  of  (he  tissues'  loeid 
sloiigliimr  thi'eatens;  or  when  coldness  and  .-i  ladv  of 
pulsalioii  l)eyond  Ihe  injury'  jHiint  to  occlusion  of  a  laru'c 
vessel  an<l  probable  gangrene;  oi- when  local  ten.sion  fnim 
extravasation  or  serous  ell'usion  interferes  with  circula- 
tion and  thus  indicates  danger,  we  must  not  cni|iloy 
cold,lestwe  diminish  still  furthia'  Ihe  vitality  of  the  part. 

In  tile  first  two  cases  local  warmth  should  be  applied, 
the  limb  being  also  swathed  in  cotton  wadding,  ami 
somewhat  elevated.  TIk'  best  way  of  applying  heat  to 
tissues  threatened  with  death  is  again  by  nieans  of  the 
coil.  Fasten  the  inlet  end  to  the  liot-wa'ter  faucet  anil 
regulate  the  tem|ierature  of  tlie  application  by  varviii"' 
the  number  of  layers  of  cloth  between  coil  'and  skiir 
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If  the  whole  limb  is  becoming  cold,  place  hot  bottle.s 
about  it. 

If  sloughing  actually  takes  place,  poultices  aid  the  sep- 
aration of  the  sphacelus;  and,  since  a  poultice  is  .simply 
warmth  and  moisture,  our  simplest  way  is  to  moisten 
(preferably  with  an  antiseptic  solution)  the  dressings  be- 
neath the  hot  coil. 

In  the  third  contingency  mentioned  under  this  head- 
ing—viz., in  cases  threatening  gangrene  from  local  ten- 
sion,— this  must  be  relieved  by  free  incisions,  made  with 
antiseptic  precautions ;  after  which  warmth  may  be  used, 
if  needed,  to  aid  the  circulation.  It  has  been  demon- 
strated that  the  greatest  degree  of  relief  to  tension  with 
the  least  proportion  of  necessary  wounds,  is  obtained 
when  the  cuts  are  made  to  take  the  shape  of  a  quincunx, 
or  live-stroke  figure. 

The  severest  cases  of  contusion  may  call  for  immedi- 
ate amputation,  or  this  may  be  demanded  b)'  subsequent 
gangrene. 

4.  Extravasation  having  ceased,  and  inflammatory  re- 
action subsided,  moderate  heat,  pressure  as  by  a  Martin's 
rubber  bandage,  or  gentle  friction  are  to  be  employed  to 
remove  Ihe  effused  blood. 

According  to  Gro.ss,  the  following  application  proves 
a  satisfactory  sorbefacient;  Appl}'  upon  folded  flannel  a 
.strong  solution  of  liydrochlorate  of  ammonia,  plus  a 
small  quantity  of  vinegar.  Cover  with  oil  silk,  and  re- 
new six  or  eight  times  in  twentj'-four  hours. 

To  hasten  the  di.sappearance  of  ha-matoma  we  should 
use  elastic  pressure — as  by  the  rubber  bandage — or  fric- 
tions. Blisters  also  aid  absorption,  as  does  the  use  of 
watery  purges  or  diuretics.  If  tinder  these  nieans  there 
still  remains  a  collection  of  fluid  blood,  we  may,  as  a  final 
resource,  either  aspirate,  with  a  sterile  needle,  through 
sterilized  skin,  or  freely  and  antiseptically  open  and  drain 
the  cavity.  Should  suppuration  or  septic  change  in  the 
contents  of  the  sac  occur  at  any  period  in  the  historj'  of 
a  hajmatoma  (indicated  by  local  heat,  pain  and  throbbing, 
and  constitutional  disturbance),  free  incisions  and  irriga- 
tion are  demanded. 

5.  For  the  treatment  of  aneurisms,  ruptui'ed  viscera, 
paral3'ses,  neuralgias,  hypertrophy,  atrophy,  etc.,  some- 
times complicating  or  forming  sequehe  of  contusions,  the 
reader  is  referred  to  the  sections  devoted  to  these  subjects 
respectively. 

Save  for  a  greater  degree  of  crushing  of  tissues  in  the 
former,  contusions  and  lacerations  have  close  resem- 
blances. To  control  bleeding  from  the  torn  vessels  a 
treatment  successful  in  laceration  would  be  of  value  in 
contusion.  Perhaps  our  commonest  form  of  laceration 
is  a  sprain — which  is  a  tear,  of  varying  degree,  of  the 
ligaments  of  a  joint. 

From  lime  immemorial  it  has  been  the  custom  of  ballet 
dancers,  a  class  especially  subject  to  sprained  ankles,  to 
immerse  the  injured  limb  at  once  in  very  hot  water, 
meanwhile  having  it  gently  rubbed.  After  an  hour  or 
so,  if  pain  permits,  dancing  is  resumed.  This  plan  is 
greatly  preferable  to  the  one  until  recentlv  the  custom  in 
our  profession— viz.,  that  of  .siniidy  splinting  a  sprained 
joint  for  a  long  period.  Such  splinting  shiinld  be  used 
only  when  a  dislocation  is  otherwise  to  be  feared,  the 
tear  of  the  ligaments  being  an  extensive  one. 

The  following  is  the  modern  treatment  of  a  sprain; 
lirolonged  massage,  in  a  proximal  direction,  while  the 
member  is  subjected  to  moist  heat;  and,  subsequently. 
Ihe  application  of  a  moderately  firm  support  by  adhesive 
plaster  strips.  Immediate  resumption  of  use  of  the  joint 
is  thereupon  advised.  This  is  often  surprisingly  pain- 
less, iifler  such  treatment;  and  the  final  results  are  not 
oidy  lietfcr,  but  much  more  promptly  obtained. 

'i'o  some  extent  a  confusi(ui  shoulil  be  treated,  if  seen 
equally  early,  as  is  a  sprain  or  other  laceration  of  some 
subcutaneous  part.  In  either  case  the  ]uompt  massage 
prevents  the  effused  blood  from  firmly  clotting  where  it 
escaped,  and  redistributes  it.  This  is  highly'desirable, 
for  then  the  torn  flesh  can  r|uickh-  unite  in  natural  rela- 
tionship, instead  of  being  separated  bv  blood-clots,  which 
woidd  have  to  organize  slow  Iv.     Again,  the  heat  has  the 
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effect,  of  contracting  the  blood-vessels— a  tiling  which 
poulticing  does,  always  and  everywhere, — thus  rendering 
the  bleeding  less,  both  in  amount  and  duration. 

Massage  is  also  of  extreme  value  later  on,  in  promoting 
nutritive  activity,  absorption  of  plastic  or  inflammatory 
deposits,  loosening  adhesions,  soothing  irritated  nerves, 
sometimes  even  restoring  their  function  when  it  has  beeri 
mechanically  lost  through  pressure  effects, — and  in  many 
ways  aiding  nature  to  overcome  the  results  of  the  con- 
tusion or  the  laceration.  Indeed,  massage  ap]ilied  by 
skilled  hands  is  doubtless  our  chief  reliance;  and  in  con- 
juuction  with  heat  (or  sometimes  cold)  may  be  considered 
to  fulfil  in  some  measure  each  of  the  five  iiulications 
mentioned  under  the  heading  of  Trcatmi'nt. 

liobert  11.  JL  BawhariL. 

'  Beck's  Medical  Jurisprudence. 

=  Devergle  ;  Jledecine  legale,  tome  ii.,  p.  57. 

CONVOLVULACE/E.— (77/p  M.n-iuiifi-GIory  Fariiihi.) 
Aside  from  the  use  of  the  sweet  potato  as  a  food  and 
stai-ch-producer,  this  family  is  of  medicinal  interest  only 
because  of  the  resinous  substances  yielded  by  the  tubers 
and  tuberous  roots  of  a  number  of  species,  and  used  as 
purgatives.  The  most  important  of  these  are  discussed 
under  the  titles  Jalap  and  Sea  1111110/11/.  Others  deserving 
of  mention  for  the  same  properties  are  Ipauia'a  pandiiraUt 
(L.)  ]\[eyer(Man-in-the-Ground,  JIan-Root:  Wild  Jalap), 
/.  Orizaheii/iii  (Pel.)  Ledal  (Jlale  .laiaj")),  7.  siiiiiilaiis 
Hanbury  (Tampico  Jalap),  I.  TurpeUtfin  Br,  (the  Tnr- 
peth  of  East  Indian  medicine)  and  1.  hilaba  Forsk.,  ,ilso  of 
India,  and  which  contains  an  alkaloid.  The  propei-ties 
are  not  confined  to  the  parts  named  above,  as  the  stems 
and  .seeds  of  some  species  are  used  similarly. 

Jlenri/  II.  Rushy. 

CONVULSIONS.— Convulsions  consist  of  abnormal, 
exaggerated  muscular  contractions. 

Classification. — Some  modern  wiiters  make  the  term 
convulsion  sj-nonyinous  with  )iy[)erkinesis,  and  thus  in- 
clude under  it  all  the  different  clinical  forms  of  abnormal 
exaggerated  muscular  contraction.  This,  is,  however, 
an  ai-bitrary  extension  of  the  common  and  accepted  use 
of  the  word.  The  true  relation  of  convulsions  to  the 
other  hyperkineses  is  shown  in  the  following  table ; 

.     f  rr  (  Fil)rillary. 

i   Tremor -J  (.^.^^,.^^1/ 

I   Contracture. 
Cramp. 

Chorea  and  Tic. 
M_yotonia. 
Myoclonus. 
Muscular  tension.    (Hvpertonia.) 

Tonic  spasms  )  convulsions. 
Clonic  spasms  j 

Thus  the  term  convulsions  does  not  include  those  forms 
of  hyperkinesis  known  as  tremor,  cramp,  muscular  ten- 
sion, and  contracture. 

Convulsions,  as  indicated  above,  may  be  of  a  doiiic 
character,  that  is,  the  muscles  rapidly  and  alternately 
contract  and  relax,  or  they  may  be  of  a  tonic  character, 
that  is,  the  affected  muscles  remain  ]iersistently  con- 
tracted for  minutes  or  hours.  Clinically  we  find  that 
these  two  types  are  often  combined,  as  in  epilepsy. 
Convulsions  may  affect  the  voluntary  or  the  involuntary 
muscles.  In  the  former  case  they  have  been  termed  e.c- 
ternal  convulsions,  in  the  \&Xter  ■interrifil. 

Convulsive  affections  of  the  involuntary  muscles  are, 
from  physiological  necessity,  of  a  tonic  character.  Some- 
thing almost  like  a  clonic  convulsion,  however,  occurs  in 
post-partnm  uterine  contractions,  in  colicky  affections  of 
the  stomach  and  intestines,  and  probably  in  the  move- 
ments of  the  stomach  in  vomiting.  The  spa.smodic  dis- 
orders of  the  involuntary  muscles,  as  in  asthma,  vaso- 
motor spasms,  intestinal  spasms,  etc.,  are  not  generallj' 
considered  under  the  head  of  convulsions,  and  the  reader 
is  referred  to  these  special  topics.  The  term  internal  or 
inward  convulsions  has  become   popularl}'   apjilied   to 


Tlie  hyperkineses  or 
spasmodic  disorders. 


laryngismus  stridulus.      Convulsions,   as  regards   their 
extent,  may  be  divided  as  follows: 

I.  General  convulsions. 
^    II.  Partial  convulsions:  (a)  unilateral ;  («)  those  affect- 
ing certain  muscles  or  muscular  groups,  known  as  local 
spasms  or  "  tics. " 

The  term  spasms  has  come  to  be  used  as  a  very  genei;d 
one,  identical  with  hyperkinesis,  and  it  is  in  this  geneial 
sense  that  I  shall  employ  it.  To  avoid  confusion,  how- 
ever,  ^  the  reader  should  remember  tliat  older  writers 
(Willis,  CuUen,  Linna>u.s)  used  the  word  sjiasin  to  desig- 
nate the  tonic  form  of  convulsion;  later  wiiters,  espe- 
cially those  of  the  French  .school  (Savary,  Geoiget,  Bra- 
chet,  Perrand,  Fauvel),  define  spa.sm  as  a  convulsion  of 
the  muscles  of  organic  life;  while  some  German  and 
Engli.sh  writers  use  the  word  when  I'efei-ring  to  l(H'alized 
convulsions. 

A  con\idsion  is  only  a  symptom,  and  its  pi-esence  may 
indicate  in  different  cases  very  different  jialhoiogieal  con- 
ditions. In  many  cases,  however,  the  fact  of  tlie  convul- 
sion is  about  all  that  we  know  of  the  morbid  state.  In 
accordance  willi  this  we  divide  convulsions  into  the 
,sym]itimiatic,  or  those  wljich  are  the  expression  of  a 
tangilile  morbid  change,  and  the  idiopatiiic  or  essential. 
Practically  we  cannot  perfectly  carry  out  such  a  divi- 
sion, since  such  diseases  as  epile]isy,  eclampsia,  and  cho- 
rea, although  u.sually  idiopathic,  aic  sometimes  cau.sed 
liy  a  morbid  structural  change  or  irrilanl,  which  is  m'lt 
recognized.  It  is  customary,  however,  when  an  organic 
lesion  is  known  to  be  at  the  bottom  of  those  convulsive 
attacks,  which  are  ordinarily  idiopathic,  to  indicate  the 
fact  by  some  change  in  the  terminology.  Thus  symp- 
tomatic epileptic  convulsions  are  spioken  of  as  epilep- 
toid.  j\Iueh  confusion  exists  as  to  the  terminology  of 
the  dift'erent  pathological  forms  of  convulsions.  It  is 
better,  however,  to  adhere,  as  a  fundamental  distinction, 
to  the  division  of  convulsive  disorders  into  only  two  types, 
viz. ,  the  idiopathic  and  the  symptomatic,  while  the  much- 
used  terms  sympathetic  aucl  reflex  should  be  made  sub- 
divisions of  these;  for  certainly  the  convulsions  that 
result  from  a  gross  intestinal  irritation  or  a  iironouuced 
blood  pioison  are  truly  sj'mptomatic.  On  this  fiasis  we 
make  the  following  classification : 

I.  K^sential  or  Idiopathic  Convulsirc  Disordcr/s. — {a) 
Tho.se  of  a  general  character:  epilcps}',  hysterical  and 
hystero-epileptic  or  h_ysteroid  convulsions. 

(4)  Those  of  a  partial  character:  Wry-neck,  wiiter's 
cramp,  spinal  trepidation,  salaam  spasm,  various  periph- 
eral nervous  spasms  or  "  tics. " 

II.  Symptomatic  Conmddons. — (a)  Reflex,  from  wounds, 
injuries,  inflammatory  or  other  irritations  of  excilo-re- 
flex  nerves.  (4)  Direct,  from  meningitis,  tumors,  hy- 
drocephalus, focal  brain  lesions,  brain  compression,  ceie- 
bral  annemiaor  hyperemia,  blood  poisons,  acute  diseases. 

There  is  such  considerable  confusion  in  the  terms  used 
by  medical  writers  on  this  subject  that  the  following 
further  explanations  are  necessary.  Eclamjisiain  infants 
is  in  many  cases  only  symptomatic.  In  other  instances, 
however,"  no  known  direct  or  reflex  cause  exists,  and 
these  form  the  genuine  "essential"  convulsions.  In 
puerperal  eclampsia,  also,  there  is  often  a  toxic  agent  at 
work,  of  which  the  convulsion  is  the  clinical  expicssion; 
but  at  other  times  it  is  a  true  ciravulsive  neui'osis. 
These  true  non-symptomatic  cases  of  eclampsia  are 
si)okeu  of  as  acute  epiUpay. 

It  is  very  evident  that,  as  pathological  knowledge  ad- 
vances, many  of  the  convulsive  neuroses  will  be  relegated 
to  the  category  of  symptomatic  diseases.  This  seems  to 
be  already  the'  case  for  hydrophobia. 

Etiology.— In  studying  the  general  etiology  of  con- 
vulsions I  necessarily  exclude  tetanus  and  hydrophobia, 
which  are  markedly" distinguished  from  the  other  forms. 

Predisposing  C«w«es.— There  is  a  certain  unstable  con- 
dition of  the  nervous  system  which  predisposes  toward 
convulsions.  The  nerve  cells  are  like  a  too  inflammable 
tissue,  A\'hich  flares  out  at  the  smallest  spark.  The  state 
may  be  spoken  of  as  one  of  convulsibility.  This  ''con- 
vulsibility  "  is  greatest  during  the  first  two  years  of  life, 
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(luring  which  time  eclainptic  attiicks  are  most  frequent. 
It  then  fall.s  till  tlie  tilth  year,  to  rise  again  as  puberty  ap- 
proaches. During  these  years,  from  six  to  sixteen,  most 
cases  of  epilepsy  develop.  Convul.sibility  then  gradually 
declines,  and  few  cases  of  the  convulsive  neuroses  arise 
after  the  age  of  thirty.  Convulsibility  is  somewhat 
more  pronounced  in  girls  and  women  ;  and  is  heightened 
at  the  menstrual  periods  and  climacteric.  It  is,  as  a  rule, 
lessened  during  pregnancy,  and  is  increased  by  sterdity 
in  women,  and  by  sexual  excesses  or  depletions  in  both 
sexes.  The  eonvul.sive  diatljesis  may  be  inherited,  con- 
nate, or  acquired.  It  is  inherited  in  about  one-third  of 
the  cases  from  ancestors  of  a  neuropathic  or  tul)erculous 
constitution.  It  is  connate  as  the  result  of  frights,  in- 
juries, or  nutrition  distujlianees  received  by  the  pregnant 
mother;  perhaps  also  as  the  result  of  intoxication  of  the 
father  duiing  the  sexual  act.  Convulsibility  is  acquired, 
in  the  young,  by  infectious  fevers,  bad  food  and  air, 
chronic  diarrhoea,  hemorrhages,  and  especially  by  rickets. 
As  the  child  grows  older  convulsibility  may  occasionally 
be  developed  by  bad  systems  of  domestic  and  school 
training,  and  over-indulgence  in  emotion.  At  the  time 
of  puberty  the  abuse  of  the  sexual  function,  great  excess 
in  the  use  of  alcohol,  tobacco,  and  absinthe,  worry, 
fright,  and  mental  strain,  come  into  play.  After  man- 
hood or  womanhood  is  fully  reached,  it  is  only  by  the 
powerful  and  persistent  action  of  depressant  and  disturb- 
ing forces  that  a  convulsive  temperament  is  acquired. 
Latent  tendencies  may,  however,  be  brought  out  at  this 
period. 

Climate  and  season  have  a  slight  influence  over  con- 
vulsibility. Tetanus  occurs  oftener  in  cold  weather; 
epileptic  and  choreic  attacks  occur  oftener  in  the  spring 
and  autumn,  and  on  wet,  cloudy  days,  and  these  diseases 
are  more  frequent  in  temperate  climates. 

Race  is  undoubtedly  a  factor  in  predisposing  to  con- 
vulsions. 

Exciting  Causes,  —  These  are  very  numerous,  but 
vary  in  character  chiefly  with  age.  For  details  on  this 
point  the  reader  is  referred  to  the  special  articles.  Here 
it  can  only  be  said  that  in  infancy  the  most  frequent  ex- 
citing causes  are:  pressure  on  the  brain  from  meningeal, 
hydrocephalic,  or  hemorrhagic  effusions,  and  depressed 
occiput;  blows,  acute  diseases,  fright,  and  dental  or 
gastro-intestinal  irritations.  At  an  older  age  we  find 
scrofulous  tumors,  uraunic  poi.soning,  sunstroke,  sexual 
irritations,  intemperance,  syphilis,  the  p\ierperal  state, 
as  active  factors.  Still  later,  cerebral  tumors  or  hemor- 
rhages, and  injuries  to  the  skull  are  potent.  At  all  ages 
there  is  a  large  class  of  drugs  which  can  excite  convul- 
sions; among  these  are  lead,  strychnine,  thebaiue,  papa- 
verine, and  narcotine. 

PifYSio PATHOLOGY. — For  the  special  pathology  of  the 
convulsive  neuroses,  the  reader  is  referred  to  the  special 
articles  on  these  diseases.  There  are  certain  facts  in  the 
mechanism  of  their  production,  however,  which  are  com- 
mon to  all.  In  a  convulsive  attack  there  are  brought 
into  functional  activity — 

1.  A  nerve  centre,  which  is  discharging  its  force  with 
excessive  violence. 

3.  (Jutgoing  or  efferent  neuraxones. 

3.  Their  peripheral  end  plates,  and  the  muscle  or  end 
organ. 

In  reflex  convidsions  we   must  add — 

4.  Afferent  exeito-reflex  neurones,  carrying  excitations 
to  the  irritable  centre. 

Ill  order  that  a  convulsion  may  occur,  the  nerve  centre 
(1)  must  be  undvdy  irritable  or  undulv  stimulated,  until 
it  is  made  unstable;  tlic  other  factors 'in  the  mechanism, 
(3)  and  {?>),  must  l)e  intact,  and  the  convulsion  will  be 
favored  Ijy  their  being  in  an  over-irritable  state. 

Tlie  agents  whiel]  ad'eet  the  nerve  centre  (1),  making 
it  iiver-irritid)le  and  ex|dosive,  are: 
^  (")  Some  inherent  defect  in  cell  nutrition,  as  in  essen- 
tial convulsions. 

(A)  Some  direct  chemical  f)r  mechanical  irritation,  as  in 
toxic  and  .sympathetic  convulsions,  and  in  those  caused 
by  organic  disease. 
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Fig.  1.514. — Dla(n"ammatic  lUus- 
tratioQ  of  Convulsions.  I, 
eontrolling  centre;  N,  motor 
nerve  centre,  from  which  neu- 
raxones run  to  M,  groups  of 
muscles,  and  S,  exeito-reflex 
neuraxones.  A  convulsion 
may  be  caused  by  an  over-ir- 
ritation of  N  or  of  S,  or  by  a 
depression  or  paralysis  of  I. 

irritation   of  the   motor 


(c)  Powerful  exeito-reflex  impulses. 

Local  and  limited  convulsive  movements  may  be  caused 
by  irritation  or  interference  in  the  regular  conduction  of 
the  efferent  nerves  (3). 

To  the  machinery  thus  described  modern  physiology 
adds  another  factor,  viz.  ;  5.  An  inhiliitory  mechanism. 
Certain  parts  of  the  cerebral 
nerve  centres  have  an  inhib- 
itory action  over  the  function 
of  other  parts,  rendering  the 
motor  cells  more  stable  and 
less  liable  to  part  undulj'  with 
their  energy.  A  convulsion 
may  result  from  a  too  great 
weakening  or  entire  loss  of 
this  inhibitory  force.  In  the 
developing  and  undeveloped 
nervous  system  of  the  child, 
the  inhibitory  powers  are  im- 
perfect ;  hence  a  greater  con- 
vulsibility at  this  age. 

The  more  localized  con- 
vulsive movements  in  chorea 
and  the  "  ties, "  or  local 
spasms,  have  a  different  or- 
igin from  the  foregoing. 
Here  tliere  is  some  irregular 
cells.  Thus,  choreic  movements  are  produced  by  irrita- 
tion of  some  parts  of  the  voluntary  motor  neurones; 
facial  spasm  generally  by  some  irritation  of  the  neu- 
rones of  the  seventh  nerve.  The  part  that  the  spinal 
cord  plays  in  producing  convulsions  in  man  is  not  great 
and  has  been  exaggerated.  Eclampsia  infantum,  for  ex- 
ample, is  not  the  result  of  the  defective  inhibition  of  the 
brain  upon  the  spinal  cord,  but  rather  a  defective  inhibi- 
tion of  certain  higher  brain  centres  upon  lower.  We 
,see  instances  of  true  spinal  convulsion  (spinal  epilepsy, 
spinal  trepidation)  in  chronic  diseases  of  the  spinal  cord 
implicating  the  pyramidal  tracts,  at  the  beginning  of  the 
third  stage  of  anaesthesia,  and  in  infants,  cliildren,  or 
sensitive  adults  just  as  they  are  dropping  off  to  sleep. 

Symptoms. — The  general  convulsions  of  eclampsia, 
epilepsy,  hysteria,  and  hystero-epilepsy  have  common 
features.  There  are  often  prodromal  s.vmptoms,  indicat- 
ing an  over-irritable  or  depressed  state  of  the  nervous 
system.  The  attacks  themselves  come  on  suddenly, 
sometimes  with  an  immediate  prodromal  symptom  or 
aura.  The  muscular  movements  are  irregular  and  inco- 
ordinated,  except  in  some  phases  of  hysterical  and 
hystero-epileptic  convulsions.  Consciousness  is  gener- 
ally abolished,  as  are  also  sensibility  and  the  reflexes. 
Very  marked  secretory  disturbances  occur.  The  vaso- 
motor sj'stem  is  greatly  involved,  especially  that  part 
which  controls  the  blood  supjily  i)f  the  brain.  The  face 
and  probably  parts  of  the  brainare  at  first  lilanched,  but 
the  anremia  is  soon  followed  by  pronounced  passive  hy- 
pertemia.  In  eclampsia  infantum,  however,  the  first 
sign  of  the  impending  attack  is  sometimes  a  cerebral 
hypenemia,  and  the  convulsion  may  be  arrested  by  press- 
ure on  the  carotids.  Respiration  is  disturbed,  and  the 
heart  beats  at  first  more  slowly,  then  more  rapidly  than 
mn-mal. 

DiAONosTs. — The  diagnosis  of  a  convulsion  is  easy. 
( )ne  has  only  to  diflferentiate  it  from  malingering.  The 
state  of  the  pupils,  of  the  reflexes,  and  of  the  sensibility, 
and  the  want  of  art  upon  the  jiart  of  the  malingerer,  are 
generally  quite  sutfieient  to  clear  up  the  case.  As  to  the 
form  of  convulsion,  the  difficulty  in  diagnosis  may  lie 
first  in  determining  whether  an  attack  is  one  of  eclanipsia 
or  of  epilepsy.  Eclampsia  occurs  oftenest  before  the  age 
of  two  years;  the  attacks  are  less  sudden,  more  irregular, 
nuu-e  prolonged,  and  less  severe  than  in  epilepsy.  Usu- 
ally there  is  no  frothing  at  the  mouth.  After  the  age  of 
two,  idiopathic  convulsions  are  most  probably  epileptic. 
It  is  important  to  distinguish  between  hysterical,  liys- 
teroid,  and  epileptic  convulsions.  All  that  I  can  say 
here,  however,  is  that  in  the  two  former  types  the  move- 
ments are  more  co-ordinated,  consciousness  is  not  entirely 
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lost,  sensibility  may  be  present,  and  hallucinations  may 
develop. 

It  is  very  important  to  determine  whether  tlie  convnl- 
sion  is  idiopathic,  or  symptomatic  of  some  general  dis- 
ease, reflex  irritation,  or  organic  central  afl'ectiou  (see 
Ghvrea,  Eclampsia,  Epilepay,  Hysteria), 

In  some  forms  of  ci)uvulsions  it  is  necessary  to  make 
an  anatomical  diagnosis.  If  the  symptoms  iire  in  the 
main  bilateral,  the  cause  is  to  be  referred  provisionally 
to  the  medulla;  if  they  are  unilateral,  or  involve  special 
muscular  groups,  the  convulsion  is  presunuil)ly  sympto- 
matic of  a  lesion  in  some  part  of  tlie  intraciaui'al  pyram- 
idal tract,  basal  ganglia,  or  motor  cerebral  cortex  of  the 
opposite  side. 

There  is  a  certain  probability  that  convulsions  in  in- 
fancy are  essential;  in  childhood  are  meningitic,  febrile, 
or  epileptic;  in  maturity  and  old  age  are  symptomatic 
of  syphilis  or  structural  lesions;  in  women  are  hysterical. 

Prognosis.— As  regards  the  attacks,  the  danger  to  life 
is  greatest  in  infantile  and  puerperal  eclampsia;  next  in 
the  degree  of  danger  comes  a  special  form  of  convulsion, 
viz.,  laryngismus  stridulus;  then  follow  choreic  and  epi- 
leptoid  convulsions,  epilepsy,  hystero-epilepsj',  and  hys- 
terical convulsions.  As  regards  recurrence  and  final  cure 
no  general  comparisons  can  be  protitably  made. 

Tkeatment. — The  general  principles  governing  the 
theiupeutlcs  of  convulsions  are  nearly  the  same  for  all. 
For  the  attacks,  removal  of  sources  of  irritation,  the  use 
of  chloroform,  ether,  morphine,  amj'l,  nauseants,  bro- 
mides, and  chloral  are  indicated.  For  the  disease,  re- 
moval of  all  direct  or  reflex  irritants  and  a  treatment 
calculated  to  lessen  the  irritabilitj'  and  increase  the  tone 
and  nutrition  of  the  nervous  system  are  indicated. 

In  the  convulsions  of  cliildren  the  common  and  effect- 
ive practice  is  to  place  the  child  in  a  warm  bath.  In 
convulsions  of  adults,  when  drugs  cannot  be  given  by 
the  mouth,  enemas  of  thirty  to  forty  grains  of  chloral- 
araid  are  efficacious.  In  hysterical  convulsions  hypo- 
dermic injections  of  apomorphia,  gr.  -Jr,  or  morphia,  gr. 
1,  may  be  given.  Charles  L.  Dana. 

COOPER'S  WELL.— Hinds  County,  Mississippi. 

Location. — Twelve  miles  east  of  Jackson  (by  stage) 
and  4  miles  from  Raymond. 

This  is  one  of  the  famous  old-time  resorts  of  Missis- 
sippi, and  the  waters  of  the  well  have  attracted  more  at- 
tention in  days  gone  by  than  any  others  in  the  State. 
The  well  is  one  hundred  and  seven  feet  deep  and  its  flow 
very  abundant  (Walton).  The  following  analysis  was 
made  by  Prof.  J.  Lawrence  Smith : 

One  tJNiTED  States  Gallon  Contains: 
Solids.  Grains. 

Potassium  sulphate I'.Bl 

Calcium  sulphate ;iZ.Yi 

Sodium  sulphate 11.71 

Aluminum  sulphate Ii.l3 

Magnesium  sulphate :i;t.|^8 

Sodium  chloride ^.-itj 

Calcium  chloride "l-^S 

Magnesium  chloride j^-'i^ 

Iron  peroxide S.-IId 

Calcium  crenate 'l.:31 

Silicon  crenate  (?) l-'^O 

Total 9.5.48 

This  is  a  very  valuable  mild  chal)'beate  water,  contain- 
ing a  certain  proportion  of  purgative  salts  and  bearing 
considerable  resemblance  to  the  waters  of  Booklet,  near 
Kissiugen,  in  Bavaria.  This  combination  adapts  the 
waters  to  numerous  conditions  in  which  antemia  is  asso- 
ciated with  constipation  or  abdominal  plethora.  Its 
effects  are  found  to  be  very  satisfactory  in  dropsy  and  in 
chlorosis.  In  chronic  diarrhoea  it  has  long  held  a  high 
repute.  The  water  acts  as  a  diuretic  or  aperient  accord- 
ing to  the  quantity  used  and  the  mode  of  drinking. 

James  K,  Crook. 

COPAIBA. — Balsam  op  Copaiba.  "The  oleo-resin  of 
Copaiba  Langsdorffii  (Desf. )  O.  Kuntze,  and  of  other 
species  of  Copaiba  (fam.  LeguminoscB)"  (U.  S.  P.).     Of 


the  sixteen  gigantic  trees  of  this  genus,  twelve  are  tropi- 
cal American,  and  of  the.se  .seven  are  known  to  cf)Dtribute 
to  the  copaiba  of  the  market,  as  follows: 
^C.  Lam/,^diirJfii(Desf.)Kunty.v.,  C.  rmr/, r/iflnra  (Bvnth.) 
Kuntze,  C.  airiaeca  (M-drt.)  Kuui/.v.  C.  o/'/n, ii/ij„lut  {Murt.) 
Kuntze,  all  of  Brazil,  C.  offiHiialis  Jucq.  in  the  Orinoco 
valley,  and  C.  Gvyanensis  (Desf.)  Kuntze  and  C.  fiiulti- 
jvga  (Hayne)  Kuntze  of  the  Amazonian  region. 

Several  si)ecies  furnish  ornamental  woods  for  cabinet 
work,  the  so-called  "amarantli,"  or  purple  wood,  Ijcing 
one  of  them.  T!ie  timber  is  also  Ijighly  prized  for  boat 
and  wheel  making  in  tropical  America, "and  the  seeds  are 
used  like  vegetable  ivory,  for  small  objects. 

ConLECTioN. — The  stems  of  the  copaiba  trees  contain 
numerous  oil  canals  and  cavities,  in  which  the  liquid  is 
accumulated  as  turpentine  is  in  those  of  the  pine  trees. 
But  the  copaiba  canals  are  much  larger,  sometimes  even 
exceeding  an  inch  in  diameter,  and  they  traverse  tlie 
whole  length  of  the  stem.  Into  these  the  copaiba  is  freely 
secreted.  Indeed,  the  pressure  of  it  in  them  is  .said  to  be 
sometimes  so  great  as  to  split  the  trunk  itself  and  to  find 
spontaneous  exit,  as  is  also  true  of  one  or  two  other  ole- 
iferous  trees.  As  may  be  supposed,  the  process  of  collec- 
tion is  simple  enough :  a  deep  gash  cut  into  the  trunk, 
reaching  the  iieart-wood,  hollowed  and  slanting  below  so 
as  to  collect  the  flow,  provided  with  an  improvised  spout 
made  from  the  bark  itself,  or  with  a  leaf,  and  a  receptacle 
to  contain  the  oil  as  it  flows  in  a  steady  stream,  are  the 
essentials.  It  is  carried  on  mostly  by  the  Indians.  The 
yield  is  enormous,  and  may  reach  from  ten  to  fifteen  gal- 
lons from  a  single  tree. 

The  principal  amount,  as  well  as  the  finest  quality  of 
this  drug,  is  exported  from  Para,  in  Brazil,  generall_v  in 
barrels.  Other  Brazilian  ports,  as  well  as  Angostura, 
Cartagena,  Maracaibo,  and  Trinidad,  also  export  that 
which  is  collected  in  their  respective  neighborhoods. 
The  products  of  different  countries  vary  a  little  in  their 
sensible  qualities,  and  are,  in  trade,  designated  by  their 
geographical  names ;  that  of  Para  is  thinner  and  paler, 
and  rotates  the  polarized  ray  to  the  left;  those  of  Vene- 
zuela and  Trinidad  are  thicker  and  brownish,  and  rotate 
to  the  right.  Some  species  are,  moreover,  opalescent, 
others  perfectly  clear.  There  is  the  greatest  difference 
in  their  medical  efficiency. 

Copaiba  has  been  known  in  Europe  something  more 
than  two  hundred  and  fifty  j^ears.  Its  usefulness  was 
learned  from  the  aborigines  of  Brazil,  among  whom  it 
was  highly  esteemed. 

Deschiption. — The  consistence  and  color  of  this  sub- 
stance, although  probably  depending  in  part  upon  its 
natural  amount  of  oil,  vary  also  with  age  and  exposure, 
becoming  thicker  and  darker  as  the  oil  evaporates.  ^  Fine 
fresh  Para  copaiba  is  a  clear  liquid,  about  as  thick  as 
Canada  turpentine,  and  of  about  the  same  color.  It  is 
often  darker,  however,  and  may  have  a  deep  golden  yel- 
low, or  even  a  sherry  tint.  Copaiba  has  a  peculiar,  aro- 
matic, somewhat  terebinthinous  odor,  and  a  persistent, 
bitter,  biting,  disagreeable  taste.  Its  specific  gravity 
varies  from  0.916  to  0.993,  and  it  is  soluble  in  absolute 
alcohol  and  in  four  times  its  bulk  of  petroleum  spirits. 
Some  varieties,  as  noted  above,  are  not  quite  clear,  and 
are  sometimes  fluorescent.  In  evaporating  a  small 
quantity,  there  should  be  no  odor  of  turpentine,  and  the 
residue,  when  cold,  should  be  hard  and  easily  rubbed  to 
powder.  It  should  not  boil  under  483°  F.  and  should 
rotate  to  the  left  28°  to  34°.  Fotir  drops,  carefully  added 
to  a  mixture  of  half  an  ounce  of  glacial  acetic  acid  Avith 
four  drops  of  nitric  acid,  should  not  afford  a  reddish  or 
purple  color. 

Composition.— It  contains  from  forty  to  sixty,  or  even 
eighty  per  cent.,  according  to  its  fluidity,  of  an  essential 
Oil  of  the  composition  CioH,,,  or  C,„B.,,,  of  high  boiling 
point,  and  the  odor  and  taste  of  the  drug  itself.  A  good 
Surinam  article  contains  seventy-eight  per  cent.  This 
is  also  official  ( Olemn  Copaihm,  U.  S.  P. ).  The  crude  resins 
left  behind  in  the  distillation  are  also  oflicial,  under  the 
name  Resin  of  Copaiba  {Resina  Copaibas,  U.  S.  P.).  It  is 
a  brownish-yellow,  brittle  substance,  with  the  appear- 
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ance  of  common  resin,  but  liaviiig  tlie  odor  and  taste  of 
tlie  oleo-resin.  The  "resin"  of  Brazilian  (Parii)  copaiba 
is  really  a  natural  mixture  of  at  least  two  substances— 
an  Kinorp/wiifi  indifferent  resin,  probably  itself  compound, 
and  the  crystallizable  cupiiivic  acid,  obtained  in  large, 
white,  nearly  odorless  prisms.  The  latter  is  insolu))le  in 
water,  and  sparingly  so  in  ether,  but  strong  alcohol  and 
the  fats  dissolve  it.  freely.  O.vyropuiric  iicid  is  an  analo- 
gous s\ibstance,  sometimes  also  met  with.  "  Maracailjo 
copaiba,"  that  is,  the  j^roduct  from  the  northern  coast, 
yields  in  a  similar  way,  together  with  its  amorphous 
resins,  crystalline  metaropdinc  acid  instead  of  copidrir 
acid,  which  dissolves  freely  in  ether  as  well  as  in  alcohol. 

Copaiba  is  apt  to  be  adulterated;  one  of  the  common- 
est additions  is  castor  or  some  other  fixed  oil;  Gurjun 
balsam,  oil  of  turpentine,  and  other  volatile  oils  are  also 
sometimes  added. 

Action  and  Use. — Large  doses  of  copaiba  occasion 
vomiting,  purging,  and  colic,  symptoms  due  to  its  locally 
irritant  action  upon  the  alimentary  canal;  they  also  may 
cause  some  dilHculty  in  micturition,  with  burning  pain 
in  the  urethra,  or  even  strangury,  but  the  latter  is  I'are. 
Coiiaiba  is  mostly  eliminated  with  the  urine,  which  it  in- 
creases and  changes  in  odor.  According  to  Brunton,  "it 
forms  a  conjugate  glycuronic  acid  in  (he  system,  and  is 
eliminated  in  the  urine,  which  with  nitric  acid  gives  a  pre- 
cipitate of  copaibic  acid,  easily  mistaken  for  albumen,  but 
dislinguished  bj' disappearing  on  tbeapplicaticin  of  heat. 
The  conjugate  acid  I'enders  the  urine  anti.septic,  as  it  is 
secreted  by  the  kitlneys.  so  that  it  does  not  readily  de- 
compose, and  bacteria  either  do  not  appear  in  it  at  all  or 
only  in  very  .small  numbers,  even  after  the  surface  has 
become  covered  with  mould."  This,  if  true,  maj'  ex- 
plain at  least  a  part  of  its  usefulness  in  the  urethral  and 
vesical  catarrhs,  for  which  it  is  .so  much  employed.  Its 
elimination  products,  if  sulliciently  diluted,  appear  also 
to  1)e  soothing  to  the  lining  membrane  of  the  uiinarv 
tract.  A  portion  of  tlie  copaiba  taken  makes  its  exit 
from  the  lungs,  as  shown  by  the  breath.  The  principal 
call  for  this  medicine  is  in  catarrhs  of  the  genitourinary 
system,  especially  of  the  urethra  and  bladder.  lu  gonor- 
rha'a  and  gleet,  its  employment  at  one  stage  or  another  is 
almost  universal.  In  chronic  vesical  catarrh  it  is  also 
sometimes  useful,  and  more  rarely  so  in  chronic  bron- 
chitis. Its  value  in  chronic  diarrhoea  and  dysenterv,  and 
as  a  diuretic  in  cardiac  dropsy,  is  more  doubtful,  'in  the 
acute  stage  of  the  above  affections,  it  is  not  to  bead\'ised. 
An  erythematous  eruption  occasionally  appears  during 
the  use  of  the  medicine;  this,  however,  'departs  as  soon  as 
the  drug  is  omitted. 

Administijation.— The  oleo-resin  it.self  is  generally 
given.  From  Tti  x  to  xx.  (a  ffram  =  iil  xv.),  three 
or  four  times  a  day,  is  the  usual  'dose.  I)rop|ied  upon 
a  hunp  of  siigar,  it  can  be  quickly  chewed  and  swallowed, 
or  an  euuilsion  can  be  made  of  it  with  flavored  syru]) 
of  acacia  or  yolk  of  egg.  In  either  case  its  "taste 
is  very  disagreeal)le  and  persistent.  It  may  be  solidified 
by  adding  .six  per  cent,  of  magnesia  (Massa  ('opail);e,  IT. 
S.  P.),  and  made  into  ]iills,  but  the  value  of  this  prcpiira- 
tion  isdoubtful.  A  sort  of  soa,])  may  be  made  by  nddinu; 
enough  lignor  pota.wii'  to  cause  it' to  mix  with  water 
More  than  by  all  these  luelhods,  it  is  at  present  given  in 
gelatin  capsules,  which  an-  prepared  on  an  extensive 
scale  by  numerous  manufacturers;  they  contain  from 
five  to  ten  dinps  each,  and  two  or  three' can  be  taken  at 
a  dose,  two  or  Ihi-ee   limes  a  day.     They  are   |ierfectlv 

five  fifim  its  last.-,  Imt  11 Ini-  w'ill  appear  in  the  breatl'i, 

attei-an  lioiii-  or  s<.,  asMwIl  as  wliiai  it  is  taken  iiiidis- 
gmsed.  The  „il  ,in,l  u,,.  ,.,-.siii  may  lie  -iven  in  .similar 
doses  and  ways.  The  aelinn  of  llie  lal  is  n(.t  very  differ- 
ent from  that  of  tlie  uiidivi.li'd  ,,!,.,,  ivsin 
^  Ali.tki.  I),;r(;s.-f'u|Kiil,;,  (lillei's  in  d, -Tee  more  than 
m  kmd  troiii  the  numerous  elas.s  of  essential  oils  and 
lesms  being  milder  than  some  (turpentine),  and  more 
stunulatmg  than  oth.-rs  (I lie  carminatiyes).  Cubebs 
buchu,  and  oil  of  sandalwood  have  similar  action  ami 
are  employed  for  similar  eonditioiw.  but  none  of  them  is 
equal   „;i  it.     Gui'jun  balsam  has  also  similar  (lualitles, 

27  ft 


and  has  been  substituted  for  copaiba.  Uva  ursi,  and 
the  arbutin  and  benzoic  acid  class  of  remedies  may  be 
compared  with  it,  and  so  may  also,  in  a  certain  sense,  as 
used  for  the  same  disease  (gonorrhrpa),  the  vegetable  and 
mineral  astringents,  hydrastis,  and  .several  inert  powders 
used  in  injections;  but  the  actioft  and  characters  of  these 
substances  are  not  at  all  like  those  of  copaiba. 

W.  P.  Holies. 

COPAL. — (Including  Animi  and  Kauri.) — This  name 
is  applied  to  a  number  of  resins  of  similar  nature,  but  of 
widely  different  origin,  both  botanically  and  geographi- 
cally. As  the  article  is  o-aXy  of  mechanical  interest,  and 
the  different  varieties  are  so  similar,  they  need  not  be 
discussed  here.  It  is  mostly  dug  fi'om  the  ground  in  a 
fossil  condition,  though  the  trees  yielding  at  least  most 
of  the  varieties  are  still  in  existence.  Copal  is  very  hard, 
of  glassy  or  splintery  fracture,  of  various  shades,  from 
light  yellow  through  reddish  orange  to  dark  reddish 
brown,  and  usuall^y  translucent,  though  .sometimes  milky 
or  smoky.  It  may  be  smooth  or  dusty  or  (the  best  vari(_-ty 
of  animi)  very  wartj'.  It  occurs  in  pieces  varying  from 
the  size  of  a  marble  to  that  of  a  ma.ss  weighing  many,  in 
one  case  .several  hundred,  pounds.  It  is  without  odor  and 
ta.ste  and  the  ordinary  solvents  of  re.sin  dissolve  it  only 
with  difficulty.  Its  uses  are  purelj-  for  varnish  and  other 
mechanical  coatings.  Henry  II.  liu.ihy. 

COPPER. — Oknkh.A-L  ^Iedicixal  PnopF:i!Trp;s  of  Com- 
poiNiis  <iF  Cori'Eii. — As  usual  in  the  case  of  com- 
pounds of  the  heavy  metals,  imijregnation  of  the  blood 
with  a  copper  compound  tends  to  affect  nutrition.  In 
medicinal  do.ses  too  small  to  produce  any  obvious  de- 
rangement, the  influence  tends  to  the  abatement  of  spas- 
modic nervous  disorders,  Ijut  not  to  a  sufficient  degree  to 
enable  copper  to  compete  with  zinc  and  other  remedies 
as  a  practical  antispasmodic.  In  excess  of  medicinal 
dosage  copper  salts  are  readil}'  poisonous.  Locally,  ■ 
soluble  copper  salts,  such  as  are  alone  used  in  medicine, 
are  powerful  irritant  astringents.  Applied  in  concen- 
trated form  to  a  moist  surface  they  combine  with  the  al- 
buminous elements  of  the  part,  forming  a  thin,  practi- 
cally invisible  slough,  and  at  the  same  time  constringe 
and  irritate.  So  far  as  the  caustic  effect  is  concerned,  it 
is  so  superficial  as  to  be  of  little  moment,  so  that  practi- 
call_y  the  action  is  simply  conjoint  astringency  and  irrita- 
tion. Such  action,  however,  may  determine  absorption 
of  easil}'  absorbable  tissue,  such  as  granulations,  or  the 
healing  of  indolent  ulcers,  or  the  abatement  of  a  catar- 
rhal process.  Taken  internally,  in  any  beyond  quite 
small  dosage,  the  irritant  action  of  soUible  copper  salts 
declares  itself  by  producing  at  once  full  and  free  vomit- 
ing. Such  vomiting  is  attended  with  little  nausea  or 
depression,  and  the  emetic  dose  is  itself  discharged  with 
the  ejecta.  Copper  salts  thus  become  availabb  medici- 
nally as  emetics,  and  because  of  their  jiower  and  prompt- 
ness of  action  are  peculiarly  appropriate  for  the  dislodg- 
ment  of  poisons  by  vomiting.  In  considerable  single 
overdose  copper  salts  are  irritant  poisons. 

The  therapeutics  of  copper  compounds  are  comprised 
in  the  applicati.ms  set  forth  above— locally  for  an  astrin- 
gent irritant  ojieration,  internally  to  provoke  vomiting, 
in-  in  smaller  dosage  for  an  astringent  effect  in  diarrhtras. 
For  the  hitler  purpose,  howevei-r other  astringents  more 
a!;reeabl(-  than  copper  compounds  are  commonly  pre- 
fern-d. 

A  single  compound,  only,  of  copper  is  official  in  the 
I'nited  States  Pliarmacopceia,  namely,  the  sulphate  (cu]iric 
sulphate,  CuS(),,.5H.,()).  The  salt  "is  entitled  Cnpri  Sid- 
p/ais,  Copper  Sulphate,  and  is  the  one  so  well  known  by 
the  common  name  of  hlnc  riiriol  or  hlnestone.  It  occurs 
in  "large,  transparent,  deeii  lilue.  tiielinic  crystals,  odor- 
less, of  a  nau.seous,  metallic  taste ;  slowly  etHorescent  in 
dry  air.  Soluble,  at  f;V  C.  (59°  F.),  in  "about  2.6  parts 
of  water,  and  m  ^).r^  part  of  boilin-  water;  almost  insolu- 
ble in  alcohol"  (U.  S.  P.).  The  salt  effloresces  slowly 
on  exposure,  or  on  moderate  heatintc,  to  an  opaque  pale 
blue  powder.     Cupric  sulphate  iiuiv  be  used  locally  in 
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substance,  a  smootli  ciystal,  with  its  cilges  roimdcd  bj' 
a  tile,  being  selected,  or  cylindrical  or  conical  pencils 
may  be  made  by  fusing  one  part  of  alum  with  two  of 
the  copper  salt  and  shaping  in  suitable  moulds.  Lotions 
are  made  by  aqueous  solution,  the  strength  I'anging  from 
one-half  to  two  per  cent,  As  an  internal  astriugnit  the 
dose  is  about  0.015  gm.  (gr.  i);  as  an  emetic  from  0.12  to 
0.30  gm.  (gr.  ij.-v.)  or  more  if  the  stomach  be  insensitive 
from  narcotic  poisoning.  But  if  a  full  dose  is  given,  and 
fails  to  vomit,  it  must  be  removed  by  the  stomach  pump 
lest  niuluc  gastric  irritation  result.  The  salt  is  best  given 
in  powder,  mi.\ed  with  poAvdercd  sugar. 

Kiltnird  OmiiH. 

COPPER,  POISONING  BY.— Copper  is  poisonous  to 
man  and  the  lower  animals  in  any  of  the  forms  in  which 
it  may  be  brought  into  the  circulation,  and  its  toxicology 
is  of  special  interest  because  of  its  widespread  occurrence 
in  nature  and  its  exten.sive  use  in  the  arts.  The  com- 
mercial compounds  of  chief  medico-legal  interest  arc  the 
sulphate  and  the  acetates.  The  crystallized  sulphate, 
CuSOi,  HHaO,  also  known  as  blue  vitriol  or  bluestt)ne,  is 
extensively  used  in  calico  printing,  in  electro-metallurgy, 
as  a  fungicide  in  agriculture,  and  to  some  extent  in 
medicine.  There  are  .several  acetates  used  in  dyeing  and 
calico  printing  and  as  pigments.  The  .several  varieties 
of  verdigris  are  basic  acetates  of  different  chemical  com- 
position. Other  important  compoimds  are  the  intrate, 
chloride,  and  the  ar.senical  pigments,  as  Scheele's  green 
and  Paris  green.  ^Metallic  copper  as  such,  and  in  the 
form  of  its  numerous  alloys,  is  extensively  used  in  manu- 
facturing industries,  and  hence  many  pei.sous  are  exjiosed 
to  its  intluence. 

Notwithstanding  the  toxic  character  of  copper  com- 
pounds iUKl  their  ready  accessibility,  poisoning  in  man  is 
not  common  in  this  eoimtry  and  fatal  poisoning  may  Ijc 
said  to  be  rare.  Copper  salts  have  been  used  for  criminal 
poisoning,  biit  more  freriucntly  for  suicide.  Usually  the 
poisoning  has  been  accidental. 

To  understand  the  present  state  of  the  question  of 
poisoning  by  copper,  it  is  necessary  to  distinguish  clearly 
between'the  effects  of  the  corrosive  local  action  in  the 
alimentary  canal  and  the  general  systemic  poisoning 
due  to  the  metal  after  its  entrance  into  the  circulation. 
Within  a  few  years  the  prol)lenis  have  l)een  especially 
studied  from  the  expei-imental  side  (Harnack,  Lchmaiiu, 
Tsehirch,  Filehne,  Brandl). 

Phtsiologica:.  Actiox. — A  solul)li'  salt  of  copper 
has  little  or  no  effect  on  the  .sound  skin,  but  acts  as  a  mild 
caustic  to  surfaces  denuded  of  cuticle,  and  on  the  mucous 
membranes  as  an  a.stringent,  irritant,  or  corrosive  accord- 
ing to  the  form  in  which  it  is  applied.  Admiui.stered 
internally  it  acts  as  a  prompt  emetic,  but  if  not  thus  e.x- 
pelled  it  produces  a  more  or  less  severe  gastro-enteritis 
witli  the  local  and  general  symptoms  which  accompany 
this  condition.  Relatively  small  amounts  arc  absorbed 
from  the  stomach  and  intestines,  but  enough  niay  be 
taken  into  the  circulation  to  produce  a  general  intoxica- 
tion, especially  with  animals  tiiat  do  not  vomit,  and  in 
the  case  of  very  large  doses.  Li  the  latter  case  it  is  be- 
lieved that  the  local  destruction  of  the  integrity  of  the 
epithelium  favors  the  absorption.  Systemic  poisoning 
has,  however,  been  e.specially  studied  by  the  subcutane- 
ous or  intravenous  injection  of  organic  salts  such  as  the 
copper  sodium  tartrate  (Harnack,  Filehne).  The  syni])- 
toms  observed  after  these  injections  have  lieen  loss  of 
appetite,  trembling,  weakness  with  loss  of  co-ordination 
of  muscular  movements  progressing  to  more  or  less  com- 
plete paralysis,  slowing  of  th(^  heart  action  and  respira- 
tion, with  death  due  to  cardiac  or  respiratory  failure. 
Vomiting  may  occur,  and  in  continued  cases  diarrlnea 
and  other  symptoms  of  intestinal  disturbance  are  usu- 
ally present.  Later  symptoms  of  special  interest  are  ex- 
trava,sations  of  blood  in  various  places,  due  to  destruction 
of  blood  corpmscles;  jaundice,  due  to  fatty  degeneration 
in  the  liver;  htematuria,  due  to  congestion  and  later  fatty 
changes  in  the  cortex  of  the  kidneys.  The  unabsorbcd 
copper  is  chiefly  converted  into  the  sulphide  and  is  found 


m  the  ta'ces.  That  which  is  atisoi-bed  is  eliminated  in 
part  ui  the  urine,  but  chielly  through  the  bile.  Ellen- 
bei-ger  and  Hofmcistei-  found  fnan  six  to  ten  times  as 
much  copper  in  the  bile  as  in  the  mine.  They  detected 
it  in  the  urine  within  thirty-six  hours  after  the'flrst  dose, 
b\it  were  unable  to  find  it  after  nine  days,  while  it  was 
detected  in  the  bile  as  late  as  forty-one  days. 

Acute  Pouoninr/.— The  ingestion  by  man  of  a  large 
dose  of  a  salt  of  copper  is  usually  pro'mptly  followed  by 
the  symptoms  of  an  irritant  poison.  The  symptoms  may 
begin  within  a  few  minutes,  ten  to  twenty,  or  they  may 
lie  delayed,  fr-om  two  to  three  hours.  Tliey  begin  with 
nausea  follow<'d  by  prom|it  vomiting  of  green  oi-  bhush 
material,  and  by  a  metallic  taste,  thirst,  burning  in  the 
stomach,  abdominal  tenderness  increased  on  pressure. 
There  is  usually  jiurging,  the  passages  being  abundant 
and  frequently  bloody.  Owing  to  the  prompt  emetic 
aetiou  the  poison  may  be  very  conqiletely  removed  and 
the  case  tend  rapidly  to  recovery;  indeed,  this  is  the 
usual  result. 

lu  some  cases  death  has  followed  a  single  lai'ge  dose. 
The  symptoms  in  these  eases  have  been  similar  to  tlio.se 
described,  but  more  severe,  and  accompanied  by  intense 
headache,  cranqis  in  the  limbs,  great  pro.strat"ion,  cold 
extremities,  small  I'apid  pulse,  and  other  synqitonts  which 
aeconq)any  the  ciilUq)se  caused  by  exten.sive  gastrointes- 
tinal intlamniation.  Death  may  result  in  fi'om  four  to 
twelve  hours,  but  generally  only  after  a  longer  period; 
two,  four,  or  eight  days,  or  even  longer.  After  the  first 
few  hours  there  are  added  to  the  synqotoms  due  tii  the 
local  action  of  the  poison,  those  cause<l  by  the  action  of 
that  which  is  absorbed,  (m  the  kidneys,  liver,  and  oilier 
organs.  Thus  the  urine  is  more  or  less  suppi'cssed,  is 
albuminous,  and  contains  casts  and  blood,  .lauudice 
may  be  present,  but  is  usually  a  late  symptom.  If  a 
case  of  this  sort  progresses  to  reco\-ery  the  progress  is 
slow.     Chronic  gastro-enteritis  is  a  likely  sequel. 

Fiiliil  Amount. — Metallic  copper  has  been  frequently 
iugi-sled  in  the  form  of  coins,  etc.,  with  no  evil  effect, 
but  there  are  well-authenticated  cases  in  which  copper  in 
the  metallic  form  has  produced  the  symptoms  of  cojiper 
poisoning.  Experiment  has  also  shown  the  toxic  char- 
acter of  the  metal.  When  fed  to  dogs  in  their  food,  cop- 
per dust  produces  vomiting  in  even  small  doses,  but 
there  is  little  evidence  of  sy.stemic  action  even  after  long 
periods  of  feeding  small  doses  (Filehne). 

The  lethal  (piantity  of  a  copper  salt  for  man  is  stated 
very  differently  by  the  authorities:  Husemaun,  25-80 
gm.  ;  Lewin,  1.5-20  gm.  of  the  acetate,  10  gm.  of  the  sul- 
phate; Ii:oliert,  10  gm.  ;  Tardieu.  2-3  gm.  ;  Seidel,  1  gm. 
These  figures  obviously  refer  to  different  modes  of  action, 
for  a  consideration  of  "the  reported  cases  makes  it  prob- 
able that  only  a  large  dose,  10-20  gm.,  of  such  a  salt  as 
the  sulphate,  would  produce  death  by  its  dii-ect  local 
action. 

That  relativelv  small  doses  may  prove  fata!  when  ab- 
siirtied  is  evident  from  the  results  of  animal  experiments. 
Italibits  are  killed  in  twenty-four  to  thirty  hours  by  the 
subcutaneous  injection  of  doses  of  copper  sodium  tartrate, 
eijuivalent  to  0.015  gm.  of  CuO  per  kilogram  (Filehne;. 
Tliat  the  minimum  fatal  ilose  for  man  if  administered  in 
this  way  would  likewise  be  small  cannot  be  doubted,  and 
therefore  the  minimum  dose  by  the  stomach  would  be 
small  if  administered  under  favorable  conditions  for  ab- 
soriition,  though  doubtless  modilied  by  the  protective 
action  of  the  liver.  That  the  conditions  for  absorption 
from  the  stomach  are  unfavorable  is  shown  by  the  usual 
tvpe  of  the  cases  which  occur,  and  also  by  the  results  of 
tiie  administration  of  cojiper  compcnmds  for  therapeutic 
ijurposes.  Thus  Husemann  instances  a  case  in  which  17 
o-m.  of  sulphate  were  taken  in  six  days  with  no  toxic 
effect.  The  conditions  effecting  absorption  must  there- 
fore control  the  amount  which  would  be  lethal  in  any 

given  case. 

Poxt-3fmiem  Appearances.— The  marks  of  inflammation 
throuo-hout  the  alimentary  tract  are  the  most  eonnnon 
observation.  These  may  consist  of  injections,  ecchy- 
moses    ulceration,    or  even  gangrene  and   perf(a-ation. 
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The  mucdus  membrane  may  liave  a  greenish  culor  due  to 
tlie  presence  of  some  copper  compound,  which  is  easily 
distinguished  from  bile  stains  by  the  blue  reaction  with 
ammonia.  Contrary  to  the  usual  condition,  all  signs  of 
inflanunatory  changes  may  be  absent.  In  late  deaths  the 
tissues  may  be  bile-stained  and  the  liver  and  kidneys 
swollen  and  fatty.  The  heart  muscle  has  also  been  found 
fatty.  These  degeneration  changes  show  clearly  that  in 
man  copper  may  be  absorbed  from  the  alimentary  tract 
in  not  inconsiderable  amounts.  Absorbed  copper  is  found 
chiefly  in  the  liver,  but  also  in  the  kidneys  and  other  or- 
gans, in  tlie  muscles  and  in  tlic  blood,  where  it  is  said  it 
exists  in  the  corpuscle  in  combination  with  luemoglobin 
(Filehne).  It  may  be  easily  isolated  by  the  Fresenius 
method  commonly  used  in  toxicological  examinations  of 
tissues. 

Tkbatmbnt. — As  antidotes  milk  and  egg  albumin  may 
be  used  because  of  the  dillicultly  soluble  compounds 
which  copper  forms  v.'ith  proteids.  Magnesia  is  a  suit- 
able addition  as  an  antacid.  Reduced  iron  has  been 
recommended  with  the  view  of  precipitating  metallic 
copper.  Potassium  ferrocyanide  produces  an  insoluble 
copper  ferroc3'anide  and  is  the  best  chemical  antidote, 
but  is  not  Avithout  danger  in  large  doses  becau.se  of  its 
tendency  to  form  prussic  acid.  The  stomach  should  be 
thoroughly  washed  out  even  if  there  has  been  free 
vomiting.  The  subsequent  treatment  should  be  directed 
with  reference  to  the  local  lesions,  the  collapse  or  prostra- 
tion, and  to  the  condition  of  the  kidne3's. 

Chronic  Poisoning. — Contrary  to  the  earlier  teachings, 
recent  observations  tend  to  the  view  that  there  is  no 
chronic  copper  poisoning  comparable  with  that  by 
lead.  According  to  this  view  the  long-continued  inges- 
tion of  minute  doses  of  copper  by  the  stomach,  and  the 
exposure  to  absorption  in  handling  and  working  the 
metal,  are  not  capable  of  producing  the  sj'Stemic  poison- 
ing. This  view  is  based  on  the  negative  results  obtained 
in  feeding-experiments  with  man  and  the  lower  animals, 
and  in  the  therapeutic  use  of  copper  salts.  There  can  be 
no  doubt  that  the  danger  of  poisoning  with  copper  has 
been  exaggerated,  and  that  it  is  much  less  poisonous  than 
lead.  In  view,  however,  of  the  well-known  effect  of  the 
injection  of  copper  salts  subcutaneously  it  would  appear 
that  the  question  of  a  chronic  sj'stemic  intoxication  is 
largely  a  question  of  absorption,  and  tliat  it  would  be 
unsafe  to  conclude  that  absorption  may  not  occur  from 
small  doses  to  a  sufficient  extent  to  be  toxic.  Cases  of 
poisoning  have  been  described  among  workers  in  copper 
and  brass  that  appear  to  admit  of  no  other  explanation, 
but  those  that  can  be  classed  as  chronic  are  certainly  rare. 

The  Use  of  Copper  Utensils  in  Cooking  Food. — Cooking- 
vessels  of  copper  and  copper  alloj's,  especially  of  brass, 
have  been  used  very  extensively.  Repeated  experiments 
have  shown  that  foods  may  be  impregnated  with  copper 
on  long  standing  in  such  vessels,  and  this  is  especially  so 
of  foods  containing  vegetable  or  fatty  acids.  Thus  Mair 
found  0.034  gm.  per  cubic  liter  in  rice  soup  which  had 
stood  twenty-four  hours  in  a  brass  vessel.  A  liter  of 
vinegar  containing  an  acidity  of  three  and  a  half  per 
cent.,  on  being  boiled  in  a  brass  vessel  and  then  allowed 
to  stand  has  taken  up  0.183  gm.  of  copper  in  twenty-four 
hours  and  0.y(i.5  gm.  in  two  days.  Direct  experiments 
tend  to  tlie  conclusion  that  food  cooked  in  the  usual  way 
in  bright  copper  or  brass  vessels,  but  not  allowed  to 
stand  in  tliem,  does  not  absorb  a  sufficient  amount  of 
copper  to  produce  sym])toms  of  poisoning.  It  .seems 
impossible  that  enough  could  be  present  in  food  which 
woidd  be  eaten  at  one  tiuK-  to  produce  sericuis  acute  poi- 
soning as  has  been  frequently  supposed,  especially  as  the 
presence  of  as  much  as  half  a  gram  of  dissolved  copper 
in  a  kilogram  of  liquid  food  would  produce  a  mar]s.ed 
metallic  taste. 

The  Use  of  Copper  in  Preserved  Foods. — Chopper  salts 
are  used  in  the  preparati(]n  of  canned  vegetables  such  as 
peas  and  beans,  and  of  pickles,  in  order  to  imjiart  a  de- 
sired green  color.  This  is  accomplished  by  liealing  in  a 
very  ddute  solution  of  copper  sulphate,  the  vegetables 
thus  become  impregnated  with  copper,  which  probably 


exists  in  combination  with  the  proteids  in  part,  and 
partly  with  the  chlorophyll.  The  presence  of  0.030- 
0.030  gm.  of  copper  per  kilogram  is  all  that  is  needed  to 
accomplish  the  desired  result,  but  ten  times  these  amounts 
have  been  found  in  canned  peas.  The  coj^per  fails  to 
give  its  ordinary  reactions  in  the  compounds  in  which  it 
exists  in  these  preparations,  and  it  is  extracted  only  in 
part  by  acid  of  the  strength  of  the  gastric  juice.  Ac- 
cording to  Tschirch  and  Brandl  the  metal  in  these  forms 
is  but  slightly  toxic.  From  experiments  with  copper 
proteid  Filehne  concluded  that  an  amount  equivalent  to 
0.500  gm.  of  copper  per  day  would  produce  no  notable 
result  in  an  adult.  Copper  sulphate  has  been  used  in 
bread-making  to  improve  the  appearance  of  the  product 
made  from  inferior  grades  of  flour.  Only  small  quanti- 
ties can  be  used,  because  the  yeast  is  verj'  sensitive  to 
the  toxic  action  of  copper  salts;  4-16  mgm.  per  kilogram 
have  been  found. 

Tlie  Occurrence  of  Copper  in  Plants  and  Animals. — 
Plants  exhibit  great  variation  in  their  susceptibility  to 
tlie  toxic  action  of  copper  salts;  some,  like  the  fungi,  are 
very  readily  destroyed  by  it,  so  that  copper  salts  are 
widely  used  as  fungicides  in  agriculture.  The  higher 
plants,  however,  are  less  easily  affected  by  it  as  applied 
externally  or  as  existing  in  the  .soil  in  which  they  grow. 
Indeed,  some  kinds  may  absorb  notable  quantities  from 
the  soil,  and  it  therefore  happens  that  many  articles  of 
vegetable  food  contain  copper.  Thus  Lehmann  found 
vegetables  as  sold  in  the  Wurzburg  market  to  contain  the 
following  amounts  of  copper  per  kilogram  of  drv  sub- 
stance: lettuce,  0.003-0.010  gm.  ;  gurkins,  0.030  gm. ; 
beans,  0.018-0.030.  In  vegetables  grown  in  a  soil  very 
rich  in  copper  he  found  larger  quantities;  i.e.,  0.08O- 
0..560  gm.  copper  per  kilogram  of  dried  substance.  Ani- 
mals feeding  on  vegetables  containing  copper  naturally 
absorb  some  of  the  metal  and  it  is  found  in  variable  small 
amounts  in  the  tissues.  Thus  there  have  been  found  in 
fresh  yolks  of  eggs 0.0005-0.003  gm.  of  copper;  in  muscle 
of  the  ox  and  sheep  about  0.001  gm. ;  in  kidneys  0.003- 
0.008  gm.,  and  in  liver  0.009-0.030  gm.,  per  kilogram. 
Carnivorous  animals  contain  less.  In  man  it  is  very  com- 
monly found  In  the  liver  to  the  extent  of  a  few  milligrams. 
So  constant^  is  copper  found  in  man  that  it  has  been 
spoken  of  as  normal  copper  by  some  writers.  It  per- 
forms no  known  ftuiction,  and  is  to  be  regarded  not  as 
normal  but  as  accidental,  though  nearly  constantly  pres- 
ent. The  amount  present  depends  on  the  character  of 
food,  and  possibly  on  the  occupation  of  the  person. 

Herbert  E.  Smith. 

COPULATION,  or  sexual  contact,  is  essential  to  the 
process  of  reproduction  in  all  the  more  highly  organized 
species  of  the  animal  kingdom.  An  analogous  step  in 
the  process  has  in  fact  been  traced  upward 'from  a  com- 
paratively early  phase  of  plant  life,  for  sexual  reproduc- 
tion is  the  rule  among  all  but  the  lowest  orders  of  plants. 
Actual  contact  is,  however,  exceptional.  In  most  of  the 
flowering  plants  fertilization  dejiends  upon  an  indirect 
transfer  of  pollen  through  the  medium  of  air  or  water  or 
by  the  agency  of  insects.  Yet,  on  the  other  hand,  in 
some  of  the  lowest  forms  of  crvptogams,  flowerless 
plants,  more  or  less  intimate  contact  or'union  of  two  In- 
dividuals is  necessary,  and  in  some  of  the  higher  species 
of  thallogens  the  union  closely  resembles  that  of  the  ani- 
mal kingdom. 

In  the  linver  forms  of  animal  life  much  difference  is 
oliserved  lx>tli  in  the  manner  and  in  the  duration  of  the 
connection,  and  in  not  a  few  instances  peculiar  changes 
occur  in  some  of  tlie  organs  or  parts  of  one  or  both  sexes 
for  the  purpose  of  copulation.  Earthworms,  for  ex- 
ample, become  flrmly  united,  two  segments  of  each  hav- 
ing previously  undergone  neces.sary'changes.  In  some 
ordei-s  of  the  Crustacea  the  male  organ  resembles  a  rudi- 
mentary foot  which  is  tlirust  into  the  vulva.  The  true 
character  of  this  ajqiendage  is  demcmstrated  by  the  pres- 
ence in  it  of  a  vas  deferens.  A  similar  transformation  of 
a  member  is  seen  among  the  ee])halopods;  for  in  some 
species  of   the  euttletish   the  male  and  female  become 
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firmly  attached  to  each  other,  mouth  to  iiiovitli,  witli  the 
suckers  of  the  arms  in  apposition.  Wliile  tlius  emljrac- 
ing,  one  of  the  arms  is  detaelied  bj^  tlie  male  anil  it  is  de- 
posited within  the  mantle  of  the  female.  The  arm  tlms 
detached  has  been  previously  "heetocotylized,"  that  is, 
a  sac  tilled  with  spermatophorcs  has  been  formed  upon 
it.  These  are  discharged  within  the  mantle  and  are  car- 
ried to  the  ova  through  a  tvdje  which  perforates  the 
terminal  filament. 

Among  insects  the  alteration  of  limbs  and  alidominal 
segments  is  sometimes  quite  remarUable.  Reproduction 
is  invariablj'  a  result  of  sexual  union  except  in  a  few  in- 
stances of  liermaphroditism.  Among  the  hymenoptera 
(bees,  ants,  flies,  etc.)  the  connection  lasts  from  a  few 
seconds  to  several  hours.  The  male  bee  is  sometimes  so 
injured  by  prolonged  contact  that  his  death  immediatelj' 
folloAVS  the  separation.  The  fantastic  position  of  the 
dragon-fly  during  copiilation  is  due  to  the  peculiar  jiosi- 
tion  of  the  organs  in  the  two  sexes.  That  of  the  male  is 
situated  in  a  slit  on  the  under  surface  of  the  seccjnd  ab- 
dominal segment,  that  of  the  female  on  the  under  surface 
of  the  eighth  segment.  In  spiders  we  flnd  conditions 
which  more  resemble  those  seen  in  some  of  the  ceplialo- 
pods  than  in  the  insects,  for  the  spermatic  fluid  is  de- 
posited in  a  receptacle  in  the  chela,  or  claw,  and  is  then 
thrust  into  the  cloaca.  The  first  appearance  of  a  true 
penis  is  found  among  the  amphilMa. 

Among  the  vertebrates  also  there  is  a  gradual  transition 
from  a  very  simple  to  a  more  complicated  method  of 
copulation  as  we  ascend  from  the  lower  to  the  higher 
orders.  In  the  former  the  organs  are  rudimentary,  recall- 
ing the  altered  segments  of  the  earthworm.  Some 
species  of  fish  do  not  copulate ;  fertiUzation  of  the  eggs 
occurs  after  they  are  in  the  spawn.  In  some  there  is  a 
momentary  contact,  while  others  are  said  to  remain  united 
until  thevare  accidentally  separated.  In  some  elasmo- 
branchs  peciUiar  "  claspers "  at  the  posterior  extremity 
of  the  male,  supposed  to  be  rudiments  of  a  third  paii-  of 
limbs  and  intended  primarily  for  maintaining  contact, 
seem  to  be  partially  introduced.  Among  birds  tlicre 
seems  to  be  no  deviation  from  the  copulative  method  of 
fertilization,  but  the  process  varies  from  a  momentary 
contact  in  the  smaller  species  to  one  as  complicated  as 
that  of  the  higher  quadrupeds  in  some  of  the  larger, 
notably  in  the  ostrich. 

Considered  merely  in  its  relation  to  procreation,  copiila- 
tion,  in  the  human  being,  consists  essentially  in  nothing 
more  than  the  deposit  of  seminal  fluid  within  the  vagina, 
even  in  the  vestibulum,  for  it  is  well  known  that  con- 
ception may  occur  without  actual  penetration.  Tins 
would  limit  the  act  in  the  male  to  the  period  of  life  be- 
tween puberty  and  an  indefinite  time  of  old  age,  and  in 
the  female  to  the  period  of  ovulation.  A  nian  inay 
procreate  so  long  as  his  seminal  fluid  contains  living 
spermatozoa,  although  he  mav  be  able  to  perform  the 
sexual  act  but  imperfectlv;  but  in  the  female  the  possi- 
bility of  impregnation  ceases  with  the  completion  of  the 
menopause.  But  no  such  limit  can  be  draw^n.  The 
ability  of  the  male  to  copulate,  as  the  term  is  ordinarily 
understood,  depending  almost  wholly  upon  erection  of 
the  penis,  begins  in  early  childhood  and  lasts  until  the 
development  of  senility.  There  is  practically  no  age 
Umit  to  its  possibility  in  the  female  after  childhood. 
The  part  taken  by  the  male  and  the  female  will  be  more 
conveniently  considered  separately. 

The  Male.— To  place  a  physiological  limit  upon  the 
frequency  of  copulation  in  the  male  is  hardly  possible, 
for  in  the  human  being  there  is  no  such  natural  limita- 
tion as  we  see  in  most  of  the  lower  animals,  and  unrler 
the  many  exciting  influences  of  civilization,  sexual  de- 
sire is  exceedingly  variable.  Neither  is  desire  a  proper 
criterion  of  the  normal  requirements,  for  in  some  men  it 
is  aroused  not  merely  by  the  accumulation  of  seminal 
fluid  after  prolonged  "continence,  which  seems  to  be  the 
normal  stimulus,  but  bv  the  perception  of  an  attractive 
female  through  any  of  the  senses  or  even  by  the  imagina- 
tion alone.  Althoiigh  we  admit  that  the  testicular  secre- 
tion is  constant  and  that  absolute  continence  is  not  strictly 


physiological,  still  the  normal  limit  of  indulgence  may 
undoubtedly  be  exceeded.  A  man  may  indulge  so  fre- 
(piently  that,  although  he  experiences  the  usual  excite- 
ment and  an  apparently  normal  orgasm,  the  ejaculated 
fluid  becomes  devoid  of  fecundating  property.  Such 
frequency  is  clearly  abnormal.  It  is  generally  fol- 
lowed by  undue  depression  if  not  by  more  lasting  evil  ef- 
fects. On  the  other  hand,  it  must  be  admitted  that  Ihe 
evil  effects  of  continence  are  seldom  cjf  consequence  in  the 
absence  of  unnatural  excitement  and  uninfluenced  by 
previous  immoral  practices.  The  emergency  rarely  arises 
in  which  the  physician  can  recommend  illicit  intercourse 
without  compromising  himself  professionally  as  well  as 
morally.  Within  the  bounds  of  legitimacy  there  can  be 
no  question  that  the  practice  should  not  exceed  the 
gratification  of  natural  desire,  a  desire  which  varies, 
however,  with  the  physical  vigor  and  liealth  of  the  in- 
dividual, his  mode  of  life  and  climatic  influences,  and 
usuall}'  diminishes  to  some  extent  with  advancing  age. 

The  anatomy  of  the  male  organs  is  appropriately  con- 
sidered in  another  volume  of  this  work,  and  it  will  be 
necessary  therefore  to  describe  only  briefly  the  mechanism 
of  erection.  It  has  been  shown  that  the  erection  and 
rigidity  of  the  penis  depend  u]ion  a  temporary  increase 
in  the  size  of  the  arterioles  which  supplj-  blood  to  the 
erectile  tissue  of  the  spongy  and  cavernous  portions, 
more  than  upon  constriction  of  the  veins  which  carry 
away  the  blood ;  but  such  constriction  probably  increases 
the  turgescence,  especially  for  a  short  time  during  the 
period  of  greatest  excitement.  The  nervous  control  of 
these  vessels  comes  from  the  sacral  plexus  and  is  piac- 
ticall}'  the  same  as  that  of  the  integument  and  muscles 
of  this  entire  region. 

The  sensation  experienced  in  coitus  depends  for  the 
most  part  upon  the  sensitiveness  of  the  glans,  the  acute- 
ness  of  which  increases  with  the  rigidity ;  it  is  aided  by 
nervous  excitement  and  by  friction  within  the  vagina 
until  the  orgasm  occurs.  As  this  stage  is  reached  a  dif- 
ferent sensation  is  developed,  probably  by  increased 
peristaltic  action  of  the  vesicuhe  seminales  and  by  the 
rhythmical  contraction  of  the  bulbo-eavernous  muscle, 
which  culminates  in  the  forcible  discharge  of  semen. 
Following  this  the  venereal  excitement  quickly  gives 
place  to  a  variable  degree  of  lassitude  and  the  sensitive- 
ness of  the  organ  to  a  feeling  resembhng  fatigue. 

The  Female.— The  part  of  the  female  is  passive,  at 
least  to  a  much  greater  degree  than  is  that  of  the  male. 
To  some  women  there  is  no  feeling  of  pleasure,  much 
less  an  orgasm  comparable  to  that  of  the  consort.  Others 
undoubtedly  experience  sensations  fully  equal  to  those 
of  the  male.  Conception  is  probably  more  likely  to  occur 
wdien  full  venereal  excitement  is  experienced,  yet  it  is 
by  no  means  conditioned  upon  such  enjoyment,  for  it 
niay  result  from  connection  in  a  state  of  unconsciousness. 
The  mechanism  of  the  act  closely  resembles  that  of  the 
male.  The  parts  are  supplied  by  a  corresponding  set  of 
nerves  and  the  circulatory  changes  are  the  .same  in  nature. 
There  is  a  certain  degree  of  erection  of  the  clitoris  which 
causes  it  to  beeome'more  acutely  sensitive,  and  of  the 
erectile  bulbs  at  the  sides  of  the  vulva.  The  erectile 
tissue  of  the  vagina  also  participates  and  there  may  be 
an  ejaculation  from  the  glands  of  Bartholin  opening  at 
the  sides  of  the  labia  minora.  To  what  extent  the  higher 
organs  are  involved  is  not  definitely  known.  The  uterus 
sinks  lower  in  the  vagina  and  the  cervix  is  said  to  become 
softer  A  certain  amount  of  erection  takes  place  m  the 
uterus  by  contraction  of  its  muscular  fibres  and  those  of 
the  round  ligaments,  and  the  cavity  is  thus  reduced  in 
size  causing  the  expulsion  of  a  few  drops  of  mucus  from 
the  OS  The  subsequent  relaxation  is  supposed  to  favor 
the  entrance  of  seminal  fluid  if  it  does  not  in  reality  draw 
it  in  as  by  aspiration.  No  one^has  yet  confirmed  the  de_ 
scriptions  by  Litzmann,  in  1846,  and  by  Beck,  in  18/3  of 
a  gasping,  opening  and  closing  of  the  os  as  a  part  of  the 
orlasm  For  the  consideration  of  the  method  by  which 
the  spermatozoa  are  carried  through  the  upper  passages 
the  reader  is  referred  to  the  article  on  Iwpregnatwn.       ^ 


281 


Copyrlg^lit. 
C'oriica. 


REFEREXCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


more  difficult  to  (k'tennine  than  in  the  male,  for  desire  is 
more  variable  and  excess  as  a  rule  is  better  Ixinie. 
There  should  certainly  be  a  respite,  however,  during 
menstruation,  in  the  latter  period  of  utero-gestation,  and 
for  several  weeks  after  continement. 

Copulation  may  be  iucomplete  from  various  causes;  it 
is  not  infrequentlv  so  in  the  first  experience  of  either 
part}'  to  it.  The  undue  nervous  excitement  of  the  male 
sometimes  ends  in  a  loss  of  rigidity  or  in  ]u-emature 
ejaculation.  An  undulj'  rigid  hymen,  an  undeveloped 
conditiim  of  the  vagina,  narrowness  of  theoriliee.  or  other 
abnormality  maj'  prevent  entrance. 

Various  accidents  occur.  Lacerations  and  abrasions  of 
the  penis  are  usually  of  no  importance  except  with  refer- 
ence to  the  po.s.sibility  of  infection.  Gideraa  or  ecchy- 
mo.sis  of  the  skin  occasionally  follows  undue  violence. 
L^rethral  hemorrhage  .sometimes  occurs,  frequently  from 
rupture  of  a  stricture.  Cases  are  reported  in  which  the 
root  of  the  penis  has  been  dislocated.  The  so-called  frac- 
ture consists  in  a  ruiiture  of  the  corpora  caverno.sa  and 
may  result  in  such  delormity  as  to  render  future  coitus 
impossible.  Quite  a  num].)ei'of  cases  have  been  recorded 
in  which  the  great  contraction  of  the  vagina  aided  by 
that  of  the  levatoi' ani  rendered  separation  after  coitus 
dillicult  or  impo,ssi))le  until  various  remedies  had  been 
applied.  This  residt  seems  to  have  followed  the  applica- 
tion of  musk  to  the  vagina  in  several  instances.  More  or 
less  complete  epileptic  seizures  sometimes  occur  during 
or  after  connection,  most  frequently  accompanying  the 
orgasm,  particularly  in  the  female.  Death  has  also  been 
reported  in  not  a  few  instances,  but  its  immediate  cause 
lias  generally  been  cerebral  hemorrhage,  the  rupture  of 
an  aneurism,  or  it  was  the  termination  of  an  organic  dis- 
ease hastened  by  the  exertion. 

The  injuries  to  the  female  are  sometimes  serious  in 
character;  they  are  especially  liable  to  occur  as  a  result 
of  the  assumption  of  unnatural  positions.  The  rupture 
of  the  hymen  is  generally  of  no  consequence,  but  the 
rent  occasionally  extends  so  deeply  as  to  involve  the  mu- 
cous membrane  of  the  vagina  and  thus  give  rise  to  serious 
hemorrhage.  Laceration  of  the  perineum,  the  clitoi'ls, 
the  urethra,  or  the  anterior  vaginal  wall  into  the  bladder 
and  similar  accidents  have  "been  reported.  ITterine 
hemorrhage  is  not  seldom  induced,  especiallv  by  the  lirst 
connection  when  it  occurs  soon  after  meustriiatiou,  and  is 
sometimes  of  considerable  severity. 

The  medico-legal  aspects  of  this  subject  will  be  found 
under  the  title  of  Rape,  Medicn- Legal  A.iperts  of. 

Jaiiie«  M.  F)-era:h. 

COPYRIGHT.— The  copyiiuhl  law  of  the  Tnited 
.States  does  not  accord  any  peculiar  privileges  to  authois 
of  medical  works.  Such  works  mav  be  copyrighted  like 
any  others.  The  chief  requirements  are:  f."  Before  pub- 
licaticm  mail  a  printed  copy  of  the  title  to  the  Librarian 
of  Congress,  Washington,  D.  C.  2.  Upon  the  title  page 
or  its  back,  print  the  customary  notice  that  the  book"  is 
copyright.  3.  Within  ten  days  after  pulilicalion  send 
two  copies,  by  mail  or  otherAvise,  to  the  Librarian.  A 
letter  of  incjuiry  addressed  to  the  Librai'ian  will  bring  a 
printed  circular  giving  full  directions  as  to  detaTls. 
Compliance  with  the  prescribed  comlitious  secures,  if  the 
iuithor  is  a  citizen  or  resident  of  the  Lniteil  Slates  thi' 
sole  li))erty  of  publishing  the  woi'k  lor  tweutv-i'ight 
years;  ami  there  is  a  (lualitied  right  of  renewal  wl'iiehrin 
the  case  of  a  woi-k  of  permanent  character,  is  valuable 
A  bo(jk  duly  copyriglited  cannot  be  re]iublisherl  in  full 
or  copied  in  its  substantial  or  important  parts  But  it  is 
not;  every  use  of  a  tn^atise,  on  the  part  of  subscnient 
writers,  tljat  is  considered  an  unlawful  infringement  (d' 
Its  copyright.  Limited  and  reasonal)le  us.,  of  f|,r  con 
tents  ot  earlier  works,  tli,,ugh  co])yrii;-hted,  bv  way  of 
study  or  iiuolalion  (,f  exiraets,  is  allowable.  Morr.n-er 
tliere  IS  a  clear  distuiction  between  a  book  as  a  literary 
property  and  the  science  which  it  exi.Iains  ( 'opyriudif- 
mg  a  text-book  on  the  conqi.wition  and  use  of  me'di.Tnes 
does  not  secure  anexclusive  right  t., compound  the  medi- 
cines described,  not  even  if  they  are  newly  devised   by 
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the  author ;  the  very  object  of  publi.shing  a  medical  work 
is  to  communicate   to  practitioners   the    knowledge   of 
symptoms  and  prescriptions  which  it  contains,  for  their 
use  in  current  practice.     Photographs  skilfully  showing 
diseases  or  deformities,  etc.,  may  be  copyrighted.     Mere 
labels,  such  as  are  placed  upon  liottles  "to  designate  the 
medicines  which  they  contain,  and  the  diseases  for  which 
they  are  adapted,  ai'e  not  within  the  protection  of  the 
copyright  law;  such  labels  often  bear  notice  that  they 
are  "cop3'rigljt, "  but  this  is  nugatory.     Medical  lectures, 
if  unpublished,  are  not,  strictly,  a  subject  of  copyright; 
for  the  required  two  copies  cannot  be  supplied  to  the 
Li1n-arian   of   Congress.     But   tlii'y  are   protected   by  a 
statute  wdiich  forbids  publishing  any  manuscript  without 
obtaining  the  coii.sent  of  the  author  or  jiroprietor.     Oral 
ilelivery  of  a  lecture  to  a  class  of  students  does  not  give 
them  the  right  to  take  notes  for  any  purpose  of  publica- 
tion, or  of  selling  copies  to  other  persons;  the  right  of 
members  of  the  class  is  limited  to  memorizing  and  taking 
notes  of  the  lecture  for  their  individual  instruction  and 
guidance  in   future  practice.     The  copyright  law  impor- 
tant to  medical  writers  and   publishers  is  embodied  in 
"LTnited  States  Revised  Statutes,"  Title  Ix.,  Chapter  3. 
Drone  on  "  Copyright "  is  the  most  recent  law  treatise. 
Morgan's   "Law  of  Literature"   is   comprehensive   and 
readable.     Al )bott's  "  National  Digest, "  title  "  Copyright  " 
states  the  decisions  and  statutes  to  1884,   with  "a  legal 
bibliography.  Baijamin  Vatigluiii  Abbott. 

CORAL  BEAN,     ^(^e  Poisonom  Plants. 

CORIANDER.— CoRiAXDiu-M.  Coriander  Fruit ;  incor- 
rectly, "Coriander  Seed."  The  coriander  plant  is  an 
annual  European  herb,  also  cultivated  in  Europe  and  the 


L'nited  States. 


^    ^f^i  ^0 


Yf^> 


It  has  been  so  long  cultivated  that  it  is 
scarcely  known  in 
an  indubitably  wild 
state.  The  following 
is  the  otBcial  descrip- 
tion of  the  drug; 
Globular;  about  "4 
mm.  in  diameter; 
crowned  with  the 
calyx-teeth  and  sty- 
lopod ;  brownish  yed- 
low.  with  slight  lon- 
gitudinal ridges;  the 


„.,n,r"l''"^"''''^,',''"n'■    "I"-'-'"''"!'     Fl.;.  1,->10.-Fl-Uit  of   Cori- 
iKiUinil  size.     iB;.ill,,ii,i  amler.  nutural  size. 

two  merieari.s  cohering,  enclosiu-  a  lenticular  cavity 
and  each  tuniished  on  the  face  with  two  oil  tubes-  odor 
and  taste  agreeably  aromatic. 

It  contiiins  about  one-half  per  cent,  of  essential  oil. 
eleven  ot  Jot  (m  the  seeds),  and  tourtcen  of  nitro..enous 
niatters,  etc.  The  only  constituent  of  value  is  the  oil 
{Oleuin  ariamlri.  U,  S.  P.),  a  colorless  or  yellowish 
liquid,  having  the  characteristic  aromatic  odoi-  of  cori- 

o",!  o'k^i  T'^Vwi ■"'"'? -''T";  •'"'^  "  ""^"tral  reaction,  sp. 
gi.  0.8, (to  0.88:..  Lioalnol.  ovcorianclrol.  and  pinene  are 
I  lie  constituents. 

C(u-iander  is  a  very  inihl  and  agre.-:dile  carmiualive,  of 
tlie  s:une  properties  as  ani.se.  Do.se  3  to  8  gm  (  3  ^s  -ii  )  • 
"t  the  oil,  ten  drops  or  so-on  sugar  or  suspended  in 
syrup  or  mucilage.  There  is  no  official  preparation  of 
either  the  fruit  or  the  oil,  though  the  former  enters  into 
tlie  Coiit.Hio  .senna'  and  the  latter  into  the  Cowpoond 
Spintot  Orange.  }V.  R  Bolles. 
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CopjriKlit. 
Cornea, 


CORIARIA.— A  genus  (fam.  Cnrinriaceii')  of  about  ten 
species  of  shrubs  iuhabitiug  wai'm  or  tropical  regions. 
The  leaves  and  fruits  of  several  of  these  are  well-luunMi 
poisons,  both  to  man  and  to  grazing  animals.  In  the 
ripe  fruit,  the  poison  is  said  to  be  coiifined  to  tlie  seeds. 
Their  medicinal  use  has  apparently  not  been  tried,  b\U 
they  are  of  interest  because  the  leaves  of  one,  ('.  iinirli- 
folid  L.,  have  been  found  as  an  adulterant  of  senna. 
They  are  readily  distinguislied  by  their  tliree-nerved  .sur- 
face. The  active  principle  is  the  glucoside  (.'criininii-lhi 
(tljoHaaOio),  which  is  crystalline,  tasteless,  and  .solulile  in 
bothwaterand  alcohol.  Its  action  is  very  similar  (o  that 
of  picrotoxin,  llairy  H.  UiiKhij. 

CORNEA,  DISEASES  OF  THE.— In  order  to  recognize 
and  understand  the  various  pathological  lesions  to  which 
the  cornea  is  subject,  an  accurate  linowledgc  of  its  an- 
atomy and  hi.stology  is  essential.  The  term  lirutith  is 
applicable  to  all  inflammatory  processes  atfectiug  the  cor- 
nea and  causing  certain  deviations  from  its  normal  uni- 
form transparency, — alterations  wliich  are,  as  a  rule,  eas- 
ily recognized  b,y  simple  inspection  witli  the  naked  eye; 
but  the  method  of  examination  known  as  focal  illumina- 
tion affords  a  ready  means  of  detecting  changes  of  slight 
degree  which  might  otherwise  easily  escape  observation. 
Structural  changes  resulting  from  inflammation  are  either 
transitory  or  permanent.  Inflammatorj'  processes  in  the 
cornea  give  rise  to  various  changes  in  its  physical  condi- 
tion, tlie  most  constant  of  which  is  a  loss  of  transparency 
which  involves  the  compact  fibrillar  arrangement  of  the 
corneal  tissue,  and  \\hich  is  caused  by  the  imbibition  of 
fluid  material  as  well  as  of  the  more  solid  cellular  ele- 
ments that  have  migrated  into  the  cornea  from  the  sur- 
rounding vascular  system.  This  subject  has  been  very 
thoroughly  studied  by  many  observers,  and  the  free  mi- 
gration of  leucocytes  into  the  cornea  from  this  source  is 
one  of  the  pathological  questions  which  may  be  regarded 
as  definitely  settled.  The  formation  of  blood-vessels  in 
the  cornea  is  conunon  io  several  varieties  of  Iceratitis, 
They  owe  their  origin  to  the  fact  that  the  terminal  vessels 
surrounding  the  cornea  send  off-shoots  into  the  corneal 
tissue  and  so  give  rise  to  aconspicuouslj'  vascular  con- 
dition of  this  structure,  which  disappears  wholly  or  in 
part  as  the  inflammation  subsides.  The  development  of 
these  blood-vessels,  therefore,  belongs  to  the  process  of 
repair.  An  engorgement  of  the  blood-vessels  in  the  tis- 
sues around  the  cornea  is  one  of  the  most  constant  signs  of 
keratitis,  and  is  known  as  pericorneal  congestion. 

It  is  still  an  open  cjuestiou  as  to  what  part  the  fixed 
corneal  corpuscles  take  iu  the  inflammatory  process.  If 
this  has  been  of  such  a  character  as  to  cause  permanent 
alteration  in  any  part  of  the  cornea,  both  the  fixed  cor- 
puscles and  the  fibrillar  structure  involved  are  found  to 
have  undergone  more  or  less  destruction  and  elimination. 
A  transformation  of  the  normal  clear  corneal  tissue  into 
white  fibrous  or  scar  tissue,  which  often  remains  per- 
maoentljr,  is  a  common  sequel  of  corneal  inflammation; 
this  is  the  explanation  of  mo.st  permanent  corneal 
opacities. 

The  cornea,  owing  to  its  exposed  position  and  non- 
vascularity,  is  particulai-ly  liable  to  traumatism  and  to 
inflammatory  processes  due  to  infection  and  to  lessened 
vitality  of  the  tissues.  Three  types  of  corneal  inflam- 
mation are  generally  recognized;  they  are  infiltration, 
abscess,  and  ulceration. 

1.  Infiltrations  are  characterized  by  the  presence  of 
leucocytes  in  such  numbers  as  to  cause  loss  of  transpa)-- 
ency,  with  more  or  less  displacement  of  the  fibrous  par- 
enchyma of  the  cornea.  Crowding  the  lacuna;  and  can- 
alieuli,  they  may  give  rise  to  an  ill-defined,  streaky 
opacity,  or,  when  they  are  accumulated  in  larger  masses, 
the  cloudiness  may  be  more  uniform  and  cii'oumscribed. 
Notwithstanding  this  the  corneal  tissue  may  remain  so  far 
intact  as  to  permit  of  perfect  restoration,  when  resolution 
takes  place.  If,  however,  the  process  has  been  of  long 
duration  and  considerable  intensity,  some  degree  of  per- 
manent opacity  will  result ;  the  migratory  cells  may  in- 
deed become  transformed  into  fibrous  tissup  (sclerosed), 


and  blood-vessels  may  become  developed  in  the  substance 
of  the  cornea  as  a  part  of  the  permanent  alteration  of  its 
structure.  Corneal  infiltrations  may  be  superficial  or 
deep-seated,  circumscribed  or  diffuse;  and,  although 
the  tendency  is  to  recoveiy  without  destruction  of  tissue 
or  loss  of  tra]isparency,  the  moi'e  unfavorable  termina- 
tions in  sch'rosis  or  vdeeration  are  quite  conunon  events, 
es])ecially  if  the  infiltration  has  been  injudiciously  treated 
Avith  remedies  which  exaggerate  the' irritation  already 
existing.  Superficial  infiltrations  of  the  cornea  are  apt 
to  cause  more  irritation  than  deep-seated  ones,  on  account 
of  the  corneal  nerve  filaments  being  most  alumdant 
toward  its  anterior  surface.  This  explains  why  we  often 
.see  most  intense  irritation  following  trivial  abrasions  of 
the  siu'face, 

2.  Alisrrss  of  the  cornea  occurs  when  an  iidiltration 
i-eaches  such  a  degree  of  intensity  that  the  n\itrition  of 
(lie  part  is  interfered  with  to  the  extent  of  destroying  the 
liroper  corneal  tissue,  while  the  infiltrating  elements  be- 
come transformed  into  pus  cells.  The  distinctive  gross 
characters  of  an  abscess  are  its  circumscribed  appearance 
and  yellowish  color.  It  often  gives  rise. to  an  accumu- 
lation of  pus  in  the  anterior  chamber  (liypjpyon),  pre- 
smiiably  in  consequence  of  the  fact  that  the  irritant  tox- 
ins evolved  in  the  inflamed  area  find  their  way  into  the 
anterior  cliamber  by  absorption  or  transudation  (just,  for 
instance,  as  atropine  solution  does  when  dropped  into  the 
conjunctival  sac),  and  there  excites  a  purulent  iritis  or 
descemetitis.  The  proof  of  this  lies  in  the  fact  that  al- 
though pyogenic  bacteria  are  as  a  rule  found  in  abun- 
dance in  the  purulent  corneal  lesion,  there  are  few  if  any 
of  these  in  the  accompanying  hypopyon.  So  much  of 
the  corneal  tissue  as  majf  have  been  actually  destroyed  can 
only  be  imperfectly  regenerated;  for  which  reason,  more 
or  less  of  an  indelible  opacity  remains.  Then  again,  as 
already  stated,  an  abscess  near  the  anterior  surface  of  the 
cornea  is  more  painful  than  one  that  is  deep-seated.  The 
duration  of  corneal  abscess  is  variable ;  sooner  or  later  the 
surface  is  apt  to  give  way,  and  the  abscess  becomes  trans- 
formed into  an  ulcer.  More  rarelj'  it  breaks  through  into 
the  anterior  chamber. 

8.  Ulcers  of  tlie  cornea,  many  varieties  of  wdiich  have 
been  described,  all  have  one  feature  in  common,  that  is, 
they  are  accompanied  by  loss  of  substance.  They  may 
result  from  an  infiltration  or  an  abscess,  or  the  ulceration 
may  be  the  primary  lesion,  commencing  as  a  superficial 
loss  of  substance  of  irregular  outline,  first  of  the  epithe- 
lium, then  speedily  extending  through  Bowman's  mem- 
bi-ane  to  the  cornea  proper.  "  Deposits  of  lymph  and  pus 
in  the  anterior  chamber  are  also  quite  common  in  certain 
types  of  corneal  ulcers.  The  surface  of  the  ulcer,  in 
its  progressive  condition,  is  generally  covered  with  an 
opaque  material,  the  residue  of  broken-down  tissues,  while 
the  margins  are  surrounded  with  a  grayish  zone  of  infiltra- 
tion. When  the  healing  process  sets  in,  the  base  of  the 
ulcer  becomes  cleaner,  its  margins  smooth  and  rormded, 
and  the  peripheral  opaque  zone  less  conspicuous.  As 
the  healing  progresses  the  ulcer  becomes  shallower,  and 
its  sui'face  smooth  and  glistening;  for  at  this  stage  it  is 
partly  covered  with  epitlielium  which  has  grown  from 
the  margins  toward  the  centi'e.  Beneath  this,  new  tissue 
is  developed,  and  the  excavation  due  to  loss  of  substance 
is  gradually  filled  up  by  the  process  of  cicatrization. 
There  remains,  finally,  an  opaque  area  of  variable  depth 
and  extent,  fi'om  a  .slight  cloudiness  (nebula)  to  a  dense 
white  cicatrix  of  a  pearly  or  tendinous  character  (leu- 
coma).  Corneal  ulcers,  especially  when  situated  near 
the  margin,  frequently  become  vascularized  during  the 
healing  process.  An  "ulcer  may  remain  stationary  for  a 
long  time,  or  the  surface  may  not  attain  the  level  of  the 
surrounding  cornea  (corneal  facet).  Sometimes  the  pro- 
cess of  repair  is  arrested  and  renewed  ulceration  takes 
place.  Perforation  of  the  cornea,  Avith  adhesion  or  pro- 
lapse of  iris,  is  a  common  occurrence,  in  which  case  the 
healing  process  is  apt  to  be  followed  by  yielding  of  the 
softer  reparative  material  to  the  intraocidar  pressure  and 
the  development  of  a  protrusion  known  as  a  corneal  sta- 
phyloma.    Extrusion  of  the  crystalline  lens  is  to  be  feared 
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in  large  ulcerations;  or  the  ulcerative  process  maj'  in- 
volve the  entire  cornea  and  result  in  its  total  destruction  ; 
or  panophthalmitis  may  occur  if  suppuration  extends  to 
the  internal  structures  of  the  eyeball. 

Infl.imm.\tion  of  the  Corkk.v  (Keratitis,  Cor- 
NEiTis).— The  term  keratitis  is  noAV  generally  applied  to 
all  forms  of  corneal  inflammation,  the  different  varieties 
of  which  have  been  variously  classified.  All  the  more 
common  varieties  may  conveniently  be  included  under 
the  headings:  (1)  Superficial  keratitis;  (3)  Parenchy- 
matous Keratitis;  (3)  Suppurative  Keratitis. 

Under  the  first  heading  are  included  catarrhal,  phlyc- 
tenular, vascular,  and  traumatic  keratitis. 

Catarrhal,  ulcers  belong  to  the  non-purulent  type  of 
keratitis  and  are  of  frequent  occurrence  as  a  sequel  of 
conjunctival  catarrh,  especially  in  elderly  persons.  The 
usual  seat  of  the  ulcer  is  at  or  near  the  corneal  margin  in 
the  form  of  a  shallow  sulcus  of  varial)le  length,  or  there 
may  tie  several  abrasion-like  defects  of  the  surface,  the 
extent  of  which,  owing  to  the  absence  of  infiltration,  can 
be  accurately  determined  only  by  the  use  of  fluorescine. 
A  moderate  degree  of  pain,  circumcorneal  redness,  lachry- 
mation,  and  photophobia  arc  usually  present.  This  form 
of  ulcer  tends  to  heal  readilj'  unless,  as  occasionally  hap- 
pens in  the  presence  of  purulent  secretion  from  the  con- 
junctiva, the  ulcer  becomes  infected  and  gives  rise  to  a 
dangerous  purulent  keratitis.  If  symptoms  of  undue 
irritation  arise  during  the  course  of  a  catarrhal  conjunc- 
tivitis a  careful  scrutiny  of  the  cornea  must  be  made 
with  the  aid  of  focal  illumination  and  fluorescence.  The 
treatment  consists  in  the  use  of  remedies  suitable  for  the 
cure  of  the  conjunctival  catarrh,  the  cautious  employment 
of  atropine  if  irritation  be  at  all  severe,  and  of  local  dis- 
infectants if  infiltration  makes  its  appearance.  Of  these 
an  occasional  application  of  sublimate  solution  is  most 
serviceable. 

Phlyctenular  Keratitis  is  closely  allied  to  phlyctenular 
conjunctivitis  (see  Conjunctiva,  etc.),  and  is  often  a.sso- 
ciated  with  a  more  general  conjunctivitis.  It  commences 
as  one  or  several  superficial  infiltrations,  of  small  size, 
perhaps  not  larger  than  the  head  of  a  pin  or  a  millet  seed, 
on  any  part  of  the  corneal  surface,  from  the  extreme 
periphery  to  the  centre.  Each  little  infiltration,  circular  in 
outline,  is  surrounded  by  a  slight  zone  of  opacity,  and 
causes  some  elevation  of"the  epithelium  covering  it;  if  it 
be  in  the  form  of  a  vesicle  this  is  seldom  demonstrable. 
The  epithelial  covering  is  soon  shed,  leaving  a  small  ex- 
coriation of  the  surface,  or  a  tiny  ulceration  which  oc- 
casionally extends,  and  may  assume  the  more  formidable 
characters  and  dimensions  of  a  suppurative  keratitis— an 
event  usually  traceable  to  improper  treatment  or  to  a 
very  defective  state  of  nutrition. 

Phlyctenuliu  often  become  vascularized,  and,  after  re- 
peated attacks  of  this  kind,  a  form  of  pannus,  known  as 
eczematous  or  scrofulous,  may  become  developed  (see 
section  of  this  article  relating  to  Vascular  Keratitis). 
^  More  or  less  pericorneal  injection,  with  other  irrita- 
tive phenomena,  .sometimes  very  pronounced,  is  always 
present,  and  is  probably  due  to  the  fact  that  the  infil- 
tration tends  to  follow  the  course  of  certain  nerve  fila- 
ments (Iwanotf)  which  then  become  embedded  in  exuda- 
tion corpuscles  an<l  other  products  of  inflammation.  In- 
tolerance of  liglit,  laclirymation,  and  spasmodic  closure  of 
the  eyelids  an;  the  most  conspicuous  .signs  of  irritation 
Restlessness  and  pain  at  night  are  quite  common.  Often 
the  eyelids  are  more  or  less  swollen,  and  the  overflow  of 
acrid^  .secretions  cau.ses  excoriation  of  the  integument. 
In  this  way  an  eczematous  or  impetiginous  eruption  may 
spread  over  tlie  inti-gument  of  the  face  and  head  The 
subjects  of  ]i]]lycfen\ilar  keratitis  are  usually  children 
sometiTues  in  apparently  gof.d  general  liealth';  l)ut  as  a 
rule,  they  are  of  strumous  liabit  and  sljow  otbi'r  .si.nis  of 
faulty  nutrition.  In  manv  cases  there  are  obvious'sicrns 
of  na,sa  catarrh  with  or  witliout  adenoid  vegetations  in 
the  vault  of  the  pharynx.  The  relapsing  characterof  tlie 
affection  IS  often  dm.  to  the  presence  of  these  complica- 
tions.    An  in<|uiry  into  the  mode  of  life  of  thes(.  chihlren 
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general  hygiene.  Any  of  the  ordinary  disea.ses  of  child- 
hood are  apt  to  be  followed  by  this  form  of  ophthalmia, 
presumably  only  in  subjects  otherwise  predisposed  to  its 
occurrence.  In  slight  cases,  the  disease  ma}^  quickly  pass 
off,  leaving  little  or  no  trace  of  its  existence ;  but  far  more 
frequently  circumscribed  opacities  remain  for  a  long  pe- 
riod, and  sometimes  for  life,  as  a  permanent  blemish. 
When  situated  over  the  centre  of  the  cornea  such  perma- 
nent opacities,  though  apparently  slight  in  degree,  may 
cause  serious  impairment  of  vision.  The  affection  tends 
to  relapse  and  is  consequently  apt  to  be  of  long  duration, 
especially  when  the  infiltrations  are  remote  from  the  cor- 
neal margin.  Many  young  persons  are  subject  to  re- 
peated attacks,  at  intervals,  until  adult  age  is  reached. 

Treatment.  So  long  as  there  is  active  irritation,  sooth- 
ing measures  are  indicated.  Solution  of  sulphate  of 
atropine,  gr.  ij.-iv.  ad  ?  i.  in  solution  of  hydraig.  per- 
chlorid.  (1  to  5,00(1),  may  be  instilled  two  or  three  times 
daily.  Heat,  applied  either  in  a  dry  or  a  moist  form,  for 
fifteen  minutes  or  half  an  hour  at  a  time,  and  several 
times  daily,  is  a  remedy  of  great  value.  A  warm  solu- 
tion of  boric  acid,  one  or  two  per  cent.,  may  also  be  used 
freely  as  a  wash,  if  there  is  increased  conjunctival  secre- 
tion. Careful  cleansing  is  of  importance  also  in  prevent- 
ing excoriation  of  the  lids.  The  latter  condition  may  re- 
quire the  use  of  local  a.stringents,  such  as  the  mitigated 
nitrate  of  silver  crayon,  or  of  ointments  containing  oxide 
of  zinc,  boric  acid,  and  a  small  quantity  of  .salicylic  acid; 
or  the  employment  of  some  form  of  drying  powder  may 
be  preferred.  When  there  is  swelling  of  the  conjunctiva, 
with  hypersecretion,  it  will  be  well  to  touch  the  everted 
lids,  once  every  two  or  three  days,  with  a  solution  of 
nitrate  of  silver,  gr.  iij.-v.  ad  |  i.  ;  and  in  doing  this  the 
precaution  should  be  taken  to  wash  off  the  excess  of  the 
solution  before  replacing  the  lids. 

When  the  irritability  of  the  e_ye  has  sub.sided  somewhat, 
applicationsof  yellow  oxide  of  mercuiy  ointment,  gr.  x.  to 
XV.  ad  §  i. ,  (a  small  portion  to  be  placed  under  the  upper 
eye-lid),  or  calomel  in.sufilations,  may  be  resorted  to  once 
daily,  care  being  taken  not  to  use  these  remedies  in  the 
presence  of  augmenting  irritation.  With  this  precaution 
their  use  is  likely  to  be  remarkabh'  beneficial.  To  prevent 
relapses  the  ointment  may  be  used  once  every  other  day 
for  several  weeks  after  apparent  recoverv'  has  taken 
place.  Counter-irritants,  such  as  iodine  painted  over  the 
brow  or  touching  the  skin  of  the  upper  lid  lightly  with 
solid  nitrate  of  silver,  are  sometimes  very  beneficial;  but 
the  use  of  blisters  cannot  be  too  strongly  condemned. 
Solution  of  cserine  sulphate  (gr.  ij.  ad  3  "i. )  is  occasion- 
ally more  efflcacious  than  atropine  in  relieving  pain, 
blepharospasm,  and  intolerauce  of  light. 

Intense  blepharospasm  may  require  caufhotomv,  and 
protracted  photopholiia  may  often  be  greatly  relieved  by 
forcible  exposure  of  the  eyes  to  strong  light  for  ten 
or  fifteen  minutes,  by  dropping  iced  water  upon  the 
cornea  (Oppenheimer),  or  by  dipping  the  face  in  cold 
water.  A  four-per-cent.  solution  of'  cocaine  dropped 
into  the  eye  often  affords  temporary  relief,  and  seems  to 
assist  the  action  of  other  remedies.  Faulty  condition  of 
the  naso-pharynx  must  be  remedied  by  suitable  measures, 
and  until  this  is  done  a  permanent  cure  is  hardly  to  be 
expected. 

Treatment  which  has  feu-  its  object  an  improvement  in 
the  general  liealth  is  of  primary  importance.  The  diet 
should  be  simple  and  Avholesome,  with  strict  avoidance  of 
dainties  between  meals.  Occasional  small  doses  of  hy- 
drargyrum cum  creta  ("gray  powder")  with  rhubarb  at 
night  are  often  beneficial.  Cod-liver  oil  and  syrup  of  the 
iodide  of  iron  are  favorite  remedies  in  strumous  subjects. 
The  employment  of  quinine  is  advocated  by  some  au- 
thorities: in  full  doses,  at  the  outset,  by  de  Wecker  and 
others;  in  small  tonic  doses  during  the  course  of  the  dis- 
ease, by  Noyes.  Tepid  or  cold  salt-water  baths,  followed 
by  friction  of  the  skin,  and  clothing  suitable  for  the  cli- 
mate and  season,  are  means  which  must  not  be  neglected 
for  promoting  recovery  and  for  preventing  fresh  attacks. 
A  change  of  air,  especially  a  sojourn  at  the  seaside  will 
often  jiroinptly  cure  when  other' remedies  fail.     Plenty  of 
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fresh  air  and  a  fair  amount  of  outdoor  exei-cisr  are  in- 
dispensable. There  can  be  no  greater  mistake  than  tlie 
common  practice  of  lieeping  acliild  suffering  from  plilyc- 
tenular  ojilithalmia  sluit  up  in  a  darkeneci  room  on  ac- 
count of  intolerance  of  light.  When  out  in  the  open  air 
the  ej'os  can  be  sufficiently  protected  by  wearing  a  largo 
shade.  Fiirther  protection  can,  if  deemed  necessary,  be 
secured  by  means  of  a  bandage.  A  firm  compression 
bandage  may  be  of  great  service  if  there  is  ulceration  of 
the  cornea.  The  ulceration  may  indeed  be  so  consider- 
able as  to  require  the  same  treatment  as  snppin-atiou 
keratitis.  The  condition  in  which  a  circle  of  exceedingly 
minute  phlj-ctenula?.  svu-ronnds  the  extreme  margin  of  the 
cornea  is  perhaps,  strictly  speaking,  an  atfection  of  the 
conjmictiva.  It  is  apt  to  be  attended  \Yith  severe  irrita- 
tion and  great  pericorneal  injection,  only  yielding  slowly 
to  treatment,  which  in  the  main  need  not  differ  materi- 
ally from  the  measures  j ust  leeommended  for  the  purely 
corneal  affection. 

A  modified  form  of  iihlyctenrdar  keratitis,  known  as 
fameiilar  Jccratitis,  must  also  here  receive  mention,  as  it 
is  not  of  infrequent  occurrence,  tends  to  nui  a  protracted 
course,  and  is  often  very  troublesome.  In  tins  form  a 
rather  large  phlyctenida  appears  at  the  corneal  margin 
and  slowly  advances  across  its  surface,  and  a  leash  of 
blood-vessels  follows  in  the  wake  of  the  advancing  in- 
filtration, which  often  has  a  yellowish  color  at  its  most 
prominent  part.  Should  the  band  thus  formed  extend  as 
far  as  the  centre  of  the  cornea,  it  there  curves  upon  itself 
and  assumes  a  sort  of  horseshoe  figure.  Severe  irritation 
is  characteristic  of  this  form  of  strumous  keratitis.  A 
rapid  cure  of  this  affection  can  nearly  always  be  obtained 
by  destroying  the  infiltration  with  a  fine  point  of  solid 
nitrate  of  silver  or  with  pure  carbolic  acid  applied  with 
a  pointed  piece  of  wood ;  such  application  must  be  care- 
fully limited  to  the  advancing  infiltration.  For  a  few 
days  afterward,  mild  soothing  and  cleansing  treatment  is 
required.  A  strealv  of  opacity  always  persists  for  a  long 
time  after  the  inflammation  has  passed  away,  and  is 
sometimes  permanent. 

Herpes  cornea!  is  not  to  be  confounded  with  phlyctenular 
keratitis,  from  which  it  differs  widely  in  symptoms, 
causation,  and  pathology,  tr>ie  corneal  herpes  being  un- 
doubtedly identical  in  character  with  herpetic  eruptions 
elsewhere.  .   . 

In  this  affection  one  or  more  small  vesicles,  eontammg 
a  transparent  fluid,  form  on  the  surface  of  the  corn(.;a,  and 
leave  superficial  excoriations  when  ruptured.  Severe 
neuralgic  pains  accompany  vesication,  but  may  cease 
when  the  vesicles  give  way;  they  return,  however,  as 
often  as  fresh  ones  are  formed.  During  the  attack,  ivlnch 
is  almost  always  unilateral,  there  is  pericorneal  injection 
and  the  eye  is  often  extremely  irritable.  Three  forms  of 
corneal  herpes  are  recognized  (De  Wecker,  "  Ther.  ocu- 
laire,"  p.  169,  1879):— 

1.  Herpes  eatarrhalis,  which  occurs  m  conjunction 
with  catarrhal  affections  of  the  air  passages. 

2  Herpes  zoster  cornea,  which  probaf  )ly  depends  upon  an 
inflammatory  affection  of  the  fifth  nerve,  and  is  very  often 
associated  with  the  cutaneous  eruption  known  as  zoster 
ophthalmicus.  Intense  pain,  both  preceding  and  follow- 
ing the  corneal  eruption,  together  with  local  anesthesia 
of  the  parts  affected,  is  eliaracteristie  of  this  affection 
Superficial  ulceration  and  infiltration  of  the  cornea,  which 
is  slow  in  healing,  is  more  conspicuous  than  in  the  catar- 
rhal form.  In  zoster  ophthalmicus  corneal  lesions  are 
likely  to  occur  only  when  the  nasal  branch  of  the  first 
division  of  the  fifth  is  involved,  as  evidenced  by  the  cu- 
taneous eruption  at  the  corresponding  side  of  the  nose. 

3.  Herpes  idiopathica  cornea  differs  from  the  second  va- 
riety mainly  in  its  tendency  to  recur,  sometimes  periodic- 
ally, and  in  not  being  associated  with  an  eruption  of  cu- 
taneous zoster. 

Treatment.  The  first  variety  requires  no  other  treat- 
ment than  such  as  may  be  necessary  for  other  co-existing 
catarrhal  affections.  In  the  second  and  third  varieties 
hot  applications  of  belladonna  or  chamomile  in  the  form 
of  fomentations  are  beneficial,  atropine  instillations  and  a 


compression  bandage  are  also  to  be  employed ;  large  doses 
of  (piinine  liave  been  found  beneficial,  and,  later  on,  ap- 
plications of  electricity  (the  constant  current).  Ar.senic 
given  fi>r  a  short  time  in  full  doses  seems  to  relieve  the 
neuralgic  sym])tonis. 

Keratitis  hiUlosii.  is  a  rare  affection  which  might  readily 
be  mistaken  for  herpes  corneie,  as  it  is  characterized  by 
the  rapid  formation  of  transparent  vesicles  on  the  corneal 
surface,  which  come  and  go  witli  sudden  attacks  of  severe 
pain  in  the  eye.  In  this  disease  the  vesicles  are  much 
larger  than  in  corneal  herpes;  there  may  be  only  one 
large  flaccid  bleb,  4  to  5  mm.  in  diameter,  or  several  of 
tliese  of  various  sizes.  Whentliese  l)nrstor  are  removed, 
thesulijaeent  cloudy  cornea  is  laid  bare,  but  in  the  course 
of  a  few  days  the  epithelium  is  restored  again,  only  to 
undergo  a  repetition  of  the  process.  Again,  eyes  affected 
in  this  way  are  usually  otherwise  in  an  unsound  condi- 
tion. For  example,  there  may  be  absolute  glaucoma  or 
old  irido-choroiditis,  and  under  these  eircum.stances  the 
formation  of  vesicles  probably  depends  upon  a  disturbance 
in  the  lymph  channels  of  the  cornea,  which  is  always  the 
seat  of  chronic  interstitial  changes  —  keratitis  parenchy- 
matosa  (Grafe-Saemisch,  Oex.  Anf/en/il/,-.,  vol.  iv.,  p. 
272).  The  treatment  of  this  condition  is  not  very  satis- 
factor}^  in  its  results ;  removal  of  the  blebs  is  only  palli- 
ative; shaving  off  a  layer  of  subjacent  cornea  has  been 
known  to  prevent  their  recurrence.  The  operations  of 
iridectomy  and  sclerotomy  have  proved  curative  in  some 
instances.  Enucleation  of  the  eyeball  is  justifiable  as  a 
last  resort,  and  will  prove  a  welcome  relief  after  months 
or  years  of  suffering. 

Vascular  Keratitis.  Superficial  infiltrations  of  the 
cornea,  with  roughness  of  the  epithelial  layer,  caused  by 
erosions  and  liypertrophio  irregularities  of  its  cellular 
elements,  may  occur  without  obvious  reason,  or  in  eon- 
sequence  of  repeated  attacks  of  phlyctenular  keratitis,  or 
as  the  result  of  trachomatous  conjunctivitis  (Fig.  1, 
Plate  XXIV.).  With  these  changes  blood-vessels  develop 
more  or  less  abundantly  between  the  epithelial  layer  and 
Bowman's  membrane,  as  well  as  in  the  corneal  substance 
immediately  beneath,— a  combination  of  lesions  that  con- 
stitute, -when  the  vessels  are  numerous,  the  condition 
known  as  pannus.  Of  this  two  varieties  are  recognized: 
panniis  tenuis,  when  the  new-formed  blood-vessels  are 
comparatively  few  and  scattered;  pannus  crassus.  when 
they  are  so  numerous  as  to  give  the  cornea  a  distinctly 
red  appearance. 

When  this  process  encroaches  upon  the  pupillary  area 
of  the  cornea,  vision  becomes  correspondingly  impaired, 
being  reduced  in  some  instances  to  quahtative  perception 
of  hght.  In  the  presence  of  pannus  the  eye  becomes 
liable  to  attacks  of  an  inflammatory  character,  attended 
with  pericorneal  injection,  pain,  lachrymation,  and  photo- 
phobia. At  such  times  the  cloudiness  and  vascularity 
are  notably  increased.  The  cornea  may  undergo  further 
changes  in  the  way  of  ulceration,  partial  thinning,  and 
permanent  alterations  of  curvature.  In  any  case,  after 
recovery  more  or  less  permanent  cloudiness  remains,  as 
may  readily  be  seen  by  focal  illumination,  which  also 
reveals  minute  permanent  blood-vessels  too  small  to  be 
seen  by  the  naked  eye. 

Treatment.  So  long  as  any  acute  symptoms  are  pres- 
ent every  form  of  stimulating  treatment  is  to  be  avoided, 
but  may  be  resorted  to  when  these  have  subsided  of  tlicir 
own  accord  or  under  the  use  of  atropine,  warm  fomenta- 
tions and  the  frequent  introduction  of  vaseline  into  the 
conjunctival  sac.  The  red  oxide  of  mercury  ointment  is 
often  ery  efficacious  in  all  forms  of  the  disease,  espe- 
cially in  rihlyctenular  pannus.  Tannin  and  glycerin,  or  a 
spray  of  cupric  sulphate,  gr.  v.  ad  1  i  (Schweigger), 
are  often  of  service  in  the  pannus  of  granular  ophthalmia. 
In  these  cases  the  conjunctiva  will,  of  course,  require  suit- 
able treatment,  and  the  pannus  as  well  as  the  recurring 
attacks  of  irritation  may  disappear  with  the  cure  of  the 
granulations.  The  operation  of  peritflmy  may  be  req^red 
for  high  degrees  of  pannus,  and  often  yields  exce^ent 
results?  Fo?merly,  inoculation  with  the  pus  of  oph  M^ 
mia  neonatorum  was  much  in  vogue,  andm  selected  cases 
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of  (IcnsL-  panims  was  found  ver}'  satisfactory,  but  it  was 
always  open  to  tlie  objection  tliat  tlie  inflammation  once 
set  u'p  could  not  be  controlled,  and  might  prove,  as  it 
sometimes  did,  destructive.  Since  the  introduction  of 
je(Hdrity  brilliant  results  have  been  obtained  by  its  use,  m 
just  such  cases  as  would  have  been  deemed  suitable  for 
inoculation.  By  varying  the  strength  of  the  solution 
used  and  the  number  of  applications  the  surgeon  will  ex- 
]ierience  no  difficulty  in  regulating  the  intensity  of  its 
action.  Operations  for  relieving  undue  pressure  of  the 
eyelids  (cantholysis  or  canthoplasty),  or  for  obviating  in- 
^'ersion  of  the  eyelashes  (entropion  and  trichiasis),  are 
sometimes  recjuired. 

Tniviiiiitic  Kemtitis.  See  the  section  that  treats  ot 
Wounds  of  Ihe  Cornea. 

I'mriirhiiiiiiitoiin  Keritl'iiix  (Interstitial  Keratitis)  is  a 
foi-m  of  iuthuumation  characterized  by  infiltration  of  the 
cornea  in  its  entire  tliieknfess,  without  tendency  to  ulcera- 
tion or  aliscess;  the  whole  cornea  is  more  or  less  involved. 
The  epithelium  has  a  stippled  appearance,  which,  with 
the  suli  jacent  opacity,  gives  to  the  cornea,  in  some  cases,  a 
re.seml)lance  to  ground  glass  (Plate  XXIV. ,  Fig.  6).  Tlie 
onset  of  the  disease  is  preceded  for  some  days  by  symp- 
toms of  irritability,  lachrymation,  and  slight  pericorneal 
injection.  Corneal  opacity,  either  peripheral  or  central, 
now  soon  makes  its  appearance ;  the  former  being  attended 
with  the  foi-mation  of  fine,  closely  set  blood-vessels 
gro>i]U'd  together  as  a  vascular  patch,  which  slowl}'  ad- 
vances from  the  corneal  margin  toward  its  centre.  In 
this  way  the  entire  cornea  may  become  deuscl}^  opa(.|uc 
and  liiglily  vascularized,  although  in  the  worst  cases  a 
yellowish  infiltiation  occupies  its  central  portions.  In 
another  class  of  cases  a  central  cloudiness  of  the  cornea 
appears,  and,  while  gradually  extending  toward  the 
]ieriphery,  becomes  more  and  more  opaque,  but  not  vas- 
cular. Between  these  two  tj'pes  there  are  mixed  forms; 
there  are  others  in  which  the  opacit}^  has  a  patchy  ap- 
pearance, some  of  the  patches  being  vascularized,  while 
others  are  not. 

The  disease  runs  a  slow  course  and  relapses  are  not  in- 
frequent, xis  a  rule,  six  or  eight  weeks  elapse  before  it 
reaches  its  acme;  then,  after  remaining  stationarjr  for 
some  weeks  longer,  it  slowly  subsides.  Irritative  phe- 
nomena may  last  for  from  three  months  to  a  year,  while 
the  clearing  process  is  proportionately  protracted  and  rare- 
I3'  terminates  in  complete  restoration  of  transi^arency. 
Symptoms  of  irritation,  with  deep  ciliary  injection,  may 
lie  very  slight  or  intense  according  to  the  severity  of  the 
case  and  the  degree  of  vascularization.  Vision  is  alwaj's 
greatly  reduced  for  the  time  being;  both  eyes  are  likely 
to  sutt'ei'.  though  rarely  attacked  simultaneoush' ;  the  in- 
ter\-al  may  be  weeks  or  many  months ;  relapses  after 
partial  recover_y  are  not  unknown.  When  the  disease  is 
of  sy))hilitic  origin  the  iris  nearly  always  participates  in 
the  infiammation,  and  if  a  further  extension  of  the  di.sease 
occurs,  there  may  be  iritis  or  irido-choroiditis. 

The  disease  is  always  of  constitutional  origin,  and  hei- 
editary  syjihilis  is  clearly  the  predisposing  cause  far  more 
fre(|uently  tliiui  any  other  known  dyscrasia.  Ac(|uircd 
syphilis  will  account  for  a  few  cases.  The  strumous  dia- 
thesis is  assigned  an  important  place  by  some  observers 
(von  Arlt).  The  subjects  of  inherited  gout  are  also  said 
to  be  lialjle  to  this  form  of  keratitis  (Noyes). 

When  ]iarenchymatous  keratitis  occurs  in  hereditary 
syphilis,  other  well-known  signs  of  this  taint  are  com- 
monly jiresent,  especially  tbe'so-callcd  syphilitic  teeth 
("Syjiliilitic  Diseases  of 'the  Eye  and  Ear""  by  Jonathan 
Iluteliinson).  There  is  then  usually  a  history  of  one  oj- 
more  aliortions  or  still-born  children  prior  to  the  birth  of 
the  affected  individual.  The  tendency  may  occur  in  two 
or  three  consecutive  children  of  the  same  parents  whilst 
thos(!  coming  later  escape.  The  affection  occurs,  as  a 
rule,  in  young  persons  of  from  five  to  twenty  years  of 
age,  I'arely  at  an  earlier  or  later  period  of  life. 

Tmitiiieiit.—li  the  disease  can  be  traced  to  hereditary 
sy])hilis,  mercury  in  some  form  should  be  administered, 
lireferatily  a  mild  course  of  imuiction,  which  may  be 
coiUinucd  for  a  long  period  if  care  be  taken  not  to  jiush 


it  so  far  as  to  cause  or  increase  debility.  It  should  be 
omitted  for  a  time  the  moment  the  gums  begin  to  show 
redness  and  swelling.  Iodide  of  potassium  in  moderate 
doses  iiiay  be  resorted  to  later  on.  Throughout  the 
course  of  treatment  roborant  measures  are  indicated;  ex- 
isting anwinia  is  best  combated  with  the  syrup  of  the 
iodide  of  iron,  though  iron  with  quinine  or  strychnine  may 
sometimes  be  found  better  adapted  to  the  requirements 
of  the  case.  Cod-liver  oil  is  also  a  valuable  remedy  in 
these  cases  if  the  patient  is  of  strumous  habit;  under 
these  ■  circum.statices  mercury  must  be  employed  with 
great  caution,  if  used  at  all.  In  lieu  thereof  various 
])i-eparations  of  the  iodides  may  be  used.  Errors  of 
digestion  must  be  corrected  with  suitable  remedies.  Good 
]il'ain  food  and  abundance  of  fresh  air  arc  of  cour.se  essen- 
tial means  in  keejiing  up  the  general  health.  A  large 
shade  and  tinted  glasses  may  be  worn  when  the  patient 
is  in  theoiien  ail'  or  exposed  to  strong  light.  In  the  local 
treatment  one  leading  pi'inciple  is  to  be  steadily  kept  in 
view;  A'"  ii.iln'iif/i  nl  or  /m'tii/iiir/  nii'iedy  is  to  he  employed 
iiittil  (ill  sir/iin  nf  iirtirc  i nildtiim  liiice  subdcled.  The 
moderate  use  of  atropine  is  always  indicated  during  the 
active  stages  of  the  disease.  A  two-  or  four-grain  solu- 
tion may  Fic  instilled  once  or  several  times  daily,  accord- 
ing to  tlie  degree  of  irritation;  in  other  words,  the 'pupil 
must  he  I'epit  invdenttelij  dihited  so  long  as  the  e3-e  remains 
inflamed.  Fomentations  with  hot  water  or  chamomile 
infusion  may  be  employed  for  twenty  minutes  at  a  time, 
frequently  during  the  day,  until  the  disease  is  well  on 
the  decline.  Used  in  this  way  they  are  said  to  shorten 
the  course  of  the  disease  and  mitigate  its  .severity.  The 
presence  of  conjunctivitis  of  slight  degree  does  not  call 
for  astringent  treatment,  though  solutions  of  borax  and 
boric  acid  nray  bo  used  under  these  circumstances  with 
beneflt.  Solution  of  atropine  sometimes  sets  up  a  char- 
acteristic conjunctivitis,  in  which  case  it  must  be  aban- 
doned, and,  if  neces.sar}^  some  other  mydriatic  chosen 
(duboisine,  homatropine,  hyoscyamine).  Recently  the 
subconjunctival  injection,  every  few  daj's,  of  mercuric 
perchloride  (1  to  3,000)  has  been  highly  extolled  by  several 
writers. 

Some  ]irotracted  cases  may  require  an  iridectomy  (or 
sclerotomy,  De  AVecker)  before  they  begin  to  improve, 
particularl}^  if  there  be  undue  tension  of  the  eyeball. 
After  all  irritation  has  subsided,  the  careful  use  of 
stimulating  applications,  such  as  the  oxide  of  mercur}^ 
ointment,  or  insufflations  of  calomel  once  or  twice  daily, 
may  assist  in  removing  the  residual  corneal  opacities  of' 
parenchymatous  keratitis.  When  this  disease  occurs  in 
gouty  subjects  (usually  adults),  pain  and  photophobia  are 
prominent  symptoms  (Noyes).  Constitutional  remedies 
suitable  to  the  (liathesis  are  to  be  administered.  JMuiiate 
of  pilocarjiine  (gr.  ^  to  i  by  hypodermic  injections,  once 
daily)  is  also  recommended,  particularly  if  atropine  in- 
stillations are  not  well  b(U-ne.  The  local  treatment  must 
Ije  of  the  soothing  character  already  mentioned.  Para- 
centesis of  the  cornea  is  also  useful'  in  relieving  pain  if 
there  is  oljviously  increased  tension  of  the  globe" 

iSiipiiii rutin-  Kinitiliti  is  a  term  applicable  to  all  inflam- 
matory affections  of  the  cornea  which  are  attended  with 
]iurulent  infiltration,  and  it  includes  abscess  of  thecornea 
as  well  as  several  forms  of  corneal  ulceration.  Either 
abscess  or  ulcer  may  originate  spontaneously,  or  as  the 
result  of  some,  perhaps,  trivial  injury;  either  may  com- 
mence as  a  simple  infiltration,  or  the  formation  of  pus 
may  take  place  from  the  outset.  Every  case  of  suppura- 
tive keratitis  is  ]u'obal)ly  the  result  of  "infection  of  some 
wound  or  lesion  which  has  permitted  the  entrance  of  dis- 
ease germs  beneath  the  niu-nial  iirotecrive  barrier  which 
the  strong  corneal  epithelium  furnishes.  Debility  and 
malnutrition  diminish  the  patient's  power  of  resistance 
and  so  favor  the  suppurative  process.  Pneumococci, 
staphylococci,  and  streptococci  are  the  common  forms  of 
disease  germs  met  Avith  in  suppuration  of  the  cornea,  and 
it  must  be  borne  in  mind  that  these  are  also  commonly 
present  in  the  normal  conjunctival  ,sac ;  hence  the  neces- 
sity for  strict  a.sepsis  in  all  corneal  wounds. 

Deposits  of  pus  in  the  anterior  chamber  (Plate  XXIV., 
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Fig.  3),  called  hypopyon,  are  of  eommoii  iieeurrence  in  sup- 
pumtive  keratitis.  The  occurrence  of  this  plienomenon 
has  been  accounted  for  in  several  ways:  (1)  Tlie  pus 
cells  may  tiuvel  througli  the  posterior  corneal  layers  and 
Descemet's  membrane  (Horner);  (2)  or  they  may  pass 
between  the  layers  of  the  cornea  on  to  its  lower  peri'plieiy, 
reaching  the  anterior  chamber  through  the  interstices  of 
the  ligainentum  pectiiuitum  (Stroniycr);  (i!)  by  direct 
rupture  of  a  corneal  aljscess,  the  jms  may  esca])c  into  the 
anterior  chamber;  (4)  the  epithelial  cells  of  Descemet's 
membrane  may  undergo  purulent  iiroliferation ;  (."))  us 
already  stated,  an  associated  i>uruleiit  iritis  or  irido- 
cyclitis induced  by  the  trausudid,i(ui  of  irritant  ptomains 
from  the  suppurating  cornea  to  the  interior  of  the  eye 
'  may  contribute  to  the  formation  of  pus  in  the  anterior 
ehambei-,  or  it  may  jierhaps  wholly  account  for  the 
phenomenon. 

Whatever  its  origin,  the  purulent  mass  in  the  anterior 
chamber  may  be  of  a  senn-.solid  m-  gelatinous  consistence, 
and  so  cohesive  as  to  admit  of  being  withdrawn  bodily 
from  the  chamber  after  an  incision  sutbeiently  large  for 
an  iridectomy  lias  been  made. 

Sui)purati\e  affections  of  the  cornea  attended  with 
hypopyon  are  either  sthenic,  with  great  pain  and  inflam- 
matoi-y  symptoms  of  an  active  charactei',  or  asthenic  and 
sluggish,  with  little  or  n(.)  jiain,  etc.  The  latter  are  indie- 
ative  of  a  very  low  state  of  mdrition,  or  of  torpor  of  the 
lifth  nerve.  A  circumscribed  purulent  infiltration  of  the 
cornea  without  superficial  loss  of  substance  constitutes 
an  abscess  and  may  be  attended  with  hypopyon,  etc., 
so  long  as  the  disease  docs  not  advance  l)eyond  this  stage  : 
but  sooner  or  later  the  surface  is  likely  to  give  way,  and 
the  abscess  tlien  becomes  an  uleei-.  Whenever  hypop- 
yon ]-esults  from  suppuratix'e  keratitis  the  corneal  lesion 
always  presents  more  or  less  of  a  dull  yellow  color,  caused 
by  infiltration  of  the  part  with  i)ns  cells.  In  the  sthenic 
form  there  are  pain,  often  intense,  deep-seated  injection 
of  the  eyeball,  photophobia,  and  lachiymation.  The  ap- 
pi'arauce  of  the  cornea  varies  according  t(.>  the  extent  of 
the  disease  and  its  mode  of  progress.  The  sthenic  abs- 
cess or  ulcer  is  surrounded  with  a  zone  of  gray  infiltra- 
tion, sometimes  of  a  streaky  appearance;  the  ulcerated 
surface  may  be  excavated  or  neai'lj'  on  a  level  with  the 
surrounding  cornea;  its  surface  is  alwaj'S  fnore  or  less 
covered  with  a  layer  of  gravish  or  yellowish-gray  broken- 
down  material.  Pus  in  the  anterior  chamber  may  appear 
at  its  lower  edge  as  a  narrow  yello\v  streak,  a  wide  space  of 
clear  cornea  intervening  between  this  and  the  lower  edge 
of  the  ulcer  or  abscess ;  or  a  sti'cak  of  purulent  deposit  be- 
hind the  cornea  or  between  its  lamellre  may  extend  from 
the  ulcer  to  the  hypopyon.  A  large  accumulation  in  the 
anterior  chamber  may  extend  to  the  level  of  the  ulcera- 
tion, so  that  they  appear  to  blend  with  each  other.  Per- 
foration of  the  cornea,  with  or  without  prolapse  of  the 
iris,  may  occur  before  the  idccratiou  has  extended  ^-ej-y 
widely;  or  the  ulceration  may  involve  ,so  much  of  the 
cornea  that  it  becomes  transfoi'ined  into  a  dull  yellow 
necrotic  mass.  The  term  nerpifiinonn  romenl  vlrer  has 
been  applied  by  Saemisch  to  those  "  foiins  of  suppura- 
tive keratitis  which  are  distinguished  by  the  tendency 
to  penetrate  into  the  parenchyma  and  extend  superfi- 
cially, especially  in  one  direction."  Such  ulcers  are  apt 
to  progress,  sometimes  rapidly,  and  may  prove  very  de- 
structive. 

Ej'es  subject  to  chronic  conjunctivitis,  with  blennor- 
rhtt'a  of  the  lachrymal  sac,  seem  ])aiticulajly  prone  to 
destructive  suppurative  kei-atitis,  probably  owing  to  the 
contin\ied  presence  of  septic  material  in  the  conjunctival 
sac.  Purely  asthenic  suppurative  keratitis  commences 
as  a  rule  about  the  centre  of  the  cornea.  In  this  affection 
all  signs  of  active  inflammation  are  wanting;  the  absence 
of  a  gray  zone  of  infiltration  aroimd  the  suppurating  area 
is  also  to  be  noted ;  and  the  surroimding  cornea  may  even 
appear  unusually  pellucid,  only  becoming  infiltrated  and 
cloudy  when  healing  has  commenced.  The  changes 
whicli  take  place  during  the  healing  of  corneal  ulcers 
have  already  been  briefly  described;  we  may  here  add 
that  with  tills,  in  asthenic  cases,  a  certain  degree  of 
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irritation  develops,  whilst  in  the  sthenic  forms  the  exist 
mg  sthenic  irritation  tends  to  subside.  '   ' 

Trcitiiinit.  —  Hr^t  and  pr(jtccli(jn  of  the  eve  are  of 
primary  iniiiortance;  both  these  indicaticjiis  are  best 
secured  by  the  judicious  use  of  a  conii)icssion  bandage 
I  he  eye  must  also  be  kept  free  from  unhealthy  secretions 
by  washing  several  times  daily  with  a  warm  two-ix-r- 
cent.  solution  of  boric  acid,  or  with  a. solution  of  formalin 
1  to  3,000.  In  addition  to  this,  the  moderate  use  of  warm- 
water  fomenlalions,  or  warm  carbolic  lotion,  1  to  1,000 
followed  by  instillations  of  solution  of  atropine  (t;-r.  iv! 
ad  l\.)  will  be  necessary.  This  measure  will  often 
.arrest  the  suppurative  process  in  its  cariy  stages,  the  ulcer 
taking  on  a  healing  action,  and  the  liyijopyon  rajiidly 
disapi.earing.  ^  Should  a  fair  trial  of  tliis  treatment  fail 
to  arrest  the  disease,  and  especially  if  the  ulceration,  etc., 
conlinue  to  increase,  a  more  energetic  interference  will 
be  neecs.sary.  Sri'aj.ing  the  ulcerated  surface  with  a 
sm;dl  sharji  si-oop  and  then  carefully  applying  the  actual 
cautery  is  the  must  elllcicnt  means"of  local  disinfection. 
Divisionof  the  ulci'j'according to  the  method  of  Saemisch 
is  preferred  l]y  some  to  the  cautery,  and  it  is  (juite  tme 
that  if  the  corneal  ilcsl ruction  has  not  iu'ogresse<l  too  far, 
say  not  beyond  one-ihird  of  the  extent  of  the  cornea,  this 
oiierarion  will  often  sulflce  to  stay  the  destructive  process. 
Opening  the  anterior  eiiamber  allows  the  escape  of  its 
purulent  contents,  and,  by  relaxing  the  tension  of  the 
cornea,  promotes  its  nutrition.  The  performance  of  this 
oijcratiou  is  now  greatly  facilitated  by  placing  the  eye 
under  the  local  anicstlietie  iiifiuenee  of  cocaine.  The 
Saemisch  operation  is  performed  as  follows ;  The  narrow 
cataract  knife  of  von  Grade  is  made  to  penetrate  the  sound 
cornea,  close  to  one  margin  of  the  ulcer,  behind  which  it 
passes  to  emerge  in  a  similar  position  at  the  opposite  side 
of  the  ulcer,  care  being  taken  to  avoid  the  iris  and  lens; 
the  contents  of  the  anterior  chamber  escape  through  the 
opening.  If  the  exudation  be  partially  tenacious,  the 
use  of  the  iridectomy  forceps  may  be  required  to  remove 
the  tenacious  coagulum  from  the  anterior  chamber  after 
the  operation. 

Berated  lint,  to  be  retained  on  the  e_ye  with  a  compres- 
sion bandage,  maybe  kept  applied  until  the  next  day 
after  this,  repeated  fomentations  with  a  warm  solution  of 
boric  acid  (1  to  30)  or  foi-malin  (1  to  2,000)  will  be  required. 
Under  this  treatment,  the  plan  recommended  by  Saemisch, 
of  reopening  the  wpund  daily  with  a  small  jirobe  until 
the  ulcer  liecomes  clean,  will  be  found  unnecessary 
(Noyes).  Or  the  operation  may  be  followed  by  instilla- 
tions of  eserine  (one-half-per-ccnt.  solution)  several  times 
daily  (De  Wccker),  instead  of  by  further  instrumental 
interference. 

If  the  necrotic  process  is  arrested,  the  ulcer  v,\\\  become 
clean  and  will  slowdj^  heal,  perhaps  with  adhesion  between 
ills  and  cornea  if  the  ulcer  has  been  large,  in  which  case 
[dso  a  sta|)liylomatous  bulging  may  occur  and  require 
appropriate  treatment.  In  man}'  ca.ses  more  or  less  of  a 
|)ermanent  scar  will  remain,  often  a  den.se  leucoma,  with 
imi]airment  or  complete  loss  of  vision.  Total  destruction 
(if  the  vision  will  sometimes  occur  despite  all  treatment, 
especially  if  panophthalmitis  develops;  the  ruined  eye, 
under  such  circumstances,  may  lie  eviscerated  in  order  to 
save  the  patient  from  the  long  period  of  suffering  wliieh 
would  attend  suppurative  inflammation  of  the  eyeball. 
Einieleatioii  of  a  ho])elessly  suppurating  eyeball  involves 
s(]me  risk  of  being  followed  by  septic  meningitis  and  for 
this  reason  simple  evisceration  is  to  be  preferred.  In 
su|ipurative  keratitis  a  tonic  treatment  is  always  indi- 
cated, and  in  the  asthenic  forms  stimulants  can  be  used 
with  benefit,  and  the  hygienic  conditions  must  be  made 
as  favorable  as  possible. 

Ulcers  of  the  cornea,  not  associated  with  hypopyon,  are 
of  frequent  occurrence.  They  vary  much  as  to  appear- 
ance, situation,  course,  duration,  and  importance;  they 
originate  from  ebrasions  or  injuries  of  various  kinds, 
froni  the  injurious  effects  of  certain  morbid  conditions  of 
the  conjunctiva  or  other  diseases  of  the  eye,  and  from 
defectiv'e  states  of  nutrition  generally.  They  may  be 
superficial   or   deep,    clean  and   smooth,   with   rounded 
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edges  and  no  surrouudiug  iutiltration,  or  irregular  in 
outline,  witli  opaciue  gray  or  3'ellowish-gray  surface, 
and  steep  or  excavated  edges,  and  well-marked  sur- 
rounding zone  of  intiltration.  They  may  lie  situated  at  tlie 
ext  reme  corneal  margin  or  may  occupy  any  pai  t  of  its  sur- 
face, remain  stationai-y  or  extend  in  de]itli  and  area,  and 
last  only  for  a  few  days  or  Ijccome  chronic.  So  long  as 
an  ulcer  remains  small  and  superiicial,  without  encroach- 
ing on  the  centre  of  the  cornea,  it  is  not  likely  tc)  be  of 
sei-ious  importance.  Tliere  may  be  very  little  pain  and 
irritation,  or  acute  symptoms  may  characterize  tlie  affec- 
tion from  tlie  outset,  such  as  severe  jsain,  gi'eat  pericorneal 
injection,  intolerance  of  hglit,  and  profuse  lachrymation. 

Small,  deep  ulcers  at  the  corneal  margin,  of  a  yellow 
color,  and  tending  to  perforate  and  cause  a  peri[iheral 
prolapse  of  iiis,  are  not  uncommon  ;  they  sometimes  par- 
tiike  of  the  character  of  a  strumous  keratitis — that  is, 
they  originate  as  phlyctenuliie  in  a  stiumous  subject, — or 
they  may  occur  in  otlierwise  healthy  subjects.  The  at- 
tendant inflammatory  sj'mptoms  are  of  an  acute  charac- 
ter, and  soothing  treatment  will  he  essential  so  long  as 
this  condition  lasts.  Catarrhal  and  purulent  affections  of 
the  conjunctiva  are  often  attended  with  ulceration  of  the 
cornea.  In  the  former,  the  ulcers  are  usuallj'  small,  and 
peripherally  situated :  thej^  do  not  require  any  special 
treatment  beyond  that  adapted  for  the  conjunctivitis,  but 
ma_y  necessitate  some  care  in  the  u.se  of  astringent  coll_yria. 
Solutions  of  atropine  may  be  used  if  the  eye  becomes 
more  than  sliglitly  irritable  or  painful. 

Ulceration  of  the  cornea  which  occurs  in  the  course  of  a 
pvirulent  ophthalmia,  especially  if  this  be  of  gonorrhoea! 
origin,  is  only  too  often  a  disastrous  complication,  as 
it  frequently  causes  hopeless  destruction  of  the  cornea. 
The  earlier  its  occurrence  in  the  course  of  the  blennorrhcea 
the  more  .serious  is  likely  to  be  the  result.  The  worst 
form  of  ulceration  is  that  which  makes  its  appearance 
about  the  centre  of  the  cornea  as  a  diffuse  gray  infiltra- 
tion, while  the  conjunctival  inflammation  is  at  its  height 
or  is  still  increasing.  Such  infiltrations  rapidly  become 
extensive  erosions,  and  the  cornea  sometimes  melts  aT\'a}', 
so  to  speak,  in  the  course  of  a  few  days.  Furrow-like 
marginal  ulcerations,  without  much  infiltration  of  their 
edges,  though  likely  to  resvdt  in  perforation  and  prolapse 
of  iris,  are  not  nearly  so  dangerous.  In  addition  to  the 
continuance  of  energetic  treatment  suitable  for  purulent 
conjunctivitis,  warm  antiseptic  fomentations  are  required 
and  the  conjrmctival  sac  should  be  frequently  tilled  with 
vaseline  containing  three  or  four  per  cent,  of  iodoform  or 
aurol  or  boric  acid,  or  one-half  per  cent,  of  carbolic  acid. 
If  perforation  is  threatened,  the  instillation  of  a  solution 
of  esenne  (f  to  fOO)  every  two  or  three  hours,  and  para- 
centesis of  the  chamber  through  the  idcer,  may  be  found 
necessary. 

A  mnall,  transparent,  central  ulceration  is  rather  com- 
mon in  early  life  (absorption  ulcer).  It  may  occur  under 
the  same  conditions  as  phlyctenular  keratitis.  The  ulcer 
may  be  overlooked  unless  a  careful  examination  is  made; 
its  S3'mptoms,  both  subjective  and  objective,  being  com- 
paratively trivial.  There  is  some  weakness  of  the  eye 
with  slight  intolerance  of  light  and  lachrymation,  espe- 
cially in  the  morning.  It  is  a  chronic  affection,  and,  after 
healing,  leaves  an  opacity  which,  from  its  central  posi- 
tion, may  cause  permanent  impairment  of  vision.  The 
treatment  should  be  partly  soothing  and  partly  stimulat- 
ing, with  measures  to  strengthen  the  general  health. 
Somewhat  .similar  small,  di'cp  ulcerations,  tending  to 
perforate,  are  met  with  occasionally  in  other  parts  of  the 
cornea  in  children  as  well  as  adults.  Such  ulcers,  when 
involving  pretty  much  the  whole  thickness  of  the  cornea, 
may  jiresent  a  clear,  bead-like  projection  in  the  centre, 
caused  by  jiroti-usion  of  the  unr\iptured  Descemet's 
membrane  into  the  ulcer.  For  this  condition  the  term 
keratocele  has  been  applied.  Only  after  spontaneous 
rupture,  or  aititieial  opening  of  the  part,  can  such  ulcers 
be  br(mght  to  heal.  Tlievmav  gi\'i'  ri.se  to  a  ti'oublesomc 
corneal  fistula,  especially  if  ulloweil  to  rupture  spcmtane- 
ously. 

OrcsccnUc  ulcers,   forming  a  deep  groove  around  the 


periphery  of  the  cornea,  and  without  infiltration,  are  oc- 
casionallV  seen  in  elderly  debilitated  subjects.  They  are 
destructive  if  allowed  to  progress  so  far  as  to  cut  off  nu- 
trition from  the  central  portions  of  the  cornea,  which  may 
then  exfoliate.  The  operation  of  iridectomy  is  the  most 
efficient  means  of  arresting  the  progress  of  such  ulcers. 

Active  inflammatory  symptoms  are  jjresent  in  the  vast 
majority  of  corneal  ulcers;  superficial  ulcerations  being, 
as  a  rule,  moie  painful  than  those  which  have  extended 
deeply  into  the  cornea,  owing  to  the  fact  that  the  ter- 
minal filaments  of  the  corneal  nerves  are  at  the  surface. 
The  asthenic  type  is,  however,  not  uncommon  in  simple 
ulcers;  these  have  a  tendency  to  spread  superficially,  and 
are  sharply  defined  with  little  or  no  surrounding  infiltra- 
tion. It  is  to  be  remembered  that  ulcers  of  the  cornea, 
especially  when  large,  may  have  extended  more  deeply 
than  appears  to  be  tiiecase,  on  account  of  the  infra-ocular 
pressure  pushing  the  thinned  base  of  the  ulcer  forward. 
Such  a  condition  alwaj-s  constitutes  a  serious  obstacle  to 
healing,  and  forms  a  positive  indication  for  operative  in- 
terference. Spontaneous  perforation  should  never  be 
permitted  if  it  can  be  prevented,  becau.se  it  increases  the 
lial)ility  to  prolapse  of  iris  and  permanent  anterior  syn- 
echia (as  in  P'ig.  9,  Plate  XXIV.,  where  a  perforating 
ulcer  has  healed  with  the  iris  adlierent  to  the  cornea,  and 
the  pupillary  aperture  is  drawn  up  to  the  corneal  opacity). 
Such  an  eye  is  always  damaged  in  vision,  disfigured,  and 
more  liable  to  deep-.seated  disease  than  if  healing  liad  oc- 
curred without  synechia,  or  prolapse  of  iris  had  taken 
place ;  it  is  also  liable,  even  if  the  perforation  be  a  small 
one,  to  deposits  of  Ij^mph  on  the  lens  capsule,  or  to  rup- 
ture of  this  structure,  and  perhaps  to  other  intra-ocular 
lesions. 

In  the  treatment  of  corneal  ulcers,  their  piogress  and 
the  effect  of  remedies  emploj'cd  must  be  scrupulously 
watched.  The  use  of  a  compression  bandage  is  generally 
indicated  as  a  protection  from  external  irritation,  and  for 
the  purpose  of  securing  rest,  so  essential  to  the  healing 
process.  The  u,se  of  atropine  instillations  is  generally 
indicated.  The  atropine  should  be  absolutely  pure  neutral 
sulphate,  and  tlie  solution  (to  lie  sterilized  by  boiling  once 
daily)  should  be  of  the  strength  of  from  two  to  four  grains 
to  the  ounce.  For  allaj'ing  irritation  and  keeping  in  check 
iritic  complications,  which  are  apt  to  occur  in  many  cor- 
neal inflammations,  it  is  the  standard  remed}'.  Cocaine, 
however,  is  positively  coutraindicated  in  most  corneal 
ulcers. 

Solutions  of  eserine  are  of  considerable  value  in  certain 
cases  of  corneal  ulceration,  more  particularly  those  which 
belong  to  the  asthenic  type;  if,  however,  atendency  to, 
or  actual,  iritis  be  present,  eserine  may  act  verj-  injuri- 
ously. Warm  fomentations  are,  as  a  rule,  beneficial  in 
allaying  irritation  and  promoting  the  nutrition  of  the 
cornea,  but  in  the  presence  of  active  irritation  they  must 
be  employed  cautiously,  for  fear  of  unduly  increasing 
this  condition.  If  ulceration  is  associated  with  conjunc- 
tival disease,  which  reciuires  the  use  of  astringents,  the 
cornea  must  be  carefully  protected  from  their  action. 
\Vlien  the  healing  process  is  well  established,  especially 
when^the  ulcer  is  becoming  vascularized  (Fig.  2,  Plate 
XXIV.),  and  also  in  some  chronic  indolent  ulcers,  stimula- 
tion in  the  form  of  oxide  of  mercury  ointment,  calomel 
insufllations,  or  strictly  localized  applications  of  nitrate  of 
silver  solution  (2-t  to  100)  may  be  employed  with  ad- 
vantage. Opiates  at  night,  in  doses  sutflcienfly  large  to 
allay  pain,  are  often  of  great  service.  The  electric  cautery 
in  the  form  of  a  small  platinum  point  heated  to  a  cherry 
red,  answers  well  the  jiurpcse  of  destroying  the  infection 
of  suppurative  keratitis.  The  end  of 'a  knitting  needle 
heated  in  a  spirit  lamp,  may  be  used  for  the  s;ime  purpose 
with  eipially  good  effect.  Without  defining  the  precise 
limits  of  its  usefulness,  we  may  say  that  tlie  procedure 
has  gained  a  s\ibstantial  reputation  iii  ocular  therapeutics. 
So  much  of  the  cornea  as  shows  a  yellow  infiltration  should 
be  cautiously  destroyed  by  the  cauterv.  Excellent  re- 
sults liave  also  been  obtained  by  touching  tlje  ulcer,  in 
certain  cases  of  suppurative  keratitis,  with  pure  carbolic 
acid. 
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Neuroparalytic  keratitis  in  its  objective  symptoms 
does  not  differ  materially  from  ordinary  astlienic  inflam- 
matory affections  of  the  cornea.  It  may  never  i)ass  llic 
stage  of  intiltration,  but  is  very  liable  to  l)ecome  sup- 
purative. Photophobia  is  absent  and  there  is  little  or 
no  pain  in  the  eye;  the  cireumcorneal  congestion  is  of  a 
dusky,  sluggish  character;  but  the  characteristic  feature 
is  loss  of  sensibility  of  the  cornea,  and  Avitli  this  there 
may  be  anssthesia  of  other  parts  supplied  by  the  tifth 
nerve. 

Treatment. — The  first  essential  is  thorough  cleanliness; 
a  protective  bandage  may  be  used  with  advantage, 
borated  cotton  being  placed  next  the  eye,  which  must 
be  cleansed  with  warm  boric  acid  or  other  mild  antisep- 
tic lotion  several  times  dail)'.  Eserine  instillations  are 
strongl.y  recommended  by  some  writers,  and  if  ther(^  is 
paralysis  of  the  fifth  nerve,  the  galvanic  current  (from 
six  to  eight  elements)  is  likely  to  be  of  service,  the  posi- 
tive pole  being  placed  over  the  superior  cervical  gangli(m 
of  the  same  side,  and  the  netcative  over  the  brow  or  eye- 
lids. 

Corneal  opacities  are  commonly  the  result  of  some  one  or 
more  of  the  morbid  conditions  already  described.  When 
they  are  the  result  of  perforating  ulcers  of  the  cornea,  an- 
terior synechia  (adhesion  of  the  iris  to  the  cornea)  is  often 
present.  They  tend  to  grow  less  marked  with  the  lapse 
of  time,  but  whatever  opacity  remains  at  the  end  of  a  year 
or  two  after  the  cessation  of  the  inflammatory  process 
which  caused  them,  may  be  considered  permanent.  The 
effect  on  vision  varies  with  the  degree  and  extent  of  the 
opacity,  although  sli.ght,  almost  invisible  central  clouding 
may  seriously  impair'vision  by  causing  dispersion  of  light 
and  irregular  astigmatism.  The  extreme  degree  of  opac- 
ity indicated  in  Fig.  4,  Plate  XXIV.,  represents  a  large 
central  leucoma  adherens,  which  has  become  vascular- 
ized, the  pupil  being  completely  obliterated,  and  the  an- 
terior chamber  rendered  very  shallow.  For  large  opaci- 
ties encroaching  on  the  pupil  an  iridectomy,  by  bringing 
the  pupillary  aperture  opposite  a  clear  portion  of  tlie 
cornea,  may  "improve  vision  very  considerably,  provided 
the  parts  beyond  are  in  a  fairly  normal  condition. 

The  appearance  of  the  eye  may  likewise  be  greatly 
improved  bv  the  operation  of  tattooing  with  India  ink 
any  dense  cicatricial  opacity.  For  this  purpose  a  group 
consisting  of  several  fine  needles  set  in  a  handle  are  to  be 
smeared  with  a  thin  paste  of  the  ink,  and  the  white 
tissue  of  the  cornea  punctured  ol)liquely  until  it  retams 
a  sufficient  amount  of  the  pigment  to  hide  the  opacity. 
While  a  single  sitting  often  suflices,  in  other  cases  several 
may  be  necessary.  The  operation  can  be  rendered  pain- 
less by  the  u,se  of  cocaine,  and  is  seldom  followed  by  any 
considerable  reaction.  The  local  use  of  medicinal  agents 
is  of  problematical  value  in  clearing  up  cicatricial  opaci- 
ties of  the  cornea.  Other  things  being  equal,  the  younger 
the  subject  the  greater  is  the  power  of  repair  in  this  re- 
spect. A  large  loss  of  substance  in  the  cornea  of  an  in- 
fant will  often  disappear  almost  enrirely,  though  the  same 
amount  of  destruction  in  an  adult  would  leave  a  conspic- 
uous permanent  opacity. 

The  stimulating  remedies  already  mentioned  arc  gcn- 
really  conceded  to  assist  in  clearing  up  recent  opacities, 
by  temporarily  increasing  the  blood  supply  in  the  cir- 
eumcorneal vessels  and  thus  promoting  the  functions  of 
nutrition  and  absorption  in  the  corneal  tissue.  Of  these 
remedies  the  most  efficient  is  the  oxide  of  mer  cury  oint- 
ment, gr.  i.  to  ij.  ad  3  i.,  a  .small  porrion  of  which  is  to 
be  introduced  beneath  the  upper  eyelid  once  daily.  The 
constant  current  of  electricity,  the  negative  pole  being 
applied  to  the  cornea  by  a  specially  constructed  electro- 
phore,  has  been  used  with  some  success.  The  apphca- 
tion  is  decidedly  painful  even  when  cocaine  is  used  and 
care  must  be  taken  to  employ  only  a  weak  current.  When 
the  cornea  has  been  entirely  replaced  by  opaque  tissue, 
vision  is  of  course  destroyed  under  these  circumstances. 
Attempts  to  restore  vision  by  transplantation  of  trans- 
parent cornea  to  replace  the  oiaaque  tissue  have  met  with 
only  limited  success  (Wolfe,  Medical  Times  and  Gazette, 
November  32,  1879). 
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7'r(iiigi'er.ieopaciiy<>(  the.  ciirnea  (Fig.  10,  Plate  XXIV., 
after  Haab)  in  the  form  of  an  opacpie  band  of  a  gray  or 
yellowish  color,  2  or  3  mm.  in  width  and  corresponding 
ill  i)osilion  to  the  paljiebral  fissure,  is  sometimes  seen  in 
elderly  or  prematurely  seiule  persons,  or  in  eyes  affected 
with  chronic  deep-seated  disease,  and  having  a  tendency 
to  glaucoma  (von  Graefe.)  In  tlje  latter  binn  tlie  opacity 
is  made  up  of  minute  specks  situated  deejily  in  the  cornea. 
The  transverse  opacity  observed  in  elderly  people  is  due, 
according  to  Nettleship,  to  minute  calcareous  crystals 
lodged  beneath  the  epithelium. 

Lead  stains  often  occur,  in  the  form  of  dense  white, 
sharply  defined  opacities,  after  the  use  of  lead  lotions  in 
abrasions  or  ulcerations  of  the  cornea;  they  may  be  cut 
away  with  a  thin  sharp  knife,  or  scraped  oft  with  a  small 
sharp  scoop.  Collyiia  containing  lead,  if  u.sed  at  all  in 
ophthalmic  practice,  should  never  be  entrusted  to  the 
patient  for  use  at  home. 

Fine  punctate  oiiacities,  looking,  under  a  strong  mag- 
nifying glass,  like  minute  drops  of  tallow,  and  arranged 
in  the  form  of  a  pyramid  with  its  base  at  the  lower  cor- 
neal margin  (Fig.  7,  Plate  XXIV.),  are  characteristic  of 
the  so-called  serous  iritis  which  occurs  quite  frequently 
as  an  idiopathic  affection,  and  occasionally  as  the  serous 
form  of  sympathetic  ophthalmia.  With  these  are  asso- 
ciated more  or  less  turbidity  of  the  aqueous  humor,  dis- 
coloration of  the  iris,  cireumcorneal  injection,  and  some- 
times posterior  synechia;  larger  opacities  (infiltrations) 
may  also  develop  in  the  substance  of  the  cornea.  Vision 
is  apt  to  be  considerably  impaired  in  these  cases.  The 
fundamental  lesion  appears  to  be  a  serous  irido-choroiditis, 
which,  by  extending  along  the  lymph  channels,  may  in- 
volve the  endathelium  of  the  entire  uveal  tract  and  the 
sheath  of  the  optic  nerve  as  well  as  that  of  the  cornea. 

Sclerosing  opacities  in  the  peripheral  portions  of  the 
cornea  sometimes  occur  without  infiammatory  symptoms, 
or  as  the  result  of  localized  sclerotitis  passing  over  to  the 
adjacent  parts  of  the  cornea. 

Areiis  senilis  (gerontoxon),  a  peculiar  marginal  opac- 
ity, has  been  considered  in  Volume  I. 

Pterygium  (Fig.  10,  Plate  XXIV.)  has  also  been  con- 
sidered under  the  heading  of  Conjunctival  Diseases. 

Fistula  of  the  C«ni«/.— Penetrating  wounds  and  ulcers 
which  have  perforated  the  cornea  occasionally  fail  to 
heal,  and  consequently  there  remains  a  small  aperture 
through  which  the  aqueous  humor  constantly  leaks  away, 
or,  if  temporarily  retained,  is  repeatedly  evacuated  by 
rupture  of  the  thin  retaining  membrane.  Such  eyes  are 
always  more  or  less  irritable,  and  liable  to  attacks  of 
infiammation,  which  sometimes  results  in  panophthal- 
mitis. According  to  de  Wecker  (Annales  d'ondistigtie, 
Ivi.,  30.')),  the  fistula  is  due  to  an  eversion  of  the  mem- 
brane of  Descemet,  which  thus  comes  to  serve  as  a  lining 
to  the  walls  of  the  fistulous  track,  and  he  recommends 
that  it  be  lacerated  with  a  fine  pair  of  forceps,  or  that  the 
aperture  be  converted  into  a  crucial  incision  by  means  of 
delicate,  smooth-pointed  scissors.  After  either  of  these 
manipulations,  which  demand  strict  antiseptic  precau- 
tions atropine  instillations  and  a  compression  bandage 
will  be  required  until  the  part  shall  have  healed  firmly. 
The  prolonged  use  of  eserine  and  the  compression  bandage 
has  also  been  found  beneficial. 

MaLFOKMATIONS  of  the  CoHNBA,  CONGEKITAL  AND 

AcQUiKED  —Congenital  detects  of  the  cornea  present  de- 
viations from  the  normal  in  regard  to  size,  shape,  and 
transiiarency  The  cornea  may  be  smaller  than  normal, 
as  in  C  microphthalmos,  or  larger,  as  in  C.  megalopli- 
thalmos  Important  structural  abnormalities  in  the  in- 
terior of  the  eye  arc  present  in  both  these  conditions,  in 
all  or  neariy  all  such  cases  iManz:  "Handb.  d.  gesammt. 
Augenheilkuudc,"  Graefe  u.  Saemisch,  Band  ii     Idl). 

The  cornea  of  microphthalmos  is  small  and  may  be 
flattened  or  its  curvature  may  be  the  same  as  that  ot  the 
sclerotic  The  latter  structure  often  encroaches  upon  the 
cornea-  their  mutual  relations  as  to  size  present  consid- 
erable 'variations.  In  outline  the  cornea  may  be  nearly 
circular  distinctly  oval,  or  quite  irregular.  In  congenital 
megalophthalmos  the  cornea  is  actually  and  relatively  too 
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liirge,  Init  al  tlie  smiie  lime  tliiiintr  Ihiiri  iioiiual.  This 
tliiiiiiiiig  iiivdlves  also  the  anterior  poi-tion  of  the  selerotic, 
whic.li  thus  acquires  a  bluish  ai)pearaiioe,  aud  the  anterior 
chainlier  is  increased  in  deptli  and  width  (hydrophthalnKJS 
anterior).  Diffuse  or  circiiniscrihed  opacities  of  such 
cornea'  are  often  present.  Tlie  condition  just  described 
dues  not,  as  a  rule,  remain  stationary,  Ijut  goes  on  slowlj' 
increasing  aftei'  liii'th,  and  the  entire  eye)>all  often  be^ 
conn.'S  enormously  enlarged. 

C'ongenital  faults  in  the  eurvatiu'e  of  the  cornea,  witli- 
ont  anomalies  as  to  size  or  structure  of  the  eyeball,  are  of 
fiefpient  occurrence,  and  account  for  a  large  projioition 
of  the  errors  of  refraction  known  as  astigmatism. 

Congenital  opacity  of  the  cornea  may  be  partial  or 
complete,  apart  from  the  congenital  opacities  of  miciopli- 
thalmos  and  mcgaloplithalmos.  A  condition  resembling 
arcus  senilis  is  sometimes  seen  at  birtl]  (embryotoxon) 
(Manz,  Ivr.  eit.).  A  form  of  opacity  so  complete  as  lo 
give  the  impression  that  the  cornea  is  entirely  absent  has 
also  been  ob.served. 

Dermoid  cysts  involving  the  cornea  are  always  eon- 
genital  (sec,  further  on,  the  section  relaiing  to  Tumors 
of  the  Cornea). 

The  progress  of  liydrophthalmos  anterior  may  some- 
times be  arrested  by  tlie  operation  of  iiidectomy.  If 
vision  is  destroyed  and  the  enlarged  eyeball  is  the  .source 
of  disfigurement  and  annoyance,  a  staphyloma  operation 
may  bs  advisable  or  the  Medes  operation  of  evisceration 
and  insertion  of  an  artificial  vitreous  may  yield  an  ex- 
cellent cosmetic  result. 

C'oninil  eorneri  {Iraiispiireiit  anterior  ataphyluma)  (see 
Fig.  8,  Plate  XXIV.)  is  a  somewhat  rare  condition,  which 
is  said  to  develop,  as  a  lule,  about  the  age  of  puberty,  or 
a  little  later,  and  more  often  in  the  female  tlian  iii  the 
male  sex.  Nothing  definite  is  yet  known  in  regard  to  its 
causation.  Without  any  other  pathological  manifesta- 
tions tlie  cornea  gradually  becomes  thinner  at  its  central 
part  andussumes  a  more  or  less  conical  shape,  and,  though 
usually  retaining  its  normal  transparency,  in  high  degrees 
of  eonicity  the  apex  occasionally  becoines  clouded.  In 
slight  degrees  the  diagnosis  is  readily  made  by  means  of 
t  he  inodern  test  (skiascopy)  or  by  the  aid  of  Plundo's  disc. 
At  first  the  eye  may  become  soniewliut  shoi't-siglited. 
but  vision  remains  subnormal,  even  wlien  the  error  of 
refraction  has  been  as  far  as  iiossible  corrected  with  con- 
cave and  cylindrical  gla.sses.  In  advanced  conditions  a 
]n-ofile  view  of  the  cornea  at  once  determines  the  nature 
of  the  difficulty.  By  mirror  illumination  the  optic  nerve 
and  retinal  blood-vessels  appear  distorted,  rapidly  chang- 
ing in  apparent  size  and  shape  with  everv  movement  of 
the  mirror.  Vision  is  conunonlv  iiniiaired  in  proportion 
to  the  corneal  alteration ;  sometimes  t(  >  such  an  extent  that 
only  large  print  can  be  deci])hercd. 

Treatment.  If  vision  can  be  niateriallv  imju-oved  by 
any  combination  of  glasses,  these  may  be  used ;  not  iii- 
frequently  quite  strong  cylindrical  glasses  will  be  ac- 
cepted. But  if  such  optical  means  fail  to  improve  vision, 
and  if  the  latter  be  so  defective  as  to  justify  sui'- 
gical  interference,  the  apex  of  the  cone  may  be  cauterized 
with  a  tine  electro-cautery  point,  thus  destroying  a  liniiteil 
central  aiva  of  corneal  rissue  down  to  Dcsceniet's  mejn- 
brane.  AVIicii  the  central  ulcer  thus  produced  has  healed, 
nndc]'  snilablr  livatniciit  (sec  Supi)n]-ative  Keratitis),  the 
cornea  will  lin\c  aeipiircd  a  more;  normal  curvature.  '  An 
nidretoiny  may  !)!■  r(M|uirrd  aftci'  this  opei'afion  Lateial 
displaceni(iit  of  tin-  pupil  by  iridodrsis,  as  recommendi.d 
iiy  C.  Ci'itchctt,  lias  nut  met  with  mncli  favor  on  aceoniil 
ot  III,-  ilaiigci'  of  sym|iathetie  mischief  which  it  in\'ol\-cK 
,J?'"l'!'ll':'l""  "f  ""'  '■«nu',i  (opaipie  antrri(.r  staphvhinia) 
(hi-.  .1,  I  latr  XXIV.),  as  ahvadv  slated,  results  tvoni 
uleemholloftlieeoMirawilhpellornlion  Tile  perlnnit  ion 
must  have  lieeii  or  eolisiderable  size  lo  he  lollop-, .1  bv 
the  bulging  lorwanl  of  ii.'w  s,-ar  ti.ssiie,  which  coii.stil  iib^s 
Staiihyloma.  According  to  Saemiseli,  an  ap.aHire  in  tli.' 
cornea,,!  less  than  2  |  |'"  is  not  lik,'lv  to  ..in.s,.  staphy- 
loma. Nan-,.w  perlorati,ins  are  less  likelv  t,.  giv,'  ris,-  I,, 
ttiisconditi,,ii  lliiiii  wIm'i,  (hi-aperlniv  is'ronnd,',!  C.r- 
ni'al  staphyl,ini;i  may  \w  partial  or  total,      \Vh,'n  a  lavg,' 

20U 


Fio.  1.517.— Corneal  Sta- 
fihylfiiiia,  natural  size. 
,  After  Sa,'misch.)  as, 
Cifatricial  tissue;  b, 
crystalline  lens. 


perforation  occurs,  the  aqueous  humor  escapes,  and  the 
iris  comes  in  contact  with  the  opening  and  may  protrude. 
Thus  exposed,  it  speedily  intiames  and  becomes  cov- 
ereil  with  lymph  which  undergoes  organization,  and 
A  \\'cak  cicatiix  is  formed  which  yields  before  the  in- 
tra-,)eular  pressure,  thus  increasing 
the  degree  of  protrusion.  The  cor- 
nea at  the  cii'cumferencc  of  the  ap- 
erture, softened  by  the  inflammatory 
process,  also  3'ields  to  the  pressure 
from  within,  and  becomes  involved 
in  the  staphyloma,  which,  at  first 
of  small  size,  may  gradually  involve 
a  large  part  of  the  cornea'  if  meas- 
ures arc  not  taken  to  arrest  its  de- 
velopment. 

In  oth(;r  cases  exten.sive  destruc- 
tion of   the  cornea  gives  rise  to  a 

bulging  cicatricial  formation,  which  from  the  outset 
involves  the  greater  part  of  the  corneal  area.  Very  lai-ge 
perforations  are,  however,  apt  to  lead  to  extrusion  of 
the  lens  and  shrinking  of  the  anterior  part  of  the  eye- 
ball (phthi.sis  anterior).  The  new-formed  tissue  which 
constitutes  the  front  wall  of  the  staphyloma  becomes 
densely  opaque,  and  is  often  considerably  thicker  than 
the  original  cornea,  or  thicker  in  some  parts  and  thinner 
in  others  (see  Fig.  1517).  Its  surface  is  covered  with  an  ir- 
regular layer  ot  epithelium,  while  the  disorganized  and 
attenuated  iris,  often  reduced  to  a  few  shreds  of  pigmented 
tissue,  imperfectly  lines  it  internally.  The  lens  becomes 
disloca,ted  forward  (Fig.  1,518)  and  opaque,  and  often  un- 
dergoes partial  absorption.  When  very  large  the  sta- 
phyl,5ma  leads  to  stretching  of  the  anterior  jjortion  of  the 
_  sclerotic,  obliteration  of  the  pericor- 

neal sulcus,  and  elongation  witli 
thinning  of  the  ciliary  processes  (see 
Fig.  1519).  Disturbance  in  the  nor- 
mal relation  between  the  functions 
of  secretion  and  absorption  ot  intra- 
ocular fluids.  y\ith  a  tendency  to 
glaucomatous  tension,  is  a  constant 
Fig.  1.518.— Corneal  Sta-  result  of  staphyloma.  A  fin-ni  of 
'  '      '  consecutive  glaucoma  sets  in,   ami 

secondary  chtmges  in  the  choroid, 
retina,  and  optic  nerve  finally  re- 
diKv  vision  t,)  quantitative  peVcep- 
tion  of  light,  or  destroy  it  entirelv.  This  is  likely  t,i  be 
the  result  even  when  the  sla]divlonia  involves  'onlv  a 
small  portion  of  the  cornt^a. 

Trmtnwnt.  To  prevent  the  tormati,->n  of  staphyhuna 
prolapsed  iris  should  be  removed  :  instillations  of  e'seriue,' 
with  the  use  of  a  firm  comiiression  bandage,  are  then  in 
or,ler  until  cicatrizati<m  is  completed.  If  this  fails  or  if 
liealmg  has  already  taken  place,  with  the  formation  of  a 
partial  staphyloma,  the  (luestion  of  performing  an  iriilec 
tomy  is  always  to  be  con.sidered,  and  a  decision  in  tav,ir 
ot  the  operation  is  to  be  given  when  there  is  sufficient 
clear  cornea  to  permit  of  the  operatii.m..when  there  is  evi- 
dence that  the  trouble  is  progressing,  and  when  there  is 
incivased  teu.si.m  of  the  eyeliall.  Under  these  circum- 
stances a  br,)ad  iridectomy 
may  be  of  great  optical  ad- 
vantage, and  will  usually 
arrest  the  i)r,>gressivi'  anil 
di'structiv,'  tendencies  of 
till'  disease. 

In   other  i-ases  of   iiicom- 
jili'ti'  stiiphylonia  tlN'i'e  may 

I"'    11"    lio| f   impi'iiviiig 

\isioii     hy     an     ii'iih'eioniy. 

lint   t  h,'  di'forinity  may   be 

s,>  onsiilerable  as  to  ri'inlcr 

an    oiieratiou   desirable    tor 

its  cosmetic  effect.     Under 

these  circumstances  an  elliplical  iiiece  may  be  removed 

Iroiii   the    projection,    (h,-    lens    if    present    evacuated, 

and    the    edges   ,,1    ih,.    wound    brought    together    with 

two  or  three   line  sulnres.     Or  a  compression  bandage 


pbyloma,  natural  size. 
(I,  Cicatricial  tissue: 
/',  dislocated  lens. 
(.\fter  Saeiriiscli.i 


Fii^.  l."ilfl. 


-  PostiTior  Vimv  of  a 

stapliyioina.     natural 

,  Rlenirnted  ciliary  proo- 

''.   n-iiiains  of  tlie  iris; 

'ated  lens. 
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witliout    sutures    may   be   used    \uitil   the   wound    has 
healed. 

For  total  staphyloma,  absei.ssion  ot  the  entire  projec- 
tion, or  evisceration  or  enucleation  of  the  eyel)all,  with  ov 
without  the  insertion  of  an  ai'tilicial  ^itivous,  is'thc  best 
means  of  doing  away  with  tlie  deformity,  trouble,  and 
annoyance  whicli  it  causes.  The  first  is  to  be  recom- 
mended when  tlic  eyeball  is  otlierwise  fairly  healthy. 
Various  methods  of  performing  tlie  operation  have  ))een 
devised.  In  any  case,  the  lens  must  not  be  allowed  to 
remain  in  the  eye  after  removal  of  the  staphyloma. 

(_:ritcliett's  operation  of  carrying  several  curved  needles 
armed  with  sutures  through  the  ciliary  region  befoie  ab- 
scinding the  staphyloma,  is  objectionable  on  account  of 
the  danger  of  injuring  some  of  the  ciliary  nerves,  and 
thus  exciting  sympathetic  inflanmiation ;  and  also  bex3ause 
it  is  liable  to  be  followed  by  suppuiation  of  the  remain- 
ing portion  of  the  eyeball. 

A  less  objectionable  method  is  that  of  Dr.  H.  Knapp 
(Arch.  f.  Olir.,  Bd.  xiv.,  273).  Before  abscission  is  per- 
formed, the  conjunctiva  is  dissected  back  for  some  dis- 
tance around  the  base  of  the  staphyloma,  and  a  sufficient 
number  of  sutures  are  inserted  to  bring  the  edges  of  the 
conjunctiva  together  over  the  opening.  Evisceration  or 
enucleation  is  to  be  recommended  in  old  and  large  staphy- 
lomata  with  considerable  distention  and  thinning  of  the  ad- 
jacent sclerotic,  as  in  such  cases  abscis.sion  is  almost  sure 
to  be  followed  by  hemorrhage  or  deep  intiammation. 

Tumors  of  the  Corne.\  seldom,  if  ever,  take  their 
origin  in  the  cornea  itself,  but  extend  to  this  structure 
from  adjacent  parts,  usually  the  episcleral  tissue  around 
the  cornea.  Dermoid  tumors,  probablj'  always  congen- 
,ital,  ai'e  situated  partly  on  the  sclerotic  and  partly  over 
the  cornea.  Such  a  growth  is  smooth  or  slightly  lobu- 
lated,  pale  or  yellowish  wdiite  in  color,  more  or  less 
prominent,  and  usually,  though  not  always,  remains 
stationar}'.  Its  dermoid  character  is  assured  if  one  or 
more  hairs  are  found  growing  from  the  surface.  When 
removed,  dermoid  growths  are  not  likely  to  reciu'.  If 
large  enough  to  cause  conspicuous  disfigurement,  excision 
of  the  growth  is  advisable,  care  being  taken  not  to  pene- 
trate the  cornea  or  sclerotic. 

Surcoiiia,  usuallv  pigmented  and  consequently  of  a  dark 
color,  may  devekilj  from  the  ciliary  portion  of  the  scle- 
rotic and  extend  to  the  cornea.  The  growth  is  more  likely 
to  extend  deeply  into  the  sclerotic  than  into  the  cornea. 

Mdduo-careiujjma  sometimes  grows  from  the  same  re- 
gion and  covers  the  cornea,  spreading  beneath  the  epithe- 
lium.    The  mass  is  of  a  dark  color,  soft,  and  vascular. 

Epithelioma,  commencing  at  the  limbus  as  a  small  nod- 
ule resembling  a  phlyctenula  in  this  situation,  may  remain 
for  a  long  time  inactive,  but  sooner  or  later  it  begins  to 
grow  rapidly.  The  age  of  the  subject  and  the  persist- 
ence of  the  nodule  in  its  early  stage  are  of  diagnostic 
importance.  Tumors,  such  as  these  involving  the  cornea, 
should  always  be  removed  with  as  little  delay  and  as 
thoroughly  as  possible.  If  the  operation  involves  pene- 
tration of  the  eyeball,  enucleation  will  probably  have  to 
be  resorted  to ;  and  this  is  also  necessary  when  the  growth 
recurs  and  cannot  be  removed  again  completely. 

Friiiih  Biiller. 

CORNIFICATION.— The  process  of  cornification  is  a 
physiological  change  by  which  the  superficial  cells  of 
the  epidermis  acquire  a  horn  like  character.  It  is  also 
found  normally  in  the  corpuscles  of  the  thymus.  The 
albumin  of  the  squamous  cells  of  the  deeper  layers  of 
the  epidermis  gradually  becomes  changed,  as  the  cells 
approach  the  surface,  into  a  resistant  modified  albumin- 
ous body  which  possesses  a  hyaline  homogeneous  com- 
position resembling  that  of  bone.  To  this  horny  sub- 
stance the  name  of  keratin  has  been  given.  Undei-  normal 
conditions  the  horny  change  lirst  appears  in  the  stratum 
granulosum,  involving  first  the  peripherji  of  the  cells 
and  the  prickle  processes.  As  the  change  advances  the 
cell  protoplasm  and  the  nuclei  shrink  until  the  cell  bodies 
become  thin  and  flattened  horny  scales.  The  nuclei  at 
the  same  time  gi-adually  lo.se  their  staining  power,  and 


the  entire  process  a.ssumes  the  character  of  a  mummifica- 
lon  necrosis,  the  water  of  the  cells  being  almost  entirely 
lost.  ^  Kei-atm  resists  digestion  by  botli  stomach  and  pan- 
creatic juices. 

In  as.soeiation  with  the  formation  of  keratin  small 
bodies  of  a  hyaline  nature  appear  in  the  prickle  cells 
These  granules  stain  deeply  with  nuclear  stains.  In  all 
poi-tions  of  the  epidermis  where  the  stratum  corneum  is 
well  developed  the  cells  containing  these  granules  form 
a  definite  layer  known  as  the  stratum  granulosum.  The 
substance  of  the  granules  has  received  the  name  of 
keratohyaline,  and  is  believed  to  be  derived  from  the 
nucleus.  As  the  nucleus  disappears  with  the  formation 
of  the  granules,  the  latter  may  be  supposed  to  be  de- 
generation products  of  the  nuclear  chromatin.  The 
chemical  nature  of  cornification  and  of  the  two  substances, 
keratin  and  keratohyalin,  is  not  as  yet  clearly  understood. 
By  some  the  cliange  is  believed  to  be  of  the  nature  of  a 
reduction,  and  not  an  oxidation  process;  but  all  theories 
and  explanations  are  as  yet  unsatisfactory. 

Cornification  occurs  pathologically  in  a  great  variety 
of  conditions  and  under  many  forms.  A  hyperplasia  o"f 
the  horny  layer  of  the  entire  body  or  of  smaller  areas  fre- 
quently takes  place  (hyperkeratosis).  This  may  be  the 
result  of  external  influences,  as  mechanical  injury,  infec- 
tion, inflammations,  etc.  (corns,  icthyotic  warts,  callosi- 
ties, etc.),  or  the  change  may  be  of  intrinsic  origin  due 
to  some  congenital  predisposition  (ichthyo.sis).  Disturb- 
ances of  the  normal  processes  of  cornification  may  also 
take  place  (parakeratosis),  such  as  scaly  or  plate-like 
desquamation  which  may  occur  in  connection  with  in- 
fections or  inflammations  of  the  skin,  or  rarely  without 
any  apparent  cause.  In  such  cases  the  formation  of  ker- 
atin and  keratohyalin  appears  to  be  unchanged.  Path- 
ological cornification  also  occurs  in  parts  of  the  body 
where  under  normal  conditions  the  horny  change  takes 
place  only  to  a  very  slight  extent  or  not  at  all.  The 
epithelium  of  the  skin  glands  may  be  involved  in  the 
hyperkeratosis  of  ichthyosis.  Also  in  the  mucous  mem- 
branes of  the  mouth,  tongue  (hairy  tongue),  larynx, 
trachea,  bronchi,  middle  ear,  mastoid  cells,  pelvis  of  kid- 
ney, ureters,  bladder,  urethra,  vagina,  and  cervix  uteri 
a  pathological  cornification  may  occasionalljf  take  place. 
The  epithelium  of  the  vaginal  portion  of  the  cervix  may 
ac(juire  a  very  thick  liorny  laj^er  in  prolapse  of  the 
uterus,  when  the  cervix  protrudes  beyond  the  external 
genitals. 

In  cholesteatomata,  teratomata,  and  dermoid  cysts 
pathological  cornification  may  take  place  on  a  very  large 
scale.  The  so-called  "  pearly  bodies  "  are  for  the  greater 
part  made  up  of  keratin.  Horny  change  also  occurs  ex- 
tensively in  epitheliomata  of  the  skin  ("  epithelial  pearls  "), 
forming  large  laminated  masses  in  which  calcification 
not  infrequently  takes  place.  Similar  bodies  are  found 
in  chojestcatomata  of  the  brain  and  meninges,  and  horny 
change  has  been  reported  to  occur  very  rarely  in  carcino- 
mata  of  the  internal  organs.  Changes  similar  to  cornifi- 
cation have  also  been  observed  in  endotheliomata  of  vari- 
ous organs,  especially  those  primary  in  lymph  glands; 
but  the  chemical  identity  of  these  changes  with  the  cor- 
nification of  epithelial  structures  is  not  settled. 

Aldred  Scott  Warthin. 

CORN-SILK.— Ze.\.  Stif/iiinta  Maidis.  "The  styles 
and  stigmas  of  Zea  Mayst,.  (fam.  OraminacecE)^'  (U.  S. 
P  ).  Corn-silk  should  be  collected  soon  after  flowering, 
while  still  green  and  succulent,  and  preparations  are  be- 
lieved to  be  better  when  made  from  it  without  previous 
drving.  The  important  constituent  is  believed  to  hemai- 
zi'i'iii- acid,  which  exists  in  the  proportion  of  about  two 
per  cent,  and  is  soluble  in  both  water  and  alcohol.  There 
are  also  fixed  oil,  resin,  sugar,  and  gum.  Of  the  physio- 
logical action  of  corn-silk,  nothing  is  definitely  known 
except  that  it  is  a  direct  stimulant  of  the  renal  secretion. 
With  this  action,  it  commonly  produces  a  soothing  effect 
when  irritation  of  the  geuito-uriuary  tract  exists.  This 
appears  to  be  due,  at  least  in  great  part,  to  the  cleamsing 
effected.     Its  use  is  ahnost  exactly  like  that  of  Tnttcum 
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in  cystilis.  The  official  preparation  is  tlio  fluid  extract, 
of  wliicli  tlie  dose  is  3  to  8  e.c  (fl.  I  i.  to  ij. ).  The  decoc- 
tion or  infusion  is  perhaps  more  frequentl,y  employed. 

Henry  H.  Busby. 

CORN-SMUT.     See  Ustilago. 

CORNU  CUTANEUM.— Derivation.— Lat.  wrnu,  a 
horn. 

Synonyms. — Cornu  humanum;  cutaneous  horn;  horny 
excrescence;  horny  tumor;  Ger. ,  Hauthorn,  Ilornaiis- 
wnc/ts  ;  Fr.,  Corne  de  lit  peax. 

Definition. — Cornu  cntaneuni  is  a  true  horny  excres- 
cence of  the  skin,  varying  in  size  and  shape,  and  resem- 
bling in  its  general  structure  that  of  an  animal. 

SymptomiVTOLOGY'. — Horns  are  of  rare  occurrence,  and 
their  favorite  location  is  upon  the  face  and  scalp,  al- 


FiG.  l.'i-.'fl.— Criniuii  Ciitiinea. 

though  they  may  occur  on  any  part  of  the  body      In 
Lebert's  analysis  of  109  cases  they  were  distributed  as 
follows:   hairy  scalp,  25;  forehead,  11;  temporal  region 
4;  face  including  eyelids,  U);  uiijier  exlreniities,  8;  lower 
extremities,   11;   trunk,   7;    glans  penis,  (i;   scrotum    3 
According  to  Lo/.es,  of  68  cases  37  were  females  and'  ?A 
males,  and  the  growtlis  were  situated  as  follows-    Ijead 
l:j;    face,   8;    lower  extremities,  18;   ti'unk,  8;   glans,  3. 
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Among  90  cases  of  cornua  cutanea  (Wilson,  Med.  Chir. 
Trans.,  1844,  vol.  xxvii.,  p.  53,  and  "  Diseases  of  the 
Skin,"  sixth  edition,  p.  796)44  occurred  in  women  and  39 
in  men;  they  were  located  as  follows:  head,  48;  face,  4; 
nose,  4;  .side,  11;  leg  and  foot,  3;  back,  6;  glans,  5; 
trunk,  9.  Although  usuallj'  solitary,  they  may  be  mul- 
tiple and  at  times  quite  numerous.  Thyir  size  and  shape 
differ,  varying  from  a  pinhead  to  several  inches  in  length, 
and  in  some  instances  they  have  reached  the  length  of 
twelve  inches;  their  diameter  varies  from  an  eighth  of  an 
inch  to  from  four  to  five  inches.  They  are  solid,  dry, 
rough,  wrinkled,  or  laminated  on  their  surface  and  may  be 
cylindrical,  pointed,  conical,  straight,  or  twisted.  The 
base  exceeds  the  apex  in  breadth,  is  either  concave  or 
flattened,  and  is  situated  immediately  upon  or  in  a  de- 
pres.sion  of  the  skin,  which  may  be  normal  or  more  or  less 
inflamed.  Their  color  is  usually  gray,  but  variations 
from  light  yellow  to  dark  yellow,  brown,  and  sometimes 
black  shades,  are  observed.  Although  bearing  a  close 
resemblance  to  animal  horns,  they  differ  anatomically 
from  them  in  not  containing  bone.  They  grow  slowly, 
as  a  rule,  and  are  usually  painless,  unless  subjected  to 
rough  use  or  irritation  or  are  knocked  off,  when  an  ulcer- 
ating base  comes  to  view,  upon  which  a  new  horn  is  apt 
to  be  reproduced.  After  having  attained  a  certain  size 
they  may  grow  loose  and  drop  off. 

Etiology. — We  possess  but  little  definite  knowledge 
of  the  underlying  causes.  Horns  are  usually  observed 
after  middle  life,  although  they  may  occur  in  very  young 
individuals  and  are  more  frequent  in  females  than  in 
males.  They  usually  originate  from  sebaceous  cj^sts, 
sometimes  from  acuminated  warts,  and  in  some  instances 
from  cicatrices. 

Pathology. — Horns  are  to  be  looked  upon  as  acumi- 
nated warts  and  are  due  to  eornification  and  h3'pertrophy 
of  the  epidermic  cells;  they  commence  in  the  rete  mu- 
cosum.  The  papillse  are  hypertrophied,  and  the  horn  is 
situated  upon  them.  The  base  contains  blood-vessels, 
which  at  times  penetrate  to  some  distance  into  the  sub- 
stance of  the  growth.  Sometimes  the  base  is  situated 
in  a  follicle  of  the  skin. 

Prognosis. — They  rarely  occur  again  after  thorough 
removal ;  occasionally  they  undergo'epitheliomatous  de- 
generation. 

Tbeatment.— The  growth  should  be  dissected  out 
with  care  or  torn  or  twisted  off  under  anoesthesia,  fol- 
lowed by  thorough  cauterization  of  the  base  with  caustic 
potash,  zinc  chloride,  or  the  curette  or  galvano-cautery 
may  be  employed.  Complete  removal  of  the  base  is  nec- 
essary, for  if  this  precaution  is  neglected  the  growth 
tends  to  recur.  Early  removal  should  be  insisted  upon 
in  all  cases,  owing  to  the  possibility  of  epithelioma  taking 
place.  Emmanuel  J.  Stout. 

CORONADO  BEACH.     See  California,  Southern. 

CORONADO  SPRINGS.— San  Diego  Couutv,  Califor- 
nia. Hotel.  These  sjirings  are  located  on  and  in  the 
vicinity  of  Coronado  Beach.  They  have  an  elevation  of 
thirty  feet  above  the  ocean  tide,  and  flow  50,000  gallons 
per  hour.  Tlie  water  is  clear  and  sparkling,  and  pleasant 
to  the  taste, Ijeing  soft,  pure,  and  wholcsoriie.  On  analy- 
sis it  was  found  by  ]Mr.  C.  Gilbert  Wheeler,  analyst,  to 
contain  the  following  mineral  ingredients; 

One  United  St.ites  Gallon  Contains  : 

Solids-  Grains. 

Sodium  chloride jg  17 

PutHssium  chloride 9^ 

Potas,siiim  sulphate .5.5 

Magnesium \ ^'r-g 

Calcium  carbonate ,,\ y'^g 

Calcium  sulphate ^^'33 

Ferrous  sesquioxldc gt 

Silica j-|^ 

Organic  matter .......^.....      ^99 

Total  solids og29 

Gases  not  determined. 
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This  water  is  found  to  compare  favorably  with  tliat  of 
the  Bethesda  Spring  at  Waukeslia,  Wis.  Tliat  well- 
linown  water  contains  slightly  more  than  twenty-five 
grains  of  solid  matter  to  the  United  States  gallon,  "many 
of  the  constituents  being  the  same  as  those  of  the  Coro- 
nado  waters.  These  waters  are  gently  aperient,  diuretic 
and  tonic,  and  useful  in  dyspepsia,  ana'iuia,  renal  and 
cystic  disorders. 

The  accommodations  at  the  Coronado  Hotel  are  among 
the  finest  in  the  world.     The  liuildiug  is  a  magnificent 
structure,  and  the  scenery  on  the  beach,  on  the  shore  of 
the  Pacific  Ocean,  is  never  to  be  forgotten  by  one  fortu 
nate  enough  to  behold  it.    (See  also  Califarnin,  Southern. 

James  K 
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CORONER.— An  officer  existing  among  English-speak- 
ing nations,  who.se  chief  duty  is  the  "investigation  of 
cases  of  violent,  sudden,  or  suspicious  death. 

The  early  history  of  the  coroner's  office  is  involved  in 
obscurity.  Its  origin  has  usually  been  attributed  to  the 
Saxon  period  of  English  history,  but  some  of  the  ancient 
customs  connected  willi  it  would  seem  to  indicate  an 
earlier  origin.  It  is  believed  to  have  existed  as  early 
as  the  reign  of  King  Alfred  (871-900).  Both  this  office 
and  that  of  sheriff  are  apparently  as  old  as  the  civil  divi- 
sion known  as  the  county,  or  shire.  This  arbitrary  divi- 
sion, peculiar  to  English-speaking  nations,  was  evidently 
of  earlier  date  than  the  kingdom  itself,  the  latter  being 
composed  by  the  aggregation  of  the  former,  which  con- 
stituted pettj'  kingdoms  in  themselves,  the  counties  being 
made  up  of  subdivisions  (hundreds)  of  still  earlier  origin. 

The  name  of  the  office  was  derived  ei  eoronu,  since  the 
coroner  was  at  first  a  royal  officer.  For  many  centuries 
county  coroners  have  been  elective  officers.  The  right  of 
the  counties  to  elect  their  own  coroners  is  confirmed  by 
the  Statute  3  Edward  I.,  10.  Municipal  boroughs  also 
elect  their  own  coroners.  Certain  franchises  also  have 
coroners  of  their  own,  within  whose  precincts  the  county 
coroner  cannot  act.  In  such  places  the  coroner  is  ap- 
pointed by  the  lord  of  the  manor,  and  in  one  English 
franchise  the  coroner  holds  office  by  hereditary  right. 
There  are  fiftj'-five  franchise  coroners,  and  one  hundred 
and  seventy-five  coroners  acting  for  counties,  or  parts  of 
counties.  These  are  very  unequally  distributed.  Mid- 
dlesex, with  about  four  million  inhabitants,  including 
tlie  populous  part  of  London,  has  five  coroners,  while  the 
small  county  of  Huntingdon,  with  less  than  sixty  thou- 
sand inhabitants,  has  also  five,  and  Dorset,  also  a  small 
county,  has  eleven.' 

Every  freeholder  is  entitled  to  vote  in  the  election  of 
coroner.  No  professional  qualification  is  required  for 
the  office,  the  only  requisite  being  that  the  candidate 
should  possess  a  freehold  interest  in  the  county. 

For  more  than  fifty  years  complaints  with  reference  to 
ignorance,  and  culpable  neglect  in  the  management  of 
the  office,  have  been  so  common  as  to  direct  popular  at- 
tention to  the  necessity  of  reform;  and  while  no  com- 
prehensive statute  has  been  enacted  with  reference  to 
such  reform  in  England,  the  persistent  efforts  of  promi- 
nent medical  men  have  been  so  far  successful  that  pro- 
fessional men  are  now  usually  elected  to  vacant  offices. 

The  elections  are  often  hotly  contested,  and  as  much 
as  £12,000  is  said  to  have  been  expended  to  secure  an 
election.  By  a  recent  act  it  is  provided  that  the  polls 
shall  not  remain  open  more  than  one  day. 

A  coroner  usually  holds  office  for  life,  but  may  be  re- 
moved by  the  Lord  Chancellor  for  misconduct  or  incom- 
petence. 

The  county  coroner  receives  a  salary.  He  may  ap- 
point a  deputy  to  act  during  his  ab,sence  or  illness. 
This  deputy  must  be  either  a  barrister,  a  solicitor,  or  a 
physician.  The  coroner  is  e.v-officio  a  .iustice  of  the  peace, 
and  may  therefore  cause  any  one  suspected  of  murder  to 
be  arrested,  even  before  the  jury  has  found  its  verdict.' 

The  office  is  regulated  by  common  law,  and  also  partly 
by  fifty-five  statutes,  beginning  with  1375  and  ending 
with  an  act  of  1897.  The  Consolidated  Coroner  Act  of 
1887  is  an  important  act,  since  it  embraces  the  amend- 
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ments  and  modifications  made 
Laws  up  to  that  date. 

The  principal  topics  treated  in  this  statute  of  1887  are 
the  inquest  the  liabilities  of  the  coroner,  his  appoint- 
ment, qualifications,  and  fees,  method  of  procedure  at  in- 
quests, medical  witnesses,  and  post-mortems,  iiayment 
ot  lees  and  expemses,  the  coroner  of  the  Queen's  iiouse- 
hold,  franchise  coroners,  definitions,  etc.  The  fee  of  a 
medical  witness  for  attendance  at  an  inquest  is  one  guinea 
and  for  a  post-mortem,  including  such  attendance,  two 
guineas.  The  coroner  makes  an  annual  return  of  his 
cases  to  the  Secretary  of  State." 

FtJNCTTONS  OP  THE  ConoNEH.— The  powers  of  this 
magistrate  were  formerly  much  more  comprehensive  than 
at  present.  In  addition  to  the  duty  of  holding  inquests 
iipon  the  bodies  of  persons  found  dead  from  violent,  sud- 
den, suspicious,  or  unknown  causes,  he  was  also  charged 
with  the  duty  of  inquiries  eoneerning  incendiary  fires, 
shipwrecks,  treasure  trove  upon  land  and  sea,  including 
whales  and  sturgeons  cast  upon  the  shore,  and  deodands. 
^  Any  personal  chattel,  animal,  or  thing,  forfeited  to  the 
King  for  pious  uses,  on  account  of  its  having  cau.sed  the 
death  of  a  human  being,  was  termed  a  deodand  (deo  dan- 
dim).  Blackstone  traces  the  custom  back  to  Greek  and 
Jewish  laws,  which  required  the  destruction  of  anything 
which  caused  a  man's  death,  the  notion  of  the  punish- 
ment of  the  animal  or  thing  being  imphed.  Certain  pe- 
culiar distinctions  existed  in  relation  to  deodands,  as,  for 
instance,  between  objects  in  motion  and  others  standing 
still.  If  a  iKjrse  or  other  animal  in  motion  killed  any  one, 
either  infant  or  adult,  or  if  a  cart  ran  over  him,  it  was 
forfeited  as  a  deodand.  If  death  was  caused  by  falling 
from  a  cart,  or  a  horse  at  rest,  the  law  made  the  chattel 
or  animal  a  deodand,  if  the  person  killed  were  an  adult, 
but  not  if  he  were  a  child.  If  death  was  caused  by  a 
thing  not  in  motion,  that  part  only  which  was  the  imme- 
diate cause  of  death  was  forfeited.  If  one  be  climbing 
upon  the  wheel  of  a  cart,  and  is  killed  by  falling  off,  the 
ivheel  only  was  a  deodaml.  If  the  cart  be  in  motion  and 
run  over  some  one,  the  whole  cart  and  its  burden  also  are 
forfeited.  Similar  distinctions  prevailed  with  reference 
to  vessels  at  anchor  and  under  sail.'^ 

The  finding  of  a  jury  was  necessarj^,  not  only  to  deter- 
mine the  fads,  but  also  the  value  of  the  chattel  which 
was  thus  decided  to  be  a  deodand.  The  nature  and  value 
of  the  weapon  or  chattel  must  be  distinctly  stated.  This 
singular  custom  became  deservedly  unpopular,  and  juries 
interfered  with  the  action  of  so  unjust  a  measure  until 
the  act  of  1846  (9  and  10  Victoria,  c.  62)  provided  that 
there  should  be  no  forfeiture  of  any  chattel  for,  or  in  re- 
spect of,  the  same  having  caused  the  death  of  a  man ; 
and  no  coroner's  jury  sworn  to  inquire,  upon  the  sight 
of  any  dead  body,  how  the  deceased  came  to  his  death, 
shall  find  any  forfeiture  of  any  chattel  which  may  have 
moved  to,  or  caused  the  deatli  of  the  deceased,  or  any 
deodand  whatever;  and  it  shall  not  be  necessary,  in  any 
indictment  or  inquisition  for  homicide,  to  allege  the  value 
of  the  instrument  which  caused  the  death  of  the  de- 
ceased, or  to  allege  that  the  same  was  of  no  value.'' 

With  the  numerous  accidents  constantly  occurring  at 
the  present  day,  on  sea  and  on  land,  on  railways,  steam- 
ers, and  other  conveyances,  such  a  law  would  be  pro- 
ductive of  great  inconvenience  and  obstruction  to  public 
travel.'' 

Appeals  of  wounds,  rape,  and  mayhem  were  also  com- 
mitted to  the  coroner.  Many  of  these  functions  have  be- 
come obsolete,  and  with  the  exception  of  his  assumption 
of  the  powers  of  the  sheriff,  in  the  event  of  that  officer's 
absence,  or  his  inability  to  act  in  consequence  of  a  crim- 
inal action  against  himself,  the  coroner's  duty  is  mainly 
that  of  inquest  upon  the  bodies  of  persons  found  dead. 
In  England  at  the  present  day  this  duty  is  limited  to 
cases  of  death  by  violence,  deaths  of  persons  in  prison, 
and  deaths  by  sudden  or  unknown  causes.  It  is  also  cus- 
tomary to  hold  an  inquisition  in  the  case  of  a  suicide  or 
felo-de-se. 

The  term  felo-de-se  is  nearly  synonymous  with  suicide. 
It  has,  however,  occasionally  a  more  restricted  siguifica- 
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lion,  when  applied  tii  "iiny  one  wlio  eoiiiniits  an  unlaw- 
ful malicious  act,  the  consequence  of  which  is  his  own 
death,  as  if,  attempting  to  kill  another,  he  runs  upon  liis 
antacjonist's  swoid,  or  shootiugat  another,  the  gun  bursts 
and  kills  bimself."  For  many  centuries  it  was  the  cus- 
tom in  England  to  bvu-y  eacli /."/"-*-.'«'  on  the  highway 
with  a  stal<e  driven  thro\igh  the  body.  Tliis  ignomini- 
ous form  of  burial  was  abolished  in  the  reign  of  George 
IV.,  by  an  act  of  Parliament  which  ordered  the  builal  of 
till.'  body  of  a  felo-de-ne  within  twenty-four  hours  after 
iniiuest,'between  the  hours  of  nine  and  twelve  at  night, 
and  without  tlie  rites  of  Christian  burial'  (Act  of  4 
George  IV.,  1823). 

An  inf|ucst  must  lie  held  witli,  or  in  pi'esenee  of,  a 
jnrv  consisting  of  twelve  men.  It  must  also  be  lield 
'siijici'  r/siiii)  nir/u'ris  ;  that  is  to  say,  the  body  must  be 
seen  bolb  by  Ihe  coroner  and  by  tlie  jury.  The  jury  is 
sworn  bv  the  coroner,  and  is  then  charged  to  inquire 
how  llie'deceased  came  by  his  death.  Witnesses  are  also 
e.xaniiiird  under  oatli.  and  the  coroner  has  power  to  order 
an  autopsy,  and  the  attendance  of  tnedical  witnesses. 
The  tindiug  of  the  jury  (verdict)  is  recorded  on  parch- 
ment, and  is  attested  by  the  signature  and  seals  (jf  the 
jury  and  of  the  coroner.  If,  on  such  finding,  any  one  is 
found  guilty  of  murder  or  manslaughter,  the  coroner 
commiis  him  to  trial,  and  the  accused  maybe  indicted  on 
tlie  ini|uisition  without  any  presentation  before  the  grand 
jury.  I'ractically,  an  independent  inquiry  is  always 
iirld  before  a  justice  in  the  ordinary  way.' 

Other  Modes  op  In(;uiky. — Neither  the  coroner  nor 
his  jury  e.xists  among  the  continental  nations  of  Europe, 
and  the  modes  of  procedure  in  the  case  of  bodies  found 
dead  by  violence  or  unknown  causes,  in  all  continental 
coiuitries,  and  in  Scotland,  agree  in  the  absence  of  these 
oflicials. 

In  France  the  investigation  is  conducted  by  two  offi- 
cers, whose  ftmctions  are  entirely  distinct,  a  legal  and  a 
medical  officer.  The  former,  the  proem-eur  (Je  hi  ■repiib- 
liqiie,  an  ofiicer  somewhat  analogous  to  the  district  attor- 
ney, takes  the  initiative  iu  each  case,  proceeds  to  view 
the  dead  body,  summons  witnesses,  and  takes  the  evi- 
dence. Liberal  power  is  granted  to  him,  and  he  can  seize 
articles,  or  papers,  connected  with  any  crime,  restrain 
persons  from  leaving  the  premises,  and  employ  experts 
and  detectives,  as  tlie  case  may  require.  In  the  latter 
direction  the  French  system  is,  beyond  question,  an  un- 
usu.ally  etiieient  mode  of  procedure. 

The  other  ofHcer.  the  medical,  is  selected  for  his  supe- 
rior training  and  knowledge,  and  has  charge  of  the  medi- 
cal examination  of  the  bod}^  Sometimes  two  medical 
offlcers  are  employed.  The  medical  officer  is  also  still 
further  associated  with  the  subsequent  prosecution  of  sus- 
pected parties,  wdien  the  legal  officer  has  decided  that  a 
crime  has  been  committed.  His  report  must  be  signed 
by  a  police  official  and  submitted  to  a  magistrate.  If  the 
evidence  presented  to  the  magistrate  is  deemed  sufficient, 
an  indictment  is  prepared  for  the  ce/^r  ifniqid,  and  a  trial 
may  then  take  place  fiefore  a  jury.^ 

In  Scotland  the  iirocess  employed  is  similar  to  that  of 
France.  The  procurat(jr  fiscal,  who  has  the  investigation 
in  cliarge,  has  for  his  guidance  a  code  of  instructions 
diawn  up  by  Ihe  lord  advocate.  This  code  also  gives 
deliiili'd  direc'lions  to  the  medical  tnen  \\\\ci  have  the 
charge  of  the  medical  examinations,  two  medical  officers 
being  eniployi'il  in  caeli  ease.  The  repoits  of  these  offi- 
cials are  sent  lo  I  he  office  of  the  (a'dwii  agent  at  Edin- 
burgh, .and  liy  I  lini  are  transmit  tei I  to  the  advocate  depute, 
ir  he  drTi.les  that  there  is  sns|iicion  of  crime,  he  refers 
Ihe  re|iiiii,  b;i(k  to  till'  procurator  fiscal  for  further  inves- 
1  iealinn.  If  he  is  in  donbl .  he  may  bring  the  case  before 
the  clow  II  nlbcers.  !!c\oiid  this,  a  crindnal  trial  is  much 
I  lie  same  as  in  I'hmlaiid,' 

In  ( iermany  lliere  is  iieil  lier  cnrnncr  nor  any  analouoiis 
ollicia',  nor  a  jury,  on  the  pri'iiiiiinary  investigation.  A 
judicial  officer  has  charge  iif  the  im'iccedings  (Slaalsan- 
walt).  His  powers  are  like  those  of  a  district,  attorney. 
'I'lie  police  are  under  his  control  in  all  matters  relalinn-  to 
the   investigation   of  crime.     They   are   alsfi   boimd"  on 


their  own  part  to  investigate  suspected  crimes,  cases  of 
sudden  or  violent  dcatJi ;  and  no  interment  is  allowed  in 
such  cases  till  after  the  consent  of  the  district  attorney 
or  a  comiieteni  court  is  obtained.  Medical  officers  aie 
regularly  appointed  to  make  autopsies  and  medical  ex- 
aminations and  report  upon  them.  The  German  code  of 
regulations  as  to  the  modes  of  procedure  in  examinations 
of' bodies,  both  jmlicial  and  medical,  is  very  explicit.  If 
the  district  attorney  believes  that  a  crime  has  been  com- 
mitted, he  institutes  a  trial,  and  if  the  court  believes  that 
sufficient  reasons  are  presented,  it  orders  a  preliminary 
inquiry  (gerichtliche  Voruntersucliung)  before  a  justice, 
the  result  of  which  is  usually  decisive.  (Law  of  October 
1st,  1879.) 

In  Russia  the  law  is  similar  in  its  provisioiis  to  that  of 
France. 

In  Denmark  the  system  is  also  very  efficient,  a  judi- 
cial officer  being  appointed  who  has  charge  of  all  cases, 
which  he  decides  without  the  intervention  of  a  jury.  He 
refers  all  medical  iiue-stions  to  a  medical  officer  who  is 
apiiointed  for  the  purpose,  and  reports  to  the  judge  the 
restilt  of  his  examination,  and  autopsy,  if  one  is  made, 
lie  also  makes  a  similar  report  to  the  Royal  Bureau  of 
Health.  The  trial  which  follows,  in  c-ase  of  indictment, 
is  tir.st  before  Ihe  count}'  judge,  from  whom  appeals  may 
be  made  to  higher  courts.'' 

United  Statjos. — The  laws  relating  to  inquests  in  the 
United  States  all  bear  the  maiks  of  English  origin,  and 
wcie  evidently  introduced  by  the  early  settlers,  with 
most  of  the  peculiarities  of  the  English  law,  though 
stiiiqied  of  some  of  the  singular  customs  of  early  times. 
The  coroner,  the  coroner's  juiy,  and  the  incpiest,  exist  in 
nearly  all  of  the  United  States,  at  tlie  present  tiine,  prac- 
tically in  the  En<;lish  form.  31assachusetts  made  a  rad- 
ical change,  abolishing  the  office  of  coroner,  and  also  the 
jury,  in  1877,  since  which  time  inquests  have  been  con- 
ducted with  greater  care  and  economy,  and  to  the  entire 
satisfaction  of  the  people  and  of  the  State  (see  Kmiiiiner, 
Mcilical). 

Connecticut  and  Rhode  Island  have  also  recentlj'  en- 
acted similar  laws,  of  a  less  radical  nature. 

In  the  other  States  theie  are  certain  points  of  differ- 
ence, chiefly  of  minor  importance,  relating  to  the  func- 
tions of  the  office  of  coroner,  the  mode  of  his  election  or 
appointment,  his  fees,  the  number  of  the  jury,  and  the 
employment  of  medical  offlcers. 

Some  of  the  singular  provisions  of  the  English  law  rel- 
ative to  the  vicarious  duties  of  the  coroner  we're  intro- 
duced into  the  early  colonial  statute-books,  and  are  still 
retained  in  nearly  every  State  of  the  Union.  Instances, 
however,  in  which  the  coroner  officiates  as  a  sheriff  are 
of  rare  occurrence. 

The  chief  function  of  Hie  coroner  in  all  of  the  United 
States,  as  in  England,  is  the  holding  of  inquests  upon 
the  bodies  of  persons  found  dead,  from  either  violent,  or 
suspicious,  or  tmknown  causes;  and  while  there  is  con- 
siderable variability  in  the  definition  of  this  function  by 
the  statutes  of  dilTerenl  States,  the  intent  or  spirit  of  the 
law  is  evidently  similar  iu  all.  In  Massachusetts,  under 
the  old  law,  the  coroner  was  authorized  to  hold  inquests 
on  the  bodies  of  such  persons  only  as  were  "supposed  to 
liave  come  to  their  death  by  violence."  a  special  provision 
re(|uiring  an  inquest  in  every  case  of  death  bv  railroad 
accident. 

In  Califoi-nia,  and  in  several  other  States,  it  is  specified 
that  inquests  may  be  held  upon  the  bodv  of  "any  person 
who  has  been  killed,  or  has  committeil  suicide,  or  has 
suddenly  died  under  such  circumstances  as  to  afford  a 
I  reasonable  ground  to  susiiect  that  the  death  has  been  oc- 
casioned by  the  act  of  another  by  criminal  means," 

In  a  few  States  an  inquest  may  be  held  in  the  case  of 
a  person  who  is  seriously  wouiided,  and  in  imminent 
danger  of  death.  In  Indiana,  the  jury  was  abolished  bv 
an  act  of  IST',1.  In  Texas,  the  inquest  is  also  held  with- 
out a  jury. 

In  Alabama,  in  addition  to  the  usual  duties,  it  is  re- 
iiuired  that  the  coroner  shall  be  keeper  of  the  jail  when 
the  sheriir  is  imprisoned,  and  when  the  coroner  'is  impris- 
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oni'd  a  special  coroner  may  be  appointed.  He  also  per- 
forms the  dut_y  of  sberilf  when  re(i\iired,  as  i)rovlded 
under  the  English  law. 

In  Kentucky  inquests  may  be  held  in  cases  of  house- 
breaking. In  several  of  the  Southern  Slates  the  coroner 
is  a  conservator  of  the  peace,  and  is  ie(iuire<l  to  suppress 
riots  and  disturbances,  and  may  apprehend  and  connuit 
felons  and  traitors.  In  Mississijipi  tlie  coroner  is  also 
the  eoimty  ranger,  and  perl'oiins  tlie  duties  of  .that  ollice. 
(It  is  the  duty  of  the  eo\iuty  ranger  to  lake  charge  of 
stray  liorses,  mules,  jacks,  cattle,  sheep,  or  hogs.) 

The  modes  of  election  in  the  different  States  are  (juite 
diverse.  In  Alabama,  Arkansas,  Colora.do,  (xcorgia. 
Idaho,  Iowa,  Kansas,  Kentucky,  Louisiana,  Mieliiii'an, 
Minnesota,  Nebraska,  Nevad.a,  New  .lei-sey,  New  Vmk, 
North  Carohna,  Ohio,  Oklahoma,  Pennsyh-anin,  Smitl'i 
Carolina,  South  Dakota,  Washington,  Wisccmsin,  and 
Wyoming,  the  coroner  is  elected'by  tlie  inlialiilanis  of 
the  county.  lu  Tennessee  he  is  appi'iinted  by  the  county 
court.  In  Virginia  a  county  ciujit  appninls  ii  eorouei-  fiir 
two  years,  and  can  appoint  moi-e  if  necessary.  In  Illi- 
nois, Indiana,  JMaine.  and  New  llampsiiire  tlie  goveiiior 
appoints  the  coroner.  In  Texas.  Vernidnt.  and  Utah,  the 
otlice  of  coroner  is  unknown,  a  justice  of  ]ieace  acting  in 
all  cases  in  which  the  presence  of  s\ieh  an  ollicial  is' re- 
quired.*' ' 

The  fees  of  coroners  are  also  vaiied.  In  New  Hamp- 
shire the  fee  for  holding  an  inquest  is  §1.50.  In  some 
States  it  is  S5,  in  others  SlU.  Tlie  fees  for  i-eeording,  for 
mileage,  and  other  items  also  present  a  wide  ran.n'e  of 
variation.  In  some  States,  by  recent  statutes,  stenog- 
raphers may  be  employetl  at  inquests,  payable  either 
by  a  monthly  salary  as  in  Kentucky,  or  by  stipulated 
fees  for  work  performed. 

In  some  States  physicians  are  regularly  api)ointed  to 
perform  the  necessary  exaniiualious  for  conaiers.  In 
others  the  coroner  selects  any  physician  whom  he  may 
choose  for  each  case  requiring  such  assistance.  The 
compensation  of  physicians  thus  employed  ranges  from 
$6  in  Minnesota,  to  850  in  other  States,  for  an  autopsy, 
and  SlOO  in  Mississippi,  in  cases  where  the  body  is  ex- 
humed. =  In  Missouri  the  fee  for  a  post-mortem  is  SlO, 
but  if  the  coroner  makes  it  himself  it  is  825.  In  New 
Jersey  the  coroner  may  provide  grave-clothes  to  the 
amount  of  $1  each  for  nude  bodies. 

In  several  cities  of  the  United  States,  the  coroner  is  a 
salaried  ofHcer,  such  being  the  case  in  New  York,  Phila- 
delphia, Detroit,  St.  Louis,  Cincinnati,  Cleveland,  Wash- 
ington, Charleston,  Wilmington  (Del.),  and  other  cities, 
a  plan  which  has  obvious  advantages. 

The  requisite  number  of  jurors  is  usually  either  six  or 
twelve.  In  New  Hampshire  it  is  limited  to  three,  in 
Louisiana  five,  and  seven  in  Tennessee.  In  several  States 
it  is  required  that  a  larger  number  of  jurors  be  summoned 
than  is  needed  to  be  sworn  for  the  inquest,  the  number 
thus  summoned  ranging  from  nine  to  twenty-three. 

The  amount  of  the  bond  required  of  a  coroner  varies 
from  as  low  as  S'3oO  in  Colorado  to  850, 000  in  the  larger 
cities  of  Ohio. 

The  jury  is  usually  selected  from  the  inlialiitants  of 
the  town  or  county.  In  Iowa,  North  and  South  Dakota, 
from  the  "  electors'. "  In  Kentucky  they  must  be  "  house- 
keepers." In  Utah  they  must  be  "(puilitie<l  icsidenls." 
In  Washington  a  jurist  must  be  a  "male  inhabitant" 
over  twentj'-one  _years  old,  and  of  s(uuul  mind.  In  West 
Virginia  he  must  be  a  "suitalile  resident." 

In  Washington  a  jury  is  thus  defined:  "A  jury  of  in- 
quest is  a  body  of  men,  six  in  number,  summoned  from 
the  qualified  inhabitants  of  a  particular  district,  beloi-e 
the  coroner,  or  other  ministerial  othcei',  to  inquire  of  par- 
ticular facts." 

In  Wisconsin  the  coroner  is  e.r-rijflrii)  a  deputy  fish  and 
.game  warden,  and  must  assist  tlie  State  warden  upon 
due  notice.  He  must  resign  to  the  sheriff,  who  trans- 
mits his  resignation  to  the  governor.  The  coroner  must 
also  make  complaint  as  to  violation  of  statutes  relative  to 
sale  of  liquor  to  Indians. 

In  Colorado  the  coroner  may  be  ti'ied   for  bribi'ry  and 
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must  investigate  mining  accidents.  He  must  seize  gam- 
Mmg  mplements,  take  snares,  traps,  nets,  etc.,  and  is  lia- 
oie  to  many  penalties.'' 

(S<.'e  also  (Jiulfinjr,  Legal  KUitiis  of,  and  Kmuniier  Mvd- 
"'"'•'  Hniinid   IP.  mLu. 

]  Olmlmprs,  M.D.:  Local  Government,  Ijinil.ra 
Kni'.yflopedla  Britanntfa,  ninth  edition  vets 
cles  c:oroner,  Deodand,  and  Fdo-di'-sc 

•'  Bell,  Clark:   ISullelin  of  tlie  Modh'o-Lpfral  Sorictv  . 
January,  ISKl.     Art.,  the  Coroner's  Ollln.. 

^  MaiiaEan,   T)oii(r]as,    1,\.\t..    F.K.S.K.-    Forpnsii-   jMoi 
Scotlisli  I'ointot  View,  Edintniriiii,  IST'.I. 

■' Lop,  .John  (;.,  M.I>.:  Handbook  for  Coronoi's   Philad 

"  The  Corouens  Act,  18S7,  .'ill  and  r,l    Victoria    I  hai 
Statutes, 

'  Ivpcpnt  stat'jl:es  of  the  ditlerpnt  states  of  the  Union  ( IKitlHiSi. 

CORONILLA. — A  genus  (fam.  Lcfiniiiiiiiisit:)  of  some 
twenty  sjiecies.  of  Kurope,  Northern  Africa,  and  Weslei'n 
Asia,  some  eulli\";tted  for  ornament.  Several  of  these, 
notably  ('.  smrpinidiK  (Medic)  Koch,  act  powerfully  upon 
the  heart,  stimulating  it  and.  ajqiarently  thron'gh  in- 
creased blood  ]iressure.  producing  marked  diuresis. 
These  (jroperties  reside  in  llie  glucoside  Cnruhill.'ii 
((Mlo-t );,),  a  yellowish  powder,  soluble  in  both  watei-  and 
alcohol.  It  possesses  the  same  properties  as  the  drug, 
which  are  almost  identical  with  those  of  digitalis,  and  it 
is  indicated  and  contraindieated  like  tliat  drug.  Coro- 
nillin  has  been  given  in  do.sesof  O.l  to  0.15  gm.  (gr.  iss.  to 
iij.)  hve  or  six  times  in  the  twenty-four  hours. 

Ihiiiii  JI.  Ilnshi/. 

CORPORA  AMYLACEA.— These  bodies  are  .small, 
r(juiiil,  homogeneous,  oi'  concentrically  stratified  concre- 
tions occurring  most  frequently  in  the  prostate,  nervous 
system,  and  hmg.  Their  concentric  stratili cation  resem- 
bles very  much  that  of  starch  grains,  and  this  with  the 
hfct  that  with  iodine,  or  with  iodine  and  sulphuric  acid, 
they  freciuently  take  on  the  characteristic  blue  color  has 
led  to  their  name  and  to  their  being  classed  with  amyloid. 
It  is,  however,  evident  that  they  have  an  entirely  differ- 
ent signiflcanee  from  that  of  the  progressive  amyloid 
change  beginning  in  the  walls  of  blood-vessels,  and  they 
should  be  regarded  as  being  of  different  pathological 
origin  and  nature. 

While  these  bodies  frequently  assume  with  iodine  and 
sulphuric  acid  colors  varying  from  blue,  brownish  red, 
and  green  to  yellow,  it  is  stated  that  they  but  rarely  give 
the  amyloid  reactions  with  the  aniline  dyes,  and  then  only 
to  a  slight  ilegree,  usually  in  the  central  poi'tion  of  the 
concretion.  The  writer  has  been  unable  to  obtain  any 
reaction  from  these  bodies  with  the  aniline  dyes  wdiich 
he  regarded  as  characteristic  of  amyloid,  and  it  is  his 
o|iinion  that  they  should  be  classed  with  the  colloid  or 
colloid-like  bodies  rather  than  with  amyloid.  In  the  ma- 
jority of  ea.ses  these  concretions  react  to  stains  in  a  man- 
ner similar  to  that  of  colloid.  With  Weigert's  fibrin 
stain  they  take  a  deep  violet  color.  They  are  essentially 
a  local  pi-oduct  dependent  upon  local  conditions,  and  are 
for  the  greater  part  derived  from  epithelial  cells  and  rep- 
resent a  transformed  gland  secretion.  In  this  respect 
their  origin  is  the  same  as  that  of  epithelial  colloid.  In 
the  nervous  system  they  arise  from  degeneration  of  either 
the  neuroglia'cells  or  th'e  axis  cylinders,  and  the  chemical 
nature  of  the  concretions  found  in  the  brain  and  spinal 
coril  must  be  different  from  that  of  those  formed  in  the 
prostate  and  lungs.  This  is  further  shown  by  difference 
in  appearances,  staining  reaction,  etc.,  exhibited  liy  the 
concretions  found  in  these  different  regions. 

lu  the  prostate  the  bodies  lie  in  the  luminaof  the  gland 
s|iaces.  They  vary  in  size  from  a  leucocyte  to  lai'ge  coii- 
cietions  visible  to'  the  naked  eye.  They  may  be  so  nu- 
merous as  to  give  the  cut  surface  of  the  organ  a  brown, 
uranular  appearance.  The  free  concretions^  may  be  ob- 
tained for  examination  by  scrapings  taken  from  the  cut 
surface  of  the  organ  and  examined  upon  the  slide.  Press- 
ure upon  the  cover  glass  produces  numerous  radiating 
fissures  in  the  firm  bodies.  In  unstained  sections  these 
concretions  may  appear  colorless,   brown,  dark  brown, 
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or  5rello\v,  and  tlie  striations  maj'  sliow  more  or  loss 
distinctly.  In  sections  from  hardened  material  the  ma- 
jority of  the  bodies  are  torn  out  by  the  microtome  knife, 
or  drop  out  in  the  handling  of  the  section.  Their  con- 
sistence becomes  very  tirm,  especially  in  material  cm- 
bedded  in  paraffin,  so  that  they  not  infrequently  tuin  the 
edges  of  the  knife.  In  this  respect  they  resemble  the 
colloid  of  the  thyroid.  In  stained  preparations  the  con- 
cretions may  show  a  great  variety  of  forms  and  colors. 
The  gland  spaces  may  be  tilled  with  large  and  small  bod- 
ies; or  concretions  of  different  size,  shape,  and  color  may 
be  conglomerated  together  by  a  lighter  hyaline  substance. 
The  darker  prostatic  concretions  show  most  frequently  a 
concentric  or  radiating  striation.  The  central  portion  of 
the  body  may  consist  of  a  hyaline  nucleus,  or  the  periph- 
ery may  be  light-colored  and  liyaline.  Freciuenlly  the 
peVipheral  zone  of  the  concretion  is  darker  and  fii-mer  in 
consistence  than  the  central  portion.  Tlie  larger  con- 
cretions may  show  altei'nating  zones  of  light  and  dark 
colors,  or  may  be  made  up  of  conglomerated  granules  of 
different  shades  of  color.  Deposits  of  lime  salts  and  blood 
pigment  are  not  infre(piently  found  in  the  older  brown 
bodies.  As  a  rule,  the  number  of  the  prostatic  concre- 
tions is  greatest  iu  old  age,  but  they  also  occur  in  the 
prostates  of  newly  l)on\  infants.  jMoreover,  they  are  not 
a  constant  accompaniment  of  senility,  and  their  exact 
physiological  or  pathological  significance  is  as  yet  un- 
kni )  wn.  The.y  must  be  regarded  as  the  product  of  degen- 
erated epithelium  or  transformed  prostatic  secretion. 

The  corpora  amylacea  of  the  nervous  system  are  found 
most  abundantly  in  the  ejiendyma  of  the  ventricles,  in 
sclerotic  areas  of  the  brain  and  cord,  and  in  atrophic 
nerves.  They  are  especially  common  in  the  areas  of  de- 
generation in  tabes  dorsalis,  and  are  also  of  frequent  oc- 
currence in  the  senile  atrophj'  of  nervous  structures. 
The_v  differ  in  many  respects  fj'om  the  concretions  of  the 
prostate  and  lung,  being,  as  a  rule,  much  .smaller  than 
the  latter,  tiiough  many  times  larger  than  the  nuclei  of 
the  neuroglia  cells.  Tliey  are  usually  homogeneous,  and 
only  rarely  show  faint  striations.  They  arc  round  or 
oval  in  form,  possess  no  definite  nucleus,  and  are  sharply 
outlined  peripherally.  They  stain  very  deejjly  with 
hsematoxylin,  and  for  this  reason  have  been  thought  to 
be  formed  from  degeneration  jji'odvrcts  of  the  nuclei  of 
the  glia  cells.  By  some  writers  they  are  regarded  as 
myelin  products  arising  from  the  degeneration  of  nerve 
fibres.  Others  consider  them  to  be  derived  from  changed 
allnmiinous  constituents  arising  from  the  cells. 

Corpora  amylacea  are  found  in  the  lungs  under  many 
varying  conditions:  in  acute  and  chronic  pneumonias, 
in  emjihysema,  in  hemorrhagic  Infarction,  in  the  neighbor- 
hood of  tumor  nodules,  in  tuberculous  areas,  and  in  the 
alveoli  near  the  inflamed  pleura.  The  writer  has  also  ob- 
served them  in  lungs  showing  no  pathological  changes. 
In  pneumonia  they  are  frequently  found  embedded  in 
masses  of  cellular  and  fibrinous  exudate.  They  appear 
as  round  or  oval  homogeneous  bodies,  the  larger  ones  fre- 
quently showing  striation.  In  the  central  portion  of  the 
body  degenerated  cells,  particles  of  carbon,  blood  pig- 
ment, etc.,  are  often  found,  forming  a  nucleus  ai'ound 
whicii  the  deposit  of  the  concretion  has  taken  place, 
through  the  precipitation  of  albuminous  exudate  or  the 
accuniulation  of  the  products  of  degeneration  of  epithe- 
lial cells.  In  so  far  as  tlie  writer's  experience  goes,  the 
corpora  amylacea  of  the  lung  never  give  an  amyloid  reac- 
tioji  with  the  aniline  dyes.  With  other  stains  they  react 
similarly  to  the  concretions  of  tlie  prostate. 

Corpora  amylacea  have  also  been  observed  in  carcino- 
mata,  in  inflammatory  areas,  in  old  extravasations,  and  in 
tlie  glands  about  the  bi'ginning  of  the  urethra  in  tlie  fe- 
male. Tlie  writer  has  also  seen  tlieni  in  tumors  of  tlie 
parotid  and  mammary  glands,  in  cy.sts  of  the  ovary  and 
kidneys,  in  tlie  si'iniiial  vesicles,  vas'deferens,  and  ejiididv- 
niis,  and  in  the  small  closed  gland  spaces  near  tlu^  iirosta'te 
whiehare  probably  vestigesof  tlie  ducts  of  Muller.  In  all 
of  these  cases  the  origin  of  the  concretions  is  a))parently  the 
.same;  the  bodies  represent  transformed  alliuniinoiis'cou- 
stitueuts  of  epithelial  secretions.     Aldred  ticoU  Wdiihin. 


CORYZA.     See  Naml  Cavities,  etc. 

COSAPRIN.  — CnH4,NIICO,CH3,S03Na.  This  is  a 
whitish,  crystalline  mass  or  fine  powder  obtained  by  acting 
upon  sodium  sulphanilate  with  acetic  anhydride.  Its  taste 
is  slightly  salty;  it  is  freely  soluble  in  water,  slightly  so 
in  alcohol,  and  almost  insoluble  in  ether.  Its  solutions 
have  a  weak  alkaline  reaction,  and  it  is  decompo.sed  by 
heating  with  acids.  Vamossy  and  Fenyvessy  find  that 
it  is  strongly  antipyretic  like  phenacetin.  but  its  action  is 
more  prompt  and  less  lasting.  W.  A.  Basteclo. 

GOTO.— The  bark  of  an  unknown  Bolivian  tree  of  the 
family  l,iiiiriie('<i>.  The  writer  of  this  article  is  probably 
the  only  botanist  who  has  seen  a  botanical  specimen  from 
this  tree.  It  was  furnished  him  in  La  Paz,  coming  from 
the  Indians  of  the  lower  La  Paz  River  region,  and  con- 
sisted of  a  twig  with  several  thick,  coriaceous,  lance- 
oblong  leaves  nearly  a  foot  in  length,  aud  a  fruit  like  a 
large  acorn.  It  was  evidently  a  species  of  Nectandra 
or  of  a  closely  allied  genus.  The  specimen  was  for- 
warded but  disappeared  in  transit. 

The  bark  first  appeared  in  market  confounded  with 
cinchona,  but  later  with  individual  claims.  It  occurs  in 
good-sized  flatfish  pieces,  four  to  twentv  inches  long  by 
five  to  ten  in  width  and  one  to  two  or  three  in  thickness. 
It  is  of  a  deep  red-brown  color  throughout,  often  with  a 
violet  or  purple  tinge  to  the  brown.  If,  as  is  usual,  the 
entire  thickness  is  present,  the  outer  surface  is  grayish, 
and  little  furrowed  and  fissured.  The  inner  surface  is 
very  roughly  striated  or  splintered,  like  the  ends.  The 
outer  third  is  cellular,  the  remainder  a  mass  of  splintery 
bast  tissue.  The  bark  is  very  hard  and  heavy.  It  has  a 
camphoraceous,  aromatic  odor,  and  two  distinct  elements 
are  recognizable  in  the  taste.  It  is  immediately  pungent, 
and  verv  quieklv  pepperv-biting  in  addition  (see  Cvto, 
Para). 

Its  volatile  oil,  resin,  and  piperonylic  acid  (C6Hs[02CH2] 
COOH)  are  all  active,  but  the  cotoire  (CjoHisOe),  whicli 
occurs  as  a  yellow,  crystalline  powder,  soluble  in  alcohol 
and  slightly  in  water,  is  regarded  as  the  important  con- 
stituent and  has  been  used  alone.     Tannin  is  not  present. 

In  its  own  home,  Coto  possesses  the  highest  reputation 
as  a  remedy,  not  only  for  diarrhoea,  but  for  dysentery, 
which  is  there  one  of  the  commonest  and  most  fatal  "of 
diseases.  It  is  an  excellent  stomachic  and  a  very  power- 
ful intestinal  stimulant,  especially  to  the  sympathetic 
system  and  to  the  functions  of  absorption,  at  the  .same 
time  exerting  a  disinfectant  action.  It  is  of  great  value 
in  controlling  intestinal  discharges.  The  fluid  exti'act  is 
the  best  preparation,  the  dose  bemgO.S  to  1.5c.c.  (ni  v.  to 
XX.).  The  powdered  bark  is  very  "effective  in  equivalent 
doses.  Cotoiu  is  given  in  doses  of  0.03  to  0.3  gm,  (gr. 
ss.  to  iij.).  Henry  H.  liui<by. 

COTO,  PARA,  or  Para  Coto,  is  the  bark  of  a  tree  ap- 
parently very  closely  related  to  the  last  and  comes  from 
the  same  locality.  The  bark  is  verv  similar  in  appear- 
ance, but  is  commonly  a  half  thicker'and  in  larger  pieces, 
their  curvature  greater.  It  is  more  commonly  deprived 
of  the  outer  bark.  When  this  is  present  it 'is  rougher 
and  browner.  The  best  distinction  is  in  the  taste,  which 
has  a  similar  iirompt  pungency,  but  lacks  the  secondary 
peppery-biting  element.  It  contains,  in  addition  to  the 
constituents  of  the  last  other  than  cotoin,  paracotoiii 
(C,oH,.iO„),  wliicli  is  yellow,  crystalline,  soluble  in  both 
water  and  alcohol,  aud  acts  siiuilarly,  but  two  or  three 
times  weaker;  also  protomtoiii  (C,oHnO„),  yellow  and 
crystalline,  soluble  in  alcohol. 

This  bark  acts  similarly  to  the  last,  but  is  much  weaker. 
It  is  also  m\ieh  cheaper,  and  is  very  generally  supplied 
in  the  United  States  when  coto  is  called  for. 

Henry  H.  Rushy. 

COTTON. — The  plant  Oossypinm  lierhaceinn  L.  and 
other  species  of  Gossypium  (fani.  Malraeea').  It  yields  to 
the  materia  medica,  besides  various  fabrics  of  use  in  sur- 
gery, the  following  articles,  which  will  be  considered  in 
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Coryza, 
Colloii. 


riG.  1531.— Cotton  Boll,  one-halt  natural 
size.     (BailloQ.) 


order:  cotton-root  bark,  cotton-seed  oil,  absorbent  cotton 
pyro.xylin,  collodion. 

The  speeitic  identity  and  nativity  of  the  dilVerent  cot- 
ton plants  are  still  subjects  of  coutiover.sy.  Ap]m]■cntl^' 
some  are  of  Asiatic,  others  of  tropi(;al  American  origin. 

As  they  agree  in 
their  p  r  o  p  e  r  t  i  e  s, 
these  questions  iii-c 
not  here  of  i)racticul 
importance.  The 
pliints  a  r  e  e  i  t  h  e  r 
herbs  or  shrubs,  sonic 
reacliing  the  dimen- 
sions of  small  trees, 
tliough  the  tree  cut- 
toiin  proper  of  trojii- 
cal  America  do  not 
licldiig  to  this  group 
at  all.  The  cottons 
have  alternate,  stipu- 
late, coarsely  toothed 
or  lobcd  leaves,  and 
handsome  large  hol- 
lyhock-like flowers, 
white  or  yellow  or 
changing  with  age  to 
rose  color.  The  fruit  ("boll")  is  a  large,  ovoid  capsule, 
bursting  at  maturity  into  three  or  four  lobes.  The  seeds 
are  numerous,  white,  dark  brown,  t)r  black,  and  com- 
pletely concealed  in  the  cotton-tibre,  which  consists  of 
long  white  or  tawny  hairs  developed  from  the  seed  coat. 
The  plant  aboimds  in  mucilage,  and  its  herbage  and 
flowers  have  some  domestic  use  for  poultices,  and  the 
juice,  as  well  as  a  decoction  of  its  leaves,  internall}',  as 
a  demulcent. 

CoTTOK-RooT  Bakk.  Qossypii  Radicis  Cortex. — 
"The  bark  of  the  root  of  Gossi/jyaim  herbaceum  L.  and 
of  other  species  of  Gossypium  "  (U.  S.  P.).  There  are 
few  official  drugs  so  much  in  need  of  pharmacological 
study  as  this.  There  is  the  widest  variation  in  the  ac- 
tivity of  different  samples,  apparently  genuine,  but  of 
the  causes  of  this  variation  we  are  ignorant.  It  has  been 
claimed  that  the  hark  should  be  extracted  in  the  recent 
state,  also  that  the  bark  of  the  stem  is  frequently  fur- 
nished instead  of  that  of  the  root.  It  is  by  no  means 
impossible  that  the  age  of  the  plant  when  the  bark  is  col- 
lected, or  its  previous  destruction  by  frost,  affects  its 
quality.  Finallj',  it  would  seem  that  the  bark  of  the 
shrubby  tropical  forms  might  be  more  active  than  that 
of  our  annual  plant.  The  bark  is  thus  described  in  the 
Pharmacopoeia : 

"In  thin,  flexible  bands  or  quilled  pieces;  outer  sur- 
face brownish  yellowy  with  .slight,  longitudinal  ridges  or 
meshes,  small,  black,  circular  dots,  or  short,  transverse 
lines,  and  dull,  brownish-orange  patches,  from  the  abra- 
sion of  the  thin  cork;  inner  surface  whitish,  of  a  .silky 
lustre,  finely  striate ;  bast  fibres  long,  tough,  and  separ- 
able into  papery  layers ;  inodorous;  taste  very  slightly 
acrid  and  faintly  astringent. " 

The  drug  contains  fat,  resin,  red  coloring  matter,  and 
a  small  amount  of  tannin. 

Our  first  knowledge  of  its  properties  came  from  its  use 
among  the  negroes  of  the  Southern  United  States  for  the 
production  of  criminal  abortion.  Speculation  as  to  the 
source  of  their  knowdedge,  and  of  its  introduction  from 
Africa,  raises  important  questions  as  to  what  species  may 
have  been  there  employed.  Our  slight  knowledge  of  the 
drug's  action  is  entirely  clinical,  and  most  of  the  testi- 
mony is  against  its  activity,  yet  there  is  .sufficient  evi- 
dence that  in  some  form  it  has  been  active  as  an  abortifa- 
cient,  parturifacient,  and  emmenagogue,  acting  much  like 
ergot.  The  fluid  extract  is  official,  and  the  dose  is  3  to 
8  c.c.  (  3  ss.  to  ij.). 

Cotton-Seed  Oil.  Oleum  Gossypji  Sbminis. — "A 
fixed  oil  expressed  from  the  seeds  of  Gossypium  herbd- 
ceum  L.  and  of  other  species  of  Gossypivm,  and  subse- 
quently purified"  (U.  S.  P.).  The  seedsare  decorticated 
and  lightly  cooked  before  expression.     The  cake  which 


remains  is  a  most  valuable  fodder.  The  crude  oil  ia 
argely  used  in  the  mechanical  arts  and  for  .soap-making  • 
;ut  lor  domestic  and  pharmaceutical  purposes  it  is  puri- 
fied by  decantation  after  standing,  boiling  with  water 
and  treatment  with  a  weak  alkali.  ^J'he  official  oil  is 
thus  described : 

"  A  pale  yellow,  oily  liquid,  without  odor  and  having 
a  bland,  nut-like  taste. 

"  Specific  gravity,  0.920  to  0.930  at  15°  C.  (W  P.). 

"  Very  sparingly  soluble  in  alcohol,  but  readily  soluble 
m  ether,  chloroform,  or  carbon  disulphide. 

"On  cooling  the  oil  to  a  temperature  below  13"  C.  (.^i3,6° 
F.),  particles  of  solid  fat  will  separate.  At  about  U°  to 
-■■)    C.  (32"  to  23°  F).,  the  od  solidities. 

"  When  the  oil  is  brought  in  contact  with  concentrated 
sul]ihuric  acid,  a  dark  reddi.sh-brown  color  is  instantly 
produced. 

"  If  ti  gm.  of  the  oil  be  thoroughly  shaken,  in  a  test 
tube,  for  about  two  minutes,  with  a  mixture  of  1..")  gm. 
of  nitric  acid  and  0..~i  gm.  of  water,  then  heated  in  a  bath 
iif  boiling  water  for  not  more  than  fifteen  minutes,  the 
oil  will  assume  an  orange  or  reddish-brown  color,  and, 
after  standing  for  twelve  hours  at  the  ordinary  tempera- 
ture, will  form  a  semi-solid  mass. 

"If  •")  e.c.  of  the  oil  be  thoroughly  shaken,  in  a  test 
tube,  with  .5  c.c.  of  an  alcoholic  .solution  of  silver  nitrate 
(made  by  dissolving  0.1  gm.  of  silver  nitrate  in  10  c.c.  of 
deod(u-ized  alcohol  and  adding  3  drops  of  nitric  acid),  and 
the  mixture  heated  for  about  Ave  minutes  in  a  water 
bath,  the  oil  will  assume  a  red  or  reddish-brown  color." 

Cotton-seed  oil  consists  of  olein  and  pahnatin.  It  is 
quite  devoid  of  medicinal  properties.  If  thoroughly 
purified,  it  is  an  excellent  and  dehcious  article  of  food, 
scarcely  distinguishable  b}'  the  average  palate  from  olive 
oil,  for  the  adulteration  and  substitution  of  which  it  is 
very  largely  employed.  It  in  turn  is  adulterated  with 
maize  oil.  It  is  also  very  largely  used  for  the  adultera- 
tion of  lard.  In  the  pharmacy  it  has  many  uses  in  taking 
the  place  of  other  more  expensive  and  not  superior  oils. 

Cotton,  Absorbent.  Purified  Cotton.  Gossypium 
PuRiFiCATU.M. — "The  hairs  of  the  seeds  of  Gossypium 
hei'hdceiiiii-  L.  and  of  other  species  of  Gossypium,  freed 
from  impurities  and  deprived  of  fatty  matter  "  (U.  S.  P.). 
Tlie  cotton  fibre  is  separated  from  the  seeds,  to  wdiich  it 
is  firmly  adherent,  by  means  of  machines  called  gins, 
wdii<-h,  either  by  a  series  of  circular  saws  revolving  be- 
tween the  teeth  of  a  comb-like  guard  or  hy  cylinders 
which  catch  the  cotton  between  them,  pull  or  tear  it 
away  from  them.  It  is  then  compressed  in  large  bales 
and  so  exported.  It  consists  entirely  of  long,  thick- 
walled,  collapsed,  and  spirally  twisted  tubes  of  glistening 
clearness,  and  high  refractory  power  as  seen  under  the 
microscope.  It  is  nearl}-  pure 
cellulose,  with  one  or  two  per 
cent,  of  mineral  matter,  and 
has  also  a  small  amount  of 
oily  and  resinous  substances 
upon  its  surface — enough  to 
make  it  repellent  to  water. 
For  medical  and'surgical  uses 
it  is  now  beautifully  purified 
Trom  most  of  these  impuri- 
ties, and  consists  of  more  than 
ninety -nine  per  cent,  of  pure 
ceUulose,  CcH.cOt.  The  offi- 
cial purified  cotton  is  thus 
characterized : 

"  White,  soft,  fine  filaments, 
appearing   under  the   micro- 
scope as  hollow,  flattened,  and  twisted  bands,  spirally 
striate,  and  slightly  thickened  at  the  edges;   inodorous 
and  tastel&ss;   insoluble  in  ordinary  solvents,  but  soluble 
in  copper  ammonium  sulphate  solution. 

"Purified  cotton  should  be  perfectly  free  from  all  visi- 
ble impurities,  and,  on  combustion,  should  not  leave  more 
than  0.8  per  cent,  of  ash. 

"  When  purified  cotton,  previously  compressed  in  the 
hand,  is  thus  thrown  on  the  surface  of  cold  water,  it 
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should  readily  absorb  the  latter  aiicl  sink,  and  the  water 
should  not  acquire  either  an  acid  or  an  alkaline  reaction 
(evidence  of  proper  purification)." 

Purified  cotton  is  daily  employed  by  the  apothecary  as  a 
rapid  filter  or  strainer  for  turbid  solutions;  it  is  also  em- 
ployed in  the  laboratory  of  the  bacteriologist  as  a  stopper 
for  the  tubes  in  which  ids  "cultures"  are  made;  but  for 
this  purpose  it  has  to  be  specially  ".sterilized"  by  heat  or 
other  means.  It  is  also  used  in  the  jjrepai-ation  of  the 
aromatic  ''  Agiiai"  to  distribute  the  essential  oils  over,  in 
order  to  insure  tlicir  most  complete  solution.  It  is  also 
very  exten.sively  used,  eitlier  with  or  without  medication, 
as  a  surgical  dres.sing.  Diied  from  a  soluticm  of  bf)ric 
acid,  1  to  100;  corro.sive  sublimate,  1  to  1,000;  or  carliolic 
acid,  lto30;  or  impregnated  with  powdered  iodoform, 
it  can  be  rendered  anl).se[itic;  but  such  preparations  need 
to  be  recently  made,  especially  Ihat  with  the  carbolic  acid. 
Exposure  to  a  heat  of  something  more  than  100"  C  (312' 
F.),  for  say  half  an  hour,  renders  it  practically  a,seplic, 
and  in  this  condition  it  is  very  largely  u.scd  as  a  dressing 
in  antiseptic  surgery.  Nearly  all  surgical  bandages,  com- 
presses, and  gauze  materials  in  this  country  are  made 
from  cottiai. 

The  only  pre]iaration  of  jiurificd  cotton  is  the  follow- 
ing, with  its  preparation,  collodion: 

Cotton,  Gux,  or  Oun  Cottox  ;  Soluble  Gux 

COTTON  ;  PviiOXYLrNUM  ;  PyKOXYLIN  ;  COLI.OX  YLIN'  ;  1  )IM- 

tro-Cellulosb  (U.  S.  P.).     The  following  is  the  official 
fonnula  and  method  of  prepai-alion: 

IJ  Purified  cotton 100  gm. 

Nitric  acid 1,400  c.c. 

Sul]iluiric  acid 2,200    " 

Alcohol, 

Ether, 

Water aa  q.s. 

Mix  the  acids  gradually  in  a  glass  or  porcelain  vessel, 
and,  when  the  temperature  of  the  mixture  has  fallen  to 
33°  0.  (90°  P.),  add  the  purified  cotton.  By  means  of  a 
glass  rod  imbiie  it  thcjroughly  with  the  acids,  and  allow 
it  to  macerate,  until  a  sample  of  it,  taken  out,  thoroughly 
washed  with  a  large  quantity  of  water  and  subsequently 
with  alcohol,  and  pressed,  is  found  to  be  soluble  in  a 
mixture  of  one  (1)  tvdiime  of  alcohol  and  three  (3)  tolumes 
of  ether.  Then  remove  the  cotton  from  the  acids,  trans- 
fer it  to  a  larger  vessel,  and  wasli  it,  first  with  cold 
water,  until  the  washings  cease  to  have  an  acid  taste,  and 
then  with  boiling  water,  until  they  cease  to  redden  blue 
litnuis  paper.  Finally,  drain  the  pyroxylin  on  tiltering 
paper,  and  dry  it  in  small,  detached  pellets,  by  means  of 
a  water  bath  or  steam  bath,  at  a  temperature  not  exceed- 
ing 60'  C.  (140°  P.). 

Keep  the  pyroxylin,  loosely  packed,  in  well-closed 
vessels  containing  not  more  than  about  35  gm.,  in  a  cool 
and  di'y  place,  remote  from  lights  or  tire. 

Pyidxylin  owes  all' its  usefulness  in  medicine  to  the 
fact  that  it  can  be  dissolved  by  a  mixture  of  alcohol  and 
ether,  and  foi'ms  with  it  an  adhesive  varni.sh  which  dries 
to  a  watei-proof  film  or  coating,  I  hat  can  be  made  to  cover 
and  protect  or  hold  injureil  surfaces,  or  lie  used  as  a 
vehicle  for  certain  medicaments.  The  following  is  the 
formula,  for  collodion  ( CIIihUiiiii,  V .  S.  P.): 

I'.vrox^liii ;jO  (,.„, 

l^""'''    7.-)0c.e. 

Aleoliiil o.-,()    .. 

r)issol\-e  and  deeaiit. 

The  lilni  pi'.Hliieed  )iy  this  eolhHlion  as  it  dries  con- 
iraels  with  <'onsidevalile  force,  and  is  sometimes  useful 
ulierc  a  loeal  eonipressi.ai  is  desir.able  ;  but  for  mo.st  pur- 
poses this  (|uality  is  an  olijeelion,  and  it  is  partially  over- 
eoiiie  in  fli.-nivM,  preparalioi,,  II. ■\il.le  colloid,, n  (  r,V/r«//,,«( 
l<  Irrilr,   I  ,  ,S.    [',  ,; 


*;;""'"''"'' , !I2  parts. 

(  ana,la  turpentine .^i 

3       " 


Castor  (til 


Styptic  CoUi/dion  (CiiUodiiirii  Stypticuin,  U.  S.  P.),  is  a 
preparation  of  collodion,  alcoliol,  and  ether,  containing 
twenty  per  cent,  of  tannic  acid. 

Cdntharidid  Collodion  or  Blistering  Collodion  (Collo- 
diiiiii  Ciuifiiiiridittinn,  U.  ,S.  P.)  is  a  preparation  of  collo- 
dicau  containing  the  active  constituent  of  60  gm.  of  can- 
tharides,  exti-acted  by  chloroform,  for  every  100  gm.  of 
the  lu'cparation.  Henry  H.  Rushy. 

COUCH  GRASS.— TiiiTicrM.  Dofi-f/nm.  "The  rlii- 
7.()me  ol  Af/ropyriini  repens  (L.)  Beauv.  (fam.  Oraminaceiv), 
collected  in  the  spring  and  deprived  of  its  roots"  (U.  S.  P.) 
It  is  a  perennial  grass  with  a  straggling,  zigzag  .stem, 
and  a  two-rowed  ear  of  pointed  spikelels.  It  spreads 
]iriiicipally  by  means  of  long  subterranean,  horizontal 
liiizomes  of  most  remarkalile  vitality  and  persistence  of 
growth.  Introduced  from  Europe  "and  Asia,  it  has  be- 
come a  troublesome  weeil  in  some  parts  of  this  coutitrv. 
The  drug  comes  princi|)ally  from  Germany.  The  dried 
rhizome  is  generally  cut  in  short  pieces  (1  cm.  or  ,so 
long),  about  3  mm.  in  diameter.  It  is  hollow  excepting 
at  the  joints,  dull-jrellow,  and  odorless,  or  having  a 
slight  mixed  smell  of  liay  and  earth;  taste  sweetish, 
not  remarka))le.  There  is  nothing  notable  in  its  com- 
]),)sition  or  meilical  i]ualifics,  still  it  has  some  rep- 
utation in  chronic  inflammati,.)n  of  the  bladder  and  kin- 
dre,l  disorders.  It  is  a  favorite  article  for  preparing 
patients  for  operations  for  cystic  calculi.  It  contains 
sugar,  gum,  and  tritirin,  which  is  very  similar  to  inulin. 
We  have  an  official  fluid  extract,  do.se'3  to  «  c.c.  (fl.  3  ss. 
to  ij.),  and  it  is  commonly  gi^'en  in  decoction. 

Henry  H.  liiisljy. 

COUGHING.— According  to  "Webster,  the  English 
word  .■oii.i;-li  (Lat.,  tnssis;  Fr.,  la  toii.r;  Ger.,  der  Husten) 
is  ,)f  Anglo-Saxon  origin,  and  comes  from  the  Dutch 
K,ir/,~:M  H.  Ger.,  kitchen,  to  breathe;  N.  H.  Ger..  ketichen 
— whence  the  German  term,  A'eiichhtisten,  for  whoopinn-- 
cough.  ° 

though  is  primarily  a  physiological  act,  protective  in 
character.  Under  pathological  circumstances  it  occurs 
as  a  symptom  of  local  or  general  morbid  conditions,  and 
may  be  of  mechanical  or  reflex  origin.  It  is  essentially 
a  quick  and  forcible  expiratory  effort  or  series  of  such 


I'-io.  l.V;:5.-.AtIa,'l,„i,.„ls  „f  nectus  an,l  Int,.rnal  (ihli,,!,,.  Muscles. 

cffcirts,  performeil  with  complete  or  partial  closure  of  the 
glottis,  and  IS  usually  preceded  bv  one  or  more  deeii  in- 
spu'ations.     It  has  tor  its  object  the  removal  from  the  air 
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Couth  fir-Ass. 
Coiiy^liiniir. 


passages  of  obstnictive  or  irritating  materials.  It  may 
be  excited  by  irritation  of  tlie  nerves  wlien  there  is  noth- 
ing to  be  e.xtrnded,  suid  i.s  most  annoying  and  persistent 


Fig.  1.52t.— Attachments  of  Rectus  and  Lateral  oblique  Muscles. 

under  sucli  eircunistanees.  Its  mechanism  is  thii.s  de- 
scribed l.)y  Wcstbrook  in  the  tirst  edition  of  this  Hand- 
book. 

"The  mechanism  of  cougli  is  as  follows:  When  a  for- 
eign body  or  other  irritant  comes  in  contact  with  the  per- 
ipheral expansion  of  the  pneumogastric  nerve  (or  of  those 
with  which  it  is  intimately  connected),  impulses  are  gen- 
erated which,  travelling  along  the  afferent  fibres,  are 
conducted  to  the  respiratory  centre  in  the  medulla  ob- 
longata. In  the  ganglion  cells  of  this  centre  the  imiiulses 
are  translated  into  others,  which  are  conducted  thiough 
the  efferent  fibres  of  certain  cerebral  and  spinal  nerves  to 
the  muscles  of  respiration,  whose  force  they  liberate. 

"A  sttidy  of  the  muscular  relations  of  the  thoracic 
walls  shows  that,  while  the  muscles  of  inspiration — with 
the  exception  of  the  diaphragm  and  some  small  ones,  e.g. , 
the  lemtofes  costarmn — are  attached  to,  and  act  upon  the 
upper  ribs,  the  expiratory  group  make  their  priiicijial 
traction  upon  the  lower  portions  of  the  thorax.  This  is 
particularly  the  case  with  those  auxihary  muscles  wliieli 
are  brought  into  play  in  forced  respiration.  The  expira- 
tory group,  in  wdnch  we  are  especially  interested,  are. 
anteriorly  and  laterally,  the  triangulares sterni  above,  and 
the  recti,  oJiliqui,  and  'trnnsm-fnilrs  abdominis  below. 

"The  action  of  the  triaiigiiUirix  is  simple,  and  does  not 
require  special  notice.  Arising  from  the  sternum  and, 
xiphoid  appendix,  its  fibres  pass  upward  and  outwiird. 
to  be  inserted  into  three  or  four  of  the  costal  cartilages. 
It  reinforces  the  natural  resdience  of  the  cartilages,  help- 
ing to  restore  them  to  the  expiratory  position.  It  may 
also  have  some  effect  in  counteracting  the  displacing 
force  of  the  muscles  on  the  exterior  of  the  chest,  e.g.,  tlie 
pectoralis  minor.  The  action  of  the  rectus  is  eriually  sim- 
ple. Its  sole  influence  over  the  respiratoiy  movements 
is  to  draw  the  sternum  downward,  and  so  to  diminish 


Uie  size  of  the  anterior  wall  of  (lie  abdominal  cavity 
ilie  action  of  the  ohlui,ii\v,  more  CDnii.lieated  In  the 
hrst  place  their  posterior  portions,  which  pass  directly 
from  the  crest  of  the  ilium  to  the  rilis,  exert  an  immediate 
and  powerful  downAvard  traction  upon  Die  thoracic  walls 
not  only  diminishing -the  size  of  the  lateral  walls  of  the 
ahdomen,  liut  acting  as  adiluctors  to  the  ribs,  which  have 
lieeii  put  in  the  position  of  abduction  during  inspiration 
In  the  second  place,  the  more  anterior  pc'irlions  have  a 
crossed  action,  and  make  diagonal  I  ruction  aeioss  the 
abdomen.  This  has  been  well  described  by  llenle  It 
will  be  ,seen  by  reference  to  Figs.  153:!  and  ir,24  tlutt  the 
ii])per  portion  of  the  e.rteriiat,  and  the  middle  jiortion  of 
the  iiitcnitilobliqiieVimiicXv^  of  ojipdsite  sides,  atlaclied, 
as  they  l.ioth  are,  to  the  iiilerveniiig  sheath  of  llie  rectus, 
are  e(|uivalent  to  one  long  diagonuf  inuscle,  whieli  passes 
from  the  ribs  on  one  side  to  tiie  iliac  crest  on  llie  otlier, 
anil  is  ea[)able,  by  its  contracHon,  of  drawing  the  ribs 
ddwnwurd  and  inward,  so  as  to  eonlrilnite  much  toward 
tlii'  I'Xpiratory  diminutii]ii  ot  the-  thoracic  cavity.  It  acts 
niinii  the  altdomen  as  well.  The  function  of '  lite  ("/vo/.v- 
irrsali.t  is  eipially  important.  Its  middle  portion  is  at- 
tached by  a  strong  fascia  to  the  transverse  processes  of 
the  lumbar  vertebra';  while  the  fibres  below  arise  from 
the  iliac  crest  and  outer  half  of  Ponpart's  ligament. 
Above,  it  arises  from  tlie  inner  surfaces  of  the  costal  car- 
tilages. 

"  The  fibres  of  this  part  of  the  muscle  pass  horizontally 
across  the  abdomen,  and,  by  the  mutual  attachment  of 
those  from  the  opposite  .sides  at  the  lineaalba,  one  eon- 
tiiiuiius  muscle  is  formed,  the  contractions  of  which 
striingly  achluct  the  lower  costal  cartilages  and  thus  di- 
minish the  epigastric  angle.  The  middle  portion  of  the 
trausrcrKulis  acts  directly  upon  the  abdominal  wall.  This 
is  best  illustrated  in  a  horizontal  section  of  the  trunk  just 
above  the  level  of  the  umbilicus  (.see  Fig.  152.'3). 

"  In  its  contraction  the  traiistersalis  acts  from  the  outer 
border  of  the  fjundratus  bimbormn,  as  that  muscle  fixes 
its  tendon  in  the  lumbar  region.  It  tends,  first,  to  draw 
the  liuea  alba,  toward  the  fixed  point;  but  the  antagonism 
of  tlie  muscles  of  the  opposite  sides  prevents  lateral  dis- 
placement, and  simply  allows  the  anterior  abdominal 
wall  to  approach  the  vertebral  bodies,  shortening  the 
antero-posterior  diameter.  The  muscular  fibres  interme- 
diate between  the  anterior  and  posterior  attachments, 
Avliich,  during  distention  of  the  ahdomen,  are  sharply 
curved,  become  straightened  during  eontiaelion  and 
make  strong  lateral  compression. 

"The  lower  fibres  of  this  muscle,  when  they  contract, 
tighten  the  line  across  the  inferior  abdominal  regions,  and 
compress  the  intestines.     The  trau.si-i.r.ialis,  then,  by  its 


Fig.  l.ra.— H  11/  util  Scitiin     1    fiunk  Illusti  itiiip  the  Action 
the  Transversalls. 

contraction,  first,  assists  in  diminishing  the  size  of  the 
thorax;  second,  it  contributes,  more  than  any  other  mus- 
cle, toward  the  diminution  of  the  abdominal  cavity;  and. 
third,  it  acts  in  a  manner  analogous  to  that  of  the  lower 
portions  of  the  oblique  muscles. 
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"  Posteriorly,  the  most  important  muscles  of  forced 
expiration  are  the  erectores  spiiue,  serrati  pontiei,  and 
(piadratus  luniborum. 

"The  erector  spincK  is  easily  divisible  into  an  outer  and 
an  inner  portion,   viz. :    the  ileo-costiUiii  and  loiiyisaimus 


Fig.    1.52(3.  —  Accessory    Jrusoles   of    the    Back -Serratiis    Posticus, 
QuaiJratus  Lumborum. 

dorsi.  The  former  is  connected  below,  by  means  of  the 
lumbar  aponeurosis,  to  the  iliac  bone ;  above,  to  the  angles 
of  the  six  or  seven  lowest  ribs.  The  longisdiims  is  more 
complex,  but  the  only  part  of  it  whicli  is  ]5rominently 
concerned  in  the  respiratory  function  consists  of  a  num- 
ber of  digitations  running  from  the  lumbar  aponeurosis 
lielow  to  eight  or  ten  ribs  above. 

"When  tile  en-etor  spina!  contracts,  it  draws  the  I'ibs 
forcibly  downward  toward  the  pelvis,  lessens  the  trans- 
verse and  antcro-posterior  diameters  of  the  thorax,  and 
at  the  same  time  tends  to  .shorten  the  perpendicular  axis 
of  the  abdomen.  Those  accessory  muscles  which  rein- 
force the  divisions  of  thr  /rrrtiii-'x/iiii/r  n]>ityr.  M-t  upon 
the  upper  rilis,  but  thcirstrciiglh  is  lar  infi-ricir  to  that  of 
the  ikri-rost^ilis  and  Uniqixsiiinut  dnrxi  (Figs  \'>'H)  and 
1527).  ^ 

■AVlicii  these  iiinvei'ful  iimscles  of  ex|iiration  are  spas- 
modicaily  contracted  in  the  act  of  eouy'liing,  tlieir  first 
effect  IS  Ic,  adducl  and  depress  the  libs,' and' by  so  doin"' 
dmiimsh  tlie  size  of  tlie  thorax  in  all  its  diameters  The 
adduction  slmrtens  tlie  Iransverse  iliameter.  The  depres- 
sion of  tlie  rilis  and  sternum  sliortens  theantero-jiosterior 
diana-ter,  and  lessens  the  longitudinal  axis  of  the  general 
body  cavity.  But,  as  the  abdominal  walls  only  vield  in 
the  upward  direction,  and  as  tlie  contenis  of  the  libdomi- 
nal  cavity  are  iiractically  inc(jmpressible,  its  r(^of,  the 
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diaphragm,  which  is  relaxed  during  expiration,  must 
a,scend  and  encroach  upon  the  thoracic  cavity,  from 
which  enough  air  e.scapcs  to  compensate  for  tlie  diminu- 
tion in  its  size.  The  second  effect  of  the  expirator}'  con- 
traction is  to  lessen  the  circumference  of  the  abdomen. 
As  the  contents  are  incompressible,  and  as  the  sphincter 
muscles,  by  their  contraction,  prevent  the  escape  of  any- 
thing from  the  hollow  viscera,  the  decrea.se  in  the  trans- 
verse and  antero-posterior  dimensions  of  the  alidomen 
must  lie  compensated  for  bj'  an  increase  in  its  long  diam- 
eter— another  factor  in  the  production  of  the  ascent  of  the 
diapliragm. 

"This  study  of  tiie  action  of  the  muscles  during  forced 
expiration  will  make  plain  the  effects  of  coughing  upon 
the  lungs  and  other  viscera.  As  has  been  already  stated, 
the  forcible  expiration  is  preceded  by  a  more  or  less  deep 
inspiration,  by  which  a  large  quantity  of  air  is  obtained 
for  use  in  cxpielling  the  off  ending  substance.  Tlie  glottis 
is  then  partially  closed,  so  as  to  narrow  the  route  of  exit 
and  increase  the  friction  of  the  escaping  air  again,st  the 
mucous  membrane  of  the  larynx,  trachea,  etc.  This  is 
accompanied  by  the  sudden  and  strong  expiratory 
effort,  during  which  tlie  lower  ribs  are  drawn  quickly 
downward  and  inward,  lessening  the  capacity  of  the 
lower   portion  of   the  thorax.     The  pressure  upon  the 


Fig 


1537. -Attachments  of  tlie  Erector  Spina>  Mass— Ilio-Costalis  and 
LoiiKlssimus  Dorsi. 


abdominal  viscera  drives  them  against  the  diaphragm 
and  pushes  the  floor  of   the  thorax  upward  against^the 
bases  of  the  lungs.     The  lower  lobes  are  thcn'suddenlv 
and  violently  pressed  upon  from  all  sides,  and  their  con- 
tents driven  in  the  direction  of  least  resistance   viz     up- 
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ward  toward  the  trachea.  If  the  displaceinent  of  tlie  air 
is  so  sud(ieu  tliat  the  jiressure  in  the  trachea  is  greater 
tlian  in  tlie  broncliial  tubes  of  tlie  upper  lobes,  the  cur- 
rent will  be  reversed  in  the  latter,  and  the  siii'ierior  and 
anteiior  parts  of  the  lungs  will  be  inflated;  for  the  apices 
and  anterior  borders  of  the  lungs  are  ver\'  little  subject 
to  the  expiratory  force,  and  only  e.\pel  their  tidal  and 
supplementary  air  properly  when  the  movements  of  the 
thorax  are  sufficiently  deliberate  to  allow  of  an  adjust- 
ment of  pressure  throughout.  The  forcible  distention  of 
the  apices  is  seen  in  those  suffering  from  violent  spas- 
modic cough,  as  in  broncliitis,  phthisis,  and  pertussis. 
During  the  paroxysms,  the  supraclavicular  sjiaces  are 
seen  to  bulge,  sometimes  to  a  very  remarkable  degree, 
partly  from  swelling  of  the  large  veins  in  those  reg'ions! 
but  partly  also  from  distention  of  the  apices.  The  same 
thing  can  frequently  be  seen  in  the  upper  intercostal 
spaces,  near  the  sternum. 

"In  acute  bronchitis  we  find,  as  a  result  of  increased 
expiratory  efforts,  both  in  breathing  and  coughing,  a 
temporary  distention  of  the  alveoli  of  the  superior  and 
anterior  parts  of  the  lungs,  manifested  by  prominence 
and  increased  resonance  on  percussion.  It  is  a  temporary 
functional  emphysema  which  subsides  as  the  attack 
passes  awaJ^" 

DiAGKOSis — The  most  important  point  for  a  physician 
to  determine  in  relation  to  cough  is  its  cause,  and 'the  di- 
agnostic possibilities,  therefore,  should  be  carefully  con- 
sidered. Its  semeiological  relations  are  by  no  means  con- 
fined to  disea.ses  of  the  nose,  throat,  and  lungs,  although 
it  is  most  frequently  indicative  of  disease  somewhere  in 
the  respiratory  tract. 

It  may  be  caused  by  the  inhalation  of  irritants,  as  dust, 
smoke,  fumes,  gases,  volatile  oils,  and.  in  susceptible 
subjects,  certain  pollens,  and  odors.  Changes  of  tem- 
perature, and  excessi\e  dryness  and  excessive  moisture 
of  the  atmosphere  may  give  rise  to  cough  without  ex- 
citing visible  inflammation.  It  may  be  caused  by  undue 
heat  or  pungenc}-  of  food  or  drink,  or  b}^  even  minute 
drops  of  fl\iid  entering  the  larynx.  It  may  cause  or  be 
caused  by  vomiting,  or,  as  in  nervous  diseases,  cough 
and  vomiting  may  be  due  to  a  common  cau.se.  Similarly, 
cough  may  provoke  or  be  provoked  b}'  larj'ngeal,  pharyn- 
geal, oesophageal,  pulmonary,  or  gastric  hemorrhage,  or 
may  be  excited  by  blood  from  a  nasal  hemorrhage  enter- 
ing the  larynx ;  or  cough  and  hemorrhage  may  have  a 
common  origin.  In  such  associations,  therefore,  care 
must  be  taken  to  examine  the  patient  'ttioroughly,  and 
to  weigh  duly  all  the  facts  of  the  case. 

Coughing  may  be  reflex  in  origin,  as  from  the  irrita- 
tion of  teething ;  or  it  may  be  due  to  foreign  bodies  in  the 
ear,  or  to  the  existence  of  a  tumor,  inflannnatiou,  or  other 
irritative  disturbance  in  any  portion  of  the  auditor}'  ap- 
paratus; or  to  foreign  bodies,  polypi,  enlarged  turbinals, 
and  other  abnormities  in  the  nasal  cavities,  or  to  adenoid 
vegetations  in  the  naso-pharynx.  An  elongated  uvula,  or 
a  relaxed  palate,  or  enlarged  glands,  or  distended  veins 
at  the  base  of  tlie  tongue,  may  give  rise  to  cough  by  me- 
chanical irritation  of  the  epiglottis;  while  cysts  or  other 
tumors  upon  the  latter  structure  may  produce  either  di- 
rect or  indirect  irritation,  or  provoke  spasmodic  cough 
with  symptoms  of  strangulation  by  becoming  incarce- 
rated between  the  ventricular  bands  or  the  vocal  bands. 
Foreign  bodies  or  tumors  in  any  portion  of  the  throat  (in- 
cluding under  this  heading,  pharynx,  larynx,  and  ceso- 
phagus),  retropharyngeal  abscess,  a  foreign  body  or  a 
tumor  in  a  bronchus,  enlarged  bronchial  glands,  a  tumor 
or  abscess  of  the  thyroid  gland,  goitre,  mediastinal  tumor, 
aneurism  of  the  thoracic  aorta  or  its  early  branches,  or  of 
the  right  carotid  or  right  subclavian  artery,  the  pressure 
of  a  distended  lung  apex  in  emphysema, — an}'  one  of  these 
may  excite  cough  mechanically  or  by  reflex  irritation  of 
the  pneumogastric  trunk  or  of  one  of  its  branches.  Cough 
may  likewise  be  due  to  cerebral  disease,  to  tabes  or  other 
spinal  affection,  to  neurasthenia,  or  to  hysteria. 

It  may  arise  reflexly  from  irritation  in  any  ]iart  of  the 
digestive  tract,  including  the  liver,  or  may  be  due  to  con- 
gestion or  cedema,  secondary  to  disease  of  the  liver,  of 


the  kidney,  or  of  tlie  heart.  Its  remote  cause  may  be 
gou  or  alcoholism,  and  the  most  brilliant  successes  in 
out™ or-  .■•"'''  **"""-''""'^^^  ''""  *°  "'e  recognition  of  its 
Cough  occurs  mo.st  frequently,  however,  as  a  symp- 
tom of  inflammation,  whether  of  the  upper  or  lower  re- 
spiratjory  tract:  thus  in  sore  throat  of  various  localization 
m  epiglottitis,  in  laryngitis,  in  croup,  in  tracheitis  in 
uroiiclntis,  m  pneumonia  (croupous  or  catarrhal)  and  in 
pleurisy ;  also  in  emphysema  and  in  asthma.  It  is'usually 
a  marked  feature  in  advanced  cases  of  ]iulmonary  tuber- 
culo.sis,  and  sometimes  in  early  ca.ses,  although  'in  some 
instances  pulmonary  tuberculosis  has  been  known  to  run 
its  course  from  beginning  to  end  with  little  or  no  cough. 
The  mere  enumeratior.  of  these  varied  conditions, 
which,  moreover,  do  not  exhaust  the  list  of  po.ssibilities! 
IS  suthcient  to  show  tliat  the  cause  of  any  cough  must  be 
carefully  sought  for  both  locally  and  in  general  conditions, 
and  that  unless  both  local  and  general  examination  has 
been  made,  no  diagnosis  can  be  considered  beyond  ques- 
tion. Laryngoscopy  should  never  be  neglected.  More- 
over, as  in  all  other  diagnoses,  all  of  the  facts  in  the  case 
must  be  considered,  and  the  decision  based  upon  their 
association,  rather  than  upon  any  individual  symptom  or 
sign. 

Indications  of  greater  or  less  significance  may  perhaps 
be  given  by  the  character  of  the  cough.  Thus  a  ringing, 
metallic  cough  is  usually  associated  with  pressure  upon 
the  pneumogastric  nerve  or  its  branches,  and  will  thus 
be  found  in  aneurism,  mediastinal  tumor,  and  similar 
conditions.  A  cough  of  this  character  or  a  peculiar 
hoarse,  stridvlmm  cough  without  expectoration,  and  asso- 
ciated with  paralysis  of  the  left  vocal  band,  raises  a  very 
strong  suspicion  of  aneurism  even  in  cases  in  which  all 
or  most  of  the  ordinary  physical  signs  are  lacking;  and 
I  have  verified  two  such  diagnoses,  the  one  by  fluoro- 
scopj',  and  the  other  by  post-mortem  examination.  A 
muffled  cough  suggests  the  presence  of  membrane  within 
the  larynx,  and  if  the  voice  also  be  muffled,  a  high  degree 
of  probabilitjr  is  given  to  the  diagnosis  of  membranous 
croup  or  diphtheria.  The  so-called  croupy  cough,  or  crow- 
ing cough,  may  be  found  not  only  in  membranous  croup 
and  diphtheria,  but  in  catarrhal  and  spasmodic  laryngitis 
(false  croup),  and  in  laryngismus  stridulus.  The  cough 
of  asthma  is  of  a  lioarse,  wheezing  character.  The  tchoap 
of  pertussis  is  sui  generis,  and  hence  both  characteristic 
and  pathognomonic.  Hysterical  cough  is  often  staccato, 
as  is  sometimes  the  cough  of  the  insane,  esi3ecially  in  the 
early  stages  of  general  paresis.  It  may,  however,  in 
hysterical  subjects,  assume  almost  any  character,  and  the 
imitation  of  the  cries  of  animals,  more  particnlarl}-  the 
barking  of  a  dog,  or  of  the  crowing  of  a  rooster,  is  not 
uncommon.  J.  Soils  Cohen  lias  described  an  epidemic  of 
hj'Sterical  barking  in  a  seminary  for  young  women. 

'  Cough  is  said  to  be  medst  when  accompanied  b}'  more 
or  less  pronounced  sounds  of  agitation  of  fluid  in  the  air 
passages,  and  in  such  cases  it  is  usually  associated  with 
expectoration;  though  in  the  case  of  pulmonary  oedema 
and  other  asthenic  conditions,  expectoration  may  be  defi- 
cient. Cough  is  dry  when  not  accompanied  with  expec- 
toration, or  wdien  expectoration  occurs  only  with  diffi- 
culty and  fluid  sounds  are  absent.  Cough  is  productive 
when  it  brings  out  a  quantity  of  phlegm  and  ceases  with 
such  relief.  \t  is  unproductive  when  not  so  accompanied. 
Productive  cough  is  sometimes  termed  free.  The  terms 
prolonged  and  short,  hard  and  light,  are  self-explanatory. 
Coughs  of  the  foregoing  characters  are  usually  associated 
with  inflammatory  conditions  in  some  portion  of  the  air 
tract,  and  their  character  may  be  an  indication  of  the 
character  of  the  causative  inflammation.  By  hacking 
covqh  is  usually  meant  a  short,  dry,  unproductive  cough, 
caused  by  m'echanical  irritation,  or  of  reflex  origin. 
"Hawking"  of  mucus  from  the  nose  or  naso-pharynx 
into  the  throat  should  not  be  mistaken  for  cough.  Some- 
times cough  is  so  severe  as  to  cause  the  patient  to  become 
red  in  the  face,  and  this  is  usually  the  ca.se  in  spasmodic 
affections.  A  cough  is  suppre.i.vd  or  deficient  when,  in 
diseases  that  are  ordinarily  accompanied  by  free  coughing 
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iind  expectoration,  weakness  of  tlie  patient  deprives  it  of 
this  cliaraelei'. 

The  cliaracters  of  ihe  niatlers  expectorated  sometimes 
give  vahiable  information  as  to  tlie  cause  of  tlie  cough,  or 
as  to  the  palhologiea)  process  witli  wliicli  it  is  associated. 
This  subject  is  fulh'  ti-eatedof  under  the  invading  Kpiitimi, 
elsewhere  in  lliis  Hanihiook.  Hen'  I  shall  lait  reter  brii'tly 
to  theyellowisli,  mnco-punilent  a])pearance  of  bronchilic 
sputum;  the, green  isli  cohirand  luipleasant  odor  of  the  dis- 
charge inl)roiiehorrliiea;  tlie  darli,  sometimes  black,  color 
of  tlie  sinitum  of  pulnionai-y  gangrene  and  its  unmislidv- 
able  putridity;  the  rusty  sputum,  prune-jince  expectora- 
tion, and  characteristic  diplococcl  of  acute  lobar  pneu- 
monia; tlie  sago-like,  often  black-spotled  sputum  of  in- 
fluenza with  its  characteristic  bacilli;  the  gi-eenish  or 
nummular  sjiuta  of  |iulmonary  tuberculosis  with  patlif)g- 
nomonic  bacilli;  the  spirals  and  crystals  of  asthma;  the 
membranous  castsand  KlebsLoeffler bacilli  of  diphtheria, 
as  illustrations.  The  entire  absence  of  sputum  suggests 
as  the  explanation  of  a  cough,  pleurisy,  pulmonary  tu- 
berculosis, tumor  or  foreign  body  in  the  air  passages,  ir- 
ritation of  the  epiglottis,  pressure  upon  the  pneumogas- 
tric  nerve  or  its  sjiinal  accessory  or  recurrent  laryngeal 
branch,  or  some  reflex  origin. 

Coughing  maj'  be  attended  with  (len'dfuh  of  greater 
or  less  moment  and  severity.  Thus  in  acute  brcmchitis 
the  lodgment  of  a  plug  of  mucus  so  that  the  exjiiratory 
current  is  blocked  ma_y  prf)duce  a  temporary  dilatation 
or  emph3'sema,  while  in  chronic  bronchitis  the  emphy- 
sema tends  to  become  destructive  and  permanent.  So 
In  cough  of  any  character  the  closure  of  the  rima  glot- 
tidis  and  the  backward  pressure  maj'  ]iroduc(^  forcible 
distention  of  the  apices,  that  may  even  lead  to  rupture  of 
airsaes,  of  intervesicularorinter'lolndar  se])ta,  orof  blood- 
ves,sels.  Tliis  is  especially  Ihe  case  in  spasmodic  cough, 
as  in  the  improductive  effort  of  phthisis,  or  in  pertussis. 
Diu-ing  the  paroxj-sm  the  supraclavicular  spaces  bulge, 
partly  because  the  apices  of  the  lungs  are  distended, 
partly  because  of  turgescence  of  veins.  C'ircidatory  dis- 
turbances are  caused,  mainlj-  venous.  As  Westbi'ook 
pointed  out,  in  ordinarj'  breathing  intrapulmonary  press- 
ure is  slightly  positive  dui'ing  Ihe  expiratorj'  act.  The 
forced  expiration  of  cough  causes  sudden  rise  of  pressure 
and  arrests  the  current  of  blood  in  the  large  veins  of  the 
neck,  chest,  and  abdomen,  or  may  even  leverse  it.  The 
blood  from  the  right  auricle  and  ^'ena'  cavie  is  repelled 
upon  the  advancing  blood.  Thus  the  veins  are  overfilled 
in  the  stomach,  the  n?sophagus,  the  pharynx,  and  the 
larynx,  in  the  pelvis,  in  the  inferior  liemorrhoidal 
branches,  m  the  uterus,  in  the  vagina,  and  in  tlie  blad- 
der, and  ruptures  and  hemorrhages  ma}'  occur.  In 
women,  bloody,  .serous  discharges  from  the  vagina,  and 
in  many  cases  involuntary  urination,  may  occur  during 
paroxysms. 

In  some  persons  the  eyes  bulge  or  feel  a  painful  press- 
ure during  coughing,  and  hemorrhage  of  the  conjunc- 
tiva, and  even  of  the  retina,  may  occur.  Not  only  blond- 
vessels  but  other  structures  may  give  way  under  certain 
conditions.  Dr.  Max  J.  Stern  communicates  to  me  the 
case  of  a  physician,  aged  seventy  yeai's,  whose  clavicle 
was  fractured  by  the  suddi'ii  strain  of  cough;  and  I  have 
personally  observed  i-upture  of  the  fibres  or  ligamentous 
altachm.Mils  of  some  nf  tlie  dei'per  mu.scles  of  the  back, 
incapaciiatini;-  ,  lie  siibjecl   tor  a  number  of  da)s, 

Tlie  sevei-iiy  of  a  eoiigli  depends  partly  on  the  nature, 
partly  (111  tlir  l(ie;,(  ion,  of  f  he  inil;itioii  or  iiill;imm;iliciii 
e\eitill^■it.  Tlir  cpiLilottis  is  i|iiileseiisili\c  tc.  irritat inn 
and  thr  retlcx  ,,l'  eniiuli  reiiilily  |ji-(„l  mihl,..  The  sn|)iai(ii' 
'•""d'arlnienf  ,,r  the  larynx  (above  the  vocal  bands)  is 
i!iii''l'  oioiv  lolnanl,  e\e,'|il  that  \-er\^  slinlil  irntiiti.m 
•il'l'li'''!  '"  a  |)oint  lai  lli,.  ineso-ar\lenoiil  fi.ld  wil 
se\-ere  ciingli.  On  I  lie  wlmle.  (he'giva 
is  that  of  the  iniieniis  nicniliranr  i.l'  the  Inw.a 
trachea,  and  iar-er  luhes,  that,  is,  bet 

and  abn\-e  the  smaller  lironi'lii,      .\  I   1 1 ,,.,,,,, 

diminishes,  and   the  pnbnnnare  pairneh  vin,a"i,s"sl'i'il"l,''ss 

sensitive.      In   pneu nia  Ihe  .■,,ii-li    is  most  laigvly  due 

to  thea,ssoeiatedbi-oneliitis;  .and,  as  alread  y  slated   eou'di- 


alise 
susrepliliilil  y 
lar\  ii\, 
I  he  \(ieal    bands 
niter,  inilabilil  \ 


ing  may  be  slight  or  absent  in  the  early  stage  of  pulmo- 
nary tuberculosis. 

Tke.vt.ment. — There  is  no  treatment  for  cough;  it  may 
be  restrained  by  the  use  of  local  or  general  sedatives,  or 
stimulated  by  focal  or  general  excitation ;  but,  as  already 
stated,  it  is  "merely  a  symptom,  and  before  it  can  be 
brought  to  an  end  its  cause  must  be  removed  either 
through  termination  of  the  underlying  di-sease  in  due 
course,  or  by  surgical  or  medicinal  intervention.  It  is 
often  beneficial  even  when  cau.sed  b_y  pathological  con- 
ditions, preserving  its  physiological  function  as  an  ex- 
pulsive mechanisni.  It  is  only  yvhen  excessive  or  unpro- 
ductive that  it  needs  to  be  restrained.  When  insufficient, 
on  the  other  hand,  it  may  need  to  be  stimulated.  Atten- 
tion, moreover,  must  be  paid  to  Ihe  character  of  the  ex- 
pectoration, correction  of  wdiicli,  yvhether  by  stimulation 
or  restraint,  may  be  the  onlj'  treatment  necessary  to 
bring  the  cough  within  proper  bounds. 

Cough  caused  by  local  irritation  above  the  epiglottis 
— such  as  an  elongated  uvula,  oraixdaxed  palate,  adenoid 
vegetations  in  the  naso-phaiynx,  na.sal  poh'pi,  hypertro- 
phied  tonsils,  or  enlarged  glands  or  vessels  at  the  base  of 
the  tongue — is  corrected  by  removal  of  the  offending 
cau.se.  The  uvula  ma}' be  partially  amputated  or  treated 
with  astringents  or  the  electro-cautery.  The  relaxed 
pialate  may  be  treated  Avitli  astringents  or  by  means  of 
electric  applications.  Ilypertropliied  tonsils,  adenoid 
vegetations,  nasal  polj'pi,  should  be  excised,  burned,  or 
otherwise  destroyed.  Enlarged  glands  or  varicose  veins 
at  the  base  of  the  tongue  should  be  destroj-ed,  preferably 
by  means  of  the  electro-cautery  point. 

The  cough  that  sometimes  accompanies  acute  faucial 
and  pharyngeal  inflammations  is  relieved  b}'  the  treat- 
ment of  the  cau.sative  condition.  Ice,  ice  cream,  and 
other  cold  sedative  applications  are  usually  mo.st  grate- 
ful. In  rare  instances  inhalation  of  the  vajior  of  hot 
water,  medicated  with  opium,  cannabis  indica,  hops,  and 
the  like,  is  more  soothing.  Chronic  phaiyngitis  may 
be  accompanied  with  cough.  In  such  cases  astringent 
lozenges,  such  as  guaiac,  catechu,  or  rhatany,  usually 
help  to  relieve  it.  In  singers  and  speakers  especially, 
there  may^  be  cough  due  to  lack  of  ,secretions  in  the  mouth 
and  throat.  A  lozenge  that  I  have  found  quite  useful  in 
such  cases  contains  tti  ij.  of  the  fiuid  extract  of  pyre- 
thrum,  gr.  jJjy  pilocarpine  hydrochli irate,  and  ftl  ss.  of  oil 
of  peppermint  or  an  ecjuiyalent  of  menthol,  orof  cam- 
phor. It  may  be  made  up  with  chocolate,  Irish  moss,  or 
the  artificial  '"  marshmallow  "  u.sed  by  confectioners. 

Cough  due  to  acute  catarrhal  laryngitis  is  not  usually 
excessive,  and  needs  no  treatment  other  than  that  of  the 
affection  of  Avhich  it  is  symptomatic;  for  example,  in- 
halation of  the  vapor  of  warm  Avater  impregnated  with 
compound  tincture  of  benzoin  and  paregoric.  A  spray 
of  adrenal  solution  is  useful  in  early  cases.  The  cough 
of  chronic  laryngitis  requires,  as  a  rule,  ,some  special  at 
tention;  it  is  usually  unproductive,  and  as  it  is  a  source 
of  distress,  and  als(.  mechanically  prolongs  the  irritation 
and  iiillammalion  of  the  organ,  may  need  to  be  restrained 
by  sedatives.  C>f  tlu'se,  the  bromides  or  opiates  in  very 
small  do.ses  are  preferable.  The  new  synthelic  ]irepara- 
tion  of  opium,  heroin,  is  much  lauded,  but  has  no  special 
advantage  over  morphine  or  codeine.  The  latter  is  to  be 
preferred  in  <ases  in  which  an  alkaloid  of  this  drug  is  to 
be  used,  as  it  is  less  likely  than  is  morphine  to  jiroduce 
an  unfortunate  liabil.  On  the  whole,  however,  pare- 
goiii-  will  ,ser\-e  the  best  of  the  opium  group:  gr.  x.  of 
slronlium  brnmide  ami  ii|  xv.  of  paregoric  given  with 
syiu|)  of  gallic  (u-  \\  ilh  mucilage  of  acacia  three  or  four 
times  a,  d:iy.  usually  answers  e\-ery  ]uirpose.  A  cold 
cinnpivss  n\ci'  Ihe  IronI  of  the  neck  is  often  useful  in 
easrsnt  subacule  and  chronic  intiammations  of  the  larynx, 
•■iiid  iiieiihaitally  hel]is  t(>  restrain  cough.  It  is  usually 
applird  most  conveniently  during  bedlinie.  Sprays  o"f 
zinc  sulplKiearbolate  and  the  like,"  or  of  wine  of  ipecac, 
may  be  used  during  the  day.  jMorphiue  oleate  (two  per 
eent,  ill  oleic  acid)  applied  externally  over  the  larynx,  or 
eiiilnlai-yiigeally  by  sponge  and  carrier,  sometimes  has  a 
useful  sedaliveelTecl.      When  the  cough  of  chronic  la rvn- 
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gilis  is  obstinate  and  ti'iuibk'somc,  anil  not  relieved  by 
the  method  applied  to  the  treatment  of  the  iiuderlyinj;- 
alteetion,  relief  may  sometimes  be  given  liy  the  adminis- 
tration of  cimicifuga.  gtt,  .\.  or  xv.  of  thi^"  fluid  extraet, 
three  or  four  linu  s  a  day.  In  cases  dependent  on  eonges- 
.  tion  due  to  delicient  eardiae  action,  digitalis,  .stroplVan- 
thus,  str3'chnine,  and  otlier  eardiants,  are  usually  ellicienl 
without  special  sedative  treatment ;  but  ))roniide  or  opium 
may  bo  used  with  caution  in  these  cases  also.  A  small 
dose  of  morphine,  say  gr.  ^'jj  to  Jj,  may  liccoudnned  with 
some  stimulating  sialagogue  or  expeetoi-ant,  as  cubeb  or 
pyrethrum,  in  a  lozenge.  As  a  rule,  howevei-,  lo/.cMiges 
are  not  useful  in  checliing  cough,  except  when  lliis  is 
due  to  local  conditions  above  the  epiglottis. 

In  acute  bronchitis,  if  the  cough  is  easy  and  the  exjiec- 
toration  free,  no  special  indication  is  aJVordcd  for  Ircat 
meut.  When  the  cough  is  hard  and  expectoration  dilti- 
cult,  a  stimidating,  expectorant  treatment  is  usefvd. 
Annnonium  chloride  stands  at  the  head  of  drugs  used 
for  this  purpose.  Its  taste,  when  disagreealile,  may  lje 
covered  with  flvud  extract  of  coca  or  with  the  i>owdered 
extract  of  licorice,  in  syrup  of  tolu  or  syrup  of  senega. 
Paregoric  may  usefully  be  adiled  to  such  a  mixture  when 
the  cough  partakes  of  an  irritative  character.  In  sidi 
acute  and  chronic  bronchitis  cough  is  usually  due  to  in- 
sufflcient  fluidity  of  the  secretions,  so  that  they  cannot 
be  expelled  readilj'.  The  terebinthinate  and  balsamic 
group  of  drugs  is  here  of  the  greatest  service.  Euea- 
lyptol  and  fluid  extract  of  eucalyptus,  oil  of  sandal- 
wood, oleoresin  of  cidjcb,  turpentine,  terebeue,  and  tei- 
pine  hydrate,  are  most  frequently  em]>loyed.  Myrtol  is 
perhaps  better  than  any  of  the  preceding.  The  general 
dose  of  the  volatile  oils  is  from  gtt.  x.  to  xv.  in  cnud- 
sion  orcapsule,  or  given  upon  sugar.  Of  terpine  hydrate 
the  usual  dose  is  about  gr.  v.  Small  do.ses  of  ajjomor- 
phine  or  of  pilocarpine  or  of  fluid  extract  of  pyrethrum. 
may  be  used  with  discretion.  When  expectoration  is  too 
great  and  cough  too  frequent,  aromatic  sulphuric  acid 
and  codeine  are  among  the  drugs  most  usefvd.  Tincture 
of  belladonna,  atropine  sulphate,  or  exti-act  of  hyoseya- 
mus,  in  small  doses,  or,  when  there  is  a  distinctly  neun  itic 
element,  hyoscine  hydrobromate  (gr,  -^-^  or  less)  may  be 
cautiou,sly  used  in  cases  of  excessive  secretiiai,  oi'of  spas- 
modic cough. 

In  pleurisy,  cough  becomes  painful.  Strapping  of  the 
ribs  tends  to  restrain  it,  and,  by  restraining  Ijreathing  as 
well  as  cough,  to  relieve  pain.  When  this  does  not  suf- 
fice, codeine  or  other  opium  preparation  should  be  given, 
when  the  pain  is  so  great  as  to  justify  iiderference  or  to 
iiiterfere  with  the  patient's  prospects  of  recovery;  other- 
wise no  interference  is  necessary.  Hot  ap|ilications,  ()r 
ointments  coutainin,g  guaiacol,  menthol,  and  birch  oil 
well  rubbed  in  externally  over  the  sivd  of  pain  are  often 
useful  in  restraining  the  irritation  that  jn'oduces  cough. 
Sometimes  a  light  blister  acts  liai)pily. 

In  pneumonia  it  is  imwise  to  try  to  check  cough,  as  is 
so  often  done,  Ijy  the  administration  of  opium;  esix-eially 
unwise  is  the  hypodermatic  use  of  morphine.  The  gieat- 
est  judgment  "is  needed  to  determine  wdiether  or  not  to 
interfere,  and,  in  the  latter  instance,  the  nature  and 
eharaeter  of  the  interference.  Cough  should  be  sulticicnt 
to  jiermit  of  free  expectoration  of  tlic  matters  conlained 
in  the  bronchi.  On  the  other  hand,  it  should  not  be  so 
frequent  or  so  painful  as  to  prevent  the  ]i;iticnt  from 
sleeping  or  add  to  his  physical  or  mental  distress.  Usu- 
ally expectorant  drugs,  of  which  ammonium  chloride 
anil  ammonium  carbonate  .stand  at  the  head,  are  given 
with  good  results  upon  the  general  jirogress  of  the  case. 
Senega,  squill,  cimicifuga,  and  the  like  may  be  useful, 
though  they  should  not  be  employed  mei-ciy  for  a  sec- 
ondary influence  upon  the  cough,  if  not  otherwise  called 
fur.  The  inhalation  of  ethyl  iodide  also  tends  to  I'ender 
expectoration  freer  and  to  dimini.sh  irritation,  and  thus 
to  keep  the  cough  within  due  limit.  '  Slioidd  it  be  neces- 
sary, as  in  rare  instances  it  may  be,  to  take  active  meas- 
ures to  restrain  coughing,  the  cautious  inhalation  of 
chloroform  or  of  the  nrnmoniidcd  clilin-nfufiii  of  B.  W. 
Pdehardson  is  to  be  preferred.     The  chloroform  is  best 


earned  over  by  means  of  oxygen  passed  through  a  wash 
bottle  containing  it.  Nothing  a|)proaching  general  an- 
a'Sthesia  should  be  produced.  The  I'elaxation  of  the 
vasomotor  system  is  not  dangerous  in  ]ineumonia,  if  not 
liushed  to  exci'.ss.  Indeed,  the  administration  of  nitro- 
gl.ycerin  sometunes  relieves  cough  by  diminishing  pul- 
inonary  eongesticm  and  relieving  the  heart.  Similarly 
the  use  of  digitalis  at  the  appropriate  time,  and  venesec- 
tion judiciously  applied,  while  not  to  lie  jireseribed 
merely  foi-  the  relief  of  cough,  include  this  in  the  sum  of 
I  heir  effects.  Nitrous  oxide  may  also  be  used  with  cau- 
tion. It  is  best  given  mixed  with  oxygen  in  the  ]iropor- 
tion  of  one  part  of  the  former  to  two  of  the  latter,  and 
may  be  inhaled  after  being  passed  through  a  wash  bottle 
in  the  ordinary  way.  When  inhalations  are  not  avail- 
able, s])irit  of  chloroform,  hydrocyanic  acid,  hyo.scine 
hydrobromate,  and  if  neees,sary,  codeine,  may  be  cau- 
tiously em|iloyed  by  internal  administration.  Some  phy- 
sicians aihuiiuster  tartar  emetic  in  doses  of  gr.  jif  or  less 
to  an  adult  to  promote  secretion  and  thus  to  les.sen 
cough.     I  have  never  used  it  for  this  purpose. 

In  asthenic  conditions,  as  hypostatic  pneumonia,  pul- 
monarj'  cedenia,  capillary  bronchitis  of  the  old  and  debil- 
itated, and  sometimes  in  infants,  cough  is  detlcient.  It 
llien  needs  to  be  stimulated.  Opium  and  depressants 
should  be  avoided,  and  such  agents  as  .strychnine,  tur- 
jientine,  digitalis,  mustard  oil  well  guarded,  musk,  am- 
moniunr  carbonate  or  aromatic  spirit  of  ammonia,  qui- 
nine, hydrogen  dioxide,  and  oxygen  should  be  used. 

The  cough  of  pulmonary  tuberculosis  requires  very 
skilful  management.  The  tendency  both  of  patients  and 
physicians  is  to  try  to  suppress  it.  This  is  a  mistake,  as 
it  is  of  the  utmost  importance  for  the  patient  to  free  the 
air  passages  from  the  morbid  accumulations.  The  cough 
may  be  ]-egulated,  but  no  effort  .should  be  made  to  bring 
it  to  an  end,  except  naturally  as  an  indication  of  pro,g- 
ress  toward  recovery.  The  inhalation  of  compressed 
air,  especially  if  conjoined  with  expiration  into  rarefied 
air,  tends  at  first  to  increase  cough  by  facilitating  the 
expectoration  of  matters  otherwise  retained  in  unventi- 
lated  regions  of  the  lung.  Later  the  diminution  in  the 
(|uantity  of  morbid  product  tends  to  reduce  the  cough. 
The  eoi'igh  is  often  favorably  influenced  by  the  other  fea- 
tures of  the  hygienic  treatment,  especially  by  hydrothera- 
pcidic  procedures,  of  which  the  sim|ilest  is  the  morning 
cold  sponge  or  shower  bath.  All  medicaments  advocated 
for  u.se  in  tuberculosis,  whether  by  the  laity,  by  (piacks, 
by  pliysicians,  or  by  those  who  belong  partly  in  all  these 
classes  and  wdiolly  in  none,  number  among  their  allegeil 
virtues  the  lessening  of  cough.  This  is,  in  fact,  true  of 
creosote  and  its  derivatives" and  congeners,  and  of  the 
balsamies  and  terebinthinates,  of  which  latter  cinnamic 
acid  (sodium  einnamate),  Peruvian  balsam,  cucalyptol, 
terebeue,  and  myrtol  are  the  best.  Ethyl  iodide,  ereo- 
S(.)te,  cliloroform,  bromoform,  oil  of  peppermint,  and  the 
terebinthinates  and  volatile  oils  in  general  are  useful  by 
inhalation.  Singly  or  combined  in  various  propoitions 
they  may  be  inhaled  from  the  vial,  or  from  the  sponge 
of  I)r.  Burney  Yeo's  perforated  zinc  respirator. 

Stomach-cough,  liver-cou,gli.  etc.,  and  the  cougli  of 
rheumatic  or  gouty  bronchitis,  laryngitis  or  jdiaryngitis, 
must  be  overcome  by  appropriate  constitutional  tieat- 
nient;  but  strontium  bromide  may  usefully  form  a  jiart 
of  that  treatment,  and  often  helps  to  allay  cough. 

AVhooping-cough  is  often  unamenable  to  medicinal 
treatment,  and  the  best  remedy  is  to  send  the  patient,  if 
i)ossible,  to  the  seashore,  to  be  kept  in  the  open  au- as 
man.v  hours  out  of  the  twenty-four  as  the  sun  sluues,and  as 
otherwise  may  be  advisable.  Among  palliative  remedies 
inhalations  of  various  kinds  have  been  recommended. 
The  vapors  produced  in  the  manufacture  of  coal  gas,  in- 
haled at  the  gas  works,  have  a  popular  reputation  not 
wholly  undeserved.  Ozone,  hydrogen  dioxide,  hydro- 
fluoric acid  chloroform,  etll^'l  iodide,  and  bromoiorm, 
have  all  been  highly  recommended  by  competent  obsei'v- 
ers  and  are  doubtless  useful  in  individual  cases.  Ihe 
vaporization  of  menthol  or  eucalyptol,  or  both,  day  and 
night  in  the  rooms  occupied  by  the  patient,  and  in  sulti- 
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cient  quantity  to  be  easily  discernible  u]3on  entering  the 
room  from  the  outer  air,  is  useful,  Creohn,  carbolic 
acid,  and  various  coal-tar  and  coal-oil  products  under 
proprietary  names,  have  been  advised  for  use  in  a  smiilar 
manner,  aiid  all  of  them  have  proved  beneficial  in  a  cer- 
tain number  of  cases.  Toxic  effects  may  be  produced  by 
tlie  absorption  of  such  drugs,  and  the  same  care  must  be 
observed  as  in  the  ease  of  internal  administration.  For- 
maldehyde solution  (formalin)  has  been  advised  for  in- 
halation well  diluted,  from  an  inhaler  on  the  plan  of  a 
Wolff  bottle.  The  terebiuthinates,  of  which  eucalyptol 
is  best,  may  be  dropped  on  a  sponge  suspended  like  a 
locket  from  a  tape  about  the  child's  neck,  or  held  over 
the  nose  and  mouth  by  the  Yco  respirator,  and  thus  the 
respired  air  be  continuously  medicated, 

A  new  preparation  of  fluorine,  ditluordi phenyl,  has 
been  advised  in  the  form  of  an  ointment,  under  the  pro- 
prietary name  of  antitussin,  and  the  reports  in  its  favor 
are  accumulating.  My  own  experience  with  it,  however, 
has  not  been  brilliant. 

As  to  internal  medication,  the  collateral  bronchitis 
should  be  treated  on  general  principles,  and  to  allay 
cough,  bromoform  seems  on  the  whole  the  most  useful  of 
all  the  drugs  that  fi'om  time  to  time  have  been  recom- 
mended, of 'which  the  natne  is  legion.  To  a  child  two 
years  old  gtt,  ij.  bromoform  in  glycerin  and  sherry  wine, 
or  in  aromatic  elixir,  may  be  given  every  two,  three,  or 
four  hours,  as  may  seem  necessar}^.  In  ever}'  instance, 
however,  the  dose  must  be  adjusted  to  the  age  and  sus- 
ceptibility of  the  patient  and  the  severity  of  the  case. 
Hydrogen  dioxide  has,  in  my  hands,  proved  useful  in 
doses  of  from  th  xx,  to  Ix,,  diluted  with  glycerin  and 
water,  and  given  every  third  or  fourth  hour.  Sulphurous 
acid,  sodium  hyposulphite,  and  Hope's  nitrous  acid  mix- 
ture seem  also  to  have  some  usefulness.  Sprays  of  ad- 
renalin have  been  advised,  but  I  have  as  j'et  had  no  op- 
pnrtunit}'  to  gain  experience  with  this  measure. 

Laryngismus  stridulus  is  usually  an  accompaniment  of 
rhachitis,  the  constitutional  treatment  for  which  must  be 
instituted.  In  addition,  aniyl  nitrite  inhalations  may  be 
used  to  relax  the  spasm,  and  care  is  necessary  to  guard 
against  strangulation  of  the  child  by  incarceration  of  the 
epiglottis.  Nitroglycerin  or  sodium  nitrite  given  inter- 
nally for  prolonged  periods,  in  doses  appropriate  to  the 
age  of  the  patient,  sometimes  has  a  beneticial  effect  in 
diminishing  the  frequency  and  severity  of  the  paroxysm. 

Tumors  and  foreign  bodies  are  to  be  removed  if  pos- 
sible. 

Retropharyngeal  abscess  is  to  be  treated  surgically, 
and  the  associated  cough  will  disappear.  Enlarged  bron- 
chial glands  are  not  as  yet  susceptible  to  direct  treatment, 
but  crystallized  calcium  chloride,  given  internally  in  some 
suitable  vehicle,  in  doses  of  gr,  x,  or  xv,  three"  or  four 
times  daily  for  a  child  of  seven  or  eight  years,  and  pro- 
portionately larger  doses  for  older  persons,  (jften  exerts 
a  beneficial  intiuence  upon  glandular  enlargements  in 
general.  So,  too,  the  so-called  alterative  treatment  with 
preparations  of  iodine,  of  arsenic,  and  of  mercury,  is  often 
useful.  When  glandular  enlargements  are  due  to  sy]ih- 
ilis,  tuberculosis,  or  other  recognizable  cause,  that'will 
furnish  the  indication  for  treatment. 

The  cough  of  asthma  is  rather  to  be  encouraged  than 
diminished,  as  free  expecturation  will  sometimes  as.sist  in 
cutting  short  the  paroxysm.  Otherwise  the  treatment 
is  that  for  the  underlying  c(mdition,  and  need  not  here 
be  discussed.  The  cough  of  liysteria  can  be  controlled 
only  by  psychic  influence,  the  physical  medium  of 
which  may  be  an  electric  application,"  a  blister,  or  other 
means,  according  to  the  individualitv  of  the  ]iatient  and 
oi  the  physirian.  In  my  own  oliserva"ti(]n  ii.'iinful  electric 
applications  to  the  larynx  or  over  it  have  liren  the  most 
successful;  though  tbesi' should  be  made  only  with  great 
caution,  and  never  by  those  inexperienced  in  the  use  of 
electricity  in  the  neighli.nhood  of  the  pneumogastric 
'^^"'■^'''-  Holoiiiori.  ,'^o/u  (Men. 

COUNTER-IRRITATION.  -  (See  also  nnitrrizai^on.) 
this  IS  a  remedial  measure  the  object  of  wliich  is  to  pro- 
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duce  a  congestion  of  the  vessels  at  the  surface  of  the  body 
for  the  purpose  of  relieving  a  disturbance  of  some  re- 
mote tissue  or  organ. 

The  principle  of  counter-irritation  is  followed  in  many 
therapeutic  methods  of  a  general  character,  all  of  which 
relieve  internal,  or  more  or  less  localized,  congestions. 
Those  best  known  are  hot  baths,  steam  baths,  hot  foot 
baths,  heat  to  the  extremities,  blood-letting,  etc.  These 
general  methods,  however,  are  not  known  as  counter- 
irritants;  the  term  is  commonly  restricted  to  such  as  are 
more  local  in  tlu^ir  action  and  wdiich  are  employed  to  ac- 
complish a  definite  object.  For  this  purpose  various 
irritant  drugs  are  utilized,  as  well  as  the  actual  cautery, 
dry-cupping,  and  other  similar  means  which  causea  local 
irritation. 

The  irritation  produced  by  counter-irritants  varies  in 
degree,  and  the  difference  'is  expressed  by  the  terms 
rubefaction,  vesication,  and  pustulation,  according  as' 
they  simply  redden  the  skin  or  produce  a  blister  or  a, 
pustular  eruption.  These  terms  do  not  imply  sharply 
defined  groups,  as  one  may  merge  into  the  other,  and  a 
single  drug  may  cause  one  or  all  of  these  effects  accord- 
ing to  the  strength  of  the  preparation  or  the  length  of 
time  it  is  applied, 

RniiE?'AciEKTS  are  such  as  produce  a  reddening  and 
congestion  of  the  skin,  the  vessels  becoming  dilated  and 
the  supply  of  blood  increased.  The  effect  is  immediate, 
but  of  short  duration,  as  it  rapidly  disappears  when  the 
irritation  is  removed.  When  the  application  is  prolonged 
it  causes  a  severe  inflammation  of  the  skin  which  may 
result  in  vesication  or  ulceration.  For  this  reason  rube- 
facients re(juire  to  be  applied  with  some  care  to  children 
and  others  whose  skin  is  thin  and  sensitive,  as  the  irritation 
may  be  unnecessarily  severe.  The  same  caution  is  neces- 
sar}'  when  they  are  applied  to  the  skin  of  those  who  are 
unconscious  or  in  whom  the  sense  of  pain  is  impaired. 

Mustard,  ammonia,  turpentine,  camphor,  and  iodine 
are  the  best  known  of  this  group. 

Vesicants, — In  vesication  there  is  a  deeper  and  more 
severe  inflammation  of  the  skin  which  results  in  an  effu- 
sion of  serum  beneath  the  cuticle.  If  the  application  is 
prolonged  the  effusion  of  serum  may  be  verj'  great.  The 
counter-irritation  may  also  be  prolonged  for  daj'S  or 
weeks,  by  the  application  of  irritating  substances  to  the 
denuded  surface,  after  the  effused  fluid  has  been  removed. 
In  selecting  a  site  for  the  application  of  a  vesicant  it  is 
advisable  to  avoid  anj'bony  prominence,  as  there  may  be 
trouble  afterward  as  regards  the  healing  of  the  spot,  A 
depressant  effect  is  apt  to  accompany  blistering,  and 
this  ma}'  become  a  serious  affair  if  the  patient  is  weak 
or  if  the  blistered  surface  is  very  extensive. 

C'linthan'dts  is  the  one  drug  tliat  is  almost  entirely  used 
for  this  purpcse.  The  cerate,  spread  in  the  form  of  a 
plaster,  is  the  preparation  generally  employed.  It  is  slow 
in  its  action  and  requires  to  be  kept  applied  for  about 
eight  hours.  To  increase  its  action,  camphor,  ether,  acet- 
ic acid,  and  the  powdered  drug  may  be  applied  to  the 
surface.  Hot  linseed  poultices  may  also  be  applied  after 
the  removal  of  the  plaster,  to  promote  the  effusion  of 
serum.  Some  caution  is  necessary  during  the  employ- 
ment of  cantharides,  on  account  of  the  liability  of  its 
being  absorbed  and  exerting  an  irritant  effect  upon  the 
kidney.  If  there  is  any  tendency  to  kidney  disease  this 
caution  is  particularly  required.  Acetic  acid  is  a  very 
ethcient  solvent  of  cantharidin,  and  the  Liquor  epispas- 
ticus  of  the  British  Pharmaeopaua  ])o,ssessesamucli  more 
rapid  action  than  any  other  prejiaration,  one  apidication 
being  generally  sutlicient  to  cause  a  blister  in  the  course 
of  an  hour.  Cautliaridal  collodion  is  also  an  effective 
preparation,  but  less  rajiid  in  its  action  than  the  above, 

AiiiiiniDii)  is  sometimes  employed  as  a  vesicant,  but  it 
is  li'ss  elTeclive  and  very  painful,  A  piece  of  lint  is  sat- 
urated with  the  water  of  ammonia  and  kept  in  contact 
with  the  part. 

lli/rlivcJilniie  iieiil  is  also  sometimes  used,  the  pure  acid 
being  applied  to  the  surface. 

PiisTUi.ANTS.— C'roton  oil  and  tartarated  antimony  are 
typical  representatives  of  this  group.     Their  application 
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results  in  a  pustular  eruption  accompanied  by  much  in- 
flammatory action.  Tlie  course  of  the  eruption  is  similar 
to  that  of  the  rash  of  smallpox,  the  formation  of  pus  per- 
sisting for  several  days  and  leaving  the  part  deeply  pitted 
and  scarred.  On  account  of  the  severe  effect  which  they 
produce,  pustulants  should  not  be  extensively  applie(l 
nor  should  they  be  applied  to  any  exposed  part  for  fear 
of  causing  disfigurement. , 

Croton  ail  is  the  pustulant  generally  employed  AVhen 
pure  the  oil  is  too  strong  to  be  used  undiluted,  and  olive 
oil  or  spirits  are  added  until  the  croton  oil  is  reduced 
one-half. 

Tartar  emetio  in  the  form  of  an  ointment,  one  part  to 
four,  was  formerly  much  used.  It  is  now  rarely  em- 
ployed, as  its  action  is  slow,  and  severe  depression  may 
result  from  absorption  of  the  drug. 

The  actual  cautery  is  particularly  serviceable,  as  by  its 
careful  use  the  physician  may  establish  any  degree  of 
counter-irritation.  By  simply  passing  the  "heated  iron 
over  the  surface  of  the  skin,  but  not  in  actual  contact 
with  it,  he  may  produce  the  mildest  rubefaction ;  and  if 
a  more  severe  effect  is  required,  he  has  only  to  bring  the 
point  of  the  cautery  lightly  and  quickly  in  contact  with 
the  skin.  Very  little  experience  is  required  to  enable 
one  to  produce  almost  any  degree  of  counter-irritation 
immediately,  and  readily  to  control  the  "action  of  the 
heated  instrument.  Any  form  of  actual  cautery  may  be 
used,  but  the  thermo-cautery  is  that  usually  adopted.  A 
very  old  and  simple  method  is  to  place  an  ordinary  metal 
spoon  in  hot  water  for  a  few  minutes  and  then  to  apply 
it  to  the  part.  It  is  stated  that  if  the  spoon,  which  ha"s 
been  heated  in  water  at  120°  F.,  is  kept  in  contact  wnth 
the  skin  for  three  seconds,  the  part  will  become  red  and 
congested,  and  that  if  it  remains  for  ten  seconds,  vesica- 
tion will  follow. 

Dry-cupping  is  a  means  of  counter-irritation  that  is 
still  frequently  resorted  to.  It  produces  a  rapid  and  in- 
tense rubefaction  which'  persists  for  some  time  (see  Bloocl- 
Letting). 

Formerly  a  prolonged  counter-irritant  effect  was  pro- 
duced by  the  use  of  setons  and  i-isues.  These  are  not 
resorted  to  at  the  present  day,  although  an  occasional 
reference  is  made  to  their  value  by  the  older  surgeons. 

Setons  were  artificial  sinuses  formed  by  pinching  a 
fold  of  skin  and  subcutaneous  tissue,  and,  with  the  aid 
of  a  seton  needle,  passing  through  it  one  or  more  strands 
of  silk,  cotton,  hair,  or  some  such  material.  This  was 
left  in  place  and  each  da)'  moved  hack  and  forth.  The 
object  was  to  promote  suppuration,  and,  in  order  to  in- 
crease the  irritation,  some  caustic  preparation  was  often 
applied  to  the  material. 

Issues  were  wounds  artificially  produced  and  main- 
tained for  the  purpose  of  securing  a  continuous  discharge 
of  pus.  When  a  small  issue  was  desired,  the  wound  was 
simply  an  incision  made  by  a  knife.  When  a  more 
marked  effect  was  required,  caustics  and  moxa  were  re- 
sorted to  to  destroy  the  part.  Various  metliods  were 
adopted  to  maintain  the  discharge,  such  as  the  introduc- 
tion of  peas  and  beads,  irritating  drugs,  and  caustics. 

Counter-irritation  is  resorted  to  for  three  purposes:  to 
relieve  pain,  to  lessen  congestion  and  inflammation  of 
deep-seated  organs,  and  to  promote  the  absorption  of  the 
products  of  inflammation.  In  selecting  the  particular 
counter-irritant  by  means  of  which  it  is  hoped  to  attain 
these  ends,  the  degree  to  which  it  acts  must  be  the  guide 
for  its  employment.  If  the  trouble  is  of  recent  origin,  or 
if  the  organ  is  simply  a  little  congested,  a  mild  counter- 
irritation  will  usually  prove  sufficient;  but  if  the  disturb- 
ance is  of  longer  duration  and  especially  if  structural 
changes  have  begun,  then  a  more  severe  and  prolonged 
effect  is  required.  The  immediate  effect  of  rubefacients 
is  much  greater  than  tliat  of  vesication  and  otlier  more 
active  irritants,  but  the  remote  effect  is  much  less.  For 
this  reason  they  are  selected  at  the  onset  of  pleurisy, 
bronchitis,  pulmonary,  and  renal  congestion,  neuralgias, 
colic,  and  gastric  pains ;  the  extensive  reddening  of  the 
surface  in  the  neighborhood  of  the  part  affected  affording 
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immediate  relief.  On  the  other  hand,  when  the  inflam- 
mation IS  established  as  in  advanced  bronchitis,  pleurtv 
endocard.tas,  peritonitis,  sciatica,  inflamed  jdnts,  Sd 
such  serious  affections,  vesicants,  pustulants,  and  the 
actual  cautery  produce  a  prolonged  and  more  effective 
counter-irntation. 

Although  the  beneficial  effect  of  counter-irritation  is 
very  evident,  the  manner  in  which  it  is  produced  is  as 
yrt  undetermined.  It  has  been  thought  to  depend  upon 
a  direct  vascular  relation  between  the  affected  organ  and 
the  adjacent  skin  surface.  This  explanation  is  appli- 
cable to  superficial  and  intercostal  neuralgias,  to  inflam- 
m.ation  of  the  costal  pleura,  and  to  many  joint  affections 
when  there  is  a  blood  supply  common  to  both  parts-  but 
It  IS  not  sufllcient  to  explain  the  relief  afforded  to  deeper 
parts  which  have  an  independent  circulation.  The  more 
recent  and  probably  the  more  correct  explanation  is  that 
winch  looks  to  the  sensitiveness  of  the  cutaneous  nerves 
ancl  their  reflex  action  upon  the  deeper  parts.  The 
activity  of  the  superficial  reflexes  is  evident  to  all,  and 
experimental  work  has  shown  that  a  similar  influence  is 
exerted  on  the  deeper  organs,  as  where  an  irritant  to  the 
skm  over  the  kidneys  causes  a  contraction  of  the  renal 
vessels,  or  where,  in  an  exposed  pia  mater,  the  vessels 
are  similarly  affected  by  irritating  the  scalp.  Further 
evidence  of  this  relation  between  the  deeper  parts  and 
the  surface  is  furnished  by  the  many  reflected  pains  that 
arise  when  tlie  organs  are  diseased.  Starting  from  this 
explanation  as  a  basis,  we  may  maintain  that  a  careful 
mapping  out  of  the  skin  areas  most  intimately  associated 
with  the  various  organs  beomcs  necessary;  and  when 
such  a  scheme  has  been  prepared,  it  will  at  once  be  pos- 
sible to  employ  counter-irritants  in  a  more  rational  and 
effective  manner.  Beaumont  Small. 

COWPER'S  GLANDS.— These  glands  were  discovered 
by  Cowper  in  1700.  They  are  two  in  number  and  have 
a  genital  function  the  exact  nature  of  which  is  not  defi- 
nitely known.  Probably  their  function  is  to  lubricate  the 
urethra  during  sexual  excitement,  at  the  same  time  add- 
ing somewhat  to  the  volume  of  the  seminal  fluid  at  the 
moment  of  ejaculation. 

It  has  been  demonstrated  that  their  activity  is  much 
increased  by  sexual  excitement.  In  a  case  of  a  cyst  of 
one  of  Cowper's  glands  which  was  opened  externally, 
the  fluid  excreted  through  this  opening  was  markedly 
increased  at  the  time  of  erections.  It  is  not  believed, 
however,  that  these  glands  have  an  important  part  in 
propagating  the  species.  They  are  believed  to  be  en- 
tirely accessory  in  their  functio'n  and  that  their  absence 
would  not  particularly  influence  the  sexual  act  or  its  re- 
sults. I  cannot  find  any  statement  in  the  literature  of 
the  subject  which  would  tend  to  disprove  the  above  belief. 

The  subject,  however,  has  not  been  very  thoroughly 
studied,  either  as  regards  the  function  or  as  regards  tlie 
pathological  conditions  of  these  little  glands.  I  am  of  the 
opinion,  from  my  own  experience,  that  they  are  diseased 
more  frequently  than  is  generally  supposed,  but  that  the 
resulting  pathological  conditions  are  not  always  recog- 
nized. Owing  to  the  position  of  these  glands  and  their 
ducts  they  are  frequently  in  the  path  of  a  gonorrhceal  in- 
fection, and  an  infection  of  these  bodies  may  be  so  mild  as 
to  make  a  differential  diagnosis  extremely  difficult  until 
possibly,  by  urethral  or  external  irritation,  one  of  the 
glands  becomes  acuteljr  inflamed,  producing  a  character- 
istic swelling  and  train  of  symptoms. 

I  believe  that  in  certain  cases  of  chronic  relapsing  ure- 
thritis of  a  gonorrhceal  origin,  wdiere  no  focus  for  the  dis- 
charge can  be  found  and  where  the  urethra,  seminal 
vesicles,  prostate,  and  other  parts  are  normal,  a  disease  of 
one  of  these  glands  is  the  cause  of  the  persistent  discharge. 
I  have  seen  a  few  cases  of  the  kind,  and  in  one  of  these 
a  most  prolonged  discharge  was  cured  by  the  enucleation 
of  Cowper's  gland  during  a  period  of  acute  exacerbation 
produced  by  urethral  instrumentation.  This  case  had 
been  stirred  up  by  sounds  on  several  occasions,  the  in- 
flammation being  accompanied  by  increased  discharge 
and  pain  in  the  perineum.     I  saw  the  patient  in  one  of 
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these  relapses,  and  found  an  inflammation  with  the  usual 
symptoms  of  a  suppurating  Cowperitis  of  a  relapsing 
character.  An  operation,  as  above  stated,  cured  the  pa- 
tient. Such  a  case  demonstrated  the  importance  of  con- 
sidering a  case  from  all  sides  and  getting  at  the  root  of 
the  trouble.  We  should  give  up  the  emjiii-ical  method  of 
treating  a  discharge  by  the  invariable  anterior  injection. 
Instead,  we  should  find  thefoeusof  tlie  ti'oulilc.  treat  that, 
and  the  discharge  will  subse(juently  cease.  In  cases  of 
Cowperitis  of  the  chronic,  low-grade  character  just  de- 
scrilied,  it  can  ivadily  be  seen  how  ridiculous  and  unsatis- 
faet(n'y  it  would  be  to  use  an  anterior  urethral  injection. 

I  have  spoken  of  dtseaseil  conditions  of  these  glands 
only  in  a  general  manner,  but  I  will  presently  take  up 
their  si)ecial  disorders,  with  their  appropriate  treatment. 
Before  doing  this,  however,  I  shall  refer  to  the  anatomical 
position  of  these  little  bodies. 

They  are  about  the  size  of  peas,  pla<'ed  one  on  each 
side  of  the  median  perineal  line  beneath  the;  forepart  of 
the  membi'anous  urethra,  between  the  two  layers  of  the 
perineal  fascia,  and  close  behind  the  bulb.  They  are  en- 
closed l)y  the  transver.se  fibres  of  the  compressor  urethra; 
muscles.  Each  gland  is  made  up  of  large  acini  with 
wide  hunina  invested  b}^  a  tine  connective-tis.sue  capsule 
and  with  much  involuntary  muscular  tissue  in  their  par- 
enchyma. These  acini  are  lined  bjf  clear  columnar  cells 
and  they  open  into  one  common  duct,  where,  coinbining 
with  the  ducts  of  the  other  lobules,  they  form  a  single 
excretory  duct.  These  ducts,  one  for  each  gland,  are 
slender  and  whitish  in  appearance,  run  forward  obliquely 
for  about  one  inch  beneath  the  urethral  nuicous  mem- 
brane, and  open  by  miuute  oritices  into  the  floor  of  the 
bulbous  portion  of  the  urethra. 

These  glands  are  present  at  all  periods  of  life,  but  they 
diminish  in  size  in  old  age. 

Their  pathological  conditions  have  not  been  studied  as 
thoroughly  as  have  those  of  other  parts  of  the  genito- 
urinary tract.  In  the  literature  of  the  subject  an  occa- 
sional case  has  been  reported.  Duiing  the  past  five  3'ears, 
in  private  and  dispensary  practice,  I  have  met  with  only 
half  a  dozen  cases  of  Cowperitis  of  a  type  pronounced 
enough  to  be  recognized. 

Cowpcr's  glands  may  be  involved  in  the  course  of  an 
urethritis  of  any  kind,  but  more  frcciueutly  in  the  course 
of  one  of  a  gonorrheal  origin ;  they  may  also  be  affected 
by  trauma,  by  tuberculosis,  by  cysts,  and  by  malignant 
disease. 

Cowperitis  as  a  complication,  eitlier  direct  or  indirect, 
of  a  gonorrho?al  urethritis  is  the  form  usually  seen.  This 
complication  is  not  likely  to  occur  before  from  three  to 
four  weeks  after  the  commencement  of  the  gonorrho?a, 
and  may  not  appear  until  much  later. 

The  disease  usually  begins  with  considerable  pain  in 
the  perineum,  accompanied  by  a  tumefaction  in  the  mid- 
perineal  region,  slightly  to  one  side.  I  have  never  seen 
both  glands  involved  at  the  same  time,  although  in  a  se- 
vere case,  if  the  condition  has  been  present  for  some  time, 
there  may  be  a  general  tenderness  and  swelling  over  the 
whole  perineum,  and  only  very  obscure  indications  of 
the  fact  that  the  gland  was  the  original  starting  point  of 
the  infection.  Besides  the  tumefaction,  which  is  appar- 
ent both  externally  and  upon  exploration  by  a  linger  in- 
troduced into  the  rectum,  there  will  be  more  freipient  peri- 
ods of  urination  with  probably  considerable  pain  at  the  end 
of  the  act,  owing  to  the  pressure  on  flu;  involved  gland 
by  the  compressor  urethra-  muscle.  Tliere  usually  will 
be  a  diminution  in  the  size  of  the  stream.  There  is 
fever  in  many  cases,  particidarly  if  suppui-ation  is  ]ires- 
ent  or  impending.  An  attack  may,  however,  begin  and 
then  gradually  su))side  before  there  is  any  ])us  formation. 
In  all  cases,  sitting  or  walking  becomes  extremely  painful, 
and  any  pressure  on  the  perineum  causes  mucli  discomfort. 

At  the  begimiing  of  the  trouble  a  finger  introduced 
withm  the  exteinal  sphincter  of  the  rectum  will  enable 
the  surgeon,  with  the  other  band  |ilaced  over  the  perinevuii, 
to  recognize  this  condition.  The  fact  of  (he  swelling 
being  on  one  side  of  the  iierineum  is  a  matter  of  impor- 
tance in  the  diilerential  diagnosis. 
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When  suppuration  occurs  the  symptoms  are  much  ag- 
gravated. There  are  severe  throbbing  in  the  jDcrineum, 
fever,  much  difficulty  in  urination  owing  to  mechanical 
obstruction,  and  occasionally  retention,  all  combined  with 
extreme  pain.  The  abscess  may  break  into  the  urethra, 
or  externally.  It  is,  however,  more  likely  to  break  ex- 
ternally. In  some  cases  a  troublesome  cicatrix  remains. 
In  rare  cases  the  abscess  breaks  intc;  the  urethra,  but  uri- 
nary extravasation  in  such  cases  is  unusual.  In  patients 
in  whom  these  glands  become  involved  following  gonor- 
rhoea and  in  whom  after  being  inflamed  they  subside  with- 
out suppuration,  they  are  liable  to  relapses  of  the  old 
trouble  on  slight  provocation;  as  after  slight  Injmy  of 
the  perineum,  a  gonorrhceal  urethritis,  the  introduction 
of  urethral  instruments,  deep  injections  or  irrigations,  ex- 
cessive sexual  excitement,  indulgence  in  alcohol,  high 
living,  and  the  like.  In  such  cases,  with  a  dormant  focus 
of  gonorrhcea  in  one  of  Cowpcr's  glands,  the  patient  will 
have  an  occasional  discharge  which  resists  all  forms  of 
treatment  directed  toward  other  parts  of  the  genito-uri- 
nary  tract.  The  inflammation  in  the  intervals  ma}'  be  so 
slight  that  the  cause  of  the  trouble  in  Cowpcr's  gland  is 
not  recognized.  In  fact,  I  am  confident  that  some  chronic 
discharges  of  a  relapsing  character  are  due  to  disease  of 
one  of  these  little  glands.  It  is  an  extremely  difficult 
matter  to  diagnose  a  clironic  condition  of  this  kind  owing 
to  the  position  of  the  glands  and  their  ducts  and  also 
owing  to  the  small  amount  of  local  disturbance  in  such 
cases.  This  condition  ma}'  be  called  a  relapsing  Cowper- 
itis, indirectly  caused  l)y  an  old  gonorrhceal  urethritis. 
The  gland,  of  course,  has  never  recovered  entirely  from 
the  first  acute  infection,  and  unless  the  disease  is  stirred 
to  activity  by  some  chance  cause,  as  instrumentation,  it 
may  not  be  recognized  for  years;  the  discharge,  which 
is  obstinate  to  all  treatment,  being  the  only  evidence  of 
any  disease.  I  also  believe  that  stricture  may  follow  a 
severe  Cowperitis  of  this  character. 

By  obtaining  a  careful  history  of  the  case  as  to  any 
acute  attacks  of  Cowperitis,  by  making  a  thorough  ex- 
amination of  the  seminal  vesicles  and  prostate  with  a 
finger  educated  to  the  rectal  feel  for  any  disease  of  these 
organs,  by  instituting  a  urethral  examination  with  sounds, 
and  by  the  employment  of  the  endoscope  we  should  be 
able  to  f(u-m  an  opinion  in  many  cases  as  to  the  part  dis- 
eased. The  treatment  should,  of  course,  be  adapted  to 
the  conditions  thus  ascertained.  If  one  of  Cowper's 
glands  is  enlarged  and  is  demonstrated  to  be  the  cause  of 
this  relapsing  discharge,  it  should  be  enucleated  without 
further  delay. 

Fuller,  in  his  book  on  "  Disease  of  the  Genito-Urinary 
S}'stcm,"  saj's,  "  The  prognosis  as  regards  suppurative 
cases  if  treated  cxpectanth'  is  not  verj'  favorable.  In 
man}-  of  them  a  sinus  persists  marking  the  path  of  exit 
of  the  original  abscess.  From  such  sinuses  there  is  usu- 
ally a  slight  urinous  leak,  that  fluid  finding  its  way  into 
the  path  of  the  duct  which  previously  connected  the 
gland  with  the  urethra.  In  .some  cases  a  sinus  persists 
because  the  original  abscess  cavity  is  filled  with  unhealthy 
granulation  tissue  developed  chiefly  from  the  remains 
of  the  glandular  structure.  Such  tissue  continually 
secretes  jjus,  and  should  the  sinus  furnishing  the  vent  be- 
come closed,  then  a  chronic  burrowing  will  occur  and  an- 
other sinus  will  eventually  be  established.  In  this  man- 
ner at  times  the  perineum  may  become  filled  with  cicatrix 
and  hstuUe." 

The  treatment  of  non-suppurative  cases  should  be  the 
external  application  of  ice  or  of  soothing  lotions,  over  the 
perineum,  ami  rest  in  lied,  with  all  pressure  removed  from 
the  ])eriiu'um. 

No  hot  ap]dications  should  be  used,  as  such  treatment 
might  tend  to  promote  suppuration.  All  urethral  treat- 
ment .should  be  discontinued.  It  is  well  to  give  some 
drug  by  the  mouth  to  render  the  urine  bland ;  acetate  of 
potash,  gr.  v.  to  x.  every  three  or  four  hours,  is  often 
serviceable.  If  there  is  very  severe  paiu,  anodynes  had 
better  be  employed.  A  very  efficient  method  of  em- 
ploying them  is  in  the  form  of  a  rectal  suppository  hav- 
ing the  following  composition :  Ext.  opii,  gr.  i.  ;  Ext.  bel- 
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Uidonnre,  gr.  }.  A  second  such  suppository  should  be  iu- 
troduced  at  the  end  of  from  four  to  six  hours  if  the  pain 
continues  to  be  severe.  The  bowels  should  be  thoroughljr 
moved,  but  the  use  of  rectal  irrigation  is  not  usually  de- 
sirable in  acute  Cowperitis,  as  the  introduction  of  the  noz- 
zle is  liable  to  cause  considerable  pain,  thus  stirring  up  an 
already  very  sensitive  region,  and  probably  doing  more 
harm  than  good. 

In  other  cases,  in  which  we  are  convinced,  from  an  in- 
crease in  the  severity  of  the  signs  and  symptoms— viz., 
a  more  pronounced  tumefaction'in  the  perineum,  more  se- 
vere pain  of  a  throbbing  character,  the  presence  of  fluctu- 
ation in  the  swelling,  the  rise  in  body  temperature,  etc. 
—that  suppuration  is  present,  it  will  be  evident  that  an 
incision  should  be  made.  This  sho\dd  be  done  with  the 
usual  surgical  care.  After  evacuating  the  pus  the  re- 
mainder of  the  diseased  gland  should  be  removed  and  the 
wound  packed  lightly  with  gauze;  then  a  soft-rubber 
catheter  should  be  introduced  through  the  penis  into  the 
bladder  and  left  there  for  permanent  drainage.  As  the 
discharge  gradually  becomes  less  the  edges  of  the  wound 
should  be  drawn  together. 

In  cases  in  w^hich  there  is  an  extravasation  of  urine  into 
the  perineum  and  surrounding  tissue,  free  incision  should 
be  made  as  early  as  possible.  If,  after  the  acute  symptoms 
subside,  a  permanent  urinary  fistula  should  remain,  a  rad- 
ical operation  will  have  to  be  performed  and  the  old  in- 
flammatory tissue  removed,  a  urethral  soft-rubber  catheter 
being  left  in  place  till  the  wound  heals.  If  there  is  no 
communication  between  the  wound  and  the  urethra,  the 
diseased  area  lying  entirely  outside  the  latter,  it  will  be 
found  desirable  to  introduce  a  sound  into  the  urethra  as 
a  guide  during  the  operation.  No  radical  operation  should 
be  undertaken  while  there  are  any  remains  of  an  acute 
gonorrhoeal  urethritis. 

Cowperitis  may  be  produced  by  trauma,  as  a  blow  over 
the  perineum,  horseback  or  bicj^cle  riding,  and  the  like. 
However,  most  of  the  disturbances  arising  from  such 
causes  are  the  indirect  result  of  a  gonorrheal  urethritis 
of  long  standing,  which  has  been  roused  to  renewed 
activity  by  the  injury.  The  treatment  is  the  same  as  that 
already  described  above.  In  one  case  of  mine  the  patient 
was  not  seen  for  some  daj's  after  the  injury  and  the 
whole  perineal  region  was  found  to  be  tumefied  and  ex- 
tremely sensitive.  The  case  was  one  of  an  old  gonorrha'a 
of  Cowper's  glands  which  had  been  of  a  relapsing  char- 
acter. The  injury  had  been  produced  by  the  use  of  large 
steel  sounds. 

A  tuberculous  condition  of  Cowper's  glands  may  occur, 
and  Fuller,  in  his  book,  refers  to  a  case  in  which  severe 
horseback  riding  was  followed  by  a  non-suppurative 
Cowperitis  with  suppuration  of  the  inguinal  glands. 
The  removal  of  these  by  an  operation  revealed  the  fact 
that  they  were  tuberculous.  The  Cowperitis  subsided 
without  operation,  but  Dr.  Fuller  believed  that  this  af- 
fection also  was  of  a  tuberculous  nature. 

In  a  patient  with  a  predisposition  to  tuberculosis  an 
inflammation  of  Cowper's  gland  produced  by  mild 
trauma,  with  no  previous  gonorrhoea,  should  cause  us  to 
suspect  tuberculosis. 

If  the  disease  does  not  go  on  to  suppuration,  constitu- 
tional treatment  and  change  of  climate  are  indicated. 
On  the  other  hand,  if  suppuration  should  occur,  the  re- 
moval of  the  diseased  gland  will  be  clearly  indicated. 

A  few  cases  of  cyst  of  Cowper's  gland  have  been  re- 
ported; they  projected  into  the  urethra  and  thus  dimin- 
ished its  calibre.  If  such  a  cyst  is  large  enough  to 
obstruct  noticeably  the  flow  of  urine,  it  is  clear  that  it 
should  be  removed  by  operative  interference.  This  can 
be  done  by  making  an  incision  through  the  perineum  into 
the  urethra,  and  then  closing  the  wound  after  the  removal 
of  the  cyst. 

Very  few  instances  of  malignant  growths  of  Cowper's 
glands  have  been  reported.  They  appeared  in  the  form 
of  a  hard,  movable  nodule  in  the  region  usually  occupied 
by  the  gland.  In  structure  they  usually  presented  the 
appearances  of  a  cj'lindroma. 

Such  a  growth  may  in  a  short  time  obstruct  the  flow  of 


urme.  The  growth  is  rapiii  and  at  first  painless,  but  as 
the  tumor  increases  in  size  the  patient  notices  pain  in  de- 
fecation, ditflculty  in  sitting  or  walking,  and  in  all  posi- 
tions which  cause  pressure  upon  the  growth.  The  in- 
guinal glands  become  involved.  A  combined  rectal  and 
abdominal  examination  will  indicate  the  position  of  the 
tumor  as  readily  as  it  does  in  cases  of  simple  swelling  of 
the  gland.  An  early  removal  of  the  gland  and  other  in- 
volved parts  is  the  only  form  of  treatment  which  offers 
any  hope  of  success.  FoUch  Cabot,  Jr. 
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COWPOX. — (S_ynonyms:  Vaccinia,  Vaccine  Disease, 
Kiuepock.)  Cowpox  is  a  specific  contagious  disease, 
occurring  in  the  cow,  horse,  and  possibly  in  other  domes- 
ticated animals,  characterized  by  an  eruption  which 
closely  resembles  in  anatomical  structure  and  successive 
stages  of  development  the  eruption  of  variola. 

The  disease  known  as  grease  in  the  horse  is  believed  to 
be  identical  with,  and  capable  of  producing,  by  inocula- 
tion, vaccinia  in  the  cow.  Vaccinia  chiefly  affects  young 
cows,  and  the  eruption  is  nearly  always  limited  to  the 
udder  and  teats.  It  rarely,  if  ever,  occurs  more  than 
once  in  the  same  individual. 

Cowpox  occurs  sporadically  and  as  an  epidemic.  It 
is  suscepitible  of  propagation  by  inoculation,  but  is  con- 
tagious in  no  other  waj'. 

The  disease  prevails  more  extensively  in  the  herds  of 
Europe  than  in  those  of  this  country,  but  is  far  from 
common  anywhere ;  in  fact,  previous  to  the  discovery  of 
the  Cohasset  stock  in  1881,  no  perfectly  authenticated 
case  of  natural  cowpox  had  ever  occurred  in  America. ' 

The  constitutional  sj'mptoms  are  mild,  and  the  malady 
would  possess  little  practical  importance  were  it  not 
that,  reproduced  in  man,  it  either  confers  absolute  im- 
munity from  smallpox,  or  greatly  modifies  its  course  and 
mortality.  After  a  period  of  incubation  lasting  from 
five  to  eight  days,  the  udder  becomes  hot,  tender,  slightly 
swollen,  and  small,  red  papules  appear  upon  the  udder 
and  teats.  The  papules,  about  five  days  after  their  ap- 
pearance, are  changed  into  vesicles,  distinctly  umbili- 
cated,  and  filled  with  transparent,  amber-colored  lymph. 
When  not  influenced  by  location  or  surroundings,  the 
vesicles  are  circular  in  form,  and  varj'  in  size  from  one 
line  to  five  lines.  They  are  encircled  with  a  rose-red 
areola  and  a  well-marked  zone  of  induration. 

On  section  each  vesicle  is  seen  to  be  multilocular;  its 
interior  is  divided  into  several  distinct  chambers  contain- 
ing lymph,  and  separated  from  one  another  by  delicate 
partitions. 

The  transformation  into  pustules  is  fully  completed  by 
the  eleventh  or  twelfth  day,  the  central  depression  dis- 
appears, and  the  external  contour  is  conoidal.  The 
local  inflammation  soon  abates.  Desiccation  advances 
rapidly,  and  by  the  fourteenth  or  fifteenth  day  crusts  of 
a  dark  mahogany  color  are  fully  formed.  These  fall  off 
about  ten  days  later,  and  whitish  scars,  more  or  less 
deeply  pitted,  mark  the  site  of  the  vesicles. 

The  lymph  and  crust  may  be  used  in  inoculating  other 
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heifers  or  in  human  vaccination  ;  but  the  former,  collected 
when  tlie  vesicles  are  from  seven  to  nine  days  old,  is,  for 
obvious  reasons,  greatly  to  be  preferred. 

Vaccinia  may  be  pi-oduced  in  the  cow  by  inoculation 
with  lymph  from  animals  affected  with  the  disease,  with 
humanized  virus,  and  with  the  lymph  of  variola. 

The  essential  features  are  the  same  by  whatever  method 
produced,  but  vary  in  intensity. 

At  one  time  retrovaccination,  or  the  inoculation  of 
heifers  with  humanized  lymph,  was  extensively  prac- 
tised, especially  in  Italy,  in  the  belief  that  the  .supposed 
deterioration  of  human  vaccine  virus  could  in  this  way 
be  prevented  and  all  contaminations  removed.  The 
practice  is  now  justly  abandoned. 

The  true  nature  of  cowpox  has  given  rise  to  much 
discussion  in  professional  circles  and  this  discussion  can- 
not yet  be  considered  closed.  It  is  questionalile  whether 
the  disease  ever  originates  spontaneously.  The  weight 
of  opinion  tends  strongly  to  support  the  view  originally 
advanced  by  Jenner,  that  the  vaccine  disease  is  variola 
modified  by  transmission  through  the  system  of  the 
cow.  The  French  school  still  indorses  the  conclusion 
of  the  well-known  Lyon  Commission  (1865)  as  to  the 
dual  nature  of  the  two  diseases.  It  is,  however,  very 
difficult  to  produce  the  disease  by  inoculation  with  small- 
pox virus.  But  few  of  the  many  experimenters  have 
succeeded,  and  at  times  very  lamentable  results  have 
followed  the  attempt.  In  several  instances  widespread 
and  fatal  epidemics  of  genuine  smallpox  have  been 
kindled  by  the  use  of  virus  obtained  from  bovine  variola- 
tion. In  confirmation  of  this  statement  we  may  cite  the 
experiences  of  Martin  in  Attleboro,  Mass.  (1836),  Reiter 
in  Munich  (1839),  and  the  Lyon  Commission  (1865).  In 
determining  questions  of  this  kind,  one  successful  ex- 
periment reliuts  the  negative  testimony  of  many  failures. 
Mr.  Ceely,  of  England,  tlian  whom  there  is  no  higher 
authority,  Hime(1892),  Voigt,  Simpson  of  Calcutta  (1892), 
and  others  have  succeeded  in  cultivating  a  stock  of  virus 
which  afforded  perfect  protection  from  subsequent  in- 
oculations of  variolous  matter.  It  may  be  stated,  then, 
in  summing  up  our  present  knowledge,  that  while  vac- 
cinia is  very  probably  variola  modified  in  some  mysteri- 
ous manner  by  its  passage  through  the  system  of  the  cow, 
the  difflcidties  of  inoculation  and  the  sad  results  which 
attend  the  use  of  spurious  virus  render  bovine  variolation 
impracticable  as  a  source  of  vaccine  supply.  It  is  but 
right  to  add,  however,  that  the  expei'iments  of  Dr. 
Voigt,'  Superintendent  of  the  Vaccine  Institute  of  Ham- 
burg, lead  to  a  different  conclusion.  He  has  experimen- 
tally demonstrated  that  where  bovine  variolation  is  prac- 
tised the  product  of  the  first  inoculation  retains  nearly 
all  of  the  virulence  of  the  original  seed,  but  by  successive 
transmissions  from  one  animal  to  another  it  is  so  modified 
and  reduced  in  activity  as  to  correspond  perfectly  in  its 
effects  upon  the  human  economy  with  lymph  obtained 
from  spontaneous  cowpox.  According  to  Voigt,  true 
smallpox  virus  must  be  passed  through  not  less  than  six 
heifers  before  it  becomes  properly  transmuted  and  safe 
for  himian  vaccination.  The  undue  violence,  both  local 
and  constitutional,  induced  not  only  by  original  cowpox 
virus,  but  by  the  earlier  human  removes  from  it,  .seems 
to  offer  some  confirmation  of  tlie  above  statement.  Tliis 
theory  is  also  strongly  supported  by  the  more  recent  re- 
searches of  King,  of  Madras,  Ilime,  of  England,  and  of 
Haccius  and  Eternod,  of  Switzerland  (1893).  The  latter 
deduce  as  one  of  their  (■(juelusions:  "Smallpox  inoculaled 
in  tlie  heifer  becomes  transformed  inlci  vaciiue  in  the 
Course  of  several  generations  by  transmission  tlirough  the 
ai""i''l"  ir.  J.  Coiiidin. 

I  Thp  Mi'.difal  NtwM,  vol.  .xl.,  p.  i'.». 
-  'I'Ik;  Mi-dica!  Tiiiie.s  iind  liiiz<ftte,  Si'iitciiiliiT,  ISsa. 

COXA  VARA. ^(Synonym;  Incurvation  or  deiu-ession 
of  the  neck  of  the  femur. ) 

In  the  normal  fenmr  the  neck  projecis  slightly  for- 
ward, and  upward  to  form  an  angle  of  about "l35°  with 
the  shaft.  In  childhood  this  angle  is  generally  somewhat 
greater,  and  m  later  yeai's  it  may  be  somewhat  less  than 


this;    in  fact,  a  variation  between  110°  and  140°  may  be 
within  the  normal  limit. 

AVhen  the  neck  of  the  femur  is  depressed  to  a  degree 
that  causes  disability,  the  affection  is  called  coxa  vara. 
Coxa  vara,  like  genu  varum  and  genu  valgum,  is  one  of 


Fig.  l.'jSS.— Outline  of  the  Depressed  Neck  of  the  Femur  in  Miiller's 
Specimen,  Contrasted  with  the  Noruial  Position  shown  by  the  Dotted 
Line, 

the  group  of  so-called  static  deformities  of  the  lower  ex- 
tremity, that  more  often  appear  at  two  periods  of  life : 
in  early  childhood,  as  a  direct  result  of  rhachitis ;  and  in 
adolescence,  when,  with  the  weakness  and  the  increased 
weight  incident  to  this  period  of  rapid  growth,  is  com- 
bined, in  many  instances,  the  strain  of  laborious  occupa- 
tion (Fig.  1528). 

Genu  varum  and  valgum  are  common  in  childhood, 
but  rarely  develop  in  adolescence;  coxa  vara,  in  com- 
parison, is  not  only  an  infrecjuent  deformity,  but  it  dif- 
fers also  in  that  it  more  often  attracts  attention  in  later 
childhood  or  adolescence  than  at  an  earlier  period,  doubt- 
less because  the  neck  of  the  femur  is,  at  the  age  when 
rhachitic  distortions  are  common,  verv  short  and  is  rela- 
tively stronger  than  the  shaft,  while  in  adolescence  the 
conditions  ma}'  be  reversed.  The  distortions  at  the  knee 
are  self-evident,  but 
the  neck  of  the  fe- 
mur is  coircealed 
from  view  so  that 
the  diagnosis  of  its 
depression  may  be 
somewhat  difficult, 
and,  in  fact,  it  is 
only  in  very  recent 
years  that  its  symp- 
toms have  been  rec- 
ognized. 

Fiorani  first  de- 
scribed the  deform- 
it}'  as  it  had  been 
observed  by  him  in 
childhood  (GKzcttiO 
ili'i/ll  Ospitiili,  Nos. 
16,  17,  1881),  birt 
E.  Midler  first  eall- 
eil  attention  to  tlie 
alTection  as  cme  of 
the  deformities  of 
adolescence  which, 
until  that  time,  had 
been  mistaken  for 
hip  disease  (y>Vv'- 
triiiieziirklii).  C/iir., 
1889,  Bd.  iv.). 

Physical  Shjns  .\nd  Symptoms. — The  nature  of  the 
symptoms  is  explained  by  the  physical  effects  of  the 
deformity.  The  neck  of  the  femur  is  depressed,  and  it 
is  usuall}'  twisted  somewhat  backward  in  its  relation  to 


Fig.  fiSfl.— Cross  Section  of  the  Pelvis  and 
the  Deformed  Femur.  A  scheme  to  show 
the  effect  of  the  deformity  In  limiting 
abduction  of  the  limb.  The  dotted  outline 
shows  the  normal  relation. 
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the  shaft,  following  the  lino  of  least  resistance.  Thus  lliu 
limb  is  actually  shortened  and  is  rotated  outward ;  tlie 
trochanter  is  elevated  above  Nelaton's  line,  its  promin- 
ence is  increased,  and  it  is  displaced  somewhat  forward 
toward  the  anterior  superior  spine  in  compensation  for 

the  lo.ss  of  the 
normal  forward 
projection  of  its 
neck. 

A  secondary 
effect  of  the  dis- 
tortion is  limita- 
tion of  the  nor- 
mal range  of 
motion.  Al)- 
iluction  is  check- 
ed by  the  tension 
upon  the  lower 
border  of  the 
capsule,  by  tlie 
adaptive  short- 
ening of  the  ad- 
ductor muscles, 
and  l)y  the  direct 
contact  of  the 
neclc  of  the  fe- 
mur with  the 
upper  border  of 
the  acetabulum 
(Fig.  1539) .  In- 
ward  rotation 
and  flexion  are 
limited  because 
of  tlie  backward 
displacement  of 
the  neck,  but  tlie 
range  of  exten- 
sion is  not  re- 
stricted and  it 
may  be  increased 
even. 

In  rare  in- 
stances the  de- 
pression of  the  neck  of  the  femur  may  be  directly  down- 
ward, in  which  case  the  range  of  motion  is  but  little 
affected  except  in  abduction;  or  the  distortion  may  be 
downward  and  forward,  when  extension  and  outward 
rotation  are  limited  in  the  place  of  flexion  and  inward 
rotation.  These  cases  are,  however,  exceptional,  and 
they  are  practically  never  seen  in  the  adolescent  type  of 
deformity. 

The  most  noticeable  symptom  of  coxa  vara  is  a  persist- 
ent limp,  due  primarily  to  the  shortening  of  the  limb 
caused  by  the  depression  of  the  neck  of  the  femur.  The 
actual  shortening,  which  is  not  often  more  than  an  inch, 
is,  in  well-marked  cases,  increased  by  an  upward  tilting 
of  the  pelvis  on  the  afEected  side,  in  compensation  for  the 
restriction  of  abduction,  similar  to  the  so-called  practical 
shortening  of  hip  disease.  Tlifs  practical  shortening  may 
be  from  one  to  three  Indies  (Fig.  1530).  Thus,  as  in  genu 
varum  and  genu  valgum,  the  direct  effects  of  the  del  ormity 
are  the  most  characteristic  symptoms,  although  in  coxa 
vara  there  is  usually  greater  discomfort  than  in  the  latter 
affections,  because  the  interference  witli  the  function  of  tlie 
joint  is  more  marked.  The  patient  usually  complains  ot 
sensations  of  weakness  and  discomfort  after  long  standing 
or  walking,  and  of  stiffness  on  changing  from  a  position  ot 
rest  to  one  of  activity.  This  discomfort,  usually  referred 
to  the  thigh  and  the  nei.ghborhood  of  the  joint,  may  be  in- 
creased to  actual  pain  by  overexertion  or  injury  ;  in  such 
instances  there  may  be  attendant  muscular  spasm  whioli 
disappears  with  the  subsidence  of  the  acute  symptoms. 

Diagnosis. — On  physical  exammation,  the  shortening 
is  apparent  and  its  cause  is  explained  by  the  elevation 
of  the  trochanter.  There  is  the  characteristic  limitation 
of  motion  that  has  been  described,  but  as  a  rule  pain  on 
manipulation  and  muscular  spasm  are  absent.  There 
are  slight  atrophy,  more   marked  in  the  thigh  than  in 


Fir.  15130.— Unilateral  Coxa  Vara  of  an  Ex- 
treme Degree.  Showing  great  apparent 
sliortening  due  to  the  adduction  of  tbe  limb. 


the  leg,  and  in  most  cases  persistent  outward  i-otation  of 
the  limb  also  is  present. 

There  are  but  thrcf!  affections  with  which  coxa  vara  is 
likely  to  be  confounded.     Tliese  are: 

1.  Fracture  of  the  neck  of  the  femur. 

2.  ('ongenital  dislocation  of  the  hip. 

3.  Hip  disease. 

1.  Jmpaiicd  fracture  i  if  tlie  neck  of  tlie  femur,  or  simple 
united  fracture,  causes  deformity  practically  identical 
with  coxa  vara.  It  must  therefore  be  distinguished  from 
it  by  the  history  of  injury  and  subsequent  disuliility. 

2.  Conr/eiiitnl  eUslociitioii  of  tlie  hip  is  a  disability  that  is 
apparent  when  the  child  begin.9  to  walk,  while  coxa  vara 
does  not,  except  in  very  rare  instances,  develop  until  a 
later  period.  In  congenital  dislocation  the  head  and  neck 
of  the  bone  may  lie  palpated  beneath  tlie  gluteal  muscles 
when  the  thigh  is  flexed  and  addncted,  Avliile  in  coxa 
vara  only  the  prominent  trochanter  can  be  felt.  There 
is  also  an  absence  of  the  abnormal  moliility  tliat  charac- 
terizes the  former  affection. 

3.  Ilip  Biseiise. — In  hip  disease  there  are  discomfort  on 
manipulation,  muscular  spasm,  and  limitation  of  motion 
in  all  directions;  while  in  coxa  vara  muscular  spasm  is 
usual)}'  absent  and  the  limitation  of  motion  is  irregnlnr. 
In  hip  di.sease  shortening  is  a  late  symptom,  in  coxa 
vara  it  is  present  from  the  first;  and  tinallj-,  in  hip  dis- 
ease there  is  usually  some  evidence  of  the  local  destruc- 
tive process,  in  swelhng,  sensitiveness,  and  the  like, 
symptoms  that  are  of  course  absent  in  coxa  vara. 

BiL.iTEKAn  Coxa  Vara. — Bilateral  coxa  vara  is  far 
less  common  than  the  unilateral  form.  The  limp  is  re- 
lilaced  by  a 
waddle  or 
swaying  of  the 
body  from  side 
to  side,  resem- 
bling the  gait 
of  knock- 
knees.  The 
awkwardness 
and  weakness 
are  of  course 
corresponding- 
ly increased, 
and  in  the  ex- 
treme cases,  in 
which  the 
thi,ghs  are  ad- 
d  ucted,  the 
limbs  may  be 
crossed  so  that 
walking  is  ex- 
tremely diffi- 
cult. The  pel- 
vis appears  to 
be  abnormally 
broad  because 
of  the  elevated 
and  prominent 
t  rochanters, 
and  the  lum- 
bar lordosis  is 
diminished 
(Fig.  1531)  be- 
cause of  the 
loss  of  the  nor- 
mal inclination 
of  the  pelvis 
due  to  the  for- 
ward displace- 
ment of  the 
supporting  fe- 
mora. In  the 
rare    cases    in  ,.     ,        ,  .  ,  i, 

which  the  femoral  necks  are  displaced  forward  as  well  as 
downward,  the  lumbar  lordosis  is  increased  and  the  ap- 
pearances are  somewhat  similar  to  those  of  congenital  dis- 
location of  the  hips  (Fig.  1532).     Bilateral  coxa  vara  is  not 

3t)l» 


Fk;,  1:");)1.— Bilateral  Coxa  Vara,  iiinre  Marked 
on  tlie  RlKlit  Side.  Complete  loss  of  abduction 
on  both  sides. 
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infrequently  accompanied  by  other  evidences  of  weali- 
ncss,  for  example  by  knock-knees  or  by  flat  feet. 

Statistics. — About  7.5  per  cent,  of  the  cases  of  coxa 
vara  are  in  males,  and  in  a  similar  proportion  of  cases 

the  aflection  is 
unilateral.  In  42 
cases  treated  by 
the  writer,  the 
first  sj^mptoms 
were  noted  in  ado- 
lescence (twelve 
to  seventeen  years 
of  age)  in  22.  In 
later  childhood 
(five  to  eleven 
3'ears  of  age)  in 
14;  in  early  child- 
hood (less  than 
five  years)  in  5; 
unknown,  1.  In 
87  instances  the 
neck  of  the  femur 
was  depressed 
downward  and 
liackward,  in  i-i 
downward  and 
forward,  in  2  di- 
rectly downward. 
The  deformitj' 
was  unilateral  in 
3."),  bilateral  in  7 
cases.  Thirty-one 
of  the  patients 
were  males,  11 
were  females. 

Etiology.  —  It 
is  evident  that  de- 
pression of  the 
neck  of  the  fe- 
rn u  r  may  be 
caused  by  local 
disease,  such  as 
tuberculosis,  in- 
fectious osteomy- 
elitis, rheumatoid 
arthritis,  and  the 
like.  Deformitj' 
from  such  causes  should  be  classified,  however,  as  inci- 
dental to  the  disease  of  which  it  is  a  result,  while  the 
term  coxa  vara  .should  be  reserved  for  those  cases  of 
simple  deformity  which  are  caused  b}^  local  weakness 
rather  than  by  actual  disease.  The  physical  signs  of 
unilateral  coxa  vara  are,  as  has  been  stated,  practically 
identical  with  those  of  impacted  fracture  of  the  neck  cif 
the  femur,  and  in  childhood,  but  for  the  liistory  of  in- 
jury and  of  the  immediate  disability  that  followed  it,  it 
would  be  impossible  to  distinguish  between  the  two. 
Fracture  of  the  neck  of  the  femur  is,  as  the  writer  has 
demonstrated,  comparatively  common  in  childhood,  and 
for  practical  purposes  it  may  be  classified  as  the  trau- 
matic form  of  coxa  vara. 

The  EUology  of  Simple  Coxa  Vara. — In  very  many 
inslances  co.xa  vara  may  be  explained  by  an  acciuired  oV 
an  inhciilcd  predisposition  to  the  deformity.  The  normal 
inclination  of  the  neck  of  the  femur  protects  it  from  strinn  ; 
if  tlie  angle  is  diminished  the  strain  upon  the  part  is  jiro- 
portionately  increased.  This  is  |irovcd  by  the  fact  that 
simple  traumatic  depression  predisposes  to  furtlier  de- 
formity long  after  the  repair  of  tlie  injury.  Thus,  one 
may  assume  that  in  many  instances  a  sliiiht  deju'ession 
is  acquired  in  childhood  as  a  result  of  rhachitis,  of  whieli 
there  was  a  clear  histoiy  in  mon;  than  a  thii-dof  the  cases 
examined  by  the  writei-,  including  all  of  the  bilateral 
form.^  Such  depression  may  remain  latent,  or  under 
favoring  circumstances  it  niay  become  exaggerated  to 
noticeable  deformity.  These  favoring  cii-cvmistances  are 
as  has  been  stated,  more  likely  to  occur  during  adoles- 
cence, whentotheinstability  of  rapid  growth  is  added  the 


FIG.  1.532.— Bilateral  Coxa  Vara,  of  the  An- 
terior Form,  Showing  the  Lordftxis.  .An 
uncommon  type  that  resembles  congeni- 
tal dislocation  of  the  hips. 


increase  of  the  weight  of  the  body,  and  in  some  instances 
the  over-strain  of  laborious  occupation. 

In  other  instances  there  may  be  a  congenital  predisposi- 
tion to  the  deformity,  caused  either  by  a  le.s.sened  angle 
or  by  abnormal  weakness  of  structure,  and  one  case  of 
congenital  coxa  vara  has  been  reported  by  Kredel  (Cent, 
far  Cliir.,  C^ctolier  17th,  1896).  In  none  of  the  cases  in 
later  childhood  oradolescnce  examined  by  the  writer  has 
there  been  evidence  of  active  or  "late"  rickets,  and  the 
presence  of  so-called  local  rickets,  as  accounting  for  the 
deformity,  is  at  present  unproved. 

In  a  small  percentage  of  the  cases  the  early  sj'mptoms 
appearto  have  been  induced  or  aggravated  by  over-strain 
or  injury,  but  as  a  rule  the  symptoms  appear  insidiously 
and  without  assignable  cause. 

Pathology. — In  ordinary  cases  the  neck  of  the  femur 
is  depressed  to  a  right  angle  with  the  shaft,  but  in  cer- 
tain instances  the  deformity  may  be  greater.  Usually 
the  entire  neck  is  involved  in  the  distortion.  Less  often 
the  deformity  is  greatest  at  the  epiphyseal  junction. 

In  the  specimens  that  have  been  examined  during  the 
progressive  stage,  the  internal  structure  has  shown  con- 
gestion and  softening,  changes  that  would  almost  inevi- 
tably appear  in  a  bone  bending  and  breaking  under  strain, 
l)ut  no  other  evidences  of  disease  have  appeared  that 
would  justify  a  diagnosis  of  so-called  local  rickets  or 
osteomalacia.  As  has  been  stated,  coxa  vara  may  occur 
in  early  childhood  as  one  of  the  distortions  of  rhachitis ; 
but  in  the  adolescent  type  of  deformitj',  evidence  of  gen- 
eral Weakness  of  this  character  is  unusual. 

Peognosis. — In  the  adolescent  t3'pe  of  coxa  vara  the 
duration  of  what  may  be  termed  the  active  stage  of  the 


Fig  1.53:J.-IJnilateral  Coxa  Vaia  of  Uie  ordinary  Form.  A  final  result, 
ine  elevated  and  prominent  trochanter,  the  shortening,  and  the 
outward  rotation  are  shown. 

affection  is  from  oni'  to  three  years.  The  deformity  then 
ceases  to  progress,  the  sympt<ims  of  discomfort  disappear, 
the  restriction  of  motion  becomes  less  marked  and  the 
disability  less  noticeable. 
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In  the  unilateral  form  a  moderate  limp  remains  and  in 
the  bilateral  type  a  degree  of  disability  and  awkwardness 
in  proportion  to  the  tinal  restriction  of  the  range  of  ab- 
duction. If  the  affection  lirst  appears  in  childhood,  the 
progress  of  tlie  deformity  is  slower,  and  it  is  often  inter- 
mittent, increasing  usually  during  adolescence.  In  this 
regard  the  affection  resembles  closely  other  distortions  of 
similar  origin  (Fig.  f,53o). 

Treatment.— Deformity  of  the  ueck  of  the  femur  can- 
not be  remedied  by  braces.  The  part  can  be  relieved 
however,  frcnu  strain  by  restricting  the  burden  of  occu- 
pation, and  distortion  may  be  checUed  by  the  use  of  a 


Fig.  1534.— 1,  The  Normal  Femur ;  3,  depression  of  the  neck  of  the 
femur— coxa  vara  (at  A  a  wedge  of  bone  has  been  removed);  3,  ab- 
duction of  the  timb  first  ilxes  the  upper  sefi^nient  Ijy  contact  with  the 
rim  of  the  acetabulum,  then  closes  the  opening  in  the  bone  :  4,  re- 
placement of  the  limb  after  union  is  completed  elevates  the  neck  to 
its  former  position. 

support,  similar  to  that  emploj'ed  in  the  treatment  of  hip 
disease,  by  which  the  weight  is  borne  upon  the  perineum. 

Massage  and  exercises  to  improve  the  nutrition  of  the 
part,  and  manipulation  with  the  aim  of  overcoming  re- 
striction of  motion,  may  be  of  service  also,  and  general 
therapeutic  treatment  luay  be  indicated  in  suitable  cases. 

As  a  rule,  however,  the  most  effective  treatment  is  the 
correction  of  the  depression  bj'  operation.  This  is  indi- 
cated as  a  prophylactic  measure  in  the  younger  class,  in 
which  the  deformity  is  slight.  For  as  the  depression  of 
the  ueck  of  the  femur  increases,  the  strain  upon  it  is 
greater  and  thus  there  is  a  tendency  to  progressive  de- 
formitjr,  which  one  may  hope  to  check  by  replacing  the 
neck  at  its  normal  angle.  This  maj"  be  accomplished  by 
the  removal  of  a  sufficieut  wedge  of  bone  from  the  base 
of  the  trochanter.  In  this  operation  all  resistance  to 
abduction,  other  than  that  dependent  upon  the  deform- 
ity of  the  bone,  should  be  overcome  by  preliminary 
manipulation.  The  base  of  the  wedge,  about  three- 
quarters  of  an  inch  in  width,  should  be  directly  opposite 
the  trochanter  minor.  The  layer  of  cortical  substance 
on  the  inner  aspect  of  the  bone  .should  not  be  divided, 
hut  should  serve  to  retain  the  two  segments  of  the  femur 
in  proper  relation  to  one  another.  When  the  wedge  has 
been  removed,  the  thigh  should  be  gently  abducted;  the 
upper  fragment  is  first  fi.xed  by  contact  with  the  acetabu- 
lum and  the  shaft  is  then  bent  outward  upon  it  until  tiie 
opening  is  closed  by  apposition.  In  this  attitude  of  ex- 
treme abduction  the  limb  is  tixed  by  a  plaster  bandage. 
When  imion  is  complete,  the  neck  of  the  femur  is  replaced 
in  its  normal  relation  to  the  shaft  when  the  limb  is  in  the 
normal  attitude.  As  a  rule,  no  apparatus  is  required  in 
the  after-treatment  (Pig.  1534). 

In  the  adolescent  cases  it  is  well  to  postpone  the  opera- 


tion luitil  a  certain  stability  of  tissue  is  assured  and  in 
certain  instances,  particularly  those  in  ^vhich  there  is 
marked  antero-postenor  distortion  of  the  neck  a  simple 
linear  osteotomy  may  be  indicated,  as  the  distortion  may 
be  corrected  by  rotating  the  shaft  on  its  long  axis  until  the 
toot  IS  brought  to  its  uormal  position. 

Royiil  Whitman,. 

LlTKRATCRE. 

Th..  more  important^  articles  on  this  subject,  besides  those  mentioned 

111  tin'  Ic.Kt,  m\'  as  follows: 
Ilofmelster:  BeltriiKe  ziirkllu.  Chir.,  Bd.  xxi.,  H.  2  18W 
Mhiliiian:  N.  Y.  Jled.  .lour.,  .Iiiiip  Sid,  18i)4,  January  :ilst,  1S99   and 

Annals  c,r  SuiKi'iv,  Fi'liruary,  IIIUO. 
Frazier:  Annuls  of  Surgery,  .Iu].v,  IsilH. 
Alsberg :  Zeit.  t.  oitho[i.  Cliii-.,  lid.  vi.,  H.  i.,  1888. 


-Lincoln   County,  Ken- 


CRAB-ORCHARD  SPRINGS.- 

tucky. 

Access.— Via  Ivnoxville  Branch  of  the  Louisville  and 
Nashville  Railroad  to  Crab  Orchard,  115  miles  southeast 
of  Louisville. 

These  waters  are  chiefly  used  in  the  manufacture  of 
the  famous  Crab  Orchard  salts,  which  ai'c  used  exten- 
sively in  Kentucky  and  neighboring  States  as  a  cathartic. 
Tlie  following  analyses  were  made  by  Dr.  Robert  Peter, 
State  Geologist: 

Onk  u.mtkd  States  Gah,on  Coxtains  : 


Solids. 

Epsom  or 

Foley  Spring, 

grains. 

Sowder's 
Spring, 
grains. 

Magnesinii]  carbonate 

Irnii  carlHiiiale 

Cali'inin  cai-lionate 

Sodimii  chloride 

7.64 

Trace. 

.>i.l8 

17.73 

11.1)1 

•v.i.o- 

20.1.28 
10.79 

3.26 
34.58 

19.20 

Trace. 
39.51 
.58..33 
17.37 
23.20 

174.31 
91.33 

Trace. 
1.23 

Trace. 

Magnesinin  sulphate 

Calcium  sulphate 

Bromine 

Silica      

Loss  and  moisture 

Total 

401.43 

Carbonic  acid  ui.tt  estimated. 

Crab-Orciiard  S.alts. 

IIK)  Parts  Contaix: 

Magnesitim  sulphate 

Sodium  sulphate 

Potassunn  sul|)liate 

Calriuiii  sul|iliate 

Sodium  chloiide 

Lime,  magnesia,  iron  and  silica  (carbonates). 

Bromine 

Water  of  crystallization  and  loss 


Parts. 

63.19 

4.20 

1.80 

2..y 

4.77 

.89 

Trace. 

33.01 


Total ; . . . .    100.00 

Other  springs  at  Crab  Orchard  ai'e  the  "Field"  and 
the  "  Grove  "  springs,  which  are  but  feebly  impregnated 
with  mineral  ingredients.  Jnuies  K.  Crook. 

CRAMP  BARK.     See   Viburnum  Opulus. 

CRAMPS. — Cramp  is  a  term  applied  to  denote  a  pain- 
ful tonic  muscular  contraction  of  some  moments'  or  min- 
utes' duration.  As  several  of  these  painful  contractitms 
generally  occur  successively,  the  term  "cramps"  is  used 
to  designate  the  attack.  Cramps  belong  to  the  local 
spasmodic  di.soi-ders;  cramp  is,  in  fact,  technically  a  local 
tonic  spasm,  to  which  is  added  the  element  of  pain.  It 
is  true  that  in  tetanus  there  is  a  general  cnunp  of  almost 
the  entire  voluntary  muscular  system,  and  that  in  cholera 
cramps  are  widely  diffused;  nevertheless  medical  u.sage 
assigns  the  term  cramps  to  the  local  spasmodic  disorders. 

Properly  speaking,  cramps  may  affect  both  the  volun- 
tary and  the  involuntary  muscles.  Writers  sometimes 
speak  of  cramps  of  the  heart,  of  the  stomach,  intestines, 
bladder,  and  uterus;  but,  as  a  rule,  these  cramps  of  the 
involuntarv  muscles  are  given  the  term  colic.  Cramps 
of  the  voluntary  muscles  are  strictly  analogous,  there- 
fore, to  colic  of  the  involuntary  muscles. 
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Thu  furtlier  relations  of  cramps  to  tlie  other  liyperki- 
neses  are  shown  in  the  article  on  Convuhions.  In  this  de- 
scription of  cramps  we  shall  limit  the  application  of  the 
term,  as  is  usiialh'  done,  to  the  voluntar}'  muscles. 

Clinical  History.— The  vohmtar.y  muscles  oftenest 
affected  by  cramps  are  those  of  the  extremities,  and 
especially  those  of  the  lower  extremities.  The  muscles 
most  susceptible  are  the  gastrocnemii  and  plantar  muscles. 
The  psoas  muscle,  and  flexors  of  the  thigh  upon  the  ab- 
domen, are  also  at  times  affected.  In  tlie  upper  ex- 
tremities it  is  the  muscles  of  the  fingers  that  ai'c  most 
often  attacked.  In  the  special  neurosis  of  which  writer's 
cramp  is  a  type,  the  muscles  of  the  whcjle  arm  may  also 
b(^  involved.  Of  the  trunk  muscles,  those  forming  the 
soft  wall  of  the  abdomen  are  not  infrequently  affected 
with  slight  cramps.  After  a  violent  sneeze,  for  example, 
part  of  the  rectus  may  become  knotted  up  in  a  cram]). 
In  cholera  the  abdominal  muscles  are  all  involved.  A 
sudden  "stitch  in  the  side,"  is  due  to  a  cramp  of  some 
of  the  intercostal  muscles.  A  crarapy  condition  of  the 
sterno-cleido-mastoid  and  of  pait  of  the  trapezius  is  ob- 
served in  the  clonic  forms  of  wry -neck.  The  muscles  of 
the  face,  of  the  eye,  and  of  mastication,  are  not  svd)ject 
to  cramps,  except  in  very  rare  cases. 

Wlien  the  term  cramp  is  used,  without  further  special 
designation,  it  refers  to  painful  spasms  in  the  extremities, 
especiallj-  the  lower  extremities.  Attacks  of  such  spasms 
come  on  generally  at  night,  or  after  some  violent  exertion, 
such  especially  as  swimming,  when  the  circulation  in 
the  extremities  is  disturl)ed  by  the  cold  water.  The  pain 
and  contraction  come  on  suddenlj',  as  a  rule,  though 
sometimes  slight  premonitory  twinges  are  felt.  The 
muscle  is  contracted,  and  feels  hard  and  knotty,  the  limb 
is  drawn  up,  and  attempts  to  straighten  it  or  to  relax  the 
muscle  give  great  pain.  The  patient  often  feels  a  sensa- 
tion of  nausea,  depression,  and  even  of  faintness.  Press- 
ure on  the  affected  part  gives  relief,  and  forcible  rubbing 
or  su<lden  extension  of  the  mascle  will  often  relax  the 
spasm.  No  especial  change  in  the  electrical  relations  has 
been  observed.  The  attack  lasts  only  a  few  seconds  or 
minutes,  as  a  rule,  but  it  may  continue  for  liours.  After 
one  attack  has  gone,  a  second  and  third  may  succeed. 
A  patient  ma_y  have  to  get  up  half  a  dozen  times  a  night 
on  account  of  bis  seizures. 

When  the  spasms  have  disappeared,  tlie  muscle  is  left 
sore  and  tender  to  the  touch,  owing  to  stretching  of  the 
muscle  and  the  irritation  and  injury  to  the  sensory  nerves. 

Etiology. — Cramps  in  the  extremities  occur  as  the  re- 
sult of  organic  disease  of  the  brain  and  spinal  cord,  and 
as  the  result  of  certain  functional  morbid  conditions. 
Piessure  on,  or  irritation  of,  nerve  trunks  sometimes 
causes  cramps.  The  cramps  of  organic  disease  I  do  not 
purpose  to  consider  here.  The  causes  of  the  functional 
cramps  are  various.  In  some  persons  there  is  an  inherited 
or  connate  tcndeucj'  to  this  trouble.  Cramps  occur  more 
frequently  in  the  aged  and  in  growing  children  than  at 
the  middle  period  of  life.  Gouty  and  rheumatic  condi- 
tions, and  anamiia,  predispose  persons  to  them.  In  dis- 
ordered states  of  the  stomach  and  bowels  nocturnal  at- 
tacks of  cramp  occur.  Ciamps  in  the  lower  extremities 
are  often  an  annoying  disturbance  of  pregnancy.  In  the 
early  months  the  gastrocnemii  and  plantar  muscles  are 
most  affected;  later  the  thighs  are  drawn  up  by  painfid 
CI  111  tractions  of  the  psoas  and  other  flexors.  These  cramps 
nf  ])iegnancy  are  probably  at  fir.st  reflex  in  character; 
later  they  are  due  to  tlie  pressure  of  the  gravid  womb  on 
the  nerves  which  siipply  the  lower  limbs. 

Crampsof  a  distressing  character  occur  in  Asiatic  chol- 
era and  cholera  nosti-as.  They  are  also  oliservcd  in  per- 
sons of  intemperate  habits.  Arterial  sclerosis  involving 
the  vascular  supply  of  the  legs  is  a  cau.se  of  leg  cranqis 
of  eldei-ly  people. 

Probuiily  the  most  freipient  of  all  the  exciting  causes 
of  onlinary  foi-nis  of  ci-anips  in  the  extremities  is  violent 
exercise,  such  as  swinuning,  dancing,  walking,  running, 
and  ium])ing.  '"" 

Patiioi.ooy.— In  the  ordinarv  tvpe  of  cramps  the 
muscle  itself  is  at  fault.     Through  deficient  nutrition  (U- 
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over-u.se  its  fibres  are  irritated,  an  involuntary  contraction 
results  which  is  painful  because  it  is  so  abnormally 
powerful  that  the  sensory  nerve  fibres  are  pre.s.sed  upon. 
Tonic  spasms  become  painful  and  crampy  in  character, 
therefore,  simply  because  of  a  quantitative  excess  in 
muscular  contraction.  No  one  can  voluntarily  knot  up 
his  calf  muscles  as  is  done  in  a  cramp.  The  myopathic 
character  of  the  contraction  is  shown  by  the  fact  that, 
by  the  pressure  of  bands  and  tourniquets,  which  alters 
the  blood  supply  to  the  muscles,  the  cramps  can  often 
be  relieved. 

There  are,  however,  certain  forms  of  cramps,  like 
wry-neck,  or  writer's  cramp,  that  are  of  purely  nervous 
origin.     Here  the  cramp  is  due  to  overstimulation. 

TiiKATMEKT. — The  treatment  of  the  ordinarjr  tj'pe  of 
leg  ciamjis  nuist  be  addressed  first  to  the  general  condi- 
tion, liheuniatic,  gouty,  and  anajmic  tendencies  mu.st 
be  eorrecl<'(l,  dyspep.sia  and  constipation  relieved.  If  the 
attacks  are  unusually  severe  and  obstinate,  the  question 
of  diabetes  or  of  some  organic  disease  must  be  investi- 
gated. A  number  of  devices  have  been  recommended 
for  preventing  the  attacks.  Among  these,  one  which 
I  have  found  successful  is  tying  a  tape  about  each  thigh 
just  above  the  knee.  This  is  done  just  before  retiring. 
Raising  the  head  of  the  bed  by  ])lacing  one  or  two  bricks 
luider  tlie  posts  is  a  measure  which  I  have  not  found  to 
do  any  good.  A  dose  of  bromide  with  alkalies  at  night, 
or  a  mixture  containing  gr.  v.  each  of  lupulin  and 
camphor,  may  be  given.  In  severe  cases,  especially  in 
pregnancy,  codeine  or  opium  ma_v  be  added  to  these, 
ilassage  and  faradization  of  the  limbs  will  sometimes 
ward  off'  attacks,  and  so  will  small  doses  of  strychnine 
continuously  administered. 

When  the  attack  comes  on,  the  affected  muscles  must 
be  vigorously  rubbed  and  kneaded.  If  the  patient  jumps 
up  at  once  and  puts  the  muscles  on  the  stretch,  he  can 
often  break  up  the  cramp.  A  little  rubbing  and  exercise 
Avill  then  quiet  the  muscle.  Charles  L.  Dana. 

CRANIAL  NERVES.— The  Doctrixe  of  Nerve  Com- 
FONENTs. — The  proper  classification  and  morphological 
eomprehensiim  of  the  cranial  nerves,  human  and  com- 
parative, have  remained  in  an  unsatisfactory  state  be- 
cause of  the  difficulty  of  correlating  the  several  anatomical 
and  physiolo,gical  data  with  each  other  and  with  the  find- 
ings of  the  embryologists.  That  the  arrangement  and 
composition  of  the  twelve  pairs  of  cranial  nerves  as  com- 
monly enumerated  have  a  profound  morphological  sig- 
nificance is  evident  from  the  remarkable  consta'ncy  with 
which  their  main  features  are  repeated  throughout  the 
vertebrate  phylum.  But  we  are  still  very  far  from  a 
complete  explanation  of  the  individual  peculiarities  of 
the  several  pairs,  and  especially  of  the  differences  be- 
tween the  cranial  and  the  spinal  nerves.  During  the 
past  decade,  however,  this  field  has  been  very  diligently 
cultivated  by  the  comparative  anatomists  andmucirprog- 
ress  has  been  made  toward  a  better  comprehension  of 
the  significance  of  the  peripheral  nervous  svstem  as  a 
whole. 

Starting  from  the  undifferentiated  nerve  tube  of  the 
ancestral  vertebrate  or  of  the  embryo,  the  morphologist 
who  follows  the  series  of  forms  presented  by  the  cen- 
tral nervous  systems  of  the  animal  types  from  Amphioxus 
to  man  will  find  the  lu-oblenis  suggested  by  this  progres- 
•si  vely  increasing  complexity  soluble  largely  in  proportion 
as  he  realizes  that  every  change  in  the' centre  is  but  the 
reflection  of  a  corres|ionding  change  iu  the  peripheral 
nervous  .system,  especially  the  seirse  organs,  which  in 
turn  rests  upon  a  new  point  of  contact  with  the  outside 
environment. 

This  |)oint  of  view— the  cnrrelation  of  chanees  in  the 
centre  wil  h  those  in  the  peripheiv- lies  at  the  bfisis  of  the 
recent  work  on  nerve  componeiits.  To  Gaskell  belongs 
the  credit  of  having  clearh-  separated  the  peripheral 
nervous  system  into  two  great  categories:  on  the  one 
hand,  the  visceral  systems,  sensory  and  motor,  which 
effect  the  adjustments  to  the  internal  environment;  and 
on  the   other  hand,  the   somatic   systems,    sensory   and 
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motor,  which  effect  the 
vironment.     With  tliis 


adjustments  to  the  external  en- 
as  a  foundation  to  build  upon, 


Fig.  1.533.— The  Cranial  Nerves  of  3IcnUiiii  as  seen  from  the  rlRht  side,  Illustrating  the  central 
convergence  of  the  sensory  components  of  the  several  nerves  into  functional  systems.  The 
eye-muscle  nerves  have  been  omitted,  the  superficial  oiigins  of  the  others  being  indicated  by 
the  Roman  numerals  at  the  transverse  lines  drawn  across  their  roots.  The  viscero-motor 
roots  are  drawn  as  continuous  lines,  the  general  cutaneous  roots  as  broken  lines,  the  acnstico- 
lateral  system  as  heavier  brolfen  lines,  and  the  communis  system  (visceral  sensory)  as  dotted 
lines,  the  positions  of  the  auditory  and  of  the  four  lateral  line  ganglia  are  indicated,  though 
no  special  designations  are  given  them.  This  scheme  can  be  apphed  with  but  slight  modifica- 
tion to  all  of  the  fishes.  The  student  of  comparative  anatomy  will  notice  that  some  rami  pecul- 
iar to  the  teleosts  have  been  omitted,  e.f/.,  the  r.  lateralis  accessorius  and  the  general  cutane- 
ous fibres  in  the  hyomandiluilar  trunlv.  Compare  the  detailed  plot  from  which  this  diagram 
is  drawn  off,  J{>ur}ial  nf  ^  \iinp.  Nijiirnhiijii,  vol.  ix.,  plate  xvi.,  and  Archives  of  Neurology 
and  PsychopathoJouih  vol.  ii.,  plate  iii.  The  scheme  can  be  adapted  to  higher  vertebrates 
(including  man)  by  the  suppression  of  the  lateral  line  roots  of  the  facialis  and  vagus,  leaving 
the  VIII.  nerve  as  the  only  representative  of  the  acustlco-lateral  system. 

c7>.,  Cerebellum  ;  cer.,  cerebrum;  /.c,  fasciculus  communis  (=fasc.  solitarius);  f.n.,  funicu- 
lar nucleus  (terminal  nucleus  of  spinal  V.  tract) ;  Oas.g.,  Gasserlan  ganglion  ;  geh.g.,  genicu- 
late ganglion ;  in.,  ramus  intestinalis  vagi ;  IX.g.,  glossopharyngeal  ganglion  ;  jug.g.,  .iugular 
(gen.  cutaneous)  ganglion  of  the  vagus;  Inh.X.,  lobus  vagi  (sensory  vagus  nucleus; ;  t.X., 
ramus  lateralis  vagi;  mn.,  ramus  mandlbularis  V;  mx.,  ramus  maxillaris  V ;  old.,  olfactory 
lobe ;  op.L,  optic  lobe ;  o.sup.,  superficial  ophthalmic  branches  of  the  Vll.  and  V.  nerves  (the 
latter  =  frontal  nerve  of  man) ;  p.,  pretrematic  branch  of  the  facialis,  corresponding  in  position 
with  the  chorda  tympani  of  man,  though  not  strictly  homologous  with  it ;  pal.,  ramus  palati- 
nus  VII.  (=  great  superficial  petrosal);  sp.V.,  spinal  V.  tract;  tn. ,  tuberculum  acusticum 
(terminal  nucleus  for  acustico-lateral  system);  thm.,  hyomandibular  trunk  (  =  great  facial 
trunk  of  man);  Xg..  chief  vagus  ganglion  ;  XI.,  motor  fibres  for  trapezius  muscle,  supposed 
to  represent  the  accessory  nerve. 

Strong  carried  out  the  separation  of  these  elements,  es- 
pecially the  sensory  ones  of  the  cranial  nerves,  into  other 
components. 

Undoubtedly  the  morphological  unit  of  structure  in 
the  peripheral,  as  in  the  central,  nervous  system  is  the 
neuromere,  or  neiiral  segment.  This  is  clearly  seen  in 
the  peripheral  (though  not  in  the  central)  nervous  system 
in  the  trunli  region  of  the  adult  body,  each  spinal  nerve 
repeating  in  a  metameric  way  the  morphological  plan 
of  its  predecessors.  Both  embryology  and  comparative 
anatomy  show  that  the  head  was  also  primitively  seg- 
mented, and  the  present  arrangement  of  the  cranial  nerves 
of  man  undoubtedly  has  a  metameric  basis ;  nevertheless 
so  many  disturbing-factors  have  entered  that  it  has  thus 
far  been  impossible  to  determine  wiiat  was  the  original 
segmentation  of  the  head  in  general  or  of  the  cranial 
nerves  in  particular,  so  that  it  is  not  yet  practicable  to 
base  a  classification  of  the  nerves  upon  this  feature.  On 
the  other  hand,  the  numerical  designations  of  Sommering 
now  generally  employed  have  little  significance  other 
than  mere  convenience  in  topographical  description. 

A  descriptive  unit  wdiich  is  much  more  generally  use- 
ful is  the  functional  sy.'item.  Such  a  system  has  clearly 
definable  morphological  characters,  easily  demonstrable 
in  the  adult,  and  is  imiueasurably  more  useful  in  clinical 
neurology,  and  indeed  in  all  pathological  work.  Each 
system  may  be  defined  as  the  sum  of  all  the  nerve  fibres 
in  tlie  body,  which  possess  certain  physiological  and 
morphological  characters  in  common,  so  that  they  may 
react  in  a  common  mode.  Morphologically,  each  system 
is  defined  by  the  terminal  relations  of  its  fibres — by  the 
organs  to  which  they  are  related  peripherally  and  by  the 
centres  in  which  the  fibres  arise  or  terminate.  The  fibres 
of  a  single  system  may  appear  in  a  large  number  of 
nerves,  repeated  more  or  less  uniformly  in  a  metameric 


way  (as  in  the  genei-al  cutaneous  system  of  the  spinal 
nerves),  or  they  may  all  be  concentrated  into  a  single 
nerve  (as  in  the  optic  nerve).  On 
the  other  hand,  a  single  nerve  may 
contain  several  components,  i.e., 
its  fibres  may  belong  to  several  of 
these  systems.  It  becomes  neces- 
sary, therefore,  to  analyze  the 
root  complex  of  each  pair  of  cra- 
nial nerves  into  its  components 
and  to  trace  not  only  the  central 
connections  of  these  components 
within  the  brain,  but  also  their 
peripheral  courses  as  well.  In 
other  words,  tlie  description  of 
any  given  nervous  ramus  is  not 
complete  when  we  have  given  its 
point  of  origin  from  the  nerve 
trunk  or  ganglion,  the  details  of 
its  devious  courses,  and  the  exact 
points  where  the  sevei'al  ramuli 
terminate.  In  addition  to  this  it 
is  necessary  to  learn  what  systems 
are  represented  in  the  ramus,  and 
the  precise  central  and  iieripheral 
relations  of  each  system. 

The  difHculty  in  deterinining 
this  latter  point  is  the  cliief  ob- 
stacle in  the  way  of  researches  on 
the  nerve  components ;  for,  while 
the  central  connections  of  any 
nerve  can  be  determined  by  the 
microscopical  method,  the  periph- 
eral courses  are  usually  studied 
by  gross  methods  which  reveal 
nothing  of  the  precise  relations  of 
the  several  components  peripher- 
ally, and  hence  do  not  permit  a 
knowledge  of  each  system  as  a 
whole.  To  trace  the  components 
of  the  more  complex  cranial  nerves 
continuously  from  their  nuclei  of 
origin  or  termination  within  the 
brain  by  means  of  serial  sections  to  their  iiltimate  pe- 
ripheral termini  lias  never  been  attempted  in  the  hu- 
man body.     In  a  few  of  the  lower  vertebrates,  however, 


FIG  1536  —Diagram  illustrating  the  Composition  of  the  Tyjiical  Spmal 
Nerve  The  general  cutaneous  system  is  represented  by  broken 
lines  the  visceral  sensory  by  dotted  lines,  the  somatic  motor  by 
the  heavy  continuous  lines,  the  visceral  motor  by  the  lighter  con- 
tinuous lines.  The  visceral  motor  fibres  of  the  dorsal  root  are 
found  in  lower  vertebrates ;  their  presence  in  the  mammals  is 

""B^ommn  of  Burdach ;  C,  Clarke's  column  ;  DH,  dorsal  horn ; 
O  c'olumn  of  Roll;  iH,  lateral  horn;  SP.G.  spinal  ganglion; 
ST.G,  ss'mpathetic  ganglion;  VB,  ventral  horn. 
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this  Las  been  accomplished  with  a  fair  measure  of  suc- 
cess. All  of  the  types  thus  far  studied  in  this  way  ex- 
hibit certain  broad  general  resemblances  and  permit  the 
establishment  of  a  schematic  type  of  cranial  nerve  com- 
ponents which  is  presumably  appli- 
cable to  the  vertebrates  as  a  whole. 
From  anat(.imical,  physiological,  and 
clinical  data  already  in  hand  it  is 
possilile  to  compare  the  human  nerves 
with  this  scheme  and  to  infer  the  com- 
position of  most  of  the  peripheral  rami 
with  more  or  less  of  accuracy. 

The  composition  of  the  crauial 
nerves  has  been  most  fully  worked 
out  bjf  Strong  in  the  tadpole  of  the 
frog  and  by  tlie  present  writer  in  the 
small  marine  fish  called  "  silver  sides  " 
(MeniiU(i)  and  in  the  codfish.  Other 
notable  contributions  to  tlie  doctrine 
of  the  components  have  been  made 
by  Cole,  Allis,  Kingsbury,  Ewart, 
Pollard,  Shore,  Gaskell,  and  others. 
The  accompanying  diagram  (Fig. 
1335)  expresses  the  relations  of  the 
components  as  found  in  Menidia. 

Following  Gaskell  and  His,  we  now  recognize  four 
systems  of  components  (sec  Fig.  1536)  in  the  spinal 
nerves,  two  motor  and  two  sensory:  1.  Somatic  motor 
iibres,  arising  from  cells  of  the  ventral  horn  and  forming 
the  major  part  of  the  ventral  root,  to  supply  the  somatic 
musculature.  2.  Visceral  motor  fibres,  arising  from 
cells  in  the  region  of  the  lateral  horn  and  emerging  with 
the  ventral  root  and  (in  lower  vertebrates,  at  least)  also 
with  the  dorsal  root.  They  innervate  the  visceral  or 
splanchnic  musculature  via  the  sympathetic  system, 
forming  the  preganglionic  fibres  of  Langley.  3.  Gen- 
eral cutaneous  fibres,  arising  from  cells  of  the  spinal 
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arising  from  cells  of  the  spinal  ganglia,  entering  the 
spinal  cord  through  the  dorsal  root  to  terminate  probably 
in  Clarke's  column  and  distributing  peripherally  to 
visceral  surfaces  through  the  sympathetic  system.     The 
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ganglia  and  forming  the  greater  part  of  the  dorsal  root 
hljies.  1  hey  comprise  t  he  somatic  sen.sory  fibres  of  Gas- 
kell, excluding,  liowcvfT,  fibres  to  special  cutaneous 
sense  organs  of  all    kinds.      4.  Visceral   sensory  fibres, 
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Fig.  1.5.38.— Cross-section  of  Spinal  Cord  to  Illustrate  Gaskell's  Views.  (Hans  fiadow.")  A, 
cells  of  dorsal  horn  ;  B,  cells  of  Clarke's  column  ;  C,  cells  of  lateral  horn  ;  D,  cells  of  ven- 
tral horn  ;  E,  solitary  lells  at  hase  of  dorsal  horn ;  a,  somatic  afferent  flhres ;  6,  splanch- 
nic ganglionated  efferent  fibres  ;  c.  splanchnic  non-ganglionated  efferent  flhres  for  vis- 
ceral and  enteric  muscles  ;  <l,  somatic  efferent  fibres ;  e,  splanchnic  afferent  fibres. 


number  of  fibres  of  this  system  in  most  of  the  spinal 
nerves  is  probably  small,  the  visceral  sensory  function 
having  been  largely  supplanted  by  the  visceral  branches 
of  the  vagus.  Whether  any  visceral  sensory  fibres  arise 
from  cells  in  the  sympathetic  ganglia  is  a  disputed  point. 

Each  of  the  spinal  nerves  typically' contains  .some  fibres 
of  each  of  these  four  systems ;  but  the  relations  in  the 
head  are  complicated  by  the  reduction  of  some  compo- 
nents and  the  great  exaggeration  of  others,  as  well  as  by 
the  introduction  of  entirel_v  new  sj'stems.  The  somatic 
motor  system  is  represented  in  the  hypoglossus  and  the 
eye-muscle  nerves;  the  motor  nuclei  of  the  XL,  X.,  IX., 
VII.,  and  V.  pairs  are  commonlj-  relegated  to  the  viscero- 
motor system  ;  the  general  cutaneous  system  is  represented 
in  the  vagus,  trigeminus,  and  according  to  some  authori- 
ties in  the  glossopharyngeus,  and  the  visceral  sensory 
system  corresponds  to  what  we  have  termed  in  the  lower 
vertebrates  the  r'immu)iii<  ni/^tem — i.r..  sen.sorv  nerves  re- 
lated to  the  fasciculus  communis  (=  fasc.  solitarius)  and 
its  associated  terminal  nuclei,  viz.,  the  visceral  sensory 
portion  of  the  vagus,  the  lingual  branch  of  the  glosso- 
pharyngeus, and  the  portio  intermedia  of  the  facialis. 
Associated  with  the  general  visceral  fibres  of  these  latter 
nerves  are  others  of  a  special  sensory  nature  innervating 
the  taste  buds.  It  is  not  at  present  pos.sible  to  differenti- 
ate these  two  types  of  fibres  centrally  and  they  are  both 
included  under  the  designation  "communis  system." 
Presumably  the  special  sensory  fibres  have  been  derived 
from  the  general  visceral  system  in  correlation  with  the 
differentiation  of  the  special  sense  organs  of  the  mouth. 

"With  the  advancing  specialization  of  the  head  in  verte- 
brates, the  motor  systems  of  this  region  (especially  the 
segments  in  front  of  the  gills)  have  been  either  reduced 
or  devoted  to  .special  functions,  and  the  unspecialized 
sensory  systems  of  the  trunk  are  largely  replaced  by 
nerves  of  special  sense,  such  as  those  of  the  ear,  eye,  and 
nose.  The  increasing  relative  importance  of  the  sensory 
nerves  as  compared  ^vith  the  motor,  as  we  pass  cephalad, 
is  illuslnitcd  by  figures  gi\eu  by  Donaldson.  Thus,  the 
ratio  of  motor  to  sense iiy  fibres  entering  the  spinal  cord  is 
estimated  as  1:1.6,  while  the  ratio  of  motor  to  sensory 
fibres  in  the  cranial  nerves  t  tdvcn  as  a  wdiole  is  1 :  30.  From 
the  point  of  view  of  composition,  the  nerves  of  the  body 
m;iy  be  divided  into  four  types,  as  follows: 

1.  The  spinal  type.  Its  characters  are  given  above. 
The  hypoglossus  is  the  only  cranial  nerve  belonging  here. 
In  some  of  the  fishes  this  is  a  typical  spinal  nerve  in  all 
respects  save  thai  it  sends  some  fibres  of  its  ventral  ramus 
forward  into  the  liyoid  (tongue)  musculature.  In  man 
all  the  nerve  except  these  latter  fibres  has  disappeared. 

3.  The  braneliiomeijc  type.     The  nerves  of  this  tyr 
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IX.,  VII.,  and  V.  paire.  In  the  mammals,  the  true  gill 
arches  having  disappeared  save  for  slight  vestiges  in  the 
laiyngeal  region,  the  primitive  characters  of  these  nerves 
have  been  profoundly  modified.     The  sjiinal  acces.sor3' 

Cand  D 


vaso-motnr 


Fig.  1o39.— SfliPTriiitio  r'ross-sertinn  ot  tiie  Medulla  riVijonp-ata.  'Gas- 
kell.)  ^1,  (vlls  currcspoiiding  t"  tlmspof  vrntral  hum  ;  ]S,  frlls  cor- 
responding tii  those  of  lateral  group  ot  ventral  lioni ;  r\  cells  corre- 
sponding to  those  of  t'larke's  colunni ;  D,  cells  corresponding  to  the 
solitary  cells  at  base  of  ventral  lioni ;  E,  cells  corresponding  to 
those  of  lateral  lifjrn  ;  n,  somatic  efferent  fibres  ;  b,  somatic  afferent 
fibres ;  c,  si)lanchnic  non-ganglionic  efferent  fibres ;  d,  splanclmic 
ganglionated  efferent  fibres  ;  c ,  splanchnic  afferent  fibres. 

nerve  is  a  complex,  belonging  in  part  to  the  tirst  type 
and  in  part  to  the  second.  Tlie  composition  of  a  typical 
branchial  nerve  of  the  bony  fl.shes  is  illustrated  bv  the 
accompanying  diagram  (Fig.  l.'iS?). 

3.  The  oculomotor  type.  Illustrated  by  the  VI.,  IV., 
and  III.  pairs,  commonly  regarded  as  somatic  motor 
nerves. 

4.  Nerves  of  special  sense.  These  comprise  the  olfac- 
tory, optic,  and  auditory  nerves,  and  should  doubtless  in- 
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The  account  liere  given,  though  based  largely  on  Gas- 
kell's  scheme,  differs  from  his  in  important  respects.  The 
main  features  of  his  analysis  of  the  cranial  and  spinal 
nerves  can  be  gathci-ed  from  the  accompanying  figures 
and  their  legends  (Figs.  ir,3H  and  1539). 

The  accompanying  table  expresses  the  chief  relations 
of  the  several  components  so  far  as  known  in  the  human 
body.  Compare  the  more  detailed  exposition  of  the  sev- 
cial  nerves  beyond.  It  should  be  borne  in  mind  that  the 
analysis  here  given  is  in, sevei-al  respects  theoretical  rather 
llian  demonstrated  fact.  In  particular,  the  distribution 
(if  the  cerebral  motor  roots  in  the  .somatic  and  visceral 
groups,  as  liere  indicated,  is  greatly  in  need  of  confirma- 
tion. The  table  is  intended  to  present  the  views  now 
most^  generally  accepted,  and  must  be  held  subject  to 
revision  and  furtlier  analysis  as  our  knowledge  advances. 

PnYLDOEiw  AND  Embkyology,  — The  peripheral  ner- 
vous .system  (including  probably  the  whole  of  the  sympa- 
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FIG.  1.>14. 


Fig.  l.->43.— Diagram  of  the  relations  of  the  Specific  Olfactory  Cells  of 

the  Nose  with  the  Central  Nervous  System.     (After  Retzius.) 

I-iG.  1544.— Diagram  of  the  connections  of    the  Auditory  Gan'^lion 

Cells.     (After  Hetzius.) 

thetic  system)  is  exclusively  ectodermal  in  origin  In 
some  lowly  invertebrates  the  entire  nervous  system  lies 
close  under  the  epidermis,  or  even  in  this  layer.  But 
witli  the  increasing  demtind  for  the  correlation  and  in- 
tegration of  nervous  impulses,  the  central  system  is  in 
early  phylogenetic  stages  specialized  olT  t<;  lie  in  the 
deeper  layei's  of  tlie  body.  On  the  other  hand,  the  cell 
)H.(hcs  (i|  tlic  jieripheral  nervous  system  mav  retain  tlieir 
penplieral  ]i<isition  in  the  epidermis  in  animals  of  a  much 
Ingher  grade.  Tints,  in  the  earthworm  the  epideimis  is 
I'limiiosed  of  a  single  layer  of  colunmur  epitlielium  cells 
among  which  in  the  cephalic  region  of  the  body  are  scat- 
tered spindle-shaped  sensory  cells,  each  givino-  rise  to  a 
nerve  fibre  wliieh  terminates  in  the  c'eutral  nervous 
system  (Fig.  l.WO).  In  other  invertebrates  (as  in  the 
slugs)  the  cell  body  has  retiird  a  longer  or  shorter  dis- 
tiuice  from  tlie  siirfiiee,  being  lu-ovidet'l,  in  addition  to  its 
central  ju-ocess,  with  a  peripheral  process  extending  to  the 
periphery  (Fig.  l.^-tl).  Finally,  in  the  vertebrates  the 
typical  iirrangement  is  given  by  the  general  cutaneous 
nerves,  whose  cell  bodies  have  sunken  as  far  as  possible 
below  the  surface  until  they  lie  in  the  spinal  ganglia  ad- 
.lacent  to  the  spinal  column  (Fig.  1,543).  In  tliis  case  too 
It  will  be  noted  that  the  cell  body,  instead  of  lyin.^  in  thti 
liath  of  the  libre  (biiiolar),  lias  been  crowded"  ofi^ to  one 
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side  and  become  unipolar.  This  arrangement  is  char- 
acteristic of  the  spinal  ganglion  cells  and  of  most  of  tlie 
cranial  ganglia,  viz.,  those  of  the  X.,  IX.,  VII.,  and  V. 
nerves. 

Not  all  of   the  nerves  of  the  human  body,   however, 
have  been  specialized  so  far  in  this  direction.     The  olfac- 
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Figs.  1545  and  1546.— Two  Stages  in  the  Development  of  the  Neural  Crest  and  Spinal 
Ganglion  In  the  Embryo  Chicken.     (Alter  Marshall.) 


tory  nerve,  in  fact,  has  retained  the  primitive  invertebrate 
arrangement  with  but  slight  modification.  It  is  the  most 
archaic  nerve  of  the  bod,y.  The  specific  olfactory  cells 
are  scattered  among  the  indifferent  cells  of  the  olfactory 
membrane  and  are  provided  eacli  with  a  fibrous  prolonga- 
tion directed  centrally,  which  pierces  the  basement  mem- 


*sine» 


Fig.  1547.— The  Formation  ol  the  Neural  Crest.  Sections  through  the 
cervical  region  ol  a  human  embryo  ol  fourteen  to  sixteen  days. 
(After  V.  Lenhossek.)  Ee,  Ectoderm  ;  men.  mesoderm ;  M,  neural 
crest ;  mci,  medullary  plate,  closing  in  to  form  the  neural  tuBe. 

brane  of  the  epithelium  and  forms  one  of  the  fibres  of  the 
olfactory  nerve,  fluallv  to  terminate  in  an  arborization  m 
one  of  the  glomeruli  of  the  olfactory  bulb.  The  olfactory 
"nerve,"  therefore,  really  corresponds  to  the  radix  of  a 
spinal  sensory  nerve  in  that  it  is  made  up  of  root  fibres, 
i.e.,  fibres  passing  from  the  ganglion  to  the  centre.  An- 
other evidence  of  the  primitive  character  of  the  olfactory 
nerve  is  found  in  the  absence  of  medullary  sheaths  upon 
its  fibres.  The  fibre  corresponding  to  the  peripheral 
process  of  a  spinal  ganglion  cell  never  develops,  since 
the  cell  body  itself  lies  in  the  periphery  (Fig.  1543). 

The  auditory  nerve  is  intermediate  between  this  type 
and  that  of  the  spinal  nerves,  since  the  cell  body  is 
bipolar  and  lies  in  the  spiral  ganglion  midway  between 


the  periphery  and  the  oblongata  (Fig.  1544).  It  is  there- 
fore in  this  respect  a  more  primitive  type  of  nerve  than 
the  spinal  nerve.  In  other  respects,  however,  it  is  more 
highly  specialized.  For  instance,  instead  of  ending  free 
in,  the  periphery  among  unaltered  cells,  it,  like  the  gusta- 
tory nerves,  ramifies  about  specially  modified  epithelial 
cells  which  serve  as  receptive  organs  for 
these  nerves  of  special  sense. 

There  is  some  evidence  that  these  nerves 
of  special  sense  arise  in  the  periphery, 
their  ganglion  cells  being  specialized  in 
the  ectoderm  at  the  site  of  the  future  sen- 
sory organ.  The  optic  nerve  belongs  to 
a  distinct  category,  since  the  ectodermal 
rudiment  of  the  eye  and  its  nerve  is  formed 
on  the  cephalic  plate  before  its  invagina- 
tion into  the  nerve  tube,  then  to  be  second- 
arily evaginated  from  the  nerve  tube  into 
its  definitive  position. 

The  other  sensory  nerves  (and,  accord- 
ing to  the  researches  of  His,  Jr.,  the  sym- 
pathetic system  also)  are  derived  from 
cells  which  migrate  out  from  the  ectoderm 
at  the  time  of  the  invagination  of  the  nerve 
tube  at  the  seam,  or  line  of  contact,  be- 
tween the  nerve  tube  and  the  unmodified 
ectoderm  from  which  the  latter  is  derived.  These  cells 
arise  in  some  cases  apparentlj'  from  the  ectoderm  just 
after  the  neural  tube  has  been  pinched  off,  in  other 
cases  from  the  dorsal  wall  of  the  tube  at  a  correspond- 
ing period.  In  either  case  they  form  a  ridge  or  heap 
of  cells  between  the  dorsal  edge  of  the  tube  and  the 
overlying  ectoderm,  which  is  termed  the  "  neural  crest. ' 
Its  cells  now  migrate  down  on  either  side  of  the  neural 
tube  into  the  definitive  position  of  the  spinal  ganglion, 
meanwhile  becoming  bipolar  by  the  growth  of  a  fibrous 
process  from  each  pole  of  the  spindle-shaped  cell  body. 
One  of  these  processes  grows  outward  toward  the  per- 
ipherj',  the  other  inward  to  form  the  sensory  root  of  the 
nerve  in  question.     Two  stages  in  the  development  of 


FIG  1548  -Bipolar  Spinal  Ganglion  Cells  from  a  Human  Embryo. 
(After  His.) 
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the  neural  crest  of  the  chick  are  illustrated  in  Figs.  lij4o 
and  10-46  The  development  of  the  neural  crest  of  man 
is  somewliat  different,  as  may  be 
seen  in  the  three  stages  illustrated 
in  Fig,  1547, 

The  two  poles  of  tlicse  cells  are 
at  first  opposite  (Fig,  154H),  liut  be- 
come gradually  approximated  until 
finally' th(!cellulifugal  and  thccellu- 
lipetal  fibres  unite  for  a  short  dis- 
tance and  the  cell  becomes  unipolar. 
Several  stages  in  this  process  are 
shown  in  the  accompanying  figure 
of  the  Gasserian  ganglion  (Fig, 
l.'i4»).  The  motor  roots,  as  is  well 
known,  grow  out  from  cells  lying 
in  the  ventro-lateral  zone  of  tiie 
neural  tube  (Figs,  15.5U  and  l.")."!!). 
The  general  arrangement  of  the 
cranial  nerves  of  the  adult  man  arc 
indicated  in  Fig.  1.053,  while  their 
origins  from  the  medulla  oblongata 
are  shown  more  in  detail  in  Figs. 
1553  and  1554,  and  their  foramina  in 
Fig,  15.55. 

Nbkves  op  the  Spinal  Type. — 
The  composition  of  the  typical 
spinal  nerve  we  have  already 
given.  The  distribution  of  the 
chief  branches  of  sucli  a  nerve  in 
is   indicated   in  the  accompanying 


Fig.  1.549.— Transforma- 
tion of  Bipttlar  into 
Unipolar  Ganglion 
Cells  in  the  Gasserian 
Ganglion  of  an  Em- 
bryo G  n  i  n  e  a  -  p  i  g . 
(After  Van  Gehtieti- 
ten.) 


the  thoracic   region 
figure  (Fig,  1556), 

XII.  The  liypoglosms  is  the  only  cranial  nerve  of  this 
type.  During  the  evolution  of  the  vertebrata  a  consider- 
able number  of  the  most  cephalic  spinal  segments  have 
been  either  lost  or  absorbed  into  the  head  and  the  corre- 
sponding spinal  nerves  have  been  reduced.  Several  such 
nerves  were  lost  altogether  and  others  lost  the  dorsal 
roots.  In  young  specimens  of  the  lowly  elasmobranch, 
HexanrJius,  there  are  five  of  these  "occipital"  nerves 
which  have  lost  their  dorsal  roots  (the  last  one  with  a 
minute  dorsal  root).  The  hypoglossus  of  man  does  not, 
apparently,  correspond  to  any  of  these,  however,  but  is 
composed  (according  to  Fiirbringer)  of  the  ventral  roots 
of  the  three  following  nerves  (the  first  three  occipito-spinal 
nerves  of  his  nomenclature).  In  the  human  embryo  a 
ganglion  and  rudimentary  dorsal  root  may  appear  in'con- 


dorsal  root 


ganglion 


ventral  root 


FIG,  1.5,50,  -SBotion  through  the  Spinal  Cord  of  a  Human  Emhrvo  of 
four  to  four  and  one-lialf  ^ve(■k,s.     (After  Edinger.) 

nection  with  one  or  more  of  these  roots,  and  rarely  in  the 
adult  the  last  one  bears  a  small  vestige  of  the  ganglion 

The  nucleus  of  origin  of  the  XII.  nerve  lies  venti'o- 
laterally  of  the  tip  of  the  fourth  ventricle  and  is  the  am- 
tmuation  of  the  ventral  horn  of  the  cervical  cord  The 
root  fibres  arise  chiefly  (and  according  to  most  authoriiics 
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wholly)  from  the  nucleus  of  the  same  side.  The  nucleus 
receives  from  its  lateral  and  ventral  sides  a  very  large 
number  of  delicate  terminal  fibres,  including  doubtless 
reflex  fibres  from  the  sensory  nerves  and  motor  fibres 
from  the  cortex.  The  latter  are  chiefly  collaterals  from 
the  pyramids,  but  partly,  according  to  Hoche,  terminals 
of  fibres  running  ilowu  mingled  with  the  fibres  of  the 
mesial  fillet.  The  hypoglossus  fibres  emerge  in  from 
ten  to  fifteen  rootlets,  pass  through  the  anterior  condylar 
foramen,  effect  connections  witli  the  superior  cervical 
ganglion  of  the  sympathetic,  the  vagus,  the  first  three 
cervical  nerves,  and  the  lingual  brancli  of  the  trigeminus. 
They  distribute  mainly  to  the  muscdes  of  the  tongue,  viz,, 
the  stj'loglossus,  liyoglossus,  genio-hj'oid,  genio-glossus, 
and  the  intrinsic  muscles  of  the  tongue. 

Nekves  op  the  Bkaxciiiomeric  Type. — XI.  The 
accessory  nerre  consists  of  two  parts:  (1)  the  accessorius 
vagi  is  reality  a  bundle  of  detached  filaments  of  the  vagus, 
containing  inhibitory  fibres   for  the  heart,  motor  fibres 


Fig.  1.551.— Transverse  Section  of  the  Spinal  Cord  of  a  Chick  at  the 
ninth  day  of  Incubation.  (After  Hamon  y  Ca.ial.)  Y.r.  Ventral  root 
fibres,  arising  from  ventral  horn  cells,  iV^ ;  Dr.,  dorsal  root  fibres, 
arising  from  ganglion  cells,  Gl :  Co!,  collaterals,  from  the  latter 
fibres. 

for  the  pharynx,  etc. ;  (2)  the  accessorius  spinalis  arises 
from  the  lateral  aspect  of  the  spinal  cord  as  far  back  as ' 
the  fifth  or  sixth  cervical  vertebra  in  numerous  separate 
strands.  These  fibres  are  motor  and  arise  from  the  lateral 
cornu  of  the  cord.  They  turn  cephalad  and  are  collected 
into  a  single  trunk  and  emerge  through  the  same  foramen 
as  the  vagus.  They  supply  Uie  sterno-mastoid  and  trape- 
zius muscles. 

The  morphology  of  the  accessoiius  spinalis  is  still 
rather  obscure.  Its  nucleus  is  a  strand  of  cells  laying  in 
the  lateral  cornu  and  extending  as  far  forward"  as  the 
level  of  the  lower  third  of  the  olive.  In  some  fishes  and 
amphibians,  though  a  distinct  accessorius  is  absent,  yet 
certain  filjrcs  of  the  motor  root  of  the  vagus  arise  farther 
caudally  than  the  others  and  supplj-  the  trapezius  muscle. 
These  are  regarded  as  the  representatives  of  the  accessory 
nerve.  As  we  pass  upwai'il  in  the  animal  series,  the  ac- 
cessorius nucleus  is  extended  farther  caudad  into  the 
lateral  horn  region  anil  this  nerve  is  more  clearly  separable 
fi-om  the  vagus.  The  distinction  between  the' vagal  and 
the  spinal  p(u-tionsof  the  accessorius  in  any  case  is  not  of 
profound  morjihological  significance,  siuc'e  both  the  ac- 
cessorius and  the  motor  vagus  belong  to  the  same  com- 
])onent,  the  viscero-motor,  and  both  arc  differentiated 
from  the  lateral  horn  zone, 

IX.  and  X.  The  vagus,  or  pnriimogasine,  and  the  glos- 
.wjihan/ngeiis  are  concerned  primarily  with  the  respiratory 
and  nutritive  mechanisms.  In  lower  vertebrates  they  are 
typical  branchial  nerves,  or  riither,  the  vagus  is  a  fusion 
of  several  such,  the  number  of  branchiomeres  represented 
corresponding  to  the  number  of  gill  clefts  minus  one,  the 
first  cleft  being  supplied  by  the  IX.  pair.     In  the  lowest 


REFERENCE   HANDBOOK   OF  THE   MEDK:AL   SCIENCES. 


i'raiilal  Nerves, 
Cranial  Nerves. 


fishes  thi'se  brauthial  uerves  arc  quite  separate  from  each 
other  and  each  forks  around  a  single  gill  cleft.     In  higher 


Fig.  1552.— General  View  of  the  Cranial  Nerves 
(Altered  from  Allen  Thomson.) 


forms  all 
(IX.  nerve 

gether  and  the  vagus 
stem  is  extended  into 
the  intestines,  lungs,  and 
other  viscera  connected 
with  the  metabolism  of 
the  body. 

The    gill    arches   and 
their  appendages  are  es- 
sentially visceral   struc- 
tures, and  this  has  Influenced  the  composition  of  these 
nerves.     Except  in   some   lower  vertebrates,  the  vagus 
region  contains  no  somatic  muscles.     When  such  mus- 
cles are  present,  they  seem  to  be  innervated  from  post- 
vagal  spino-occipital  nerves.    Accordingly  neither  the 
vagus  nor  any  of  the  other  brauchiomeric  nerves  con- 
tain somatic  motor  components.     The  general  ciitane- 
ous  component,  too,  has  been  greatly  reduced  in  the 
post-trigeminal  members  of  the  series,  the  skin  ot  this 
region  being  for  the  most  part  supplied  either  trom 
behind  by  the  spinals  or  from  in  front   l.)y  the  tri- 
geminus.    The  vagus  and  glossopharyngeus,  accord- 
ingly  have  the  following  composition;    (1)  a    smaU 
number  of  general  cutaneous  fibres,  (2)  visceral  sen- 
sory fibres,  (3)  visceral  motor  fibres.     In  the  fishes  a 
large  root  of  the  lateral  line  system  of  nerves  goes  out 
through  the  vagus  foramen  and  is  conventionally  as- 
sociated with  the  vagus,  though  it  has  no  morpho- 
logical connection  with  it  and  is  not  represented  at 
all  in  the  higher  animals.     Compare  the  diagram  ot 
the  acustico-lateral  system.  Fig.  417,  Vol.  I,  ;  article 
Auditory  Nerve.  ,   ^,  ,.  ,, 

1  In  the  fishes  and  amphibians  the  relations  ot  the 
general  cutaneous  fibres  are  accurately  known.  Aris- 
ing in  a  special  ganglion  on  the  root  of  the  vagus  (tne 
iun-ular  eanglion  of  Shore  and  Strong),  they  enter  the 
spfnal  V:  tract,  to  terminate  about  the  cells  associ- 
ated with  this  tract.  Peripherally  they  comprise  dor- 
sal branches  of  the  nerve  which  supply  the  skm  ot  the 
occipital  region  above  and  external  to  the  gill  cham- 
ber In  man  most  authorities  describe  the  vagus  root 
as  simply  passing  througli  the  spinal  V.  tract.  Since, 
howevei-  tliere  is  a  general  cutaneous  twig  supplying 
the  corresponding  region  of  the  periphery  (the  ramus 
auricularis  vagi,  innervating  the  skin  behind  the  eai), 


it  is  iirobably  true  that  in  man  also  some  vagal  fibres 
terminate  in  the  spinal  V.  tract,  as  the  gray  matter  as- 
sociated witli  this  tract  is  tlie  only 
terminal  nucleus  in  the  oblongata 
known  for  general  cutaneous 
fibres.  Cajal,  moreover,  has  de- 
monstrated fibres  entering  the 
spinal  V.  tract  from  the  IX.  root. 
2.  The  remaining  sensory  fibres 
belong  (o  the  visceral  system. 
Thidr  peri]ilieral  distrilmtinn  in 
the  case  of  ihe  vagus  is  very  Avide, 
viz.,  to  the  mucous  surfaces  of  the 
pharynx  and  to  the  thoracic  and 
abdominal  vi.scera.  The  presence 
of  these  latter  fibres  is  the  proliable 
explanation  of  the  small  number 
of  the  visceral  sensory  fibres  in  the 
spinal  nerves.  They  spring  main- 
ly from  the  ganglion  of  the  trunk 
(g.  nodosum).  Pnjximally  of  the 
ganglion  those  sensory  fibres  can- 
not easily  be  distinguished  from 
the  smaller  motor  filjres.  Together 
they  enter  the  oblongata  in  a  series 
of  twelve  or  more  filaments  in  the 
groove  between  the  olive  and  the 
restiform  body.  In  lower  verte- 
brate types  the  visceral  sensory 
YY^— ^^^^  \  (communis)    component    of    both 

■  _    \    ^^  N.       the  IX.  and  X.  nerves  contributes 

:^'Vi—^~ — )  ^    fibres  for  the  general  sensory  in- 

nervation of  the  mucosa  of  the 
pharynx  and  adjacent  regions,  and 
in  addition  a  still  larger  number 


third  ventricle 

J'halami 

pmeal  body 


aecessorius  nucleus 


funiculus  cuneatus 
funiculus  gracilis 

„,„  15,53  _The  Medulla  Oblongata  as  Seen  from  the  Dorsal  Side,  s^lightly 
SrO.^^is^^-Si^liJ^Z^u^^es.r^aTS^errS 
deep  origins. 
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of  fibres  to  the  large  taste  buds  plentifully  scattered  over 
the  gills.  In  all  cases  the  IX.  sends  a  branch  forward 
on  to  the  dorsal  surface  of  the  hyoid  (rudimentary  tongue). 


Fig.  L5.54.— The  Medulla  Oblongata  and  Parts  Adjacent  as  seen  from 
the  Ventral  Side.  Natural  size.  (After  Allen  Thomson,  from 
Quain's  "Anatomy.")  The  Roman  numerals  refer  to  the  cranial 
nerves ;  ca,  ventral  column  of  cord ;  cl,  lateral  column ;  ventral 
median  Assure  of  cord  ;  o,  olive;  P,  cerebral  peduncle;  iia,  pvra- 
mid;  PV,  pons  Varolii. 

With  the  disappearance  of  the  gills,  the  taste  buds  of  the 
corresponding  regions  vanish,  and,  accordingly,  the  lin- 
gual branch  of  the  IX.  is  the  only  nerve  of  this  complex 
which  serves  the  function  of  taste  in  man,  though,  as  we 
shall  see  beyond,  the  VII.  nerve  also  participates.  The 
IX.  nerve  of  man  enters  the  brain  by  some  five  or  six 
rootlets  in  a  line  directly  continuous  with  the  vagus  roots. 
The  general  cutaneous  fibres  enter  the  spinal  V.  tract, 
the  communis  fibres  the  fasciculus  solitarius,  and  the 
motor  fibres  the  cephalic  end  of  the  nuclens  ambiguus. 
_  3.  In  the  fishes  there  are  clearly  two  kinds  of  motor 
fibres  in  the  vagus  and  glossopharyngeus.  viz.,  large 
fibres  arising  from  the  nucleus  ambiguus  and  destined 
for  the  stiiated  musculature  of  the  gills,  and  smaller 
fibres  destined  for  the  unstriated  ojsophageal  and  other 
visceral  muscles  of  uncertain  origin.  Mo.st  of  the  motor 
fibres  in  man  are  of  the  small  variety.  It  is  universallv 
agreed  that  they  arise,  in  part  at  least,  from  the  nucleu's 
ambiguus  (accessory  vagoglossopharyngeal  nucleus), 
which  IS  a  highly  differentiated  continuation  of  the  lat- 
eral horn. 

Besides  the  nucleus  last  mentioned  and  the  connection 
ot  the  IX.  and  X.  roots  with  the  spinal  V.  tract  al- 
rearly  indicated,  there  are  two  other  centres,  the  fascicu- 
lus so  itanus  (fasc.  communis  of  the  lelithyopsida)  and 
the  cells  as,sociated  with  it  to  form  the  "spinal  nucleus  " 
andthe  so-called  "chief  nucleus,"  the  latter  lying  dorso- 
mesiallyof  the  fasciculus  between  it  and  the  IV  ven- 
tricle. It  has  been  commonly  held  that  the  sen.sorv 
vagus  terminates  mainly  in  the  chief  vago-glossopharyu 

330 


geus  nucleus,  but  partly  in  the  fasciculus  solitarius, 
while  the  IX.  terminates  chiefly  in  the  fasciculus,  but 
partly  in  the  chief  nucleus.  Cajal  from  a  study  of  Golgi 
preparations  of  the  IX.  and  X.  nerves  of  the  new- 
born mouse  concludes:  "There  are,  therefore,  in  this  ani- 
mal not  two  sensory  terminal  clusters,  nor  two  separate 
portions  for  the  two  nerves,  A  single  root  common  to 
both  nerves  passes  over  into  the  fasciculus  solitarius 
without  loss  of  any  fibres,  in  such  a  Avay  that  between 
the  upper  or  cliief  nucleus  and  the  lower  or  descending 
nucleus  there  is  no  distinction  aside  from  that  of  posi- 
tion." Some  years  ago  Forel,  and  since  him  several  other 
careful  workers,  by  a  variety  of  the  degeneration  meth- 
ods, have  come  to  the  conclusion  that  the  so-called  "  chief 
sensory  nucleus  "  is  either  wliolly  or  largel.y  motor  in 
function,  and  that  the  fasciculus  solitarius  and  the  gray 
matter  immediately  adjacent  to  it  rej) resent  the  only 
sensory  terminus  for  these  communis  fibres  of  the  IX. 
and  X.  roots. 

The  presence  of  a  descending  or  spinal  root  and  nu- 
cleus in  these  nerves  may  be  correlated  with  the  corre- 
sponding feature  of  the  dorsal  roots  of  the  spinal  nerves. 
As  each  dorsal  root  fibre  typically  divides  immediately 
upon  entrance  into  the  cord  into  a  descending  and  an 
ascending  limlj,  so  here  the  entering  sensory  fibres  have 
been  seen  to  divide,  one  limb  descending  to  form  the 


Fig.  l.WS.-The  Base  of  the  Skull,  showing  the  Exits  of  the  Cranial 
Nerves. 

fasciculus  solitarius  and  enter  the  spinal  nucleus  The 
sensory  roots  of  the  VIII.,  VII.,  and  V.  nerves  exhibit 
the  same  peculiarity. 

The  peripheral  relations  of  the  vagus  and  glossopharyn- 
geus are  illustrated  in  the  accompanying  figure  (Fig 
1557).      The   lingual   branch  of    the  I'X.    supplies  the 
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mucous  membrane  and  circumvallate  papillae  of  tlie  bael^ 
part  of  the  tongue,  tlie  pharyngeal  branches  supply  the 
stylo-pharyngeus  muscle,  and  perhaps  some  of  the  con- 

spiual  oord 
anterior  root  /». 

mixed  nerve  f^^^ 

ganglion 

posterior  root 

sympathetle  nerv 


dorsal  branch 


a  very  wide  distribution  to  spceializeil  souse  organs  of 
the  inside  of  the  buccal  cavity  jmd  also  to  varying  ex- 
tents all  over  the  outer  sl<in  of  the  head  and  trunlf,  while 
the  motor  component  is  small  and  confined  to  the  inner- 
vation of  the  muscles  of  the  hyoid  arch.  In  man,  on  the 
other  hand,  the  sensory  portion  has  dwindled  to  so  small 
proportions  as  to  have  been  quite  ignored  by  many  anat- 
omists, while  the  peripheral  distribution  area  of  the 
motor  portion  has  been  enlarged  to  include  almost  the 
\yliole  of  the  superficial  facial  musculature.  The  reduc- 
tion of  the  sen.sory  component  is  explained  by  the  loss  of 
the  corresponding  sense  organs  in   air-breathing  vcrte- 


ventral  branch  * 
Fir,,  irm.  -Diagram  ot  a  Spinal  Ner\e  of  the  Thoracic  Region. 


strictors  of  the  pharynx,  together  with  the  mucous 
membrane  adjacent.  By  its  tympanic  brancli 
(nerve  of  .Tacobson)  it  supplies  the  mucous  lining 
of  the  middle  ear.  It  communicates  with  the  V. , 
VII.,  and  X.  and  sj'm pathetic  nerves. 

The  vagus  communicates  witli  the  VII. ,  IX. ,  XI. ,  XII. 
I.  and  II.  spinals,  and  tlie  sympathetic.     Its  distribution 
is  extensive,    comprising   branches  to   the   dura  mater 
external  ear,  pharynx,    larynx,    heart,   lungs,   stomach, 
and  other   viscera.      Throughout  its   entire   extent  the 
vagus  is  in   fretj(uent  communication  with  the  sympa 
thetic,  and  it  seems  to  share  many  of  its  functions  with 
the  latter.     It  controls,  more  or  less  directlj',  the  more 
important  automatic   and   vegetative   functions   of   the 
body,  such   as   circulation    and   digestion,    and  is   thus 
of  the  most  profound    phj'siological  significance.      Its 
vaso-motor  function  is  of  the  most  far-reaching  signifl 
cance.     It  carries  three  types  of  cardiac  fibres,  viz.,  ac 
celerator,   inhibitory,    and   depressor,    the   latter   acting 
centripetally  to  produce  reflexly  a  slowing  of  the  heart 
Trophic  fibres  have   frequently  been   described   in   the 
vagus,  though  the  weight  of  evidence  now  points  to  the 
belief  that  such  fibres  have  no  separate  existence. 

VII.  Paciitlis. — In  the  lower  fishes  the  facialis  is  a 
typical  brancbiomeric  nerve.  The  hyoid  arch  is  a  modi 
fiecl  gill  arch,  as  evidenced  by  perfect  gills  on  its  poste 
rior  face,  and  it  is  separated  from  the  mandibular  arch 
by  the  spiracular  cleft,  around  which  the  facialis  forks 
in  just  the  same  way  as  the  other  branchial  nerves  fork 
around  their  respective  gill  clefts  (cf.  Fig.  1587).  Tin 
facialis,  too,  has  the  tj-pical  roots,  viz.,  visceral  motoi 
aod  visceral  sensorj'  (communis) ,  the  latter  very  large 
in  lower  vertebrates  but  small  in  man  and  known  as  tlie 
portio  intermedia  of  Wrisberg.  It  always  has  a  gan- 
glion, the  geniculate  ganglion.  Moreover,  the  facial 
branches  have  the  typical  composition,  the  post-trematic 
nerve  being  motor  and  sensory,  the  pre-trematic  and  the 
palatine  exclusively  sensory.  The  post-trematic  ramus 
corresponds  to  the  main  facial  trunk  in  man,  the  pre- 
trematic,  or  a  portion  of  it,  probably  to  the  chorda  tym- 
pani,  and  the  palatine  is  unquestionably  the  great  super- 
ficial petrosal  of  human  anatomy,  the  spiracular  cleft 
being  represented  by  the  Eustachian  tube.  In  none  of 
the  lower  vertebrates  do  general  cutaneous  fibres  emerge 
from  the  brain  with  the  facial  roots,  though  they  may 
enter  the  facial  trunk  peripherally,  running  back  into  it 
from  the  Gasserian  ganglion.  In  the  Ichthyopsida  a  very 
large  root  of  the  acustico-lateral  system  joins  the  facialis, 
passing  out  with  tlie  post-trematic  ramus  to  supply  the 
lateral  line  organs  of  the  mandible  (see  Auditory  JS'erre, 
Fig.  417,  Vol.  I.). 

Between  these  lower  vertebrates  and  man  the  facial 
nerve  undergoes  a  striking  metamorphosis.     There  it  is 
a  large  nerve,  chiefly  sensory,  whose  sensory  fibres  have 
Vol.  III.— 31 


FiCt.  1557.— The  Distribution  and  Connections  of  the  IX.  and  X.  Nen'es. 
(After  Hirschfeld  and  Levellle,  from  Qualn's  "Anatomy.")  One- 
third. 

1,  Vagus  nerve ;  2,  ganglion  of  Its  trunk ;  3,  accessory  part  of 
the  spinal  accessory;  4,  union  of  the  X.  and  XII.  nerves;  5, 
pharyngeal  tiranch  of  the  vagus ;  6,  superior  laryngeal  nerve ; 
7,  exterior  laryngeal ;  8,  communication  of  the  latter  with  the 
superior  cardiac  branch  ot  the  sympathetic ;  9,  inferior  or  recur- 
rent laryngeal;  10,  superior,  and  11,  Inferior  cervical  cardiac 
branches  of  the  vagus;  13,  13,  posterior  pulmonary  plexus;  14, 
lingual  branch  of  the  mandibular  branch  of  the  V.;  1.5,  distal 
part  of  the  hypoglossal  nerve;  IB,  glossopharyngeus ;  17,  spinal 
accessory  nerve,  uniting  by  its  Inner  branch  with  the  vagus,  and 
by  its  outer  passing  into  the  sterno-mastoid  muscle;  18,  II. 
cervical  nerve;  19,  III.;  20,  IV.;  31,  origin  of  the  phrenic  nerve; 
23,  23,  v.,  VI.,  VII.,  and  VIII.  cervical  nerves,  forming  with  the 
first  thoracic  the  brachial  plexus ;  24,  superior  cervical  ganglion  of 
the  sympathetic ;  2.5,  middle  cervical  gangUon  ;  26,  Inferior  cervical 
ganglion,  united  with  the  first  thoracic  ganglion;  27,  28,  29,  30, 
second,  third,  fourth,  and  fifth  thoracic  ganglia. 

lirates,  while  the  muscles  of  expression  of  the  face  are 
said  to  be  derived  pliylogenetically  from  the  hyoidean 
musculature. 

In  man  the  two  roots  emerge  from  the  brain  in  close 
contact  at  the  lower  border  of  the  pons  and  in  intimate 
relations  with  the  auditory  nerve.     The  motor  root  arises 
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ill  a  nucleus  1  yiug  veutrally  luid  sliglilly  caudally  of  tliat 
(if  the  VI.  nerve"  Its  fibres  arc  uncrossed,  according  to 
Van  Gchuchten,  tliough  several  earlier  authors  descriljc 
a  crossed    bundle   also.      They   curve   around   the    VI. 


porth  intermedia 
^--  (jcrikulata  rjanglion 

larfic  superficial  petrosal 

I  superfiekil  petrosal 
all  deep  petrosal 

l/ir'je  deep  pefrusal 


.Stapedius 


rir,.  15.58.— Plan  of  tbe  facial  Nerve.  (After  Tlnane,  from  Quain's  "Anatomy.")  c/i.tiy., 
Chorda  tvmpani,  Its  middle  part  removed;  ((/.,  tympanic  branch  of  the  glossopharyn- 
geus;  .SI/.,  sympathetic  on  the  internal  carotid  artery:  ear.tn..  carotico-tympanie 
nerve,  passing  between  the  tympanic  nen'e^nd  the  sympathetic  iu  the  carotid  canal. 


nucleus,  forming  the  inner  genu  of  tiie  ioot,  and  upon 
emergence  from  the  oblongata  are  joined  b_y  those  of  the 
portio  intermedia.  The  internal  genu  is  a  very  charac- 
teristic feature  of  this  root  in  all  vertebrates.  Its  signif- 
icance is  perhaps  to  be  explained  by  a  relation  between 
the  facialis  root  and  the  fasciculus  longitudinalis  medi- 
alis.  Connections  of  different  kinds  have  been  described 
between  this  fasciculus  and  the  motor  cranial  roots.  The 
writer  has  observed  these  connections  in  the  fishes  and,  in 
two  of  the  cases  (viz.,  the  IX.  and  VII.),  the  motor 
roots  depart  far  from  the  shortest  courses  to  their  super- 
ficial origins  to  run  for  some  distance  along  the  outer  side 
of  the  fasciculus.  The  bundle  from  tlie  IX.  nucleus 
divides  before  leaving  the  fasciculus  into  two  nearly 
equal  portions,  of  which  one  forms  the  root  bimdle  and 
the  other  remains  with  the  fasciculus.  The  ascending 
limb  of  the  facial  root  in  the  same  way  runs  along  the 
outer  side  of  the  fasciculus  for  some  distance  immediately 
ventrally  of  the  glossopharyngeal  bundle,  with  which  it 
filially  fuses.  The  root  portion,  or  descending  limb  of 
tlie  facial  root,  soon  separates,  presumablv  leaving  some 
fibrc-s  in  contact  with  the  IX.  bundle,  wliich  soon  fuses, 
a  little  farther  ccphalad,  with  the  rest  of  the  fasciculus 
longitudinalis  medialis.  In  human  anatomy,  too,  the 
facial  genu  passes  along  the  outer  side  of  this  fasciculus, 
and  there  may  be  some  relation  between  them,  by  means 
of  collaterals  or  otherwise. 

The  sensory  facialis  fibres  arise  in  the  geniculate  gan- 
glion and  terminate  in  the  fasciculus  solitarius  (=  fuse, 
communis)  and  the  associated  gi-ay  matter,  thus  reaching 
the  same  terminal  nucleus  as  the  other  members  of  the 
communis  system.  The  two  roots  run  outward,  accom- 
jianying  the  auditory  nerve  to  the  iuleiual  aiiditory 
meatus.  Separating  from  tlie  latter  nerve  tliey  eiitc'r 
the  aqueduct  of  Fallopius,  within  wdiich  a  sharp  I  urn 
IS  made,  the  external  genu  of  the  nerve.  At  this  point  is 
the  geniculate  ganglion,  whicli  is  the  root  ganglion  of 
the  sensory  portion.  Wiihin  theaqu(;duct  the  following 
bnmches  are  given  off  from  the  trunk:  (1)  twigs  commu- 
nicating with  the  auditory  nerve,  (3)  with  the  small 
siipcrtcial  petrosal,  and  (8)  with  the  auricular  branch  of 
the  vagus;  (4)  a  motor  twig  for  the  stapedius  lutiscle-  (.')) 
the  external  suiierficial   petrosal   nerve;  (Ci)  the  greiit  su- 
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perficial  petrosal  nerve,  wholly  sensory  and  correspond- 
ing to  the  palatine  of  lower  vertebrates,  which  is  joined 
by  the  large  deep  petrosal  to  form  the  vidian  nerve,  ter- 
minating in  the  sphenopalatine  ganglion;  (7)  the  chorda 
tympaiii,  a  sensory  nerve  whicli  leave,s 
tile  trunk  at  the  oi'iter  end  of  the  aque- 
duct and  curves  back  through  the  tem- 
poral lione  and  the  tympanic  Ciivity,  to 
run  forward,  receiving  a  communicating 
twig  from  the  otic  ganglion,  to  join  the 
lingual  branch  of  the  trigeminus.  The 
fibres  of  the  chorda  are  now  geuei-ally 
regarded  as  largely  gustatory  in  func- 
tion, while  those  of  the  lingual  branch 
of  the  trigeminus  arc  concerned  with 
general  sensibility  only.  This  accords 
■with  our  most  precise  anatomical  and 
lihylogenetio  linowledge  and  with  a 
large  body  of  clinical  and  pathological 
diita,  though  there  is  some  clinical  evi- 
dence pointing  to  the  existence  of  gusta- 
tory fibres  in  the  trigeminus. 

The  facial  trunk,  upon  emergence 
from  the  Fallopian  aqueduct,  is  gener- 
ally desci'ibed  as  purely  motor,  but  Van 
Gehuchten  has  very^  recently  demon- 
strated a  few  sensory  fibres  in  it  from 
the  geniculate  ganglion.  The  motor 
fibres  are  distributed  to  the  stylo-hyoid 
and  posterior  belly  of  the  digastric  mus- 
cles, to  the  muscles  of  the  ear,  scalp,  and 
eyelids,  and  to  the  superficial  facial  mus- 
culature iu  general.  The  facial  fibres 
for  the  frontalis,  orbicularis  palpebra- 
rum, and  corrugator  supercilii  muscles 
are  said  by  some  authorities  to  arise  in  the  oculomotor 
nucleus  and  to  descend  to  the  facial  root  through  the 
fasciculus  longitudinalis  medialis,  and  by  others  to  arise 
in  the  VI.  nucleus.  Van  Gehuchten  has  shown  by 
Nissl's  degeneration  method  that  both  of  these  supposi- 
tions are  incorrect.  He  has  analyzed  the  VII.  nucleus 
of  the  rabbit  as  shown  in  Fig.  1559.  Some  authors  have 
also  described  fibres  passing  from  the  facial  root  into  the 
terminal  nucleus  of  the  spinal  V.  tract,  presumably  of 
general  cutaneous  nature ;  but  this  remains  unconfirmed. 
The  motor  VII.  nucleus  receives  terminal  fibres  (1) 
from  the  pyramidal  tracts  of  the  same  and  the  ojiposite 
side;   (3)  from  another  tract  of  motor  fibres  which  de- 


Eiip.  maxilleo'jj 

splieaa-palet- 
tiac  tjan^lipt- 

ctie  rjan'jlirjn 
lijr/ual 


frejm  aiirieulO' 
teritporal 

temporO'facial 


Oirelco-faclal 


Fig.  1,5.59,— Muscular  Localization  in  the  Facial  Nucleus  of  the  Rabbit. 
(After  Van  Gehuchten,) 

1,  Cells  of  Mie  internal  group  related  to  the  stapedius  muscle; 
3,  n']\:i  nf  the  inlcriial  group  related  to  the  mnscJes  of  the  outer 
ear ;  ;1,  nucleus  of  i.rigjn  of  the  Bbres  of  the  superior  facial ;  4.  nu- 
cleus of  origin  of  the  Ill)res<if  the  interior  facial,  the  inner  portion 
related  to  the  flhres  of  the  inferior  bucco-labial  branch,  the  outer 
portion  to  llioseof  the  superior  bucco-labial. 

scends  from  the  cortex  in  the  region  of  the  medial  fillet, 
and  hence  quite  independently  of  the  pyramids  (lloche 
— this  tract  also  effects  connections  with  the  XII. 
nucleus,  as  already  mentioned);  (3)  from  the  sensory  V. 
root ;  (4)  from  the  opposite  uervus  cochleaj  -^'ia  the  cor- 
pus trapezoides ;  (5)  from  the  fundamental  lateral  column, 
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The  secondary  conneotions  of  the  sensory  root  are  not 
so  well  known,  but  are  doubtless  made  in  the  e:eneral 
complex  of  the  lateral  lillet. 

V.  The  Trigeiidiiiifi. — The  composition  and  distribu- 
tion of  the  trigeminus  are  reinai'kably  constant  llinmnli- 
out  the  vertebrate 
phylum.  It  inner- 
vates the  muscles  of 
mastication,  a  u  d 
mediates  general 
sensibilit}'  of  the 
face  and  teeth.  In 
lower  \'ertebrates  it 
is  usually  larger  in 
proportion  than  in 
man.  Its  morpho- 
logical position  is 
very  ob.scure.  Svi- 
perlicially  it  re- 
sembles  rather 


nerves,  since  it  forks 
around  the  mouth 
as  they  do  around 
the  gill  clefts,  the 
motor  component 
enters  the  post-tre- 
matic  (mandibular) 
ramus  only,  etc. 
The  motor  root  in 
origin  and  periphe- 
I'al  relations  is  es- 
sentially like  that 
of  the  other  nerves 
of  this  series;  but 
the  sensory  root  is 
composed  wholly  of 
general  cutaneous 
fibres,  with  appar- 
ently no  communis 
element  whatever. 
This  exaggeration 
of  the  general  cuta- 
neous component  is 
probably  a  second- 
ary arrangement, 
due  to  the  reduction 
of  general  cutane- 
ous fibres  in  the  fol- 
lowing nerves  of  the  gill  region  of  lower  vertebrates  and 
to  a  similar  reduction  in  the  pro-trigeminal  region  on  ac- 
count of  the  differentiation  of  the  organs  of  higher  sense. 
There  is  evidence  that  the  general  cutaneous  component 
of  at  least  one  pre-trigeminlil  segmental  nerve  has  fused 
with  the  trigeminus ;  for  in  lower  sharks  there  is  a  dis- 
tinct "profundus"  nerve  in  front  of  the  trigeminus  and 
similar  to  it,  a  nerve  which  may  be  represented  by  the 
nasal  branch  of  human  anatomAr. 

The  trigeminus  arises  by  two  roots.  The  portio  minor, 
or  motor  root,  whose  fibres  are  commonly  regarded  as 
belonging  to  the  viscero-motor  system,  springs  from  two 
groups  of  cells.  (1)  The  "chief  motor  nucleus  "  lies  dor- 
sally  of  the  exit  of  the  nerve  from  the  medulla  oblongata, 


and  is  the  morphological  continuation  of  the  facial  nu- 
cleus. (3)  A  smaller  number  of  fibres  arises  in  an  elon- 
gated cluster  of  large  cells  arranged  sparsely  along  the 
side  of  the  aqueduct,  and  constitutes  the  mesencephalic 
or  "descending  "  root.  The  cells  of  its  lower  portion  are 
more  crowded  and  are  rich  in  pigment,  constituting  the 
"locus  coeruleus."  The  mesencephalic  nucleus  has  been 
regarded  as  trophic  and  as  vaso-motor  in  function.  As 
a  matter  of  fact,  its  function  is  quite  unknown.  Cajal 
has  shown  that  collaterals  fi-om  the  fibres  from  this  nu- 
cleus envelop  the  cells  of  the  cliiet  nucle\is,  and  he  con- 
jectures that  this  is  a  sort  of  relay  mechanism  by  which 
the  cells  f>f  the  mesencephalic  and  cliief  nucleus  {i.e.,  the 
entii-e  masticatory  apparatus)  can  lie  simultaneously  dis- 
charged by  the  same  stimulus.  The  fibres  from  the 
chief  motor  nucleus  are  commonly  described  as  mainly 
unci'o.ssed,  but  partly  cros.sed;  bu"t  Van  Gehuchten  has 
recently  found  upon  .section  of  the  trigeminus  roots  and 
subsequent  examination  by  Nissl's  method  that  all  of 
the  cells  of  both  the  chief  and  the  mesencephalic  nucleus 
suffer  chromatolysis  on  the  same  side,  but  none  on  the 
opposite  side.  This  leads  him  to  the  conclusion  Ihat 
crossed  fibres  do  not  arise  from  either  nucleus. 

The  portio  major  is  a  complex  structui'c,  chiefly,  if  not 
wholly,  sensory.     Two  roots  can  be  distinguished:    (1) 
i   Most  of  the  fibres  go  to  tlie  spinal  ti'igeniinal  tract  and 
terminate  in  cells  lying  in  its  path  (including  the  "chief 
sensory  nucleus"  of  the  trigeminus),  and  are  therefore 
homologous  with  those  of  the  doi-sal  roots  of  the  spinal 
nerves,  and  like  them  belong  to  tlie  general  cutane- 
ous system.     This  spinal  ivnt,   often  incorrectly 
called  the  "ascending  root,"  runs  down  near  the 
lateral  aspect  of  the  oblongata  and  can  be  traced, 
diminishing  caudad,  as  far  as  the  first  or  second 
cervical  nerve.     It  is  accompanied  for  its  entire 
length  along  the  inner  aspect  by  a  sparse  collec- 
tion of  cells,  the  spinal  nucleus  of  the  trigeminus, 
which  are  enveloped  by  a  dense  mesh  of  fine  ter- 
minal fibrils  derived  from  the  root  fibres,  the  whole 
when  stained  hy  ordinary  methods   presenting  a 
peculiar  appearance  which  has  given  rise  to  its  desig- 
nation, "substantia  gelatinosa."     Vast  numbers  of  col- 
laterals from  the  root  fibres  participate  in  this  mesh- 
work.     Otliers  of  these  collaterals  terminate  in  the  motor 
nuclei  of  the  V.  and  VII.,  and   probably  in  the  other 
motor  cranial   nuclei  also.     The   homology  and  direct 
continuity  of  the  spinal  nucleus  with  the  dorsal  cornu 
of  the  spinal  cord  give  us  an  important  landmark  for  the 
determination   of   homologies  in    the    oblongata.      The 
homologies  in  the  spinal  cord  of  the  other  cranial  nerve 
nuclei,  both  sensory  and  motor,  are  much  more  uncer- 
tain.     (3)  The  second  root  of  the   portio  major  is  the 
sensory  cerebellar  root  of  Edinger  (indicated  by  dotted 
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lines  in  Fig.  1560),  which  enters  the  cerebellum  by  way 
of  the  prepeduncle.  The  existence  of  this  root  is  denied 
by  some  authors.  . 

"The  central  connections  of  the  motor  V.  nuclei  are 
doubtless  made  from  the  pyj-amidal  tracts,  though  they 
are  not  very  precisely  known.  The  chief  motor  nucleus 
also  receives  collaterals  from  the  sensory  nuclei  of  the 
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oblongata.  Tlie  sensory  V.  nucleus  effects  secondary 
conneetir)ns  with  the  motor  cranial  nu('lei  and  with  the 
higher  centres  via  tlie  lateral  hllet  of  the  same  and  the 
opiiosite  side.  .        ,    ,  .  , 

The  three  main  branches  of  the  tngenimus  (which  give 
the  nerve  its  name)  arise  directly  from  the  Gasserian 
ganglion.     For  the  d<>tails  of  their  distribution,  see  the 

tempnni-nialjir 
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Fk;.  1563.— Plan  nt  tlie  Ma.\illarv  Division  of  ttie  Trigeminus  as  seen 
from  the  Lett  Side,     (.\ltered  from  Yonng.) 

figures.  (1)  The  ophthalmic  nerve  is  wholly  sensory 
(Fig.  1561).  It  communicates  with  the  sympathetic, 
III.,  IV.,  VI.,  and  VII.,  nerves.  Its  first  branch  is  a 
recurrent  meningeal  twig  for  the  tentorium,  after  which 
it  divides  into  nasal,  frontal,  and  lachrymal  branches. 
The  nasal  nerve  furnislies  the  long  root  of  the  ciliar\- 
ganglion  (a  ganglion  of  the  sympathetic  system),  the 
long  ciliary  nerves,  twigs  for  the  conjunctiva,  lining 
of  the  nasal  fossa,  and  skin  of  the  tip  of  the  nose.  The 
frontal  nerve  supplies  the  conjunctiva  and  skin  of  tlie 
upper  eyelid  and  the  foreliead.  The  lacluynial  branch 
innervates  tlie  laclirymal  gland,  conjunctiva,  and  adja- 
cent skin.  (2)  The  nia.xillary  nerve  (Fig.  1502)  is  also 
wholly  sensor}',  supplying  the  skin  of  the  .side  of  the 
face  (cheek,  temple,  lower  eyelid,  nose,  and  upper  lip), 
the  mucous  lining  of  the  nose  and  upper  part  of  the 
pharynx  and  the  teeth  of  the  upper  jaw,  and  communi- 
cating with  the  sympathetic  spheno-palatine  ganglion. 
{'?>)  The  mandibuiar  nerve  (inferior  maxillary)  receives 
the  remainder  of  the  general  cutaneous  fibres  iind  all  of 
tlie  motor  fibres  of  the  trigeminal  rf)ots.  The  motor 
fibres  supply  the  following  muscles:  temporal,  masseter, 
external  and  intei-nal  pterygoid,  tensor  palati,  tensor 
tympani,  mylohyoid,  and  tlie'anterior  belly  of  the  digas- 
tric. The  sensory  fibres  supidy  the  skin  of  the  lower 
jaw,  side  of  the  head,  external  ear,  external  auditory 
meatus,  tcetli  of  the  lower  jaw,  tongue  (general  sensation 
only),  mucous  lining  of  the  mouth  and  other  jiarts  adja- 
cent. It  ciimniuiiicates  \\ith  the  facialis  anil  with  the 
otie  and  siilimaxillary  ganglia  (jf  the  sympathetic  sys- 
tem. The  lingiiiil  brancli  is  joined  by 'the  chorda  ty'm- 
jiaiii  from  thegenicuhite  ganglion  of  the  facial  nerve,  and 
tliei-e  liiis  been  much  discu.ssion  regarding  the  exact 
courses  of  the  fibres  of  tliese  twonerves.  Tlie  weight  of 
evidence  is  clearly  in  favor  of  relegating  tlie  gushitory 
fibres  all  to  the  ehordtt  and  excluding  this  component 
from  tlie  Irigeminiis  entirelv. 

Stiiiniiiini  of  the  A'n-rr.i  of  1lic  T!ni iirlnounrir  'ftiiu  — 
These  nerves  typically  C(,m|irise  the  ioll,,wiiij.-  liraliches, 
viz.:  (1)  ili.rsiil  noiei-al  eiitaiiemis  l)raiiches  for  the  outer 
skill:  (2)  sensory  |iliafyiigi.id  liranehcs  for  the  inueosa  of 
the  roof  ot  the  pharynx,  of  communis  nature;  (H)  a  pre- 
iiatic  l)raneh  for  \\w  <i\\\  on  the  antei-ior  side  of  the 
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corresponding  gill  cleft  and  its  eoiitaineil  sensory  organs, 
who  ly  sensory  (communis);  (4)  a  post-treiuiitic.  branch 
lor  the  gill  on  the  posterior  side  of  the  cleft  imd  its  con- 
tained sense  organs,  t.,gether  with  the  branchial  muscu- 
lature ot  that  segment  {communis  and  visceromotor). 


With  the  loss  of  the  gills  in  higher  vertebrates,  this  re- 
lation is  obscured,  the  vagus  preserving  the  dorsal  cuta- 
neous branch  and  the  IX.  and  X.  retaining  the  com- 
munis and  motor  roots  with  great  modifications  in  their 
peripheral  relations.  The  VII.  pair  is  more  nearly 
typical,  having  lost  the  cutaneous  component,  reduced 
tiie  communis,  and  enlarged  the  motor.  The  V.  pair 
is  the  mo.st  highly  modified  of  all,  having  lost  the  com- 
munis element  and  enormously  exaggerated  the  cutane- 
ous, the  motor  remaining  tvpical.  In  all  vertebrates  ex- 
cept the  very  lowest  the  centres  within  the  oblongata  for 
these  systems  are  not  repeated  in  serial  metameric  order 
for  the  successive  pairs  of  nerves,  as  tends  to  be  the  case 
in  the  spinal  nerves,  but  each  system  has  been  concen- 
trated centrally  and  unified  by  the  coalescence  of  all  of 
the  terminal  nuclei  into  a  single  centre,  independently  of 
the  roots  by  which  these  fibres  may  reach  the  periphery. 
This  is  more  obvious  in  the  case  of  the  sensory  fibres  than 
the  motor,  whose  nuclei  of  origin  are  for  the  most  part 
distinct.  Thus,  the  communis  fibres  (visceral  and  gus- 
tatory) enter  the  brain  by  the  X.,  IX.,  and  VII.,  roots, 
but  all  terminate  in  a  single  nucleus  associated  with 
the  fasciculus  solitarius.  This  admits  of  the  unification 
of  their  cortical  and  other  secondary  connections.  This 
applies  also  in  the  case  of  the  fishes,  where  the  taste  buds 
are  much  mrjre  widelj'  distributed  in  the  pharyngeal  cav- 
il}' and  even  over  extensive  areas  of  the  outer  skin.  In 
the  same  way  the  general  cutaneous  fibres,  whether  they 
enter  by  the  V. ,  the  IX.,  or  the  X.  root,  all  terminate 
in  the  gray  matter  associated  with  the  spinal  V.  tract, 
the  substantia  gelatinosa,  and  the  chief  sensory  nucleus 
of  the  trigeminus.  The  primary  connections  of  the 
branchiomeric  nerves  of  man  are  shown  in  the  accompany- 
ing diagram  (Fig.  1564). 

The  Eye-Muscle  Nerves. — These  nerves  (including 
the  III. ,  IV. ,  and  VI.  pairs  in  all  vertebrates)  are  com- 
monly regarded  as  arising  from  a  cephalic  continua- 
tion of  the  ventral  horns.  The  evidence  for  this  is  chiefly 
embryological.  The  muscles  innervated  are  derived 
from  the  somites  of  the  head,  and  are  the  only  cranial 
muscles  of  the  adult  known  to  be  so  derived,  save  those 
which   have   migrated   forward   from    the    hypoglossus 
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-riun  of    the  Mandibular    Nerve.     (After    Thane, 
Quain's  ",\natoniy.") 


from 


region.     Their  nuclei  of  origin  lie  in  the  floor  of  the  ven- 
tricle and  far  removed  from  other  somatic  motor  nuclei. 

VI.  Alnhieens.—'\\\\^  is  the  simplest  of  the  eye-muscle 
nerves.  Its  nucleus  lies  in  the  floor  of  the  fourth  ven- 
tricle, enclo.seil  by  the  genu  of  the  facialis,  and  its  fibres 
pass  out  on  the  ventral  surface  of  the  brain  just  behind 
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the  pous.  It  pursues  a  direct  course  to  the  m.  rectus  ex- 
ternus,  receiving  minute  filaments  from  the  carotid 
plexus  of  the  sympathetic  and  from  tlie  ophthalmic 
branch  of  the  trigeminus.  The  connections  of  its  nu- 
cleus are:    (1)   by   collaterals   from   the  sensory  cranial 


FiCt.  1564.— a  Diagram  of  the  Primary  Connections  of  the  Nerves  of 
the  Brdncliiomerle  Type  of  Man  (including  tlie  Nuclei  of  Origin  of 
tlie  VI.  and  XII.  Ner\es).  (Combined  from  tibersteiner  and  other 
sources.)  The  motor  roots  are  entered  on  the  right  side  of  the 
figure,  the  sensory  roots  on  the  left.  The  diagram  shows  the  serial 
arrangement  ol  the  motor  nuclei  and  the  unification  ot  the  sensory 
fibres  in  connection  with  the  fasciculus  solitarius  (VII.,  IX.,  and  X. 
nerves)  and  the  spinal  V.  tract  (V.,  IX.,  and  X.  nerves).  Compare 
Fig.  15.53  and  also  the  arrangement  in  the  fish.  Fig.  1.5.35.  C,  the 
locus  cceruleus ;  M,  the  mesencephalic  nucleus  of  the  trigeminus ; 
0,  the  olive;  P,  tbe  pons  Varolii. 

nerve  roots  (especially  the  trigeminus),  (3)  from  the  cerc- 
bral  motor  paths,  (3)  from  the  superior  olive,  (4)  from  the 
fasciculus  limgitudinalis,  connecting  with  the  pregemi- 
num,  or  superior  member  of  tlie  corpora  quadrigemina. 

TV.  Trochlearis. — The  nucleus  of  the  IV.  nerve  lies 
in  the  floor  of  the  aqueduct  just  caudad  of  that  of  tlie 
III.  nerve.  The  fibres  curve  outward,  dorsally  and 
backward  to  emerge  from  the  brain  above  the  aqueduct 
and  behind  the  postgeminum,  there  to  decussate  com- 
pletely in  the  valve  of  Vieussens,  thence  to  run  forward 
to  supply  the  superior  oblique  muscle.  It  is  joined  by 
filaments  from  the  sympathetic  and  from  tlie  ophthalmic 
branch  of  the  trigeminus. 

///.  Oculomotorius. — The  fibres  of  the  third  nerve  arise 
chiefiy  from  a  collection  of  nuclei  in  the  floor  of  the  aque- 
duct under  the  pregeminum.  They  pass  directly  ven- 
tralljr  in  about  twelve  bundles  which  emerge  on  the  inner 
face  of  the  crus  cerebri  near  the  median  line  and  dis- 
tribute to  four  of  the  six  extrinsic  muscles  of  the  e3reball, 
to  the  levator  palpebral  and  through  the  ciliary  ganglion 
to  the  intrinsic  muscles  of  accommodation.  This  nerve 
receives  a  twig  from  the  cavernous  plexus  of  the  symjia- 
tlietic  and  another  from  the  ophthalmic  branch  of  the 
trigeminus.  The  details  of  its  peripheral  courses  may 
be  gathered  from  the  accompanying  figures  and  their 
descriptions  (Figs.  1565  and  1561). 

Tlie  Nuclei  and  Central  Connections  of  the  TSye-Muscle 
Nerves. — The  nuclei  of  the  III.  and  IV.  nerves  comprise 
a  very  complex  aggregate  of  cells  lying  in  the  floor 
of  the  aqueduct  from  the  region  of  the  upper  (cephalic) 
end  of  the  postgeminum  to  tire  III.  ventricle.  The 
lowest  cluster  gives  rise  to  the  IV.  nerve.  Regarding 
the  details  of  the  disposition  of  the  fibres  from  the  other 
clusters,  there  is  still  great  diversity  of  opinion.  Aside 
from  the  principal  oculomotor  nucleus  (which  Perlia 
subdivides  into  four  nuclei),  there  is  an  unpaired  median 
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nucleus  of  large  cells  which  seems  to  be  related  to  the 
mtrinsic  muscles  of  the  eyeliall.  Laterally  of  this  there 
isou  each  side  a  nucleus  of  small  cells,  tli,.  nucleus  of 
Ediuger-West,,hal;  farther  (..phalad  and  near  the  me- 
I  lanline,  the'  antero-median  "  nucleus;  and  l.'itei-aliy and 
dorsally  of  this  the  nucleus  of  Darkseljcwilsch  '  The 
three  last  mentioned  probalily  (and  ((iiite  certainly  in  the 
case  of  the  nucleus  of  Darkschewitsch)  liavc  nothing  to 
do  with  the  oculomotor  nerves.  '^ 

Some  of  the  oculomotor  root  fibres  have  a  cros.sed  ori- 
gin, though  most  of  them  are  direct.  Van  Gehuchten  has 
recently  si  tidied  Ihis  question  by  the  degener.-ition  meth- 
od of  Ni.ssl,  confirming  and 
adding  to  the  data  of 
former  investigators.  The 
crossed  fibres  of  the  Hiird 
nerve  in  the  ridibit  arise 
from  the  dorsal  jiart  f>f  the 
nucleus.  The  nerves  for 
the  m.  rectus  superior  (and 
perhaps  for  the  m.  levator 
palpebric)  are  mainly  of 
crossed  origin,  while  a'very 
few  fibres  for  the  mm,  ob- 
liquus  inferior  and  rectus 
internus  are  also  crossed. 
Though  the  fibres  of  the 
IV.  ner\e  all  appear  to 
cross  in  the  valvula,  yet 
a  very  few  cells  of  the  nu- 
cleus of  the  same  side  are 
affected  by  the  process  of 
chromatolysis  (in  the  rab- 
bit). No  fibres  of  the  VI. 
nerve  have  a  crossed  origin. 

The  eye  muscles  are  pro- 
vided with  the  usual  mus- 
cular sensory  organs  (mus- 
cle spindles  and  tendon 
organs),  and  these  have 
been  shown  bj'  Sherrington 
to  be  supplied  by  sensory 
fibres  which  come  out  with 
the  so-called  motor  roots  of 
their  nerves,  and  not  to  be 
derived  from  the  anasto- 
mosing twigs  from  the  tri- 
geminus. Their  internal 
connections  are  tinknown. 

The  great  clinical  import- 
ance of  oculomotor  symp- 
toms has  been  a  stimulus  for 
much  research  upon  the 
secondary  connections  of  the 
oculomotor  nuclei.  Never- 
theless, our  knowledge  of 
these  connections  is  still 
very  incomplete.  Certain 
cells  in  the  pregeminum 
which  are  related  to  the  ter- 
mini of  the  optic  nerve  in 
this  region  appear  to  send 
their  neurites  into  the  fas- 
ciculus lougitudinalis  me- 
dialis,  and  thus  put  the 
terminal  nuclei  of  the  optic 
nerve  into  relation  with  the 
nuclei  of  the  eye-muscle 
nerves,  for  it  is  well  known 
that  all  of  these  nuclei  are 
related  to  this  fasciculus. 
KiJlliker,  Darkschewitsch, 
and  others  have  described 
other  connections  between 
the  opticus  and  the  ocu- 
lomotorius. The  fasciculus 
lougitudinalis  medialis,  ac- 
cording   to    KoUiker,    also 


Fig.  1565.— View  from  Above  of 
the  Motor  Nerves  of  the  Eye- 
ball and  Its  Muscles.  (From 
Quain's  "Anatomy.") 

a,  Upper  part  of  the  internal 
carotid  artery  emerging  from 
the  cavernous  sinus  ;  7i,  superior 
oblique  muscle ;  //,  its  anterior 
part  passing  tlirnugh  the  pulley; 
c,  levator  palpebra-"  superioris ; 
rt,  superior  rectus ;  c,  internal 
rectus;  /,  external  rectus;  /', 
its  upper  tendon  turned  down ; 
{/,  inferior  rectus;  /(,  insertion 
of  inferior  oblique  iiiu.scle;  II, 
optic  commissure  ;  11',  part  of 
the  optic  nerve  entering  the 
eyeball;  III,  common  oculo- 
motor ;  IV,  trochlearis ;  V,  large 
root  of  the  trigeminus ;  V, 
small,  or  motor  root ;  VI,  abdu- 
cens;  1,  upper  division  of  III. 
nerve,  giving  twigs  to  the  leva- 
tor pnlpebree  and  superior  rec- 
tus; 2,  branches  of  the  lower 
division  supplying  the  internal 
and  inferior  recti  uiuscles ;  3, 
the  long  bran<-h  of  the  same 
nerve,  proceeding  forward  to 
the  inferior  oblique  muscle,  and 
close  to  the  number  3  the  short 
root  of  the  ciliary  ganglion; 
this  ganglion  is  also  shown  re- 
ceiving from  behind  its  long 
root,  which  bas  liceii  cut  short, 
and  giving  forward  some  of  its 
ciUary  nerves  which  pierce  the 
sclerotic  coat;  3',  marks  the 
termination  of  some  of  these 
nen'es  in  the  ciliary  muscle  and 
iris,  after  having  passed  be- 
tween the  sclerotic  and  choroid 
coats ;  4,  the  trochlear  nerve 
entering  the  upi>er  surface  of 
the  superior  oblique  muscle;  6, 
the  abducens  nerve  passing  into 
the  external  rectus. 
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serves  as  a  patli  of  communication  between  the  sen- 
sory nerves  of  tbe  conl  and  oblongata  and  the  oculomo- 
tor nuclei,  and  the  VI.  nucleus  receives  collaterals  di- 
rectly from  the  sensory  root  of  the  V. 

All  of  the  oculomotor  nuclei  receive  collaterals  from  the 
pyramidal  tract  which  ai-borize  about  their  cells,  and 
doubtless  constitute  the  paths  of  conduction  of  oculo- 
motor impulses  from  the  cortex.  The  lower  cervical  and 
upper  thoracic  region  of  the  spinal  cord  contains  a 
"  cilio-spinal  centre  "  controlling  certain  oculomotor  move- 
ments, particularly  dilatation  of  the  pupil,  elevation  of  the 
upper  lid,  and  protrusion  of  the  eyeball.  These  connec- 
tions are  effieeted  through  the  great  sympathetic  via  the 
rami  comnuinicantes  of  the  lower  roots  of  the  brachial 
plexus.  All  of  the  oculomotor  nuclei  of  each  side  are 
probably  intimately  related  through  the  fasciculus  longi- 
tudinali's  medialis.     Duval  and  Laborde  have  described 
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of     the     Ampullo-Oculomotor     Connections. 
(After  Bonnier.) 


also  a  tract  from  the  VI.  nucleus  to  the  HI.  and  IV. 
nuclei  of  the  opposite  side,  particularly  to  the  centre  for 
adduction  in  the  HI.  nucleus,  thus  providing  a  direct 
neural  connection  for  conjugate  movements  of  the  ej'es 
in  the  horizontal  plane.  The  supposed  course  of  the  tract 
is  diagrammed  in  Fig.  l.'jGS.  Recent  degeneration  experi- 
ments on  the  lower  animals  have  not  revealed  this  tract; 
some  such  connection  (either  by  way  of  this  tract  or  of 
tlie  fasciculus  longitudinalis medialis  to  the  opposite  root 
fibres  of  the  HI.  nerve)  is,  nevertheless,  called  for  by 
abundant  clinical  data. 

Various  connections  between  the  VI.  nucleus  and  the 
vestibular  portion  of  the  auditory  nucleus  have  lieen  de- 
scribed. There  is  a  great  nuiss  of  clinical  and  direct  ex- 
perimental evidence  for  an  intimate  connection  lietwccn 
the  primary  centres  for  the  ampulhB  of  the  internal  ear 
and  the  oculomotor  centi-es,  particularly  fhose  f(u-  conju- 
gate movements  of  the  eyes  in  the  hurizontal  plane.  '  It 
is  these  horizontal  motions  which  are  sliown  by  experi- 
ment to  be  most  in  need  of  compensation  in  'order  to 
avoid  an  underestimate  of  angular  movements  of  the 
head  due  to  the  inertia  of  the  eyel)alls.     It  is  significant 


in  this  connection  that  the  abductors  and  adductors  of 
the  eyeball  are  in  most  intimate  connection  with  the  ves- 
tibular apparatus,  according  to  the  results  of  Duval  and 
Laborde.  The  accompanying  diagram  from  Bonnier 
illustrates  a  possible  arrangement  of  these  connections, 
though  it  should  be  remembered  that  they  are  all  more 
or  less  in  dispute  (Fig.  1566).  C.  Jitdsoii  Eerruk. 
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CREASOTE.     See    Creosote. 

CREMATION.     See  Dead  Bodies,  Disposal  of. 

CREOLIN  is  a  German  proprietarj^  article.  Commer- 
cial creolin,  liowever,  varies  much  in  appearance,  and 
many  preparations  are  sold  under  that  title.  The  cresols 
form  the  active  ingredients.  The  following  analysis  of 
the  German  compound  is  furnished  by  Dr.  Bernard 
Fischer:  Cresols,  20  parts,  naphthalene,  18  parts;  other 
hvdrocarbons,  20  parts ;  and  non-volatile  matter,  43  parts. 
It  is  quite  free  from  carbolic  acid  and  other  poisonous 
ingredients,  and  should  not  pos,sess  any  to.xio  properties. 
Creolin  is  prepared  by  treating  these  insoluble  hydrocar- 
bons with  resin  and  caustic  potash,  which  form  a  resin- 
ous, soapy  emulsion.  When  added  to  water  and  agitated 
the  ingredients  remain  suspended  as  an  emulsion.  In 
appearance  it  is  a  dark,  resinous  liquid,  neutral  to  test 


paper,  not  caustic.     Its  odor  resembles  tliat  of  creosote 
It  mi.xes  with  oils. 

It  is  said  to  possess  powerful  antiseptic  and  disinfec- 
tant properties,  and  is  recommended  as  a  substitute  for 
carbolic  acid.  It  is  very  exten.sively  employed,  and 
numerous  reports  speak  in  its  favor  in  all  conditions 
in  which  earltolic  acid  is  indicated. 

For  surgical  purposes  two  .solutions  are  employed,  one 
containing  two  per  cent,  of  the  drug,  the  other  one-half 
per  cent.  The  stronger  is  used  for  di.sinfeeting  the 
hands,  the  instruments,  and  surfaces  of  the  body ;  the 
weaker  solution  is  used  for  irrigation,  moistening  dress- 
ings, saturating  ttimpons,  etc. 

For  suppurating  and  sloughing  wounds,  and  when 
discharges  are  offensive  the  parts  may  be  cleansed  and 
disinfect(_-d  by  the  pure  drug,  and  the  effect  maintained 
by  a  weaker  solution.  To  irrigate  the  bladder,  urethra, 
nose,  pharynx,  and  other  mueous  surfaces,  a  solution  of 
one  part  in  ti  thousand  is  sulficientljr  strong. 

The  objections  to  its  use  are,  the  uncertainty  of  its 
action  on  account  of  the  numerous  preparations,  and  being 
unctuous  it  renders  the  hands  and  instruments  slippery 
and  difBcnlt  to  handle.  Beaumont  Small. 

CREOSIN  is  a  clear  yellow  fluid  of  not  unpleasant  taste 
composed  of  creosote,  iodine,  calcium  hypophosphite, 
and  balsam  of  Peru.  It  is  free  from  causticity  or  other 
unpleasant  by-effects,  its  taste  is  not  disagreeable,  and 
it  is  freely  miscible  with  wine,  milk,  or  soup.  It  was 
introduced  by  Bosio  as  a  useful  method  of  administering 
creosote,  and  is  used  like  it  in  phthisis,  bronchitis,  bron- 
chiectasis, etc.  11'.  .1.  Bastedo. 

CREOSOTE.— The  title  creosote  belongs  to  a  product  of 
distillation  of  wood-tar,  and  much  confusion  has  arisen 
from  its  application  also  to  certain  products  of  distilla- 
tion of  coal-tar,  as  in  the  title  coal-tar  creosote.  This  eon- 
fusion,  furthermore,  has  been  worse  confounded  by  the 
too  frequent  commercial  trick  of  selling  the  coal-tar 
product  in  substitution  for  the  wood-tar  creosote  proper. 
True  creosote  is  recognized  by  tlie  United  States  Phar- 
macopoeia under  the  title  Creosotum,  Creosote,  and  is  de- 
fined to  be  "a  mixture  of  phenols,  chiefly  guaiaeol  and 
creosol,  obtained  during  the  distillation  of  wood-tar, 
preferably  of  that  derived  from  the  beech." 

Creosote  is  "  an  almost  colorless,  j'ellowish  or  pinkish, 
highly  refractive,  oily  liquid,  having  a  penetrating, 
smoky  odor,  and  a  burning,  caustic  taste;  usually  be- 
coming darker  in  tint  on  exposure  to  light.  Specific 
gravity  not  below  1.070  at  15°  C.  (59"  F.).  Soluble  in 
about  1.50  parts  of  water  at  15°  C.  (59°  F.),  but  without 
forming  a  perfectly  clear  solution.  With  130  parts  of 
hot  water  it  forms  a  clear  liquid  which  on  cooling  be- 
comes turi.)id  from  the  separation  of  minute  oily  drops. 
.  Solulile,  in  all  proportions,  in  absolute  alcohol, 
ether,  chloroform,  benzin,  carbon  disulphide,  acetic 
acid,  and  fixed  and  volatile  oils"  (U.  S.  P.).  A  notable 
point  of  difference  between  creosote  and  carbolic  acid  is 
that  creosote  does  not  coagulate  albumen  or  collodion, 
while  carbolic  acid  does. 

Creosote  is  closely  related,  chemically,  to  carbolic  acid, 
and  resembles  that  body  in  physiological  properties. 
Creosote,  however,  while  equalling  carbolic  acid  in  anti-. 
septic  power,  is  distinctly  less  poisonous  to  the  animal 
economy.  Because  of  this  circumstance  creosote  has  been 
used  as'an  internal  medicine  in  such  diseases  as  pulmo- 
nary consumption,  in  the  hope  of  arresting  the  morbid 
process  through  a  poisoning,  within  the  body  of  the 
patient,  of  the  peccant  micro-organism.  But  whatever 
good  may  result  from  the  treatment,  it  is  quite  certain 
that,  as  creosote  is  used  internally,  it  does  not  affect  the 
vital  endowments  of  the  tubercle  bacillus. 

Creosote  tends  to  allay  reflex  nausea  and  vomiting, 
and  to  benefit  pulmonary  catarrhs,  in  the  stage  of  active 
secretion.  .  .,     ,   •     j 

For  ordinary  purposes  creosote  is  prescribed  in  doses 
of  a  few  drops  to  be  taken  preferably  in  capsule,  and 
upon  a/««  stomach.     Considerable  quantities,  however, 
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iiiiiy  he  boriiL'  safel}',  and  so  much  as  sevcial  Imndred 
drops  lias  bceu  given  dail,y,  and  for  moutlis,  in  the  treat- 
ment of  phthisis.  But  such  dosage  must  be  reached 
gradually,  and  eare  should  be  taken  that  the  sample  is 
pui'e  and  deiived  from  the  beech. 

In  the  event  of  poisoning  by  creosote,  the  .soluble  .sul- 
phates should  be  used  as  antidotes,  as  in  poisoning  Ijy 
carbolic  acid. 

The  United  States  Pliarmaeopn?ia  makes  ofhcial  A'/iia. 
( 'reosoti,  Creosote  Water,  a  simple  oue-i)ei--cent.  solution 
of  creosote  in  distilled  Avater.  Kdintnl  (Jiirth. 

CREOSOTE,  POISONING  BY.— Poisoning  liy  creosote 
jias  never  beconir  either  ])o]iular  or  fashionable.  The 
homicide  and  s\iici(le  have  sought  otlier  means  to  attain 
tlieir  ends,  and  even  "accident"  and  "negligence"  have 
given  creosote  a  wide  lierth.  This  prejudice  against 
ereos(jte  exists  on  botli  siiles  of  the  Atlantic.  Thus,  in  a 
talile  of  about  (ifteen  hundred  deaths  l)y  poisoning  occur- 
ling  in  the  city  of  New  Yoik  during  the  period  1841  to 
1893,  there  are  only  two  deaths  from  creosote,  and  both 
of  tliem  accidental  (Witthaus  and  Becker's  "Medical 
Jurisprudence,  Porensic  Medicine,  and  Toxicology"). 
And  in  England  and  "Wales  foraperiodof  ten  3'ears  (1883 
to  1892) of  6,616  deaths  from  poison,  only  one  was  due  to 
creosote,  and  this,  too,  was  attributed  to  accident  or  neg- 
ligence (Blyth,  "  Poisons  ").  Nor  is  it  the  general  public 
and  the  criminals  alone  who  thus  ignore  creosote;  it  is 
equally  neglected  by  text-book  writers.  It  is  true  that 
stray  cases  of  poisoning  by  creosote  are  found  in  medical 
literature,  but  the  text-books  on  poisoning  and  medical 
jurisprudence,  as  well  as  the  medical  dictionaries,  as  a 
rule,  either  omit  the  subject  altogether  or  refer  the  reader 
to  carbolic  acid.  The  reason  for  this  latter  course  is 
probably  that  creosote  being  a  complex  bodj',  and  its 
constituents  varying  so  much  and  formerly  containing  an 
uncertain  but  fairly  large  quantity  of  phenol,  it  was  dif- 
ficult to  pronounce  on  cleath  caused  by  creosote.  At  the 
present  day  its  composition  is  much  more  certain,  and  in 
medicine  it  is  practically  always  "beechwood  creosote" 
that  is  used ;  but  as  a  set-off  to  this  greater  certainty  must 
be  added  the  fact  that  creosote  is  in  great  danger  of  being 
entirely  replaced  by  phenol  for  external  use,  and  inter- 
nally by  guaiacol. 

Reports  of  Cases. — Tlie  following  are  the  most  im- 
portant ca.ses:  1.  Given  by  Stevenson  (Guy's  Hosp.  Rep., 
1875).  A  woman  in  advanced  state  of  pregnancy  took  an 
unknown  quantity  of  creosote;  whether  homicide,  sui- 
cide, or  to  produce  abortion  is  not  known.  Unconscious- 
ness and  stertorous  breathing  soon  supervened.  She  was 
given  tartar  emetic  and  salt,  and  emesis  was  slowly  ]iit)- 
dueed;  vomitus  was  green,  con.sisting  of  food,  salt,  and 
tartar  emetic.  Urine  like  milk  and  water  and  ink.  Pol- 
lowed  by  speedy  recovery  and  no  signs  of  aborting. 

2.  Pi'irckhauer  (Friedreich's  BUitter  f.  gcr.  Med.,  1883) 
reports  that  a  child  ten  days  old  took'gtt.  xxiv.  to  xxx. 
of  creosote,  became  insensible,  then  convulsed,  and  finally 
died  iu  sixteen  hours. 

3.  Marcand's  (  r2>?'^(V)«/;/',s',sr//r. /.  r/c/-.  3/(</.,  1889).  An 
infant  took  an  unknown  (|uantit'y  and  died  in  fourteen 
hours  with  syni]itoms  of  irritant  poisoning. 

4.  Prcudentlial's  (New  York  Med.  liee.,  1892),  of  an 
adult  female  who  took  gtt.  cc,  became  unconscious,  willi 
stertorous  breathing,  and  aljoli.shed  reflexes,  finally  re- 
covered. She  had  been  in  the  habit  of  taking  gtt.  c. 
three  times  a  day,  and  on  this  occasion  took  a  double 
dose. 

n,  Zawiilski  (Ceiitnilhl.  f.  innere  Med..  1894)  men- 
tions the  ease  of  a  woman,  aged  fifty-two,  who  took  three 
six-drop  doses  of  creosote  in  milk,' toxic  symiitoms  then 
developed,  and  she  died  five  days  after. 

6,  Cowan  (Glasgow  Medind,  jniiriial,  1897)  rei)orts  that 
a  gu-laged  three  tookan  unknown  quantity  in  toothache 
un.xture.  She  s\iffered  from  abdominal  jiain,  collapse 
and  m  half  an  hour  fell  asleeji  nearly  unconscious  Her 
stomach  was  washed  out,  she  vomitCHl  twonr  three  times 
and  was  well  in  six  days. 

7.  Wood  reports  the  case  of  a  woman  who  took  gtt. 


dc.  of  creosote  and  became  unconscious  and  cyanosed, 
but  recovered  without  treatment. 

Lethal  Dose. — As  individual  tolerance  for  creosote 
varies,  so  does  the  amount  required  to  produce  toxic 
symptoms  and  fatal  effect.  The  smallest  quantity  which 
has  been  reported  as  causing  death  is  gtt.  iij.  to  vi.  ;  on 
the  other  hand.  Wood's  ca.se  took  gtt.  dc.  and  recovered 
without  treatment.  (For  both  these  cases  see  above. )  These 
are  probably  the  extremes.  Tolerance  for  creosote  can  be 
acquired;  "  Tti,ccc,  a  day  have  been  given  for  a  consider- 
able time  with  benefit "  (White,  "  Mat.  Med.  and  Thcrap. "). 
Graham  (Brit.  Med.  Journal,  1898,  i.)  reports  the  case 
of  a  patient  taking  tu  cccxl.  every  day,  and  suffering  no 
ill  effects  therefrom.  In  the  Americem  Tear  Book  of 
Medicine  and  Surgery  for  1899  are  quoted  cases  in  which 
(1)  TfLcxx.  were  given  diuly ;  (2)  3  iiiss.  per  da}'  were 
administered  in  cod-liver  oil,  tiie  patient  becoming  so 
impregnated  with  creosote  that  all  the  secretions  and  ex- 
cretions had  the  odor  of  the  drug ;  (3)  the  dose  was  in- 
creaseil  up  to  680  drops  a  day  without  causing  any  dis- 
turbance. The  reason  for  these  very  excessive  doses  is 
not  given,  and  it  is  certain!}'  not  apparent. 

Symptoms. — Some  ]iersons  are  very  sensitive  to  the 
action  of  creosote,  and  others  are  very  tolerant  of  the 
drug;  lience  the  factors  to  be  always  taken  into  con- 
sideration, are:  the  personal  idiosyncrasy,  the  quantity 
of  creosote  taken,  the  rate  at  which  the  dose  has  been  in- 
creased, and  the  rapidity  of  elimination  by  the  kidneys. 
The  symjjfoms,  which  may  come  on  very  rapidly,  are 
nausea;  vomiting,  which  is  not  regular  and  maybe 
slight;  severe  abdominal  pain,  gastric  disturbance,  and 
purging;  malaise;  vertigo;  headache;  prostration;  anx- 
ious expression;  pinched  face;  subnormal  temperature; 
skin  cold  and  clammy,  and  covei'ed  with  perspiration; 
depressed  heart  action,  with  pulse  weak  and  thready  or 
imperceptible;  stertorous  breathing;  dyspncea;  dimness 
of  vision,  and  contraction  of  pupils;  tendency  to  stupor; 
abolition  of  reflexes;  possible  cyanosis.  The  urine  may 
or  may  not  have  the  odor  of  phenol ;  as  to  discoloration 
opinions  differ.  In  Stevenson's  case  the  urine  was  black ; 
Mann  ("  Porensic  Medicine  ")  says  creosote  will  not  give  a 
black  color  to  urine;  Ringer  says  the  urine  is  discolored 
generally  at  first.  It  is  rarely  albuminous,  and  pigmen- 
tation, if  present,  is  probably  due  to  oxidation  products 
of  the  phenol  group.  "The  occasional  smoky  urine  does 
not  imply  di,sintegration  of  blood  corpuscles,  as  at  one 
time  supposed,  but  is  the  residt  of  a  harmless  chemical 
reaction,  and  maybe  disregarded"  (A.  PI.  Smith,  Medical 
News,  1899).  If  there  are  local  symptoms  they  begin  to 
manifest  themselves  at  once;  there  maybe  pain  in  the 
region  of  the  kidneys.  "  Death  occurs  from  failure  of 
respiration,  and  the  lieart  is  arresteil  in  diastole  "  {Sajoiis' 
Annnal.  1898). 

Treatment. — In  cases  of  gradual  poisoning  withdraw 
the  drug ;  if  urine  becomes  discolored  or  digestion  dis- 
tvirbed  reduce  the  dose.  In  acute  eases  wash  out  stom- 
ach, give  doses  of  Epsom  or  Glauber's  salt,  and  warm 
demulcent  drinks;  saccharate  of  lime  (fresh  quicklime 
15  parts,  sugar  25  parts,  water  1,000  parts)  is  also  bene- 
ficial; apply  heat  externally,  and  counter-irritation  over 
abdomen  ;  give  respiratoj-y  and  cardiac  stimulants,  strych- 
nine and  digitalis,  and  if  necessary  a  hypodermic  of 
ether. 

Post-mortem  Api-i-.auaxces.— Much  the  same  as  pro- 
duced by  iihenol;  there  may  be  stains  on  skin,  eschars  on 
mouth  or  lips,  erosions  of  mucous  membrane  of  part  of 
oesophagus  or  stomach,  stomach  may  be  red  and  injected, 
general  infiammation  of  digestive  tract,  sometimes  passive 
hypenemia.  These  appearances  are  those  of  corrosion 
and  vary  according  to  the  degree  of  concentration.  The 
odor  of  creosote  mayor  may  not  be  present;  in  Purck- 
hauer's  case  it  was  ])resent,  in  Marcand's  it  was  absent. 

TEsrs.  — I.  As  foi-  Carbolic  Acid  (see  article  on  Car- 
bolic Acid,  Poisoning  by,  in  Vol.  II.  of  Reference 
Handbook). 

H.  A  mixture  containing  carbolic  acid,  creosote,  and 
cresol  should  first  be  subjected  to  fractional  distillation. 

111.   Differences  between  carbolic  acid  and  creosote. 
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1.  Civosote  is  iusolul)le  (or  nearly  so)  in  glycerin-  car- 
bolic acid  is  soluble  in  glycerin. 

3.  With  collodiim  creosote  mixes  fri'cly  and  docs  not 
coagulate;  carbolic  acid  coagulates  and  i)ecoiues  oelati 
uons.  • 

8.  Witb  alcoliol  and  ferric  chloride  creosote  gives  a 
green  color;  carbolic  acid  gives  a  brown  or  dark  yel- 
low. 

4.  If  a  chip  of  pine  wood  be  placed  in  a  distillate  cou 
taining  carbolic  acid,  and  on  removal  be  moistened  with 
hydrochloric  acid,  it  will  get  a  blue  color  in  about  half 
an  hour;  with  creosote  there  is  no  change  of  color. 

^Ji.  .].  K.  Scott. 

CRESALOL.— This  is  the  cresylic  ether  of  salicylic 
acid,  and  bears  the  same  relation  to  creo.sol  or  cresylic 
acid  that  salol  docs  to  carbolic  acid.  It  is  analogous  to 
betol  and  salol,  and  has  been  introduced  by  Nencki  the 
originator  of  the  other  two  compounds.  It  is  prepaied 
by  treating  cresylate  of  sodium  and  salicylate  of  sodinm 
with  perchloride  of  phosphorus.  Three  salts  are  formed, 
according  as  the  ortlio-,  mcta-,  or  para  cresylic  acid  is 
present.  All  three  possess  the  same  propert'jes,  but  tlic 
para-cresalol  is  the  one  usually  prepared.  The  chemical 
formula  is  CsHiOHCOColTiCHa. 

Cresalol  is  a  white,  (Mystalliue  powdei-,  without  taste  ■ 
odor  somewhat  resembles  salol.  It  is  insoluble  in  water' 
slightly  soluble  in  alcohol.  The  dose  is  given  as  from 
gr.  iij.  to  \x.\-.  daily.  It  possesses  antiseptic  prop- 
erties similar  to  .salol,  and,  like  that  salt,  is  not  acted 
upon  by  the  secretions  of  the  stomach.  It  is  used  for 
intestinal  antisepsis,  and  is  said  to  be  more  efticicnt  than 
its  analogues.  In  the  system  it  is  decomposed  Into  cresol 
or  cresylic  acid  and  salicylic  acid,  and  its  advantage  lies 
in  the  freedom  of  these  acids  from  any  toxic  properties. 

Bciiumoiit  fimnll. 

CRESOCHIN  is  a  compound  of  chinolin  and  tricresol 
with  neutral  chinolin-tricresyl-sulfouatc.  It  contains 
thirty  per  cent,  of  chinolin  and  seventy  per  cent,  of  tri- 
cresol, and  is  soluble  in  20  parts  of  water.  It  is  used  in 
0.1-  to  0.2-per-cent.  solution  for  disinfecting  instruments 
and  the  hands,  and  as  a  vaginal  douche. 

ir.  A.  Bastedv. 

CRESOL,  CRESYOL,  CRESYLIC  ACID.— Cresol  con 
sists  of  ortho-,  meta-,  and  para-cresol  in  variable  pro]ior- 
tions,  having  a  general  formula  of  CeHj.CHa.OH. 
Ortho-  and  para-cresol  are  crystalline  bodies,  and  meta- 
cresol  is  a  colorless,  thick  fluid".  Their  boiling  points  are 
respectively  188°  C,  198°  C,  and  301°  C^.,  the  similarity 
of  which  renders  it  difficult  to  separate  them.  It  is  the 
ne.xt  higher  homologue  of  carbolic  acid  or  phenol,  and 
differs  from  it  b_y  the  replacing  of  one  atom  of  hydrogen 
by  the  methyl  group  CH3.  It  is  ]ire,sent  in  coal  tar,  with 
carbolic  acid,  and  is  obtained  during  the  process  of  frac 
tional  distillation.  Up  to  80°  C.  about  four  per  cent,  is 
separated,  con.sisting  of  carbon  bisulphide,  ammonia, 
amylene,  benzene,  and  other  very  volatile  compounds. 
From  80°  to  310°  C.  what  is  termed  the  light  oil  is  re- 
moved ;  this  is  made  up  of  benzene  and  its  homologues. 
Between  310°  and  400°  C.  the  heavy  oil  is  formed,  con- 
sisting of  ])henol,  naphthalene,  cresols,  and  other  hydio- 
carbons.  The  residue  is  pitch,  about  fifty  per  cent. 
The  phenol,  cresol,  and  naphthalene,  and  other  constitu- 
ents of  the  heavj'  oil,  are  separated  by  further  distilla- 
tion. It  forms  the  greater  part  of  the  crude  carbolic  acids 
of  commerce,  which  might  more  properly  be  called  crude 
cresols. 

It  is  a  colorless,  strongly  refractive  licjuid,  and  is  strong- 
ly caustic;  its  odor  resembles  that  of  creosote.  It  is  in- 
soluble in  water,  soluble  in  alcohol,  glycerin,  and  ether. 
The  cresols  are  powerful  antiseptics  and  produce  some  of 
the  most  active  preparations  of  the  aromatic  series.  Ac- 
cording to  the  investigations  of  Jaeger  and  Ohlmuller,  of 
the  Berlin  Board  of  Health,  and  Fraenkel,  of  the  Berlin 
Hygienic  Institute,  it  has  been  shown  that  wdien  dissolved 
in  sulphuric  acid  the  most  active  of  such  antiseptics  is 
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.,in,i  H  *  ."'"";'>''''•','"  water  It  is  difficult  to  obtain  a 
soh  tion  that  IS  stable  and  applicable  to  surgical  purposes 
Many  methods  have  l«>cu  devised  and  numerous  prepa- 
rations have  beenmtroiluced  into  commerce  under  a  vari- 
ety o  names;  creolin,  lysol,  solveol,  solutol,  and  others 
are  all  preparations  of  this  kind.  Some  contain  other 
liydrocarhons  in  addition  to  the  cresols.  Kesin  and 
alkali  .soaps  iorma  favorite  means  of  retaining  the  active 
ingredients  in  .solution,  but  when  adde.l  to  water  they 
produce  milky  and  girasy  fluids,  very  objectionable  for 
surgical  uses;  the  antisepHc  jjropertics  are,  however 
eflectiveas  deodorizers  and  disinfectants.  Cresotate  of 
.soda  has  been  found  to  retain  cresol  in  solution  For 
thcrapeuric  purposes  a  one-and-one-half-per-cent.  solu- 
tion IS  sufficiently  strong,  free  from  irritant  or  caustic 
properties,  and  ecpial  to  a  tive-per-cent.  solution  of  car- 
bolic acid.  Cresol  is  also  dissolved  in  a  concentrated 
solution  of  salicylate  of  sodium,  which  allows  of  free 
dilution;  no  decomposition  occurs,  a  neutral  solution  of 
cresol  being  formed.  Lime  is  recommended  as  a  means 
of  producing  a  .solution  which  forms  a  cheap  and  active 
disinfectant ;  one  part  of  lime  is  treated  with  four  jiarts 
of  water,  and  five  parts  of  cresol  are  added;  the  result- 
ing liquid  contains  fifty  per  cent,  of  cresol  and  is  miscible 
in  water  in  all  proportions.  A  simple  method  of  render- 
ing cresol  miscible  with  water  is  to  add  three  parts  of 
tincture  of  green  soap.  The  mixture  is  at  first  cloudy 
from  the  presence  of  the  water  in  the  tincture,  but  after 
standing  for  twenty-four  hours  all  the  water  settles  at 
the  bottom  and  can  be  separated. 

For  internal   administration   the   preparation   cresalol 
has  been  introduced  and  is  highly  recommended. 

Beaumont  Small. 


CRESOTIC  ACID.     Sea  Sfilieylic  Arid. 

SPRINGS.  —  Cambria   County,    Pennsyl- 


CRESSON 

vania. 

Post- Office. —Cresson.     Hotel  and  cottages. 

Access. — Cres.son  is  a  station  on  the  Pennsylvania  Rail- 
road, 250  miles  west  of  Philadelphia  and  103  miles  east 
of  Pittsburg.  Through  sleeping-car  tickets  may  be  pur- 
chased from  all  important  points. 

On  the  summit  of  the  Alleghany  Mountains,  2,300  feet 
above  the  sea  level,  is  located  the  charming  and  pictur- 
esque resort  known  as  Cresson  Springs.  This  lovely  spot 
has  been  abundantly  endowed  with  nature's  choice  at- 
tractions, and  it  is  at  once  a  resting-place  for  the  weary 
and  a  sanitarium  for  the  weak  in  body.  The  bracing 
mountain  air  is  in  itself  a  speedy  antidote  to  many  of  the 
lesser  ills  of  life,  and  it  is  said  that  the  early  stages  of 
pulmonary  trouble  are  quickly  arrested  by  a  sojourn 
here.  The  Mountain  House,  adjoining  the  Springs,  is  a 
structure  of  imposing  proportions  and  built  with  a  spe- 
cial view  to  its  fitness  as  a  hotel.  Its  sanitary  arrange- 
ments are  excellent,  and  it  is  properly  equipped  with  all 
the  comforts,  conveniences,  and  luxuries  of  the  day. 
The  building  is  located  in  an  extensive  park  of  magnificent 
forest  trees.  The  grounds  cover  an  area  of  400  acres, 
much  of  which  is  devoted  to  lawn  garden  and  groves. 
Adjacent  to  the  hotel  are  a  number  of  cottages,  which 
may  be  rented  by  those  who  prefer  a  more  liome-like 
seclusion  than  is  attainable  in  a  large  hotel.  The  hotel 
and  its  surroundings  furnish  ample  scope  for  amusement 
and  diversion.  Lawn-tennis,  croquet,  rambles  through 
the  woods  and  mountains,  and  driving  are  among  its  out- 
door diversions.  During  the  season  daily  observation 
cars  are  run  between  Cresson  and  Altoona,  and  several 
times  each  week  between  Cresson  and  Ebensburg,  afford- 
ing to  excursionists  some  of  the  finest  mountain  scenery 
in  the  country.  The  romantic  beauty  of  the  famous 
Horseshoe  Curve,  the  inspiring  grandeur  of  the  Old 
Portage  Road,  the  wild  charm  of  the  Allegrippus,  and 
the  endless  vistas  formed  of  forest-crowned  peaks  and 
leafy  valleys  excite  the  admiration  of  every  lover  of 
nature.  Two  of  the  springs  at  Cresson  have  been  ana- 
lyzed by  Prof.  F.  A.  Genth,  of  the  University  of  Penn- 
sylvania, with  the  following  results; 
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iMAfiXESiA  Spring, 
One  United  States  Gallon  Contains  : 
Solids.   . 


Grains. 

n.u 


Calflum  sulpbate.... 
Magnesium  chloride. 

Calcium  cVilnride ;■;;'' 

8ii(liUUM'lll"riiie.  ^-"^ 

Iii.n  liiciirhoiuUe 


].:in 


Mmit^imi'^ 


•iHiuate Trace 


MaijncKiluii  liicarlionate.. 

Cnlciuiii  liicarlKiuale 

Siiiliuui  hicaiiionate 

Pdtassuun  iiicarbotiate. . . 

CalcHiai  iilnLspliate 

AUuiiiua 

Silicic  ai'iil 

Nitrous  aci'l 

Carbonic  acid  (free) 


Total . 


41 

.(B 
1.43 

.21 
Trace. 
Trace. 

.ill 
Trace. 

.1111 


Tliis  -sviitcv  is  somewhat  aperient  in  full  doses.     If  also 
possesses  reeonstructive  and  tonic  properties. 

Pure  Spring. 
Solids.  Grains. 

Calcium  sulphate C'-'W 

Calcium  carbonate ;» 

JI;i^nicsiu)ri  carbonate .~_4 

Iron  carhiinate ."^ 

SuUunn  carbonate .13 

Pota.ssitun  carbonate -'"^ 

Sodium  chloride -"J 

Silica ~n 

Phosphoric  acid Trace. 

Manganese  oxide Trace. 


Total. 


Carbonic  acid  (free  and  partially  combined) . 


1.36 
1.40 


This  spring  is  entirely  free  from  organic  matter.  It 
emerges  in  considerable  volume  from  a  group  of  crushed 
strata  formed  almost  exclusively  of  silicious  elements. 
It  is  but  slightly  mineralized,  however,  and  may  he  re- 
ferred to  the  indifferent  group  of  waters. 

James  K.  Crook. 

CRETINISM.     See  Goitre. 

CROCKER  SPRINGS.  —  (Formerly  White  Creek 
Springs.)     Davidson  County,  Tennessee. 

Post-Opficb. — Cole  Building,  Nashville,  care  of  A.  G. 
Goodlet. 

Hotel  destroyed  by  fire,  but  there  are  accommodations 
for  a  few  visitors. 

Tliis  resort  is  situated  12  miles  west  of  Nashville,  at 
the  foot  of  a  high  plateau  running  north  from  the  Cum- 
berland River  to  tlie  Kentucl^y  line.  The  altitude  is 
about  600  feet  above  the  sea  level.  The  surrounding 
criuntry  is  liroken,  the  springs  being  situated  between 
high  hills.  The  large  hotel  was  destroyed  by  fire  some 
years  since,  so  that  the  present  accommodations  arc  not 
what  may  usually  be  expected  at  first-class  watering- 
places.  There  are,  however,  several  comfortable  build- 
ings for  the  reception  of  guests.  Adjoining  the  springs 
is  a  tract  of  200  acres,  containing  fine  orchards  of  apple, 
pear,  and  peach  trees,  etc.  The  prevailing  meteorologi- 
cal conditions  are  clear  weather  and  sunny  days,  with 
an  atmosphere  free  from  malarial  or  miasmatic  influences. 
Two  springs  are  in  use,  one  known  as  the  "Black  Sul- 
phur," temperature  58°  F.  ;  and  the  other  as  the  "Red 
Sulphur,"  temperature  56"  F.  The  following  analysis 
was  made  many  years  ago  (1841 )  liy  Dr.  Troost,  analytical 
chemist : 


Grains. 


(INK  United  States  Gallon  Contains: 

Solids. 

Calcium  carb(mate Ijr,  4.) 

Sodium  sulpbate llj'.jj'J 

Calciiuii  KUl|iliate y)M 

ManncKiiini  Hal|iliiitc Vvn 

Sodlaui  byp(jsulpliatc '.!...'...'..'.!......  \\X*) 

Total H4.(IK 


(iases. 

Carbonic  acid 

Sulpbureted  bydrogeu. 


Cubic 

iLIClll-S, 


;17.H'.I 
40.2.5 


These  waters  have  been  well  known  in  Tennessee  for 
their  beneficial  effects  in  hepatic  congestion,  indigestion. 
Blight's  disease,  and  the  uric-acid  diathesis. 

Within  two  or  three  hundred  yards  of  the  building  is 
a  cold  limestone  spring  which  flows  from  a  cave  having 
a  remarkably  low  tempei-ature.  The  cave  is  utilized  as 
a  natural  cold-storage  house.  .Jimies  K.  Crook. 

CROCKETT     ARSENIC-LITHIA      SPRINGS.— Mont 

goiiieiy  County,  Virginia. 

Post-Office. — Shawsville.     Hotel. 

Access.— Via  Norfolk  &  Western  Railroad  to  Shaws- 
ville, thence  7  miles  to  springs  by  carriage. 

This  resort  is  located  in  the  Alleghany  Mountains,  3 
miles  from  the  Alleghany  Springs.  The  elevation  is 
2,000  feet  above  the  sea  level,  and  the  atmosphere  pure, 
bracing,  and  delightful.  The  hotel  .is  a  new  and  sub- 
sfantial  sfriicture  of  artistic  design,  with  a  veranda  encir- 
cling the  main  building,  and  is  fitted  up  with  modern 
conveniences.  Ample  provision  has  been  made  for  the 
entertainment  of  guests.  There  are  bowling  alleys,  lawn 
tennis  courts,  and  croquet  grounds.  Walks,  drives,  fish- 
ing, and  hunting  are  also  enjoyed,  while  many  find  pleas- 
ure in  rambling  thi'ough  the  woods  to  the  famous  falls, 
where  a  bold  and  si)arkling  stream  leaps  for  hundreds  of 
feet  from  rocks  and  precipices,  forming  cascades  and 
sprays  of  great  beautj'.  The  scenery  about  the  resort  is 
romantic  and  picturesque  and  aifords  ever  varying  feat- 
ures to  charm  the  visitor's  eye.  The  waters  of  the  Croc- 
kett Springs  are  close  to  thermal,  having  a  temperature 
of  70'  F.  in  the  coldest  winter  months.  The  following 
analysis  was  made  a  few  years  since  by  Prof.  Henry 
Proehling : 


One  United  States  Gallon  Contains  : 
SoUds. 

Magnesium  carbonate 

Calcium  carbonate 

Strontium  carbonate 

Lithium  carbonate 

Magnesium  sulphate 

Calcium  sulphate 

Potassium  sulphate 

Iron  sulphate 

Sodium  sulphate 

Sodium  chloride , 

Sodium  bromide 

Sodium  arseniate 

Aluminum  silicate 

Silicic  acid 

Barium  carbonate,  copper  carbonate,  lead  carbonate, 
zinc  carbonate,  manganese  carbonate,  sodium 
iodide,  aluminum  phosphate,  and  ammonium  ni- 
trate    Traces. 


Grains. 

1.18 

5.90 

.09 

.07 

3.04 

2.25 

1.25 

.04 

1.86 

1.23 

.01 

.03 

.13 

1.29 


Total 

Carbonic  anhydride  combined  with  monocarbouates 
to  form  bicarbonate 

Total 


18.35 
3.23 


This  water  is  more  distinguished  for  the  variety  than 
for  the  quantity  of  its  mineral  ingredients,  yet  some  of 
its  constituents,  though  minute  in  ciuantitj',  undoubtedly 
impart  to  the  Avater  an  appreciable  therapeutic  value. 
It  is  said  that  the  well-known  phj'siological  effects  of 
arsenic,  for  example,  may  be  readily  produced  by  taking 
the  water  in  large  quantifies.  In  practice  the  water  has 
been  sliovvii  to  act  as  an  eliminating  agent,  a  nerve  seda- 
tive, a  nerveand  blood  tonic,  and  also  as  au  alterative.  It 
has  been  found  particularly  valuable  in  the  chronic  tj'pes 
of  skin  disease,  especially  those  characterized  by  scaly 
eruptions.  In  those  varied  conditions  in  which  arsenic 
is  useful  the  water  meets  the  indications  perhaps  more 
promptly,  with  more  iiermanent  results,  and  with  less  con- 
stittitional  and  local  irritation,  than  do  the  artificial  prep- 
arations of  arsenic.  The  hotel  is  amply  supplied  with 
bathing  faeilifies  at  any  temperature,  and  good  results 
have  followed  the  conjoint  use  of  the  baths  and  the  in- 
ternal administration  of  the  water.  An  office  has  been 
fitted  u]!  for  the  resident  physician  by  the  management, 
with  the  latest  and  most  improved  edectrical  ap'paratus 
and  other  appliances  for  the  treatment  of  chronic  dis- 
eases.    The  water  is  used  commercially. 

Ji lines  K.  Crook. 
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Cretinism, 
i'roiip. 


CROTON  OIL.— Oleum  Tiglii.  Oleum  Crotonis. 
"A  fixed  oil  expressed  from  the  seed  of  CmtonTirjlium  L. 
(fam.  Euphorbiacea')"  (IT.  8.  P.).  This  species  of  croton 
is  a  small,  slender-brauched  tree,  native  of  China,  but 
ver}^  largelj^  cultivated  in  India,  and  abounding  in  the 
East  India  Islands.  The  fruit  is  a  three-celled,  three- 
seeded  capsule.  The  seeds  are  aljout  1  cm.  long,  oblong, 
rounded  on  the  back,  slightl}^  flattened  on  tlie  face  on 
each  side  of  the  median  line,  where  the  raised  raphe  is 
to  he  seen  runuing  from  end  to  end.  Color  of  seeds 
yellowish-brown,  black  where  the  outer  layer  is  scraped 
offl,  not  shining.  Testa  brittle.  Embryo  large,  albumen 
oily.  In  structure  and  shape  tliej'  are  very  much  like 
castor-oil  seeds.  They  are  much  more  uniform  in  size 
than  the  latter,  larger  tliuu  the  smallest,  smaller  than  the 
largest.     Taste  at  first  oily,  then  acrid. 

The  seeds  are  used  in  Java  for  poisoning  fish.  They 
are  also  largely  used  in  Hindoo  medicine,  but  it  is  directed 
that  the  membrane  (tegnien)  as  well  as  the  testa,  and  also 
the  embryo,  shall  be  first  removed.  Besides  the  oil,  thej^ 
contain  cretin,  a  highly  poisonous  toxalbumin,  similar  to 
the  ricin  of  castor-oil  seeds.  The  yield  of  croton  oil  is 
about  one-fourth  to  one-third  the  weight  of  the  seeds. 
It  can  be  removed  with  ether  or  other  solvents,  though 
the  official  requirement  is  that  it  be  expressed. 

Both  the  seeds  and  oil  are  imported  from  Bombay, 
Cochin,  etc.  ;  the  oil  is  also  expressed  in  Great  Britain 
from  seeds  imported  from  the  East. 

The  oil  is  thus  described : 

"A  pale  yellow  or  broAvnish-yellow,  somewhat  viscid, 
and  slightly  fluorescent  liquid,  having  a  slight,  fatty 
odor,  and  a  mild,  oily,  afterward  acrid  and  burning  taste 
(great  caution  is  necessary  in  tasting). 

"When  applied  to  the  skin,  it  produces  rubefaction  or 
a  pustular  eruption. 

"Specific  gravity;  0.940  to  0.960  at  15'  C.  (59'  P.). 

"It  reddens  blue  litmus  paper  moistened  with  alcohol. 

"When  fresh,  it  is  soluble  iu  about  60  parts  of  alcohol, 
the  solubility  increasing  bj'  age. 

"It  is  freely  soluble  in  ether,  chloroform,  carbon  di- 
Bulphide,  andin  fixed  or  volatile  oils. 

"  When  gently  heated  with  twice  its  volume  of  abso- 
lute alcohol,  it  forms  a  clear  solution  from  which  the  oil 
usually  separates  on  cooling. 

"If  to  3  c.e.  of  the  oil  1  c.c.  of  fuming  nitric  acid  and 
1  c.c.  of  water  be  added,  and  the  mixture  vigorously 
shaken,  it  should  not  solidify,  either  completely  or  par- 
tially, after  standing  for  one  or  two  days  (absence  of  other 
non-drying  oils}." 

Composition.— This  is  one  of  the  most  complex  of 
fixed  oils  in  composition,  and  notwithstanding  the  very 
extensive  study  to  which  it  has  been  subjected,  our  con- 
clusions are  yet  far  from  satisfactory.  It  dissolves  in  an 
equal  amount  of  alcohol,  but  if  this  volume  of  alcohol  is 
increased  a  portion  is  insoluble.  It  is  again  soluble  in 
60  parts  of  alcohol.  As  the  oil  becomes  older  its  solu- 
bihty  in  alcohol  increases,  a,nd,  pari  passu ,  its  irritating 
properties  increase.  The  most  important  fact,  practically, 
is  that  it  consists  chiefly  of  a  glyceride  of  crotonoleic  acid. 
This  body  is  purgative,  whether  in  its  own  state  or,  as 
most  likely,  only  through  the  gradual  setting  free  of  the 
acid  in  the  intestine,  is  not  certainly  known.  The  acid  is 
freely  soluble  in  alcohol,  and  can  thus  be  removed  trom 
croton  oil,  which  always  contains  some  in  a  free  state. 
It  is  extremely  irritating  to  the  skin  and  mucous  mem- 
brane, and  it  is  its  gradual  formation  by  decomposition 
on  keeping  which  renders  the  older  oil  more  vesicant  and 
more  violently  drastic.  This  acid  is  in  a  general  way 
similar  to  ricinioleic  acid  of  castor  oil,  but  is  much  more 
active.  Glycerides  of  several  other  acids,  fixed  and  vola- 
tile, have  been  reported.  It  is  believed  that  irritating 
properties  reside  in  some  one  or  more  of  these  volatile 
constituents,  as  employees  in  the  factories  who  do  not 
come  into  contact  with  the  oil  suffer  from  cutaneous 
Irritation.  . 

Action  and  Uses.— From  the  above,  it  wdl  be  seen 
that  croton  oil  is  (1)  a  vesicatory  and  (2)  a  drastic  purga- 
tive     Upon  the  skin,  a  drop  to  each  twenty  or  thirty 


squareinches  produces  violetitirritation,  usually  an  acute 
eczematous  eruption  of  numerous  clo.sely  aggregated 
blisters,  becoming,  if  the  result  is  intense  enough,  pus- 
tular and  scabby.  The  eruption  is  usually  limited  to  the 
region  to  which  the  application  is  made,  but  in  extremely 
susceptibU^  patients  a  general  vesication  of  nearly  the 
whole  body  may  follow  a  limited  application.  It  has 
been  a  moderately  common  mode  of  counter-irritation  in 
bronchitis  and  other  diseases,  but  is  now  only  rarely  used. 
It  has  also  been  used  as  a  parasiticide  in  obstinate  cases. 
Absorption  and  purgation  have  frecjuently  f(.>llowed  its 
external  application. 

As  a  (juick  purgative,  where  the  most  rapid  and  com- 
plete emptying  of  the  bowels  is  required,  in  "conges- 
tive" and  other  apoplexies,  in  injuries  to  the  head,  in 
uraimic  conditions,  in  short,  whenever  an  intense  deriva- 
tive action  to  the  bowels  is  required,  croton  oil  was  for  a 
long  time  at  the  head  of  the  list ;  its  rapidity  and  the  small- 
ness  of  its  dose  being  great  advantages.  "With  the  multi- 
plication of  purgatives,  however,  the  objectionable  feat- 
ures of  this  oil  have  led  to  a  steady  decline  iu  its  use.  This 
is  now  more  generally  confined  to  cases  absolutely  requir- 
ing a  powerful  local  action  upon  the  intestine,  such  as  lead 
colic  or  seasickness,  or  to  those  in  which  other  purgatives 
cannot  be  readily  administered,  as  to  tlio.se  individuals 
who  are  in  a  state  of  insensibility,  or  to  insane  patients. 
Here  the  dose  can  be  made  eft'ective  Ijy  simply  dropping 
it  upon  the  hack  of  the  tongue.  The  purgative  action  of 
this  drug  is  es.sentialljr  an  irritative  one,  accompanied  by 
griping  pain,  and  often  followed  by  much  inflammation. 
There  is  increase  of  watery  secretion  and  also  of  motion, 
and  any  abdominal  or  rectal  irritation  or  inflammation  is 
markedly  increased.  It  also  irritates  the  uterus,  and  is 
abortifacicnt.  These  effects  may  be  moderated  by  wash- 
ing it  with  a  little  alcohol,  and  thus  removing  the  free 
crotonoleic  acid.  The  dose  is  irii.  to  ij.,  and  should  not 
be  repeated. 

Poisonous  symptoms  are  commonly  those  of  great  ab- 
dominal inflammation,  followed  by  depression  or  collapse. 
In  some  cases,  when  purging  has  not  occurred,  great 
depression  and  progressive  blunting  of  the  vital  powers 
have  been  observed,  as  is  common  in  the  lower  animals. 

Henry  H.  Su.iby. 

CROUP. — Croup  is  an  acute  inflammation  of  the  larynx, 
characterized  by  the  formation  of  a  pseudo-membrane. 
The  principal  symptom  from  which  the  disease  derives 
its  name  is  a  peculiar  crowing  cough.  A  similar  cough 
is  also  found  in  severe  cases  of  acute  laryngitis  in  chil- 
dren and  in  laryngismus  stridulus;  consequently  these 
last  two  diseases  are  frequently  included  under  the  head- 
ing of  "croup,"  although  in  them  there  is  no  formation 
of  a  false  membrane  in  the  larynx. 

Etiology. — In  the  great  majority  of  cases  the  false 
membrane  is  due  to  the  action  of  the  Klebs-Lotiler  bacilh, 
thereby  making  croup  one  of  the  manifestations  of  diph- 
theria, that  is,  of  laryngeal  diphtheria  (see  Diphtheria). 

Billings,  after  careful  bacteriological  investigation  of 
two  hundred  and  eighty-six  cases  of  membranous  laryn- 
gitis, found  Ivlebs-Lofller  bacilli  in  eighty  per  cent,  of 
them ;  streptococci  and  diplococci  were  the  bacteria  found 
in  the  remaining  twenty  per  cent,  of  the  cases. 

The  idea  prevalent  some  years  ago,  that  much  of  the 
croup  was  idiopathic  and  non-diphtheritic  in  its  charac- 
ter in  the  last  decade  has  been  shown  to  be  false  and  it  is 
now  an  established  fact  that  a  very  large  percentage  of 
these  cases  are  diphtheritic.  _ 

Non-diphtheritic  membranous  laryngitis,  or  false  croup, 
as  it  is  often  called,  may  result  from  blows  upon  the 
larynx  from  the  inhalation  of  hot  steam  and  smoke,  or 
from  the  introduction  into  the  larynx  of  caustic  alkalies 

or  acids.  ,     ,  , 

Pathology.— In  the  early  stages  the  laryngeal  mucous 
membrane  is  hypera;mic,  while  later  there  is  a  round-cell 
infiltration  into  the  epithelial  and  subepithelial  layers 
followed  by  a  transudation  of  lymph  into  these  mhltrated 
re°-ions  The  lymph  coagulates,  and  the  action  ot  the 
toxins  developed  by  the  bacilli  produces  a  coagulation 
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necrosis  of  the  cells,  first  of  the  epithelial  layer,  subse- 
quently of  the  subepithelial,  ami  this  necrosis  of  the  cells 
results  in  the  so-called  false  membrane.  At  first  this 
membrane  is  firmly  bound  to  the  underlying  tissues  by  the 
fibrin  and  the  coagulated  lymph,  so  that  any  attempt 
forcibly  to  remove  the  membrane  results  in  hemorrhage. 
The  subsequent  changes  are  those  of  still  further  necrosis 
of  these  areas,  a  line  of  demarcation  being  formed  where 
the  cells  undergo  liquefaction  and  the  fil)rin  breaks  up. 
By  such  a  melting  process  the  membrane  is  gradually  ex- 
foliated; or  else  at  ,some  point  it  curls  up  and  then,^  in  a 
violent  fit  of  coughing,  is  torn  off  and  expelled  as  a  single 
mass. 

The  color  of  the  exudate  at  fii.st  is  a  dirty  gray,  but 
where  the  infection  is  very  severe,  involving  the  largei' 
blood-vessels  deep  down  in  the  subepithelial  layer,  a 
condition  allied  to  gangrene  supervenes  and  the  exudate 
may  be  darl^  green  or  even  black. 

The  places  where  the  exudation  is  commonly  found 
are  the  ventricular  bands  or  false  vocal  cords,  the  true 
vocal  cords,  the  posteiior  wall  of  the  lai'ynx,  the  trachea, 
and  in  severe  cases,  even  the  bronchi. 

Symptoms.— The  symptoms  of  croup  usually  are  super- 
imposed upon  those  of  dipiitheria,  and  it  is  rare  that  a 
patient  has  the  laryngeal  type  at  the  onset  of  the  disease. 
It  will  be  found,  as  a  rule'  that  the  patient  has  had  sore 
throat,  nausea,  perhaps  vomiting,  a  slight  rise  in  tem- 
perature, and  a  pulse  somewhat  accelerated  for  two  or 
three  days  before  the  first  evidence  of  laryngeal  involve- 
ment is  observed.  There  does  not  seem  to  be  any  definite 
relation  between  the  severity  or  the  mildness  of  the  diph- 
theritic process  and  the  tendency  to  involvement  of  the 
larjrnx.  The  mildest  forms  of  pharyngeal  diphtheria  are 
sometimes  complicated  with  croup,  and  the  severest  forms 
of  faucial  diphtheria  are  found  without  this  complica- 
tion. 

The  first  indication  of  the  involvement  of  the  larynx  that 
is  likely  to  be  observed  is  a  hoarseness  of  the  voice.  This 
ma\'  persist  for  a  few  hours  or  even  for  a  daj'  or  two  before 
it  will  be  observed  that  the  patient  has  some  difficult}'  in 
breathing;  this  difficulty  is  usuallj'  more  marked  during 
inspiration  than  it  is  during  the  expiratory  stage.  Once 
the  dyspnoea  manifests  itself  it  is  usually  steadily  pro- 
gressive, sometimes  at  an  alarming  rate,  and  the  cough 
becomes  of  a  peculiar  crowing  character  with  numerous 
short  expiratory  coughs  followed  by  one  long,  crowing 
inspiratory  effort,  the  "croup,"  which  gives  the  name  to 
the  disease.  These  paroxysms  at  first  may  not  be  very 
severe  nor  more  frequent  than  once  in  every  three  or  four 
hours;  they  soon,  however,  become  more  frequent  and 
more  severe.  During  each  paroxysm  tlie  face  becomes 
first  deeply  congested  and  later  cyanotic.  The  parox- 
ysms leave  the  patient  quite  exhausted.  It  is  not  uncom- 
mon for  him  to  fall  into  a  profound  sleep  in  the  intervals 
between  the  paroxysms,  during  which  time  the  breathing 
is  labored.  As  the  laryngeal  obstruction  and  the  parox- 
ysms become  more  severe  the  patient  frequently  has  con- 
vulsions, during  which  tlie  urine  and  fjeces  may  be  in- 
voluntarily voided.  Death  occurs  most  frequently  either 
from  exhaustion,  from  asphyxia,  or  from  heart  failure. 
In  one  of  the  severe  paroxysms  when  it  would  seem  as  if 
the  end  were  about  to  come,  it  occasionally  happens  that 
the  membrane,  a  cast  of  the  larynx,  will  be  expelled  at  the 
end  of  the  paroxysm.  The  jiatient  then  falls  into  a  quiet 
sleep,  the  breathing  becomes  normal  or  nearly  so,  and  re- 
covery takes  place.  In  exceptional  cases,  in  which  the 
membrane  is  moderate  in  amount  and  ihi;  paroxysms  are 
not  too  severe,  and  the  patient  has  a  considerable  amount 
ot  vitality,  the  membrane  may  gradually  melt  away  the 
paroxysms  by  degrees  becoming  less  and  less  severe' and 
recovery  taking  place  in  this  gradual  manner. 

the  examination  of  the  upper  air  passages  in  a  patient 
sunenng  from  croup  almost  invariably  re'veals  evidences 
ot  membrane  formation  either  on  tlie  tonsils,  the  pillars 
ot  the  fauces  or  the  posterior  pharyngeal  wall,  or  in  the 
nasal  channels  or  tlie  nasophurynx 

evnH?t'7f°^°^'f '  examination  as  to  the  character  ,.f  this 
exudate  furnishes  us  with  a  clrw  us  to  the  probable  nature 
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of  the  bacilli  connected  with  the  membrane  formation  in 
the  larynx. 

Diagnosis.— Croup  may  be  mistaken  for  acute  laryn- 
gitis, for  laryngismus  stridulus,  or  for  redema  glottidis. 

Croup  is  to  be  distinguished  from  the  acute  form  of 
laryngitis  by  the  facts  that  the  latter  disease  is  usually  as- 
sociated wifli  an  acute  bronchitis,  that  the  attacks  are  most 
frequent  at  night  time,  that  the  paroxysms  are  not  so  se- 
v(.-re  as  in  true  croup,  and  that  the  child  is  usually  free  from 
all  croupy  symptoms  during  the  day,  only  to  be  affected 
again  the  following  night.  It  will  often  be  found  that 
every  attack  of  acute  laryngitis  and  bronchitis  is  accom- 
panied by  some  croupy  cough  and  that  antispasmodics 
and  emetics  give  rapidrelief  from  the  croupy  sjanptoms 
of  acute  laryngitis  while  ordinarily  not  affecting  the  par- 
0X3^sms  of  true  croup. 

Luri/nr/inmus  Stridvliin  is  a  spasmodic  contraction  of 
the  adductors  of  the  vocal  cords,  occurring  in  children  of 
an  exceedingl}'  nervous  temperament  who  have  other- 
wise been  perfectly  well  and  free  from  all  evidences  of 
laryngitis.  The  attack  comes  on  suddenly  at  night.  The 
mother  being  wakened  b.y  a  long,  crowing  inspiration  of 
the  child,  rushes  to  the  bed  and  usually  finds  the  little 
one  tossing  about,  the  face  congested,  the  arms  wildly 
tliro  wn  about,  the  knees  drawn  up,  and  the  urine  and  freces 
often  involuntarily  voided.  And  then,  when  to  all  ap- 
pearances it  is  about  to  die  from  suffocation,  the  child 
takes  a  deep  inspiration,  the  body  relaxes,  the  cyanosis 
disappears,  and  the  child  falls  into  a  quiet  sleep  with- 
out any  further  spasmodic  breathing.  The  child  suffers 
neither  from  hoarseness  ncjr  from  cough  on  the  following 
day. 

(Juleinn  Glottidis  is  an  affection  of  the  !ar3-nx  due  to 
o'dematous  infiltration  into  the  tissues  above  the  vocal 
cords,  and  may  be  either  acute,  as  in  erysipelas,  periton- 
sillar abscess,  and  wounds  of  the  larynx,  or  more  chronic 
as  in  tuberculosis,  syphilis,  and  malignant  disease  of  the 
larynx.  It  is  far  more  common  in  adults  than  in  chil- 
dren, is  rather  sudden  in  its  onset  in  the  acute  variety, 
and  the  dyspnoea  is  inspiratory  in  character.  Further- 
more, the  voice  is  usually  not  affected,  whereas  in  croup 
progressive  hoarseness  and  aphonia  may  be  expected. 
The  temperature  will  be  little  or  much  elevated,  accord- 
ing to  the  disease  which  cedenia  of  the  larynx  compli- 
cates ;  and  finally  a  laiyngoscopic  examination  will  reveal 
enormously  swollen,  a?dematousl_v  infiltrated  epiglottis, 
aryepiglottic  folds,  and  ventricular  bands.  In  acute 
laryngitis,  in  lar3'ngismus  stridulus,  or  in  oedema  glottidis 
tliere  will  be  no  evidences  in  the  throat  of  auj'  membran- 
ous exudate,  as  will  usually  be  the  case  in  true  croup. 

Procjnosis. — ^Croup  is  one  of  the  most  fatal  diseases  of 
childhood.  The  mortality  will  range  anywhere  from  fif- 
teen per  cent,  in  epidemics  of  a  mild  form  of  diphtheria, 
to  eight}'  per  cent,  in  the  severer  types.  The  younger 
the  patient,  the  greater,  as  a  general  rule,  is  the  mortality 
rate.  The  earlier  the  larynx  is  involved  in  a  case  of  fau- 
cial diphtheria,  the  more  severe  the  disease  and  less  favor- 
able the  prognosis,  as  a  usual  thing.  When  the  trachea 
as  well  as  the  larynx  is  extensively  implicated  in  the 
membrane  formation  the  progno.sis  is  exceedingly  grave. 
When  laryngeal  diphtlieria  complicates  measles,  scarlet 
fever,  whoojiing  cough,  or  any  of  the  exanthemata,  and 
when  it  occurs  in  rachitic  or  other  poorl}'  nourished 
children,  the  prognosis  is  exceedingly  unfavorable. 

TnK.VT-MENT. — The  treatment  of  "croup  may  be  divided 
into  the  proiihylactic,  the  hygienic,  the  constitutional, 
and  the  local. 

1.  Pfophyhictir. — Every  cliild  suffering  from  croup, 
even  tliougii  the  inspection  of  tlie  fauces  and  bacteriolog- 
ical examinalion  of  the  buccal  cavity  and  its  secretion 
may  not  reveal  the  presence  of  the  Klebs-Loffler  bacilli, 
should  be  carefully  isolated.  Small  squares  of  cheese- 
cloth should  lie  employed  in  place  of  handkerchiefs  for 
wiping  the  nose  and  catching  any  of  the  buccal  secretion. 
These  pieces  of  cloth  should  be  immediately  burned,  or 
when  this  is  impossible,  they  should  be  placed  in  a  por- 
celain receptacle  in  which  there  is  kept  a  solution  of  bi- 
chloride of  mercury,  1  to  1,000.     All  clothing  and  bedding 
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material  should  be  washed  out  in  a  liieldoride  solution  of 
the  same  strength,  and  when  tins  is  iin]iracticable,  as  in 
the  case  of  mattresses,  blanki'ts,  and  siuiilar  articles,  they 
should  be  sent  away  to  some  disinfec^ting  plant  where  they 
may  be  carefully  disinfected  witli  formalin  gas,  super- 
heated steam,  or  superheated  air.  The  room  in  which 
the  patient  is  to  remain  slunUil  be  stripped  of  all  cur- 
tains, carpets,  and  upholstered  furniture,  pictures,  etc., 
which  may  be  the  means  of  retaining  the  germs  and  com- 
municating them  to  others. 

3.  llygienie. — The  teniperat\ne  of  the  room  ,slio\dd  be 
kept  constantly  at  75'  F. ,  and  it  is  desirable  that  the  air 
in  the  room  be  kept  rather  moist  by  means  of  a  kettle  of 
water  kept  boiling  within  it. 

The  diet  should  be  of  the  most  nourishing  variet}-,  pref 
erably  fluid.  Milk  in  some  form,  either  plain  or  diluted 
with  lime  water  or  Vichy;  koumyss,  matzoou,  or  Ijutter- 
milk  may  alternate  with  the  above  for  sake  of  variety. 
The  white  of  an  egg  beaten  up  in  half  a  glass  of  water 
may  also  be  given  in  place  of  any  of  tlie  above. 

Tlie  room  should  be  carefully  ventilated  from  time  to 
time,  great  care  being  taken  that  no  draught  shall  .strike 
the  patient  druing  tlie  iirocess. 

3.  CoYiHtitxitioanl. — Since  the  introduction  of  antitoxin 
in  1894,  for  the  treatment  of  diphtheria,  and  its  almost 
universal  employment  with  benetieial  results  and  a  great 
lowering  of  the  mortality  rate  of  diphtheria,  especially 
the  laryngeal  type,  or  croup,  we  feel  constrained  to  place 
this  remedy  at  the  head  of  the  list.  To  be  of  tlie  greatest 
service  the  antitoxin  shmild  be  administered  as  early  as 
possible  in  the  course  of  the  disease.  We  have,  however, 
seen  most  benetieial  results  folli)\v  its  employment  even 
as  late  as  the  fifth  day  of  the  disease.  In  a  case  of  moder- 
ate severity  1.500  units  should  lie  administered  hj-poder- 
matically  when  the  physician  is  tiist  called  to  see  the 
patient.  If  at  the  end  of  twenty-four  hours  there  is  not 
some  improvement,  the  same  amount  should  again  be  ad- 
ministered. In  the  severe  types  of  the  disease  2,000  to 
3,000  units  may  be  given  at  the  first  injection.  While  it 
is  desirable  tha't  a  regular  antitoxin  syringe  be  emiiloyed, 
an  ordinary  hypodermic  syringe  properly  sterihzed  will 
answer  the  purpose. 

It  is  always  well  to  administi'r  calomel  as  a  purgative 
at  the  onset  of  the  disease,  and  for  this  piu-pose  gr.  J,, 
triturates  of  calomel  should  be  administered,  one  every 
half  hour  until  eight  are  taken.  If  at  the  end  of  the  next 
six  hours  there  has  been  no  stool,  it  is  desirable  tn  give  a 
saline  laxative,  such  as  citrate  of  magnesia  (a  tumblerful), 
in  order  to  hasten  the  action  of  the  calomel. 

The  administration  of  emetics,  as  ipecac,  tartar  emetic 
and  the  like,  which  were  so  much  prescribed  in  former 
years  for  the  purpose  of  loosening  the  membrane  and 
enabling  it  to  he  expelled  in  the  process  of  vomiting, 
almost  never  accomplishes  this  purpose  and  only  serves 
to  weaken  the  child  and  so  prevent  recovery. 

Many  physicians  administer  internally  gr.  ^\jj  of  bi- 
chloride of  mercury  three  times  a  day,  claiming  thereby 
that  the  action  of  the  mercury  tends  to  limit  the  forma- 
tion of  the  membrane.  I  can  see  no  objection  to  this 
method  of  treatment,  but  since  the  advent  of  antitoxin  the 
latter  has  superseded  the  mercurial  treatment. 

4.  Xrwrf.— The  local  treatment  should  consist  in  plac- 
ing the  child  under  a  tent  improvised  by  a  sheet  or 
blanket  .stretched  over  the  bed.  A  piece  of  rubber  hose 
attached  to  the  spout  of  a  tea  kettle  containing  boiling 
water  should  lead  under  the  tent  and  at  a  distance  of  six 
or  eight  inches  from  the  patient's  face,  so  that  the  es- 
caping steam  may  not  scald  the  patient.  The  inhalation 
of  this  hot,  inoist  air  will  undoubtedly  assist  in  the  sepa- 
ration of  the  membrane  and  hasten  exfoliation. 

In  mild  cases  the  above  con.stitutional  and  this  local 
treatment  may  be  all  that  will  he  necessary  to  carry  the 
patient  past  the  period  when  obstruction  to  respiration  is 
most  marked,  and  to  avert  the  danger  of  impending  as- 
phyxiation; but  in  severe  cases  in  which  the  exudate  is 
very  thick  and  the  space  in  the  larynx  through  which  the 
patient  can  breathe  is  exceedingly  narrowed;  in  which 
dyspnoea  becomes  very  great  and  the  breathing  exces- 


sively labored;  m  which  there  is  a  noticeable  degree  of 
sudvmg-m  of  the  soft  parts  above  the  clavicles;  and  in 
which,  tiiudly,  an  examination  of  the  chest  reveals  im- 
perfect expansion  of  the  lungs,  as  .shown  by  the  feeble 
respiratory  murmur,  especially  at  the  bases  of  the  lungs 
posteriorly,  it  then  becomes  necessary  to  devise  some 
ineans  of  furnishing  the  patient  with  an  increased  supply 
of  air.  Formerly  tracheotomy  was  the  only  means  that 
Ihe  physician  had  at  his  command  for  accomplishing  this 
purpose;  at  the  present  time,  however,  owing  to  the  very 
valuable  service  rendered  to  humanity  by  the  late  .Joseph 
()T)wyer  of  New  York  City,  the  inliibation  tubes  have 
almost  completely  replaced  the  tracheotomy  tubes  as  a 
means  of  all'ording  an  increased  amount  of  air  to  the  suf- 
focating child. 

Intubation  should  not  be  delayed  until  the  child  be- 
comes cyanotic  or  exhausted  from  severe  dyspnoea.  (For 
method  of  intubating,  see  Intnhatiou.) 

The  tube  should  be  worn  for  a  period  of  from  two  to 
seven  days,  according  to  the  length  of  time  that  has 
elapsed  from  the  onset  of  the  croupy  symptoms  to  the 
time  of  intubation.  When  intubation  is  done  on  the  first 
or  second  day  after  involvement  of  the  larynx  the  tube 
should  be  left  in  for  five  or  six  days;  wdien  intubation  is 
performed  on  the  tifth  or  sixth  day  of  laryngeal  diph- 
theria, it  may  be  only  necessary  to  leave  the  tube  in.  situ 
for  two  or  three  days. 

Great  care  should  be  taken  in  feciling  the  patient, 
lii|nids  alone  being  cmploj-ed.  I  have  found  it  most 
practical  to  feed  the  child  from  a  teas]ioon.  the  nurse 
holding  the  child  on  her  lap  face  iqjward  and  having  the 
head  markedly  extended  backward,  the  head  thus  being 
much  lower  than  the  rest  of  the  body. 

Occasionally  intubation  may  not  afford  the  needed  re- 
lief, owing  possibly  to  the  physician's  inability  to  Intro-, 
duce  the  intubation  tube,  or  more  likely  to  the  pushing 
down  of  the  membrane  in  front  of  the  lower  end  of  the 
tube.     In  such  cases  tracheotomjf  is  imperative. 

ConicUufi  (r.  Codl'hy. 

CRUCIFER/E.— (r7i«  Mustard  FiunUi/.)  A  family  of 
more  than  two  hundred  genera  and  probably  fifteen 
hundred  species,  growing  mostly  in  warm  temperate 
regions  and  widely  distributed,  many  of  them  as  common 
weeds.  The  family  is  of  great  economic  importance, 
yielding  the  important  food  plants;  cabbage,  turnip, 
cauliflower,  kale,  sprouts,  broccoli,  and  cresses  of  vari- 
ous sorts,  and  the  important  fixed  oils  of  mustard,  rape, 
and  colsi.  The  important  medicinal  constituents  are  a 
series  of  glucosides  similar  to  sinigrin,  which  in  decom- 
posing yield  volatile  principles  of  which  the  volatile  oil 
of  mustard  is  the  type,  consisting  of  aromatic  compounds 
similar  to  those  of  onion  and  garlic.  The  counter-irritant 
and  antiscorbutic  properties  of  these  oils  will  be  de- 
sciibeil  under  Mustard  and  ITorseradish.  Quite  a  number 
of  species,  by  virtue  of  these  constituents,  have  been 
used  as  vulneraries.  Such  are  the  Shepherd's  Purse 
(Buna  Bui-sii-imstoris  [L.]  Britton),  and  various  species 
of  Lepidiuuh,  Barbarea,  Sisyiubrimu.  and  Binssica.  They 
apparently  possess  a  germicidal  and  disinfectant  power, 
and  at  the  same  time  stimulate  healing  of  the  tisst.ies. 
They  are  from  time  to  time  recommended  in  the  medical 
press  as  new  remedies  for  application  to  Avounds  and 
tmhealthy  sores.  -?^('"''.'/  U^-  -^''"■^i'- 

CRUM  MINERAL  SPRINGS.— Mahoning  County,  Ohio. 

PosT-(^FFiCE.— Girard. 

Access.— Street  railroad  passes  within  one  mile  and  a 
quarter  of  the  springs.  .     ,     ., 

These  springs  are  located  within  4  miles  of  ^k  oungstown, 
Mahoning  Coimty,  and  about  a  mile  and  a  half  from  Min- 
eral Ridge,  Trumbull  County.  No  hotel  has  yet  been 
built  but  the  w-ater  has  liceii  used  commercially  for  the 
past  seven  years.  The  surroundings  are  said  to  be  very 
attractive  and  well  adapted  for  a  summer  resort. 

The  springs  are  four  in  number;  only  one,  however  is 
in  use.  The  following  analysis  was  made  by  S.  \V. 
MeKeowu,  analytical  chemist: 
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ONE   UNITED   STATES   GALLON   CONTAINS: 

solids.  f^'™°^- 

Calcium  carbonate ■,  J^n 

IMaKiiesium  carlionatc 

Iriin  carliniiatP V, 

SMiliiini  cariicnatc ,■,„ 

MaK'iii-sliiiii  sulphate ^'li 

SiiOium  cliloride .»-, 

Silica „ 

Total 9-'« 

This  analysis  sliuws  a  combination  of  very  useful  iii- 
E-rcilieuts  They  give  the  water  the  properites  of  a  fer- 
runinons  tonic,  a  mild  diuretic,  an  antacid,  and  in  large 
doses,  a  light  laxative.  The  water  is  useful  in  disordered 
states  of  the  stomach  and  in  functional  affections  of  the 
liver  and  bowels.  Its  continuous  use  tends  to^overconie 
chronic  constiijatiou.  Jumi'.^  A'.  Crook. 

CRURIN.  —  Quinoline-bismuth-sulphocyanate.  This 
is  a  coarsely  granular,  yellowish-red  powder  of  pungent 
odor,  insolul)'le  in  water,  alcohol,  or  ether.  It  is  deeoni- 
posed  ou  prolonged  exposure  to  cold  water  and  on  l)oil- 
ing  Willi  dilute  acids  or  alkalies.  Steiner  made  extensive 
use  of  it  in  ulcers,  especially  those  of  syphilitic  origin, 
by  dusting  the  ulcer  twice  daily  and  covering  with  a 
protective  dressing.  It  sometimes  causes  at  first  a  burn- 
ing pain,  which  is  soon  followed,  however,  by  a  feeling 
of'waimtli  and  comfort.  If  too  irritating  it  may  be 
diluted  with  starch.  If  the  ulcers  are  old  and  have  thick- 
ened edges,  a  wet  dressing  of  aluminum  acetate  will 
soften  them.  Steiner  found  that  both  syphilitic  and  non- 
syphiUtic  ulcers  healed  completlyin  from  ten  days  to  six 
weeks,  under  the  use  of  this  remedy.      IF.  A.  Bastedo. 

CRYING  is  an  involuntary  disturbance  of  respiration 
accompanied  by  relaxation  of  the  facial  and  jaw  muscles 
and  laehrymation;  it  is  usually  an  expression  of  strong 
emotion,  such  as  grief,  fear,  anger,  or  pain.  The  inspira- 
tion is  short  and  deep,  sometimes  spasmodic  in  character; 
the  expiration  is  prolonged;  the  glottis  is  narrowed  and 
an  inarticulate  sound  is  usually  produced.  The  eyes  are 
generally  closed,  and  the  angles  of  the  mouth  are  de- 
pressed. 

Crying  is  the  only  language  of  the  new-born  babe,  its 
only  means  of  expressing  its  desires,  discomfort,  or  dis- 
satisfaction with  its  surroundings.  The  first  welcome 
cry  expands  the  lungs  and  probably  assists  in  establishing 
the  normal  course  of  the  circulation.  The  lustiness  of  it 
is  taken  as  a  measure  of  the  infant's  vigor.  The  crj^  of 
the  infant  differs,  however,  to  some  extent  from  that  of 
the  adult,  in  the  facial  expression,  in  the  absence  of 
tears,  and  in  the  sound  produced.  The  eyes  are  closed, 
the  mouth  is  widely  opened,  the  chin  often  quivers. 
With  the  development  of  the  lachrymal  and  salivary 
glands,  however,  we  have,  by  the  thii-'d  or  fourth  month, 
a  flow  of  tears  and  often  drivelling. 

Physiology. — In  crying  the  diaphragm  is  suddenly 
deeply  depressed,  causing  full  inspiration.  The  action 
is  involuntary  and  is  so  quick  that  the  other  respiratory 
muscles  probably  take  little  or  no  part  in  it.  The  ascent 
of  the  diaphragm  may  be  uniform  or  interrupted,  and 
the  air  is  forced  through  a  partially  closed  glottis,  pro- 
ducing a  steady  or  a  broken,  inarticulate  sound,  varying, 
as  a  rule,  with  the  character  of  the  lamentation.  The 
inspiration  is  sometimes  also  intonated  (the  "reprise"). 
The  contraction- of  the  laryngeal  muscles  sometimes  be- 
comes clonic  and  painful  in  the  prolonged  crying  of  deep 
distress.  The  circulation  is  accelerated;  the  face  and 
even  the  entire  integument  of  the  young  infant  may  be- 
come engorged  with  blood.  Although  the  act  is  invol- 
untary, it  may  be  closely  simulated,  and  it  may  be  vol- 
untarily arrested.  The  nervous  mechanism  of  "crying  is 
not  fully  understood.  It  is  closely  related  to  that  of 
laughing,  ,so  closely,  in  fact,  that  in  children  and  hyster- 
ical adults  either  may  quickly  give  place  to  the  other 
Crymg  may  be  inaudible  when,  from  embarrassed  rt'siii- 
ration  as  in  the  weakness  of  marasmus,  syphilis,  rachitis 
or  pneumonia,  the  infant  cannot  produce  the  sound  or 
when,  on  account  of  pain,  it  suppresses  it,  as  in  pleurisy. 
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The  deepest  grief  is  often  expressed  in  silence,  the  face 
buried  in  the  hands,  perhaps,  while  the  tears  refuse  to 
flow.  Tearless  crying  in  an  infant  more  than  four  months 
old  is  regarded  as  an  unfavorable  svmptom. 

Signifiainre  of  Crying.— Much  may  be  learned  of  an  in- 
fant's condition  by  observing  its  expression  and  its 
actions  while  crying,  as  well  as  from  the  character  of 
the  act  itself,  but  it  is  going  a  step  too  far  to  say  that  the 
location  of  the  disease  can  always  be  determined  from 
the  cry.  Persistent  crying  always  indicates  the  exist- 
ence of  something  abnormal.  It  may  denote  hunger,  as 
the  mother  is  apt  to  believe;  it  is  probably  just  as  often 
a  sign  of  thirst.  If,  however,  the  infant  refuses  to  take 
the  breast,  this  element  is  ruled  out,  providing  there  be 
no  other  cause  for  refu.sal,  such  as  obstruction  of  the 
nostrils  or  disease  of  the  mouth  or  throat.  The  cry  of 
hunger  is  fretful,  and  is  generally  interrupted  by  vigor- 
ous sucking  of  the  fingers  or  hunting  for  the  breast,  but 
the  discomfort  induced  liy  overfeeding  is  manifested  in 
the  same  manner.  Nursing  relieves  hunger,  but  stops 
the  cry  of  overfeeding  only  for  the  moment.  In  pain 
about  tliC  head  the  tirows  are  generallj^  knit  and  the  hands 
are  often  raised  to  the  region  of  the  pain.  In  earache  the 
cry  is  most  persistent,  and  the  hands  may  be  held  to  the 
side  of  the  head  or  thrust  into  the  mouth,  as  is  often  the 
case  also  in  disease  of  the  mouth  or  throat.  The  sudden, 
sharp,  hydrocephalic  cry  is  characteristic  of  cerebral  dis- 
ease, but  only  in  the  presence  of  other  symptoms.  In 
painful  diseases  of  the  chest  the  cry  is  not  loud,  as  a  rule ; 
it  is  more  frequenly  moaning  in  character,  or  each  ex- 
piration may  be  slightly  intonated.  When  coughing  is 
accompanied  or  followed  by  crying  it  arouses  suspicion 
that  the  bronchitis  has  reached  the  smaller  tubes  and  that 
catarrhal  pneumonia  is  imminent.  The  absence  of  cry- 
ing is  often  of  greater  significance.  The  cry^of  weakness 
is  low  in  tone,  and  has  more  the  character  of  whining  or 
moaning;  it  is  often  indicative  of  marasmus,  atelectasis, 
or  of  hereditary  syphilis  when  it  has  also  a  nasal  tone. 
A  hoarse  cry  denotes  a  catarrhal  condition  of  the  larynx 
which  may  be  due  to  "cold,"  syphilis,  diphtheria,  or 
pseudo-croup.  The  "croupy"  cry,  with  corresponding 
cough,  signifies  a  dry  or  inflamed  condition  of  the  vocal 
cords  or  a  spasmodic  closure  of  the  glottis  as  in  laryngis- 
mus stridulus.  In  abdominal  pain  the  crying  is  usually 
accompanied  by  squirming  movements  of  the  bodv  and 
by  drawing  up  of  the  legs  or  kicking.  It  ceases  with  the 
evacuation  of  the  bowels  in  catarrh  of  the  small  intestine, 
but  accompanies  and  follows  it  in  colitis  or  dysentery. 
Laying  the  infant  upon  its  abdomen  stops  it,  not  by  re- 
lieving the  pain,  but  by  so  impeding  the  respiration  that 
it  cannot  ciy.  When  continuous  crying  is  unaccom- 
panied by  other  symptoms  of  illness,  errors  may  often  be 
avoided  by  the  removal  of  all  clothing  in  order  to  exclude 
such  causes  as  the  pricking  of  a  pin,  inflammation  about 
the  umbilicus,  or  a  recently  developed  hernia,  dislocation, 
or  fracture.  The  infant  with  rheumatism  or  pleurisy, 
and  not  infrecjuenlly  the  rachitic  child,  cries  with  pain 
when  it  is  jiicked  up  ;  pressure  upon  different  regions  in 
succession  will  generally  locate  the  tenderness. 

In  older  children  the  manner  of  crying  is  often  an 
index  to  the  emotion  expressed.  In  the  cry  of  fear,  for 
example,  the  eyes  remain  open  and  the  orbits  are  turned 
toward  the  source  of  danger;  the  lips  and  often  the  entire 
face  become  pale ;  the  outcry  is  short  and  loud.  The 
cry  of  anger  is  also  loud,  but  the  lower  lip  protrudes  in 
a  )iout,  and  the  face  becomes  livid.  The  peevish  cry  of 
the  s]>oiled  child  is  accompanied  by  peeping  eyes,  a 
scarcity  of  tears,  and  whining  often  breaking  into  a 
staccato  movement.  The  c;r3'  of  pain  corresponds  to  the 
character  of  the  pain  and  varies  from  a  sudden  violent 
scream  to  a  whine  more  like  that  of  peevishness.  In 
anger  or  pain  the  breath  is  often  held  until  the  face  be- 
comes cyanotic  and  the  veins  become  distended.  Con- 
vulsions liave  followed  such  paroxysms,  and  death  has 
licen  attributed  to  them  in  a  few  instances.  Such  results 
would  probably  more  frequently  follow  were  it  not  for 
the  anatomical  peculiarities  of  the  infant's  circulation 
which  permit  the  distention  of  superficial  vessels  and  the 
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more  rapid  flow  of  venous  blood  from  the  cranium. 
Finally,  crying  often  becomes  a  habit  witli  over-iudulgeil 
children.  Even  young  infants  learn  it  and  cry  not  mei'cly 
for  food  or  drink,  but  to  be  carried,  to  be  rocked,  for  tl]'e 
light,  or  apparently  for  no  other  purpose  than  to  attract 
attention.  It  is  easily  cured  by  persistent  and  total  dis- 
regard of  it  on  the  part  of  tlie  nurse. 

Crying  has  also  its  signiticance  in  the  adult,  but  much 
depends  upon  the  emotional  nature  of  the  individual. 
Some  persons  maintain  a  stoical  indilferoice  to  the  most 
trying  circumstances,  while  others  ai'e  moved  to  tears  by 
the  merest  trifles.  The  latter  class  are  especially  su,s- 
ceiitiblc  to  the  influence  of  .suggestion.  Crying  frequent- 
ly occurs  in  intoxication  by  alcohol  and  other  stimulants, 
especially  in  advanced  dypsomania.  In  the  morphine 
liabitue  when  frequent,  it  is  sonietinies  indicative  of  the 
approach  of  imbecility.  The  Aveci)ing  of  the  hysterical 
woman  is  characteristic  in  the  cleiith  of  grief  expressed, 
in  the  vi(.)lence  of  the  outcry,  (ir  its  dramatic  pathos,  and 
especially  in  its  sudden  change  to  an  equally  violent  tit 
(if  laughter.  Crying  is  often  a  symptom  of  neurasthenia. 
In  paralytic  demenliia  and  other  forms  of  emotional  in- 
sanity a  tendency  to  weep  is  sometimes  one  of  the  earliest 
symptoms,  and  in  the  closing  period  of  the  disease  it  may 
often  be  induced  by  the  most  trivial  circumstances,  the 
asking  of  a  question,  or  a  mere  glance  at  the  patient. 
Many  other  diseases  not  necessarily  involving  the  mind 
are  attended  by  so  great  depression  of  spirit  as  to  render 
it  of  frequent  occurrence.  Not  infrequently,  however, 
temporary  improvement  seems  to  follow  a  good  lit  of 
crying  just  as  it  often  follows  heart_y  laughter. 

Jiiiiies  M.  French. 

CUBA. — Cuba  was  discovered  by  C'olnmbns  on  Octo- 
ber 28th,  1492,  and  was  called  by  him  Juana,  in  honor  of 
Prince  Juan,  son  of  Ferdinand  and  Isabella.  Its  present 
name  is  that  by  which  it  was  known  among  the  natives 
at  the  time  of  "the  discovery. 

GrEOGKAPHT. — The  island  of  Cuba  is  very  long  and 
narrow,  and  lies  between  the  74°  and  84°  of  west  longi- 
tude and  the  19°  and  23°  of  north  latitude.  Its  average 
breadth  is  about  80  miles.  Nowhere  is  it  more  than  100 
miles  wide,  and  in  the  longitude  of  Ilavana  it  is  less  than 
30  miles  from  sea  to  sea.  Its  length  is  about  eight  times 
its  average  breadth.  Its  extreme  length,  measured  along 
a  curved  line  following  its  centre,  from  Cape  Maisi,  in 
the  east,  to  Cape  San  Antonio,  in  the  west,  is  about  730 
mfles.  The  area  of  Cuba,  including  its  adjacent  keys 
and  islands,  is  estimated  at  4.'5,000  square  miles,  a  little 
less  than  that  of  the  State  of  New  York.  The  coast  is 
very  extensive,  nearly  2,000  nriles,  and  is  surrounded  by 
numerous  small  islands  and  reefs.  In  most  places  the 
coast  rises  abruptly  from  the  sea.  The  principal  excep- 
tion is  found  in  the  great  Zapata  swamp  on  the  south 
central  coast.  A  number  of  good  harbors  indent  the 
shore.  The  natural  drainage  of  the  island,  as  a  whole, 
is  excellent.  The  highest  part  of  Cuba  is  a  range  of 
mountains  known  as'the  Sierra  Maestra,  bordering  the 
southeast  coast  from  Cape  Maisi  to  Cape  Cruz.  The 
highest  peaks  of  this  range  are  the  Pico  de  Turquino, 
7,670  feet,  the  highest  point  in  the  island;  Gran  Pedra, 
5,200  feet;  Yunque,  and  Ojo  del  Toro,  3,000  feet  above 
the  level  of  the  sea.  Prom  this  range  there  extends  very 
nearly  through  the  centre  of  the  island  a  general  ridge, 
or  range  of  hills,  of  greater  or  less  elevation.  In  the  ex 
treme  western  part  of  the  island,  this  ridge  again  attains 
considerable  height  in  the  Pan  de  Guajaibon,  which  is 
2,.530  feet  above  the  sea.  The  island  is  divided  by  this 
ridge  into  two  general  watersheds,  one  draining  toward 
the  north  and  the  other  toward  the  south.  About  one- 
fourth  the  total  area  is  estimated  as  mountainous,  three- 
fifths  as  rolling  plains,  valleys,  and  arable  slopes,  the 
rest  swamps.  According  to  Humboldt,  the  general  "  face 
of  the  interior  of  the  island  is  gently  undulating,  like 
that  of  England,  and  not  more  than  280  to  380  feet  above 
the  level  of  the  sea."  The  rivers  are  numerous  but 
short.  Minerals  ai-e  probably  abundant,  but  of  the 
metals,  only  copper,  and,  of  late  years,  iron  have  been 


muicd  protitably.  Coal  of  good  quality  abounds,  and 
petroleum  springs  are  found  in  some  pails.  ^Mineral 
springs  (if  Idcal  celebrity  exist  in  the  (liiTerciit  provinces. 
Tlidse  of  San  Diego,  in  Pinar  del  Rio,  and  at  Madruga, 
the  Saratoga  of  Cuba,  southwest  of  Mataiizus,  are  most 
fre(iuented.  The  water  of  the  latter  contaiii.s' ii'on,  sul- 
phur, magnesia,  and  potassa. 

Fr,<ii!.\..--The  flora  is  tropical  and  abiiiiduiit,  and  the 
soil  is  fertile.  Exten.sive  forests,  so  dense  as  to  be  al- 
most imiienetrable,  exist.  About  13,000,000  acres  of  un- 
chnired  forest  yet  remain.  Mahogany,  lignum  vita',  and 
other  hard  woods  are  plentiful.  C(ic("i-woo(l  (Jut  of  which 
reed  instruments  are  made,  and  (Vdi'dfi  ocJunilji.  us(;(]  for 
cigar  boxes  and  linings  of  cabinet  woik,  abound.  Nu- 
merous varieties  of  palms,  the  most  common  and  useful 
of  the  Cuban  -woods,  are  found.  The  fruits  are  those 
common  to  the  tropics.  Sugar-cane,  tobacco,  coffee, 
sweet  potatoes,  Indian  corn,  and  rice  are  cultivated  ex- 
tensively. The  first  twoare  the  staple  products.  Cattle 
rai.sing  is  said  to  be  profitable  in  the  lu'ghlands. 

F.voNA. — Only  a  few  mammals  are  known  to  be  indig- 
enous. None  are  large.  Wild  dogs  and  cats,  sprung 
from  the  domestic  animals,  are  numerous.  Of  the  indig- 
enous, the  agouti,  a  rodent  of  the  size  of  the  domestic 
rabbit,  is  plentiful.  The  agouti  is  peculiar  and  common 
to  all  the  West  Indies.  Another  peculiar  animal  is  an 
inseetivore,  the  solenodon.  Venomous  reptiles  there 
are  none.  There  is  a  large  snake  of  the  boa  variety  called 
the  maja,  but  it  does  not  molest  man.  Crocodiles  are 
found  in  the  Isle  of  Pines,  off  the  south  coast.  Insects 
are  abundant  in  number  and  variet3^  JIany  arachnids 
are  also  found;  but  their  bites,  though  painful,  are  said 
not  to  be  dangerous.  The  rivers  are  well  supplied  with 
fi.sh.  Oysters  and  other  shellfish  are  plentiful,  but  the 
quality  is  inferior.  The  peculiar  marine  mammal,  the 
manatee,  is  found  in  the  shallower  waters  along  the 
coast.  The  birds  are  numerous,  the  parrot  is  the  most 
ecmspieuous. 

CniMATB. — The  climate  of  Cuba  has  the  general  charac- 
teristics of  all  tropical  islands:  i.e.,  high  and  equable  tem- 
perature and  humidity,  and  abundant  rainfall.  Its  par- 
ticular situation  in  the  north  tropical  zone  brings  it  within 
the  region  of  the  northeast  trade  winds.  As  elsewhere 
in  the  tropics,  the  year  is  divided  into  a  hotter  And  wet 
season  and  a  cooler  and  dry  season,  corresponding,  north 
of  the  equator,  with  the  northern  and  southern  declina- 
tions of  the  sun.  In  all  tropical  regions,  the  heat  and 
the  rainfall  are  both  greater  the  nearer  the  sun  is  to  the 
vertical,  or,  in  other  words,  they  follow  the  sun.  Local 
departures  from  these  general  characters  are  to  be  found, 
caused  largely  or  entirely  by  differences  in  altitude,  ex- 
posure and  slope  of  the  surface,  and  position  with  re- 
spect to  the  prevailing  winds  of  the  zone.  Prom  its 
geographical  position  and  its  configuration,  Cuba  un- 
doubtedly presents  many  of  these  local  variations.  Un- 
fortunately, however,  the  meteorological  statistics  avail- 
able are  too  few  and  meagre  to  give  other  than  a  very 
imperfect  idea  of  the  local  climates  of  the  island. 

y'einperatiire.—Cuha  lies  between  the  sea-level  iso- 
therms of  77°  and  80°  P.  The  average  temperature  of 
Ilavana  is  77°  P.  The  highest  temperature  recorded  at 
Havana  is  100.6°  P.,  and  the  lowest  49.6"  F.  At  Guana- 
bacoa  on  the  coast,  5  miles  east  of  Havana,  the  tempera- 
ture for  one  year  was  76.8°  P.,  and  at  Matanzas,  on  the 
coast,  50  miles  east  of  Havana,  the  mean  temperature, 
two  years'  record,  was  78°  P.,  and  the  highest  and  low- 
est temperatures  were  93°  P.  and  51°  F.  respectively. 
On  the  south  coast,  at  Firmeza,  16  miles  east  of  Santiago 
de  Cuba  and  500  feet  above  sea  level,  the  average  tem- 
perature for  ten  years  was  79.8°  P.  At  Santiago  the 
average  temperature,  determined  from  very  incomplete 
records,  is  about  80°  P.  The  highest  temperature  re- 
corded in  July,  1899,  was  90.3°  P.,  and  the  lowest  in  Jan- 
uary of  the  same  year  was  67.5°  F.  At  Cienfuegos  the 
average  temperature  for  eleven  months  was  76'  P.,  and 
the  highest  and  lowest  were  94°  and  49°  P.  respectively. 
A  visitor  to  Trinidad  de  Cuba  stated  that  during  a  win- 
ter spent  there  the  temperature  'did  not  go  above  84°  F. 
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or  below  64°  F.  in  the  interior.  Tlie  mean  temperature  at 
Ubaiay  a  village  about  15  miles  southwest  of  Havana, 
and  about  243  feet  above  sea  level,  from  a  senes  of  four 
vear  observations  made  in  1796-99  was  7S.6=  F^  At 
Uie  San  Fernando  mines,  almost  in  the  centre  of  Santa 
Clara  province,  at  an  elevation  of  5.54  feet  above  sea 
level  the  average  temperature  for  one  year  was  70  t! . 
and  the  highest  and  lowest  temperatures  were  98  and 
.51°  F  The  average  temperature  for  eleven  months  at 
Puerto  Principe  was  75.6''  F.,  and  the  highest  and  lowest 
tempemtures  were  98°  an,l  49"  F.  respectively  Ihc 
averao-e  temperature  of  tiie  months  of  .June,  .July,  and 
Au'i-u'st,  and  of  December,  .January,  and  F(J)ruary,  cor- 
responding to  the  summer  and  winter  seasons  of  nortli 
temperature  latitudes,  and  res,iectively  the  warmest  an( 
coolest  parts  of  the  year  in  Cuba,  differ  about  10  h  .at 
Havana  and  6°  F.  at  Firmeza.  In  the  interior,  the  dif- 
ference is  greater  than  on  the  coast,  and  is  ]irobably  from 
13°  to  18°  F.  Jliiinbiildt  states  that  he  was  credibly  as- 
sured that  in  the  country  near  Havana,  on  a  hill  818 
feet  above  the  sea  level,  water  had  frozen,  the  ice  being 
several  lines  in  thickness.  Snow  is  said  to  have  fallen 
once.  The  average  temperatures  (Fahr.)  of  the  summer 
and  winter  months  at  several  Cuban  stations  arc  shown 
in  the  subjoined  table,  together  with  the  same  data  for 
several  places  in  the  West  Indies  and  elsewhere: 


Station. 

Summer.^- 

Winter.!- 

Havana  (ten  years ) 

82.11" 

71.2° 

Ubajay  (four  yearsi 

Ki.l 

San  Fernando  mines  lone  yean 

SI. 4 

75.9 

s:-l.4 

77  8 

Key  "West,  Fla.  (twentv-one  yeais) 

K3.S 

71.1 

San  Juan,  Porto  Rico  (twelve  yeai-si 

81.3 

7H.3 

Kinj^ston,  Jamaica  (ten  vears) 

sri.s 

75.0 

Praia,  Cape  Verde  Islands  (^tlve  years  i 

78.1 

73.1 

Honolulu,  Hawaii  'seven  years) 

7i  .2 

70.6 

Manila,  Philippines  (seventeen  years ) 

81.3 

77.3 

New  Orleans,  La.  (twenty-five  years) 

81.3 

,55.8 

83.3 

55.11 

Washington,  D.  C.  (twenty-live  years) 

74.n 

35.1 

^  June,  July,  and  August. 


tDeceraljer,  January,  and  February. 


San  .Juan.  Ivingston,  Piaia,  Honolulu,  and  JIauila  are 
situated  nearly  within  or  not  veiy  distant  from  the  same 
latitudes  as  the  Cuban  stations.  The  diurnal  range  of 
temperature  varies  a  good  deal  in  different  months  and 
in  different  localities.  At  llavana,  the  average  is  per- 
haps a  little  more  than  10°  P.  The  greatest  daily  range 
of  temperature  observed  in  five  years  was  33°  F.  The 
greatest  daily  range  observed  at  the  San  Fernando  mines 
in  1839  was  18°  F.  The  ma.ximum  temperature  of  the 
da.y  occurs  generally  between  noon  and  two  o'clock  in 
the  afternoon,  and  the  minimum  tempeiature  usually 
between  dawn  and  sunrise. 

Hwmidity. — The  average  relative  humidity  at  Havana 
is  seventy-five  per  cent.,  and  so  little  does  "it  vary,  that 
one  month  cannot  be  said  to  be  drier  or  damijci-  tlian  an- 
other. The  iliurnal  range  is,  however,  considerable,  vary- 
ing from  eighty-eight  per  cent,  in  the  moining  to  sixty- 
four  per  cent,  at  noon.  The  alxsolute  humidity  averages 
from  six  to  eight  grains  of  vajifn-  per  cubic  foot. 

Ratnk.vll.— The  fall  of  rain  is,  as  a  rule,  greater  dur- 
ing tlie  months  of  jVfay  to  October.  On  the  average 
the  greatest  amount  falls  in  October  and  the  next  great- 
est in  .June.  ReUitivrly  the  greater  ]iart  of  rain  at 
Havana  falls  during  the  months  from  June  to  Octolier, 
the  avei-age  rainfall  for  wliicli  period  is  33.37  inches,  or 
sixty-three  per  cent,  of  the  animal  fall.  Tlie  average 
rainfall  for  tlie  "dry  si'asoii  "  is  1!).3()  inehi's.  II  is  worTli 
stating  that  four  times  in  thirty  years  more  I'ain  fell  in 
the  "  dry  season  "  than  in  the  "  rainy  sea.son. "  The  num- 
ber of  days  in  the  year  on  which  rain  falls  in  Cuba  is 
relatively  large.  At  Havana,  tlie  average  is  one  dav  out 
of  every  three.  Notwithstanding  the  great  freqi'iency 
of  rain,  the  days  on  which  luveipitation  occurs  are  not 
continuously  cloudy.     As  a  rule,  the  rain  falls  in  heavy 


showers,  and  the  clouds  generally  break  up  as  soon  as 
the  rain  cea.ses,  leaving  the  sky  clear  and  bright.  Out  of 
714  days  on  which  rain  occurred  in  the  course  of  seven 
years,  Ramon  de  la  Sagra  records  that  the  rain  fell  after 
the  middle  of  the  day  449  times,  before  the  middle  of  the 
day  146  times,  and  both  before  and  after  the  middle  of 
the  day,  119  times.  The  divisions  of  the  seasons  of  Cuba 
into  "rainy"  and  "dry,"  as  already  alluded  to,  is  purely 
a  relative  clas.sification.  More  rain  falls  at  Havana  dur- 
ing the  "dry  season  "  than  falls  in  the  entire  year  at  Den- 
ver, Col.  (14.5  inches),  or  Los  Angeles,  Cial.  (18.1  inches). 
Th(!  following  table  shows  the  average  amount  of  rain 
falling  in  the  "rainy  ''  and  "dry  "  seasons  at  several  sta- 
tions in  Cuba  and  at  a  number  of  other  places  in  the  AVest 
Indies  and  elsewheie  in  the  same  seasons  or  in  the  corre- 
sponding time: 


Station. 

Rainy  sea- 
son. May  to 
uctober. 

Dry  season, 
\fi\'eil'iher 
t(t  April. 

luches. 

32.37 
44.01 
24.31 

47.78 
39.05 
a5.83 

2a..50 

I4.a5 

55.04 
27.00 
24.10 

Inches. 
19.36 

11.28 

Santia.iio  (one  yean 

Flnneza  (ten  years) 

Port  an  Prince,  Hayti  (four  years ) 

San  Juan,  Porto  Kieo  (twelve  years  i 

9.51 
13.97 
22.12 
25.;» 

6.61 

Key  West,  Fla.  (twenty-tlve  years) 

10.60 
24.89 

Manila,  Philippines  (thirty-two  years. 

Ne\v  1  irleans.  La.  Uwentv-tlve  yearsi 

\Vashinfrton,  IJ.  C.  itwentv-flve'  years  i 

20.39 
33..52 
20.60 

•Rainy  season,  June  to  October;  dry,  November  to  May. 

Wiiirh. — The  prevailing  winds  are  the  "northeast 
trades."  Except  when  influenced  by  the  passage  of  cy- 
clonic orantieyclonie  areas,  the  wind  blows  steadily  from 
points  Ix'tween  east  and  north.  During  the  passage  of 
storms  and  areas  of  high  barometric  pressure,  however, 
the  winds  may  blow  from  any  direction,  being  governed 
in  this  regard"  liy  the  location"of  the  centre  of  cyclonic  or 
anticyclonic  activity.  In  the  winter  season,  cold  waves 
in  the  United  States,  when  extending  far  to  the  .south- 
ward, cause  cold  northerly  winds,  or  "northers"  along 
the  north  Cuban  coast.  The  average  velocity-  of  the  wind 
at  Plavana  is  about  7.5  miles  an  hour.  The  diurnal  varia- 
tion in  the  velocity  of  the  wind  is  much  more  pronounced 
than  the  seasonal  variation.  The  wind  increases  with 
great  regularity  from  a  minimum  of  four  miles  per  hour 
about  4  A.M.,  to  a  maximum  of  eleven  miles  per  hour  at 
3  p.m:.,  and  then  declines  gradually  to  its  minimum.  In 
a  climate  having  such  high  temperatures  and  humidities 
as  that  of  Ctiba,  the  velocity  of  the  wind  and  its  con- 
stancy are  of  tlie  greatest  importance  to  comfort  and 
health. 

Stiiriiix. — Thunder  storms,  accompanied  by  profuse 
electrical  display,  are  of  frequent  occurrence:  especially 
is  this  so  during  the  summer,  when  they  arc  almost  a 
daily  characteristic  of  the  afternoon  weather.  Very  little 
damage,  however,  results  from  either  the  wind  or  the 
lighlning.  Cuba,  in  common  with  the  other  islands  of 
the  West  Indies,  is  occasionally  visiteil  by  verj'  destruc- 
tive storms  of  the  class  known  as  tropical  hurricanes. 
Fortunately  these  storms  are  of  infrequent  occurrence, 
and  when  they  do  happen,  their  destructive  energy  is 
limited  to  a  relatively  narrow  region  in  the  course  of  their 
path.  Inexperience  and  statistics  both  show  that  these 
storms  are  most  likely  to  occur  in  August,  September, 
and  ( Ictolicr.  The  history  of  23  of  these  burricances  oc- 
curring since  1873  has  lieen  collected  and  their  paths 
have  been  determineil ;  of  the  33  only  7  passed  over  Cuba. 
The  following  table  shows  the  average  climatic  condi- 
tions for  ten  years  at  Havana. 

HuAT.Tii. — Cuba  lias  a  somevAhat  unenviable  hygienic 
reputation.  Climatically,  there  is  no  reason  why  Cuba 
should  not  be  as  healthful  as  .Jamaica  or  Porto  Rico. 
The  prevalent  diseases  are  fevers  of  the  malarial  type, 
yellow  fever,  dysenteric  disorders,  and  tuberculosis.  The 
miu'tality  is  high.     From  the  best  sources  Chaille  esti- 


REFERENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


Cuba. 
€nbebe 


Havana. 


Temperature  {degrees,  Falirenlieit)  — 

Mean 

Highest 

Lowest 

Eainlall— 

Mean 

Greatest 

Least 

Number  of  days  ou  wliieli  rain  fell — 

Mean 

Greatest 

Least 

Humidity- 
Mean  relative  per  cent 

Mean  absolute  grains  per  cubic  foot 

Wind- 
Average  velocity,  miles  per  hour 

Prevailing  direction 


OJ 

i 

rt 

s 

XI 

B 

a 

3 

d 
70.3 

3 

rt' 

»-3 

& 

ft 

72.0 

73.3 

76.1 

78.8 

81.5 

82.4 

83.3 

80.7 

78.1 

75.3 

71.4 

84.4 

K7.H 

91.4 

»:!.6 

99.0 

97.7 

100.6 

98.0 

96.6 

91.9 

88.7 

86.0 

52.a 

49.(i 

55.0 

52.9 

64.4 

69.1 

71.2 

69.8 

70.9 

61.7 

.56.5 

.51.8 

3.33 

3..53 

2.,50 

1.46 

.5.15 

8.39 

5.09 

5.43 

7.63 

8.40 

4.24 

1.93 

ti.31 

(i.l.S 

5.05 

5,67 

17.51 

17..56 

7.13 

9.36 

13.57 

13.53 

7.94 

5..">6 

.03 

.30 

..5U 

0.1  K) 

.33 

1.50 

3.10 

1.45 

3.15 

1.47 

1.45 

.30 

7..5 

0.3 

5.9 

3.8 

9.9 

14.3 

13.0 

13.3 

16.7 

15.6 

13.3 

9.0 

14 

11 

10 

» 

16 

30 

16 

31 

2.5 

22 

18 

10 

1 

3 

3 

0.0(1 

3 

7 

11 

9 

11 

10 

8 

4 

7.5 

73 

70 

69 

71 

70 

74 

75 

79 

78 

77 

74 

6.3 

0.4 

6.3 

6.8 

7.6 

8.7 

8.8 

8.8 

8.9 

8.1 

7.4 

6.3 

7.8 
E. 

8.3 
E. 

8.7 
E. 

9.3 
E. 

7.8 
E. 

6.7 
.    E. 

6.5 
E. 

6.3 
E. 

6.5 

E. 

7.8 
N.  E. 

8.7 
E. 

8.3 
E. 

76.8 
100.6 
49.6 

.5.5.14 
60.06 
46.0* 

137.5 
149 
120 

74 

7.5 

7.8 
E. 


mated  the"  deatb  rate  of  Havana  as  36.3  per  1,000,  of 
Guanabacda  as  39.8  per  1,000,  ami  of  Marianao  as  39.5 
per  1,000.  These  latter  places  are  suburban  resorts  of 
Havana,  invicb  frequented  by  invalids;  hence  the  prob- 
able cause  of  their  increased  mortality.  Among  the  dis- 
eases causing  death,  the  Havana  statistics  show  tubercu- 
losis first,  intestinal  diseases  second,  and  fevers  third.  Yel- 
low fever  is  endemic  in  Havana  and  most  of  the  other  sea 
ports.  It  is  infrequent  in  the  interior  of  tlie  island,  and 
always  the  result  of  importation.  The  sanitary  conditions 
of  Havana  and  the  other  larger  cities  and  towns  are  bad. 
A  special  report  shows  that  three-fourths  of  Havana's 
population  live  in  the  most  densely  populated  locality  in 
the  world.  Crowded  together  in  badly  ventilated  dwell- 
ings, with  floors  directly  on  the  soil,  and  sinks  and  cess- 
po'ols  at  the  doors,  with  no  sewage  system,  it  is  not  to  be 
wondered  that  disease  finds  congenial  aboard.  With  in- 
telligent sanitation,  Havana  (and  Cuba)  can  be  made  as 
healthful  as  any  other  place  in  the  tropics. 

Precautions  fok  Visitoks.— No  water  should  be 
drunk,  unless  previously  filtered  or  boiled.  Food  should 
be  well  and  properly  cooked,  and  should  be  partaken  of 
moderately.  As  a  rule,  persons  going  from  a  colder  to 
a  warmer  climate  experience  some  loss  of  desire  for  food; 
this  is  natural,  and  should  occasion  no  uneasiness.  No 
effort  should  Ije  made  to  get  up  an  appetite  by  the  use  of 
stimulants.  Linen  or  cotton  garments  should  be  pre- 
ferred to  woollen.  Clothing  should  be  worn  loosely  about 
tlie  body,  especially  about  the  aljdomen  and  the  throat. 
Wet  clothing  should  be  exchanged  for  dry  as  soon  as 
practicable.  At  night  it  is  a  wise  precaution  to  protect 
the  abdomen  by  using  a  bandage  of  gauze  or  other  light 
material,  as  it  lessens  the  likehhood  of  undue  coohng 
from  nocturnal  radiation  which  is  relatively  very  great 
in  tropical  latitudes.  For  the  same  reason  the  night 
should  be  passed  under  roof,  or  shelter  of  some  kind.  A 
mosquito  net  should  always  be  used  as  a  protection  from 
mosquitoes,  gnats,  and  other  biting  insects,^  all^  of  which 
may  carry  disease  germs  and  infect  by  their  bites.  Ex- 
ercise and  work  should  be  engaged  in  moderately  at  first, 
and  then  only  during  the  cooler  parts  of  the  day,  that  is, 
before  10  a.m.  and  after  3  p.m.,  and  never  at  night.  An 
umbrella  should  be  used  as  much  as  practicable  when 
one  is  exposed  to  the  sun.  W.  F.  It.  Phillvps. 

CUBEB— Cubeba.  "Cubebs."  "The  unripe  fruit  of 
Piper  C'vbebaJj.  (fam.  Piperacea)"  (U.  S.  P.). 

This  species  is  a  climbing  plant  with  perennial,  smooth, 
tlexuous,  branched  stems,  and  alternate  lanceolate,  bright 
green,  and  shining  leaves.  The  flowers  are  dioecious  and 
aggregated  in  close  linear  catkin-like  spikes.  Native 
of  Java,  Sumatra,  Borneo;  also  cultivated  in  the  coffee 
plantations  of  Java  and  Sumatra,  as  well  as  in  the  West 
Indies.  The  drug  generally  reaches  us  through  the  com- 
mercial ports  of  India.  It  has  been  known  in  Europe 
since  the  Middle  Ages,  having  been  introduced  through 
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the  Arabian  physicians,  and  its  earliest  employment  ap- 
pears to  have  been  as  a  spice.  It  was,  however,  used  in 
genito-urinary  troubles  by  the  Arabians  centuries  ago; 
but  that  employment  either  never  took  any  hold  in  Euro- 
pean medical  practice  or  completel.y  died  out  long  ago, 
and  was  not  revived  until  the  beginning  of  the  present 
century,  when  it  was  reintroduced  by  medical  officers 
stationed  in  India. 

"  CUibeb  "  consists  of  the  whole  fruits  dried.  They  are 
about  5  mm.  (J  in. )  in  diameter,  globular,  wrinkled  by 
the  shrinking  of  the  juicy  mesocarp,  slightly  pointed  at 
the  apex,  sometimes  flattened  at  the  base,  from  which 
the  slender  brittle  stalks,  in  reality  the  narrowed  portion 
of  the  fruit,  projects  from  2  to  6  mm.  'They  each  con- 
tain a  roundish  stone  within  which  is  a  .single  fJattish  seed, 
or,  as  the  fruits  are  collected  before  maturity,  frequently 
an  airspace.  Color,  grayish-brown,  or  blackish;  odor, 
strongly  aromatic  and  peculiar ;  taste,  spicy,  but  milder 
than  that  of  pepper. 

Cubeb  has  been  the  subject  of  very  extensive  adultera- 
tion, and  the  adulterants  have  been  numerous,  chiefly  the 
fruits  of  other  species  of  Piper.  They  are  to  be  distin- 
guislied  chiefly  by  the  characters  of  the  stalk  and  the  taste. 
The  stem  (rachis)  of  the  cluster,  which  is  to  be  sifted 
out,  is  also  extensively  sold  for  cubeb,  in  the  ground 
state. 

Cubeb  contains  from  six  to  twelve  or  more  per  cent, 
of  a  composite  essential  oil,  which  is  official  {Oleum 
Cubebtp,  U.  S.  P.),  also  about  three  per  cent,  of  an  amor- 
phous resin,  nearly  an  equal  amount  of  cubebic  add,  and 
eubcbin,  besides  some  fat  and  other  uninteresting  ingre- 
dients. Cubebin  is  bitter,  but  nearly  inert.  The  resin  and 
cubebic  acid  are  active,  but  the  value  of  the  drug  de- 
pends chiefly  upon  the  oil,  which  is  considered  below. 
All  the  above  substances  combined,  extracted  by  ether 
and  concentrated  by  evaporating  the  solvent,  compose 
the  so-called  "Oleo-resin  of  Cubeb"  {Oleo-resina  Gubebce, 
U.  8.  P.),  of  which  the  yield  is  from  sixteen  to  twenty 
per  cent,  of  the  cubeb. 

Action  and  Use.— Cubeb  is  mainly  an  aromatic  spice, 
like  its  near  relative,  pepper.  The  odor  and  flavor  are 
due  to  its  oil,  the  pungent  taste  to  its  amorphous  resin. 
As  a  local  .stimulant  to  digestion,  as  an  ingredient  of 
couo-h  mixtures  and  gargles,  it  has  a  certain  value  which 
it  shares  with  others  of  its  class.  But  nearly  all  the  call 
for  cubeb  is  in  diseases  of  the  bladder  and  urethra,  espe- 
cially in  gonorrhai^a  and  gleet.  It  is  eliminated  by  the 
kidneys  whose  secretion  it  augments  slightly  and  scents 
decidediy  and  the  urine  so  impregnated  soothes  the 
bladder  and  urethra,  through  which  it  passes,  and  dimin- 
ishes the  formation  of  pus— by  exactly  what  process  can- 
not be  said.  .,      ^     ^,        „ 

The  drug  is  distinctly  inferior  to  copaiba,  for  the  same 

''YtsTritating  effect  upon  the  stomach  is  apt  to  be  re- 
flected upon  the  skin  by  an  erythematous  eruption,  which, 
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Cyanides. 
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however,   cannot  be  regarded  as  ebaracteristic  of  tliis 
drug. 

Administkation.— It  may  be  given  in  powder,  tlie 
dose  of  wliich  is  from  4  to  10  gm.  (3  to  4  gm.  =  3  s.s.  to 
i.) ;  tlie  buUi  is  generally  an  objection.  There  are  official, 
besides  the  oleo-resin,  a  fluid  extract  and  a  twenty-per- 
cent, tincture,  both  good,  which  may  be  reduced,  if  de- 
sired, by  syrup  or  riiucilage.  The  oleo-resin  represents 
about  six  times  its  weight  of  cubeb.  From  the  oleo- 
resin  are  made  the  troches  of  cubeb,  each  containing  0.04 
gm.  (about  gr.  ss.),  considerably  used  as  a  popular  "ex- 
pectorant" in  pharyngitis,  etc.  Henry  II.  Kimhy. 

CUBEB,  OIL  OF. — OLEUir  Cubbb^e.  The  source  of  this 
oil  is  explained  above.  It  varies  from  colorless  to  green- 
ish or  yellowish,  has  a  specific  gravity  of  about  0.920  and 
dissolves  in  an  equal  volume  of  alcohol.  It  has  the  char- 
acteristic odor  of  cubeb.  It  consists  chiefly  of  cadinene 
(CisII.,),  apparently  identical  with  the  active  portion  of 
oil  of  copaiba.  Upon  keeping  the  oil,  a  portion  of  it  be- 
comes converted  intocubeb  camphor(Cir,H24.H.20).  The 
same  change  occurs  in  it  in  the  fruit  if  the  latter  becomes 
old,  and  this  product  will  be  contained  in  the  oil  distilled 
from  such  fndt.  Oil  of  cubeb  has  the  same  properties 
as  cubeb,  and  is  given  for  the  same  purposes,  in  do.ses  of 
0.3  to  1  e.c.  (Tiiv.  to  XV.).  Henry  H.  Rushy. 

CUCUMBER.     See  Cunirhitacem. 

CUCURBITACE/E.— (The  Cucumber  or  Gourd  Fam- 
ily.) A  family  of  some  ninety  genera  and  more  than  five 
hundred  species,  of  great  economic  interest,  both  generally 
and  mediciuall3^  The  plants  are  perennial,  tendril-bear- 
ing herbs  or  undershrubs,  rarely  shrubs,  and  either  pros- 
trate or  climbing.  They  inhabit  warm,  and  especiall}' 
tropical  regions,  throughout  the  globe.  They  are  of 
rather  delicate  vitality  antl  easily  destroyed  by  accident, 
yet  they  are  very  commonly  inhabitants  of  sandy,  arid  re- 
gions, and  the  family  is  noted  for  its  protective  provisions. 
Most  common  among  these  are  purgative  or  poisonous 
constituents.  These  are  very  commonly  stored  in  large 
fleshy  and  starchy  roots,  like  the  bryony,  many  of  which 
have  to  endure  long  periods  of  rest,  subject  to  decay, 
against  which  they  can  be  protected  by  resins,  and  to 
attacks  by  foraging  animals,  against  which  they  are  pro- 
tected by  poisonous  glucosides.  The  pulpy  fruits,  like 
those  of  colocynth  and  elaterium,  are  often  similarly 
protected.  The  seeds  are  very  commonly  anthelmintic 
and  diuretic.  Besides  the  well-known  drugs  colocynth, 
elaterium,  bryony,  and  pumpkin  seed,  separately  consid- 
ered, a  very  large  number  ai-e  used  locally,  or  in  domes- 
tic practice,  for  the  same  purposes.  Among  such  seeds 
maybe  mentioned  those  of  squash,  cucumber,  and  melon: 
among  roots,  various  species  of  Wilbrandia,  Megarhiza, 
Cayapouia,Corolloearpus,  Kedrostis,  Modecca,  Melothria, 
and  Lagenaria;  among  fruits,  species  of  Luffa,  Momor- 
diea,  and  Trichosanthus,  besides  those  of  some  of  the 
above-mentioned  genera.  The  use  of  the  bland  pulps  of 
some  of  these  fruits,  such  as  cucumber,  for  poultices,  is 
to  be  regarded  as  chiefly,  if  not  wholly,  mechanical.  The 
juice  of  the  stems  and  fruits  frequently  carries  the  drastic 
principle.  Upon  the  other  hand,  many  of  our  most  use- 
ful vegetables  are  derived  from  these  fruits,  as  the 
melons,  pumpkins,  squashes,  cucumbers,  citron' melons 
cayotes,  calabashes,  and  acehocte.  The  well-knowu  dish- 
rag  gourd  is  elsewhere  considered.        Henry  H.  liushy. 

CUDBEAR.     See  LitmnK. 

CUINCHO.— Miehoacan,  Mexico.  These  sprin"-s  are 
located  10  kgm.  northwest  of  the  citv  of  Morelia  "^  The 
water  lias  a  temperature  of  100°  F.  Dr.  Zuniga,  to  whom 
we  are  mdebted  for  a  study  of  these  springs,  savs  in 
speaknigof  the  water:  "It  is  perfeetlv  clear,  odork-ss 
colorless,  its  taste  is  insipid  and  its  reaction  neutral  "  It 
contains  eighteen  grains  of  fixed  substances  per  United 
States  gallon  and  on  analysis  yields  the  following  results  • 
Lime,  magnesia,   soda,  chlorine,  and  carbonic  acid.      A 
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recent  issue  of  the  Mexican  Pharmacopa^a  says  the  water 
contains  sulphate  of  lime  and  magnesia,  carbonate  of  lime, 
carbonate  of  potassa,  and  carbonate  of  soda  and  mag- 
nesia, with  some  chloride  of  lime  and  magnesia. 

Notwithstanding  the  fact  that  the  bathing  facilities 
are  rather  primitive  in  character,  large  numliers  of  peo- 
ple employ  these  waters  in  the  belief  that  tlie3'  are  useful 
in  such  affections  as  chronic  malaria,  hypochondriasis,  and 
the  uric-acid  diathesis.  N.  J.  Ponce  de  Leon. 

CUMARIN,  or  Coumakin. — Camaric  Anhydride.  ToTi- 
kii  Bean  (jamjihor{Q,iYLi.O.QO.(M\.Ql\).  This  is  the  odor- 
ous principle  of  a  number  of  plants  or  plant  parts,  more 
especially  of  the  tonka  bean,  the  deer's-tongue,  sweet 
clover  or  melilot,  and  a  number  of  species  of  grasses, 
notably  the  Ardhoxuiithiim  odorntiaK  L.  and  Saai.itana 
ixloriitii  (L. )  Scribn.  It  is  also  largely  produced  artiflcially 
in  several  ways.  It  occurs  in  white  crystals  which  melt 
at  67°  C,  and  which  are  soluble  in  alcohol  but  not  in 
water.  In  all  of  these  plants  it  can  scarcely  be  detected 
in  the  fresh  or  growing  state,  but  develops  in  diying. 
In  the  tonka  bean  it  is  developed  by  tlie  action  of  alco- 
hol, which  frecjuently  leaves  the  beans  with  a  crystalline 
surface,  due  to  this  substance.  This  is  frequently  rubbed' 
off,  wlioll}'  or  partly,  and  even  replaced  by  similarly  ap- 
pearing substances.  Cumarin  has  an  odor  very  similar 
to  that  of  vanilla,  and  a  burning  taste.  It  is  exclusively 
employed  for  perfuming  and  flavoring,  chiefly  to  .sub- 
stitute vanilla.  Large  doses  are  said  to  exert  a  primarj' 
stimulant  and  a  secondary  paralyzant  action  upon  the 
heart.  Henry  II.  Rushy. 

CUMIN. — Cummin.  Cuminltm.  The  fruit  of  6'«»i2«!/m 
Cyminum  L.  (fam.  Umhelliferee),  a  low  annual  of  the  car- 
away type,  probably  of  Asiatic  origin,  but  extensivel_y 
cultivated  in  China,  India,  and  parts  of  Europe  for  its 
aromatic  fruits.  The  odor  and  taste  are  strongly  aro- 
matic, but  less  pleasant  than  many  others  in  the  family, 
on  which  account  it  is  scarcely  used  in  this  country. 

Cumin  yields  about  three  per  cent,  of  a  clear,  yellow 
essential  oil  of  spicy  taste  and  odor,  and  having  tlie  gen- 
eral medical  properties  of  the  innocuous  portion  of  the 
family.  The  oil  is  separable  into  cuminol  or  cuminalde- 
hyde  (C,oH,-,0)  and  cymol  (C,oH„).  Cumin  is  used  every- 
where in  the  East,  and  to  a  less  extent  in  Europe,  as  a 
domestic  flavor,  and  is  said  to  be  one  of  the  components 
of  curry  powder ;  also  an  ingredient  in  some  European 
liqueurs.  In  plasters  and  liniments,  and  in  veterinary 
practice,  it  is  also  occasionally  employed.  It  is  an  excel- 
lent carminative.  The  dose  is  0.5  to  2  gm.  (gr.  viij.  to 
XXX.);  of  the  oil,  tifij.  to  viij.  W.  P.  Bolles. 

CUPREA  BARK.     See  Cinclwna. 

CUPRIASEPT0L.-Cu(C6H4.OH.SO,),.H.,O.  Copper 
phenolsulfonate,  copper  sulphocarbolate.  This  is  pre- 
pared by  heating  a  mixture  of  phenol  and  sulphuric 
acid,  and  saturating  the  product  with  copper  oxide.  It 
occurs  either  as  small  liglit-green  needles  or  as  a  coarse 
crystalline  powder,  and  contains  12.4  per  cent,  of  copper. 
It  is  recommended  as  a  hemostatic.         TF.  A.  Bastedo. 

CURARE.—  Woorari.  Oiirari.  This  is  a  complex  mix- 
ture of  inspissated  juices,  which,  in  the  relatively  fresh 
state,  is  used  as  an  arrow  poison  by  the  Indians  of  South 
America.  Its  composition  is  not  known,  but  investiga- 
tions have  shown  that  there  is  always  present  the  juice 
of  certain  species  of  strychnos  v;\\\q\\  are  indigenous  to 
the  country.  Other  species  of  strychnos  are  the  source 
of  similar  jioisons.  In  .Ja\-a  and  Borneo,  S.  tiente  yields  a 
poison  also  used  by  the  natives  for  poisoning  their  arrows; 
in  Africa,  <S.  incitryi  Baill.  and  A  l.ipapH  Gigl.  are  the 
source  of  a  powerful  ordeal  poison;  and  many  other  spe- 
cies supply  active  poisons,  among  them  the  well-known 
S.  nii.r  Tomicd  L.  The  composition  of  curare  varies  ac- 
cording to  the  tribe  from  which  it  is  obtained,  each  tribe 
selecting  the  tree  growing  in  its  immediate  neighborhood 
and  preparing  the  juice  according  to  its  tribal  custom, 
t  our  varieties  have  been  described : 
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First,  that  of  the  Amazon  valley,  from  S.  Casteliwitmi 
WeddcU,  a  large  woody  climber  growing  in  most  parts 
of  Brazil,  and  also  in  Colombk  and  among  the  Andes. 
The  barli  of  the  stem  is  the  part  employed.  Secondly, 
that  of  tilt  appe-  Orinoco  region,  fnrai  an  imperfectly 
known  species  (S.  yubleri,  possibly  identical  with  S.  tox- 
ifera  Bentham.  Thirdly,  the  curare  of  British  Guiana 
whicli  is  attributed  to  the  just-named  .S.  td.rffii-a.  And, 
finally,  that  of  French  Guiana,  which,  on  tlu!  authority 
of  Dr.  Crevaux,  is  attributed  to  >S.  Crecituxii  Baillon. 

The  method  of  preparation  has  been  described  by  trav- 
ellers, some  of  whom  spoke  only  from  hearsay,  while 
others  were  present  drmug  its  compounding.  The  bark 
of  the  vine  is  the  part  employed.  It  is  scraped  and  cut 
into  small  pieces,  and  the  juice  is  obtained  bj'  a  crude 
method  of  percolation  and  infusion.  To  this  product  are 
added  the  juices  of  several  other  plants,  and,  in  some 
specimens,  ants  are  found  incorporated,  and  it  is  also 
said  that  the  venom  of  certain  snakes  is  added.  Our 
knowledge  of  the  manufacture  and  composition  of  curare 
is  very  obscure,  and  we  are  not  able  to  disting\iish  the 
various  forms  that  reach  the  market.  It  comes  in  earth- 
enware pots,  or  in  vessels  formed  from  gourds,  into 
which  it  has  been  poured  when  in  a  liquid  state. 

It  occurs  as  a  dark,  brittle  extract,  with  a  di.sagree- 
able  odor  and  a  bitter  taste.  It  is  almost  entirel}'  soluble 
in  water. 

The  active  principle  curarine,  discovered  in  1856  by 
Preyer,  is  separated  as  a  colorless  crj-stalliue  body,  very 
deliquescent,  very  bitter  in  taste,  and  alkaline  in  reaction. 
With  sulphuric  acid  it  gives  a  blue  color  which  serves  to 
distinguish  it  from  strychnine. 

Curare  exercises  a  depressant  action  upon  the  periph- 
eral terminations  of  the  motor  nerves,  affecting  first  the 
voluntary  and  later  the  involuntary  muscles.  When  it 
is  administered  in  small  doses  the  brain  and  sensory 
nerves  remain  unaffected,  but  when  it  is  given  in  large 
doses  its  efEects  extend  to  the  central  nervous  system, 
producing  a  general  paralysis,  with  disturbed  special 
senses  and  loss  of  consciousness.  Death  takes  place  from 
failure  of  respiration,  the  respiratory  muscles  being  af- 
fected earher  than  the  respiratory  centre.  Curare  is  rap- 
idly absorbed  and  as  rapidly  removed  from  the  system 
with  the  urine.  In  many  cases  of  poisoning,  this  excre- 
tion of  the  poison  favors  the  adoption  of  artificial  respi- 
1  ation  as  a  very  rational  mode  of  treatment.  The  kidneys 
begin  to  act  quickly,  and  the  poison  may  be  eliminated 
in  a  few  hours.  If  respiration  can  be  maintained  for  that 
jieriod  the  efEects  of  the  poison  may  be  readily  overcome. 
During  the  action  of  curare  the  body  temperature  is 
raised.  After  moderate  doses  there  is  a  gradual  failure 
of  muscular  power  with  loss  of  reflexes,  and  this  may 
terminate  in  complete  motor  paralysis.  The  respirations 
are  more  frequent  and  become  shallow  and  labored. 
The  pulse  is  increased  in  force  and  frequency.  The 
secretion  of  urine  becomes  greater.  When  the  drug  is 
given  in  larger  doses  all  these  symptoms  are  aggravated. 
There  is  also  some  fever,  with  marked  depression.  The 
heart  becomes  feeble  and  the  vessels  are  dilated ;  and  shiv- 
ering alternates  with  fever,  trembling,  and  clammy  per- 
spiration. According  to  reports,  some  specimens  of  curare 
produce  mu.scular  twitching  and  spasms. 

As  a  therapeutic  agent  curare  is  of  little  value.  Its 
power  of  preventing  muscular  contractions  has  suggested 
its  employment  in  all  conditions  in  which  muscular  spasm 
is  a  prominent  symptom.  In  these,  however,  it  cannot 
prove  of  much  value,  as  it  produces  its  effect  through 
the  peripheral  nerves,  and  has  little  or  no  action  upon 
the  central  nervous  system,  such  as  calabar  bean  and 
similar  drugs  exercise.  It  has  been  employed  in  poison 
iug  with  strychnine,  and  in  hydrophobia,  tetanus,  epi- 
lepsy, and  chorea.  A  case  of  hydrophobia  has  been  re- 
ported in  which  the  spasms  were  controlled  by  curare  in 
doses  of  from  gr.  i  to  i,  administered  hypodermically, 
and  recovery  ensued.  In  a  case  of  tetanus,  gr,  iv.  were 
administered  during  twenty -four  hours  with  success. 

The  dose  of  curare  is  from  gr.  j\  to  +,  to  be  adminis- 
tered hypodermically.     Its  effects  require  to  be  carefully 


watched,  the  smallest  dose  being  given  at  first,  and  the 
amount  being  gradually  increased  until  the  desired  effect 
is  procured.  When  a  new  supply  of  the  drug  is  olitained, 
the  same  care  in  determining  the  dose  is  to  be  observed! 
On  account  of  the  great  unreliability  of  the  drug,  it  has 
been  advised  that  curarine  should  be  employed,  the  dose 
of  which,  to  begin  with,  is  gr.  ^J^. 

The  rapid  action  of  curare,  when  injected  beneath  the 
skin  or  when  apphed  to  the  denuded  surface,  is  not  evi- 
dent when  it  is  administered  by  the  stomach  or  ))owel. 
This  slow  absorption  by  mucous  surfaces  has  given  rise 
to  the  idea  that  it  has  no  effect  when  given  in  this  way. 
When  it  is  administered  in  larger  quantities  its  action 'is 
etiually  severe.  Its  diminished  activity  is  explained  by 
the  rapid  elimination  of  the  poison,  which  is  removed  al- 
inost  as  quickl)'  as  it  is  absorbed.  Another  explanation 
is  that  the  poison  is  neutralized  as  it  passes  through  the 
liver  by  way  of  the  portal  vein.  Beaumont  Suiall. 

CURCAS.     See  Jatrophaie. 

CURCUMA.— Turmeric.  The  rhizome  of  Cvrcnma 
loiKja  \j.  (fam.,  Zinrjiberacea>) ,  a  peremiial,  flag-like  herb 
of  India,  where,  as  well  as  in  other  parts  of  Asia,  it  has 
long  been  cultivated. 

Curcuma  is  distinguished  in  trade  as  "  long "  and 
"  round  "  varieties,  which  for  a  long  while  were  supposed 
to  be  from  different  plants.  They  are  now  known  to  Ijc  the 
principal  and  lateral  rhizomes  of  the  same.  Rovmd  cur- 
cuma is  about  as  large  as  a  pigeon's  eg.g,  oval,  flattened, 
rounded  at  the  ends  and  encircled  by  the  lines  of  numer- 
ous nodes.  The  long  variety,  which  is  more  common,  is 
from  3  to  6  cm.  long,  and  from  0.5  to  1  cm.  in  diameter  (3 
in.  X  i  in.),  encircled  by  a  number  of  distinctly  marked 
nodular  rings.  The  different  varieties  range  in  color,  ex- 
ternally, from  bright  yellow  (Madras)  to  brown  (Bengal) 
or  gray  (Java);  internally  from  deep  yellow  through 
oi-ange  and  brown  to  nearly  black.  Odor  strong,  pecul- 
iar, not  disagreeable;  taste  aromatic,  bitterish.  It  con- 
tains a  clear  yellow  essential  oil,  which  is  its  aromatic 
portion,  much  fixed  oil,  resin,  and  a  deep  yellow,  crystal- 
line coloring  matter,  curcumiii,  which  becomes  carmine 
red  with  acids,  and  reddish-brown  with  alkalies. 

Properties  similar  to  those  of  ginger,  but  not  much  used 
here — either  as  a  medicine  or  as  a  condiment.  It  is  exten- 
sively consumed  in  Asia  as  a  spice,  and  is  the  basis  of 
curry.  In  the  arts,  tumeric  is  employed  to  dye  cloths 
yellow ;  in  chemistry,  to  a  slight  extent,  as  a  test  for  al- 
kalies ;  in  pharmacy,  now  and  then  to  color  ointments 
and  other  preparations.  It  is  largely  employed  as  an  ad- 
dition to  ground  mustard,  to  ameliorate  its  acridity,  gen- 
rally  regarded  as  too  great  to  admit  of  the  table  use  of 
the  pure  article,  and  also  as  an  adulterant  of  the  same  in 
its  medicinal  form.  Henry  H.  Busby. 

CUTTLEFISH  BONE.— A  very  light  and  fragile 
calcareous  skeleton  found  in  the  cuttlefish.  Sepia  offi- 
cinalis L.  (order,  Dibranchinta,  LoUginea) .  The  "bone" 
of  this  Mediterranean  mollusk  is  found  in  the  dorsal 
part  of  the  body  beneath  the  mantle.  It  is  obtained 
by  collecting  the  mollusks  and  allowing  them  to  pu- 
trefy, or  by  picking  up  those  that  wash  ashore.  When 
whole  it  is  of  oblong  or  lanceolate  outline,  strongly  flat- 
tened, with  one  surface  (the  dorsal)  hard  and  smooth,  and 
one  very  spongy,  light,  and  friable.  The  structure  is 
very  open,  laminated,  and  light,  the  entire  bone  when 
dry  floating  upon  water.  Odor,  none  or  slight;  taste, 
saline. 

There  is  a  considerable  demand  for  cuttle  bones— partly 
for  cage-birds  and  partly  for  dentifrices,  polishing  pow- 
ders, face  powders,  etc.  It  consists  almost  entirely  of 
carbonate  of  lime,  with  a  little  phosphate  of  hme  and 
some  animal  matter.  Its  early  use  as  an  antacid,  etc., 
is  now  of  the  past.  W.  P.  Bolles. 

CYANIDES  —The  only  cyanides  that  concern  the  phy- 
sician are  those,  respectively,  of  silver,  mercury,  and  potas- 
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sium.  Silver  cyanide  is  a  white  insoluble  powder,  offi- 
cial in  the  United  States  Pharmacopceia,  but  solely  for 
pharmaceutical  use,  the  salt  being  a  possible  source  for 
obtaining,  extemporaneously,  diluted  hydrocj'auic  acid 
(see  llydrocyanic  Acid).  Mercuric  cyanide  is  a  soluble 
.salt  which  will  be  found  discu.ssed  in  the  article  Mercury, 
and  concerning  which  it  is  only  necessary  to  remark  in 
this  place,  that  the  salt  adds  to  the  irritant  properties  of 
the  mercuric  salts  generally,  a  peculiar  virulence  due  to 
the  acid  radicle  of  its  composition.  Potassium  cyanide 
is  a  soluble,  and  therefore  phy.siologically  active,  salt, 
wherein  the  comparatively  mild  properties  of  the  basic 
radicle  are  entirely  overshadowed  by  the  intensely  poi- 
sonous potency  of  the  acid  element;  for  hydrocyanic  acid 
in  combination  with  the  bases  of  the  alkalies  proves  itself 
exactly  as  poisonous  as  in  its  free  state,  so  that  the  alka- 
line cyanides,  in  proportion  to  their  weight  in  acid  radicle, 
are  the  medicinal  or  toxic  equivalents  of  the  uncombined 
acid.  Potassium  cyanide,  being  therefore  practically 
but  a  carrier  of  hydrocyanic  acid,  is  considered  under  the 
present  heading  rather  than  among  the  salts  of  potassium 
generally. 

Potitssium  Cyanide,  KCN. — Potassium  cyanide  is  otB- 
cial  in  the  United  States  Pharmacopoc-ia  under  the  title 
IMassii  Ci/anidum,  Potassium  Cyanide.  It  occurs  in 
"  white,  opaque,  amorphous  pieces,  or  a  white,  granular 
Ijowder,  odorless  when  perfectlj'  drj',  but  in  moist  air 
exhaling  the  odor  of  hydi'ocyanic  acid.  The  taste  is 
sharp  and  somewhat  alkaline,  but  should  be  ascertained 
with  great  care,  as  t/ie  salt  in  very  poisonous.  In  moist 
air  the  salt  deliquesces.  Soluble  in  about  3  parts  of 
water  at  15°  0.  (59°  F.).  Boiling  water  dissolves  its  own 
weight  of  the  salt,  but  rapidly  decomposes  it.  In  alcohol 
it  is  but  sparingly  soluble.  "  At  a  low  red  heat  the  salt 
fuses"  (U.  S.  P.).  It  should  be  kept  in  well-stoppered 
bottles,  since  it  tends  to  a  slow  decomposition  by  expo- 
sure. Pota.ssium  cyanide  represents,  in  sixty-five  parts, 
thirty-nine  parts  of  basic  and  twenty -six  of  acid  radicle: 
and  so,  according  to  what  has  been  said  above  concerning 
the  alkaline  cyanides  generally,  about  two  and  a  half 
l)arts  of  this  salt  represent,  physiologically,  the  virtues 
of  one  part  of  anhydrous  hydrocyanic  acid.  The  salt  in 
concentrated  application  is  very  painful  to  raw  and  sensi- 
tive parts,  and  taken  internally  acts  precisely  after  the 
manner  of  hydrocyanic  acid  (see  llydrorynnic  Acid),  ex- 
cept that  it  is  rather  slower  of  operation.  A  dose  any- 
where between  0.20  and  0.30  gm.  (gr.  iij.  to  v.)  is  ordi- 
narily fatal,  and  death  commonly  results  in  from  fifteen 
minutes  to  two  hours.  Potsoning  can  arise  also  from 
ab.sorption,  externally,  through  abrasions,  and  even  the 
inhalation,  in  a  close  chamber  like  a  photographer's 
"dark  closet,"  of  the  fumes  arising  from  an  exposed 
strong  solution  may  excite  svmptonis.  In  case  of  poi- 
soning by  the  internal  taking'of  the  salt,  Taylor  (on  I^i- 
sons)  advocates  the  giving  of  ferrous  sulphate  as  a  special 
antidote,  because  of  the  reaction  between  the  two  salts 
whereby  the  insoluble  and  innocent  substance  Prii,t.uan 
Hue  is  formed.  The  same  author  cites  the  case  of  a  i)ho- 
tographer  who,  upon  accidentally  swallowing  a  ,s<.lution 
of  potassumi  cyanide,  immediately  drank  of  a  photo- 
graphic "developing"  solution  containing  ferrous  sul- 
phate, vomited  Prussian  blue,  and  survived. 

Medicinally,  potassium  cyanide  is  a  possible  substitute 
tor  hydrocyanic  acid,  propo.sed  because  of  greater  staliil- 
I'-^n  J"''^'™f'ly.  it  may  be  given  in  doses  of  from  0  (105 
to  0.008  gm.  (trom  gr.  .j-V  to  ^).  in  water  or  syrup.  IManv 
prescrilie  it  in  conjunction  with  vinegar  or  lem(ina(k> 
with  tJie  view  of  setting  free  hydrocyanic  acid  from  the 
salt,  but  the  procedure  is  not  necessary.  Externallv  an 
aqueous  solution  ranging  from  one-fifth  to  one  per  "cent 
in  strength  is  occasionally  prescribed  as  a  lotion  for  the 
fn^i!,;?,  .'"  r'-Pf"""  °''  ^''='""6-  ^  special  use  of  ,io- 
the  skin,  provided  such  stains  lie  recent  and  not  vet  ex- 

he  nart     ftf^i'  'V"'' u"'  "''''"  *''"  ''laf=kened  skin,  an.l 

must^le        d  T"'!  ""'"  '^'"''1"'  '"  ''■''^'-■'•-     Rue  regard 
must  be  paid  to  the  very  poisonous  nature  of  the  cya- 
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nide,  and  especially,  application  of  the  salt  to  cut  or  ex- 
coriated parts  should  carefully  be  avoided. 

^  Edward  Curtis. 

CYCLAMEN. — The  tuber  of  Cyclamen  Europaum  L. 
(fani.  Priniulacea'.),  a  plant  largely  cultivated  in  the  house 
for  ornament.  It  contains  the  glucoside  cyclamiii  (C'20- 
H34O10),  occurring  as  a  white  powder,  and  yielding  cycto- 
'niareU'it.-on  decomposition.  It  is  soluble  in  alcohol  and 
forms  a  frothy  solution  with  water.  It  is  in  other  re- 
spects very  similar  to  .saponin,  quickly  developing  an 
exceedingly  burning  and  acrid  taste,  and  very  highly 
irritant  to  mucous  membranes.  It  can  be  ab.sorbed  by 
rubbing  upon  the  sound  skin,  and  produces  thus  its  char- 
acteristic effects.  It  is  an  irritant-purgative,  emetic  in 
over-doses,  and  may  act  as  a  fatal  drastic  poison.  Its 
use  in  domestic  practice  is  as  a  purgative  and  anthelmin- 
tic, the  powdered  form  being  given  in  doses  of  1  to  3 
gm.  (gr.  XV.  to  xlv.).  Henry  U.  Busby. 

CYLINDROMA.     See  Endothelioma. 

CYPRESS.— C'«;»-c.ss!/sL.  A  genus  (fam.  Coniferce)  at 
a  dozen  species  of  temperate  or  subtropical  regions  of 
the  northern  hemisphere.  The  composition  and  proper- 
ties are  in  general  those  of  juniper,  savin,  arbor  vita, 
and  others  of  the  family. 

Cypress  oil  is  distilled  from  the  fresh  leaf.y  twigs  of  C 
sempervirens  L.,  the  Oriental  cypress  of  southern  Asia. 
The  evidence  is  conclusive  that  the  inhalation  of  this  oil 
gives  marked  relief  from  the  paroxysms  of  whooping- 
cough,  and  favors  recovery.  The  only  method  recom- 
mended for  its  employment  is  to  scatter  a  few  drops  upon 
the  pillow,  or  to  spray  it  about  the  room,  but  it  would 
appear  that  a  suitable  solution  for  use  in  the  inhaler 
might  easily  be  devised.  Henry  H.  .Rusby. 

CYPRIPEDIUM.— Ladies'  Slippeh.  Moccasin  Flow- 
er. American  Valerian.  JS'ereine.  The  rhizome  and 
roots  of  Cypripedium  Idrsutum  Mill.  ["  C.  pubescens  Swz.," 
U.  S.  P.],  and  of  C.parviflorum  Salisb.  (fam.  Orchidacei). 
These  plants  are  perennial  herbs,  arising  from  a  horizon- 
tal rhizome  by  a  pubescent,  leafy,  few-flowered  stem  half 
a  metre  or  more  in  height.  Leaves  also  pubescent, 
broadly  oval,  acute,  parallel-nerved;  flowers  one  to 
three,  the  most  conspicuous  part  of  which  is  the  large 
inflated,  pouch-like  lip,  in  the  former,  one  and  a  half  to 
two  inches  long,  in  the  latter  about  half  as  large,  from 
which  it  and  others  in  the  genus  derive  their  name. 
Rather  common  in  moist  w-oods,  the  latter  more  abun- 
dant in  the  Northwest. 

The  rhizome,  with  its  adhering  roots,  is  collected.  It 
is  "horizontal,  bent,  4  in.  (10  cm.)  or  less  long,  about  \ 
in.  (3  mm.)  thick;  on  the  upper  side  beset  with  numerous 
circular,  cup-shaped  scars;  closely  covered  below  with 
simple,  wiry  roots,  varying  from  4  to  20  in.  in  length  (10 
to  50  cm.);  brittle,  dark  brown  or  orange-brown;  frac- 
tiirc  short,  white;  odor  faint,  but  heavy;  taste  sweetish, 
bitter,  and  somewhat  pungent." 

It  contains  a  rolafilc  oil,  a  volatile  acid,  tannic  and  gallic 
acids,  resins,  ginn.  starch,  etc.  These  constituents  make 
cypripedium  a  gently  stimulant  and  mild  antispasmodic, 
of  the  hop  and  valerian  kind.  The  dose  is  0.5  to  2  gm. 
(gr.  viij.  to  XXX.),  and  it  is  best  administered  in  the  form 
of  the  official  fluid  extract,  or  sometimes  still  better  in 
the  form  of  a  twcnty-per-cent.  tincture. 

Henry  H.  Rusby. 

CYRTOMETER.  —  (Kvproq,  curve;  fierpov,  measure.) 
The  cyrtomcter  is  an  instrument  which  can  be  so  adapted 
to  a  given  )iart  of  the  body  as  to  reproduce  its  curves 
and  inequalities.  The  Avord  is  sometimes,  though  less 
correctly,  applied  to  callipers,  an  instrument  used  in 
measuring  the  diameter  or  thickness  of  a  body.  Under 
the  name  of  "Wilson's  cyrtometer  "  an  instrument  has 
lieen  described  for  ascertaining  the  position,  length,  and 
direction  of  tb(^  fi,ssure  of  Sylvius  in  the  liviniT  subject- 
for  cuts  and  a  full  description  of  the  device,  the  reader  is 
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referred  to  the  original  article  on  "  Cranial  Surgei'v  "  by 
Dr.  A.  W.  Hare  in  the  Lancet,  March  3d,  1888. 

The  cyrtometer  was  first  described  by  Andry  and 
Bouillard  in  1810,  but  was  not  extensively  u.sed  until 
1857,  when  Woillez,  in  a  paper  entitled  ""Recherehes 
Cliniques  sur  I'Emploi  d'uu  Nouveau  Procede  de  Men- 
suration dans  la  Plcuresie,"  described  an  instrument  con- 
sisting of  two  halves  of  a  jointed  whalebone,  connected 
by  a  hinge  and  capable  of  being  accurately  adapted  to  the 
sliape  of  the  chest.  The  cyrtometer  of  Fourmantain  was 
a  still  later  device  composed  of  a  fircular  spring  which 
was  applied  to  the  thorax  and  adjusted  by  means  of  a 
clasp,  while  the  curve  was  reproduced  on  paper  on  the 
principle  of  the  pantograph. 

All  the  instruments  which  have  been  mentioned  were 
unnecessarily  complicated,  and  time  and  custom  have  so 
simplified  them  that  the  modern  device  is  easiljr  obtained 
and  is  very  practical.  It  consists  of  two  strips  of  lead, 
each  about  one-half  inch  in  width,  one-tenth  inch  in 
thickness,  and  from  eighteen  to  twenty  inches  in  length. 
Such  a  piece  of  lead  is  ,so  malleable  that  it  may  easily  be 
moulded  to  any  desired  shape  by  simple  manual  manip- 
ulation, and  at  the  siune  time  it  is  of  suthcient  consis- 
tency to  retain  its  form  if  handled  with  ordinary  care, 
and  it  may  also  be  straightened  and  freed  from  curves 
by  striking  vigorously  its  fiat  surface  once  or  twice 
against  a  hard  fioor. 

The  cyrtometer  is  principallj'  used  for  determining  the 
character  and  degree  of  deformity  that  have  beeu  pro- 
duced in  the  chest  or  abdomen  as  a  result  of  certain  path- 
ological processes  such  as  may  occur  in  pleuial  exu- 
dations, lateral  curvatures  of  the  spine,  kyphosis  and 
lordosis,  rhachitis,  etc.,  or  in  tumors  of  the  abdomen.  It 
is  also  u.seful  in  tracing  in  infants  the  configuration  of  the 
head  which  has  been  altered  as  a  residt  of  abnormal  labor, 
rhachitis,  or  hydrocephalus.  In  short,  it  is  useful  when- 
ever it  is  desired  to  show  the  result  of  any  cause  so  acting 
as  to  alter  the  s^'mmetry  of  the  lateral  halves  of  the  bodj'. 

If,  for  instance,  it  is  desired  to  reproduce  the  shape  of 
a  distorted  thorax,  one  starts  by  marking  on  the  body 
anterior  and  ijosterior  points  which  shall  lie  in  the  antero- 
posterior median  plane  of  the  bodj'  and  on  the  same  hori- 
zontal level.  The  strips  of  lead  are  then  moulded  by 
manual  manipulation  so  as  to  conform  to  each  half  of  the 
chest,  their  anterior  ends  meeting  at  the  anterior  median 
point,  their  posterior  ends  overlapping  at  the  posterior 
median  point,  or  being  so  bent  that  their  angles  will  meet 
at  this  posterior  point.  Each  strip  is  then  removed,  and 
the  two  halves  are  again  adjusted  to  each  other  by  plac- 
ing them  upon  a  piece  of  paper  resting  upon  a  flat  sur- 
face. The  inner  circumference  of  the  two  halves  is  then 
traced  by  pencil  upon  the  paper,  the  anterior  and  poste- 
rior meeting  points  are  marked,  and  they  are  connected  by 
a  straight  line  which  will  correspond  to  the  median  plane 
of  the  body.  The  degree  of  asymmetry  of  the  lateral 
halves  will  then  be  apparent,  and,  if  desired,  the  curves 
may  be  reproduced  upon  any  desired  scale  by  the  use  of 
the  pantograph.  If,  in  cases  in  which  there  is  a  lateral 
deviation  of  the  spine,  there  be  noted,  by  suitable  nicks 
on  the  lead  strips,  not  only  the  anterior  and  posterior 
median  points,  but  also  the  position  of  the  spine  of  the 
vertebra  and  t)ie  median  point  of  the  sternum  at  the  same 
level,  their  positions  may  be  recorded  upon  the  tracing, 
and  the  line  connecting' them  will  show  the  relation  of 
the  spine  and  mid-sternum  to  the  antero-posterior 
plane. 

On  the  same  principle  one  may  take  tracings  of  any 
other  part  of  the  body  and  thus  give  a  more  graphic  rep- 
reseutarion  of  the  contour  of  a  deformed  part  than  can  be 
obtained  by  simple  mensuration.  Maynard  Ladd. 

CYSTADENOMA.— (Cystoma,  Adenocysto.ma.)  The 
dilatation  of  the  glandular  spaces  of  an  adenoma  through 
the  excessive  formarion  of  secretion  gives  rise  to  a  cystic 
tumor  which  from  its  origin  is  best  designated  by  the 
term  cystadenoma.  The  growths  belonging  to  this  class 
are  distinguished  from  the  cysts  in  that  in  the  former  the 
cystic  change  is  always  preceded  by  a  new  formation  of 


gland  tissue  which  later  becomes  converted  into  cysts  by 
the  accumulation  of  secretions  and  the  subsequent  pro- 
liferation of  the  walls  of  the  gland  spaces.  Tliere  is  con- 
sequently in  the  cystadenoma  a  progressive  formation  of 
cysts  out  of  newly  formed  glandular  tissue,  and  to  this 
process  there  is  no  definite  limit  of  growth.  In  the  true 
cysts  such  new  growth  of  gland  tissue  does  not  occur, 
and  there  is  not  a  continuous  formation  of  new  cysts. 
The  differeuce  Ijetween  a  cyst  and  a  cystadenoma  is  es- 
sentially that  existing  between  a  gland  and  an  adenoma. 
Nevertheless,  it  is  at  times  very  difficult  to  draw  sharp 
lines  of  distinction  between  the  cyst  and  the  cystadenoma. 
This  is  especially  the  case  in  regard  to  the  proliferation 
cysts,  since  from  these  the  cystadenomata  frequently  take 
their  origin.  The  differential  diagnosis  will  rest  ulti- 
mately upon  the  eslablislnnent  of  the  facts  concerning 
the  formation  of  new  gland  tissue  preceding  the  cyst  de- 
veloiunent. 

Tlie  earhest  stages  of  (he  formation  of  a  cystadenoma 
are  seen  in  the  gradual  dilatation  of  some  of  the  spaces 
of  an  adenoma  through  the  over-production  of  secretions. 
As  s<ion  as  the  dilatation  of  the  gland  space  has  reached 
sueli  a  point  as  to  become  visible  to  tlie  naked  eye  on 
cross-section  of  the  growth,  it  may  be  said  to  be  cystic. 
With  a  preponderance  of  such  cyst  formation  the  ade- 
noma gradually  becomes  changed  into  a  cj'stadenoma, 
In  its  first  .stages  of  development  tlie  cystadenoma  con- 
sists of  numerous  small  cysts  lying  in  a  more  or  less  well- 
developed  counective-tis.sue  stroma.  The  growth  of  .some 
of  the  cysts  may  be  more  rapid  than  that  of  others,  lead- 
ing to  the  formation  of  a  tumor  containing  both  large 
and  small  cysts,  often  in  such  a  manner  that  it  ma_y  con- 
sist of  a  few  large  cysts  bearing  in  their  walls  numerous 
smaller  ones.  The  cystic  change  may  not  involve  all  of 
the  glandular  tissue  of  the  adenoma,  so  that  in  or  near 
large  cysts  there  may  be  found  gland  tissue  which  con- 
tains onl}^  small  cysts  or  appears  solid.  Not  infrequently 
the  gland  spaces  of  an  adenoma  become  cystic  as  soon  as 
formed,  so  that  the  growth  bears  the  character  of  a  cyst- 
adenoma from  the  beginning  without  passing  through  a 
definite  intermediate  stage  of  adenoma. 

Since  the  cystadenoma  arises  from  numerous  gland 
spaces  it  consists  of  many  chambers  (multiloculai;  cys- 
toma). Only  through  the  atrophjf  of  the  intervening 
walls  does  the  true  cystadenoma  become  monolocular. 
The  cyst  spaces  may  be  separated  from  each  other  by  a 
verj'  narrow  wall  of  connective  tissue,  or  by  one  so  thick 
that  they  lie  at  some  distance  from  each  other.  In  the 
latter  case  the  formation  of  connective  tissue  may  so 
preponderate  over  tliat  of  the  cysts  as  to  justify  the  use 
of  the  term  cystadenofibroma  or  cystofibroma.  If  the 
connective  tissue  becomes  myxomatous  in  character,  as 
is  not  infrequently  the  case,  the  growth  may  be  styled 
eystadenomyxoma  or  cystomyxoma.  Occasionally  the 
connective  tissue  undergoes  a  rapid  proliferation  and 
takes  on  an  embryonic  character.  The  term  cystosar- 
coma  has  been  applied  to  such  tumors,  but  their  manner 
of  growth  does  not  justify  their  classification  as  sarco- 
mata. They  do  not  form  metastases,  and  their  growth 
is  wholly  by  expansion.  Hyaline  change  and  calcifica- 
tion are  not'infreipiently  f(mnd  in  the  stroma  of  cystade- 
nomata, the  latter  often  occurring  in  the  shape  of  psam- 
moma-like  concretions. 

The  lining  of  the  cysts  is  simple  columnar  epithelium 
in  the  great;  majority  of  cases,  occasionally  ciliated,  and 
less  frequently  cubical  or  fiattened.  The  inner  surface 
of  the  wall  may  be  smooth  (cystoma  simplex),  or  the  con- 
nective tissue  (if  the  wall  may  extend  out  into  the  cavity 
of  the  cyst  as  little  papill*  covered  with  epithelium  (cys- 
toma papilliferum  or  proliferum).  These  papilla;  may 
be  delicate,  simple,  blunt,  or  pointed,  or  they  may  be 
dendrirically  branched  (polypoid  cystadenoma).  If  the 
o-rowth  of  connective  tissue  in  the  papill*  is  so  extensive 
as  partially  or  wholly  to  fill  up  the  cyst  cavity,  the 
tumor  may  be  designated  intracanalicular  cystofibroma. 
Retrograde  changes  not  infrequently  occur  in  the  lin- 
ing epithelium;  mucous,  fatty,  or  colloid-like  degenera- 
tions, necrosis,  desquamation,  calcification,  etc.     Inflam- 
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niation  of  tlic  c\'st  walls  may  occur  as  in  tlic  true  cj'sts, 
but  is  of  much  k-ss  frequent  occurrence. 

The  content  of  the  cysts  is  usually  a  clear,  slightly 
strini^y  (.ir  glairy  fluid  "like  white  of  egg,  containing 
mucin,  pseudonmcin,  all)umiu,  albumose,  the  so-called 
liaralbumin,  etc.  All  of  these  are  the  products  of  the 
lining  epithelium.  White  or  yellowish  ma.sses  of  cells 
showing  fatty  degeneiution  or  necrosis  may  be  contained 
in  the  fluid.  The  entire  lining  epithelium  may  be  con- 
verted into  goblet  cells,  and  the  latter  may  also  be  found 
free  in  tlie  fluid  of  the  cyst  cavity.  In  the  case  of  in- 
flammation of  the  wall  or  secondary  infection  of  the  cyst 
contents  the  latter,  through  the  addition  of  inflammatory 
exudates,  become  fibrinous,  pundent,  or  gangrenous. 
In  the  latter  case  gas,  sometimes  of  an  inflammable  na- 
ture, may  be  formed  in  the  cysts.  Hemorrhages  may  also 
occur  into  the  cyst  spaces.  As  a  result  of  these  the  con- 
tents of  the  cysts  may  contain  broken-down  red  blood  cells 
and  blood  pigment,  acquiring  from  their  presence  a  brown 
or  reddish-brown  color.  Cholesterin,  fatty-acid  crystals, 
concretions  of  lime  salts,  corpora  amylacea,  colloid-like 
bodies,  etc.,  are  not  infrequently  found  in  the  cyst  con- 
tents. 

Cystadenomata  may  arise  from : 

1.  Normal  glands,  most  frequently  from  the  ovaries, 
testis,  mammary  glands,  uterus,  liver,  and  kidneys. 

2.  Adenomata  of  any  gland,  especially  from  those  of 
the  ovary,  mammary  glands,  uterus,  testis,  liver,  and 
kidneys. 

'S.  From  f'etal  ,gland  structures  in  normal  or  abnormal 
locati(jns,  from  teratomata,  etc. 

Between  the  cystadenoma  simplex  and  the  papillarj' 
form  no  sharp  line  can  be  drawn,  as  papillary  prolifera- 
tions are  frequently  found  in  the  walls  of  simple  dilata- 
tion cysts.  The  two  forms  usually  exist  together  in 
combination  (cystadenoma  partim  simplex  partim  papillif- 
erum). The  papillEB  may  be  delicate  and  narrow-,  or  they 
may  develop  into  thick  cauliflower-like  growths  fllling 
up  almost  the  entire  cyst  cavity.  The  smallest  papillary 
excrescences  may  have  to  the  naked  eye  a  velvet  appear- 
ance. The  larger  papillsB  are  usually  branched.  Occa- 
sionally the  connective  tissue  of  the  papillae  is  myxoma- 
tous^ more  rarely  hyaline  in  character.  Calcification 
sometimes  occurs  in  it.  Tall  columnar  cells  cover  the 
papilUe  as  a  rule,  and  the  majority  of  these  are  goblet 
cells.  The  cyst  contents  in  papillary  cystadenomata  con- 
sist chiefly  of  pseudomucin.  Large  numbers  of  desqua- 
mute<l  and  ile,generating  cells  may  be  found  in  it.  The 
cystadenomata  of  the  ovaries,  mammas,  and  parovarium 
are  usually  papuliferous  in  some  parts  at  least,  while 
those  of  the  liver,  testis,  and  kidney  but  rarely  contain 
papilUe. 

^  The  cystadenoma  simplex  is  malignant  only  through 
size  and  position.  It  produces  no  riietastases  and  grows 
only  by  expansion.  Since  it  may  reach  an  enormous  size 
(fifty  to  one  hundred  pound.s),  the  effects  of  pressure  may 
be  very  important.  The  papillary  evstadenomata  repre- 
sent a  further  departure  from  the  normal  type  of  gland 
growth,  and  these  tumors  acquire  a  certain  tendency 
toward  malignancy  in  that  the  papilla-  may  break  tlirovigh 
the  cyst  walls  and  continue  to  grow,  spreading  them- 
selves over  the  neigliboring  tissues  (in  the  case  of  ovarian 
eystadeuomata,  over  the  broad  ligament  and  peritoneum, 
while  papillary  cysts  of  the  manmia?  may  break  through 
the  skui).  Cystocai-ciuomata  not  infre(]uently  arise  fi-nm 
the  papdlary  cystiidcnomata,  but  may  develop  also  out 
ot  the  simple  .smootlj -walled  form.  A  gradual  transit  inn 
ot  (  evelopmcnt  between  adenoma,  cystadenonia  simplex 
cystailenonia.  papilliferum,  and  cystocareiiioma  iiiav  ollen 
be  traced,  a,id  this  fact  is  of  great  ini|,orl,i,ee  iu'  so  far 
as  the  .piesti,,i,  ui  et„,logy  of  tumors  is  cMuiceined       Of 
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inflammation,  etc.,  have,  as  in  the  case  of  otlier  forms  of 
tumors,  been  supposed  to  be  exciting  causes  of  growth. 
No  satisfactory  explanation  can  be  given  of  the  excessive 
cell  secretion  in  some  growths,  whereby  the  tumor  has 
the  structure  of  a  cystadenoma  from  the  earliest  begin- 
nings; while  in  other  cases  the  adenoma  is  but  slowly 
and  imperfectly  converted  into  the  cystic  tumor. 

Ovdi-jj. — The  cystadenoma  is  the  most  common  form 
of  ovarian  tumor,  the  majority  of  all  the  large  cystic 
tumrirs  of  this  organ  arising  from  the  formation  of  new 
glandular  spaces  and  their  dilatation  from  the  accumula- 
tion of  the  secretions  formed  bj^  the  epithelial  cells  lining 
them.  They  arise  partly  out  of  the  follicles  and  partly  out 
of  in-growtlis  of  tlie  germinal  epithelium.  In  the  latter 
case  the  in-growths  Isecome  separated  from  the  surface 
e]>itlielium  anil  form  gland-like  structures  which  grad- 
ually become  distended  through  the  formation  of  .secre- 
tions. As  the  cyst  develops  proliferation  of  portions  of 
the  lining  epithidium  into  the  cyst  wall  takes  place,  these 
.separate  themselves  from  the  parent  epithelium,  become 
dilate<l  and  form  daughter  cysts  lying  in  the  wall  of  the 
original  cyst.  This  process  may  go  on  indefinitely  until 
large  multilocular  growths  are  formed.  On  cross-section 
the  inner  lining  of  the  c_yst  walls  .shows  furrows  and  de- 
pros.sions  at  those  points  where  the  in-growth  preparatory 
to  the  formation  of  new  cysts  is  taking  place.  The  par- 
tition walls  of  many  of  the  cysts  maj'  atrophy,  thus  leading 
to  a  confluence  of  the  chambers.  Remains  of  the  atrophic 
walls  may  appear  as  bridge-like  projections  across  the 
lumen  of  the  cavity.  Tins  progressive  formation  of 
daughter  cysts  in  the  wall  of  the  cystadenoma  distin- 
guishes this  growth  frfim  the  degeneration  cysts  arising 
from  the  Graafian  follicle  and  corpus  luteum.  It  is, 
however,  possible  that  the  epithelial  lining  of  these  cysts 
juay  behave  in  the  same  way  as  that  derived  from  the 
surface  germinal  layer,  giving  rise  to  epithelial  in- 
growths that  lead  to  the  same  progressive  formation  of 
daughter  cysts.  A  similar  process  may  be  set  up  by 
proliferating  in-growths  from  the  epithelium  of  a  folli- 
cle, which  is  in  itself  not  cystic.  The  true  cystadenoma 
of  the  ovar}^  is  always  in  its  beginning  multilocular,  but 
xao-Y  liecome  unilocular  through  the  disappearance  of 
the  intervening  septa  and  the  confluence  of  the  cavities. 
Most  commonljr  the  growth  consists  of  one  or  more  large 
cavities  in  the  wall  of  which  there  are  countless  small 
cysts.  Traces  of  the  septa  can  usually  be  seen  in  the 
walls  of  the  larger  cysts. 

As  a  rule,  the  ovarian  cystadenomata  form  round 
tumors  which  may  be  more  or  less  nodular  from  the  un- 
equal development  of  the  smaller  cysts.  Usually  there 
is  (me  large,  round  chief  cyst  in  whose  walls  are  small 
nodules  made  uj)  of  smaller  cj'sts.  The  whole  has  a 
smooth,  shining,  more  or  less  translucent  capsule  which 
correspimds  to  the  tunics  of  the  follicles.  Adhesions  be- 
tween the  capside  anil  the  peritoneum  are  very  common, 
and  may  be  very  extensive  and  firm.  These  tumors  may 
reach  a  very  large  size  and  surpass  in  weight  even  that 
of  the  body.  As  they  increase  in  size  they  nsuallv  grow 
out  from  the  ovary  iutn  the  abdominal  cavity,  remaining 
connected  to  the  original  site  of  formation  hx  a  moi'e  or  less 
well-dev<'loped  iieilicel;  in  other  cases  the  growth  is  into 
the  broad  ligament,  fi inning  intraligamentous  tumors, 
or  between  the  ovarian  ligaments  (interligamcntous). 
The  o\'ary,  as  a  rule,  undergoes  an  early  pressure  atroph)', 
the  ]iedicel  of  the  growth  being  fcu'med  by  the  ovarian 
ligaments,  lubi-,  and  broad  ligament,  all  of  which  become 
\ciy  much  changed  from  the  stretching  to  which  they 
are  sulijected.  The  nourishment  of  the  growth  is  to  a 
large  extent  supplied  by  the  development  of  blood-vessels 
in  the  inflammatory  adhesions  which  are  formed  between 
it  and  the  neighboring  structures.  As  the  tumor  increases 
in  size  it  gradually  rises  out  of  the  pelvis  into  the  abdom- 
inal cavity.  Torsion  of  the  pedicel  may  lead  to  complete 
necrosis  of  the  tumor,  and  the  resulting  peritonitis  and 
intoxication  caused  by  the  absorption  of  poisonous  prod- 
ucts are  not  infrequently  fatal.  Retrograde  changes 
ari'  also  very  common:  hemorrhage,  suppuration,  etc. 
Thin-walled  cysts  may  burst  and  discharge  their  contents 
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into  the  abdomiual  cavity.  la  tliis  way  lartjo  masses  of 
mucin  01-  colloid-containiiig  material  may  be  spread  all 
over  the  peritoneal  surface,  often  to  the  depth  of  several 
inches.     This  is  partly  al.isorbed  and  partly  undergoes  a 


Cystartonoma. 
Oystadeuoma, 


Fig.  1.7117.—  Simple  Multilocular  Cystadenoma  of  ovary. 
Eneyclopaedie.") 


(Euleiiberg's  "Real- 


partial  organization  (pseudomyxoma  peritonei).  Trans- 
planted portions  of  the  cyst  epithelium  lying  in  this  may 
undergo  proliferation  and  form  cysts  similar  to  the  parent 
growth  after  the  manner  of  a  true  metastasis.  After  rup- 
ture the  c_yst  walls  maj'  become  glued  together  by  fibro- 
blastic adhesions  and  complete  obliteration  ultimately 
take  place. 

Three  forms  of  ovarian  c3'stadenoinata  may  be  recog- 
nized: the  cystadenoma  simplex,  the  papuliferous  form, 
and  the  cystic  papilloma. 

The  simple  cynUideiioimi,  has  smooth  inner  walls  lined 
with  columnar  cells  which  for  the  greater  part  are  gob- 
let cells,  and  also  frecjuently  show  fatty  degeneration, 
or  necrosis.  Calcareous  plates  may  be  formed  in  such 
degenerating  epithelium.  The  contents  are  usually  of  the 
nature  of  glairy  mucus,  but  may  be  serous,  or  thick  and 
colloid-like.  They  may  be  much  changed  in  character 
by  products  derived  from  the  degenerating  epithelium, 
by  hemorrhages,  or  b}'  inflammatory  exudates.  Pseudo- 
muciu  IS  constantly  found  in  the  contents,  but  the  propor- 
tion present  differs  very  much  in  dittei'cnt  tumors.  It  is 
a  mucoid  body  which,  on  boiling  with  acids,  yields  a  re- 
ducing substance,  does  not  coagulate  on  boiling,  and 
differs  from  mucin  in  that  it  is  not  precipitated  by  acetic 
acid.  The  so-called  paralbumin  founil  in  the  cyst  con- 
tejits  is  only  a  mixture  of  albumin  and  pseudomuein. 
The  ej'stadenoma  simplex  is  a  benign  tumor  in  that  it 
grows  only  by  expansion,  and  produces  no  htematogen 
ous  or  lynrphogenous  metastases.  Rai'ely  it  spreads  over 
the  peritoneum  by  means  of  imijlantation  metastasis  after 
rupture  of  its  walls. 

The  iKiiiillary  form  of  the  ovarian  cystoma  arises  in 
the  same  manner  as  the  simple  form,  but  differs  from  it 
in  its  tendency  toward  proliferations  of  its  lining  epi- 
thelium, not  only  into  the  wall  in  the  formation  of  new 
cysts  but  also  in  the  shape  of  projections  into  the  cyst 
cavities.  The  conrmective  tissue  of  the  stroma  follows 
these  epithelial  buds  so  that  a  true  papillary  formation 
is  brought  about.  This  process  may  be  observed  in  all 
stages  in  different  cysts,  from  the  formation  of  small  epi- 
thelial budsgivinga  velvety  appearance  to  the  wall  when 
seen  by  the  naked  eye,  up  to  the  complete  filling  of  the 
cavity  with   a   cauliflower-like    mass    of    dendritically- 


branclung  papilla;.  The  pr„lif,.ration  of  the  papilla  may 
go  so  far  as  to  lead  to  perforation  of  the  walls  of  the 
tumor  and  the  growth  of  the  papillie  on  the  outer  surface 
of  the  capsule,  and  over  the  neiglilwring  peritoneum.  All 
stages  of  transition  forms  exist  "between  the  pure 
cystadenoma  simplex  and  the  growths  showing  this 
excessive  development  of  papillie.  The  growth  of 
the  papillary  forms  is  usually  not  so  rapid  as  that  of 
the  simple  form;  it  ditfei'S  further  from  the  latter  in 
that  Its  contents  are  serous,  very  rarely  c(aitaiuing 
pseudo-muciu;  and  is  most  frequently  double-sided 
in  its  occurrence,  and  rarely  exceeds'  the  size  of  a 
man's  head.  Its  epithelium  is  occasionally  ciliated. 
For  this  i-eason  this  foi-m  has  been  believed  to  ari.se 
from  the  parovarium  rathei-  than  from  the  ovary.  It 
has  been  shown,  however,  that  the  germinal  epi- 
theliunv  under  certain  condition.s  becomes  changed 
to  ciliated  epithelium.  Psammoma-like  concretions 
and  calcareous  plates  aie  of  very  common  occur- 
rence in  the  papilla;  of  these  growths.  This  form 
has,  fiu'ther,  a  greater  tendency  toward  mahgnancy 
than  has  the  simple  cystadenoma.  In  about  thirteen 
pi'r  cent,  of  eases  the  pajiillary  cysts  give  rise  to 
implanlation  metastases,  and  the 'development  of 
carcinoma  out  of  these  growths  is  not  infrequent. 
Sarcomatous  changes  are  also  said  to  take  place  in 
the  strtana,  but  these  cases  are  doubtful.  Since  the 
growth  of  the  papillary  forms  is  usually  iuterliga- 
ment(jus,  their  removal  is  attended  by  greater  diffi- 
culties than  in  the  case  of  the  cystadenoma  simplex. 
The  rystie  piipi/loiiia  of  the  ovary  (so-called  surface 
papilloma)  forms  usually  a  mass  about  the  size  of 
an  orange,  having  a  eaulitlower-like  surface  com- 
posed of  papilhe  covered  with  simple  or  ciliated 
colunmar  epithelium.  These  growths  arise  for  the 
greater  part  from  papillary  proliferations  of  the  siu'face 
germinal  epithelium;  through  cystic  changes  in  these 
and  in  the  ovary  the  growth  takes  on  the  character  of 
a  true  cystadenoma.  In  some  cases  the  origin  is  from 
a  ruptured  papuliferous  cyst  wdiose  papilhc  spread  over 
the  external  capsule.  This  form  shows  an  especial  ten- 
denc}^  to  carcinomatous  change,  and  very  frequently  sets 
up  implantation  metastases.  It  is  more  likely  to  recur 
than  the  other  forms.     It  is  most  frequently  one-sided, 


no.    15(38. 


-  Papilliferniis    Cystadenoma   ol    Ovary.      (Eulenberg's 
"  Real-Encyclopaedie.") 


while  in  the  other  ovary  there  is  almost  always  present 
a  papuliferous  cystadenoma.  Ascites  is  almost  always 
associated  with  the  surface  papilloma. 

Cystadenomata  of  the  ovary  can  also  arise  froln  ovar- 
ian 'teratomata,  in  whose  glandular  spaces  cystic  ddata- 
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tion  associated  with  eritUelial  proliferation  is  of  frequent 
occurrence.  Di'rinoid  cysts  are  very  often  found  in  as- 
sociation with  cystadenomata  arising  from  the  germinal 
epithelium,  usually  those  of  the  smooth-walled  variety. 

In  the  majority  of  ovarian  cystadenomata  the  clnef 
symptoms  arise  from  pres.sure  upon  the  neighboring 
organs  The  uterus  and  tubes  are  pushed  out  of  tlieir 
normal  positions,  and  in  the  case  of  very  large  tumors 
the  abdominal  organs  may  suffer  a  similar  displacement. 


Local  or  general  pcritoni- 
ascites,  hemorrhages,  gan- 


Pressure  atrophy  may  result, 
tis,  inflammatory  adhesions, 
grenc  following  torsion 
of  the  pedicel,  puru- 
lent infection  of  the 
tumor  through  asjiira- 
tion,  etc.,  arc  among 
the  important  sequela; 
of  the  development  of 
these  t  u  m  o  r  s.  Tlie 
treatment  is  wholly 
surgical. 

Purirrnrinm.  —  Cj'st- 
adenomata  of  the  paro- 
^arium  are  of  much 
less  frequent  occur- 
rence than  tho.9e  of  the 
ovaiy.  They  arise 
through  proliferation 
of  the  small  canals  of 
this  organ,  are  intra- 
ligamentous, and  sel- 
dom reach  a  large  size ; 
very  i-arely  thej'  grow 
around  the  tube.  Their 
walls  are  smooth  and 
lined  with  ciliated  epi- 
thehum.  They  are  be- 
nign in  m  a  n  n  e  r  of 
growth.  Occasionally 
thejr  may  rupture,  but 
this  event  is,  as  a  rule, 
not  attended  hy  serious 
consequences. 

Uterus.  — Cystadeno- 
mata of  the  wall  of  the 
uterus  arising  from 
remnants  of  the  Wolf- 
fian duct  have  been 
described.      They    are 

not  infrequently  associated  with  mj^ofibromata,  and 
this  association  is  at  times  so  intimate  that  tliey  may  be 
designated  cystadeno-myofibromata.  Cystadenomata  of 
tlie  endometrium  develop  out  of  adenomatous  polyps, 
but  rarely  reach  a  large  size.  They  may  become  car- 
cinomatous. Polypoid  growths  from  the  cervix,  of 
the  nature  of  cystadenomata,  are  mucli  more  common. 
Tliey  usually  follow  the  glandular  hyperplasia  result- 
ing from  ectropion  and  laceration  of  the  cervix,  but  may 
be  of  congenital  origin.  Carcinoma  maj'  develop  from 
them. 

nummary  Gland. — Next  to  the  ovary  the  mammary 
gland  is  the  organ  most  frequently  affected  ))y  cyst- 
adenoma.  The  adenoma  of  the  mamma  is  one  of  "the 
most  common  tumors,  and  its  gland  spaces  show  an 
especial  tendency  to  cystic  dilatation.  With  the  for- 
mation of  new  glandular  tissue  there  is  usually  at  the 
same  time  an  excessive  proliferation  of  the  connective 
tissue  of  the  stroma  so  that  the  resulting  tumor  has  been 
called  cystadenotibroma  or  cystotibroma.  The  walls  of 
the  cj^sts  may  l)e  smooth,  biit  are  usually  more  or  less 
papilliferous.  The  papillae  arecharacteri.slicin  that  Ibey 
usually  take  the  form  of  broad,  rounded  growths  into 
the  gland  spaces  whose  lumen  they  almost  entirely  till. 
On  cross-section  tlie  cyst  cavities  appear  as  narrow  tor- 
tuous canals  lined  with  epithelium;  many  <]f  the  jiaiiilhc 
may  be  cut  in  such  a  manner  that  they  ajipear  as  islands 
of  connective  tissue  surrounded  by  eiiithelium  (intra- 
canalicular  cystotibroma).     Very  fre(|uen(lv  the  stroma 


-Surtace  Papilluma  (f'y.stle  Papilloma)  ol  Ovary. 
''  Real-Eneyelopaedie.") 


of  the  papillae  becomes  myxomatous  in  character,  and 
occasionally  it  shows  such  marked  tendency  toward  pro- 
liferation that  such  growths  have  been  designated  as 
cystosarcomata.  The  cystadenomata  of  the  mammaj  are 
iiiore  malignant  than  the  adenomata.  The  papilliferous 
forms  may  break  through  the  skin  and  form  surface 
growths.  'They  very  often  become  carcinomatous,  and 
the  present  tendency  with  many  pathologists  is  to  class 
these  growths  with  the  malignant  tumors. 

Cystadenomata  occur  less  frequently  in  the   liver  and 
kidneys.     Their  origin  is  either    in    adenomata  arising 

from  the  bile  ducts  or 
kidney  tubules  or  in 
cysts  arising  through 
some  congenital  dis- 
turbance of  develop- 
ment. Cystadenomata 
of  the  pancreas  are 
rare.  They  arise  from 
the  acini  or  collecting 
ducts.  Cj'stadenomata 
of  the  thyroid,  preMate, 
tistin,  salivary  (/lands, 
laelrrymal  gland,  skin 
f/hiiid.'i,  etc.,  are  all  of 
infrequent  occurrence. 
Further,  CTStadeno- 
mata  may  arise  from 
teratomata  containing 
glandular  tissue  or 
from  fallal  inclu.sions 
of  glandular  type.  The 
cystic  growths  found 
\  cry  rarely  in  the  me- 
iliastinum  and  abdom- 
inal wall  near  the  um- 
bilicus belong  to  this 
class.  The  latter  arises 
from  remains  of  the 
o  m  p  h  a  1  o  -  mesenteric 
duct. 

On  the  whole,  cysta- 
denomata are  more  ma- 
lignant growths  than 
a  d  e  n  o  m  a  t  a.  They 
cause  greater  local  dis- 
turbance from  their 
great  size,  give  rise  to 
secondary  inflamma-  . 
to  rupture.  The  papil- 
to   implantation    metas- 


(Eulentierp's 


tory   changes,    and   are   likely 
liferous   forms   may   give    rise 

tases,  and  in  all  forms  of  c.ystadenomata  there  is  a  decided 
tendency  toward  the  development  of  carcinoma.  Recur- 
rence after  removal  is  also  more  common  in  the  case  of 
the  papillary  forms  than  with  adenomata.  The  differ- 
ential diagnosis  is  based  chiefly  upon  the  presence  of  aa 
elastic,  fluctuating  tumor.  Aspiration  maj'  be  of  aid  in 
diagnosis  and  also  as  a  means  of  decreasing  the  size  of 
very  large  cysts  so  as  to  admit  of  their  removal.  The 
treatment  is  whcdlj-  surgical.  The  pro.gnosis  after  re- 
moval of  the  growth  is,  on  the  whole,  very  favorable, 
but  the  tendency  of  paiiilliferous  cystadenomata  to  recur 
nuist  be  liorne  in  mind.  When  rupture  of  the  cyst  has 
occurred  imiilautation  metastases  .should  always  he  looked 
for,  and  the  same  precaution  should  always  be  taken  in 
the  case  of  ]iaiiiUiferous  growths  of  the  ovary  even  if 
rapture  into  the  abdominal  cavity  has  not  taken  place. 
The  tendency  of  the  cystolibromata  of  the  mammary 
gland  to  ficcome  carcinomatous  makes  their  early  re- 
moval desirable.  Aldrcd  Scott  Warthin. 

CYSTICERCUS  CELLULOS/E.     See  Cestoda. 

CYSTICERCUS     CELLULOS/E     CUTIS.  —  Multiple 

cysts  of  the  skin  due  to  cysticerci  have  been  recognized 
by  man}'  observers.  This  disease  consists  of  small-sized 
subcutaneous  tumors  due  to  the  invasion  of  the  cysticer- 
cus  cellulosiu  tela>  (the  cystic  stage  of  the  Tamia  solium). 
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Cystuerciis  Cellu- 
Cystoscopy,         [losa*. 


Most  of  the  cases  occur  in  countries  wliore  lialf-cooked 
pork  is  eaten.  It  is  stated  tliat  five  per  cent,  of  tlie  cases 
of  Tcenia  solium  affect  the  skin.  The  reason  that  few 
cases  have  been  recorded  is  prol)al)ly  due  to  the  fact  that- 
tlieir  presence  cavises  no  sj'mptouis,  and  consequently  the 
integument  is  not  examined. 

The  tumors  range  from  the  size  of  a  pea  to  that  of  a 
hazelnut,  and  may  he  single,  but  are  usually  multiple. 
They  occur  chiefly  on  the  back  and  sides  of  the  trunk,  less 
frequently  on  the  extremities.  They  are  subcutaneous, 
but  raise  the  skin  into  an  oval-shaped  tiuuor  of  a  carti- 
laginous firmness,  but  withal  elastic.  The  surface  is 
smooth  and  the  skin  normal,  unless  injured  by  trauma  or 
suppuration  of  the  underlying  tissues.  While  the  animal 
is  alive  the  tumor  retains  its  elasticity,  but  becomes  cal- 
cified into  a  hard  nodule  after  its  death.  The  difEerential 
dia.gnosis  practically  includes  all  subcutaneous  swellings 
and  growths. 

Cj'Sticerei  also  often  involve  the  brain,  and  in  the  diag- 
nosis any  encephalopathic  affection  present  (c.f/.,  giddi- 
ness, heaxlache,  torpor,  tits),  and  the  absence  of  any  syphi- 
litic history,  should  strengthen  the  suspicion  as  to  the 
nature  of  the  skin  affection. 

The  diiirinosis  can  always  be  confirmed  l)y  microscop- 
ical examination  of  one  of  the  tunioi-s  or  of  the  fluid, 
which  may  be  obtained  through  puncture.  Such  an  ex- 
amination will  disclose  the  booklets. 

Williinii  A.  ]I(inl/iir(iy. 

CYSTINURIA.     See  Aiitn-Tiito.ficntinnx 

CYSTOMA.     See  Cysts. 

CYSTOSCOPY.  —  Cystoscopy  may  be  defined  as  a 
method  of  inspecting  the  interior  of  the  bladder  by  means 
of  an  instrument  introduced  through  the  urethra.  This 
became  possible  for  the  male  bladder  only  when,  in  1M79, 
Nitze  of  Dresden,  perfected  an  instrument  by  which  he 
could'illuminate  the  interior  of  the  bladder  by  aplatuium 
wire  heated  to  a  white  heat  by  electricity  and  prevented 
from  burning  the  bladder  wall  by  a  constant  current  ot 


metal  tube,  from  eight  to  nine  and  one-half  inches  in 
length,  and  usually  of  the  calibre  No.  33  of  the  French 
scale.  At  the  outer  end  of  the  shaft  is  a  funnel-shaped 
enlargement  which  contains  the  eyepiece  of  the  optical 


Fig.  1,572.— Albarran's  Catheterizing  and  Irriiratlns  Cystoscope.  Shows 
catheter  In  position  and  elevated  to  its  lull  exteut  by  the  screw  in 
the  handle.     (Original.) 

apparatus  and  bv  which  the  instrument  can  be  held  (.see 
Fiu,-.  1.571).  Tlie 'beak  is  three-fourths  ot  an  incliin  length, 
and  is  fastened  to  the  .shaft  at  an  angle  of  145'.  This 
beak  carries  the  lamp,  and  has  an  apertiue  through 
which  the  liaht  shines.     The  window,  through  which 
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Fig  1570.— Fenwick-Leiter  Cystoscope.  Lamp  and  windows  lor  ob- 
servation on  the  concave  side  of  the  instrument.  Arm  attached  at  a 
right  angle  to  the  handle  is  the  movable  switch  to  which  wires  trom 
a  battery  are  attached.     (Original,  i 

cold  water  The  complications  of  this  instrument,  how- 
ever were  such  that  the  white  hot  wire  soon  gave  place 
to  a  small  Edison  incandescent  lamp,  which  greatly  sim- 
plified the  process  and  improved  the  illumination. 

The  instrument  now  in  use  retains  the  essential  feat- 
ures of  Nitze's  cystoscope,  and  consists  of  the  follow- 


FiG    l.Wl -Fenwick-Leiter    Cystoscope,   Second    Variety.     Window 
and  lamp  on  the  convex  side  of  the  Instrument.     (Original.) 

ing  parts:  a  shaft,  a  beak,  a  light,  a  window  through 
which  the  bladder  wall  is  seen,  and  an  optica  apparatus 
contained  in  the  shaft,  by  means  of  which  the  image  is 
corrected  and  brought  to  the  eye.     The  shaft  is  a  hollow 


^Sk^ 


Fig.  1.573.— Albarran's  Catheterizimg  and  Iirigating  Cystoscope.  Irri- 
gating attachment.  Water  is  injected  into  the  bladder  by  the  chan- 
nel previously  occupied  by  the  catheter.     (Original.) 

the  bladder  wall  is  seen,  is  situated  on  either  the  convex 
(ir  the  concave  side  of  the  angle,  between  the  beak  and  the 
shaft.  When  placed  on  the  convexity  of  this  angle  it  is  in 
the  iixis  of  the  shaft  and  admits  of  a  direct  view  of  the 
liladder  wall  toward  which  it  is  pointed.  When  the  win- 
dow is  on  the  concave  side  of  the  angle  the  image  of  the 
bladder  wall  is  received  by  a  prism  which  turns  it  at  a 
right  angle  into  the  axis  of  the  shaft  of  the  instrument. 

The  optical  apparatus  contained  in  a  tube  within  the 
shaft  has  a  lens  just  at  the  window  in  the  bladder,  and 
another  at  the  end  toward  the  observer. 

The  convergent  rays  wdiich  enter  the  little  window 
within  the  bladder  are  deflected  and  carried  up  the  axis 
of  the  tube  to  be  received  by  the  lens  at  the  upper  end; 
this  lens  again  disperses  them  and  presents  to  the  eye  an 
ima<-e  equivalent  to  that  received  by  the  first  lens.  Thus 
a  po°rtion  of  the  bladder  wall  much  larger  than  the  aper- 
ture is  presented  to  the  eye.  The  effect  is  much  the  sam(3 
as  if  the  eye  were  carried  down  to  the  lower  opening  and 
directly  inspected  the  bladder  through  it. 

In  order  to  connect  the  lamp  with  the  battery  the 
shaft  is  made  of  two  tubes,  one  within  the  other,  which 
are  separated  from  each  other  by  insulating  material. 
Thioua-h  them  the  current  is  carried  and  may  be  turned 
on  and  off  by  a  switch  attached  to  the  handle.  These 
tubes  take  u'p  space  and  diminish  the  lumen  ot  the  in- 
strument To  obviate  this  difliculty  Otis  has  recently 
devised  an  instrument  in  which  the  electricity  is  conveyed 
throuch  very  tine  wires. 

While  the  principle  of  the  cystoscope  has  not  been 
altered  it  has  undergone  many  modifications  to  enlarge 
its  usefulness.  Thus  it  has  been  found  that  one  of  the 
most  common  causes  of  failure  to  get  a  good  view  ot  the 

ladrler  is  the  presence  of  blood  or  pus  in  the  solution 
wth  which  the  bladder  is  filled.     This  may  be  obvia  ed 

n  a  measure  by  the  arrangement  of  an  extra  tub(3  in  the 

haft  connecting  with  a  stopcock  in  the  hand  e  through 
which  the  fluid  in  the  bladder  can  be  changed  from  time 

o  time  without  disturbing  the  instrument  or  turning  ofl: 

1,  liffht  Instruments  thus  equipped  are  known  as  irri- 
gatini  cystoscopes,  and  the  improvement  ism  some  cases 

of  value. 
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The  success  wliich  attended  the  efforts  to  cathoterize 
tlie  ureter  in  tlie  femak'  bladder,  and  the  information  ob- 
tained in  this  way,  naturally  led  to  similar  attempts  in 
the  male.     To  this  end  various  modifications  of  the  cys- 


Fif;.  1.0,4.— Sliowing- the  position  ot  a  oatheterizins  evstoscope  ivltli 
window  "11  conve.xity  at  the  moment  when  a  ratheter  is  being  in- 
(From  F.  TiMen  Brnwn.) 


trodueed  into  the  left  ureter. 


to.scopc  have  been  devised  to  enable  the  operator  to  in- 
troduce an  ureteral  catheter  under  the  £,^uidance  of  the 
eye. 

The  operation  of  cy.stoscopy  is  not  difficult,  but  for 
its  thorough  performance  some  skill  and  patience  are 
reipiired.  The  interpretation  of  the  conditions  seen  is  by 
no  means  easy,  and  considerable  experience  is  needed  tor 
tlie  correct  understanding  of  them. 

Tlie  patient  maybe  placed  horizontally  on  his  back 
or  in  the  lithotomy  position,  according  to  "the  individual 
prelereuee   of  tlio   operator.     The    bladder    should    be 
washed  out,  and  the  irrigation  should  be  continued  until 
the  wasii  water  returns  clear. 

If  cocaine  is  to  be  used  as  the  ana'Sthctic  it  should  lie 
introduced  at  this  time,  but  the  fact  must  be  boi-ne  in  mind 
that,  win],,  tlie  mucous  membrane  of  the  bladder  in  health 
a  is,,rl,s  slowly  and  imperfectly,  an  ulcerated  or  diseased 
iil^i'lder  may  aljsorb  with  great  rapidity.  When  ether  or 
c  ilorotoi-ni  18  used,  the  patient  sliojld  be  fully  ana'S- 
tliotized  hetore  the  cystoscope  is  introduced 

llie  l>ladder  should  be  disleiided  with  four  or  five 
ounces  ot  a  two-per-eent.  .solution  of  boric  acid.  In  case 
0  an  over-disteniled  and  atonic  bladder,  even  more  than 
m enJ  Ti"  "!  T^"-T  "'^^  ^"  "'tTOduced.  The  iustru- 
V   irh  w'n''"^''/''!\«'-^'"''™  '"■  "«'«•■  cl^'"i-  l"'>ricaiit 

W  ed^^  T;r'\r""'''  '"'"'"  ^"''"S  taken  not  to  start  up 
K  h  .nsfrunient  has  thorougldy  enterell 

tni  h  a,t,|e,,  the  light  may  be  turned  on,  ami  at  the  same 
tune  the  room  should  l,e  darkened.     By  usin'     thr  cvs to 

above  Hie  u?e^,f''  v"  "''^''  ^"'' ""  consid,.rable  ilistancc 
c  on!-;mr  ti  ■  ?'  "'■"'"'"■  ''"'y  1"'  f>.HUiined.  Now  by 
changmg  the  mstrument  and  taking  the  one  which  looks 
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out  anteriorly,  the  operator  may  inspect  the  front  wall  ot 
the  bladder  and  the  parts  above" the  urethral  orifice.  This 
examination  should  be  sj^stematic  iu  order  that  no  part 
of  the  bladder  may  be  overlooked. 

The  limits  of  this  article  will  not  permit  of  any  detailed 
description  of  the  cj'sto.seopic  pictures,  but  will  conflue 
us  to  a  brief  consideration  of  the  conditions  in  which 
cystoscopy  may  be  of  use. 

Tumor  of  tlie  Bladder. — The  cystoscope  affords  often 
the  most  perfect  opportunity  for  making  an  early  and 
liositive  diagnosis  of  tumor.  As  the  use  of  the  instru- 
ment becomes  more  and  more  common  it  is  to  be  expected 
tliat  tumors  will  be  detected  early,  before  they  have  out- 
grown the  possibility  of  thorough  and  radical  removal. 
The  pictures  presented  by  tumors  are  often  characteristic 
and  easily  understood.  On  the  other  hand,  the  examina- 
tion is  often  very  difficult,  or  indeed  impo.ssible,  by 
reason  of  the  liemoiThage  which  entirely  prevents  a  clear 
picture. 

It  is  well  to  remenilier  that  in  a  bladder  not  very  fully 
distended  the  folds  of  mucous  membrane  may  present 
misleading  pictures  closely  simulating  some  forms  of 
tumor.  A  mistake  from  this  cause  may  usually  be 
avoided  by  fully  distending  the  bladder,  and  it  is  one 
which  is  but  little  likely  to  occur  in  the  hands  of  an  expert. 
With  an  irrigating  cystoscope  a  jet  of  water  may  be 
thrown  into  the  bladder  during  tlie  examination,  thus 
making  a  pedunculated  tumor  move  iu  such  a  way  that 
the  operator  may  judge  of  the  nature  and  extent'of  its 
attachment  to  the  bladder  wall. 

Kririiriridtioii  of  an  IfyiiertropTded  Prostate. — The  por- 
tions of  the  prostate  which  project  back  into  the  bladder 


FIG.  i.ir."). 

tliroiiffli 
Tilden  Rrnwn.l 


Sliiiwinsr  tlie   process  of  eatheterizinp:   the   left   ureter 
•■ystosriipe  having  window  on  the  eonoavity.     (From  F. 


can  be  (|uite  thoroughly  and  satisfactorily  examined 
through  the  cystoscope.  The  knowledge  thus  obtained 
may  be  of  decided  value  in  determining  the  oiierative 
jirocedure  appropriate  to  each  case. 

htaecilatexl  Bladder.— There  are  certain  cases  of  saccu- 
lated bladder  in  which  the  cystoscope  is  a  great  aid  in 


REFERENCE   HANDBOOK   OP  THE   MEDICAL   SCIENCE^!. 


CystoMopy. 

Cysts. 


diagnosis.  The  pocl^ets  may  contain  stones  or  give  risi' 
to  conditions  resulting  in  the  formation  of  stone,  and  in 
such  cases  an  early  and  accurate  diagnosis  is  difficult  or 
impossible  witliout  the  aid  of  the  cystoseope,  A  more 
frequent  use  of  this  instrument  might  lead  to  a  nujre  in- 
telligent treatment  of  the  obsciu-e  conditions. 

Ulceration  of  tlie  Bluilder  Wall. — It  is  rare  to  see  the 
bladder  wall  ulcerated  except  as  tlie  ivsult  of  malignant 
disease  or  tuberculosis.  It  is  usually  iios.sible  lo  make 
the  diagnosis  of  tubercidosis  without  the  aid  of  the  cysto- 
seope; and  this  is  fortunate,  for  the  manipulations  of  a 
thorough  cystoscopic  examination  often  greatly  aggra- 
vate the  discomforts  of  a  tuberculous  patient  and  in  some 
cases  even  seem  to  hasten  the  course  of  the  disease.  This 
is  especially  due  to  the  danger  of  adding  a  mixed  infection 
to  the  existent  tuberculous  process. 

E.miiiiiHition  of  the  I'l-chr. — Inspection  of  the  ui-eteric 
orifice  is  possible  through  the  cystoseope  and  may  alford 
valuable  information  as  to  the  condition  of  the  kidneys. 
In  ha^maturia  or  pyuria,  for  exam]ile,  a  cloudy  jet  of 
blood  or  pus  from  the  ureter  convicts  the  corresponding 
kidney  of  being  tlie  seat  of  the  hemorrhage,  or  of  some 
inflammatory  process.  The  desire  to  extend  the  exaniina 
tion  further  and  to  get  still  more  exact  information  as 
to  the  condition  of  each  kidney  has  led  to  the  \ise  of  ure- 
teral catheters,  through  the  cysto.seope.  Brenner,  Casjiar. 
Albarran,  Otis,  Brown,  and  otliers  have  devised  a  modili- 
cation  of  the  c^'stoscope  whicli  makes  this  proceduie  pos- 
sible. For  a  more  complete  discussion  of  this  subject  the 
reader  is  referred  to  the  article  on  Ciithelerism. 

Detection  of  Foreifpi  Bodien. — The  cystoseope  is  occa- 
sionally useful  in  demonstrating  the  presence  of  foreign 
bodies  in  the  bladder.  In  tliis  way  pins,  silver-wire 
sutures,  and  sill';  sutures  which  were  working  their  way 
into  the  bladder  have  been  seen  and  removed. 

Artliiir  T.  Colioi. 
Iliii/h  (Jiibot. 

CYSTS.  (See  also  Ci/stodeitoiiHi.)—\  cyst  is  a  circum- 
scribed cavity  containing  a  more  or  less  fluid  substance, 
or  in  rare  cases  gas,  shut  off  from  the  neighboring  tissues 
by  a  more  or  less  independent  wall,  and  owing  its  origin 
to  ])athological  processes.  To  this  definition  there  are, 
however,  a  number  of  exceptions.  Pericardial,  pleural, 
and  peritoneal  effusions,  tuberculous  cavities,  abscess 
caverns,  sinuses,  etc.,  as  well  as  simple  dilatations  of  the 
iioUow  organs  of  the  body  (stomach,  colon,  bladder,  etc. ), 
in  which  the  normal  wall"  as  well  as  the  form  of  the  organ 
is  preserved,  are  not  as  a  rule  designated  as  cysts,  A 
distinction  is  also  made  by  some  writers  between  cysts 
possessing  a  well-defined  wall  and  those  who.se  wall  con- 
sists only  of  the  surrounding  tissue,  the  latter  being  termed 
cystoid.  On  the  other  hand  a  distinction  must  be  made 
lietween  the  true  cysts  and  the  cystic  neoplasms.  The 
latter  are  to  be  cla.ssed  as  cystomata  or  cystadenomata. 
It  is  very  difficult,  however,  to  fix  the  boundary  line  be- 
tween tlie  cyst  and  the  cystoma.  In  the  development  of 
every  cyst  a  certain  degree  of  proliferation  of  its  wall 
must  take  place  to  compensate  for  the  increasing  size  of 
its  cavity,  else  defects  in  its  wall  woidd  result.  This 
tendency  of  the  cyst  wall  to  proliferation  is  more  marked 
in  some  cases  of  cyst  formation  than  in  olliers,  conse- 
quently it  sometimes  becomes  very  difticult  to  fix  the 
exact  nature  of  the  cyst.  As  a  general  point  of  diflereu- 
tiation  it  may  be  taken  that  all  cystic  growths  which 
through  the  proliferation  of  the  elements  of  their  walls 
constantly  form  new  cysts  are  to  be  classed  with  the 
cystomata.  In  connection  with  such  growths  there  is 
usually  a  pathological  formation  of  new^  gland  tissue  to 
which  the  cystic  change  is  almcst  always  secondary. 
The  character  of  the  growth  is  therefore  more  ]M-(iperly 
expressed  by  the  term  cvstadenoma.  In  the  tnu'  cyst 
the  proliferation  of  the  cyst  wall  is  confined  to  that  of 
the  original  cvst  and  there  is  no  progressive  formation  of 
new  glandular  tissue.  It  must,  however,  be  Ijorae  in 
mind  that  cy.stomata  very  fi'cquently  take  tlK.'ir  origin 
frfim  simple  cvsts. 

Cysts  may  vary  in  size  from  a  pinhead  to  a  man's  head 


and  occasionally  much  larger.  They  mav  consist  of  but 
oiK^  cavity  (simple  or  unilocular  e'vst),  or  they  may  be 
many-ehanibered  (compound  or  multiloenlar  cysts).  "The 
chambers  of  a  multilocular  cyst  arc  u.sually  ve'ry  irregular 
in  size  and  shape,  and  mayor  may  not  communicate  with 
each  other.  Communication  between  the  cavities  may 
oeeui-  primarily  in  cases  in  which  an  entire  acinous  gland 
becomes  changed  into  a  cyst,  as  may  ha]i])eii  in  the  ease 
of  the  salivary  glands.  Secoudary'coniniuniealio)!  may 
be  established  tlirough  rupture  or  atrophy  of  (he  jiartilion 
walls.  C^omplete  destruction  of  tiiese  transfm-ms  a  multi- 
loenlar cyst  into  a  unilocular.  On  the  oilier  hand,  a 
cyst  of  a  single  cavity  may  through  proliferation  of  its 
walls  become  changed  to  one  of  several  or  many  chambers. 
( )bliteration  of  a  cyst  cavity  may  result  from  organization 
or  solidification  of  its  contents,  or  ruptureof  thecystmay 
be  followed  by  its  collapse  and  sidisequent  union  of  its 
walls  through  fibroblastic  adhesions.  The  inner  wall  of 
the  cyst  cavity  may  be  smoolh  (simple  cyst),  or  may  be 
papillary  (papuliferous  or  proliferous  cyst).  Cysts  in 
their  occurrence  may  be  single  or  multiple.  Jtulliple 
cj'st  formation  in  a  number  of  adjacent  cavities  ma_y  as- 
sume the  appearance  of  a  midtilocular  cyst  through  the 
atropli}'  of  the  intervening  tissues. 

The  essential  elements  of  the  cyst  are  the  cyst  wall  and 
the  cyst  contents.  The  latter  must  be  different  in  nature 
from  the  former,  but  both  bear  certain  definite  i-elations 
to  each  othei'.  Either  one  or  the  other  may  be  the  primary 
agent  in  the  formation  of  the  cyst.  In  the  case  of  the 
liquefaction  of  necrosed  tissues  or  in  the  formation  of  a 
capsule  around  a  parasite  the  wall  is  developed  secondarily 
to  the  contents,  while  in  other  forms  of  cysts  the  contents 
are  the  result  of  secretion  bj'  the  elements  of  the  cyst 
wall.  In  these  cases,  however,  the  retention  of  secretions 
and  the  consequent  stretching  of  the  wall  are  the  factors 
which  excite  further  proliferation  in  the  elements  of  the 
wall. 

As  a  rule  the  cyst  wall  consists  of  a  connective-tissue 
membrane  of  greater  or  less  thickness  separating  tlie  cyst 
contents  from  the  neighboring  tissues.  It  may  be  thick 
enough  to  be  visible  to  the  naked  eye,  or  may  be  evident 
under  the  microscope  as  a  very  delicate  fibrous  layer,  or 
only  as  a  thickened  layer  of  the  surrounding  tissues, 
while  in  other  cases  the  cyst  contents  may  lie  in  direct 
contact  with  these  without  any  proper  intervening  mem- 
brane. Very  frequently  the  cyst  wall  is  so  independently 
developed  as  to  render  it  possible  for  the  cyst  to  be  ea.sily 
shelled  out  from  the  surrounding  tissues.  In  other  cases 
the  wall  may  become  thickened  through  infiammatory 
processes  and  .so  intimately  adherent  to  the  neiglibnring 
structures  that  its  separation  from  them  becomes  ditticult 
or  inipossil.)le.  In  a  general  way  the  thickness  of  the 
cyst  wall  will  depend  both  upon  the  age  of  the  cyst  and 
upon  the  degree  of  pressure  within  it.  In  the  early  stages 
of  formation  the  cyst  may  possess  no  definite  wall,  while 
later  a  thick  fibrous  capsule  may  gradually  develop.  On 
the  other  hand  an  originally  thick  capsule  may  be  thinned 
from  a  great  increase  of  pressure  within  the  cyst.  De- 
posits of  fibrin,  lime  salts,  etc.,  upon  the  inner  surface  of 
the  wall  may  cause  its  apparent  thickening.  The  con-  ■ 
nectivc-tissue  capsule  of  the  cyst  may  have  either  an  epi- 
thelial or  an  endothelial  lining,  or  the  cyst  contents  may 
lie  in  direct  contact  with  the  connective  tissue  of  the 
wall  or  with  the  surrounding  tissue.  This  will  depend 
chiefly  upon  the  anatomical  origin  of  the  cyst,  the  char- 
acter of  the  inner  lining  of  the  capsule  being  the  same  as 
that  of  the  cavity  from  wdiich  the  cyst  arose.  Epithelium 
will  be  found  only  in  those  cysts  which  arise  from  spaces 
originally  lined  with  epithelium,  and  from  the  character 
of  the  epithelial  cells  lining  the  cyst  it  is  possible  within 
certain  limits  to  tell  its  origin.  Many  changes,  however, 
take  place  in  the  character  of  the  lining  cells:  originally 
tall  columnar  cells  may  become  cuboidal  or  flattened, 
ciliated  cells  may  be  changed  to  simple  columnar  or  flat- 
tened while  a  single-layered  epithelium  may  become 
stratified  through  proliferation.  Increase  of  pressure 
within  the  cyst  is  the  chief  factor  in  producing  these 
changes.     For  this  reason  the  true  character  of  the  lining 
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epithelium  is  best  preserved  in  the  cysts  of  smallest  size. 
Under  certain  conditions  these  changed  forms  of  epithe- 
lium revert  to  their  original  type.  Cysts  formed  in 
connective  tissue  or  from  dilatation  of  blood  or  lymph 
spaces  will  be  lined  with  endothelium.  In  the  first  case 
the  endothelium  arises  from  the  proliferation  of  the 
endothelial  cells  lying  in  the  connective-tissue  spaces.    ^ 

Retrograde  changes  are  of  very  frequent  occuri-ence  m 
the  cyst  wall  and  the  cells  lining  it.  Mucous  degeneia- 
tion,  as  well  as  hydropic  and  fatty  degeneration  ol  the 
lining  epithelium,  is  the  most  eoraniou.  Desquamation 
and  necrosis  also  occur,  as  well  as  pressure  ati-ophy. 
(Jorpora  amylacea  and  colloid-like  substances  are  also 
found  in  cysts  as  the  results  of  pathological  secretion  of 
the  lining  cells.  In  the  connective-tissue  capsule  there 
may  occur  inflammatoiy  processes  of  varied  kinds,  sup- 
puration, hemorrhage,  calcification,  hyaline  change,  and 
even  bone  formation.  Calcareous  plates  may  be  formed 
in  the  cyst  wall  or  the  entire  wall  may  be  completely 
calcified'.  Very  rarely  amyloid  is  ff>und  in  cyst  walls 
after  Inflnmnia'torv  processes.  As  a  result  of  changes  in 
the  capsuh'  tlie  liiiiiig  of  the  cyst  undergoes  degeneration 
following  tlie  disturjiaiice  of  its  nutrition.  Obliteration 
of  tliecyst  may  result  from  extensive  changes  in  the  wall. 

Tlie  content" of  cysts  varies  greatly  according  to  tlieir 
origin.  It  may  be  serous  with  greater  or  less  albumin  con- 
tent, or  it  may  contain  mucin,  pseudo-mueiu,  albumose, 
etc.,  or  it  may  be  colloid-like,  hemorrhagic,  purulent,  or 
contain  fat,  fatty-acid  crystals,  cholesterin,  blood  pig- 
ment, etc.  To  the  naked  eye  its  appearance  may  be  thin 
anil  transparent,  or  thick,  turliid,  opaque,  varying  in  color 
from  red,  brown,  greeni.sh,  or  gray,  to  yellow  and  white. 
The  consistence  may  be  stringy,  gelatinous,  waxy,  slimy, 
pultaceous,  greasy,  etc.  In  i-are  cases  the  cyst  may  con- 
tain only  air  or  gas.  The  epithelium  lining  cy.sts  pro- 
duces a  secretion  somewhat  analogous  to  that  of  the  gland 
from  which  it  has  its  origin,  l)nt  owing  to  the  retrograde 
changes  occurring  in  the  epithelial  cells  the  chemical  na- 
ture of  the  secretion  comes  to  differ  greatly  from  tliat  of 
the  normal.  Accoi'ding  to  the  nature  of  these  changes  it 
may  become  serous,  mucous,  colloid,  etc.  ;  if  exudates 
from  the  cyst  wall  are  added  to  it  the  content  may  be- 
come fibrinous,  purulent,  albuminous,  etc.  ;  or  in  case  of 
hemoi'rhage  into  the  cystT  it  may  contain  the  remains  of 
red  cells  or  blood-pigment  granules.  The  reaction  of 
cyst  secretions  is  usually  weakly  alkaline,  but  it  may  be 
neutral  or  acid  in  rare  cases  of  retention  of  an  acid  secre- 
tion. Cysts  aiising  from  the  degeneration  of  tissues  or 
tumors  may  contain  portions  of  tissue  showing  sufficient 
structure  to  aid  in  the  differential  diagnosis.  In  cysts 
formed  by  parasites  portions  of  the  para.site  may  be  pres- 
ent. In  the  case  of  cystic  abdominal  tumors  the  char- 
acter of  the  cyst  contents  is  of  great  importanee  in  the 
differential  diagnosis. 

According  to  their  origin  cysts  maj'  be  divided  into: 

1.  Retention  cysts. 

2.  Follicular  cysts. 

3.  Proliferation  cysts. 

4.  Degeneration  cysts. 
•5,  Endothelial  cysts. 

6.  Congenital  cysts. 

7.  Inclusion  cysts. 

8.  Foreign-body  cysts. 

9.  Parasite  cysts. 

10.  Air  or  gas  cysts. 

Retentiun  C'l/stn.—Thef^e,  arise  through  the  dilatation  of 
gland  spaces  or  ducts  caused  by  the  retention  of  secretion 
due  to  some  obstruction  to  the  normal  outflow.  '11ns  is 
the  most  common  form  of  cyst  and  may  arise  in  any  gland 
of  the  body  possessing  a  duct  or  lumen,  provid'ei'l  that 
an  actively  secreting  iiarenchyma  still  remains  behind  the 
point  of  obstruction.  Hucli  cvsts  arc  therefore  lined 
with  epithelium  resemblinij:  in  character  that  of  the  .r|and 
in  which  they  arise.  Retention  cvsts  lined  with  endothc- 
huni  may  arise  from  lymphatics,  lvmi)li  spaces  synovial 
membranes,  or  tendon  sheaths.  The  contents  of  ri'tention 
cyst_s  depend  upon  the  nature  of  the  tissue  in  which  tliey 
are  tormed  and  upon  the  seeondarv  retrograde  diamres 


present.  The  causes  leading  to  the  obstruction  or  closure 
of  gland  ducts  are  very  varied  in  nature :  inflammations 
in  the  gland  or  neighboring  tissues,  cicatricial  contrac- 
tion, thickening  of  secretions,  calculi,  new  growths  in  or 
around  the  gland,  etc.  The  gland  duct  may  also  be 
partially  closed  during  a  resting  period,  so  that  when  the 
gland  is  suddenly  called  into  activity  the  inadequacy  of 
the  outflow  leads"  to  a  cystic  dilatation.  As  the  secretions 
collect  liehind  the  point  of  obstruction,  the  gland  or  duct 
becomes  dilated  and  with  the  stretching  of  the  wall  there 
is  usually  a  compensatory  hyperplasia  of  the  gland  wall. 

Retention  cysts  are  most  "commonly  found  in  the  hair 
follicles  and  sebaceous  glands  of  the  skin,  glands  of  Bar- 
tholin, mucous  glands  of  the  alimentary  tracts,  uterine 
glands,  epididymis,  kidney  tubules,  and  mammary  gland  ; 
less  frequently  in  the  sweat  glands,  biliary  ducts,  pan- 
creas, salivary  glands,  etc.  Cj'stic  dilatation  of  the 
larger  canals,  ureters,  vermiform  appendix,  p\llopian 
tubes,  etc.,  may  also  be  caused  by  obstruction  and  reten- 
tion of  pathological  secretions  and  exudates. 

Folliciiliir  Cyntx. — Closed  glandular  cavities  having  no 
outlet,  such  as  those  of  tlie  thyroid,  ovary,  parovarium, 
etc.,  become  cy.stic  when  an  excessive  amount  of  secre- 
tion is  formed  liy  their  walls.  Such  cysts  are  extremely 
common  in  the  ovary  and  parovarium,  being  found  in 
[n'actically  every  woman  after  the  age  of  tllirt3^  They 
are  usually  of  small  size  but  may  become  very  large. 
They  are  lined  usually'  with  a  single  layer  of  columnar 
cells  and  contain  a  mucoid  or  colloid-like  substance.  This 
may  present  great  alterations  in  character  due  to  second- 
ary ]iatliological  changes  in  the  cyst  wall. 

Proliferation  Cysts. — As  the  retention  or  follicular  cyst 
enlarges  there  must  take  place  also  a  compensator}'  in- 
crease of  the  tissue  elements  of  its  wall,  or  else  rupture 
from  excessive  thinning  would  eventuall_y  take  place. 
Cyst  formation  is  therefore  not  entirely  of  the  nature  of  a 
retrograde  change,  but  involves  a  certain  degree  of  pro- 
liferation. It  is  consequently  difficult  to  draw  a  definite 
line  between  simple  proliferating  cysts  on  the  one  hand 
and  cj'stic  neoplasms  on  tlie  other.  As  true  tumors  of 
the  latter  class  (cystomata  or  c^ystadenoniata)  may  be 
classed  all  cystic  growths  a  hich  through  the  proliferation 
of  their  walls  constantly  form  new  cysts.  Preceding  this 
new  cyst  formation  there  is  usually  a  pathological  forma- 
tion of  new  gland  tissues  to  which  the  cystic  change  is 
secondary.  As  mentioned  above  such  growths  are  there- 
fore more  properly  classed  as  cy'stadenomata.  Cystic 
tumors  may  also  arise  from  newly  formed  lymph  and 
blood  vessels,  but  these  are  to  be  cla.s.sed  with  the  angio- 
mata.  As  true  proliferatiim  cysts  are  to  be  regarded 
those  unilocular  cysts  which  become  multilocular  through 
the  proliferation  of  their  walls,  at  the  .same  time  increas- 
ing greatly  in  size;  or  those  cysts  whose  walls  proliferate 
into  the  lumen  of  the  cyst,  forming  papillary  excrescences 
on  the  inner  surface  of  the  cyst  wall.  Proliferation  cysts 
occur  chietly  in  the  ovary,  parovarium,  kidneys,  and 
cervix  uteri.  Between  them  and  the  true  C3'stoma  there 
is  a  gradual  transition. 

Defienerntion  Ci/sts. — Cystic  spaces  are  very  frequently 
formed  by  the  li(|Uefactionof  necrosed  portions  of  tissues 
or  organs.  They  may  possess  no  definite  wall,  or  the 
space  may  be  surrounded  by  a  connective-tissue  capsule 
which  iu  some  cases  is  lini'd  with  endothelium  derived 
from  the  endothelial  cells  of  the  connective-tissue  spaces. 
The  cyst  may  contain  portions  of  necrosing  tissue-ele- 
ments whose  structure  is  sutficiently  preserved  to  admit 
of  identification.  Degeneration  cysts  may  arise  as  sequelne 
to  ana'Uiic  infarctions,  especiall_y  those  of  the  brain.  In 
the  ovary  they  occur  within  certain  limits  as  a  physio- 
logical degeneration  of  the  corpus  luteum  and  also  o"f  the 
Graafian  follicle  after  the  menopause.  Large  extravasa- 
tions of  blood  in  the  tissues,  chronic  abscesses,  old  tuber- 
cles, guminata,  etc.,  may  also  become  liquefied  and  form 
cysts.  Degeneration  cysts  occuralso  in  the  bone  marrow 
of  old  age,  and  in  the  thyroid,  pancreas,  kidneys,  etc. 
They  are  also  very  commonly  present  in  quickly  grow- 
ing malignant  tumors  following  simple  necrosis,  "fatty  or 
mucous  degeneration.     In  these  cases  the  content  of  the 
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cyst  IS  usually  cloudy  or  turbid,  coutiiiniun-  bkx.d  ,,i(r- 
mcut  and  remains  of  tumor  elements.  Such  (lei^eourulion 
cysts  are  especially  common  in  myxomata  and  sarcomata 
sometimes  occurring  to  such  a  degree  as  to  warrant  the  em- 
ployment nf  such  terms  as  cystoniyxoma,  cystosarcoma 
EiKhthelud  QAs'i**'.  — Degeneration  cvsts  lined  with  en- 
dothelium may  bo  formed  by  the  proliferation  of  the  en- 
dothelial cells  of  the  connective-tissue;  spaces.  Ketention 
cysts  with  endothelial  lining  may  arise  from  blood-vessels 
lymphatic  vessels  and  spaces,  tendon  sheaths  and  syno- 
vial membranes.  The  so  called  ganglion,  liygnuna  etc 
may  be  placed  in  this  category.  In  these  cases  the  cyst 
is  usually  formed  by  the  shutting  olf  of  .some  iiortion  of 
a  cavity  by  mflaminatory  adhesions  or  constrictions  and 
the  dilatation  of  the  sac  so  formed  through  the  accuniu 
lations  of  intlammatory  exudates.  In  the  case  of  the 
ganglion  the  cyst  is  formed  by  a  myxomatous  degenera- 
tion of  the  connective  tissue  in  the  neighborhood' of  the 
joints,  and  derives  its  endothelium  from  that  of  the 
Ij-niph  spaces.  It  is  partly  a  new  formation  and  partly 
a  degeneration.  The  cystic  hamiangiomata  and  lymph- 
angiomata  belong  to  the  neoplasms  and  are  not  to  be 
placed  in  this  categor}'. 

Congenital  C?/.s(s.— Remains  of  ftptal  clefts,  canals,  and 
Assures  in  normal  locations  or  misplaced  fcetal  inclusions 
may  become  cystic  as  a  result  of  proliferation  of  their 
walls  excited  by  trauma,  iutlammation,  etc.,  or  from  ex- 
cessive formation  of  secretion.  Such  cysts  occur  in  the 
branchial  clefts,  urachus,  parovarium,  remains  of  the 
WoUflan  body,  Midler's  ducts,  etc.  The  dermoid  cysts 
and  cystic  teratomata  are  usually  classed  with  neoplasms. 
Analogous  to  the  cysts  arising  from  foetal  inclusions  are 
those  arising  from  the  implantation  of  epithelium  occur- 
ring rarely  as  the  result  of  trauma,  inflammation,  or  opera- 
tion (inclusion  cysts.) 

Inclusion  CysU.— Through  traumatic  or  surgical  dis- 
placement of  portions  of  epithelium  into  me'soblastic 
tissues  cysts  may  be  formed  from  the  resulting  prolifera- 
tion of  the  included  epithelium.  Kaufmann's  experi- 
ments in  enkatarrhophy  are  Avell  kno^vn.  He  found  that 
the  inclusion  of  portions  of  a  cock's  comb  was  followed 
by  the  formation  of  cysts  lined  throughout  with  epithe- 
lium and  containing  material  resembling  that  found  in 
atheromatous  cysts.  The  growth  of  these  cysts  continued 
until  a  certain  limit  was'reached  when  tbejr  remained 
stationary.  Similar  cysts  have  been  observed  in  the  hu- 
man body  arising  from  implantations  of  portions  of  epi- 
thelium after  trauma  to  the  skin  and  scalp.  They  are 
found  more  frequently  in  the  scars  of  burns  than  after 
wounds.  The  writer  has  observed  a  case  of  multiple 
cyst  formation  after  the  removal  of  a  portion  of  the  jaw 
in  a  case  of  giant-cell  sarcoma.  The  cysts,  the  largest  of 
which  was  of  the  size  of  a  hen's  egg,  were  lined  with 
stratified  squamous  epithelium  most  probably  derived 
from  the  mucous  membrane  of  the  mouth.  Such  dis- 
located portions  of  epithelium  do  not  possess  the  intrinsic 
capacity  for  unlimited  growth  as  seen  in  the  cell  nests  of 
epiblastic  tumors.  Traumatic  epithelial  cysts  must  be 
thoroughly  removed,  otherwise  they  may  recur. 

Foreign- Body  Cysts. — Around  foreign  bodies  embedded 
in  the  tissues  a  capsule  of  connective  tissue  may  be 
formed.  This  may  undergo  proliferation  while  degener- 
ative changes  may  occur  within  the  cy.st  contents.  In 
this  manner  cysts  may  arise  that  partake  of  the  nature  of 
both  degeneration  and  proliferation  cj'sts.  Such  cysts 
contain  in  addition  to  the  primary  cause,  necrosed  tissue 
and  pathological  exudates  from  the  wall. 

Parasite  Cysts. — Aside  from  the  capsule  which  may  be 
formed  around  a  parasite,  certain  organisms  such  as  the 
cysticercus  and  echinococcus  maybe  found  in  the  human 
body  in  the  cystic  stage  of  their  development.  Around 
the  cyst  formed  by  the  parasite  itself  there  is  usually  de- 
veloped a  connective-tissue  cap.sule.  Only  rarely  are  the 
parasite  cysts  found  free  in  the  tissues  or  in  the  body 
cavities,  the  cysticercus  being  occasionally  found  in  the 
meninges  and  ventricles  of  the  brain.  Parasite  cysts  may 
contain  characteristic  portions  of  the  parasite  or  may  be 
sterile. 
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Air  and  Gas  6W«— Cyst-like  cavities  filled  witli  -dr 
may  arise  from  the  .shutti„g-„lf  of  portions  o   ^.n    1  v 
sematous  lungs.      Air-containing  diverticula  areZmd 
are ly  m  tlie  pockets  of  Morgagni,  and  the  mucous  glands 

1  „  ,  f  ■'^  T^  }'''T''  "'^y,^wl''''go  cystic  dilatation 
1  Him  air  forced  into  them  under  high  pressure.  Cysts 
'■"iitainmg  gas  are  occa.sionally  found  in  the  mucous 
memlinuie  ot  the  vagina.  According  to  Zweifel  Ihe  con- 
tent ot  these  cysts  consists  of  trimethylaniine  Eiininia-r 
aiid  olliers  hold  that  the  condition  is  only  an  cnn .liysema 
"1  the  vaginal  wall.  According  to  ChiarVs  ill^•estigalions 
the  cysts  are  dilated  lymph  spaces  lined  with  endothelium 
winch  not  infrequently  produces  giant  cells.  The  origin 
and  nature  of  the  gas  filling  the  cyst  are  unknown 
tMinilar  gas  cysts  have  also  been  observed  in  the  wall  of 
the  intestines  and  in  peritoneal  adhesions.  Cy.stoid 
.spaces  containing  gas  are  also  found  throughout  the 
body  in  cases  of  infection  with  the  Bacillus  aCrogenes 
eaj^isulatus.  The  gas  found  in  gas  cysts  is  sometimes 
mtlammable. 

OccuHRENCE.— The  occurrence  of  cysts  in  tlie  human 
body  IS  very  widespread.  They  may 'be  found  in  prac- 
tically every  organ  and  tissue.  The  most  important  dis- 
tribution is  as  follows: 

KeCks. —Small  cysts  in  the  amnion  are  occasionally 
found.  They  are  the  result  of  a  myxomatous  hyper- 
pla.sia  of  the  mesenchyma.  They  are  small  and  without 
ehuical  signiticance.  Small  cysts  of  this  membrane 
lined  with  epithelial-like  cells  have  also  been  described 
and  called  dermoids,  but  their  exact  nature  is  unknown. 
Cystic  change  of  the  chorionic  villi  due  to  a  myxomatous 
degeneration  of  the  villous  stroma  is  relatively  common. 
It  may  affect  the  chorion  as  a  whole  or  be  limited  to 
single  villi  (bladder  mole,  grape  mole,  etc.).  Larger 
cysts  of  the  chorion  have  been  observed  in  a  few  cases. 
These  may  have  their  origin  in  the  liquefaction  of  pla- 
cental infarcts,  or  they  ma.y  arise  from  disturbances  in 
the  development  of  the  chorion  and  amnion.  Retention 
and  degeneration  cysts  may  be  formed  in  the  internal 
organs  of  the  fretus,  especially  in  the  liver  and  kidneys. 
Their  etiology  is  obscure;  they  are  in  part  explained  by 
errors  of  development  and  in  part  by  inflammatory  proc- 
esses occurring  in  intra-uterine  life. 

Bones. — The  cysts  most  commonly  found  in  bones  are 
of  the  nature  of  degeneration  cysts.  They  occur  chiefly 
in  osteomalacia  and  in  the  osteoporosis  of  old  age,  arising 
from  the  liquefaction  of  the  marrow,  and  may  reach  such 
a  large  size  that  only  the  outer  shell  of  the  bone  is  pre- 
served. The  cyst  contents  may  be  clear,  cloudy,  or 
hemorrhagic,  frequently  containing  much  liquid  fat. 
As  a  rule  they  possess  a  connective-tis.sue  capsule,  and 
from  this  capsule  there  occurs  sometimes  in  osteomalacia 
a  reparative  proliferation  of  connective  tissue.  Degen- 
eration cysts  are  also  of  very  frequent  occurrence  in 
tumors  arising  either  from  the  periosteum  or  from  the 
medulla  but  more  often  in  those  from  the  latter.  They 
occur  most  frequently  in  the  myxoma  and  sarcoma  of 
bones,  but  also  in  synchondromata  and  fibromata  as  well 
as  in  metastatic  carcinoma  of  bone.  A  cystoid  cavity, 
often  multilocular,  usually  results  from  the  degeneration 
of  these  tumors,  the  wall  of  the  cavity  con.sisting  of  tu- 
mor tissue  or  bone.  Not  iiifreciueutlj'  there  is  a  new  for- 
mation of  bone  in  the  wall  of  the  cj^st.  Cystic  dilatation 
of  the  antrum  of  Highmore  occurs  rarely.  Proliferating 
cysts  are  seen  rarely  in  the  jaws;  they  arise  from  the  tooth 
sacs  (alveolar  C3fsts).  Echinococcus  cysts  may  occur, 
usually  in  the  long  bones,  pelvis,  skull,  vertebrse,  and 
phalanges.  They  may  occur  as  exogenous  cysts  beneath 
the  periosteum,  and  a  few  cases  have  been  reported  in 
which  the  surface  of  the  femur  and  tibia  was  completely 
covered  with  such  cysts.  Through  pressure  the  bone 
atrophies  and  disappears,  or  necrosis  takes  place,  thus 
often  leading  to  spontaneous  fracture.  AVhen  originat- 
ing in  the  medulla  echinococcus  cysts  resemble  myelo- 
genous tumors  for  which  they  are  usually  mistaken.  The 
cysticercus  is  only  very  rarely  found  in  bone. 

Muscle. — Degeneration  cysts  occur  in  old  extravasations 
and  in  myxomata  and  sarcomata  arising  from  the  inter- 
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muscular  cdnntcti  ve  tissue.  Echinococcus  cysts  are  rare  ; 
those  produced  by  the  cysticercus  are  more  frequently 
found.     C^ysts  of  small  size  are  formed  by  trichina  spiralis. 

Tendoiii.  Biirsii'.—Vve'tfi  found  in  these  struclures  are 
usually  lined  with  endothelium  (hydrojjs.  liysi-oma, 
ganglion,  etc.).  Degeneration  ey.sts  may  ai-ise  from  the 
riquetaction  of  ha?matoma  contents.  These  are  likewise 
usually  lined  with  endothelium. 

Ni'i'i-i/iix  ,s'(/.5/('//(.— Cysts  lined  with  endothi'liiim  are 
found  rarely'in  the  dura  (diu-al  hygroma).  Echinococcus 
andcysticei'cuscy.sts  are  both  found  in  the  meninges,  the 
lattei-as  solitary  cysts  of  the  si/e  of  a  pea  or  in  large 
lobidated  cysts  containing  grape-like  clusters  of  daughter 
cysts  both"  inside  and  outside  (C.  raceniosus.)  These 
c'ysts  are  for  the  greater  part  sterile,  but  some  .may  cf>n- 
tain  a  single  scole.x.  About  them  extensive  proliferaticm 
may  be  excited.  Echinococcus  cysts  arc  rare  in  the  brain 
substance  while  cysticerci  are  of  relatively  frequent  oc- 
currence. The  most  common  cysts  of  the  brain  sub- 
stance are  those  produced  by  degeneration  of  infarctions 
or  extrava.sutions.  As  a  rule  these  possess  no  independ- 
ent wall;  they  are  filled  with  a  fluid  similar  to  the  cere- 
bro-spiual.  Degeneration  cysts  are  also  common  in  brain 
tumors,  especially  in  the  glioma.  Cerebellar  cysts  may 
arise  from  diverticula  of  tlie  fourth  ventricle.  Cysts  are 
very  frequently  seen  in  the  choroid  plexus;  the}'  vary  in 
size  from  a  pea  to  a  cherry.  The  cyst  wall  consists  of 
delicate  connective  tissue  containing  tine  vessels,  is  cov- 
ered outside  with  polygonal  epithelium,  and  is  lined  with 
endothelium.  Delicate  fibres  of  connective  tissue  con- 
taining vessels  not  infrcqucntlj-  are  stretched  across  the 
cyst  cavity.  Similar  cysts  are  also  found  in  the  pineal 
gland  and"  hypophysis,  those  of  the  latter  being  some- 
times lined  with  ciliated  columnar  cells.  Their  signifi- 
cance is  unknown.  C3'Sts  of  the  brain  and  its  membranes 
may  also  arise  from  errors  of  development  (encephalocele, 
meningoencephalocele,  etc.).  Similar  cysts  are  found 
also  in  the  spinal  cord  (spina  bifida,  etc.).  Cystic  de- 
generation of  Pacinian  corpuscles  has  been  observed  bj' 
the  writer. 

Special-Seme  Organs. — With  the  exception  of  insignifi- 
cant retention  cysts,  cysts  are  not  found  in  the  ear. 
Cysticercus  cysts  may  "occur  in  the  eye.  Small  cysts 
lined  with  stratified  epithelium  are  found  in  the  iris  a'fter 
injuries  to  the  cornea  and  have  been  explained  as  being 
due  to  implantations  of  corneal  epithehum.  Small  der- 
moid cysts  have  been  observed  in  the  cornea.  The  writer 
has  observed  retention  cysts  in  an  adenoma  of  the 
lachrjrmal  gland. 

Skin. — The  most  common  cysts  of  the  skin  are  the 
retention  cysts  of  the  hair  follicles  and  sebaceous  glands 
(atheroma,  sebaceous  cyst,  etc.).  They  occur  most  fre- 
quently in  the  scalp,  skin  of  the  neck,  and  forehead. 
Dermoids  are  found  in  the  subcutaneous  tissue,  as  are 
also  echinococcus  and  cysticercus  cysts.  Small  miliary 
cysts  of  the  sweat  duct.s  occur  under  certain  conditions, 
and  in  many  of  the  diseases  peculiar  to  the  skin  cyst-Uke 
spaces  of  varying  nature  may  arise.  Cystic  dilatations 
of  remains  of  the  branchial  clefts  may  be  found  Ix-neath 
the  skin  in  the  neck.  In  rare  cases  cy'sts  arisini;  fiom  the 
omplialo-mesenteric  duct  may  be  formed  in  the  abdomi- 
nal wall. 

Aliiiientarii  7><^r'^— Retention  cysts  of  the  mucous 
glands  may  occur  in  any  part  of  the  mucosa  of  tjiis  tract 
from  the  lips  to  the  anus.  Small  ones  may  he  formed  in 
acute  catarrhal  processes,  larger  ones  in  ch"ronic  catarrhs 
dysentery,  etc.  Small  cysts  embedded  in  tlii.  muscle  of 
tlie  tongue  are  occa.sionally  found.  The  ducts  of  the 
salivary  glands  may  become  obstructed  and  thus  .ny,, 
rise  to  cystic  dilatation;  the  tumor  usuallv  presenting 
Itself  m  ,l,e  floor  of  the  mouth,  beneath"  the  tongue 
(rami  a).  Dermoids  are  also  found  in  the  tongue  and 
mouth,  (^ysts  arising  from  the  tooth  follicles  may  reach 
t  I'nf.'f'ii  ""  "V  "-^  (■alveolar  cysts),  Cysli,' "dihita- 
tions  of  the  vermiform  a|ipc„di.x  may  occur. "  Cysts  con- 
nected with  the  intestine  may  arise  "from  remains  of  the 
omphalomesenteric  duct 

Be.nnratory    rr„.<._R,t,,„tion   cysts   of    (lie   mucous 
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glands  are  found  on  the  epiglottis,  and  in  the  mucosa  of 
the  larynx  and  trachea,  more  rarely  in  the  bronchi. 
Rarely  "air  cysts  may  be  formed  in  these  glands  as  the 
result"  of  air  "being  forced  into  them  under  hi,gh  pressure. 
These  may  press  outward  between  the  trachea  and  the 
O'sophagus.  Dermoids  Jiave  been  observed  in  the  lungs, 
but  it  is  probable  that  these  arose  iu  the  mediastinum. 
Echinococcus  cysts  of  the  lungs  are  very  rare.  All'  cysts 
aiisc  from  the  formation  of  emphysematous  diverticula 
and  their  sulise(|uent  shutting  off. 

I'ln/roid. — Cystic  degeneration  of  the  thyroid  through 
increased  formation  of  colloid  is  of  very  frequent  occur- 
rence (struma  cystica).  These  cysts  contain  colloid  of 
varyin,g  c<jlor  and  consistence,  llyaline  change  and  cal- 
cification are  of  frequent  occurrence  in  the  walls  of  these 
cysts,  and  the  formation  of  true  bone  has  also  been  ob- 
served in  them  (struma  cystica  ossea).  Similar  cysts  in 
the  thyroid  region  aifse  in  accessory  thyroids.  The 
writer  has  obsel•^•ed  in  a  case  of  acromegaly  a  cystic 
change  in  the  parathyroids.  The  cysts  varied  in  size 
from  a  pinhead  to  a  pea,  and  contained  an  albuminous 
fluid  which  bore  no  resemblance  to  colloid. 

Heart. — Both  cysticercus  and  echinococcus  c_ysts  have 
been  observed  in  the  pericardium.  Degeneration  cysts 
in  new  growths  are  also  found  here.  In  adhesive  peri- 
carditis cyst-like  cavities  may  be  formed  between  the  ad- 
hesions, and  these  may  become  lined  wtli  hypertrophic 
endothelium  jiresenting  a  gland-like  appearance.  In  the 
heart  muscle  itself  both  the  echinococcus  and  the  cysti- 
cercus have  been  found. 

Spleen. — Large  degeneration  cysts  may  follow  antemic 
infarction.  Echinococcus  cysts  have  also  been  observed 
in  this  organ,  more  rarely  the  cysticercus.  Small  cysts 
containing  serous  fluid  are  found  rarely  near  the  capsule. 
They  are  lined  with  endothelium  and  are  supposed  to  be 
due  to  peritoneal  inclusions. 

Liter. — Cyst-like  dilatation  of  the  gall  bladder  is  not 
uncommon  from  obstruction  of  the  duct  b}-  gall  stones. 
Retention  cysts  of  the  smaller  bile  ducts  in  "the  liver  sub- 
stance are  not  rare.  These  usually  possess  a  thin  wall 
and  contain  a  clear  or  bile-stained  serous  fluid;  in  other 
cases  the  walls  are  thick  and  the  contents  made  up  of 
thick  bile,  fat,  and  cliolesterin.  As  a  rule  the  CT.sts  are 
lined  with  a  low  columnar  or  flattened  epithelium  derived 
from  that  of  the  bile  ducts.  All  gradations  of  size  be- 
tween these  small  cysts  and  those  attaining  the  size  of  a 
fa'tal  head  may  he  found.  In  some  cases  the  numher  is 
so  great  that  but  little  of  the  liver  parenchyma  is  left 
(cystic  degeneration  of  liver).  Associated  with  this  a 
similar  condition  maj'  be  found  in  the  kidneys.  Such 
cases  are  very  frequently  of  congenital  origin,  and  are 
most  probably  to  be  ex]ilained  by  some  disturbance  of 
development  during  fa^tal  life.  Solitary  cysts  containing 
clear  fluid  and  lined  with  ciliated  cells  occur  rarely  in  the 
liver  parenchyma.  Their  signiticance  is  imknowii.  The 
most  important  cysts  of  the  liver  are  those  caused  by  the 
echinococcus ;  they  occur  more  frequently  in  this  organ 
than  in  any  other  part  of  the  body.  Degeneration  cysts 
occur  in  tumors  of  the  liver,  especially  in  secondary  sar- 
comata. 

ranrrcas. — Cysts  of  the  organ  may  arise  from  obstruc- 
tion of  the  pancreatic  duct"(ranula  pancreatica).  De- 
generation cysts  following  necrosis,  gangrene,  hemor- 
rhage, etc, ,  are  not  uncommon.  In  other  cases  pancreatic 
cysts  may  arise  from  disturbances  of  development.  They 
may  rrach  a  very  large  size  and  as  a  rule  show  a  tendency 
to  proliferation.  From  such  cysts  multilocular  cysto- 
mata  may  develop, 

Ailrenal.'<.—[n  the  hyperplasias  of  these  organs— known 
as  adrenal  struma — degeneration  cysts  occur  after  the 
growth  has  reached  a  certain  de,g"ree  of  development. 
Necrosis  of  the  central  jiortion  of  the  growth  takes  place 
so  that  the  only  living  tumor  ti.ssue  is  found  as  a  narrow 
zone  just  beneath  the  capsule.  Softening  develops  in  the 
necrosed  iiortion  and  in  time  a  cyst  of  large  size  may 
result.  The  contents  are  usually"  reddish  or  brown  i"n 
color  and  of  a  pultaceous  consistence.  Rupture  of  the 
cyst  may  take  place.     Such  cysts  may  form  in  the  ac 
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Oysts. 

t'ysts. 


cessovy  adruiuil  tissue  found  in  and  about  tlie  kidneys, 
in  tlie  liver,  etc.,  and  in  tlie  adrenals  of  Marehand  fouiul 
in  the  broad  ligament  and  near  tlie  testis.  Adrenal  tissue 
has  been  found  in  the  walls  of  eysts  of  the  broad  ligament. 
KidneyK. — After  the  ovaries  the  liidneys  ai-e  the  organs 
in  which  eysts  are  found  more  frei|uenlly  tlian  iiiany  otiier 
part  of  the  bod}'.  They  may  be  solitary  or  numerous, 
large  or  small;  they  lie  usually  just  beneath  the  fibi-o\is 
capsule,  having  a  thin  -wall  and  containing  a  clear  yellow- 
ish tlidd  (so-called  urine  cysts).  They  are  found  also 
throughout  the  kidney  sidjstance,  and  may  .show  all  graila 
tions  of  size  from  a  pinhead  to  a  hen's  egg.  They  are  hned 
with  flattened  epithelium  which  in  the  older  cysts  may 
have  undergone  degeneration.  In  these  the  contents  may 
resendile  colloid,  and  are  not  infrequently  mixed  with 
blood  pigment.  These  cysts  are  retention  cysts  of  the 
glomeruli  and  tubules,  and  are  most  commoidy  found  in 
chronic  nephritis,  about  infarct  scars,  and  in  all  conditions 
of  the  kidney  in  which  the  connective  tissue  is  increased. 
A  few  of  these  simple  retention  cysts  are  found  in  the  kid- 
neys of  almost  every  individual  after  the  age  of  fort_y. 
Congenital  cysts  of  the  kiduej-are  found  in  the  new-born 
in  whom  they  sometimes  reach  a  very  large  size  and  in- 
terfere with  delivery.  E.xtensive  cystic  degeneration  of 
the  kidneys,  usually  in  association  with  a  similar  process 
in  the  liver,  occurs  in  advdts  and  is  probably  the  result  of 
some  congenital  anoinal}'.  The  organs  may  appear  as  if 
honeycombed,  verj^  little  of  the  secreting  structure  be- 
ing left.  Cystic  degeneration  of  sarcomatous  tumors  of 
the  kidneys  may  occur  and  may  be  mistaken  clinically 
for  ovarian  cysts.  Proliferation  cysts  and  dermoids  have 
been  described.  Both  cysticercus  and  echinococcus  cysts 
occur  rarely,  the  latter  sometimes  reaching  a  very  great 
size. 

Peritoneum. — Small  eysts  with  serous  contents  are  fre- 
quently found  in  the  ijeritoneum,  especially  in  the  neigh- 
borhood of  the  female  genital  organs.  They  are  found 
also  in  inflammatory  adhesions,  but  may  develop  without 
preceding  inflammation.  In  certain  cases  the  entire  peri- 
toneum may  be  covered  with  small  cysts  varying  in  size 
from  a  pea  "to  a  walnut,  many  of  them  being  attached  to 
slender  pedicles.  They  possess  a  delicate  wall,  and  their 
contents  may  be  either  serous  or  chylous.  They  are  partly 
lymph  cysts  arising  from  dilated  lymph  vessels,  and 
partly  of  the  nature  of  cystic  lymphangiomata.  Serous 
cysts' and  gas  cj'Sts  similar  to  those  of  the  vagina  have 
been  observed  in  the  serosa  of  the  intestines  and  in  perito- 
neal adhesions.  The  cysticercus  forms  harmless  cysts  in 
the  peritoneal  cavity,  but  those  of  the  echinococcus  may 
reach  a  very  large  size. 

Female  Genital  ycrtc^.— Cystic  dilatations  of  constricted 
portions  of  the  canal  of  Nuck  sometimes  occur.  These 
,  may  present  themselves  in  the  labia  majora  as  large  cysts 
lined  with  endothelium  derived  from  the  peritoneum. 
Atheromata  and  lymphangiectatic  cysts  are  very  common 
in  the  vulva.  Retention  cysts  are  not  infrequently  seen 
in  the  glands  of  Bartholin  and  may  reach  the  size  of  a  goose 
egg.  Smaller  cysts  with  serous  or  mucous  contents  are 
sometimes  found  in  the  hymen  and  around  the  entrance 
to  the  vagina.  The  gas  cysts  of  the  vagina  have  been 
described  above.  Retention  cysts  are  extremely  common 
in  the  mucous  glands  of  the  ccrvi.x  (ovula  Nabotlii),  es- 
pecially in  cases  of  ectropion  and  erosion  following  lacer- 
ation of  the  cervix.  They  are  almost  constantly  present  in 
women  past  the  menopause.  These  cysts  show  an  especial 
tendency  toward  proliferation  and  from  them  cystaileno- 
mata  nijt  infrequently  arise.  Retention  cysts  of  the 
glands  of  the  endometrium  are  very  common,  especially  in 
chronic  endometritis  in  ^^■hich  disease  the  cysts  may  lie 
so  large  and  numerous  as  to  warrant  the  name  of  cystic 
endometritis.  A  tendency  to  proliferation  is  observed 
here  also.  Degeneration  cysts  occur  with  great  frequency 
in  the  uterine  myofibromata  and  sarcomata.  Cystic  dila- 
tation.of  the  tubes  may  occur  as  a  result  of  obstruction 
or  constriction  (hydrops  tubas  cysticus).  By  confluent 
growth  with  ovarian  cysts  tubo-ovarian  cysts  may  be 
formed.  The  small  bvdatid  cysts  occurring  almost  con- 
stantly near  the  fimbriae  are  without  significance  except 


when  they  reach  a  large  size  or  show  a  tendency  to  pro- 
liferation. On  the  surface  of  the  tubes  and  broad  liga- 
ment there  are  occusionally  seen  in  women  past  the  meno- 
pause large  numbers  of  small  colloid  cysts  which  liave 
lieen  thought  to  be  degenerating  ova.  The  cysts  of  the 
ovary  and  parovarium  are  of  endless  variety :  degenera- 
tion cysts  of  Graafian  follicle (hydrojis  folliculi  Graafianii) 
and  corjius  luteum,  follicular 'cysts,  iiroliferation  cysts, 
dermoiils,  cystic  teiatomata,  etc.  The  so-called  "k'lein- 
cystische"  degeneration  of  the  ovary  is  probably  lobe 
looked  upon  as  an  early  ripening  of  a  large  nun'iber  of 
follicles,  a  form  of  follicular  hypertrophy.  In  some  cases 
the  dilatation  of  the  follicles  i's  Ifie  result  of  inflammatory 
processes.  Cysts  in  the  broad  ligament  may  arise  from 
the  remains  of  Ml'iller's  ducts  or  from  the  adrenal  ti.ssue 
(Marchand's  adrenals)  which  may  be  found  there.  The 
cysts  of  Kobelt  are  dilatations  of  portions  of  the  par- 
ovarium. Echinococcus  cysts  arising  from  the  ovary 
and  uterus  have  been  observed. 

3/ale  (Jenital  J'ract. — Cysts  are  very  common  in  the 
head  of  the  epidid^-mis  oi-  its  neighljoriiood.  Thej'  may 
have  a  milky  conlJent  (galactocele)  or  may  contain  sper- 
matozoa (spermatocele).  The  wall  of  such  cysts  may  be 
lined  with  ciliated,  simple  columnar  or  flattened  epithe- 
lium. Tliey  occur  almost  constantly  in  old  age  without 
significance,  but  in  youth  they  are  usually  the  result  of 
inflammation  and  maj'  be  numerous  and  reach  a  large 
size.  Occasionally  they  arise  without  preceding  inflam- 
mation. They  arise  from  the  vasa  aberrantia.  The  so- 
called  hydatids  of  Morgagni  are  small  and  practically, 
without  significance.  Cystic  dilatation  of  the  tubules  of 
the  body  of  the  testis  may  be  caused  by  new  growths. 
Degeneration  cysts  are  also  found  in  primary  tiunors  of 
the  testis.  Dermoid  eysts  and  cystic  teratomata  are  rela- 
tively common  while  the  parasite  cysts  are  but  rarely 
found.  Cystic  dilatation  of  the  spermatic  cord  and 
seminal  vesicles  is  not  uncommon.  Retention  cj'sts  are 
found  in  the  prostate  and  urethral  glands.  Cysts  may 
also  arise  in  the  neighborhood  of  the  prostate  from  the 
remains  of  Miiller's  ducts.  Small  cysts  are  occasionally 
seen  in  the  prepuce  and  scrotum. 

ifamniary  &7rt;(f?.  — Retention  cysts  occur  in  this  organ 
very  frequently.  According  to  the  character  of  their 
contents  they  are  called  "milk  cysts,"  "butter  cysts," 
"soap  cysts,"  etc.  Proliferation  cysts  are  also  very  com- 
mon and  from  them  the  various  forms  of  cystofibromata 
arise.  Degeneration  cysts  occur  in  case  of  malignant 
tumor.  Cystic  degeneration  of  the  gland  within  certain 
limits  occurs  as  a  senile  change. 

Cysts  may  be  found  at  any  age  but  are  most  common 
in  late  adult  life  and  old  age.  Within  certain  limits  cyst 
formation  in  the  kidneys,  ovaries,  testicles,  uterus,  etc., 
may  be  regarded  as  a  part  of  the  physiological  atrophy 
due  to  senility.  The  cysts  found  in  early  life  are  most 
frequently  those  due  to  congenital  eiTors  of  development. 
Such  cysts  in  connection  with  the  genital  tract  may  at 
puberty  show  marked  tendency  to  proliferation  and  for 
this  reason  first  manifest  themselves  at  this  time.  The 
menopause  is  also  a  period  of  active  cyst  formation  in 
the  female  genital  tract.  As  a  rule  the  growth  of  cysts 
is  slow,  but  in  some  cases  the  rapid  and  excessive  forma- 
tion of  secretions  or  exudations  within  the  cyst  may  lead 
within  a  short  time  to  the  formation  of  a  cyst  of  enor- 
mous proportions.  The  degenerative  changes  so  fre- 
quently occurring  in  the  walls  of  cysts  very  soon  lead  to 
marked  changes  'both  in  and  around  the  cyst.  Through 
the  proliferation  of  the  wall  following  inflammation  or 
through  solidification  and  organization  of  the  cyst  con- 
tents many  cysts  become  obliterated.  This  fact  is  some- 
times taken  advantage  of  by  the  surgeon,  who,  by  the 
injection  of  some  irritating  fluid  into  the  cyst  cavity,  pro- 
duces an  inflammation  within  the  cyst  wall  in  the  hope 
that  the  resulting  proliferation  may  obliterate  the  cyst. 

The  true  cysts'  are  benign  growths  in  that  they  do  not 
produce  metastases.  The  prohferation  cysts  alone  are 
allied  to  the  cystic  neoplasms,  and  since  the  latter  so  fre- 
quently arise  "from  them  they  may  be  regarded  as  inter- 
mediate forms  between  the  cysts  and  cystomata.     Cyst 
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become  malignant  by  virtue  of  size  and  position,  and  tbe 
secondary  clianges  which  they  undergo.  Cystic  degenera- 
tion of  the  placenta  may  lead  to  abortion.  C^ysts  of  the 
meninges  and  brain  may  produce  very  serious  disturbances 
on  the  part  of  the  nervous  system.  Large  atlieromata  of 
the  scalp  may  cause  a  pressure  atrophy  of  the  underlymg 
portions  of  the  craniiim.  Cysts  of  the  neck  and  respira- 
tory tract  may  interfere  seriously  with  respiration  and 
deglutition.  Cysts  of  the  intei-nal  organs  when  of  very 
large  size  may  produce  fatal  results  through  pressure  or 
rupture.  Echinococcus  cysts  in  the  heart  may  give  rise 
to  extensive  metastases  or  may  cause  sudden  death 
through  rupture  of  the  heart  wall.  Rupture  of  cysts 
into  any  of  the  body  cavities  may  give  rise  to  widespread 
inflammations  of  serous  surfaces.  This  occurs  most  fre- 
quently in  tbe  case  of  large  ovarian  cysts.  Occasionally 
the  mucous  contents  of  these  cysts  may  be  spread  in  a 
thick  layer  over  the  entire  peritoneum,  becoming  partly 
organized  (pseudo-myxoma  of  peritoneum).  Cysts  of  the 
liver,  pancreas,  and  kidneys  may  through  pressure  cause 
complete  atrophy  of  the  parenchyma  of  the  organ. 
Spontaneous  fracture  may  follow  the  formation  of  bone 
cysts. 

Only  very  general  points  can  be  given  as  to  the  diag- 
nosis of  cysts.  As  a  rule  they  form  circumscribed  tumors, 
more  or  less  movable,  elastic,  and  fluctuating.  Aspira- 
tion of  the  cyst  contents  and  their  chemical  and  micro- 
scopical examination  often  yield  important  aid  in  the 
differential  diagnosis.  This  is  especially  true  in  the  case 
of  parasite  and  degenei-atiou  cysts.  The  location,  man- 
ner of  origin,  character  of  cyst  wall  and  lining,  rate  of 
growth,  etc.,  are  all  points  of  diagnostic  importance. 
The  symptomatology  of  cysts  in  general  is  too  large  and 
complex  to  admit  of  definite  generalizations,  and  only 
very  general  statements  can  be  made  in  regard  to  their 
treatment.  This  is  almost  wholly  along  surgical  lines, 
and  consists  either  in  the  removal  of  the  cyst  as  a  whole 
or  in  its  obliteration  through  aspiration  and  the  excitation 
of  reparative  processes.  Alclred  Scott  Warthin. 

DACTYLITIS.     See  Ilanda  and  Fingers,  etc. 

DALTONISM.     See  Color  Sensations. 

DAMIANA. — The  leaves  of  several  Mexican  and  Cen- 
tral American  species  of  Turnera,  especially  T.  diffusa 
Willd. ,  not  all  of  them  as  yet  determined,  perhaps  not 
even  described.  The  drug  contains  a  considerable  per- 
centage of  volatile  oil  and  resin,  with  some  tannin  and 
an  amaroid.  It  is  therefore  an  aromatic  bitter.  That  it 
may  have  some  special  properties  in  this  class  appears 
not  unlikely.  The  unprofessional  and  disgusting  methods 
of  its  exploitation  and  use  have  naturally  repelled  the 
interest  of  investigators,  so  that  it  has  not  fared  well  at 
their  hands.  Its  popular  use  as  an  aphrodisiac  does  not 
appear  to  be  justified.  The  dose  is  1  to  4  gm.  (gr.  xv.- 
l^O-  Henry  II.  liushy. 

DAMMAR  ^£%\H—{,Itesina  Dammara,  Ph.  G.)  Resins 
obtained  from  Agathis  Dammara  Rich.  (Dammara  alba 
Rumph)  and  A.  australis  (Lamb.)  Salisb.  (D.  orientalis 
Lambert),  Order,  Cordferai ;  and  also  from  Ilojmi.  mi- 
crantha  and  //.  splendida  ;  Order,  BqUeroearpaceo'. 

The  Agathis  trees  are  large,  straight-trunked,  hand- 
some firs,  from  whose  branches  an  abundance  of  turpen- 
tine exudes,  both  spontaneously  and  upon  incision.  It 
dries  rapidly,  and  hardens  to  dense,  brittle,  irregular 
tears  or  masses  of  resin,  often  of  large  size,  the  surface 
commonly  warty  or  mammiUose.  The  Hopcas  are  also 
tall  large  trees,  and  belong  in  an  order  which  yields  a 
number  of  other  volatile  and  resinous  products '(ISorneo 
camphor,  Gurjun  balsam,  Indian  cojial,  and  so  forth) 
1  he  above  trees  are  all  natives  of  tlie  East— the  Moluccas 
Java,  Borneo,  India,  etc. 

Dammar  comes  in  tine,  hard,  transparent  yellow  or 
nearly  white,  odorless  tears,  of  irregular  shape  and  size, 
but  often  large.  It  is  brittle,  breaking  with  a  brilliant, 
couchoidal  fracture,  but  softens  slightly  in  the  hand,  and 
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melts  at  about  120°  C.  Soluble  in  chloroform,  ether, 
carbon  disulphide,  fats,  and  oils,  but  not  entirely  so  in 
cold  alcohol  or  in  benzin.  It  is  a  compound  of  several 
resinous  constituents — damarylic  acid  and  its  ^  hydrate, 
damtnaryl  and  damaryl  subhydrate  (Dulk;  copied  from 
Huseman). 

Uses.— This  resin  is  an  ingredient  of  the  German  ad- 
hesive \iVa,sXiir—Emplastrurn  adlummim  (Ph.  G.),  of  which 
it  comprises  fifty  of  the  six  hundred  and  fifty  parts — 
litharge  plaster,  yellow  wax,  and  resin  being  the  others. 
It  is  Iiarder  and  perhaps  less  irritating  than  common 
resin,  but  not  otherwise  different.  It  is  invaluable  as 
a  basis  of  varnishes,  etc.,  for  which  it  is  principally 
used. 

Several  other  species  of  both  genera  yield  similar  resins 
— D.  australis  is  the  source  of  the  Kauri  gum  of  New 
Zealand,  also  extensively  used  in  varnishes. 

W.  P.  Bolles. 

DANDELION. — Taraxacum..  "The  root  of  Taraxacum, 
officinale  ^ bhar  (fam.  (Jompositce)  gathered  in  autumn" 
(U.  S.  P.).  This  well-known  plant  grows  in  the  greatest 
profusion  throughout  most  of  the  north  temperate  zone 
and  is  being  increasingly  cultivated  as  a  food  plant.  Its 
reputation  as  a  drug  is  of  the  most  ancient  character,  but 
its  professional  use  has  steadily  declined  in  the  face  of 
more  accurate  knowledge  of  drug  action.  The  root  is 
vertical,  but  rather  crooked,  mostly  simple  or  with  one 
or  two  branches  parallel  with  and  close  to  the  parent, 
rarely  reaching  a  foot  in  length  and  having  the  thickness 
of  the  finger.  The  drug  more  commonly  has  the  dimen- 
sions of  a  lead  pencil ;  it  is  brown,  deeply  wrinkled,  light, 
soft  and  brittle.  On  fracture,  the  wood  zone  is  seen  to  be 
small  and  bright-yellow,  the  bark  whitish  if  carefully 
dried,  otherwise  dark.  It  contains  numerous  circles  of 
laticiferous  ducts,  wiiich,  on  paring  the  ends,  glisten 
slightly,  if  the  drug  is  of  fine  quality.  The  taste  is  dis- 
tinctly bitter,  and  slightly  sweetish,  and  a  gummy  con- 
sistence is  appreciated  upon  chewing.  The  activity  re- 
sides in  the  milky  juice  which  fills  these  ducts.  The 
official  fluid  extract  is  made  from  the  dried  root,  but  the 
Pharmacopoeia  directs  that  the  fresh  root  shall  be  used 
in  making  the  extract. 

Composition. — The  small  amount  of  sugar,  gum,  resin, 
and  wax-like  substances,  and  the  large  amount  of  inulin 
are  scarcely  medicinal.  The  bitter  principle  is  taraxacin. 
An  alkaloid  exists  in  minute  amount. 

Dandelion  exerts  no  marked  physiological  action.  It 
is  somewhat  laxative,  hence  depurative,  and,  because  of 
a  shghtly  increased  elimination  of  bile,  has  been  supposed 
to  be  a  hepatic  tonic.  It  does  seem  to  possess  slight 
alterative  and  tonic  powers. 

The  dose  of  the  fluid  extract  is  4  to  8  c.c.  (fl.  3  i.-ij.), 
of  the  extract  0.5  to  3  gm.  (gr.  viij.-xxx.). 

Henry  H.  Busby. 

DARIER'S  DISEASE.     See  Keratosis. 

DATES.— The  fruit  of  the  date  palm,  Phetnix  dactylif- 
era  L.  (fam.  Palmacece).  It  is  a  fine  large  tree,  indige- 
nous to  Africa  and  parts  of  Asia,  but  long  cultivated  in 
many  varieties  in  the  tropical  parts  of  the  old  world. 
Like  the  cocoanut  palm,  it  supplies  a  multitude  of  needs 
to  millions  of  people  in  the  warmer  parts  of  the  world; 
the  young  bud  is  eaten  as  a  vegetable,  the  older  leaves 
supply  fibres  for  textile  purposes,  a  sort  of  wine  is  made 
from  its  juice,  the  seeds  are  ground  up  for  cattle  or  used 
as  "coffee,"  and  the  fruits  fonn  an  important  article  of 
food.  Dried,  or  preserved  in  sugar,  they  are  exported  to 
all  parts  of  the  world  as  a  sweetmeat  and  dessert.  The 
larger  variety  is  the  Alexandrian,  the  smaller  theBarbary 
date. 

They  contain  glucose,  fifty  or  sixty  per  cent. ;  gum, 
pectin,  etc.,  ten  per  cent. ;  coumarin,  a  traee.  Dates  are 
simply  an  article  of  food  and  luxury,  with  only  slight 
laxative  properties.  W.  P.  Bolles. 

DATURA.     See  Stramonium. 
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Dactylitis. 
Davos. 


DAVOS.— (Davos-Platz,  Davos-DOrfli,  aud  Wieseu.) 
Davos,  the  best-knowu  aud  most  frequented  "liiifh-alti- 
tude"  wiuter  station  in  Europe,  is  composed  of  two  vil- 
lages a  sliort  distance  from  each  other— Davos-Platz  aud 


dry  air  of  great  diathermancy,  much  sunshine  and  but 
little  wind,  resembling  closely  that  of  Colorado,  with  the 
important  diiference,  however,  that  the  daily  average  of 
sunshine  m  the  latter  resort  is  much  greater  than  at  Davos 


Fig.  1.576.— Davos-Platz  in  the  Wmter  Season 


Davos-DSi-fli.  It  is  the  former,  Davos-Platz,  which  is 
always  meant  when  Davos  as  a  health  resort  is  referred  to. 

Davos  first  became  known  as  a  health  resort  for  con- 
sumptives through  Dr.  Spengler,  who  was  a  physician 
there,  aud  wlio  communicated  the  fact  of  its  immunity 
from  phthisis  to  the  German  climatologist  Meyer-Ahrens. 
Through  the  publications  of  the  latter.  Dr.  Uuger,  a  con- 
sumptive, with  a  friend  likewise  afflicted,  went  to  Davos 
and  was  cured;  and  through  the  favorable  reports  and 
experience  of  Drs.  Spengler  and  Unger  the  advantages 
of  this  climate  for  pulmonary  tuberculosis  began  to  be 
appreciated  in  Europe. 

It  was  a  radical  departure  from  the  existing  ideas  of  a 
suitable  climate  for  this  disease,  and  it  seemed  a  strange, 
not  to  say  dangerous  experiment  for  a  consumptive  to 
pass  the  winter  in  the  snows  of  the  Alpine  Mountains. 
As  the  favorable  reports  of  those  who  made  the  venture, 
however,  became  known,  the  fame  of  the  place  spread, 
and  from  eight  in  ISQo  the  number  of  consumptives  who 
visited  it  increased  yearl}',  until  in  1890  they  amounted 
to  1,,511,  of  whom  89  were  Americans;  and  now  it  is  the 
most  popular  high-altitude  resort  upon  the  Continent, 
the  English  coming  next  to  the  Germans  in  numbers.  It 
is  called  a  "  winter  resort, "  the  climate  at  that  season  be- 
ing considered  the  most  favorable,  although  Dr.  Turban, 
who  conducts  a  large  sanatorium  there,  told  the  writer 
that  the  seasons  should  inake  no  difference  and  that  a 
patient  should  remain  continuously  until  the  cure  was 
effected.     The  climate  is  characterized  by  a  cold,  pure, 


The  snow  covers  the  ground  deeply  during  the  winter 
(from  three  to  five  months),  but  it  is  a  dry  snow. 

Davos  is  situated  in  the  Canton  des  Grisons,  Switzer- 
land, in  the  upper  Engadine,  at  an  elevation  of  .5,11.5  feet 
above  sea  level.  The  valley  of  Davos  is  about  fourteen 
miles  long,  and  about  half  a  mile  wide,  and  runs  from 
northeast  to  southwest.  The  mountains  which  shut  in 
the  valley  rise  from  3,000  to  3.000  feet  above  its  bed.  It 
is  protected  from  the  north  and  west  winds;  indeed,  one 
of  the  most  remarkable  and  characteristic  features  of  the 
climate  of  this  resort  is  its  windlessness.  It  possesses  all 
the  attributes  of  an  Alpine  village — long  winters;  a 
mountain  torrent,  the  Landwasser,  traversing  the  valley ; 
sparse  vegetation ;  forests  of  fir  and  larch  upon  the  moun- 
tain sides;  high  sun,  and  low,  freezing,  shade  tempera- 
ture. The  soil  is  sandy  and  dry.  The  .snow,  which  lies 
two  or  more  feet  deep  during  the  winter,  begins  to  melt 
about  the  middle  of  March,  and  patients  leave  about  the 
first  of  April. 

The  average  temperature  for  the  year  is  38°  F. ,  and  for 
the  seasons:  Winter,  33°  F.;  spring,  35°  F.  ;  summer,  53° 
F. ;  autumn,  34°  F. 

The  striking  characteristic  in  the  temperature,  more  or 
less  common  to  all  high-altitude  resorts,  is  the  great  dif- 
ference between  that  of  the  sun  and  that  of  the  shade ; 
in  a  moment  one  passes  from  winter  to  summer,  or  the 
reverse.  Here  is  the  comparison  given  by  Richards  in 
his  article  upon  Dnms  in  the  previous  edition  of  the 
H.^NDBOOK,  quoted  from  Weber. 


Sun  and  Shade  Tempekatttres  at  Davos,  1876-77  (FAuiiENnEiT  Scale) 


October. 

November. 

December. 

January. 

February. 

March. 

Average. 

i;i;!.i)7° 

60.40 

73.67 

106.13° 
:36.63 

69.49 

109.08° 
39 

70.08 

108..30° 
36.07 

73.33 

111.36° 
34.55 

76.81 

133.33° 
36.46 

85.86 

115.04° 

40.51 

Difference 

74..>3 
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Alfhoush  tlie  average  winter  temperature^  is  so  low 
(nnraelv  33=  F  ),  yet  in  the  sunshine  one  can  sit  m  the  open 
ah  with  comfort  or  even  be  t.n,  warm.  Moreover,  m  the 
shade  and  in  the  absence  of  sunshine,  says  ^^  C'ber,  low 
temperature  produces  very  little  discoinfort  at  Davos  as 
compared  with  that  experienced  in  level  countries  partly 
on  account  of  the  dryness  of  the  air,  partly  also  because 
there  is  very  little  wind  in  winter. 

The  hio-hest  or  maximum  temperature  for  the  year  is 
stated  by  Weber  to  be  75.3=  F.,  and  the  lowest  .or  mini- 
mum -18"  F  The  average  relative  humidity  is  77  per 
cent  'for  the  year.  83  per  cent,  for  winter,  and  74  per 
cent  for  spring  and  summer,  as  given  by  "\\  aters,  ciuoted 
by  Solly  The  absolute  humidity,  however,  is  very 
sli>'ht  during  the  cold  months,  for  it  must  be  remembered 
that  a  high  relative  humidity  at  a  low  temperature  would 
be  a  low  one  at  a  high  temperature:  for  instance,  the 
mean  relative  humidity  at  Davos  for  1876  is  given  by 
"Weber  as  75. 3  per  cent.,  and  the  average  yearly  tempera- 
ture is  about  38=  F.  It  now  the  mean  temperature  were 
assumed  to  lie  98.4=  F.,  the  absolute  humidity  of  the 
atmosphere  remaining  unchanged,  the  relative  humidity 
would  have  been  11.1  per  cent, 

Tlie  annual  rainfall  and  melted  snowfall  at  Davos,  as 
given  by  Waters  from  twenty -one  years'  observation,  are 
33.0  inches,  and  for  the  seasons:  for  winter,  6.1  inches; 
spring,  6.4  Indies;  summer,  11.9  inches;  autumn,  9.3 
inches.  The  average  number  of  cloudless  days  for  the 
season  from  October  to  March,  inclusive,  fromfour  years' 
observation,  compiled  by  Richards  from  Burney  Yeo's 
tables,  was  63.7;  average  number  of  fine  but  not  cloud- 
less days,  30.7;  average  number  of  cloudy  days,  67.5; 
and  average  number  of  rainy  or  snowy  days,  40.  The 
average  number  of  cloudless  and  fine  days  was  94.4  out 
of  a  possible  183,  or  about  one-half.  The  average 
hourly  velocity  of  the  wind  for  the  four  seasons  as 
given"  by  Waters  is:  Winter,  1.6  miles;  spring,  3.5  miles; 
summer,  3.4  miles;  autumn,  3.4  miles.  The  prevailing 
direction  of  the  wind  is  northeast. 

Stillness  of  atmosphere,  then,  is  another  of  the  chief 
characteristics  of  the  winter  climate  of  Davf)S,  although 
exceptions  do  occur  and  "bad  winters,"  with  many 
wind}'  da_ys,  happen  occasionsilly. 

Owing  to  the  fact  that  Davos  is  in  a  narrow  valley 
shut  in  by  high  mountains,  the  length  of  the  days  is 
considerably  shortened,  especially  in  the  winter.  For 
instance,  upon  Januar}'  1st,  the  sun  rises  at  Davos  11 :03 
A.M.,  and  sets  at  3  p.m.,  while  at  Denver,  for  comparison, 
it  rises  at  7:30  A.M. ,  and  sets  at  4:37  p.m.  In  Colorado 
Springs  the  invalid's  day  in  winter  is  given  by  Solly  as 
seven  hours  long,  while  at  Davos  in  the  same  season  it  is 
only  about  five  hours  long.  The  comparison  of  the 
amount  of  sunshine  in  Denver  and  Davos  is  given  b}' 
Solly,  as  calculated  from  the  weather-bureau  reports  and 
from  Waters'  tables,  as  follows: 

Hours  of  actual  Sunshine  (Monthly  Means). 


Winter. 

Spring. 

Summer. 

Autumn. 

Year. 

Denver 

188 
100 

243 
ltJ6 

290 
1% 

24;j 
12« 

240 
147 

Davos-Platz 

At  Davos,  for  the  months  of  January  and  February, 
1890,  there  were  367  hours  of  sunshine,  and  in  1891,  385, 
or  about  four  and  a  half  to  five  hours  per  day. 

It  will  be  seen  from  the  above  consideration  of  the 
various  cUmatic  factors  of  Davos  that  the  characteristic 
features  are  a  pure,  dry,  rarefied  air,  almost  complete 
absence  of  wind  in  the  winter,  and  a  large  amount  of 
sunshine,  which  in  such  an  atmosphere  has  great  pene- 
trating power.  The  disadvantages  are  the  snow-melting 
period  in  March  or  April,  the  .shortness  of  the  winter 
days,  and  the  depressing  influences  of  a  monotonous  ex- 
istence in  a  narrow  Alpine  valley,  covered  with  snow 
\\  hen  compared  with  a  simihir  high-altitude  climate  in 
Colorado,  for  example  Colorado  Sprini^s,  the  advantages 
01  the  latter  are  apparent:  there  is  more  sunshine,  and 
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the  "invalid's  day"  is  nearly  two  hours  longer  in  winter. 
The  fall  of  snow  is  "infreciuent  and  scanty  through  the 
winter, "  and  consequently  there  is  no  long  period  of  snow 
melting  in  the  spring.  The  vegetation  is  more  abundant 
and  varied,  owing  to  the  difference  in  latitude;  and  Colo- 
rado Springs  and  most  of  the  other  resorts  are  situated  in 
broad,  extended  plateaus  or  open  plains,  giving  one  the 
feeling  of  freedom  and  exhilaration  which  comes  from 
being'able  to  look  far  away  into  the  distance.  There  is, 
however,  one  grave  disadvantage  in  many  of  the  Colorado 
resorts,  namely,  the  wind  and  dust.  For  a  further  com- 
pai'ison  of  the  two  regions  the  reader  is  referred  to  a 
valuable  paper  by  Dr.  Carl  Ruedi  (who  resided  both  at 
Davos  and  at  Denver),  entitled  "A  Comparison  of  the 
Winter  Health  Resorts  in  the  Alps  with  some  Places  in 
the  Rocky  Mountains  of  Colorado,"  Transactions  of  the 
American  Climatological  Association,  vol.  x.,  1893-94. 

The  one  disease  f(U'  which  a  cure  is  sought  In  the  Alpine 
altitudes  is  pulmonary  tuberculosis,  and  to  Davos  comes 
the  consumptive,  not  for  relief  liut  for  tlie  permanent 
arrest  of  his  disease;  consequently  only  such  cases  are 
suitable  for  such  climatic  treatment  as  offer  a  reasonable 
prospect  of  attaining  this  end.  The  following  enumera- 
tion of  suitable  ca.ses  for  the  high-altitude  treatment  is 
given  from  the  experience  of  various  authorities:  (1) 
incipient  cases;  (3)  hemorrhagic  phthisis:  (3)  chronic 
pleuris_y  and  unresolved  pneumonia;  (4)  patients  with 
more  advanced  diseases  showing  some  cousoliilation  but 
no  excavation  nor  any  serious  constitutional  disturbance: 
(5)  cases  of  cavity,  if  not  large  and  provided  the  disease  is 
quiescent;  (6)  cases  of  imperfect  expansion  of  the  thorax. 

The  contraindications  to  the  high  altitude  resorts  are; 
(1)  Advanced  age;  (3)  the  .septic  state,  in  which  the  dis- 
ease is  active  and  pyrexia  constant;  (3)  double  cavities 
Willi  or  without  pyrexia;  (4)  cases  in  which  there  is 
great  irritability  of  the  nervous  system;  (5)  diseases  of 
the  kidney,  liver,  or  heart;  (6)  diabetes;  (7)  great  loss 
of  pulmonary  tissue;  (8)  emphysema;  (9)  tuberculous 
laryngitis.  In  regard  to  the  latter  disea.se  there  is  some 
difference  of  opinion.  Solly,  of  Colorado  Springs,  tor 
example,  reports  favorable  results  in  its  treatment  in  the 
high  altitudes. 

Symonds,  in  his  charming  book,  "  Our  Life  in  the 
Swiss  Highlands,"  thus  narrates  the  "method  of  cure" 
at  Davos;  and  although  the  account  was  written  over 
twenty  j'cars  ago  it  still  remains  essentially  true  at  the 
present  time.  He  says;  "After  a  minute  personal  exam- 
ination of  the  ordinaiy  kind,  your  physician  tells  you  to 
give  up  medicine,  and  to  sit  warmly  clothed  in  the  sun 
as  long  as  it  is  shining,  to  eat  as  much  as  possible,  to 
drink  a  fair  quantity  of  Valtelline  wine,  and  not  to  take 
any  exercise.  He  comes  at  first  to  see  j'ou  every  day, 
and  soon  forms  a  more  definite  opinion  of  your  capacity 
and  constitution.  Then,  little  by  little,  he  allows  you  to 
walk ;  at  first  upon  the  level ;  next  up-hill,  until  the  daily 
walks  begin  to  occupiy  from  four  to  five  hours.  The  one 
thing  relied  upon  is  air.  To  inhale  the  maximum  quan- 
tity of  the  pure  mountain  air,  and  to  imbibe  the  maxi- 
mum quantity  of  the  keen  mountain  sunlight,  is  the  sine 
qiM  noil" 

"When  I  came  to  Davos,  for  example,"  continues  the 
same  author,  "at  the  beginning  of  August,  I  could  not 
climb  two  pairs  of  stairs  without,  the  greatest  discomfort. 
At  the  end  of  September  I  was  able  tcTwalk  one  thousand 
feet  up-hill  without  pain  and  without  fear  of  hemorrhage. 
This  progress  was  maintained  throughout  the  winter; 
and  when  I  left  Davos  in  April  the  physician  could  con- 
firm my  own  sensation  that  the  lung",  which  had  been 
seriously  injured,  was  comparatively  sound  again,  and 
that  its  wound  had  been  healed." 

With  regard  to  the  results  obtained  at  Davos,  Turban, 
who  conducted  a  sanatorium  there,  publislied  in  1899  an 
elaborate  report  of  408  cases  treated  by  him,  one-half  of 
which  were  in  the  second  stage  of  the"  disease,  and  one- 
quarter  each  in  the  first  and  third  stages.  Taking  the 
three  stages  together,  he  discharged  66.1  per  cent,  "ab- 
solutely or  relatively  cured. "  Of  this  number  48  per  cent, 
were  found— by  the  examination  made  by  a  physician 
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from  one  to  seven  years  after  their  discliarge  from  tbe 
sanatorium— to  have  remained  absolutely  or  relatively 
cured.  It  must  be  borne  in  mind  that  these  results  were 
obtained  by  the  combination  of  the  sanatorium  and  hiijh- 
altitude  treatment. 

Williams  ("Aero-Therapeutics,"  1894)  gives  the  results 
in  247  of  his  own  cases,  whom  he  sent  to  Davos,  Arosa, 
St.  jNIoritz,  and  other  high-altitude  resorts.  Of  this 
number  161  were  in  the  first  stage  and  86  in  the  second 
and  third.  A  cure  was  effected  in  40.89  per  cent. ;  great 
improvement  in  39.55  per  cent.,  and  improvement  in 
13.95  per  cent. 

In  concluding  his  remarks  upon  the  elfects  of  the  high- 
altitude  treatment,  Williams  says  that  75  per  cent,  of 
eases  of  phthisis  generally  are  greatly  improved,  and  in 
43  per  cent,  the  tuberculous  process  is  more  or  less  com- 
pletely arrested.  The  beneficial  influence  ef  the  climate 
is  best  shown,  he  thinks,  in  cases  of  tuberculous  consoli- 
dation, in  which  improvement  may  be  looked  for  in  87  per 
cent,  and  arrest  in  57  per  cent. 

In  a  private  letter  received  by  the  writer  from  Dr. 
Peters,  of  Davos,  he  says;  "After  eleven  years'  practice 
here  in  Davos,  I  can  say  that  in  30  to  35  per  cent,  of  cases 
a  perfect  cure,  and  in  about  60  per  cent,  of  all  cases  a 
great  improvement,  is  obtained. "  "  As  to  the  treatment, " 
he  continues,  "  the  principal  thing  is  to  spend  as  much 
time  as  possible  outside  in  the  pure,  cold,  dry,  sunny  air, 
lying,  sitting,  walking,  skating,  or  tobogganing.  One 
must  sleep  at  least  seven  or  eight  hours,  and  make  use  of 
the  coldsliower  bath  and  cold  wet  rubbings  in  the  morn- 
ing," 

Davos-Platz  is  the  chief  centre  for  hotels  and  pensions 
and  consequentl}'  for  patients,  although  Davos-Dorfii  in 
the  winter  receives  the  sun's  rays  two  hours  earlier,  but 
at  the  same  time  loses  them  earlier. 

The  accommodations  at  Davos  are  abundant  and  ex- 
cellent, consisting  largelj'  of  extensive  hotels,  all  of  which 
are  under  general  medical  supervision.  There  are  also 
several  sanatoria,  of  which  Dr.  Turban's  is  the  best 
known.  Villas,  pensions,  boarding-schools  for  boys  and 
girls,  and  other  accompaniments  of  a  populous  and  popu- 
lar resort  are  to  be  found  here.  There  are  also  good  ac- 
commodations at  Davos-Dorfli,  which  is  connected  with 
Davos-Platz  by  a  tramway. 

Davos  has  "been  accused  of  being  overcrowded  and 
consequently  less  salubrious,  but  for  this  charge  there 
exists  no  ground  whatever,  says  Williams.  The  drain- 
age is  excellent,  and  the  water  supply  good.  The  food 
is  abundant  and  well  served.  Davos  is  reached  by  rail 
from  Paris,  vist  Bftle  and  Landquart. 

The  attractions,  for  those  who  can  safely  indulge  in 
them,  are  skating,  toboganning,  sledging,  and  walking. 
The  daily  promenade  upon  the  main  street  of  the  village 
is  one  of  the  features  of  the  winter  life  at  Davos.  Here 
one  sees  the  patients  with  faces  bronzed  by  the  sun,  pro- 
tecting themselves  from  its  hot  rays  by  parasols,  when 
the  temperature  of  the  air  is  below  zero. 

Wiesen,  which  is  about  eleven  miles  below  Davos-Platz 
in  the  same  valley,  is  also  a  high-altitude  health  resort, 
with  essentially  the  same  climatic  characteristics  as  Davos. 
It  has  an  elevationof  4, 757  feet,  and  instead  of  lying  at  the 
bottom  of  a  valley,  is  situated  about  a  thousand  feet  above 
the  river  bed,  upon  a  terrace  looking  toward  the  South. 
Wiesen  is  said  to  have  rather  more  sunshine  than  Davos ; 
a  slightly  higher  and  more  equable  winter  temperature, 
and  a  winter  season  which  is  several  weeks  or  a  month 
shorter  than  the  winter  proper  at  Davos.  There  is  also 
an  early  "clearance  of  snow,"  and  the  snow-melting  is 
more  rapid  than  at  Davos.  Moreover,  there  is  no  morn- 
ing or  evening  mist  at  Wiesen,  according  to  Dr.  Wise,  in 
fine  weather,  whereas  at  Davos,  "  a  perceptible  mist  gen- 
erally covers  the  valley  each  morning. "  Tliere  are  several 
good  hotels  at  Wiesen,  and  it  would  appear  to  be  fully 
as  favorable  as  a  climatic  high-altitude  station  as  Davos. 
As  yet  it  has  not  been  utilized  by  any  large  number  of 
consumptives. 

The  writer  has  personally  visited  the  resorts  above  de- 
scribed but  in  the  summer  when  the  majority  of  patients 


were  away.  He  can,  however,  testify  to  the  remarkable 
mvigoratmg  quality  of  the  air  and  the  intensity  of  the 
sunshine.  The  sen.sation  produced  by  the  deliciously 
fine,  dry,  cool  air  and  the  warm  sunshine  is  quite  inde- 
scribable. One  feels  as  if  he  could  take  an  unlimited 
amount  of  exercise  without  the  least  sensation  of  weari- 
ness. The  approach  to  Davos,  either  by  the  Landwasser 
route  or  via  Landquart,  is  one  of  great  scenic  attraction. 

Edward  0.  Otis. 

DEAD,  DISPOSAL  OF  THE.-History  teaches  that  at 
all  times  and  in  every  country  man  has  manifested  in 
different  ways  his  respect,  his  reverence  for  the  memory 
of  those  he  had  loved  in  life.  At  all  ages  has  the  cult  of 
the  dead  been  consecrated  by  religion  and  by  law.  This 
universal  reverence  for  the  dead  has  given  rise  to  funerary 
ceremonies  which  greatly  vary  according  to  the  times  and 
degrees  of  civilization  of  the  different  nations.  In  all 
these  various  ceremonies,  however,  wdiether  the  result 
of  faith  or  of  instinct,  we  can  trace  evidence  of  a  general 
beUef  in  future  life. 

Three  methods  have  chiefly  been  employed  for  the  dis- 
posal of  the  dead:  Fir.st,  Burial;  second,  embalming  or 
mummification,  and  third,  incineration  or  cremation. 

In  ancient  Egypt,  funeral  ceremonies  were  attended 
with  great  pomp,  amidst  grand  demonstrations  of  sorrow. 
The  most  interesting  ceremony  was  that  called  "The 
Judgment  of  the  Dead."  Forty  judges,  selected  among 
the  oldest  and  most  respectable  citizens,  examined  mi- 
nutely the  acts  and  conduct  of  the  dead  person ;  if  his  life 
was  pure,  the  body  was  allowed  to  be  transported  to  the 
Necropolis,  otherwise  it  was  thrown  into  a  common 
"fossa"  (trench).  Kings  themselves  were  submitted  to 
this  "Judgment  of  the  Dead." 

The  old  Hebrews  buried  in  the  ground  the  common 
people  and  embalmed  preciously  the  bodies  of  prominent 
persons  before  burying  them.  According  to  some  pas- 
sage of  the  Bible,  these  bodies  W'ere  also  at  times  cremated. 

The  old  Persians,  in  common  with  most  Oriental  peo- 
ple, looked  upon  a  cadaver  as  being  impure,  and  as  thej' 
adored  the  elements,  thej'  could  not  contaminate  them, 
either  by  burning  the  dead  body,  by  bur3dng  it  into  the 
ground  or  by  throwing  it  into  water.  Each  town  in 
Persia  possessed  beyond  its  w^alls  two  high  stone  towers, 
one  of  white  stone  and  the  other  of  black  stone.  The 
dead  were  judged  by  the  priests,  who  ordered  the  good 
to  the  white  tower  and  the  bad  to  the  black  tower.  A 
large  number  of  buzzards  were  kept  for  the  purpose  of 
devouring  the  dead  bodies  and  thereby  preventing  infec- 
tion. Death  was  not  considered  as  a  misfortune ;  lamen- 
tation and  crying  were  forbidden  by  law.  The  funeral 
ceremonies  ended  generally  in  a  great  banquet. 

In  ancient  Greece,  funeral  ceremonies  were  attended 
with  great  pomp  and  religiously  practised,  for  it  was  be- 
lieved that  without  them  the  souls  of  the  dead  could  not 
enter  the  Elysian  Fields.  As  soon  as  a  person  was  dead, 
a  piece  of  money,  called  AavaKij,  with  which  to  pay  the 
passage  to  eternity,  was  put  in  his  mouth.  The  body  was 
washed  and  rubbed  with  perfumed  oil  and  the  head 
crowned  with  flowers;  the  body  was  robed  in  the  finest 
white  garment;  it  was  then  exposed  at  the  main  door  of 
the  house ;  by  the  side  of  the  bier  were  placed  precious 
vases  that  were  buried  with  the  dead,  and  near  the  body 
were  also  placed  a  cake  made  with  honey  and  a  vase  full 
of  water,  in  which  the  friends  and  assistants  could  purify 
their  hands.  Relatives  surrounded  the  death-bed,  all  in 
tears  and  deep  sorrow,  the  women  tearing  their  clothes 
and  pulling  out  their  hair.  The  body  was  either  buried 
or  cremated,  for  both  modes  of  sepulture  existed  simul- 
taneously among  the  Greeks.  Socrates  ordered  his  body 
to  be  burnt,  and  Plutarch  speaks  of  the  burning  of  the 
bodies  of  Timoleon  and  others.  In  olden  times,  together 
with  the  dead  body  were  also  burnt,  in  some  instances, 
animals,  as  well  as  s'laves  and  captives.  Thus  Achilles,  at 
the  incineration  of  his  friend  Patrocles,  ordered  the  burn- 
ing of  a  large  number  of  sheep,  beef,  horses,  and  dogs,  as 
well  as  twelve  Trojan  prisoners.  Bodies  that  were  not 
burnt  were  buried  in  coffins  of  varied  shapes,  and  mostly 
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made  of  eartlieuware.  Interments  took  place  outside  of 
the  city  walls,  as  burials  in  the  centre  of  the  town  were 
considered  a  danger  to  the  living.  Mortuar_y  banquets 
were  the  prevailing  custom,  and  monuments  of  arcliitec^ 
tural  beauty  were  often  erected  over  the  site  of  burial. 
At  Athens  and  at  Sparta,  deep  mourning  was  observed 
by  parents  and  relatives;  they  did  not  show  themselves 
lii  public  and  had  their  hair  cut.  In  those  cities  bodies 
of  criminals  were  thrown  away  in  special  excavations. 

The  Romans  followed  most  of  the  customs  of  the  Greeks 
in  their  funerary  ceremonies,  such  as  anointing  the  body 
with  perfumed  oil,  placing  a  piece  of  money  in  its  mouth, 
robing  the  dead  in  its  tinest  garments,  etc.  Couches  or 
litters"  on  which  the  body  was  carried  by  the  nearest 
relatives  were  made  of  ivory,  covered  with  gold  and 
purjile.  Julius  Ctesar's  body  was  carried  by  tlie  magis- 
trates and  that  of  Augustus  by  senators.  After  th<'3' 
had  passed  through  the  Foriun,  a  halt  was  made  at  the 
Tostrun\  where  funeiary  discoui'ses  were  delivereil.  From 
the  Forum  the  body  was  carried  to  the  place  of  sepul- 
ture or  incineration.  This  place  was  always  outside  of 
the  town  walls.  During  the  first  centuries  the  Romans 
buried  their  dead.  Yet  we  see  by  the  law  of  the  Twelve 
Tables  that  the  custom  of  burning  dead  bodies  had  be- 
come general  during  the  last  years  of  the  republic.  Un- 
der the  empire  it  gradually  grew  less  and  had  almost  en- 
tirely been  put  aside  during  the  fourtli  century.  As  in 
Greece,  the  pyni,  or  funeral  pile,  on  which  was  placed  the 
cadaver,  was  sprild^led  with  perfumes  and  at  times  richly 
ornamented.  Prisoners  and  slaves  were  at  times  sacrificed 
on  the  pile.  Banquets  and  gladiators'  combats  were  often 
made  part  of  the  funeral  ceremonies.  We  read  that  at 
the  funeral  of  P.  Licinus  Crassus,  who  had  been  sovereign 
pontiff,  meat  was  distributed  to  the  people,  there  were 
one  liundred  and  twenty  gladiators  in  the  arena  and  fune- 
lal  rejoicings  lasted  three  days,  after  which  there  was  a 
large  public  banquet  in  the  Forum. 

Burial. — As  has  been  said,  the  ancient  Hebrews,  Greeks, 
and  Romans  ordered  their  burying  grounds  to  be  located 
outside  of  the  city  walls,  in  the  fear  of  contamination  to 
the  living.  The  first  Christian  cemeteries  that  were  con- 
secrated in  the  beginning  of  the  third  century  were  also 
located  outside  of  the  town;  later  on,  whether  from  a 
sentiment  of  piety  or  of  vanity,  many  of  the  faithful 
sought  the  honor  of  being  buried  in  the  interior  of 
churches.  This  custom  prevailed  moi-e  or  less  exten- 
sively in  different  countries,  and  has  not  yet  been  entire- 
ly discontinued  in  spite  of  all  the  efforts  of  sanitarians 
to  abolish  it.  Bishops  and  high  functionaries  are  still 
binied  in  churches. 

There  are  but  few  remaining  cemeteries  that  were  built 
during  the  Middle  Ages;  the  most  remarkable  of  these  is 
the  well-known  Campo  Santo  of  Pi.sa,  Italy,  built  in  131S. 

In  order  to  diminish  as  much  as  possible  the  dangers 
of  earth  and  vault  burials,  all  civilized  communities  have 
adopted  stringent  police  regulations  governing  ceme- 
teries. These  should  by  all  means  be  located  outside  of 
towns  and  thickly  settled  localities.  They  should  be 
planted  with  trees,  with  due  regard  to  ventilation;  each 
fossa,  or  trench,  should  have  a  depth  of  from  four  to  six 
feet,  and  there  shoidd  be  at  least  three  feet  distance  be- 
tween the  trenches.  Five  years  should  have  elapsed  bo- 
fore  permitting  the  opening  of  the  tomb  for  a  new  burial. 

Decomposition  of  a  body  is  more  or  less  rapid  accoi'd- 
ing  to  climate,  conditions  of  the  soil,  the  material  of  the 
coffin,  the  clothing  or  coverings  of  the  body,  etc.  Low, 
damp  ground,  saturated  willi  water,  hastens  decay. 
Euil)alming,  a  metallic  coffin,  retards  it.  Rapid  de- 
composition .shoidd  be  favored  by  all  possible  means. 
Burial  in  thegiound  is  preferable  to  above  ground,  iutcr- 
uuu-al,  or  brick-vault  bui-ial.  It  facilitates  deconi])osition 
of  the  tissues  and  absorption  by  the  earth  of  obnoxious 
gases  and  emanations.  With'  all  these  precautions 
ground  burial,  especially  in  populous  towns  and  districts' 
remams  a  (huigei'onsand  imsanilary  practice.  The  eartli 
soon  becomes  saturated  with  products  of  decomposition- 
these,  no  longer  alisorbed,  escape  through  the  air,  perme- 
ate the  sod  and  water  and  may  carry  infection  to  great 


distances.     Fatal  epidemics  are  known  to  have  occurred 
from  such  general  contamination. 

Einbaliidng. — The  object  of  emlialming  a  dead  body  is 
to  preserve  it  from  decomposition  and  to  keep  it  for  a 
certain  period  of  time.  Nearly  all  nations  of  antiquity 
were  in  the  habit  of  embalming.  The  Egyptians,  above 
all  others,  were  masters  of  that  art,  as  we  see  by  their 
mummies,  which  date  back  for  series  of  centuries. 

Their  system  consisted  in,  first,  removing  all  the  viscera 
from  their  cavities  and  dissolving  them  in  caustic  liquids; 
second,  submitting  the  body  for  a  space  of  seventy  days 
to  the  action  of  natrum  or  cai'bonate  of  soda,  to  remr)ve 
all  fatty  substances;  and  third,  obtaining  desiccation  of 
the  body  by  exposing  it  to  the  air  or  to  the  heat  of  an 
oven.  While  undergoing  this  desiccation,  the  body  was 
varnished  externally  and  filled  internally  with  odoriferous 
sulKtances  degtined  to  remove  insects,  or  it  was  plunged 
ill  melted  liitumen  or  wax,  which  permeated  every  part. 
Finally,  innumerable  bandages  dipped  in  gums  were  ap- 
plied with  the  greatest  care  over  all  jiarts  of  the  body, 
thus  excluding  air  and  humidity.  This  ingenious  pro- 
ceeding was  undoubtedly  greatly  aided  by  the  permanent 
high  temperature  and  dryness  of  their  mortuai'y  cham- 
bers, where  the  mummies  were  kept.  Mummies,  in  a 
remarkable  state  of  preservation,  dating  back  more  than 
three  thou.sand  j'cars,  have  been  found  in  the  necropolises 
of  Upper  Egypt. 

During  the  Middle  Ages,  and  even  later,  the  processes 
of  embalming  the  bodies  of  kings  and  illustrious  men 
were  more  or  less  imitated  from  the  Egyptian  methods. 
In  modern  times,  thanks  to  the  remarkable  progress  of 
chemistry,  substances  have  been  found  capable  of  pre- 
venting decomposition.  Numerous  chemicals  have  been 
used  for  that  purpose.  Among  them,  bichloride  of  mer- 
cury, acetic  acid,  sulphurous  acid,  sulphate  of  iron,  chlo- 
ride of  zinc,  arsenic,  etc.  Bichloride  of  mercuiy  and 
arsenious  acid  are  perhaps  the  most  efficient,  but  may  be 
objectionable  from  a  medico-legal  point  of  view.  Now- 
adaj-s,  chloride  of  zinc,  injected  in  the  popliteal  artery  in 
both  directions,  and  the  new  germicide,  formaldehyde, 
are  the  agents  preferred  by  embalmei'S. 

Professor  Garini,  of  Italv,  is  the  discoverer  of  a  proc- 
ess of  embalming,  which  he  has  so  far  kept  secret,  by 
which  anatomical  preparations  and  whole  bodies  present 
the  hardness  of  stone  and  the  appearance  of  wax  and  can 
be  preserved  indefinitely.  It  is  a  sort  of  petrification. 
The  body  of  the  great  patriot  !Mazzini  is  so  preserved 
in  Genoa. 

LTnder  certain  natural  conditions  dead  bodies  are  known 
to  have  been  kept  iutact,  without  putrefaction,  mum- 
mified, for  an  indefinite  period  of  time.  AVe  all  know- 
that  congelation  prevents  decomposition.  In  Siberia 
there  have  been  found  fossil  elephants,  buried  in  ice, 
who.se  skin  and  flesh  had  not  suffered  the  slightest  altera- 
tion. Extreme  heat  seems  to  produce  the  same  effect. 
Humboldt  has  found  natural  mummies  in  ;Mexico.  In 
Peru,  travellers  have  discovered  in  a  certain  locality 
possessing  a  perfectly  dry  soil  and  exposed  to  a  burning 
atmosphere,  mummified  dead  bodies  of  Spaniards  and 
Peruvians  that  had  been  lying  on  the  ground  for  centuries. 
There  are  certain  soits,  also,  in  which'bodies  become  mum- 
mified; for  instance,  that  of  the  cemetervof  St.  Nicholas, 
in  Toulouse,  France.  Under  certain  "favoralile  condi- 
tions a  constant  current  of  cold,  pure  air,  in  a  liigh  aUi- 
tude,  will  produce  the  same  results.  In  a  church  near 
Bordeaux  there  can  be  seen,  under  the  tower,  a  cave 
containing  one  hundred  naturally  mummified  bodies. 
At  the  Sacra  of  San  Michele,  in  Piedmont,  I  have  seen 
myself  a  similar  cave  with  a  number  of  mummies  of 
Monks  in  their  robes  and  looking  perfectly  natural,  some 
dating  back  several  centuries,  others  more  recent. 

('remi(1ii»i.—T\w  suliject  of  cremarion  is  one  of  very 
great  importance,  and  it  is  rather  surprising  that  it  has 
so  far  received  but  little  attention  from  our  focal  sanitar- 
ians. .While  great  efforts  are  being  made  in  Europe  and 
ill  IX  few  of  our  States  to  introduce  or  generalize  the  prac- 
tice of  cremation,  there  generally  exists  a  strong  opposi- 
tion to  this  most  essential  sanitary  measure.     Our  people 
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aru  projudiofd  against  this  benoticial  hygienic  reform, 
tlie  great  advantages  of  whicliare,  perliaps'not  generaily 
known  or  suflicicntly  apiireciated.  But  if  the  introdiie- 
ti(ni  of  cremation  should  meet  witli  some  opposition  in 
our  midst,  we  can  easily  be  consoled  with  the  tlioutilit 
tliat  sucli  lias  been  tlie  case,  at  all  times  and  in  eveiy 
coimtry,  witli  every  innovation,  liowever  useful  or  neces- 
sary. All  important  discoveries,  all  new  ideas  of  science 
have  had  their  enemies.  Time  alone,  with  tlie  assistance 
of  reason,  can  uproot  prejudices  and  foster  new  ideas, 
heretofore  condemned  oi-  lejected  simply  because  they 
were  not  well  understood  and  studied. 

In  this  article  I  sliall  endeavor  to  show  the  dangers  of 
earth  and  vaiilt  burials;  to  explain  what  the  system  of 
cremation  really  is;  in  what  its  hygienic  advantages  con- 
sist; and  to  demonstrate  its  superiority  over  all  other 
methods  of  final  disposition  of  the  human  body.  I  hojie 
that  the  historical  considerations,  and  the  well-observed 
facts  upon  which  I  shall  dwell  '(\'ill  convince  every  intel- 
ligent person  of  the  absolute  necessity  of  a  complete  re- 
form in  our  methods  of  Ijurial,  especially  in  cities  and 
thickly  populated  districts. 

The  question  of  how  to  dispose  of  the  dead  with  the 
least  danger  to  the  living  has  at  all  times  absorbed  the 
attention  of  sanitarians  and  occupied  the  public  mind. 
One  is  greatly  surprised,  in  looking  over  the  literature 
of  the  subject,  to  And  that  as  far  back  as  the  year  1539 
tlie  question  of  the  different  methods  of  sepulture  was 
discussed  and  gave  rise  to  the  publication  of  several  re- 
markable works,  among  which  we  shall  mention  tliose  of 
Gyraldus  Ferrarensis,  of  Ferrara,  Italy,  "  De  Sepulchris 
et  vario  Sepellendi  ritu  Libellus  " ;  of  Claude  Guichard, 
publislied  at  Lyons,  in  1581,  entitled  "Funerailles  et 
Diverses  jNIanieres  d'eusevelir  des  Grecs,  Romains,  et 
autres  nations  tant  anciennes  cjue  modernes."  In  l(i36 
there  was  published  in  Holland  a  letter  (epistola)  in  wliicli 
the  custom  of  burying  in  temples  was  severelj'  condemned. 
In  1658,  Thomas  Brown  published,  in  Loudon,  a  memoir 
on  "Hydriotophia,"  or  urn  burial.  In  1739,  Groenen 
wrote  his  "Dissertatio  Inauguralis  de  Noxisex  Sepultura 
in  C^iemeteris  ex  Urliilnis  tollendi."  Frankfort;  and  a  few 
years  later  appeared  another  thesis  bj'  John  Godfrey, 
"  De  Sepulchrorum  salubri  trauslatione  extra  urbem  " 
(Hall);  and  a  "Memoire  sur  les  Dangers  des  Inhumations 
dans  les  Eglises,"  by  Huguenot,  from  Montpellier  (1747); 
and  one  year  later  Panenot  wrote  "  De  Sepultura  in  T'rbe 
et  Temp"lis  prohibenda,"  published  in  Utrecht.  From 
this  time  were  published  everj'  year  books  and  memoirs 
of  more  or  less  importance  on  the  dangers  of  burial  in 
churches  and  cities. 

In  1790,  Thouret  et  deFouicroy  published  their  report, 
"Sur  les  Exhumations  du  Cimetiereet  de  I'Eglise  des  In- 
nocents "  {Bulletin  de  la  Societe  Royale  do  Midecine,  <t 
Animles  de  CMmie,  1790).  This  report  was  translated 
into  German,  in  Crell's  Chernik  Aniuden,  in  1792.  Dur- 
ing the  last  years  of  the  eighteenth  century  and  the  first 
years  of  the  nineteenth,  many  publications  on  the  dangers 
of  cemeteries,  and  the  necessity  of  their  removal  from 
large  centres,  came  to  light  in  Germany,  among  '4\liicli 
tho'sc  of  Wurzer,  Tromrasdorf,  Fluegge,  Reinhardt, 
Joannis  Petrus  Frank,  and  others.  One  of  the  greatest 
of  German  poets,  Goethe,  was  a  strong  partisan  of  crema- 
tion. In  1830  Orfila  published  his  "Memoire  sur  les  Ex- 
humations Juridiques,"  and  in  1839,  another  memoir, 
"Sur  les  terrains  des  Cimetiercs,  sur  I'Arsenic  qu'ils  peu- 
vent  contenir,  et  sur  les  consequences  medico  legales  que 
Ton  doit  tircrde  rexi,stence  possible  d'un  compose  arseni- 
cal dans  ces  terrains  "  (Animles  d' Hygiene).  Many  cases 
of  poisoning  by  gases,  from  tombs  or  from  the  soil  of 
cemeteries,  were  "published  about  that  time.  In  1843, 
Chadwick,  of  London,  made  a  report  "  On  the  results  of 
a  special  inciuiry  into  the  practice  of  interment  in  towns." 
In  1849,  Grimm,  Moleschott  and  others,  in  Germany,  l)e- 
gan  scientifically  to  discuss  and  advocate  cremation  as 
actually  practised.  In  l'853,  Ambroise  Tardieu  wiote 
his  "Voiries  et  Cimetiercs."  In  1855  was  published  a 
work  on  "  Cremation  in  Japan,"  by  Sagholin.  That  same 
vear,  or  the  year  following,  appeared  several  works  on 


cremation,  by  Colib,  of  London,  Colletti,  of  Padua  and 
Loude,  of  Paris;  since  which  time  the  sulijcct  of  crema- 
tion has  been  constantly  agitated  and  discussed,  all  over 
the  world,  in  medical  and  .scientific  publications.' 

Connected  with  this  subject,  there  were  fiequently 
published,  in  different  couiitiies,  papeis  and  rejiorts  on 
the  dangers  of  well  and  spring  waters  in  the  environs  of 
graveyards.  See  Ball,  de  VAeiHl.  de  Medecine,  and  An- 
nideiiiVlhifiiene,  1869,  1870,  and  1871. 

Within  the  last  twenty  years  an  immense  number  of 
books,  memoirs,  and  papers  on  the  subject  of  cremation 
have  been  pulilished  in  every  country  of  Europe,  and  more 
recently  in  the  United  States.  "Without,  perhaps,  a  single 
exception,  the  habitual  method  of  burial,  especially  in 
cities  and  thickly  peopled  countries,  has  received  the 
univer.sal  condemnation  of  science  all  over  the  world, 
and  in  its  place  cremation,  or  rather  incineration,  has 
been  everywhere  recommended  as  a  perfectly  safe, 
rational,  and  unobjectionable  practice,  one  which  would 
destroy  powerful  causes  of  disease  and  greatly  promote 
the  public  health.  Under  the  empire',  thousands  of 
French  soldiers,  who  had  perished  during  the  disastrous 
retreat  from  Moscow,  wei'e  burned  by  the  Russians;  and 
in  1814,  after  the  battles  around  Paris,  more  than  four 
thousand  dead  bodies  were  ineiiieratcd  at  Montfaugon, 
during  the  space  of  fourteen  days,  to  prevent  infection. 
.  .  .  The  same  was  done  after  the  battle  of  Sedan,  in 
1870.  Since  1876  cremation  has  been  introduced  in  almost 
every  country  in  Europe  and  in  America.  Italy  is  perhaps 
the  country  in  which  this  great  sanitary  reform  has  been 
carried  forward  Mitli  most  energy  and  success ;  this  result 
being  due  in  a  great  measure  to  "the  efforts  f)f  Castiglioni, 
Gorini,  Amati,  DeH'Acqua,  Mantegazzi,  Polli,  de  Cristo- 
foris,  Pini,  and  others.  Let  us  here  mention,  among  the 
conspicuous  men  who  have  taken  a  leading  part  in  the 
diffusion  of  cremation.  Professor  Bruuetti,  of  Padua, 
Professor  Reclam,  of  Leipsic,  Dr.  Siemens,  of  Berlin,  and 
Sir  Henry  Tliomiison,  of  London,  who  wrote  such  re- 
markable articles  in  the  Contemporary  Renew  in  1874. 
Among  the  partisans  of  cremation  in  our  own  country 
we  .should  not  neglect  to  name  Henry  Laurens,  a  military 
attache  and  friend  of  General  Washington,  the  first  per- 
son -svhose  remains  were  formally  cremated  on  this  side 
of  the  Atlantic;  Henry  Barry,  of  South  Carolina,  whose 
remains  were  burned  in  his  own  garden,  according  to  his 
instructions;  Rev.  Dr.  Beugless,  of  Brooklyn,  whose 
writings  have  so  greatly  contributed  to  the  diffusion  of 
the  knowledge  aiid  advantages  of  cremation  among  us; 
and  last,  but'not  least.  Dr.  Julius  T.  Le  Jloyne,  of  Wash- 
ington, Pa.,  who,  besides  much  writing  and  speaking  in 
favor  of  cremation,  had  erected  at  liis  own  expense  a 
crematorium,  in  which  his  remains  were  cremated,  and 
which  still  stands,  an  honor  to  his  zeal  and  earnestness  in 
the  cause  of  cremation. 

Within  the  last  few  years  cremation  has  received  the 
highest  and  most  valuable  indorsement  from  one  of 
America's  greatest  surgeons  and  scientists.  Prof.  Samuel 
D.  Gross,  of  Philadelphia,  whose  body  was,  at  his  own 
request,  incinerated  in  Dr.  Le  Moyne's  crematorium. 
Numerous  medical  societies  have  since  indorsed  cremation 
as  an  essential  sanitary  measure.  The  American  IMedical 
Association  has  given  that  practice  its  otticial  sanction  and 
approval. 

AVe  see  that,  at  all  times  and  m  every  country,  the 
custom  of  earth  Inirial  has  been  strongly  condemned  by 
the  most  enlitrhtened  men  of  the  time.  We  notice  that 
particular  objections  have  have  been,  as  far  back  as  three 
centuries  ago,  to  burials  in  churches  and  in  cities.  The 
dam'ers  from  such  practices  were  clearly  demonstrated 
in  U)36,  and  even  at  that  remote  period  strong  efforts 
were  made  bv  physicians  and  savants  to  have  ceme- 
teries built  outside  of  city  limits.  Such  unanimity 
of  opinion,  in  all  countries  and  at  all  times,  would  by 
itself  be  suflicient  to  establish  beyond  a  doubt  the  real 
and  positive  danger  of  earth  and  intra-mural  burials.  But 
still  better  to  convince  and  satisfy  the  most  mcredulous 
we  beg  leave  to  give  here  a  few  striking  illustrations  of 
said  dangers. 
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It  was  Sir  Plenry  Thompson  who  said,  in  1874:  "No 
dead  body  is  ever  placed  in  tlie  soil  without  polluting 
the  earth,  the  air,  and  the  water  above  and  around  it." 
This  say  ins;  has  been  confirmed  by  men  of  science  in 
every  country  of  Europe  and  America;  and  nowadays 
the  fact  of  the  pollution  of  air,  soil,  and  water  by  decom- 
posing bodies  is  as  well  ascertained  and  recognized  as  are 
the  poisonous  qualities  of  strychnine  and  arsenic,  or  the 
froth  of  a  rabid  dog. 

It  is  well  known  that  grave-diggers,  who  are  generally 
of  strong  constitutions,  very  seldom  live  to  old  age.  "  In 
the  Middle  Ages,  when  burial  in  churches  was  common, 
they  fell  victims  by  hundreds  to  their  horrible  duties," 
saysAVagner-Ercolani,  win >ol)serves  that  even  now  "  they 
are  mostly  pale  of  face  and  seldom  healthy."  Instances 
of  the  sudden  death  of  grave-diggers  by  foul-air  poison- 
ing in  the  bottom  of  vaults  were  very  numerous  in  the 
past  and  are  still  of  frequent  occurrence.  A  few  years 
ago  three  grave-diggers  in  Paris  died  suddenly  while 
lowering  some  coffins  in  a  deep  vault.  Fetid  emanati(ms 
from  decomposing  bodies  are  mortal  if  breathed  in  a  con- 
centrated state,  and  when  diluted  in  the  atmosphere 
diminish  the  vital  powers  and  produce  low  forms  of  fevei', 
which  are  often  fatal.  Dr.  Copeland  relates  that  a  gentle- 
man of  his  acquaintance  was  poisoned  by  a  rush  of  foul 
air  from  the  grated  openings  at  the  side  of  the  church 
steps;  he  was  seized  with  a  malignant  fever  which  he 
communicated  to  his  wife.  Tliere  are  well-authenticated 
cases  of  sextons  being  infected  while  shaking  and  clean- 
ing the  mattings  of  church  floors,  the  mats  being  satu- 
rated with  the  poison  of  the  vaults  (Williamson  "Crema- 
tion "). 

We  may  here  mention  the  fact  that  the  experiments  of 
Drs.  Ivoch,  Evai't,  and  Carpenter  have  shown  that  the 
blood  of  animals  dying  of  splenic  fever  maybe  dried  and 
kept  for  years,  and  pulverized  into  dust,  and  yet  the  dis- 
ease germs  survive  with  power  to  produce  infection.  We 
all  know  of  the  plague  of  Jlodena,  breaking  out  in  1828, 
in  consequence  of  excavations  made  in  the  ground  where, 
three  hvmdied  years  before,  victims  of  the  plague  had 
been  buried.  A  similar  fact  occurred  a  few  years  ago  in 
Derbyshire,  England,  and  the  terrible  violence  of  the 
cholera  in  London,  in  1854,  was  charged  to  the  upturning 
of  the  soil  wherein  the  plague-stricken  of  166.5  were 
buried. 

In  1843,  the  population  of  Minchinhampton,  England, 
was  nearly  decimated  by  a  disease  manifestly  caused 
by  using  as  fertilizer  for  their  gardens  the  rich  soil  of 
an  abandoned  graveyard.  In  18'23,  an  outbreak  of  the 
plague  in  Egypt  was  confidently  traced  to  the  reopening 
of  a  disused  grave.yard  at  Kelioab,  fourteen  miles  froin 
Cairo.  A  few  years  ago,  the  villages  of  Ritondi'llo  and 
BoUita,  in  Italy,  were  decimated  by  a  terrible  epidemic, 
the  origin  of  which  was  unmistakably  traced  to  the 
cemeteries.  More  recently,  the  monumental  cemetery  at 
Milan,  situated  on  a  hill" to  the  north  of  the  city,  was 
proved  to  be  the  ca>ise  f)f  a  fatal  epidemic  that  prevailed 
in  parts  of  the  city,  the  wells  being  the  channel  of  com- 
munication and  infection  (Williams), 

The  investigation  and  experiments  of  Professor  Pet- 
tenkofer,  of  ]\tunich,  have  proved  conclusively  the  man- 
ner in  which  graveyards  exert  their  poisonous  intluence 
through  air  and  v.'iiter—Gnii(dliift  and  Onuidwiixsei-. 

The  danger  of  contamination  of  wells,  fountains,  and 
running  water  in  and  aroiuid  bnrial-grDunds  is  well 
known.  Tliis  contaminaiiim  sometimes'extends  to  (luite 
a  distance,  as  we  have  seen,  and  is  a  source  of  fur  greater 
dangerthan  is  genei-ally  siqiposed.  These  waters  |)resent 
a  sparkling  and  seductive  appearance— due  to  a,  laiye 
proportion  of  nitrates  and  nitrites— which  make  IhcMu 
still  more  dangerous.  "It  is  a  well-ascertained  fact" 
says  the  London  /jiiirrf.  "that  the  surest  carrier  and  tl'ie 
most  deadly,  fiiiitful  aider  of  zymotic  contagion  is  this 
brilliant,  enticing-looking  water  charged  with  the  prod- 
ucts of  decomposition."  There  are  manv  examiiles  of 
tran.smission  of  ili.seuse,  such  as  tV|ihoid  fever,  dvsentery 
by  water  ai.parently  pure  and  attractive,  runn'in.r  i,,  „,'■ 
around  burial-grounds,  or  in  the  vicinity  of  places  where 
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the  excreta  from  those   diseases   had    been   simply  de- 
posited. 

In  the  strata  of  air  lying  in  a  prolonged  calm  above  a 
cemetery,  Professor  Selmi,  of  Bologna,  discovered  an 
organic  corpuscle  (the  septo-pneuma)  which  poisons  the 
atmosphere  to  the  detriment  of  the  living  economy.  This 
substance,  says  Dr.  Pietra  Santa,  which  it  is  easy  to  col- 
lect and  isolate,  if  placed  in  a  solution  of  glucose,  pro- 
duces the  phenomena  of  putrid  fermentation,  and  gives 
birth  to  a  considerable  quantity  of  bacteria  similar  to 
those  which  are  manifested  in  but_yric  fermentation.  A 
few  drops  of  this  solution,  injected  under  the  skin  of  an 
animal,  bring  on  the  symptoms  of  tj'phic  infection,  and 
death  supervenes  on  the  third  day.  Infiltrated  into 
water  courses,  this  substance  has  doubtless  carried  infec 
tion  and  death  into  important  towns. 

It  was  Professor  Selmi  who  discovered  those  deadly 
poisons  he  called  ptumiuM  or  (ilkalfiidi  cadarenci.  By 
protracted  experiment,  he  showed,  and  his  results  have 
been  confirmed  by  other  investigators,  that  the  common 
constituents  of  the  human  body,  as  the  brain,  the  blood, 
fibrin,  etc.,  perfectly  innocuous  in  health,  are  rapidly 
converted  by  decompo.sition,  under  certain  conditions  of 
heat  and  moisture,  into  new  alkaloids,  analogous  to 
those  of  plants,  and  equally  virulent.  He  even  showed 
that  death  does  not  always  precede  the  change,  hut 
when  the  disease  is  one  that  induces  internal  decom- 
position of  the  plasmatical  or  histological  elements, 
the  transformation  into  jitomdins  may  take  place  while 
the  patient  is  still  alive,  or  immediately  after  death, 
before  au}-  indication  of  external  putrefaction  becomes 
apparent. 

A  few  years  ago,  in  a  celebrated  trial  which  took  place 
in  Italy,  in  which  a  party  was  accused  of  poisoning  by 
strychnine,  this  eminent  chemist  saved  the  prisoner  from 
the  gallows  by  proving,  to  the  satisfaction  of  the  tribunal, 
that  the  poison  found  in  the  dea<l  body  was  simply  an 
alkaloid  formed  in  the  liody  after  death,  by  the  natural 
process  of  putrefaction. 

Dr.  Domingo  Freire,  of  Rio  Janeiro,  a.sserts  that,  while 
investigating  the  causes  of  a  recent  epudemic  of  yellow 
fever,  he  came  upon  the  dreadful  fact  that  the  soil  of  the 
cemeteries  in  which  the  victims  of  the  outbreak  were 
buried  was  positively  alive  with  microbian  organisms, 
exactly  identical  with  those  found  in  the  vomitings  and 
blood  of  those  who  had  died  of  yellow  fever  in  the  hos- 
pital. This  characteristic  parasite,  says  Dr.  Freire,  per- 
meates the  soil  of  cemeteries,  even  to  the  very  surface. 
From  a  foot  underground  he  gathered  a  sample  of  the 
earth  overlying  the  remains  of  a  person  who  had  been 
buried  about  a  year  before;  and  though  it  showed  noth- 
ing remarkable  in  appearance  or  smell,  under  the  micro- 
scope it  proved  to  be  thickly  charged  with  those  yellow- 
fever  germs.  The  cemeteries,  therefore.  Dr. "  Freire 
pronounces  "nurseries  of  yellow  fever,  and  perennial 
foci  of  th«  disease. "  It  may  be  ]iroper  to  mention  here 
that  since  our  first  edition,  Dr.  Sanarelli,  of  Montevideo, 
.seems  to  liave  positively  discovered  the  micro-organism 
of  yellow  fever.  His  claim,  however,  that  he  luis  suc- 
ceeded, by  cultivating  and  attenuating  said  micro-organ- 
ism, in  obtaining  an  antitoxin  that  is  both  ctinittn-  and 
pivphylactic,  has  not  yet  been  confirmed. 

The  above-given  facts,  as  well  as  the  facts  relating  to 
the  breaking  out  of  the  plague  in  Modena  in  1828,  and  of 
cholera  in  London  in  1854,  from  the  opening  of  trenches 
in  graveyards  in  which,  three  or  fimr  hundred  years  be- 
fore, jilague-  or  cholera-stricken  victims  had  been  buried 
in  the  gr(nind,  and  those  that  have  been  observed  in  New 
( irleans  during  the  cholera  epidemic  of  1832,  and  in  New 
York  in  1806,  at  the  time  the  Potter's  Field  was  abolished 
and  converted  into  a  public  S(iuare  (Washington  Square), 
all  go  to  demonstrate  most  positively  that  soils  once  satu- 
rated with  products  of  decomposition  may  retain  for  an 
indefinite  period  their  infective  properties",  and  continue 
for  generations  to  be  a  source  of  danger.  This  danger 
exists  at  all  times,  but  during  epidemics  becomes  threat- 
ening indeed.  In  fact,  we  have  seen  that  the  liodies  of 
those  who  die  of  contagious  or  infectious  diseases  are  a 
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source  of  alarming  danger,  not  only  during  life,  but  hmu: 
after  they  have  been  buric<l  according  to  prevailing 
custom. 

Does  not  the  germ  theory  of  disease,  the  doctrine  now- 
adays generally  accepted  by  the  scientific  world,  explain 
in  a  perfectly  satisfactory 'manner  this  pollution  of  soil, 
air,  and  water  by  decomposing  bodies?  Darwin,  Pasteur, 
Koch,  and  others  have  already  sho^^'n  that  the  inuiiediate 
essential  cause  of  most  contagious  and  infectious  diseases 
is  a  living  animalcule,  or  microbe,  capable  of  reproducing 
itself  ad  infinitum. 

These  germs  are  possessed  of  a  \'itality,  of  a  power  of 
reproduction  and  resistance,  which  is  really  wonderful. 
It  seems  that  the  lower  in  the  animal  scale  isiin  organism, 
the  m(u-e  numerous  and  piolitic  are  its  species,  the  more 
clinging  its  vitality.  We  have  an  additional  proof  of 
this  in  the  particidar,  and  at  onetime  mysterious,  mode  of 
trau.smission  of  charbon  (anthrax),  first  ol)served  1)y  tlie 
illustrious  Pasteur.  A  sheep  which  had  died  of  charbnn 
was  buried  at  the  de|)tli  of  twenty  feet  in  tlie  ground,  in 
afield  which,  for  ten  or  twelve  j-ears  after,  ceased  to  be 
used  as  a  pasture  ground.  After  that  length  of  time 
some  healthy  sheep  were  pastured  in  that  field;  soon 
after,  three  sheep  wei'e  talien  sick  and  died  of  charlion, 
at  a  time  when  the  disease  did  not  exist  in  that  locality 
or  the  environs.  Upon  diligent  investigation  it  was 
found  that  the  animal  affected  with  charbon,  and  which 
had  been  l)uried  twenty  feet  deep  ten  j'ears  before,  was 
the  cause  of  this  new  breaking  out  of  the  disease.  Pasteur 
demonstrated  that  the  germs  of  the  disease  were  brought 
to  the  surface  by  earth  womis. 

Are  not  all  these  facts  positively  conclusive?  Can  any 
one  doubt  the  infective  qualities  of  soil  saturated  with 
the  poisonous  germs  of  disease?  In  the  light  of  the  late 
researches  and  discoveries  of  science,  it  is  not  difficuft  to 
understand  how  cemeteries  may  continue  for  centuries 
to  be  the  ««V?««and  Imhital  of  the  living  microbes  of  viru- 
lent diseases. 

From  the  very  moment  the  vital  spark  abandons  an 
organized  living  body,  be  it  man  or  the  lowest  animal, 
putrefaction  begins  its  slow  and  loathsome  process;  it 
gradually  passes  through  the  different  phases  of  putriil 
decomposition,  too  horrible  to  behold  or  even  to  describe, 
until  all  the  constituting  elements  of  the  decomposing 
body  are  finally  set  free  by  a  slow  and  dangerous  process 
of  combustion.  This  process  has  been  known  to  last, 
according  to  circumstances — especially  according  to  the 
nature  of  the  soil  in  which  it  takes  place — ten,  twenty, 
fifty,  and  even  hundreds  of  years!  While  this  slow  and 
horrible  process  of  decomposition  is  going  on,  every 
particle  of  matter  around  it  is  being  saturated  and  in- 
fected with  these  germs  of  disease  and  death.  This  pol- 
lution of  air,  soil,  and  water  takes  place  more  readil.y, 
and  gives  ri.se  to  special  dangers,  in  certain  soils  and  cli- 
mates ; — for  instance,  in  lower  Louisiana,  where  the  at- 
mosphere and  soil  are  saturated  with  dampness,  subsoil 
water  is  found  at  only  a  few  inches  from  the  surface,  and 
the  land  is  of  such  a  nature  as  to  absorb  and  retain  all 
sorts  of  offensive  and  poisonous  matter.  With  all  these 
unfavorable  conditions  of  climate  and  soil,  they  have 
adopted,  in  New  Orleans,  a  method  of  disposing  of  the 
dead  which  is  quite  peculiar  to  that  locality.  With  a 
few  exceptions  the  dead  are  not  buried  in  the  ground,  as 
is  generally  the  case  all  over  are  the  world,  but  deposited 
in  tombs  or  ovens  al)0ve  ground,  generally  badly  con- 
structed and  exposed  to  the  alternate  influences  of  a  burn- 
ing stm  and  excessive  moisture.  No  disinfectants  are 
used  eitlier  in  the  coflins  or  in  the  vaults,  and,  to  make 
matters  worse,  most  of  the  cemeteries  are  overfilled  and 
located  in  the  very  heart  of  the  city.  This  practice  con- 
stitutes one  of  the"  worst  tmsanitary  features  of  that  city, 
where  cremation  is  more  needed  than  anywhere  else. 

We  have  seen  that  the  ordinary  mode  of  inhumation 
presents  a  double  danger :  first,"  the  contamination  of 
earth,  air,  and  water,  which  may  extend  to  quite  a  dis- 
tance; second,  the  reproduction  of  special  contagious  and 
infectious  diseases  by  germs  wdiich  are  buried  with  tlie 
human  body,  but  not  destroyed.     How  are  we  to  destroy 


these  disease  germs?  What  is  the  remedy?  There  is 
but  one.  That  remedy  is  cremation  or  "incineration. 
C'remation  alone  will  put  an  end  to  the  pollution  of  earth, 
air,  and  water.  It  applies  not  only  to  the  dead  huniaii 
body,  but  to  animals,  to  garbage,  to  everything  which  is 
olfensive  or  dangei-ous  to  healtfi.  Cremation 'alone  can 
completely  annihilate  the  living  organisms  or  germs  of 
contagious  anil  infectious  diseases.  Tiie  ashes  from  tlie 
incinerated  bodies  of  victims  of  smallpox,  plague,  yel- 
low fever,  or  cholera  are  as  pure,  as  clean,  as  innocent 
as  those  of  the  most  precious  woods  or  metals. 

We  should  liyali  means  prefer  cremation  to  the  Potter's 
Field  and  all  its  horrors.  The  relics  of  the  dissecting- 
room,  of  the  dead-house,  etc.,  should  be  projierly  cre- 
mated. In  epiifemics  of  a  contagious  or  infectious  char- 
acter, the  crematory  flame  should  be  made,  by  law,  the 
great  purifier.  The  garbage  of  cities  should  be'creniated. 
It  is  the  safest  and  cheapest  manner  of  disposing  of  it. 

It  is  evident  that  these  germs  of  disease  are  not  de- 
stroyed by  being  simply  deposited  in  any  jiartieular 
localit_Y,  however  remote  from  large  centres.  The  stop- 
ping of  intramural  interments  only  partially  remedies 
the  evil.  It  does  not  solve  the  ]iroblem  ;  it  only  adjourns 
the  question.  The  legal  obligati(ai  to  establish  cemeteries 
beyond  certain  limits,  as  in  the  case  of  the  new  cemetery 
of  Paris,  at  i\Iaily-sur  Oise,  sixteen  miles  from  the  capital 
is  .simply  planting  the  seeds  of  disease  and  death  a  little 
farther  oft'.  The  cemeteiy  will  always  be  a  focus  from 
wliicli  death  radiates.  One  shudders  at  the  thought  that 
in  all  large  cities,  or  in  their  immediate  vicinity,  there 
are  constantly  to  lie  found,  in  a  state  of  coniplefe  putre- 
faction, as  many  as  forty  and  fiftj'  thousanil  corpses. 

Sanitarj'  reasons  should  alone  influence  ami  determine 
the  scientist  and  the  ph3'sician  in  all  questions  of  science, 
especiall}'  in  all  questions  which  concern  the  public 
liealth.  Having  said  this  much  in  favor  of  cremation, 
from  a  sanitary  point  of  view,  I  might  here  put  an  end  to 
tills  article  by  giving  a  short  description  of  the  most  ap- 
proved processes  of  incineration.  But  the  subject  would 
lie  incomplete  without  a  few  considerations  on  the  re- 
ligious, sentimental,  and  utilitarian  aspects  of  the  ques- 
tion, more  especially  as  the  greatest  objections  to  the 
generalization  of  cremation  come  from  the  want  of  proper 
understanding  of  these  questions. 

For  my  part,  I  do  not  see  why  the  religious  question 
should  enter  into  the  subject  of  cremation.  Religion  has 
nothing  whatever  to  do  with  this  great  sanitary  reform, 
not  more  than  it  has  in  questions  of  drainage,  sewerage, 
^^•atcr  closets,  or  any  other  sanitary  measure. 

Cremation  is  nothing  else  but  a  very  simple  method  of 
reducing  the  human  body  to  its  constituent  elements 
without"  injurious  consequences  to  the  living.  It  is  in 
strict  conformity  with  the  laws  of  nature,  and  merely 
accomplishes  in'  a  few  minutes  that  which  putrefaction 
would  take  months  and  years  to  accomplish.  It  is 
nature's  remedy,  cornbiisiion,  facilitated,  hastened,  and 
purified,  and  rendered  innocuous  by  tlie  application  of  the 
laws  of  modern  science.  Why  should  it  be  called  a  bar- 
barous custom,  a  relic  of  paganism?  Was  not  inhuma- 
tion practised  by  antiquity  as  well  as  cremation?  Yet 
the  custom  of  b'urying  the  dead,  which  we  owe  to  an- 
tiquity as  well  as  'many  other  customs,  such  as  baths, 
festivals,  etc.,  has  never  been  called  a  barbarous  or  pagan 
custom.  And  how  can  ignorance  and  fanaticism  base 
their  objections  to  the  system  of  cremation  on  the  religious 
idea  of  resurrection?  "Does  an  omnipotent  God  need  the 
assi.stance  of  man  to  accomplish  his  great  work?  Is  the 
void  of  the  tomb  more  favorable  to  resurrection  than  are 
the  ashes  of  the  urn  ?  That  power  which  can  recall  to  life 
every  part  and  parcel  of  the  human  body,  wdiether  de- 
voured by  ferocious  beasts  or  burnt  at  the  stake  like  the 
martyrs  and  saints  thousands  of  years  ago  or  dissolved 
in  the  waters  of  the  seas  or  which  have  turned  to  clay  on 
many  a  battlefield,  can  certainly  resuscitate  the  ashes  of 
the  funereal  urn  in  the  hands  of  friends.  ^ 

In  all  countries  where  cremation  has  been  adopted  it 
is  only  after  all  religious  rites  and  church  ceremonies 
have  been  performed  that  the  corpse  is  taken  to  the  cre- 
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matorium.  Tlie  process  of  crematioD  is  no  more  iiicom^ 
patible  with  the  idea  of  religious  services  to  the  dead 
than  is  our  present  metliod  of  inliumation  in  a  tomb  or  in 
tile  bowels  of  the  earth.  .      ,        , 

The  religious  rites  could  be  performed  in  church  or  at 
the  crematorium  in  a  room  especially  consecrated  to  that 
purpose. 

I  am  happy  to  notice  that  of  late  the  opposition  to 
cremation,  on  religious  considerations,  has  considerably 
diminished.  Some  of  its  most  enthusiastic  advocates  in 
our  country  are  either  clergymen  or  zealous  members  of 
the  church.  In  Italy  the  opposition  of  the  Catholic 
cleriiy  has  apparently" entirely  ceased,  and  in  Rome  itself 
a  splendid  crematorium  has  been  built,  and  cremation  is 
steadily  on  the  increase — forty  bodies  have  been  cremated 
there  during  the  last  four  months.  By  degrees,  all  ob- 
jections based  on  considerations  of  a  religious  character 
will  disappear,  and  I  do  not  believe  that  at  the  present 
day  an  intelligent  and  enlightened  member  of  the  clergy, 
of 'whatsoever  sect  or  creed,  could  be  found  honestly  to 
oppose  cremation  on  religious  grounds.  Ignorant  and 
bigoted  persons  may,  willingly  or  not,  confound  the  two 
questions;  not  the  intelligent  and  philanthropic. 

In  this  utilitarian  age  the  question  of  economy  is  not 
to  be  despised.  Statistics  show  that  the  sums  annually 
expended  in  the  United  States  as  funeral  expenses  exceed 
the  value  of  the  annual  ]irodueeof  all  our  gold  and  .silver 
mines,  and  equal  the  amount  of  all  the  failures  of  our 
business  houses  of  the  country  (Beugless).  A  decent 
burial  costs  not  less  than  !?100,  exclusive  of  the  price  of 
the  tomb  or  vault.  How  many  families  are  daily  im- 
poverished by  the  excessive  cost  of  interment  incurred 
through  false  pride!  How  often  expensive  burials  are 
given  to  those  who  in  their  lifetime  lacked  all  the  neces- 
saries of  hfe!  The  whole  cost  of  cremation  would  not 
reach  one-twentieth  part  of  the  price  of  an  ordinary  tomb 
and  interment.  As  practised  at  present  in  Slilan,  the 
cost  for  cremating  one  bodjr  is  only  eight  francs!  But, 
from  a  general  point  of  view,  the  great  economy  would 
1)6  that  of  land  and  space  occupied.  The  practice  of 
cremation  would  eventually  restore  to  the  state  or  com- 
munitj'  vast  amounts  of  valuable  land  now  used  as 
gra^'eyards,  "svhich  are  lost  to  agriculture  and  industiy. 
Under  the  present  general  system  of  interment  the  dead 
are  gradually  crowding  out  the  living.  Take,  for  in- 
stance, the  city  of  London,  with  an  annual  death  rate  of 
only  twenty-one  per  thousand;  the  number  of  deaths  is 
about  eighty-one  thousand  per  annum.  Have  you  calcu- 
lated how  much  space  is  required  for  the  annual  burial 
of  eighty-one  thousand  persons?  At  the  limited  rate  of 
two  feet  by  six  per  per.son,  or  twelve  square  feet  per  each 
grave,  you  can  bury  three  thousand  six  hundred  and 
thirty  bodies  to  the  acre;  but  this  allows  nothing  for 
walks,  roads,  gardens,  monuments,  etc.  On  this  crowded 
theory  of  three  thousand  six  hundred  and  thirty  graves 
to  the  acre,  London's  annual  deaths  will  till  twenty -two 
and  one-third  acres.  Of  course,  it  practicallv  requires 
four  times  as  much  space.  Cremationists  do  ikA  advocate 
the  abolition  of  cemeteries  now  existing,  but  they  claim 
that,  through  the  piticcss  of  cremation,  cemeteries"  would 
cease  to  be  nuisances  and  would  become  amply  suflieient 
for  all  time  to  come.  On  the  smallest  lot  of  gromid,  an 
edifice  in  the  shape  of  a  columbarium,  divided  into  com- 
partments, would  serve  the  same  family  for  ages.  It  has 
been  calculated  that  six  millions  of  urns,  each  Containing 
the  a.shes  of  one  person,  and  jdaced  in  separate  comparr- 
ments,  would  not  re(|nire  twenty  acres  of  land,  ineluiliii!,' 
the  tiower  beds,  walks,  etc.  Greenwood  Cemetei-y  alone 
could  receive  no  less  than  twenty  million  urns.  Owners 
of  lots  in  graveyards  would  not' be  slow  to  perceive  the 
increased  value  of  their  ])roperty,  since  the  siiace  for  an 
ordinary  vault,  twenty  by  twenty  feet,  could  receive 
tour  hundred  urns.  The  sale  of  a  compartment  or  vault 
would  yield  greater  profit  than  the  sale  of  a  whole  lot 
cciulfl  pos.sibly  now  give,  and  cemeteries  would  never  be 
lull  Each  and  every  church  or  temple  could  aceom- 
moilate  tour  thousand  urns  containing  the  ashes  of  as 
many  persons,  without  any  resulting  injury,  thus  serving 
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a  religious  purpose  while  being  a  legitimate  source  of 
income  to  the  church  (Beugless). 

The  generalization  of  cremation  would  render  impos- 
sible the  desecration  of  tombs  and  the  theft  of  dead  bodies, 
examples  of  which  have  been  quite  frequent  of  late  in 
our  country.  Be  it  sufficient  to  recall  the  theft  of  the 
body  of  the  late  millionaire,  A.  T.  Stewart,  of  New  York, 
and  the  attempts  made  to  steal  the  bodies  of  Presidents 
Lincoln  and  Garfield,  without  mentioning  the  many  in- 
stances of  body-snatching  for  the  purpose  of  dissection, 
etc. 

AVith  that  system  in  vogue  the  danger  of  being  buried 
alive  will  no  longer  prey  on  our  imagination.  This  danger 
is  not  chimerical.  In  a  recent  work  published  in  Italy  on 
the  dangers  of  premature  inhumation,  no  less  than  sixty- 
five  well-authenticated  cases  of  burial  of  living  persons 
are  related. 

Again,  cremation  offers  the  advantage,  the  consolation, 
of  being  able  to  preserve  and  transport  the  ashes  of  those 
whom  we  have  loved.  Many  of  us  will  heartily  join 
Rev.  Burke  Lambert,  of  England,  in  his  opinion  when  he 
said,  recently:  "I  have  lost  three  very  dear  kinsfolk  in 
remote  quarters  of  the  earth,  and  I  would  give  every- 
thing I  could  command  if  I  could  receive  their  ashes  and 
keep  them  ])y  me  in  a  vase." 

Why  should  not  the  purification  of  human  remains  be 
intrusted  to  this  rapid  method,  which  frees  the  sepulchre 
of  its  horrible  mysteries,  and  which  in  its  comeliness  re- 
tains a  certain  degree  of  poetry?  For  "Cremation," 
says  Professor  Gross,  "is  truly  a  beautiful  method  of 
disposing  of  the  dead." 

The  process  of  cremation  does  not  con.sist,  as  is  errone- 
ously believed,  in  the  burniiifi  of  a  corpse.  It  is  a  mere 
incineration  or  reduction  of  the  body  to  ashes  by  means 
of  dry  heat,  reaching  as  high  as  l,.5O0'  and  2,000°  F. 
Neither  fire  nor  flames  ever  come  in  contact  with  the 
corpse.  All  the  smoke  and  volatile  substances  resulting 
from  combustion  pass  through  a  heated  absorbing  retort 
and  are  immediatel_y  destroyed.  The  process  has  been 
described  by  ocular  witnesses  to  be  as  follows:  The  body 
is  borne  into  the  chapel  and  placed  on  a  catafalque,  which 
stands  in  front  of  the  altar.  The  section  of  the  chapel 
floor  ujion  which  the  body  rests  constitutes  the  floor  of  a 
lift  or  elevator.  As  the  funeral  service  proceeds,  the 
elevator  invisibly  and  noiselessl^v  descends,  bearing  the 
body  to  the  basement  in  front  of  the  incinerator,  which 
b}'  means  of  superheated  air  has  lieen  raised  to  a  white 
heat  within,  at  a  temperature  of  atiout  1,.500'  F.  As  the 
door  of  the  incinerator  is  opened  to  receive  the  liody,  the 
inrushing  cold  air  causes  the  temperature  to  fall  a  Uttle, 
and  gives  to  the  interior  a  beautiful  rose  tinge.  The 
corpse,  wrapped  u]i  in  a  sheet  saturated  with  alum  or 
asbestos,  and  placed  on  a  metallic  bed.  passes  over  rollers 
into  a  biith  of  rofiy  light.  The  sheet  delineates  the  form 
of  the  human  body  until  incineration  is  complete,  and 
the  liones  crumble  into  ashes  under  the  mystic  touch,  as 
it  were,  of  an  invisible  agent.  This  process  may  be  called 
the  etherealization  or  spiritualization  of  the  human  body. 
It  requires  about  an  hour  per  one  hundred  pounds  of  the 
original  weight.  A  few  pounds  of  clean,  white  ashes 
are  drojiiied  by  means  of  a  lever  into  the  ash  chamber 
below,  and  are  drawn  thence  into  an  urn  of  terra-cotta, 
marble,  alabaster,  or  other  suitalile  material,  and  returned 
by  means  of  the  elevator  to  the  catafalque.  The  service 
or  ceremony  being  now  over,  the  friends  of  the  deceased 
find  the  ashes  just  where  they  liad  last  seen  the  body  of 
the  departed,  and  may  bear  them  thence  to  the  colum- 
barium ormortuary  chapel,  or  set  them  on  the  border  and 
plant  violets,  heartsease,  and  forget-me-nots  in  them  from 
year  to  year.  Each  urn  contains  the  ashes  of  but  one 
person,  as  a  rule,  and  has  an  appropriate  inscription. 
The  process  is  accompanied  with  no  perceptible  sound, 
,smell.  or  smoke,  and  presents absolutelv  nothing  that  can 
otfend  the  susceptibilities  of  the  most  lasridious. 

Scarcely  an  instance,  says  Beugless,  is  known  of  any- 
one having  Avitnessed  the  process  as  thus  conducted  who 
has  not  at  once  become  a  pronounced  convert  to  crema 
tion,  whatever  may  have  been  his  pre-existing  prejudice. 
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Connected  with  the  crematorium  are  rooms  for  post- 
mortem examinations  and  medico-legal  researches,  when 
deemed  necessary. 

Crematory  temples,  in  many  lartre  cities  of  Europe,  arc 
of  beautiful  monumental  architecture.  Italy  alone  boasts 
of  thirteen  such  temples.  Milan  has  two.  "Those  of  the 
latter  city  and  the  one  of  Rome  are  of  the  grandest  pro- 
portions. There  exist  to-day  cremation  societies  in  all 
countries  of  the  world.  There  are  not  less  than  thirty- 
seven  in  Italy  alone.  The  most  important  and  most  ac- 
tive is  in  Jiilau,  which  city  is  also  the  centre  of  the 
"Lega  Italiana  delle  Societil  di  Cremazione."  The  Cre- 
mation Society  of  Cojienhagen  numbers  two  thousand 
members,  that  of  Holland  twelve  hundred  members,  that 
of  Paris  six  hundred.  There  are  also  societies  in  Berlin, 
London,  Dresden,  Rio  Janeiro,  etc.  ;  and  in  the  United 
States  there  are  not  less  than  ten  regularly  incorporated 
organizations.  Among  their  members  are  to  be  found 
some  of  our  most  distinguished  citizens. 

The  greatest  practical  objection  to  the  generalization 
of  cremation  was,  until  recently,  the  Avant  of  a  projier 
apparatus  for  the  rapid  and  complHe  incineration  of 
bodies.  That  objection  exists  no  longer — the  problem  is 
now  solved  by  the  late  experiments  made  in  Europe  and 
in  our  own  country.  Great  progiess  has  been  made  in 
the  different  apparatuses.  Veniui's,  which  is  used  in 
Milan,  Padua,  Brescia,  and  Udine  (Italy),  seems,  so  far, 
to  be  the  most  perfect.  It  destroys  most  thoroughly  all 
animal  gases,  is  fumivorous  (smoke-destroying),  emits  no 
smell,  and  its  action  is  continuous.  It  is  iieated  by  r/as. 
with  variable  oxidation,  and  its  jets  can  l)e  subdivided 
and  concentrated  on  one  point  at  will.  By  this  appara- 
tus the  inost  rapid  and  hygienic,  and  at  the  same  time 
least  expensive,  method  of  cremation  has  been  obtained. 
As  we  have  said  before,  the  cost  of  cremating  one  body 
has  been  reduced  in  !Milan  to  the  sum  of  «  francs  (§1.60). 

In  Italy  they  have  already  built,  in  addition  to  their 
numerous  beautiful  crematorium  temples  in  cities,  large 
ci'ematorj'  furnaces  (forni  collettiri)  for  the  cremation  of 
bodies  in  time  of  war,  especially  of  those  who  fall  on  the 
battlefields,  and  during  epidemics  for  those  who  die  from 
contagious  or  infectious  diseases.  These  furnaces  have 
been  constructed  according  to  Gorini's  plan.  It  has  lieen 
estimated  that  three  of  these  fond  cirnudurii  colkttiri 
could  incinerate  ten  thousand  bodies  in  three  days. 

A  movable  crematorium,  on  wheels,  intended  for  an 
army  in  the  field,  or  for  localities  in  which  crematory 
temples  do  not  exist,  has  been  invented  by  Captain  Rey, 
of  the  Italian  army,  and  has,  upon  trial,  given  perfect 
satisfaction.  This'apparatus,  which  can  be  easily  drawn 
by  two  horses,  does  not  cost  over  3.000  francs  (8600).  ^ 

The  main  object  of  cremation  societies,  for  some  time 
to  come,  should  be  to  enlighten  public  opinion,  to  remove 
all  prejudices  against  cremation,  and  to  prove  that  it  can 
be  practised  w-ithout  in  the  least  wounding  rehgious 
sentiment  or  susceptibilities.  For,  with  so  many  power- 
ful sanitary,  philosophical,  and  economical  arguments  in 
favor  of  cremation,  why  is  it  that  this  essentially  useful 
and  hygienic  measure  is  not  more  generally  adopted  in 
our  country?  Is  it  not  simply  on  account  of  the  ignoi-- 
anee,  bigotry,  and  prejudice  that  surround  us?  Is  it  not 
the  duty  and  mission  of  hygienists,  philo.sophers,  and 
sanitarians  to  attempt  to  enfighten  the  people,  to  advise 
legislation,  to  remove  prejudice  and  false  ideas,  to  pre- 
pare public  opinion  for  tlie  adoption  of  one  of  the  great- 
est sanitary  reforms  of  the  age,  which  is  intended  to 
bring  sanitary  results  of  incalculable  importance?  Let 
our  people  understand  and  appreciate  tlie  immense  benefit 
of  cremation;  let  prejudice  and  bigotry  be  conquered. 
Cremation,  once  known,  will  become  popular  among  us, 
and  science  will  have  made  one  more  great  step  forward. 


Prixoipal  Crematiox  societies  existing 

OF  Their  Organization. 

Milan 1876 

Lodi   (municipal 
institution)  . . .  1877 

Cremona 1877 

Udine 1879 

Rome 1879 


IN  Italy,  with  Date 


Varese  

..  1880 

Domodossola. . 

.  .   1881) 

Como 

.  .   1K81 

Bolosrna 

. .   1881 

Modena 

..   1881 

Pavia 

..   1881 

Padua 1881 

Codogno 1881 

Venice 1883 

Plaisance 1883 

Leg-born 1883 

Novara 1883 


Ancona Iss2 

....    1883 


Gen( 
Florcni 
Brescia 
Turin  . . 


■c  . 


18K2 
1KH3 


Parma  . 

Verona . 
Pisa  . . . 
Carpi... 
Asfi.... 


. .  1SS3 

. .  18K3 

. .  1W3 

. .  ISKi 


Pistoja . . . 
Siena  . , . . 
St.  Rcmo 
Intra  


1883 
18S3 
1KS3 
I8M 
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DEAF-MUTES.  —  Definition  and  Classification. 
The  woi'd  "deaf-mutes"  .signifies,  strictly  speaking,  per- 
sons who.  having  lieen  born  deaf  or  having  lost  their 
hearing  in  early  life,  have  not  acquired  the  power  of 
speech.  There  is  usually  no  defect  in  the  vocal  organs, 
except  such  imperfection  of  development  as  may  be  the 
result  of  lack  of  exercise;  muteness  is  simply  tlie  conse- 
(£uence  of  deafness.  Ordinary  children  learn 'to  speak  by 
hearing  and  imitating  the  .sounds  made  by  others;  the 
deaf  child  does  not  hear  sueli  sounds,  therefore  does  not 
imitate  them,  therefore  remains  mute. 

The  term  "deaf-mutes'"  .seems  to  liave  originated  in 
the  United  States  within  the  present  century.  "  Tlie  .syn- 
onymous term  generally  employed  in  England  and  still 
frequently  u.sed  in  this  countiy,  is  "deaf  and  dumb." 
Of  these  two  designations,  "  deaf-mute "  is  tlie  prefer- 
able one ;  for  (1)  the  words  "  deaf  and  dumb  "  tend  to  per- 
petuate the  popular  error  that  deafness  and  dumbness  are 
two  distinct  physical  defects,  instead  of  standing,  as 
above  explained,  in  the  relation  to  each  other  of  cause 
and  effect;  and  (3)  the  word  "dumb"  is  open  to  the  fur- 
ther olijection  that  it  carries  with  it  an  implication  of 
stupidity  and  brutishness,  being  associated  in  the  minds 
of  many  people  with  disparaging  allu.sions  to  the  lower 
animals,  as  in  the  Scriptural  expression  "dumb  dogs," 
and  in  Longfellow's  reference  to  "dumb,  driven  cattle." 

There  are  many  persons  usually  spoken  of  as  "deaf- 
mutes,"  or  "deaf  and  dumb,"  and  educated  in  institu- 
tions established  for  the  instruction  of  this  class,  who  are 
not  properly  described  by  either  of  these  terms.  Some 
of  them,  having  lost  their  hearing  by  accident  or  dis- 
ease, after  the^y  had  learned  articulate  language,  still  re- 
tain their  speech  notwithstanding  their  deafness;  others, 
formerly  mute,  liaAe  acquired  the  art  of  speech  through 
the  instruction  of  skilful  teachers  of  articulation.  Such 
persons  are  not  really  "dumb"  or  "mute,"  and  their  im- 
proper classification  as  such — especially  in  the  ease  of 
those  who  have  learned  to  speak  before  losing  their  hear- 
ing— gives  ri.se  to  .serious  errors  in  the  mind  of  the  pubhc 
concerning  the  nature  of  deaf-mute  education  and  its  re- 
sults. The  strictly  correct  designation  for  the  whole 
class  of  persons  under  consideration  in  this  article  is  "the 
deaf";  the  term  "deaf-mute"  should  be  applied  only  to 
persons  deaf  from  birth  or  infancy,  who  have  not  ac- 
quired the  use  of  articulate  speech. 

Some  deaf-mutes  are  either  born  deaf,  or,  losing  their 
hearing  in  early  infancy  frtnn  unobserved  causes,  are 
supposed  to  have  been  so  born ;  others  become  deaf  from 
various  diseases  or  from  accidents.  The  deaf  are  thus 
divided  into  two  great  classes:  the  "congenitally  "  and 
tlie  "adventitiously"  deaf,  or,  as  they  are  often  called, 
"congenital  deaf-mutes  "  and  "  adventitious  deaf-mutes." 
Except  when  hearing  is  known  to  have  existed,  it  is  im- 
possible to  say  positively  to  which  of  these  classes  a  deaf- 
mute  belongs  (see  Proportion  of  Congenital  and  Adven- 
titious Cases,  iiifni);  the  distinction  nevertheless  is  an 
important  one. 

Amoni;  the  adventitiously  deaf,  a  large  proportion  lose 
their  hein-iuff  in  early  childhood,  before  they  have  learned 
articulate  language  ;"in  other  cases  in  which  some  progress 
in  speaking  has  been  made,  the  length  and  severity  of 
the  disease  that  causes  deafness,  often  temporarily  affect - 
in<r  the  brain  at  the  same  time,  seem  to  efface  the  lan- 
giuige  previously  acquired;  and  in  others  the  neglect  of 
pareiits  and  friends  to  aid  and  encourage  the  deaf  child 
in  the  extraordinary  efforts  necessary  for  the  retention  of 
speech  after  hearing  is  lost,  produces  the  same  result. 
Such  persons  are  sometimes  called  "  quasi-congenital  deaf- 
mutes."  Speech  as  well  as  hearing  is  gone,  and  they  as 
truly  belong  to  the  class  of  "deaf-mutes"  as  if  they  had 
never  heard. 
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Many  persons  have  lost  their  hearing  by  accuk-nt  or 
disease,  after  haylna;  acquired  tlie  use  of  articulate  speech, 
and  retain  this  speecli  more  or  less  perfectly  notwith- 
standing their  deafness.  If  the  loss  of  hearing  occurs  in 
adult  life,  they  usually  escape  the  improper  classification 
with  deaf-mutes  aliove  referred  to;  but  if  it  happens  in 
childhood,  so  that  the\'  cannot  be  educated  in  the  usiial 
manner  of  hearing  children,  but  must  be  sent  to  special 
schools  for  instruction,  they  are  erroneously  included 
among  deaf-mutes.  Many  of  the  processes  of  deaf-mute 
instruction  are,  it  is  true,  equally  applicable  to  persons 
of  this  class,  and  they  may  therefore  properly  be  asso- 
ciated with  deaf-mutes  for  the  purpose  of  education  ;  but 
they  dilfer  from  deaf-mutes  essentially,  not  only  in  liav- 
ing'thealiility  to  express  themselves  orally,  Initstill  more 
in  their  natural  mode  of  thouglit,  which  is  in  words  and 
not  in  gestures.  This  difference  is  fully  recognized  by 
all  teacliers  of  the  deaf,  who  in  this  country  disfingufsli 
the  members  of  this  class  by  the  useful  and  convenient, 
though  not  accurately  descriptive,  title  of  "semi-mutes." 

The  (leaf  may  be  "further  classified  according  to  the 
degree  of  their  "deafness.  Deafness  varies  all  the  way 
from  a  slight  difflculty  in  hearing  to  the  inability  to  per- 
ceive the  loudest  sounds.  Persons  in  whom  the  defect  is 
so  slight  as  to  allow  of  their  education  through  the  ear  in 
ordinarj'  schools,  are  not  regarded  as  deaf-mutes,  and  do 
not  come  wiliiin  the  scope  of  the  present  article;  they 
maybe  designated  as  simply  "hard  of  hearing."  The 
whole  class  of  the  deaf,  aside  from  the  hard  of  hearing, 
are  divided  into  "the  totally  deaf"  and  "tlie  semi-deaf." 
The  totally  deaf  may  belong  either  to  the  congenital  or 
to  the  adventitious  classes,  and  the  same  is  true  of  the 
semi -deaf. 

The  term  "mute"  is  (jften  used  as  synonymous  with 
deaf-mute,  but  it  should  be  avoided  as  less  exact,  .since  it 
may  also  refer  to  persons  who  hear,  but  are  not  able  to 
speak  on  account  of  feeble  mental  power  or  of  some  de- 
fect in  the  vocal  organs.  It  is  open  to  the  further  objec- 
tion that  it  suggests  to  manj'  minds  an  undertaker's  as- 
sistant at  a  funeral.  Persons  "mute"  or  "semi-mute," 
but  not  deaf,  are,  of  course,  not  to  be  included  among 
deaf-mutes,  and  are  not  suitable  candidates  for  admission 
tn  schools  for  the  deaf.  If,  as  is  usually  the  case,  their 
deafness  is  due  to  defective  mental  power,  thej'  ma}- 
properly  be  sent  to  a  school  for  the  feeble-minded,  where 
the  skilful  efforts  of  devoted  teachers  often  succeed  in 
awakening  the  dormant  intellect,  imparting  speech,  and 
restoring  the  child  to  society. 

Extent  of  Deaf-mutism.— For  a  large  part  of  the 
world  we  have,  of  course,  no  statistics  of  deaf -mutism ; 
but  during  several  decades  most  of  the  countries  of 
Europe  and  North  America  have  included  such  statistics 
in  their  census  returns.  The  returns  from  dilferent  coun- 
tries, and  from  different  parts  of  the  .same  country,  show 
remarkable  differences  in  the  extent  of  deaf-iiiutism. 
These  differences  are  douljtless  duo  in  part  to  the  greater 
accuracy  with  which  the  census  is  taken  in  some  places 
than  in  others;  but  it  is  proljable  that  place  of  residence, 
race,  juid  modes  of  living  have  considerable  infiuence. 
jMountaiiious  regions  give  a  larger  proportion  of  deaf- 
mutes  than  low,  level  C(JUntries;'^  the  Caucasian  than  tlie 
African  race;  Jews  than  Chri.stians;  the  poor  and  igno- 
rant than  the  intelligent  and  well-to-do  classes.  Switzer 
land  has  the  largest  proportion  of  any  country  of  which 
we  have  returns,  2,403  deaf-mutes  i"n  every  "million  in- 
habilants;  Australia  has  the  lowest,  371  in  every  million. 
In  tlie  United  Mtiites.  according  to  the  census  of'lS'lo  ||ie 
propoition  is  (J4.S  in  every  iniliion. 

I'miiorli,,!,  nf  Ui/r.s  i,/,,J  K'males.— In  each  million  of 
population  of  the  Uniled  States,  of  the  same  sex  aceord- 
uigto  the  census  of  WM),  there  were  703  mal<'  and  .'"i!);-, 
temale  deaf-mutes.  Out  of  ,.acli  thinisand  di'af-mules 
there  were  r,.-,2.,'-,  males  and  447.,'",  females.  The  census 
returns  of  ,dl  other  countries  show  a  similar  excess  of 
mae  ,.ver  female  deaf-mutes.  The  great.-r  liabilil\'  of 
male  children  to  ear  und  l.rain  disease  has  been  ussi"-m.l 
as  a,  reason  for  thiscxcess,  but  thereason  [orsu,-li  .nvaler 
liability.  It  It  really  exists,  has  not  been  .•xplained'. 
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J-'ropoiiion  of  Congenital  and  Adxentitioun  CVwfts.— The 
census  returns  of  1890  give  41.5  per  cent,  of  the  total 
number  of  deaf-mutesin  the  United  States  as  congenitally 
deaf,  50.5  per  cent,  as  adventitiously  deaf,  and  8  per  cent, 
as  unknown.  This  result  diflfers  from  that  of  all  previ- 
ous United  States  censuses,  which  make  the  congenitally 
deaf  in  the  majority,  as  do  also  the  censuses  of  foreign 
countries.  On  the  "other  hand,  statistics  of  pupils  in 
schools  for  the  deaf,  in  America  and  Europe  alike,  give 
an  excess  of  adventitious  over  congenital  cases.  Of  23,- 
931  pupils  in  American  schools  for  the  deaf,  9,842,  or  41 
per  cent.,  were  reported  as  congenitally  deaf,  and  14,089, 
or  59  per  cent.,  as  adventitiously  deaf.  These  school 
statistics  are  uiuiuestionably  more  trustworthy  than  cen- 
sus returns  in  general,  inasmuch  as  the  inquiries  made 
by  heads  of  schools  on  the  admission  of  pupils  are  more 
int(41igent  and  careful  than  those  of  the  census  enume- 
rators. 

It  should  be  remembered,  however,  that  all  statistics 
concerning  congenital  and  adventitious  deafness  are  some- 
what questionable,  for  the  fact  of  congenital  deafness 
cannot  lie  determined  with  absolute  certainty  in  any 
case.  At  the  moment  of  birth  it  isimpos.sible  to  find  out 
whether  the  ]iower  of  hearing  exists  or  not.  though  a  few 
days  later,  probably,  this  can  be  ascertained  by  applying 
proper  tests.  Generally,  the  fact  of  deafness  is  not  dis- 
covered until  the  child  arrives  at  the  age  when  children 
usually  begin  to  talk;  at  that  time  it  is  impossible  to  say 
whelherthe  deafness  has  existed  from  birth  or  has  oc- 
curred at  some  subsequent  period.  If  the  child  has  suf- 
fered from  some  unmistakable  disease  that  is  known  to 
be  a  frequent  catise  of  deafness,  the  case  is  likel^v  to  be 
recorded  as  adventitious;  it  may  possibly,  however,  have 
been  congenital.  If,  on  the  other  liand,  no  such  disease 
has  been  observed,  the  case  is  likeh'  to  be  recorded  as 
congenital;  but  it  is,  perhaps,  quite  as  likely  that  the 
hearing  has  Iieen  lost  in  consequence  of  some  unnoticed 
inflammation  of  the  mucous  membrane  of  the  tympanic 
cavity  or  of  the  air  passages  occurring  soon  after  birth, 
or  at  some  subsequent  time  before  the  deafness  was  dis- 
covei'cd.  Deafness  truly  congenital  is  probably  of  much 
rarer  occurrence  than  is  indicated  bj'cven  the  most  trust- 
worthy statistics,  and  the  only  adventitious  cases  of 
which  we  can  be  sure  are  those  of  persons  of  whom  it  is 
known  that  they  have  heard  at  some  period  of  their  lives. 
It  is  to  be  understood,  therefore,  that  "  congenitally  deaf." 
as  a  rule,  really  means  "  supposed  to  be  congenitallj'  deaf," 
and  that  "adventitiously  deaf,"  in  some  cases,  means 
"suppo,sed  to  be  adventitiously  deaf."  Of  the  adventi- 
tiously deaf  a  large  proportion  lose  their  hearing  under 
five  years  of  age. 

C.vfsEs  OF  De.\f-mutism. — The  immediate  cause  of 
mutism,  in  the  great  majority  of  persons  who  do  not 
speak,  is  simply  deafness.  (See  Definition  and  Classifica- 
tion, Kifpi-d.)  "Where  this  is  not  the  case,  as  occasiouall}' 
occurs  in  children  improperly  brought  to  sclrools  for  the 
deaf,  there  is  usually  some  mental  defect  which  has  pre- 
vented the  development  of  speech.  Such  mutism  "is 
the  result  of  the  absence  either  of  ideas  or  of  reflex  action 
in  the  motor  organs  of  speech.  In  the  former  case,  im- 
beciles have  nothing  to  say ;  in  the  latter,  they  feel  no 
desire  to  speak."  Very  rarely,  indeed,  it  happens  that 
mutism  is  due  to  some  defect  or  paralysis  of  the  vocal 
organs  that  inlerferes  with  articulatiou.  But  as  neither 
of  these  groups  of  "hearing  mutes"  belongs  to  the  class 
of  deaf-mutes,  they  do  not  come  within  the^  scope  of  the 
]iresent  tojiic.  Since  deafness  is  the  immediate  cause  of 
mutism  in  all  deaf-mutes,  in  order  to  ascertain  the  causes 
of  deaf-mutism  we  must  iiuiuire  into  the  causes  of  deaf- 
ness. 

The  causes  of  deafness  may  be  divided  into  direct  and 
indirect  causes.  The  direct  causes  are  the  defects  in  the 
organ  of  hearing,  whether  congenital  or  adventitious, 
which  prevent  t;lie  perception  of  sound.  The  indirect 
causes  arc  the  circumstances  of  environment,  disease,  or 
accident,  either  ante-natal  or  post-natal,  or  both,  accom- 
panying or  preceding  deafness  in  so  large  a  number  of  ■ 
cases  as  to  give  us  reason  to  suppose  that  thev  have  an 
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important  intluence  iu  produciug  thosi-  defects  The 
causes  of  which  I  shall  speak  are  those  that  have  l)een 
observed  by  teachers  of  the  deaf,  or  gathered  by  them 
from  the  statements  of  the  parents  and  friends  "of  the 
children  brought  to  them  for  instruction. 

In  discussing  this  subject  it  lias  until  recently  been 
usual,  setting  out  with  the  classification  of  deaf  mutes 
into  congenital  and  adventitious  cases,  to  ascribe  all  the 
former  to  ante-natal,  and  all  the  latter  to  post-natal, 
causes.  This  distinction  cannot  be  maintained.  There 
are  probably  both  congenital  and  adventitious  cases 
(though  a  much  smaller  number  of  the  former  than  is 
generally  supposed),  and  there  are,  doubtless,  both  ante- 
natal and  post-natal  causes;  but  (see  Proportion  of  Con- 
genital and  Adventitious  Cases,  xnpra)  it  is  impossible 
in  any  case  of  supposed  congenital  deaf-m\itism  to  say 
certainly  that  it  is  not  adventitious,  while,  as  will  appear 
below,  there  is  reason  to  belie\-e  that  ante-natal  causes 
often  combine  with  post-natal  to  iiroduce  adventitious 
deafness.  Every  case  should  be  considered  by  itself; 
just  as  careful  inquiry  shoidd  be  made,  on  the  oiie  hand,' 
concerning  all  possible  ante-natal  causes  in  cases  known 
to  be  adventitious  as  in  those  supposed  to  be  conyem'tul, 
and,  on  the  other,  concerning  all  possible  jiost-natai 
causes  in  cases  supposed  to  be  conaenital  as  in  those 
known  to  be  adventitious.  This  has  not  usually  been 
done;  when  it  is,  we  may  expect  to  ai-rive  at  a"  much 
clearer  understanding  of  the  causes  of  deafness  than  has 
yet  been  reached. 

Heredity.— The  first,  and  pmbably  the  most  elfective, 
indirect  cause  of  deaf-nuitism  is  heredity.  This  is  some- 
times questioned,  for  the  reason  that  deaf-nuite  parents 
do  not,  as  a  rule,  have  deaf-mute  childi'cn;  but,  aside 
from  the  fact  that  the  exceptions  to  this  rule  are  of 
themselves  numerous  enough  t(.  establisli  the  principle 
of  heredity,  its  existence  is  clearly  proved  by  the  large 
numljcr  of  deaf-mutes  who  are  related  to  one  another  by 
blood.  Out  of  17,833  pupils  who  attended  American 
schools  for  the  deaf.  7,51(5,  or  43  per  cent.,  were  reported 
as  having  deaf  relatives.  JIany  of  these  cases  had  more 
than  one  deaf  relative,  making  the  groups  of  related  deaf- 
mutes  much  fewer  than  the  total  number  of  related  deaf- 
mutes  reported;  but  they  none  tlie  less  forcibly  illustrate 
the  tendency  of  deafness  to  prevail  in  certain  families — 
a  tendency  which  can  be  explained  onlj-  by  the  principle 
of  heredity.  As  Prof.  W.  K.  Brooks  has  profoundly 
observed,  "an  inherited  characteristic  may  or  ma}'  not 
have  been  manifested  by  the  parents  or  other  ances- 
tors. If  it  is  more  common  either  among  the  ancestors 
or  the  brothers  and  sisters  and  cousins  of  the  organ- 
ism than  it  is  in  the  race  at  large,  it  is  an  inherited 
characteristic. " 

Of  3,245  deaf  persons  reported  as  congeuitally  deaf, 
1,461,  or65  per  cent,,  had  deaf  relatives;  of  3,953  reported 
as  adventitious!}- deaf,  794,  or  20  per  cent,,  had  deaf  rela- 
tives. The  large  proportion  of  cases  supposed  to  be  con- 
genital, among  those  having  deaf  relatives,  indicates  that 
the  hereditary  tendency  to  deafness,  where  it  exists,  is 
genei-ally  so  strong  as  to  produce  the  result — whether 
independently  or  in  conjunction  with  some  other  indirect 
cause  that  is  not  observed — either  before  or  soon  after 
birth;  while  the  considerable  number  of  known  adventi- 
tious cases  having  deaf  relatives  shows  that  the  inherited 
tendency  not  infrequentl}'  awaits  the  concurrence  of  some 
disease,  pei'haps  not  hereditary  in  its  character,  before 
manifesting  itself.  It  should  l)e  remembered  also  that, 
though  we  si^eak  of  hereditary  deafness,  what  is  inher- 
ited in  any  case  of  deafness,  whether  congenital  or  ad- 
ventitious, is  not  really  deafness,  but  some  anomaly  of 
the  auditory  organs  or  of  the  nervous  system,  or  the 
tendency  to  some  disease,  of  which  deafness  is  but  the 
result  or  the  symptom. 

While  the  principle  of  hereditv  is  thus  clearly  estab- 
lished as  an  indirect  cau.se  of  deafness,  it  is  the  fact  that 
iu  a  great  majority  of  cases  the  defect  is  not  transmitted 
by  deaf  parents  to"  their  children.  Still,  marriages  of  the 
deaf  are  more  likely  to  I'csult  in  deaf  offspring  tlian  ordi- 
nary marriages.     Of  3,078  marriages  of  deaf  persons  in 
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suits  of  which  are  known. 


partners  being  deaf,  the  re- 
,,,.,„  .  •^"'•>  or  nearly  10  per  cent 

resulted  in  , leaf  offspring;  of  the  0,783  children  born  of 
these  marriages,  588,  or  8.5  per  cent.,  were  deaf  The 
percentage  of  ordinary  marriages  resulting  iu  deaf  off- 
spring is  not  known;  it  is  certainly  less  than  one  per 
cent  1  he  ivsults  above  stated  are  in  accordance,  on  the 
one  hand,  with  tlu'  h.w  of  heredity  that  a  physical  anom- 
aly or  an  unusual  liability  to  ceriain  disea.ses  existing  in 
the  parent  tends  to  be  transmitted  to  the  offspring  and 
on  the  other  hand,  with  the  law  of  heredity  that  Uie  off- 
spring tend  to  revert  to  the  normal  type. 

For  the  hereditary  transmission  of' the  physical  condi- 
tion that  results  in  deafness,  it  is  not  necessary  that  both 
of  the  iiartners  in  marria,ge  .should  lie  deaf.  On  tlie  con- 
trary, taking  the  deaf  as  a  whole,  without  regard  to  the 
character  of  the  deafness,  marriages  in  which  both  of  the 
partners  are  deaf  are  not  more  lialile  to  result  iu  deaf 
offspring  than  those  in  which  one  of  the  partners  is  deaf 
and  the  other  a  hearing  person.  Of  3,377  marriages  in 
wliich  both  partners  were  deaf,  330,  or  9.25  per  "cent., 
resulted  in  deaf  offspring;  of  599  niarriatres  in  which  one 
partner  was  deaf  and  the  other  healing",  75,  or  13.5  per 
cent.,  resulted  in  deaf  offspring.  Of  5,072  children  born 
of  the  marriages  in  which  l)otli  iiartners  were  deaf,  429, 
or  8.5  per  cent.,  were  deaf;  of  1,532  children  born  of  the 
marriages  in  which  one  partner  was  deaf  and  the  other 
hearing.  151,  or  nearly  10  per  cent.,  were  deaf.  These 
results  are  not,  as  it  might  appear  at  first  sight,  incon- 
.sistent  with  the  general  law  of  heredity  that  the  liability 
to  the  transmission  of  any  characteristic  existing  in  the 
parent  is  increased  by  the  union  of  "  like  with  like  "  ;  for. 
as  has  been  stated  above,  when  the  deafness  of  the  parent 
appears  in  the  f.ffspring,  the  characteristic  transmitted  is 
not  deafness,  but  is  some  anomaly  of  the  auditory  organs 
or  of  the  nervous  system,  or  the  tendency  to  some  dis- 
ease, of  which  deafness  is  but  the  result  or  the  symptom. 
Inasmuch  as  these  anomalies  and  diseases  resulting  in 
deafness  are  many  and  various,  it  is  probable  that  iu 
most  marriages  of  deaf  persons  the  pathological  condi- 
tion that  results  in  deafness  is  not  the  same  iu  one  part- 
ner that  it  is  in  the  other,  and  their  marriage,  therefore, 
is  not,  from  a  physiological  point  of  view,  a  union  of 
"like  with  like."  (.)n  the  other  hand,  where  the  piatholog- 
ical  condition  of  the  two  partners  is  the  same,  as  it  prob- 
ablj'  is  in  the  majority  of  consanguineous  marriages  of 
deaf  persons,  there  is  doubtless  an  intensification  of  the 
liability  to  deaf  olfspring.  Of  31  consanguineous  mar- 
riages of  deaf  persons,  14,  or  45  jier  cent.,  resulted  in 
deaf  oft'spring.  and  of  100  children  born  therefrom,  30 
were  deaf.     Fortunately  such  marriages  are  rare, 

Congenitally  deaf  persons,  whether  they  are  married 
to  one  another,  to  adventitiously  deaf,  or  to  hearing  part- 
ners, are  far  more  liable  to  have  deaf  offspring  than  are 
adventitiously  deaf  jiersons.  The  liability  is  greatest 
when  both  of  the  partners  are  congenitally  deaf.  Of 
335  marriages  in  which  both  partners  were  reported  as 
congenitally  deaf,  83,  or  25  per  cent,,  resulted  in  deaf 
offspring;  and  of  the  779  children  born  from  those  mar- 
riages, 202.  or  20  per  cent.,  i\'ere  deaf. 

Marriages  of  ad\'entitiously  deaf  persons  are  more  lia- 
ble to  result  in  deaf  offspring  than  ordinary  marriages, 
but  wheu  both  of  the  partners  are  adventitiously  deaf  or 
one  of  them  is  a  hearing  per.sou  the  hability  is  slight.  Of 
845  marriages  in  wliieli"botli  partners  were  adventitiously 
deaf.  30.  or  3.5  per  cent.,  resulted  in  deaf  offspring;  of 
the  1.720  children  born  from  these  marriages.  40.  or  3 
per  cent.,  were  deaf.  Of  310  marriages  in  which  one 
partner  was  adventitiously  deaf  and  the  other  hearing, 
resulting  in  713  children,  the  percentages  of  marriages 
resulting  in  deaf  offspring  and  of  deaf  children  born 
therefrom  were  nearly  the'same  as  in  the  marriages  in 
which  both  partners  were  adventitiously  deaf.  The 
greater  liability  to  deaf  oft'spring  in  marriages  of  the 
congenitally  deaf  than  in  those  of  the  adventitiously  deaf 
is  in  accordance  with  the  generally  accepted  law  of 
heredity  that  eoni,'enital  or  innate  characteristics  are  far 
more   likely   to   be   transmitted   to   the    offspring    than 
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acquired  cliaractcristics.  When  the  deafness  of  adventi- 
tiousljr  (leaf  parents  does  reappear  in  the  offspring  we 
may  suppose  tliat  the  physical  anomaly  or  tendency  to 
disease  of  which  deafness  was  the  result  was  probably 
congenital  in  the  parent,  though  actual  deafness  did  not 
ap]iear  until  some  period  later  in  life. 

Deaf  persons  having  deaf  relatives,  however  they  are 
married,  and  hearing  persons  having  deaf  relatives  and 
married  to  deaf  partners,  are  very  liable  to  have  deaf 
offspring.  (Probably  hearing  persons  having  deaf  rela- 
tives and  married  to  hearing  partners  are  subject  to  the 
same  liability,  but  while  many  instances  of  marriages  of 
this  kind  resulting  in  deaf  offspring  liave  been  observed, 
no  thorough  and  systematic  investigation  of  them  has 
yet  been  made.)  However  the  marriages  of  the  deaf 
are  classified  with  respect  to  the  deafness  or  hearing  of 
one  or  both  of  the  partners,  or  with  respect  to  the  con- 
genital or  adventiticnis  character  of  the  deafness,  the  per- 
centage of  marriages  resulting  in  deaf  offspring  and  of 
deaf  children  born  therefrom  is  almost  invariably  high 
est  where  both  of  the  partners  had  deaf  relatives,  next 
highest  where  one  of  them  had  deaf  relatives  and  the 
other  had  not,  and  least  where  neither  had  deaf  relatives. 
Where  neither  of  the  partners  has  deaf  relatives,  even 
though  both  of  them  are  cougenitally  deaf,  the  liability 
to  deaf  offspring  is  very  slight,  perhaps  not  gi'caler 
than  in  ordinary  marriages.  While  congenital  deafness, 
then,  may  be  a  priuui'  fitcie  indication  of  a  liabilitj'  to 
deaf  offspring,  it  is  not  to  be  accepted  as  a  conclusive 
evidence  of  such  liabihty ;  but  the  pos.session  of  deaf  rela- 
tives does  seem  to  be  a  trustwortiiy  indication  of  a  liabil- 
ityr  to  deaf  offspring.  If  a  deaf  person,  whether  congeu- 
itally  or  adventitiously  deaf,  has  deaf  relatives,  that 
per.son,  however  married,  is  liable  to  have  deaf  offspring, 
the  liability  being  much  greater,  however,  in  the  case  of 
the  congenitally  deaf  tlian  of  the  adventitiously  deaf; 
and  if  a  deaf  person,  either  with  or  without  deaf  rela- 
tives, marries  a  person,  whethei-  deaf  or  hearing,  who 
has  deaf  relatives,  the  marriage  is  liable  to  result  in  deaf 
offspring.  If  both  partners  have  deaf  relatives,  the  phys- 
ical conditions  tending  to  produce  deafness,  whatever 
they  may  be,  are  liable  to  be  transmitted  from  both 
parents,  and  the  probability  of  deaf  off'spring  is  there- 
fore largely  increased ;  but  even  where  only  one  of  the 
partners  has  deaf  relatives  the  liability  to  deaf  offspring 
is  still  considerable. 

The  following  table  gives  a  summarvof  the  3,078  mar- 
riages having  one  or  both  of  the  partnei's  deaf,  from 
which  the  conclusions  above  stated  are  derived.  The 
table  shows  the  number  of  marriages  of  each  class,  the 
number  and  percentage  of  each  class  resulting  in  deaf 
offspring,  the  number  of  children  born  from  'the  mar- 
riages of  each  class,  and  the  number  and  percentage  of 
them  that  were  deaf.  The  fifth  and  sixth  columns  of 
this  table,  giving  the  percentage  of  marriaijes  resulting 
in  deaf  offspring  and  the  percentage  of  deaf  children 
born  therefrom,  indicate  at  a  glance  the  comparative  lia- 
bility to  deaf  offspring  of  the  .several  classes  of  marriage. 
The  extremes  of  liability  are  f  ouud  in  the  two  classes  last 
named  in  the  table. 


Marriages  ol  Ihe  deat. 


One  or  both  partners  deaf. . . 

Botb  partners  deaf 

One    partuer  deaf,    the  V.tl'icr 

tiearihK 

One  or  hnth  paitni'is  ro'ii.'eni'. 

tally  deaf 

One  or  hoth  partners  adVeiil;!- 

tiously  deaf  

Both     partners     congeiiita'liy 

deaf 

2.U 


ncmber  of 
Marriages. 


3,1  I7H 
2,377 

rm 

1,477 
2,212 


3111) 
221) 


1H4 
124 
(<3 


NfMRKR  OF 
CHlI.llREN. 


li,7K2 
'1,072 

l,.i32 

3,401 

4,701 

779 


42!) 
151 
413 
10!) 
20; 


Per- 

CE.N'TAUE. 


0.7 
0.2 

12.5 

13.1 

5.6 

24,7 


H.M 
K.4 

0.8 
12.1 

■4.2 
25.9 


Marriages  of  the  deat. 


One  partner  eongenitally  deaf, 
the  other  adventitiously  deaf 

Both  partners  adventitiously 
deat 

One  partner  congenitally  deaf, 
the  other  hearing 

One  partner  adventitiously 
deaf,  the  other  hearing 

Both  partnei's  had  deaf  rela- 
tives  

One  partner  had  deaf  relatives, 
tlie  other  had  not 

Neither  partner  had  deaf  rela- 
tives  

Both  partners  congenitally 
deaf;  both  had  deaf  relatives 

Both  partners  congenitally 
deaf ;  one  had  deaf  relatives, 
the  other  had  not 

Both  partners  congenitally 
deaf ;  neither  had  deaf  rela- 
tives  

Both  partners  adventitiously 
deaf  :  both  had  deaf  relatives 

Both  partners  adventitiously 
deaf ;  one  had  deaf  relatives, 
the  other  had  not 

Both  partners  adventitiously 
deaf;  neither  had  deaf  rela- 
tives  

Partners  consanguineous 


Nf.MBER  OF 

.Marriages. 


814 
845 
191 
310 
437 
.541 
471 
172 

49 

14 

57 


284 
31 


06 
30 
28 
10 
103' 
30 
11 
49 


Number  of 

CniLDRE.V. 


1,.S20 

1,720 

.528 

713 

l,fWO 

1,210 

1.044 

429 

105 

24 
114 

357 


.5.50 
100 


119 
40 
63 
16 

232 
78 
13 

1.30 

21 

1 
11 

10 


PER- 
CENTAGE. 


■£"5te 


8.1 
3.5 

14.6 
3 

23.5 
6.6 
2.3 

28.4 

16.3 

7.1 
17.5 

4.1 


6.5 
2.3 

11.9 
2.2 

20.9 
6.4 
1.3 

.30.3 

20.0 

4.1 
9.6 


0 
30.3 


Consdiifjiiiidty  of  Parents.  —  Heads  of  schools  for  the 
deaf,  observing  that  a  considerable  number  of  their 
pupils  are  the  children  of  parents  related  by  blood,  gen- 
erally believe  that  consanguineous  marriages  are  a  fre- 
quent cause  of  deaf-mutism.  Of  18,271  pupils  in  Amer- 
ican schools,  1,028,  or  7.7.5  per  cent.,  were  the  children  of 
first  cousins.  AVe  do  no.t  know  the  proportion  of  mar- 
riages of  first  cousins  to  all  marriages,  but  it  is  probably 
considerably  less  than  7.7.5  per  cent. ;  if  so,  we  may  coii- 
clude  that  such  marriages  are  more  likely  to  result  in 
deaf  offspring  than  ordinary  marriages.  The  reason  is, 
probably,  not  that  con.sanguiueous  marriage  in  itself  is  a 
true  cause  of  deaf-mutism,  but  that  in  "some  families 
there  exists  a  tendency  to  deafness,  and  when  two  per- 
sons belonging  to  such  a  family  marry,  the  tendency  is 
transmitted  to  their  offspring  with  iucrea.sed  intensity, 
and  deaf-mutism  is  the  resuU"  The  disastrous  effects  "of 
deaf  mutes  marrying  their  relatives  are  shown  in  the  31 
cases  above  cited,  45  per  cent,  of  which  resulted  in  deaf 
offspring,  producing  30  deaf  children  out  of  100.  In  18 
of  these  cases  one  of  the  partners  was  a  hearing  person; 
if  the  other  partner  hail  also  been  hearing,  but  a  member 
of  the  same  family,  the  results  would  probably  have  been 
equally  unfortunate.  Even  when  no  hereditary  ten- 
dency to  deafness  is  known  to  exist  in  a  family,  relatives 
should  genei'ally  be  advised  not  to  marry;  for,  as  Jlr. 
George  11.  Darwin  suggests,  no  man  knows  with  cer- 
tainty, until  toward  tlie  end  of  life,  what  ills  may  lie 
hidden  in  his  edition  of  the  family  constitution. 

SiH-iitl  Cii'CiiiiDstitncc.i.  —  Unfavorable  social  circum- 
stances, poverty,  and  ignoi'ance  may  probably  be  classed 
among  the  indirect  causes  of  deaf-mutism,  since  the  pro- 
portion of  deaf  mutes  among  tliese  classes  seems  to  bo 
greater  tlian  in  the  whole  community.  This  is  a  matter  » 
of  common  observiition  rather  than  of  statistical  record, 
but  it  is  certainly  reasonable  to  suppose  that  negligence, 
damp  and  ill- ventilated  dwellings,  insufficient  "nourish- 
ment, the  lack  of  proper  medical  treatment,  and  other 
evils  springing  from  poverty  and  ignorance,  may  com- 
bine with  more  direct  causes  "to  prod'uce  deafness. 

Mini iitainiiuK  Kt/iioiu.— The  large  percentage  of  deaf- 
mutes  in  Switzerland,  as  compared  with  all  other  coun- 
tries of  which  we  have  statistics  (see  Extent  of  Deaf- 
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Mutism,  aiipiv).  aud  of  tlio  more  mountainous  regions  of 
Switzerland,  Austria,  France,  Spain,  and  Germany,  as 
compared  witli  the  lower  aud  more  level  districts  (40  in 
10,000  in  Berne,  Lucerne,  and  Wallis,  to  24.5  in  the 
whole  of  Switzerland:  30.6  in  Salzburg,  Steiermark,  and 
Carinthia,  to  9.7  in  all  Austria;  24.5  in'the  Alpine  depart- 
ments of  France  to  (3.20  in  the  whole  country;  10.4  in 
South  Germany  to  6.05  in  North  Germany)  shows  that 
there  must  be  some  influence  in  mountainous  countries 
which,  in  some  manner,  tends  to  cause  deaf-nnitism. 
The  opponents  of  consanguineous  marriages  charge  the 
result  to  the  kinship  of  tlic  parents,  who  are  ,said  to  be 
more  likely  to  be  related  to  each  other  than  in  the  low- 
lands, on  account  of  the  scanty  means  of  communication 
between  ditt'ereut  districts;  otliers,  who  attach  much  im- 
portance to  social  conditions,  ascribe  it  to  tlie  poverty  of 
mountainous  regions,  and  the  close,  unhealthy  houses  in 
wdiich  the  people  live  in  Aviuter;  others  to  the  dampness 
and  coldness  of  the  climate;  others  to  the  use  of  certain 
waters,  wliieli,  it  is  said,  are  also  a  cause  of  the  goitre, 
cretinism,  and  other  anomalies  often  found  in  Switzerland 
in  the  same  families  wilh  deaf-nudism.  We  must  await 
a  fuller  knowledge  of  all  the  causes  of  deaf-mutism,  and 
of  all  the  circumstances  of  mountaineers,  before  we  can 
explain  this  phenomenon  satisfactorily. 

Ot/wr  Bt'iiiofe  Cmises. — Other  remote  causes  wdneli  ap- 
pear to  have  some  influence  in  jiroduciug  deaf-mutism  are 
general  debility,  alcolnilism,  and  sypl]ilis  in  one  or  both 
of  the  parents,  and  influences  e.verled  during  pregnancy. 
It  is  difficult  to  prove  any  of  these  causes'^statisticidly, 
because,  as  Hartmann  and  IMygind  have  remarked,  the 
reports  are  often  uncertain,  aud  also  because  we  have  no 
statistics  as  to  other  large  groups  of  individuals  with 
which  to  draw  comparison.  It  seems  probable,  however, 
that  deaf-mutism,  as  Fere  insists,  is  often  the  result  of 
diseases  of  the  nervous  s_ystem,  aud  that  diseases  of  this 
character  in  the  parent  may  affect  the  offspring  in  such 
a  way  as  notonlj-  to  produce  congenital  deafness,  but  also 
to  render  the  children  more  likely  to  become  deaf  from 
other  diseases  after  birth.  Alcoholism  especiall3'  has 
been  noted  in  a  good  many  parents  of  deaf  children,  both 
of  those  cougenitally  and  of  those  adventitiously  deaf; 
probably  the  proportion  of  persons  addicted  to  drink  who 
have  deaf  children  is  greater  than  the  proportion  of  persons 
thus  addicted  is  to  the  community  at  large.  Granting  that 
a  connection  exists  between  alcoholism  and  deaf-mutism, 
the  question  still  remains  whether  the  cause  of  the  deaf- 
mutism  is  alcoholism  or  a  morbid  condition  of  the  nervous 
system  of  which  the  alcoholism  is  a  .symptom  and  result. 

Fright  or  some  other  influence  acting  on  the  mind  of 
the  mother  during  pregnane}'  is  frequently  assigned  by 
parents  orfriends'as  a  clause  of  deaf-mutism,  and  striking 
narratives,  especially  with  respect  to  gesticulating  deaf- 
mutes  seen  by  the  liiother  for  the  first  time  dvu'ing  that 
period,  are  related  in  support  of  the  theory.  Inasmuch, 
however,  as  further  inquiry  usuallj'  brings  to  light  other 
causes  which  seem  to  be  adequate,  we  need  not  accept 
this  as  a  ti'ue  cause.  On  the  other  hand,  injuries  to  the 
mother  producing  abnormal  compression  of  the  embi-yo 
and  thus  arresting  the  development  of  some  parts,  may 
perhaps  occasion  deaf-mutism.  Dr.  Saint-Hilaire  at- 
tributes some  cases  of  deafness  in  illegitimate  children  to 
the  mother's  efforts  to  conceal  her  condition  by  extremely 
tight  lacing  during  pregnancy. 

Diseases  and  Aeciclents. — Turning  to  the  causes  which 
more  unmistakably  produce  deafness  after  hearing  is 
known  to  have  existed,  statistics  show  that  it  so  often 
follows  certain  diseases  aud  accidents  as  to  leave  no  room 
for  doubt  that  these  diseases  and  accidents  may  be 
counted  as  true  causes,  though  there  are  probably  often 
ante-natal  influences  which  combine  with  these  causes  to 
produce  the  result.  The  assigned  causes  of  16,769  cases 
of  adventitious  deafness,  according  to  the  census  of  1890, 
were  as  follows: 


Inflammation  and  abscess  of  the  ear. 

Other  diseases  of  the  ear 

Smallpox 

Measles 

Scarlet  fever 


1,021 
4,799 


Diphtlierla 

tVhoopliis-couKli .,[ 

Mumps 

Malarial  and  tvpij.jid'  fevers  .....'. 

Paralysis ''" 

Scrofula 

Mciiiimitis 

ll.Vdiuc'eplialus 

( itliei-  diseases  of  the  brain '.'.'. 

Diseases  of  the  throat  and  air  passages 

All  othiT  diseases 

lilowsaod  fails 

I  ithei-  accidents  

(.luinine 


atil 
1110 
771 

i:i3 

■im 

;l,378 
61 
2:;0 

i,;i")4 

2,Hl.i 
fi71 
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Scarlet  fever  is  the  most  frequently  assigned  cause  for 
deafness,  including  more  than  one-fourth  of  the  whole 
number  for  wdiom  the  causes  are  reported.  Next  come 
meningitis  and  hydrocephalus,  being  about  18  per  cent. 
Other  percentages  are:  Diseases  of  the  throat  and  air 
liassages,  7.5  per  cent.;  measles,  5.5  per  cent.;  malarial 
and  typhoid  fevers,  4  per  cent.  ;  scrofula,  3  per  cent. ; 
whooping-cough,  3  per  cent.  ;  diphtheria,  1  per  cent. ; 
mumps,  0.6  per  cent. ;  accidents,  7  per  cent. 

In  a  list  of  the  causes  of  deafness  of  13,880  pupils  who 
have  atteniled  American  .schools  for  the  deaf,  meningitis, 
instead  of  scarlet  fever,  stands  at  the  head  with  34  per 
cent.,  and  scarlet  fevei'  comes  next  with  SS  per  cent. 
(Jthcr  causes  do  not  differ  gi-eatly  from  the  percentages 
given  above. 

C'orrelfitioii  of  Deaf-mutism  with  Blindness,  etc. — Accord- 
ing to  the  census  of  ls90,  395  persons  in  the  United  States 
wei-e  deaf-mute  and  blind,  409  deaf-mute  and  insane,  1,373 
deaf-mute  and  feeble-minded,  63  deaf-mute,  blind,  ami 
insane,  and  137  deaf-mute,  blind,  and  feeble-minded.  It 
is  probable  that  a  considerable  number  of  those  returned 
as  deaf-mute  and  feeble-minded  were  not  really  deaf,  but 
were  mute  from  mental  incapacity;  that  some  of  those 
reported  as  deaf-mute  and  lilind  were  persons  whose 
hearing  or  sight  or  both  had  failed  in  their  old  age;  and 
that  manjr  reported  as  deaf-mute  and  insane  were  unedu- 
cated deaf-mutes  whose  social  condition  aud  environment 
were  such  as  would  tend  to  produce  insanit.y. 

There  is  no  doubt,  however,  that  there  does  really  exist 
in  a  considerable  number  of  cases  a  correlation  between 
deaf -mutism  and  these  other  misfortunes,  which  is  perhaps 
to  be  attributed  to  a  diseased  condition  of  the  nervous  sys- 
tem inherited  from  neuropathic  or  alcoholic  parents.  Even 
when  deafness  alone  appears,  the  other  defects  referred  to 
are  sometimes  found  in  other  members  of  the  same  family. 

Another  circumstance  beai'ing  upon  this  question  is 
brought  out  in  a  table  of  the  census  returns  of  1890 
showing  that  the  ratios  of  the  congeuitally  deaf,  the  cou- 
genitally blind,  and  the  congeuitally  feeble-minded  in- 
crease or  decrease  together  in  a  iriajority  of  the  several 
States  and  Territories  of  the  Union.  Virginia  and  North 
Carolina,  for  instance,  which  stood  highest  of  all  the 
States  in  the  ratio  of  deaf-nmtes,  were  also  among  the 
highest  in  the  ratios  of  the  blind  and  feeble-minded, 
while  the  States  and  Territories  west  of  the  Rocky  Jloun- 
tains  had  the  lowest  ratio  of  all  three  classes. 

This  correlation  of  deaf -mutism  with  other  misfortunes 
in  tlie  same  person  or  in  other  members  of  the  family  has 
led  Dr.  Saiut-Hilaire  to  regard  deaf-mutism  as  a  form  of 
degeneracy,  and  Dr.  Fere  has  observed  in  the  pupils  of 
the  Paris  Institution  aud  other  deaf-mutes  wdio  have 
come  under  his  observation  some  of  the  recognized  marks 
of  degeneracy.  No  doubt  there  are  deaf-mutes  who  may 
properly  be  clas,sed  as  degenerates,  but  we  do  not  find  in 
the  facts  presented  by  these  writers  any  siiflilcient  reason 
for  regarding  deaf-iiiutism  in  general  as  a  form  of  de- 
generac}'. 

Mestal  Condition  and  Characteristics.— With  re- 
spect to  mental  condition  and  characteristics,  the  division 
of  the  deaf  into  several  distinct  classes,  mentioned  at  the 
beginning  of  this  article,  is  of  the  greatest  importance. 
Semi-mutes,  wdio  have  acquired  an  idiomatic  use  of 
spoken  language  before  hearing  was  lost,  retain  to  a 
o-reater  or  less  degree  the  modes  of  thought  and  mental 
characteristics  of  hearing  persons.  They  think  in  words 
and  express  themselves  easily  and  naturally  in  the  lan- 
o-uage  of  their  childhood.    In  the  course  of  time,  especially 
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il'  tlif)'  arc  unt  uiicouragcd  t(j  u>t  tlit  voice  in  conversing 
with  "otliers,  tlicy  may  lose  their  memory  of  sound  and 
niu)-  cease  to  pronounce  words  mentally;  but  even  tlien, 
if  they  have  learned  to  read  and  wiite,  words  in  their 
written  or  printed  t(jrm  will  serve  them  as  natural  and 
convenient  instruments  of  thought. 

Since  semi-mntes,  on  account  of  their  deafness,  cannot, 
as  a  rule,  be  educated  in  common  schools,  and  their 
number  in  any  community  is  usually  too  small  to  justify 
the  establishment  of  special  schools  for  them,  they  are 
educated  with  deaf-mutes,  many  of  the  processes  of  in- 
struction beyond  the  elementary  stage  being  equally  ap- 
plicable to  both  classes;  but  the  semi-mute  always  has  a 
great  advantage  over  his  deaf-mute  classmate  in  his  com- 
mand of  language.  Tliis  distinction,  though  it  is  often 
explained  l)y  candid  teachers,  is  not  always  understood 
by  visitors  to  the  school-room;  and  the  public  are  thus 
sometimes  misled  as  to  the  actual  attainments  of  deaf- 
mutes.  In  mental  vigor,  and  in  the  acquisition  of  gen- 
eral knowledge,  the  true  deaf-mute,  notwithstanding  he 
is  heavily  handicapped  in  respect  to  language,  will  nut 
infrequently  surpass  the  semi-mute;  but  most  of  the 
cases  of  remarkable  facility  in  compf)sition  and  of  great 
success  in  articulation  that  astonish  the  undiscriminating 
public  at  exhibitions,  belong  to  the  class  of  semi-mutes, 
as  do  also  nearly  all  the  deaf  persons  who  have  distin- 
guished themselves  in  later  life  as  autliors  and  poets. 

Between  the  semi-mute  and  the  congenital  deaf-mute, 
but  more  closely  allied  with  the  latter  than  the  former, 
stanils  the  "  ((uasi-congeuital  "  deaf-mute.  He  retains  no 
conscious  memory  of  words;  he  must  acquire  written 
language  or  vocal  speech  by  the  same  laborious  processes 
as  if  he  had  never  heard;  in  his  attempts  at  composition 
he  makes  the  same  curious  mistakes  as  the  congenital 
deaf-mute;  and  yet  it  is  a  fact  often  observed  by  teach- 
ers that  children  of  this  class  do  learn  language  more 
easily  and  successfully,  and  adapt  themselves  more 
readil,y  to  the  modes  of  thought  of  hearing  persons,  than 
those  who  are  born  deaf  or  lose  their  hearing  soon  after 
birth.  When  we  remember  how  vivid  are  the  impressions 
of  childhood,  how  full  a  vocabulary,  and  how  much  fuller 
a  comprehension  of  language  as  spoken  by  otliers,  a 
bright  child  obtains  during  the  first  two  or  three  years 
of  his  life,  it  is  not  strange  if  the  mental  condition  of  one 
who  loses  hearing  when  he  has  reached  this  age  is  essen- 
tiall}'  different  from  that  of  one  who  has  never  heard. 
The  wonder  is  rather  that,  of  the  immense  mental  and 
linguistic  acquisitions  he  has  made  through  the  sense  of 
hearing,  so  little  appears  to  remain. 

The  uneducated  deaf-mute  who  has  never  heard,  or 
whose  hearing  has  been  lost  in  early  infancy,  has  no 
knowledge  whatever  of  the  language  of  words.  This 
lack  of  language  is  the  key  to  his  mental  condition  and 
characteristics.  He  has  an  intelligent  mind ;  he  observes, 
reasons,  and  forms  conclusions ;  but  his  train  of  thought, 
being  carried  on  by  means  of  mental  pictures  and  rude 
gestures,  is  imperfect  and  incomplete,  while  his  reason- 
ing, being  based  upon  his  own  limited  range  of  obser- 
vation uncorrected  by  the  superior  wisdom  and  wider 
experience  of  others,  is  apt  to  lead  him  to  erroneous  cou- 
elnsions.  Careful  inquiries  made  of  educated  deaf-mutes 
with  respect  to  their  ideas  before  instruction  have  elicited 
the  fact  that,  although — like  young  children  in  general 
— they  u.sually  accept  the  phenomena  of  nature  as  a  mat- 
ter of  course,  and  do  not  trouble  themselves  concerning 
their  origin,  yet  they  do  .sometimes  reflect  on  these  sub- 
.iects  and  frame  for  themselves  various  fanciful  explana- 
tions of  the  means  by  which  the  more  striking  natural 
phenomena  are  produced  ;  as,  for  instance,  that  "the  wind 
IS  blown  from  a  great  bellows,  that  the  rain  is  poured 
down  through  small  holes  in  the  skv,  that  snow  is  ground 
out  like  flour  from  a  celestial  mill,  that  thunder  and 
lightning  are  the  discharges  of  cannon,  that  the  stars  are 
candles  or  lamps  lighted  every  evening,  that  death  is 
caused  by  the  medicine  administered  to  the  sick  person 
etc. ,  etc.  None  seem  to  have  arrived  at  the  idea  of  the 
existence  of  the  soul,  nor  of  a  God,  nor  of  immortalitv- 
and  there  are  only  two  instances  on  record  in  which  they 
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have  reflected  at  all  upon  the  origin  of  the  world  and  its 
inhabitants.  One  girl,  who  had  reached  the  age  of  fifteen 
before  coming  to  school,  said  that  she  "had  tried  to  think 
about  it,  butcould  not";  she  "thought  the  people  came 
from  the  South  " ;  and  one  very  intelligent  boy,  at  the 
age  of  nine  3'ears,  having  gained  from  his  own  observa- 
tion an  idea  of  the  descent  from  parent  to  child,  the 
propagation  of  animals,  and  the  production  of  plants 
from  seeds,  struggled  long  and  earnestly  wnth  the  ques- 
tion whence  came  the  first  man,  the  first  animal,  and  the 
first  plant;  but,  like  many  wi.ser  men,  without  reaching 
any  satisfactory  conclusion. 

Th(.-  deaf-mute  very  early  invents  a  language  of  signs 
sulficieut  for  the  expix'ssion  of  the  common  wants  of  his 
every-day  life,  and  if  he  has  intelligent  friends  who  are 
ready  to  aid  his  attempts  at  the  exchange  of  ideas  in  this 
way,  or  if  he  as.sociates  with  other  deaf-mutes,  this 
language  will  be  extended  and  elaborated  to  a  high  de- 
gree. It  becomes  his  usual  mode  of  thought;  and  while 
he  may,  after  long  years  f)f  effort  by  his  teachers  and 
himself,  learn  to  think  more  or  less  in  spoken  or  written 
words,  the  language  of  signs  always  remains  his  easiest 
and  most  natural  method  not  only  of  expression  but  of 
thought.  The  language  of  words  written  or  spoken  is 
for  him  something  strange,  foreign,  artificial;  he  may 
master  it  as  the  hearing  student  masters  a  foreign  tongue, 
.so  that  he  will  think  in  it  to  some  extent,  use  it  with 
considerable  freedom,  and  read  it  understandingly  and 
profitably;  but,  except  in  veiy  rare  cases  of  peculiar 
education  and  environment,  the  language  of  gesture  is, 
and  always  remains,  the  vernacular  of  the  deaf-mute. 

The  language  of  words  being  a  foreign  language  to  the 
deaf-mute,  he  is  liable,  even  after  j-ears  of  in.struction, 
to  make  nii.stakes  in  its  use.  Such  mi.stakes  of  course 
become  less  frequent  as  his  education  advances;  but  the 
deaf-mute  who  has  never  heard,  or  who  has  lost  his  hear- 
ing in  early  infancj',  rarel_y,  if  ever,  acquires  such  a 
mastery  of  language  as  to  employ  it  in  speech  or  writing 
with  the  same  readiness  and  freedom  as  persons  who  learn 
to  speak  in  childhood  through  the  hearing.  The  peculiari- 
ties in  his  phraseology  are'sometimes  C'klled  "  deaf-mut- 
isms," and  their  origin  has  been  ascribed  bj'  some  writers 
to  the  inversions  of  the  .sign  language;  but  their  main 
cause,  like  that  of  the  blunders  of  foreigners,  is  merely 
an  incomplete  knowledge  of  the  language  of  words. 

The  characteristics  of  an  uneducated  deaf-mute,  espe- 
cially when  in  unfavorable  social  circumstances  his  natu- 
ral language  of  signs  has  not  been  developed  beyond  its 
mo.st  rudimentary  .stage,  are  what  might  be  expected. 
Cut  off  from  communication  with  his  kmd,  misinterpret- 
ing alike  the  order  of  nature  and  the  actions  of  his  fel- 
low-men, he  is  apt  to  become  melancholy,  suspicious, 
treacherous,  and  cruel.  The  neglect  on  the  part  of  pa- 
rents and  friends  which,  from'anv  motive  whatever, 
allows  the  deaf-mute  child  to  grow  up  in  this  condition, 
when,  as  in  the  United  StatesT  the  Ijeuetits  of  education 
are  freely  offered  to  all,  is  simply  criminal. 

A  wisely  conducted  education,  giving  the  deaf-mute 
writing  or  speech  as  a  means  of  communication,  ami  im- 
parting just  views  of  his  relations  to  God  and  his  fellow- 
men,  tends  to  correct  the  defects  above  mentioned,  and 
enables  him  to  take  his  proper  place  in  the  world  as  an 
active  and  useful  member  of  society. 

Morbidity.— Since  the  maladies  that  cause  deafness 
are  m  some  cases  the  result  of  an  imperfect  physical  con- 
stitution, and  in  others  leave  a  previouslv  sound  constitu- 
tion debilitated  and  impaired,  we  should  expect  to  find 
the  percentage  of  morbidity  in  persons  of  this  class  higher 
than  among  hearing  jiersons.  AVe  have  few  records  on, 
this  point  except  those  of  our  schools,  and  the  latter  not 
m  a  statistical  form;  but  it  is  the  general  testimony  of 
the  heads  of  schools  that  their  pupils,  as  a  rule,  enjov 
excellent  health— (piite  as  good  as  the  average  health  of 
hearing  children.  This  is  probably  due  to  the  regular 
habits,  wholesome  food,  well-ventilated  rooms,  good 
sanitary  arrangements,  and  out-of-door  exercise  afforded 
by  institution  life,  which  counteract  any  unfavorable 
constitutional  tendencies  that  may  exist. 
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Tuberculosis  was  formerly  regarded  as  a  disease  to 
wliich  deaf-mutes  were  peculiarly  liable,  since  statistics 
collected  by  Porter  and  Peet  in  tliis  country,  Wilde  in 
Ireland,  and  Mfiller  in  Germany  showed  that  a  large  pro- 
portion of  deaths  were  due  to  this  cause,  but  within 
recent  years  tuberculosis  has  not  been  observed  to  be 
especially  prevalent  among  the  deaf.  The  mortality  from 
this  cause  in  former  times  was  probably  due  to  bad  sani- 
tary conditions  and  to  infection. 

]t  is  sometimes  asserted  that  the  lungs  of  deaf-mutes 
are  ill  developed  on  account  of  their  lack  of  exercise  in 
speech.  But,  aside  from  the  fact  that  deaf  children  do 
generally  use  their  voices  considerably,  making  a  great 
variety  of  sovmds,  the  expansion  of  the  lungs  in  respira- 
tion, as  Hartmann  says,  really  suffices  for  their  proper 
development.  A  careful  examination  of  the  lungs  of  the 
students  of  Gallaudet  College  at  Washington,  with  a 
view  to  cautioning  them  against  violent  gymnastic  exer- 
cises in  case  of  pulmonary  weakness,  showed  only  one 
out  of  fifty  with  any  tendencj^  in  that  direction. 

MoKTALiTY. — There  are  no  comparative  tables  on  a 
scale  sufficiently  extended  to  enable  us  to  form  a  definite 
conclusion  as  to  the  mortality  of  deaf-mutes  as  compared 
with  hearing  people.  In  i3enmark  during  the  years 
1879-88  the  mortality  among  adult  deaf-mutes  corre- 
sponded pretty  nearly  to  the  mortality  among  the  labor- 
ing classes  in  Copenhagen,  whose  death  rate  was  the 
highest  of  any  class  in  Denmark ;  a  result  which  jMygind 
attributes  to  their  unfavorable  social  and  sanitary  con- 
ditions. The  total  numbers,  however,  were  too  small  to 
be  conclusive.  At  first  thought  it  might  be  supposed 
that  deaf-mutes  are  more  liable  than  hearing  persons  to 
fatal  accidents  in  the  street,  on  the  railway,  etc.,  on  ac- 
count of  their  inabilitj'  to  hear  warnings  of  danger ;  but 
this  liability  is  probably  more  than  offset  by  their  greater 
habit  of  caution  in  such  places.  It  is  to  be  hoped  that 
the  necessary  statistics  for  determining  the  rate  of  mortal- 
ity of  deaf-mutes  inay  soon  be  aiforded,  for  at  present 
some  insurance  companies  refuse  to  accept  risks  on  their 
lives  and  others  charge  them  more  than  the  usual  rates. 

Mabriage. — Since  the  education  of  deaf-mutes  has  be- 
come general,  marriage  among  them  has  ceased  to  be  rare, 
especially  in  America.  Of  27,934  pupils  who  attended 
American  schools  for  the  deaf  up  to  the  year  1890,  statis- 
tics gathered  during  the  past  decade  show  that  6,460,  or 
23  per  cent.,  have  been  married,  and  the  actual  per  cent, 
of  the  married  deaf  in  this  country  is  probably  much 
higher  than  that. 

Marriages  of  deaf-mutes  are  slightly  less  productive 
than  ordinary  marriages.  The  proportion  of  3,078  mar- 
riages of  the  deaf  in  America  without  offspring  was  14.1 
percent.,  and  the  average  number  of  children  to  each 
mother  was  2.61. 

In  72  per  cent,  of  the  marriages  of  the  deaf  recorded  m 
America  both  of  the  partners  were  deaf.  As  has  been 
shown  above  under  "Heredity,"  marriages  of  this  kind 
are  not  more  liable  to  result  in  deaf  offspring  than  those 
in  which  one  of  the  partners  is  deaf  and  the  other  a  hear- 
ing person;  that  they  are  more  likely  to  be  happy  mar- 
riages, owing  doubtless  to  the  strong  bond  of  mutual 
fellowship  growing  out  of  the  similar  condition  of  hus- 
band and  wife,  the  ease  and  freedom  with  which  they 
communicate  with  each  other,  and  the  identity  of  their 
social  relations  and  sympathies,  is  proved  by  the  statistics 
of  divorces  and  separations.  In  the  marriages  of  the  deaf 
in  America,  where  both  of  the  partners  were  deaf,  the 
proportion  of  the  divorces  and  separations  reported  was 
2.5  per  cent. ;  where  one  of  the  partners  was  deaf  and  the 
other  a  hearing  person,  the  proportion  was  6.5  per  cent. 

In  the  case  of  deaf-mutes  having  no  deaf  relatives  there 
is  little,  if  any,  danger  that  deafness  will  reappear  in  the 
offspring  provided  they  marry  persons,  whether  deaf  or 
hearing,  who  have  no  deaf  relatives.  The  liability  to 
deaf  offspring  when  either  or  both  of  the  partners  in 
marriage  have  deaf  relatives  has  been  mentioned  above 
under  "Heredity." 

Occupations.— Uneducated  deaf-mutes  can  and  do 
perform  unskilled  labor,  but  the  competition  here  is  so 


great,  and  they  are  at  so  much  disadvantage  in  vaiious 
ways  as  compared  with  hearing  persons,  that,  though 
they  are  sometimes  self-supporting,  they  are  often  more 
or  less  a  burden  upon  their  fi-iends  or  upon  the  community. 
With  educated  deaf-mutes  the  case  is  very  different. 
In  all  of  tlie  large  American  scliools  the  importance  of  in- 
dustrial instruction  is  fully  recognized  and  several  hours 
of  each  day  are  devoted  to  this  purpose.  The  occupations 
taught  are,  for  the  boys,  baking,  barbering,  basket-mak- 
ing, blaoksmithing,  Ijook-bind'ing,  bricklaying,  broom- 
making,  cabinet-making,  carpentry,  chair-making,  coop- 
ery,  engraving,  farming,  floriculture,  gardening,  glazing, 
harness-making,  horticulture,  mattress-making,  painting, 
paper-hanging,  plastering,  photography,  printing,  shoe- 
making,  tailoring,  and  wood-turning;  for  the  girls,  cook- 
ing, domestic  and  ornamental  sewing,  both  with  and 
without  the  machine,  dress-making,  ironing,  knitting, 
millinery,  shirt-making,  tailoring,  and  the  folding  and 
stitching  of  sheets  for  the  book-ljinder.  Instruction  in 
clay-modelling,  drawing,  decorating,  etc.,  enables  some  of 
both  sexes  to  engage  in  various  pursuits  of  industrial  art 
and  in  pure  art.  In  some  instances  the  pupils  are  made 
thorough  masters  of  tlieir  trades  wdiile  at  school,  so  that 
they  immediate!}'  command  remunerative  positions  upon 
graduating;  and  even  in  tlie  greater  number  of  cases  in 
wdiich  they  merely  acquire  the  principles  of  a  trade,  fa- 
miliarity with  the  use  of  tools,  dexteritj',  and  habits  of  in- 
dustry, they  find  it  much  easier  to  master  the  business 
afterward,  or  to  learn  some  new  trade,  than  would  be  pos- 
sible if  no  attention  had  been  paid  to  industrial  education. 

The  list  of  occupations  pursued  bjr  educated  deaf- 
mutes  includes  not  only  the  industries  above  mentioned 
as  taught  at  school,  but  almost  every  pursuit  that  does 
not  require  the  actual  use  of  hearing  and  speech.  The 
great  majority  are  engaged  in  various  branches  of  skilled 
industry ;  some  are  artists,  or  workers  in  industrial  art ; 
while  among  the  more  inteUigent  and  highly  educated, 
especially  those  who  have  enjoyed  the  advantages  of  the 
College  at  Washington,  are  many  government  clerks, 
many  teachers  of  the  deaf,  several  clergymen  preaching 
to  the  deaf,  and  several  editors,  publishers,  merchants, 
inventors,  chemists,  and  lawj^ers. 

Legal  Rights  and  Responsibilities.— Under  the 
Justinian  Code,  deaf-mutes  who  could  not  read  and  write 
were  classed  with  the  insane  and  idiotic,  and  had  there- 
fore no  legal  rights  nor  responsibilities.  A  better  com- 
prehension of  their  mental  condition  has  led  to  consider- 
able modification  of  their  legal  status,  so  far  at  least  as 
their  rights  are  concerned.  It  has  been  decided  repeat- 
edly, both  in  England  and  America,  that  an  uneducated 
deaf-mute  who  possesses  sufficient  intelligence  to  express 
his  ideas,  wishes,  and  intentions  by  signs  can  make  con- 
tracts, execute  deeds,  dispose  of  property  by  gift  or  by 
testament,  and  give  evidence  in  court.  The  degree  of 
intelligence  and  facility  of  communication  can  usually 
be  determined  by  the  testimony  of  acquaintances  or  of 
experienced  teachers  of  the  deaf. 

The  uneducated  but  not  unintelligent  deaf-mute  who 
commits  crime  against  property— usually  theft— is  gen- ' 
erally  and  properly  held  responsible  for  the  act;  but  in 
the  case  of  serious  crime  against  the  person— as,  for  in- 
stance, homicide  under  the  provocation  of  cruelty— his 
moral  and  legal  responsibility  is  not  so  easy  to  determine. 
In  such  cases,  which  have  been  unhappily  frequent  in 
proportion  to  the  number  of  this  class  of  persons,  judges 
and  juries  especially  in  view  of  the  death  penalty,  have 
naturally  shrunk  from  the  decision  that  the  deaf-mute 
without  any  education  was  morally  and  legally  respon- 
sible and  he  has  either  through  an  appeal  by  his  counsel 
to  the  old  law  classing  deaf-mutes  with  the  insane  and 
idiotic  escaped  trial  altogether,  or  through  the  sympathy 
or  the  disagreement  of  the  jury  been  acquitted.  ^ 

Educated  deaf-mutes  who  can  communicate  with  others 
orally  or  by  writing,  occupy  the  same  position  before  the 
law  as  hearing  persons. 

Schools  fok  the  Deaf  in  the  United  States  — 
There  are  115  schools  for  the  deaf  in  the  Lmted  States, 
containing  (November  10th,  1900)  10,608  pupils.     Fifty- 
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seven  of  these  schools,  with  9,504  piipils,  ■  are  public 
boarding  schools  supported  by  the  several  States;  of  the 
remainiug  pupils,  708  are  iu  public  day  schools  and  8 JO 
in  denominational  and  private  schools.  Tlie  various 
methods  of  instruction  used  in  these  scliools  may  be 
defined  as  follows : 

I.  The  Mii/uial  iVethod.—ii\gns.  the  manual  alphabet, 
and  writing  are  the  chief  means  used  in  tlie  instruction 
of  the  pupils,  and  tlie  principal  objects  aimed  at  are 
mental  development  and  facility  in  the  conipivlien.sion 
and  use  of  written  language.  The  degree  of  relative  im- 
portance E:iven  to  these  tliree  means  varies  in  different 
schools;  but  it  is  a  difference  only  in  degree,  and  tlie  end 
aimed  at  is  tlie  same  in  all. 

II.  T/ii.'  Miiniial  Alp/iubet  Met7iod.—The  manual  alpha- 
bet and  writing  are  the  chief  means  used  in  the  instruc- 
tion of  tlie  puiiils,  and  the  principal  objects  aimed  at  are 
mental  development  and  facility  in  the  comprehension 
and  use  of  written  language.  Speech  and  siiecch-rcad- 
ing  are  taught  to  all  of  the  inipils  in  one  of  tlie  schools 
(the  Western  New  York  Institution)  recorded  as  follow- 
ing tliis  metliod. 

III.  T!ie  Oral  MetJiod.— Speech  and  speech-reading, 
together  with  writing,  are  made  the  chief  means  of  in- 
struction, and  facility  iu  speech  and  speech-reading,  as 
well  as  mental  development  and  written  language,  is 
aimed  at.  There  is  a  difference  iu  different  schools  in  the 
extent  to  wliich  the  use  of  natural  signs  is  allowed  in  the 
early  jiai-t  of  tlie  course,  and  also  in  the  prominence  given 
to  writing  as  an  auxiliary  to  speech  and  speech  reading 


in  the  course  of  instruction;  but  they  are  differences  only 
in  degree,  and  the  end  aimed  at  is  the  same  in  all. 

IV.  The  Auricular  Method.— The.  hearing  of  semi-deaf 
pupils  is  utilized  and  developed  to  the  greatest  possible 
extent,  and,  with  or  without  the  aid  of  artificial  appli- 
ances, their  education  is  carried  on  chiefly  through  the 
use  of  speech  and  hearing,  together  with  writing.  The 
aim  of  the  method  is  to  graduate  its  pupils  as  hard-of- 
hearing  speaking  people  instead  of  deaf-mutes.  (This 
method,  which  has  recently  been  brought  to  the  notice  of 
physicians  by  the  experiments  of  Urbautschitsch,  Bezokl, 
and  others,  has  been  used  in  American  schools  for  many 
years,  but  it  is  regarded  as  desirable  for  only  a  small 
proportion  of  the  pupils.) 

V.  The  Combined  ,Si/.ftem. — Speech  and  speech-reading 
are  regarded  as  very  important,  but  mental  development 
and  the  acciuisition"of  language  are  regarded  as  still  more 
important.  It  is  believed  that  in  many  cases  mental  de- 
velopment and  the  accjuisition  of  language  can  be  liest 
promoted  by  theilanual  or  the  Manual  Alphabet  method, 
and,  so  far  as  circumstances  permit,  such  method  is  chosen 
for  each  pupil  as  .seems  best  adapted  for  his  individual 
case.  Speech  and  speech-reading  are  taught  where  the 
measure  of  success  seems  likely  to  justifj^  the  labor  ex- 
pended, and  in  most  of  the  schools  some  of  the  pupils 
are  taught  wholly  or  chiefly  by  the  oral  method  or  by  the 
auricular  method. 

Tlie  following  talile  gives  all  the  schools  for  the  deaf 
in  the  United  States  existing  in  the  year  1890,  with  their 
location,  date  of  opening,  and  methods  of  instruction: 


A. — Public  Schools  (not  Including  Day  Schools). 


Name. 


Location. 


Methods 
of  Instruetion. 


li  American  School  for  the  Deaf. 

2  New  Yorl;  Institution  for  the  Instruction  of  the  Deaf  and  Dumb. 

3  Pennsylvania  Institution  for  the  Deaf  and  Dumb  . 

4 
5 
6 
7 
8 


Hartford,  Cunn 

New  York,  N.  Y.  ((O  

Mount  Airy,  Philadelphia,  Pa. 


Kentucky  Institution  for  the  Education  of  Deaf-Mutes 

Ohio  Institution  for  the  Education  of  the  Deaf  and  Dumb 

Virginia  School  for  the  Deaf  aud  the  Blind 

Indiana  Institution  for  the  Education  of  the  Deaf  and  Diuuli 

Tennessee  Deaf  and  Dumb  School 

North  Carolina  Institution  for  Education  of  the  Deaf  and  Dumb  and  the  Blind. 
Illinois  Institution  for  the  Education  of  the  Deaf  and  Dumb 


Danville,  Boyle  Co., 
Columbus,  C)hio. . . . 

Staunton,  Va 

Indianapolis,  Ind  . . 
Knoxville.  Tenn. . . 

Raleigh,  N.  C 

Jacksonville,  111 


Ky. 


Georgia  School  for  the  Deaf 

South  Carolina  Institution  for  the  Education  of  the  Deaf  and  the  Blind 

Missouri  School  for  the  Deaf 

Louisiana  Institution  for  the  Education  of  the  Deaf  and  Dumb 

Wisconsin  School  tor  the  Deaf 

Michigan  School  for  the  Deaf 

Mississippi  Institution  for  the  Education  of  the  Deaf  and  Dumb 

Iowa  School  for  the  Deaf 

Texas  Deaf  and  Dumb  Asvlnm 

Columbia  Institution  for  the  Deaf  and  Dumb 

A.  Kendall  School  for  the  Deaf 

B.  (iallandet  College 

Alabama  Institute  for  the  Deaf 

California  Institution  for  the  Deaf  and  the  Blind .' .   ,' 

Kansas  School  for  the  Deaf 

Le  Couteulx  St.  Mary's  Institution  tor  the  Improved  instruction  of'  Deaf-Mutes' 

Minnesota  School  for  the  Deaf 

New  York  Institution  for  the  Improved  Instruction  for  Deaf'-Mutesi ......'.'.'.'..'. 

Clarke  School  for  the  Deaf 

Arkansas  Deat-Mute  Institute 

Maryland  School  for  the  Deaf  and  Dumb 

Nebraska  Iiisljtut.-  for  the  Di-iil  and  Uiinib 

St.  Joseph's  Institute  for  tin-  liiiinnvod  Instruction  of'  iieaf-'Mutes 

West  VlrKiuia  Schools  for  tlio  hear  anil  the  Blind...,  

Mystic  Oral  School  for  the  Ueat  

Oregon  Si'tiool  for  Deaf-Mutcs...  

Maryland  s,>li,«,i  fni'  the  c.iiored  mind  and  'Deaf. .'.'.'..'.'.'. 

Colorado  School  fnr  the  Deaf  aud  the  Blind..  

Central  New  York  Institutl(.u  for  lleaf-Mutes  

J^estprn  Pennsylvania  Instltutinn  for  the  Instnn'tj 
Western  New  York  Institution  f(.r-  Deaf-Mutes, . . . 

Mauje  s.hni,!  fnr  the  Deaf 

Rhode  Ishind  Institute  for  the  Deaf 

Ne\y  England  Industrial  School  f,,r  Deaf-Mutes'.!'. 

South  Dakotii  Scl I  f,,r  Deaf-Mntes 

Pennsylvania  oral  School  fnr  U)e  Deaf  .    

New  Jer.sey  Srhnul  tortile  lleaf  

Utah  state  School  for  the  Deaf  ami  iiumh. '. 

Northern  New  York  Institution  for  Deaf-Mutes  "  ' 
Florida  state  School  for  the  i!ii,„i  and  the  Deaf, , , 
Ne«  Mexico  Asylum  for  the  Deaf  and  the  Dumb 
Washington  School  for  Defective  Youth 


f  the  Deaf  and  Dumb,. 


Cave  Spring,  Ga 

Cedar  Spring.  S.  C. 

Fulton,  Callaway  Co.,  Mo 

Baton  Rouge,  La 

Delavan,  Walworth  Co.,  Wis 

f  lint,  Mich 

Jackson.  Miss 

Council  Bluffs,  Iowa 

.\ustin,  Texas 

Kendall  Green,  Washington,  D.  C. . 
Kendall  Green.  Washington.  D.  C. . . 
Kendall  Green.  Washington.  D.  C. . . 

Talladega,  Ala 

Berkeley.  Alameda  Co.,  Cal 

Olathe,  Kansas 

Bntfalo.  N.  Y.  {i'lSSi  Main  Street) .... 

Faribault.  Rice  Co..  Minn 

New  Y'ork.  N.  Y.   (5104-9^3  Lexing- 
ton Ave.) 

Northampton.  Mass 

Little  Rock.  Ark 

Frederick  City.  Md 

Omaha.  Neb 

Fordham.  N.  Y.  Ui) '... 

Romney,  Hampshire  Co.,  W.  Va 

Mystic,  Conn 

Salem.  CIregon 

Baltimore.  Md.  di49  W.  Saratoga  St.) 
Colorado  springs.  El  Paso  Co.,  Colo. 

Rome,  Oneida  Co.,  N.  Y' 

Edgew 1  Park,  Allegheny  Co.,  Pa  . 

Rochester,  N.  Y.  (!14,t  N.  St.  Paul  St.) 

Portland,  Me.  (7i)-S.5  Spring  St.) 

Providence.  R.  I.  (184  East  Ave.). . . . 

Beverly,  Mass 

Sioux  Falls.  Minnehaha  Co.,  S.  Dni;' 

Scranton,  Pa 

Trenton,  N.  J 

Ogden,  Utah '.'.'.'.'.'. 

Malone.  Franklin  Co.,  N.  Y 

St.  Augustine.  Fla 

Santa  Fe.  N.  M '.'.'.'.'.'.'.'. 

Vancouver,  Wash 


1817 
1818 
1820 

1823 
1829 
1839 
1844 
184.5 
184.0 
1846 

1848 
1849 
1851 
1.852 
18.52 
1854 
1854 
1855 
1857 
1857 
1857 
1864 
1858 
186U 
1861 
1861 
1863 


1867 
1867 
1868 
1868 
1869 
1869 
1870 
1870 
1870 
1872 
1884 
1S75 
1876 
1876 
1876 
1876 
1879 
1880 
1883 
188:3 
1884 
1884 
1885 
1885 
1886 


Combined. 
Combined. 
Oral  and  manual 

alphabet. 
Combined. 
Combined. 
Combined. 
Combined. 
Combined. 
Combined. 
Oral  and  manual 

alphabet. 
Combined. 
Combined. 
Combined. 
Combined. 
Combined. 
Combined. 
Combined. 
Combined. 
Combined. 

Combined. 
Combined. 
Combined. 
Combined. 
Combined. 
Combined. 
Combined. 

Oral. 

Oral. 

Combined. 

Combined. 

Combined. 

Combined. 

Combined. 

Oral. 

Combined. 

Combined. 

Combined. 

Combined. 

Combined. 

Man.  alph. 

Combined. 

Oral. 

Combined. 

Combined. 

Oral. 

Combined. 

Combined. 

Combined. 

Combined. 

Manual. 

Combined. 
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Methods 
of  instruction. 


Deaf,  Dumti,  iind  Blind  Institute  tor  Colored  Youth 

Albany  Home  School  (or  the  oral  instruction  of  the  Deaf 

Deaf  and  Dunih  Asylum  (.of  North  Dakota) 

Home  for  the  Training  in  Speech  of  Deaf  Children  before  they  are  of  School  Age 

Montana  School  for  lieaf  and  Blind 

North  Carolina  School  for  the  Deaf  and  Dumb 

Oklahoma  Institute  for  the  Deaf  and  Dumb 


Austin,  Tex 

Pine  Hills,  Albany,  N.  Y  

Devils  Lake,  Ramsey  Co.,  N.  Dak  . . . 

Philadelphia,  Pa.  (c) 

Boulder,  Mont 

Morganton,  Burke  Co.,  N.  C 

liutlirie,  Oklahoma 


1KK7 
1888 
18'.tO 
1893 
1804 

1SU8 


Manual. 

Oral. 

(.'ombined. 

Oral.  , 

Cohib'ined. 

Comliined. 

Manual. 


Icn  Washinffton  Heights,  l(8il  Street  and  Broadway.  '■h\  This  institution  1 

at  Fordham  (773  East  188th  Street),  and  another  at  Brooklyn  (113  Buffalo  Aveuue). 


{ three  liranches;  one  situated  at  Westchester,  another 
(c)  Behneut  Avenue,  corner  Monument  Avenue. 


Horace  Mann  School  for  the  Deaf 

Wicker  Park  Public  Day  School  for  the  Deaf 

Hartigan  Public  Day  School  for  the  Deaf 

Prescott  Public  Day  School  for  the  Deaf 

Monroe  Street  Public  Day  School  tor  the  Deaf 

Yale  Public  Day  School  tor  the  Deaf 

Lyman  Trumbull  Public  Day  School  for  the  Deaf  . 

Kozminski  Public  Day  School  for  the  Deaf 

Seward  Public  Day  School  for  the  Deaf 

Darwin  Public  Day  School  for  the  Deaf 

Burr  Public  Day  School  for  the  Deaf 

Froehel  Public  Day  School  for  the  Deaf 

Cincinnati  Public  School  for  the  Deaf 

St.  Louis  Day  School  for  the  Deaf 

Milwaukee  Public  Day  School  for  the  Deaf 

Oral  School  of  Cincinnati 

Evansville  Day  School  for  the  Deaf 

Wausau  Day  School  for  the  Deaf 

Cleveland  Day  School  for  the  Deaf 

Manitowoc  Day  School  for  the  Deaf 

Sheboygan  Day  School  for  the  Deaf 

Detroit  Day  School  for  the  Deaf 

Eau  Claire  Day  School  for  the  Deaf 

Fond  du  Lac  School  for  the  Deaf 

Marinette  School  for  the  Deaf 

Oshkosh  School  for  the  Deaf 

Appleton  School  for  the  Deaf 

Green  Bay  Dav  School  for  the  Deaf 

Black  River  Falls  School  for  the  Deaf 

Superior  Day  School  for  the  Deaf 

NelUsville  Day  School  for  the  Deaf 

Los  Angeles  Oral  School  for  the  Deaf 

Loraine  County  Oral  Deaf  School 

Ashland  Day  School  tor  the  Deaf 

Stevens  Point  Day  School  for  the  Deaf 

Streator  Day  School  for  the  Deaf  

La  Crosse  Day  School  tor  the  Deaf 

Dayton  School  for  the  Deaf 

Derinda  School  for  the  Deaf 

Oakland  Oral  Day  School  for  the  Deaf 

Sparta  Day  School  tor  the  Deaf 

Grand  Rapids  Day  School  for  the  Deaf 

Muskegon  Day  School  for  the  Deaf 

Menominee  Day  School  for  the  Deaf 


Chicago, 
111. 


Boston,  Mass.  C17S  Newbury  St.) 

'  Evergreen  Ave.  near  Robey  St.. 

Armour  Ave.  near  41st  St 

Wrightward  and  Ashland  Aves, 

1.57  Monroe  St 

Corner  70th  St.  and  Yale  Ave. . 
Comer  Sedgwick  and  Division  Sts 
Corner  .54th  St.  and  Ingleslde  Ave, 

4634  Ashland  Ave 

Hum.  Blvd.  and  Arriiltage  Ave.. 
Ashland  Av.  near  North  Ave  — 

31st  St.  near  Robey  St 

Cincinnati,  Ohio  (719  W.  Sixth  St.) 

St.  Louis,  Mo.  (a) 

Milwaukee,  Wis.  (/i) 

Cincinnati,  Ohio  (719  West  Bth  St.) 

Evansville,  Ind.  (High  School  Building) 

Wausau,  Wis 

Cleveland,  Ohio  (c)  

Manitowoc,  Wis 

Sheboygan,  Wis 

Detroit,  Mich.  (cO 

Eau  Claii-e,  Wis 

Fond  du  Lac,  Wis 

Marinette,  Wis.  (1.532  Main  St.) 

Oshkosh,  Wis.  (Library  building) 

Appleton,  Wis 

Green  Bay,  Wis 

Black  Elver  Falls,  Wis 

West  Superior,  Wis 

Neillsville,  Wis ■ 

Los  Angeles,  Cal 

Elyria,  Lorain  Co..  OliKt 

Ashland,  Wis 

Stevens  Point.  Wis 

Streator,  111 

La  Crosse,  Wis • .  • — ;.;•,•■ 

Dayton,  Ohio  (corner  Brown  and  Hess  sts.;  . 

Derinda,  III ■  ■  ■  ■ 

Oakland,  Cal.  (11th  and  Jetlerson  Sts.) 

Sparta,  Wis 

Grand  Rapids,  Mich 

Muskegon,  Mich 

Menominee,  Mich 


SK9 

Oral. 

(«■) 

Combined. 

I.V.) 

Coiulaned. 

i.srw 

('(iiiibined. 

1875 

Combined. 

I89M 

Oral. 

18% 

Oral. 

IHrtB 

Oral. 

1897 

Oral. 

1898 

Oral. 

1898 

Oral. 

1898 

Oral. 

187.5 

Manual. 

1878 

Combined. 

188)1 

Oral. 

18,% 

Oral. 

1886 

Combined. 

18HII 

Oral. 

1893 

Oral. 

1893 

Oral. 

1894 

Oral. 

1894 

Oral. 

1895 

(_iral. 

1895 

Oral. 

1895 

Oral. 

1895 

Oral. 

1896 

oral. 

1898 

Oral. 

1897 

Oral. 

1897 

Oral. 

1899 

Oral. 

1898 

Oral. 

1898 

Oral. 

1898 

Oral. 

1898 

Oral. 

1898 

Oral. 

1899 

Oral. 

1899 

Combined 

1899 

Oral. 

1899 

Oral. 

1899 

Oral. 

1899 

Oral. 

19110 

Oral. 

1900 

Oral. 

PortS^S^  --^^r^^^SpSay  Sc^  K  ^St  gSS^^S^Id  in  ^i\^f\SZ^!n 


((-/)  Wilkins  Schuol 
Van  Buren  Street. 


DENOMINATIONAL    AND    PRIVATE    SCHOOLS. 


German  Evangelical  Lutheran  Deaf  and  Dumb  School . . . . 

St.  .lohn's  Catholic  Deaf-Mute  Institute. 

F.  Knapp's  Institute ■  ■  •  ■  ;••■■.;  •,  ■  ■  ■ 

The  McCowen  Oral  School  for  Young  Deaf  Children 

Ephpheta  School  for  the  Deaf 

Mariie  Consilia  School  for  the  Deaf . . . .... . .  ■ ■  •  ■  •  ■  •  ■  • 

Sarah  Fuller  Home  for  Little  Children  Who  Cannot  Hear  . 

Notre  Dame  School  for  the  Deaf 

Deaf-Mute  Institute  of  the  Holy  Rosary 

St.  Joseph's  Deaf-Mute  Institute  for  Boys 

Wright-H  umason  School . 


St.  Francis  Xavier's  S 
Boston  School  for  the  Deaf  . 


North  Detroit,  Wayne  Co.,  Mich  . 

St.  Francis,  Wis •.•.••  ■  ■  •  •  ■  •  ■  •  ■  ■ 

Baltimore,  Md.  (a51  and  &>i  Hollins  St.i. 

Chicago,  111.  (65.50  Yale  Ave.) 

Chicago,  III.  (409  S.  May  St.) 

St.  Louis,  Mo.  (1849  Ca^  Aye  )  . . ... .  ■  •  • 

West  Medford,  Mass.  (93  Wobum  St.).. . 

Cincinnati,  Ohio  (a) o  '  ■■'i' 'iV  '  " 

Chinchuha,  St.  Tauunany  Parish,  La  . . . 
Longwood  Place,  South  St.  L(3uis,  Mo. . . 

New  York,  N.  Y.  (43  West  76th  St.) 

North  Teuiescal,  Cal. 


St.  Joseph's  School  and  Home  for  Deaf-Mutes Rnln'more' MdT'l903' McCc'lloh  St.) 

-     -"     "^  -    -     ■    •-  school  for  the  Deaf ;::;:::::::   .Jamaica  Plam,  Mass.  (9-11  St.  Joseph  St. ) 


1873 
1876 
1877 
1883 
1884 
1885 
1888 
1890 
1890 
1.893 
1894 
1,S95 
1897 
1899 


Combined. 

Combined. 

Oral. 

Oral. 

Combined. 

Combined. 

Oral. 

Combined. 

Combined. 

Combined. 

Oral. 

romblned. 

Combined. 

Oral. 


(a)  Sixth  Street,  between  Sycamore  and  Broadway. 
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Sdiool  .-W. -There  is  a  difference  of  opinion  among 
experienced  teacliers  as  to  the  best  age  for  sending  deat 
cliildreu  to  scliool.  On  the  one  liand,  such  children  have 
so  mucli  to  learn  as  compared  with  hearing  children 
tliat  their  education  ought  to  be  begun  as  early  as  possi- 
ble: on  the  other,  there  are  obvious  objections  to  taking 
them  away  from  their  homes— as  in  the  great  majority 
of  cases  is'necessary  in  order  that  they  may  receive  proper 
instruction— while  they  are  still  very  young.  The  de- 
cision must  depend  largely  upon  the  circumstances  of  the 
individual,  and  the  facilities  offered  by  the  State  in  winch 
he  resides.  Where  the  term  of  instruction  afforded  by  the 
State  is  limited  to  six  or  seven  years,  and  where  children 
are  surrounded  by  favorable  influences  at  home,  probably 
ten  or  twelve  is  the  best  age  for  them  to  be  sent  to  school, 
since  experience  has  shown  that  the  six  or  seven  years 
following  that  age  are  those  in  which  the  most  can  be 
accomplished  for  the  physical,  mental,  and  moral  de- 
velopment of  the  deaf-mute ;  but  where,  as  is  the  case  in 
some  States,  there  is  no  limit  to  the  term  of  instruction, 
where  proper  provision  is  made  for  the  care  and  teaching 
of  the  little  children  by  kindei-garten  methods  apart  from 
the  older  pupils,  and  especially  where  the  home  influences 
are  bad,  it  is  desirable  to  send  them  as  young  as  six  years 
of  age.  From  six  to  ten  they  will  make  less  progress  at 
school  than  from  ten  to  fourteen;  but  if,  in  addition  to 
those  four  years  under  ten,  they  remain  six  or  seven  yeai'S 
longer,  they  will  be  able  to  acquire  a  much  fuller  mastery 
of  the  language  of  their  fellow-men,  and  to  reach  a  far 
more  advanced  stage  of  education  in  all  respects,  than  if 
their  education  had  not  been  begun  until  the  years  of 
eai'lj'  childhood  were  passed. 

Bonrdirirj  Schools  and  Diiy  Schools. — Within  recent  j'ears 
laws  have  been  passed  in  several  States  providing  for  the 
establishment  of  day  schools  for  the  deaf,  the  town  or 
city  desiring  such  a  school  providing  the  necessary  room 
or  rooms  and  the  State  paying  a  certain  sum  per  cajdta 
for  the  children  taught.  This  has  the  advantage  of  en- 
abling the  pupils  to  live  at  home  while  receiving  instruc- 
tion, but  experience  has  shown  that  the  education  thus 
given  is  less  eflieient  and  .successful  than  in  boarding 
schools.  The  evil  influences  that  surround  many  deaf 
children  at  home,  the  temptations  of  the  street  out  of 
school  hours,  the  danger  of  accidents  in  going  to  and 
from  school,  the  interruptions  to  progress  from  tardiness 
and  absence,  and  the  lack  of  facilities  for  industrial  in- 
struction, make  the  results  much  less  satisfactory  than 
in  the  well-organized  boarding  school,  where  the  influ- 
ences of  the  workshop,  the  playground,  and  the  evening 
study  hour,  all  combine  with  those  of  the  school  room  to 
promote  the  proper  development  and  education  of  the 
child. 

Primte  Iiistniciioti  ot  Iloinc. — It  has  been  said  that 
"the  best  deaf-mute  school  is  a  school  of  one  pupil,"  but 
the  statement  is  not  to  be  received  without  some  quali- 
fication. In  order  to  attain  a  mastery  of  spoken  or  writ- 
ten language  the  more  individual  attention  the  deaf 
chikL  receives  the  better,  and  in  this  respect  private  in- 
struction at  home  has  a  decided  adviuitage  ovei-  class  in- 
struction at  school.  On  the  other  hand,  tlie  child  taught 
alone  at  home,  and  thus  lacking  the  stimulus  of  associa- 
tion with  others  placed  on  an  equal  footing  with  himself, 
is  ajit  10  liecome  listless  in  study  and  midanclioly  in  dis- 
position. Tlie  best  advice,  therefore,  to  be  i;iven  to 
parents  whose  means  enable  them  to  provide  a"  pi'ivate 
teacher  is  tliis:  OI)tain  a  competent  tntoi-  or  L^nx-cmess 
for  your  child  at  three  or  four  years  of  age."  Let  the 
efforts  of  this  teacher  for  sev(.'n  or  eiglit  years  be  devoted 
almost  wholly  to  giving  the  child  language,  articulation 
and  speech-reading  by  the  natural  intuitional  method' 
winch  imitates  as  closely  as  the  nature  of  the  case  alhiws 
the  manner  in  which  hearing  chihb-en  learn  to  s]ieak  and 
let  the  teacher's  efforts  be  heartily  seconded  liy  ali  the 
other  members  of  the  family.  Wl'ien  the  child  'is  ten  ,,r 
twelve  years  old  send  him  to  school  to  pui-sne  other 
branches  of  study  and  complete  his  education  The 
command  of  idiomatic  language  acquired  by  the  home 
training   is  something   that  could   not  lie   iinparted  at 
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school,  while  the  moral  and  intellectual  development  re- 
ceived at  school  could  not  be  attained  at  home. 

Intelligent  parents  and  friends,  who.se  pecuniary  cir- 
cumstances do  not  allow  them  to  employ  a  private  teacher, 
can  themselves  do  a  great  deal  in  the  way  of  preparing 
their  deaf  children  for  school  life  by  forming  in  them 
habits  of  order  and  obedience,  and  by  teaching  them  the 
use  of  the  pencil  and  pen,  -counting,  and  common  words 
in  their  written  forms.  If  the  child  already  possesses 
speech  gained  before  hearing  was  lost,  great  efforts 
should  be  made  to  retain  the  speech  and  to  cultivate  the 
habit  of  reading  the  speech  of  others.  If  any  hearing 
exists,  it  should  be  utilized  in  practice,  the  aid  of  the 
hearing  tube,  trumpet,  and  akouphone  should  be  tried, 
and  wiiichevor  instrument  proves  most  effective  should 
be  employed.  In  all  cases  the  deaf  child  .should  be  gov- 
erned with  the  same  firmness  as  his  hearing  brothers  and 
sisters.  While  due  allowance  should  loe  made  for  his  in- 
ability to  understand,  and  he  should  be  protected  as  far 
as  possible  from  the  teasing  of  playmates,  he  can  and 
should  be  taught  strict  obedience  to  parents,  and  due  re- 
spect for  the  rights  of  others. 

Higher  Education. — The  standard  of  education  in 
schools  for  deaf-mutes  at  the  present  day  corresponds  in 
general  to  that  of  the  common  schools — an  education 
lifting  the  pupil  for  intelligent  citizenship.  But  there 
are  some  among  the  deaf  who  are  capable  of  advancing 
beyond  this  standard  and  preparing  themselves  for  scien- 
titic  and  literarj^  pursuits.  The  LTnited  States  makes 
provisions  for  the  wants  of  this  class  in  Gallaudet  Col- 
lege, established  by  Congress  at  Washington,  D.  C,  in 
the  year  1864,  through  the  efforts  of  Edward  M.  Gal- 
laudet, Ph.D.,  LL.D.,  who  has  been  its  president  from 
the  beginning.  This  college  affords  a  course  of  training 
corresponding  to  that  of  American  colleges  in  general, 
with  such  modifications  as  seem  desirable  in  view  of  the 
peculiar  needs  of  the  deaf,  and  confers  upon  its  gradu- 
ates the  usual  academic  degrees.  Of  the  students  who 
have  been  connected  with  the  college  a  large  number  are 
now  engaged  in  teaching,  several  are  editors  and  pub- 
lishers, others  are  in  the  civil  service  of  the  Government, 
one  is  a  lawyer  practising  in  the  Supreme  Court  of  the 
United  States,  one  is  at  the  head  of  large  assaj'ing  works 
in  Chicago,  several  arc  clergymen  preaching  to  the  deaf, 
and  nearly  all  are  occupying  pf}sitions  of  a  higher  grade 
than  would  have  been  possible  without  the  educational 
advantages  conferred  by  the  college  course. 

Religious  Work  for  Adults. — The  moral  and  re- 
ligious instruction  given  in  most  of  the  American  schools 
for  the  deaf  is  of  an  unsectarian  character,  the  pupils  be- 
ing advised  hj  their  teachers  to  connect  themselves  dur- 
ing their  vacations,  or  after  leaving  the  schools,  with 
the  churches  to  which  their  parents  belong.  Adult  deaf- 
mutes,  however,  can  derive  much  more  pleasure  and 
]irofit  from  special  services  in  the  sign  language  than 
from  ordinary  religious  exercises,  and  in  places  where 
their  numbers  are  sufficiently  large  to  form  a  congrega- 
tion, the  holding  of  such  services  is  entirelj'  practtcable. 
Tlie  Rev.  Thomas  Gallaudet,  D.D.,  of  New  York,  estab- 
lished a  church  for  deaf-mutes  in  that  city  in  18.^3,  and 
through  liis  efforts  and  those  of  other  friends  of  the  deaf, 
arrangements  are  now  made  by  which  religious  services 
in  the  sign  language  are  held  weekly  in  several  cities  of 
(he  United  States,  and  at  less  frequent  intervals  in  many 
otlier  iilaces.  Tlie  Episcopal  Church,  with  which  Dr. 
(Jallaudet  is  connected,  has  been  by  far  the  most  active 
in  iiroviding  for  the  religious  welfare  of  adult  deaf-mutes, 
liut  other  ciuirches  have  also  had  a  part  in  the  work. 
There  are  now  several  ordained  clergymen  in  the  United 
States  who  are  themselves  deaf,  anil  there  are  a  large 
number  of  deaf  laymen  who  assist  in  missionary  work. 
In  connection  with  the  religious  organizations  there  usu- 
ally exist  benevolent  and  relief  societies,  and  in  some 
cases  literary  and  social  unions.         Edmtrd  Allen  Fay. 

DEAF-MUTES:   The  L.\ngu.\ge  of  Signs,  and  tub 
Combined  System  of  Instructing  Deaf-mutes. 
I.  The  Language  of  Signs.— The  French  philosopher 
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Deaf-Mutos. 
Dear-itliites. 


Condillac  begins  his  treatise,  ■' Graniinaire  s^a-ncTale  et 
raisonuee,"  as  follows:  "The  means  of  which  men  first 
made  use  to  communicate  their  thoughts  were  £:cstures, 
movements  of  the  countenance,  and  inarticulate  sounds' 
The  combination  of  these  may  be  called  the  laiirjiiKr/e  of 
(idiu)i."  This  view  of  Condillac's  as  to  the  o'rii^i'u  of 
language  may  have  "no  sufficient  support  from  observeil 
facts,"  as  the  distinguished  English  anthropologist  Ed- 
ward B.  Tylor  asserts;  but  it  may  certainly  be  accepted 
as  a  plausible  hypothesis,  for  the  overthrow  of  which  no 
"  observed  facts  "  can  bo  adduced.  It  is,  however,  for- 
eign to  the  purpose  of  this  article  to  inquire  what  was 
the  primitive  language.  The  aim  will  be  to  show  that 
there  is  a  true  language  of  gestures ;  that  it  is  as  natural 
and  may  be  as  complete  a  vehicle  of  ex])ression  as  speech  ; 
that  this  language  has  great  utility  among  people  who 
hear;  that  in  the  humane  and  scientific  education  of  the 
deaf  it  is  indispensable ;  that  its  judicious  use  by  deaf- 
mutes  is  a  source  of  great  benefit  and  pleasure  during 
the  entire  period  of  their  lives;  and  that  among  this  in- 
teresting and  intelligent  class  of  the  community  nothing 
can  be  found  that  will  take  its  place. 

That  there  is  a  true  language  of  signs,  history  gives 
abundant  evidence.  Quiutilian,  the  Roman  orator  and 
teacher  of  rhetoric  in  the  lirst  centvn-y  of  our  era,  says : 
"Amidst  the  great  diversity  of  tongues  pervading  all 
nations  and  people,  the  language  of  the  hands  appears 
to  be  common  to  all  men,"  In  the  days  of  Quintilian  the 
language  of  signs  was  an  important  feature  in  public 
amusements,  the  mimics  or  pantomimists  of  the  time  of 
Augustus  carrying  the  art  to  the  highest  degree  of  per- 
fection. The  famous  actors  Pylades  and  Bathyllus  ex- 
pressed in  mimic  language  the  greatest  variety  of  scenes 
and  incidents,  including  even  the  history  of  illustrious 
men.  Anuisements  of  this  character  were  maintained  for 
more  than  live  centuries,  when  tliey  had  become  so  gross 
and  indecent  that  Charlemagne  put  a  stop  to  them  in  the 
name  of  morality. 

The  language  of  gestures  has  been  emjiloyed  in  very 
many  instances  by  persons  of  widely  dilf  eriug  nationality 
and  race,  and  utter  strangers  to  each  other  up  to  the  mo- 
ment of  resorting  to  this  means  of  communication.  At 
the  time  when  the  Amistad  Africans  were  in  prison  in 
Hartford,  Conn.,  awaiting  their  trial  before  the  United 
States  District  Court,  a  visit  was  paid  to  them  by  the 
Rev.  T.  H.  Gallaudet,  then  principal  of  the  Institution 
for  Deaf-mutes  in  that  city.  Having  no  means  of  com- 
municating orally  with  these  negroes.  Dr.  Gallaudet 
found  no  clifllculty  in  carrying  on  conversation  with  them 
by  means  of  expressive  action,  which  elicited  various  in- 
formation respecting  the  families  they  had  left  in  Africa, 
besides  some  particulars  of  their  own  recent  histoiy  ;  all 
of  which  they  imparted  with  the  peculiar  pleasiu-e  result- 
ing from  this  unexpected  facilitjr  of  communication  with 
a  stranger. 

To  how  great  an  extent  the  sign  language  has  served 
as  a  means  of  communication  among  the  aborigines  of 
America  is  shown  by  Col.  Garrick  Mallery,  U.  S.  A., 
in  his  admirable  monograpli  on  "Sign  Language  among 
North  American  Indians  compared  with  that  among 
Other  Peoples  and  Deaf-mutes,"  published  by  the  Gov- 
ernment of  the  LTnited  States,  under  tlie  auspices  of  the 
Bureau  of  Ethnology  of  the  Smithsonian  Institution. 

Enough  has  been  said  to  show  that  there  is  a  true 
language  of  signs,  and  that  it  has  been  of  great  use 
among  people  who  hear.  But  to  discover  the  field  of  its 
greatest  utility,  and  to  find  it  in  its  fullest  development 
as  a  vehicle  of  expression,  one  must  become  informed  as 
to  the  service  it  performs  in  the  intellectual  and  social 
Ufe  of  the  deaf. 

A  few  isolated  instances  are  recorded,  previous  to  the 
last  century,  of  deaf  persons  who,  under  favorable  con- 
ditions, have  developed  for  their  own  use  a  measurably 
complete  language  of  signs.  But  it  was  only  toward  the 
middle  of  the  eighteenth  century  that  this  language  was 
used  by  considerable  numbers  of  deaf-mutes.  Before 
describing  this  general  use,  however,  it  is  important  to 
consider,  somewhat  carefully,  the  limitations  as  to  means 


of  connnunication  which  absolute  deafness  imposes  on 
those  who  suiter  from  it. 

The  means  of  expression  possible  to  creatures  of  intel- 
ligence, by  which  information  as  to  thought  and  feeling 
may  be  given  and  received,  are  five  in  number  corre- 
sponding to  the  senses.  All  expression— i.c  all  com- 
munication from  one  intelligent  being  to  another— must 
therefore,  be  either  audible,  visible,  tactile,  odoiic  or 
palatal.  The  senses  of  taste  and  smell  are  addressed  so 
rarely  and  with  such  difficulty,  for  the  purpose  of  com 
municating  tliought,  that  they  may  be  left  out  of  view 
The  same  may  be  said  of  the  sen.se  of  touch,  except  that 
in  the  case  of  persons  Ijoth  blind  and  deaf,  it  becomes  the 
niain  channel  of  communication,  and  may  be  made  use- 
ful under  certain  conditions  with  such  as  arc  only  deaf; 
as,  for  example,  in  the  dark,  or  when  it  is  desiiable  to 
address  the  deaf  without  diverting  the  eye  from  some 
object— such  as  a  land,scape,  a  pas.sing  pageant,  or  spec- 
tacle. 

Visible  expression  emjiloys  a  great  variety  of  forms  in 
the  accomplishment  of  its  purpose,  but  these  foi-ms  may 
be  grouped  in  two  perfectly  distinct  classes :  the  gestural, 
which  produce  their  clfeets  only  from  moment  to  mo- 
ment, having  no  enduring  quality,  and  the gnip/uc.  which 
are  more  or  less  permanent. 

Audible  expression,  almost  infinite  as  it  is  in  variety, 
is  susceptible  also  of  divi.sion  into  two  great  classes,  artic- 
iiliite  and  inarticulate,  the  former  comprising  all  forms 
of  word  utterance,  and  the  latter  including  cries,  moans, 
.sighs,  music,  percussions,  and  explosions. 

Among  all  these  possible  means  of  transmitting  intel- 
ligence fr(.)m  one  to  another,  it  will  readiljr  be  seen  that 
the  three  principal  means  of  communicating  thought  and 
feeling  made  use  of  by  man  are:  (1)  Articulate  speech,  ad- 
dressed to  the  sense  of  hearing;  (2)  gestural;  and  (3) 
grapliic  c.rpressioii,  presented  to  the  sense  of  siglit. 

By  gestural  expression  must  be  understood  all  positions 
and  movements  of  the  bodjr  or  anj'  of  its  members,  in- 
eluding  the  countenance,  and  all  noiseless  signals  such 
as  are  made  use  of  in  military  or  engineering  operations, 
on  the  sea,  on  roads,  or  on  rivers;  in  short,  all  devices 
for  communicating  information  througli  the  eye  of  man, 
which  ai'c  not  in  any  manner  recorded  or  made  permanent. 

Graphic  expression  will  then  include  all  forms  of  writ- 
ing and  printing,  all  productions  in  the  fine  arts,  all 
marks  of  whatever  character  that  are  in  any  degree  per- 
manent, and  are  designed  to  communicate  information  or 
to  express  thought  and  feeling.  And  the  range  of  this 
form  of  expression  is  wide  enough  to  embrace  at  one 
extreme  the  Duomo  of  Milan,  or  Milton's  noblest  poem, 
and  at  the  other  the  cattle  brand  of  a  Texan  cowboy,  or 
theblazeof  a  backwoodsman'saxe  in  the  primeval  forest. 

In  determining  the  value  of  gestural  expression  to  the 
deaf,  it  is  necessary  to  keep  constantly  before  the  mind 
the  fact  that,  where  hearing  does  not  exist,  no  mental 
impressions  can  be  received  through  the  means  of  articu- 
late speech.  In  other  words,  that  he  who  would  com- 
municate with  the  deaf  is  limited  to  gestural  and  graphic 
means.  Even  in  cases  in  which  a  deaf  person  retains  the 
power  of  speech,  or  is  taught  to  speak  and  to  understand 
the  speech  of  others  by  watching  the  motion  of  the  lips, 
such  motions  are  to  him  nothing  other  than  a  certain  form 
of  gestural  expression.  The  peculiar  element  of  sound, 
the  perception  and  understanding  of  which  enable  a 
hearing  person  to  comprehend  speech  without  seeing  the 
vocal  organs  of  the  speaker,  is  wholly  wanting  to  the 
deaf.  And  so  essential  is  the  iiosses,9ion  of  hearing  to  the 
free  use  and  enjoyment  of  articulate  speech  as  a  means 
of  communication  from  man  to  man,  that  to  the  deaf  this 
can  be  no  more,  at  its  very  best,  than  what  an  artificial 
leg  is  to  one  wdio  would  walk,  or  run,  or  dance.  Ser- 
viceable, no  doubt ;  far  better  than  no  leg  at  all,  but 
never  an  equivalent  for  the  missing  member. 

Have  the  deaf,  then,  no  means  of  expression  that  can 
be  as  free  and  as  perfect  as  speech  is  to  their  more  favored 

brethren?  ,       ,        ■  ,     ■     ^-, 

A  distinguished  scientist  and  philanthropist,  justly 
honored  and  respected  in  the  city  of  his  adoption  (Wash- 
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iu 0-ton  D  C).  who  bas  lent;  betn  interested  m  the  edu- 
cation'of  deaf-mutes,  but  who  lias  had  little  experience 
in  teaching  them,  has  said  before  one  of  the  learned  so- 
cieties of  WashinECton: 

"  Nature  has  been  kind  to  the  deaf  child ;  man,  cruel. 
Nature  has  inflicted  upon  the  deaf  child  but  one  defect, 
imperfect  hearing;  man's  neglect  has  made  him  dumb 
and  forced  him  to  invent  a  language  which  has  separated 
him  from  the  hearina:  world."  "Let  us  then,"  .says  the 
learned  writer,  "remove  the  afflictions  that  we  ourselves 
have  caused."  And  after  some  eminently  reasonable 
sugestions  he  adds;  "And  last,  but  not  least,  let  us  banish 
the  sign  language  from  our  schools. " 

Nature  has  indeed  been  kind  to  the  deaf  cliild,  in  tliat 
she  has  left  him  capable  of  u.sing  as  freely  as  his  hearing 
brother  the  gestural  and  the  graphic  means  of  communi- 
cating thought;  iu  that  she  has  made  it  natural  and  easy 
for  him  to  employ  a  method  of  expression  in  the  use  of 
which  he  is  at  no  disadvantage  as  compared  with  his 
hearing  brother,  and  which  is  beyond  all  dispute  the  oiili/ 
means  of  communication  which  can  be  to  the  deaf  what 
speech  is  to  the  hearing  as  a  vehicle  of  thought.  And 
this  "language  of  action,"  which  philologists  agree  is  the 
foundation  of  all  human  intercommunication,  which  is 
the  acknowledged  vernacular  of  the  deaf,  the  distin- 
guished theorist,  and  not  a  few  others  with  him,  would 
"  banish  from  our  schools. "  Of  such  an  act  of  "  kindness  " 
proposed  by  certain  teachers  of  the  deaf  on  both  sides  of 
tlie  Atlantic,  one  of  the  mo.st  eminent  and  successful  oral 
teachers  of  deaf-mutes  in  Germany  says;  "If  this  system 
were  put  into  execution,  the  moral  life,  the  intellectual 
development  of  the  deaf  and  dumb  would  be  inhumanly 
hampered. " 

The  founder  of  deaf-mute  instruction  in  America,  who 
is  to  be  ranked  among  the  most  successful  teachers  of  the 
deaf  iu  the  world,  says  in  an  article  on  "  The  Natural 
Language  of  Signs,"  written  some  years  after  he  had 
completed  his  work  for  tlie  deaf,  and  when  he  had  had 
time  to  review  his  methods  with  calmness ; 

"My  object  is  to  show  the  intrinsic  value  and,  indeed, 
indispensable  necessity  of  the  use  of  natural  signs  in  the 
education  of  the  deaf  and  dumb.  ...  In  attempting 
this,  I  wish  I  had  time  to  go  somewhat  at  length  into  the 
genius  of  this  natural  language  of  signs;  to  compare  it 
with  merely  oral  language,  and  to  show,  as  I  think  I 
coidd,  its  decided  superiority  over  the  latter,  so  fai-  as 
respects  its  pecuUar  adaptation  to  the  mind  of  childhood 
and  early  youth. 

"In  what  i-elates  to  the  expression  of  passion  and  emo- 
lii.m,  and  of  all  the  finer  and  stronger  sentiments  of  the 
heart,  this  language  is  eminently  appropriate  and  copious. 

"  So  far  as  objects,  motions,  or  actions  addressed  to  the 
s:nses  are  concerned,  this  language,  iu  its  improved  state, 
i  ;  superior  in  its  accuracy  and  foT-ee  of  delineation  to  that 
in  which  words  spelt  on  the  fingers,  spoken,  written,  or 
piinted  are  employed." 

This  claim  of  the  superior  accuracy  and  precision  of 
sign  language,  as  compared  with  words,  may  periiaps 
excite  surprise  at  first  thought.  But  it  is  believed  that 
i!3  reasonableness  will  appear  when  it  is  remembered  that 
t':e  meanings  attached  to  words  are  almost  wholly  arbi- 
tiAi-y,  yery  tew  giving  the  slightest  hint  of  their  signifl- 
c  /lion  intheirshape  orsound;  while  nearly  everjr  gesture 
u  ,  'd  in  sign  language  carries  with  it  a  plain  suggestion 
of  Its  meaning,  and  in  very  manv  instances  gives  a  vivid 
and  easily  recognized  portrayal  of  the  idea  to  be  conveyed. 

t^mce  experience  has  proved  that  sign  lang\iage  is'nat- 
ural  to  the  deaf,  that  it  is  acquired  and  made  use  of  by 
tliem  more  easily  than  speech  is  by  the  hearing,  (hat  it 
tuvmshesafuU  an.l  adequate  means  for  comnumicaling 
thought  and  feeling,  often  surpassing  speech  in  vividness 
and  exactness,  it  is  not  strange  (liat  teachers  of  the  lar"-- 
e.st  experience  and  broadest  view  unile  in  approving-  i'Ts 
use  m  the  education  of  the  deaf 

n.li'lc."""il^'™\V"'  '-1"'-^"*'""  '^■"'  >>"tu«'llv  arise  in  nunv 
r^-,.  ;,  I^°f  tl««igf  language  give  the  deaf  in  these 
lespects  all  that  speech  alTords  t,)  tlie  hearing?  " 

the  experience  and  observation  of  the  writer  lea.l  him 


to  answer  the  question  with  a  decided  affirmative.  On 
many  occasions  it  has  been  his  privilege  to  interpret 
through  signs  to  the  deaf,  addresses  given  in  speech; 
he  has  addressed  assemblages  of  deaf  persons  many  times 
using  signs  for  the  original  expres.sion  of  thought;  he 
has  seen  hundreds  of  lectures  and  public  debates  given 
origiuallj'  in  signs ;  he  has  seen  conventions  of  deaf-mutes 
in  which  no  word  was  spoken,  and  j'ct  all  the  forms  of 
parliamentary  proceedings  were  observed,  and  the  most 
excited  and  earnest  discussions  carried  on ;  be  has  seen 
llie  ordinances  of  religion  administered,  and  the  full  ser- 
vices of  the  church  carried  on  in  signs;  and  all  this  with 
the  assurance  growing  out  of  his  own  complete  under- 
standing of  the  language,  a  knowledge  of  which  dates 
liack  to  his  earliest  childhood,  that  for  all  the  purposes 
aliove  enumerated  gestural  expres.sion  is  in  no  respect 
inferior,  and  is  in  many  respects  superior,  to  articulate 
speech  as  a  means  of  communicating  ideas. 

But  the  greatest  value  of  the  sign  language  to  the  deaf, 
when  the  whole  period  of  their  lives  is  taken  into  account, 
is  to  be  found  in  the  facility  it  affords  for  free  and  un- 
constrained social  intercourse.  And  in  this,  as  in  the 
matter  of  public  addresses,  nothing  has  been  discovered 
that  ciiii  fully  take  its  place. 

Graduates  of  schools,  from  which  the  attempt  has  been 
made  to  "banish  .signs."  have  repeatedly  testified  that 
they  could  in  no  waj'  attain  to  such  pleasure  in  social  in- 
tercourse as  through  the  use  of  sign  language,  ability  to 
employ  which  they  readil^^  acquire  bj'  mingling  witli 
those  more  favored  deaf-mutes  who  have  become  familiar 
with  it  earlier  in  life. 

"But,"  .say  those  who  urge  that  the  u.se  of  signs  is  an 
injury  to  the  deaf,  "  they  can  use  that  language  only  with 
their  fellow-unfortunates,  or  with  the  very  few  others 
who  learn  it  for  their  sake,  and  their  use  of  signs  tends 
to  make  them  clannish,  thus  narrowing  the  sphere  of 
their  lives,  and  leading  them  to  emploj-  iu  excess  a  lan- 
guage other  than  the  vernacular  of  their  country." 

It  is  admitted  that,  in  the  education  of  the  deaf,  injudi- 
cious teachers  may  allow,  or  even  encourage,  too  free  a 
use  of  the  sign  language  in  the  schools, — that  such  teach- 
ers may  sutler  their  pupils  to  go  out  from  under  their  in- 
fluence without  being  impressed  with  the  importance  of 
making  special  and  persistent  efforts  to  overcome  the 
tendency  to  clannishness  which  is  natural  to  the  deaf,  no 
matter  what  method  of  instruction  is  employed. 

It  is  not  disputed  that  in  teaching  the  deaf,  signs  may 
be  so  employed  as  to  affect  unfavorably  the  acquisition 
by  the  pupil  of  verbal  language,  whether  iu  its  written 
or  spoken  forms. 

But  nothing  is  more  certain,  as  proven  by  the  experi- 
ence of  nearly  three-fourths  of  a  century  in  "this  country, 
than  that  the  unfavorable  results  w"hich  some  have 
charged  upon  the  use  of  the  sign  language,  are  attribut- 
able in  all  cases  to  its  eihuse  hy  injudicious,  incompetent, 
or  inexperienced  teachers.  Since  1817,  when  the  first 
permanent  school  for  deaf-mutes  iu  this  country  was 
established,  more  than  forty  thousand  children  have  been 
educated  in  a  hundred  schools  now  in  successful  opera- 
tion, in  all  of  which  the  sign  language  has  been  made  use 
of-  A  majority  of  these  "persons  arc  living  to-day,  and 
some  of  them  may  be  found  in  cyqvx  city,  probably  in 
every  county  of  the  land. 

Among  these,  thousands  could  be  named  who,  while 
associating  freely  with  their  fellow  deaf-mutes,  and  de- 
riving both  ju-otit  and  jdcasure  from  such  association, 
mingle  readily  with  jierscnis  who  hear;  who  are  not  clan- 
nish to  any  degree  that  would  subject  them  to  just  criti- 
cism ;  who  use  the  vernacular  of  the  country  with  freedom 
and  reasonable  accuracy;  who  maintain  themselves  rep- 
utably and  comfortably  by  their  own  labor;  who  are, 
in  short,  good  and  intelligent  citizens,  adding  strength, 
■wealth,  and  character  to  the  communities  in  which  they 
reside. 

II.  The  Co^ibined  System  op  Ixstructixg  Deaf- 
mutes.— It  is  a  matter  of  singular  coincidence  that 
schools  for  the  deaf  should  have  been  first  established  in 
the  three  leading  nations  of  Europe  at  about  the  .same 
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period,  and  as  the  result  of  entirely  independent  ellort. 
This  occurred  very  near  the  middle' of  the  last  century. 

The  Abbe  de  I'Epee  inaugurated  in  France  what  will 
be  presently  described  as  the  manual  method.  Sanuiel 
Heiuicke  was  the  founder  iu  Germany,  as  Thomas  Braid- 
wood  was  in  Great  Britain,  of  the  oral  method. 

The  promoters  of  these  two  methods  were  each  earnest 
in  urging  the  superiority  of  his  own  over  the  other,  and 
forafull  century  thedcaf-muteschoolsof  the  world  were 
either  manual  or  oral,  with  little  thought  in  the  mind  of 
anyone  that  there  might  be  found  a  golden  mean  between 
the  two  extremes.  Within  the  past  twenty  years,  how- 
ever, it  has  been  proved  possible,  by  many  "teachers  of 
no  little  prominence  in  Europe  and  America,  to  appro- 
priate the  elements  of  greatest  value  in  the  two  methods 
so  long  in  conflict,  and  to  secure,  under  what  has  been 
termed  the  combined  system,  all  that  is  of  advantage  in 
the  education  of  the  deaf. 

With  such  favor  have  the  claims  of  the  combined  sys- 
tem been  received  in  this  country  that  on  December  '1st 
last  (1899),  out  of  57  public  institutions  existing  in  the 
United  States,  45  were  being  conducted  in  accordance 
with  this  system,  as  against  7  oral  and  5  manual  schools. 
In  the  45  combined  schools  there  were  9,863  pupils;  in 
the  7  oral  schools  685  pupils,  and  in  the  5  manual  schools 
313  pupils.  During  the  last  ten  years  the  number  of 
pupils  iu  the  public  oral  schools  has  diminished,  while 
there  has  been  an  increase  of  40  per  cent,  in  the  num- 
ber of  pupils  in  the  public  combined  schools. 

The  principal  considerations  which  commend  this 
system  may  be  presented  in  a  few  words. 

The  experience  of  a  century  and  a  half  of  practical  in- 
struction of  the  deaf  has  established  no  conclusion  more 
clearly  than  that  it  is  impossible  to  teach  all  deaf-mutes 
to  speak.  Some  are  found  to  be  lacking  more  or  less  in 
mental  capacity;  some  have  only  a  weak  and  inefflcieut 
imitative  faculty;  with  others  an  infirmity  of  vision  is 
discovered;  others  again  have  little  quickness  of  tactile 
perception.  And  it  is  far  from  being  true,  as  the  eminent 
scientist  to  wdiom  reference  has  been  made  has  aflirmed, 
tliat  "nature  has  inflicted  upon  the  deaf  child  but  one 
defect — imperfect  hearing. " 

In  former  times  these  doubly  or  trebly  defective  chil- 
dren were  summarily  dismissed  from  oral  schools,  with 
tlie  unjust  and  inhuman  condemnation  that  the}'  were 
indjecil'es.  And  even  at  the  present  they  are  often  quietly 
dropped  from  such  schools  under  one  pretext  or  another, 
because  the  oral  teachers  are  perfectly  well  aware  that 
they  cannot  be  educated  under  their  method. 

The  essential  defect  in  the  oral  method  is,  then,  that  it 
practically  rejects  a  large  proportion  of  the  deaf  as  in- 
capable of  education,— tliat  it  fails  with  those  who  stand 
iu  greatest  need  of  a  helping  hand. 

The  radical  deficiency  of ''the  manual  method  is  that  it 
makes  no  provision  for'imparting  the  extremely  valuable 
accomplishments  of  articulation  and  lip-reading  to  the 
large  percentage  of  the  deaf  that  is  certainly  capable  of 
acquiring  these  great  gifts. 

The  doors  of  the  combined-system  schools  are  wide 
open  to  all  the  deaf— to  the  weaker  as  well  as  to  those 
more  richly  endowed  with  capacity  for  improvement.  In 
these  schools  no  method  or  appliance  is  rejected  that  can 
be  shown  to  be  of  practical  helj)  to  any  number,  however 
small,  of  the  great  class  of  the  deaf. 

The  achievement  of  imparting  speech  to  one  who  has 
it  not  comes  so  near  to  being  a  miracle  that  one  is  dazzled 
by  the  brilliancy  of  the  triumph,  and  is  apt  to  feel  that 
everything  else'in  the  education  of  the  deaf  must  be  sub- 
servient to  this.  Parents  and  friends  of  the  deaf  need  to 
be  placed  on  their  guard  against  this  grave  error,  and  to 
be  advised  that  those  schools  and  systems  best  deserve 
their  confidence  and  support  that  seek  to  give  the  broad- 
est and  most  valuable  education  possible  to  nil  the  deaf. 

Within  the  past  decade  the  educated  deaf-mutes  in 
Europe  and  America  have  been  demanding  the  general 
adoption  of  a  combined  system  in  schools  for  their  class. 
This  attitude  on  their  part  is,  perhaps,  most  noteworthy 
iu  Germany,  for  in  that  country  the  oral  method  has  been 


practised  almost  exclusively  since  tlie  establishment  of 
the  lirst  school  for  deaf-mutes  muie  than  a  century  and 
a  half  ago.  ■' 

A  petition  signed  by  more  than  eight  hundred  deaf- 
uuites,  all  graduates  of  oral  schools,  was  presented  to  the 
Government,  setting  forth  the  insulflcieney  of  the  oral 
method  m  many  cases,  and  praying  that  a  combined 
.system  might  be  generally  introduced. 

Many  conventions  of  educated  deaf-mutes  in  Europe 
and  America  have  adopted,  unanimously,  resolutions 
strongly  approving  the  combined  S3Stem,  Imt  the  most 
nolable  of  these  gatherings  was  one  in  Paris  in  August, 
1900.  The  French  Government  invited  the  deaf-mutes 
of  the  world,  with  their  hearing  friends  and  teachers,  to 
join  in  a  "congress  for  the  study  of  questions  of  educa- 
tion and  assistance  .of  deaf-mutes."  Tliis  invitation  was 
aecei)ted  by  about  Ifwo  hundred  deaf-mutes  and  one  hun- 
dred hearing  persons.  The  deliberations  of  the  congress 
were  carried  on  in  two  sections,  each  adopting  resolutions 
as  to  methods  of  instruction.  Tlie  hearing  .section  voted 
in  favor  of  the  pure  oral  method,  with  opposing  votes 
from  the  Swedish,  Danish,  German,  Swiss,  and  American 
delegates. 

The  section  of  deaf-mutes  voted  unanimously  in  favor 
of  a  combined  system.  A  lai-ge  majority  of  the  leaders 
among  these  deaf-mutes  had  been  educated  iu  piu-e  oral 
schools.  Ncarl}-  all  these  men  are  personally  known  to 
the  writer  of  this  article,  who  attended  the  Paris  congress. 

These  orally  educated  deaf-mutes  are  men  of  much 
more  than  ordinary  intelligence,  and  their  testimony  as 
to  the  insulficiency  of  the  method  under  which  they  were 
educated  should  be  given  the  greatest  possible  weight. 

Edward  M.  Gallaudet. 

DEAFNESS. — As  blindness  is  the  result  of  an  altera- 
tion iu  any  of  the  media  through  which  light  is  trans- 
mitted, so  deafness  is  the  result  of  an  abnormal  change  in 
the  condition  of  any  of  the  media  through  which  sound 
is  conducted. 

What  deafness  is  may  be  best  understood  when  we 
comprehend  what  hearing  is.  To  understand  the  philos- 
opli}'  of  hearing,  the  converse  of  which  is  deafness,  it  is 
necessary  first  to  consider  the  organ,  or  the  machinery, 
by  means  of  which  hearing  is  effected.  The  auditory 
apparatus,  exclusive  of  the  sensorium,  presents  a  series 
of  agencies  for  the  reception,  conduction,  and  perception 
of  the  sonorous  vibrations,  wdiich  agencies  stand  in  such 
nice  relation  to  each  other  that  if  the  function  performed 
by  one  be  interrupted,  the  operation  of  the  whole  is  at 
once  suspended. 

The  au]-icle  concentrates  the  sound  waves  and  directs 
them  to  the  external  auditory  canal  wliicli,  by  reason  of 
its  peculiar  conformation  and  the  contained  air,  serves 
both  to  intensify  the  force  of  the  sound  waves  and  to 
regulate  their  impact  against  the  drumhead.  The  impul- 
sion thus  received  is  conveyed  to  the  foot  plate  of  the 
stirrup  (in  the  oval  window)  through  the  intervening 
ossicula  auditus  which  span  the  eavuni  tympani.  This 
impression,  transmitted  now  to  the  labyrinth,  operates  in 
turn  upon  the  labyrinthine  fluid  wliich  delivers  the  oscil- 
lation to  the  expansion  of  the  auditory  nerve  in  the  coch- 
lea. Thus,  we  discover  that  the  organ  of  hearing  consists 
of  an  apparatus  for  the  reception  or  collection  of  sound 
waves,  another  for  their  conduction,  and  a  third  which 
determines  their  final  disposition,  constituting  the  natu- 
ral divisions  of  an  external,  a  middle,  and  an  internal  ear. 

Deafness,  then,  may  be  defined  to  be  an  interference 
with  the  auditory  function  iu  any  of  the  three  parts 
which  are  essential  to  its  performance.  The  interference 
may  lie  at  the  periphery,  or  it  may  exist  centrally.  It 
may  be  consequent  upon  mechanical  obstruction  or  ref- 
erable to  pathological  changes. 

An  essential  condition  to  normal  hearing,  and  the  one 
most  liable  to  derangement,  is  a  \ibratile  drumhead. 
This  presupposes  an  unobstructed  external  canal  and  a 
pervious  Eustachian  tube,  as  an  equal  pressure  of  air  on 
both  sides  of  the  membrane  and  an  unaltered  structure 
are  indispensable  to  its  vibratory  function. 

3Y3 


Dearborn  Spi-lus. 
Deatli  CcrtUitatlon. 
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The  diseases  which  must  commonly  impair  tlie  efti- 
ciency  of  the  meml.raua  tympani,  aud  so  atlect  the  hear- 
in-  are  those  which  liave  their  origui  in  c.l.ls  ai"!  are 
denominated  catarrlial.  These  disorders,  alTec  ing  trst 
the  naso-pliarvni,-eal  mucous  membrane,  tnd  m  the 
,)haryua:eal  mwith  of  tlie  Eustacliian  tuhe  a  i.ouit  of  en- 
try to  the  ear.  When  tlie  inllammalion  is  limited  to  the 
tube  the  simplest  form  of  deafness  results,  the  degree  ot 
deafness  being  proportional  to  the  intensity  ot  the  in- 
flammatory process  and  the  conseciuent  interference  with 
the  air  supply  to  the  middle  ear.  The  extension  of  in- 
flammation to  the  middle  ear  constitutes  an  otitis  media 
catarrhalis  (non-sup]iuiative  inflammation— Koo.sa).  In 
the  acute  form  this  disease  maybe  treated  as  successfully 
as  acute  inflammation,  atfecting  other  organs  of  the  body, 
is  treated.  Neglect  in  the  early  sta^e  permits  the  dis- 
ease to  become  chronic  and  leads  to  tissue  change,  tne 
treatment  of  which  meets  with  success  corresponding  to 
that  reiUized  in  the  treatment  of  similar  conditions  in 
other  parts  of  the  body.  C^ompared  ivith  other  forms  of 
ear  disease  the  relative  frequency  of  this  is  as  one  to  two 
and  a  half. 

The  next  most  frequent  cause  of  deafness  is  found  in 
the  suppurative  inflammation  of  the  middle  ear  (otitis 
media  purulenta  acuta  et  chronica),  which  also  has  its 
origin  in  the  pharynx  or  results  as  a  sequel  to  rhinitis. 
The  coryza  of  the  "exanthemata  very  commonly  has  this 
termination.  In  view  of  the  destructive  character  of  the 
process,  and  considering  the  anatomical  peculiarities  of 
the  middle  ear  and  its  relations,  the  gravity  of  this  affec- 
tion cannot  well  be  overestimated.  Its  ravages  are  not 
always  confined  to  the  parts  which  arc  primarily  in- 
volved, but  may  invade  the  mastoid  antrum,  or  by  sec- 
ondary invasion  give  rise  to  caries,  pya'mic  disturbance, 
cerebral  abscess,  and  death. 

The  following  table  indicates  how  much  more  fre- 
quently the  cause  of  deafness  is  found  to  be  located  in 
the  middle  ear  than  in  the  external  ear  or  the  labyrinth : 


Reporter. 

Number 
i)f  cases. 

External 
ear. 

Middle 
ear. 

Internal 
ear. 

Blake  

Burnett 

I,li:i3 

1,1st 
1,313 

4615 
379 
343 

1,128 

868 
978 

58 
40 

43 

It  is  thus  seen  that  the  ear  affections  which  have  their 
origin  in  inflammations  of  the  naso-pharyngeal  mucous 
membrane  constitute  the  vast  majority  of  all  the  diseases 
of  the  ear.  This  is  of  the  greatest  significance.  It 
should  lead  to  a  more  careful  study  of  the  diseases  of  the 
nose. 

As  would  be  naturally  inferred,  the  constitutional 
treatment  becomes  also  a  very  important  factor  in  the 
treatment  of  deafness  having  this  origin. 

The  interferences  with  the  hearing  that  may  exist  in 
the  external  auditory  canal  are  briefly  best  classified  into 
mechanical  obstructions,  and  those  which  arise  from  in- 
flammatory action.  Under  the  former  class  are  to  be 
placed  foreign  bodies,  accumulations  of  cerumen,  exos- 
toses, and  obstructive  deformities;  under  the  latter  the 
inflammatory  diseases  of  the  meatus. 

Diseases  of  the  internal  ear  are  rare.  They  are  of  pri- 
mary or  secondai-y  inflammatory  nature.  Structural 
changes  may  be  induced  as  a  consequence  of  tyni]ianic 
disorders,  or  they  may  result  from  the  eft'ect  'of  t(]xic 
diseases  or  arterial  disturbances. 

Deafness  may  be  mnlaterul  or  liilateral.  Circumstances 
of  exposure  or  individual  habit  or  accident  determine 
the  diseased  process  to  one  side  or  to  both.  This  must 
be  the  explanation,  as  is  claimed  by  some  writers,  if  one 
ear  is  found  to  be  aA'cefed  more  fre(iuentlv  than  the 
other.  ■' 

For  determining  the  extent  to  which  the  hearing  is  im- 
paired, the  voice,  in  pronunciation  of  vowel  sounds  and 
the  watch  are  the  most  relialile  tests.  For  detecting 
whether  aerial  conduction  is  olistructed  the  tunino--for'k 
maybe  employed.     The  vibration  of  the  fork  beiulcom- 
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municated  through  the  tissues  of  the  head,  the  affected 
ear  will  be  the  one  which  is  sensitive  to  the  sound. 

The  greater  liability  of  children  to  those  diseases  of  the 
ear  which  give  rise  to'high  degrees  of  deafness,  and  which 
render  tlieiii  liable  to  deaf-nuitisui,  appeals  urgently  to 
the  medical  profession  for  a  more  general  and  accurate 
knowleilge  of  this  subject.  Deaf-mutes  are  dumb  for 
the  reason  that,  being  deprived  of  bearing,  they  are  in- 
capacitated for  the  acquisition  of  language.  The  causes 
of  acquired  deafness  exist  largely  in  such  diseases  as 
smallpox,  measles,  typhus,  convulsions,  paralysis,  hydro- 
cephalus and  other  affections  of  the  brain,  and  scarlatina, 
which  more  frequently  than  any  other  disease  leaves  the 
patient  deaf.  Hereditary  transmission  may  be  cited  as 
another  cause  of  deafness.  Acquired  deafness  which  is 
of  such  a  ilegree  as  to  lead  to  dumbness  stands  in  relation 
to  congenital  deafness  as  forty  per  centum  to  sixty  per 
centum.  II-  jV.  Spencer. 

DEARBORN    SPRING.— "Windsor  County,  Vermont. 

POKT-tjFFICE. — Woodstock. 

This  spring,  formerly  known  as  the  "  Old  Sanderson 
Spring,"  is  located  in  Woodstock  about  three  miles  from 
the  famous  Woodstock  Inn.  A  fine  level  road  leads  to 
within  three-quarters  of  a  mile  of  the  spring,  a  good  hill 
road  covering  the  remainder  of  the  distance.  The  spring 
was  discovered  about  1830,  and  soon  gained  a  consider- 
able reputation  among  the  neighboring  farmers  for  its 
good  effects  in  dyspepsia  and  skin  diseases.  The  water 
was  analyzed  about  1«50  by  one  of  the  professors  in  the 
Woodstock  Medical  School."  The  analysis  has  been  lost, 
but  it  is  sai<l  that,  among  other  ingn-edients,  magnesia, 
iron,  and  sulphur  were  found.  It  is  said  to  resemble 
the  Poland  Springs  water  of  ]Maine.  In  1890  the  springs 
passed  into  new  hands,  and  the  owner  had  it  excavated 
to  the  bed-rock,  thoroughlj-  cleaned  and  stoned  up  to 
within  four  feet  of  the  surface,  and  then  tiled  and  care- 
fully protected  from  the  surface  water.  The  tiling  was 
extended  upward  through  a  tight  floor  and  a  building 
erected  over  the  spring,  with  easy  facilities  for  raising 
the  water.  The  location  is  now  enclosed  in  a  beautiful 
park,  with  avenues  leading  to  the  spring.  Its  elevation 
is  900  feet  above  Woodstock  Park  and  about  1,600  feet 
above  sea  level.  The  atmosphere  is  pure  and  invigorat- 
ing, and  a  number  of  fine  views  may  be  had  from  the 
park  surrounding  the  spring.  The  water  of  the  spring 
maintains  an  even  temperature  throughout  the  .year, 
which  fact  would  indicate  that  it  proceeds  from  a  great 
depth.  It  is  icy  cold  when  the  temperature  of  the  sur- 
rounding air  stands  at  90'  F.  in  the  shade. 

James  K.  Crook. 

DEATH  CERTIFICATION.— The  objects  secured  by 
a  well-devised  system  of  death  certification  are  manifold 
and  may  be  enumerated  as  follows: 

1.  Questions  relating  to  property  rights  are  often  set- 
tled by  a  single  reference  to  the  record  of  a  death. 

2.  The  orticial  certificate  of  a  death  is  usually  required 
in  each  case  of  claim  for  life  insurance. 

3.  Death  certificates  settle  many  disputed  questions  in 
regard  to  pensions. 

4.  They  are  of  great  value  in  searching  for  records  of 
genealogy. 

5.  A  death  certificate  frequently  furnishes  valuable  aid 
in  the  detection  of  crime. 

0.  And  by  no  means  the  least  in  importance.  Each  in- 
dividual certificate  is  a  contribution  causa  scientiip. 
Taken  collectively  they  are  of  great  importance  to  phy- 
sicians, and  especially  to  health  olficers,  in  the  study  of 
disease,  since  they  furnish  valualde  information  in  regard 
to  its  causes,  its  prevalence,  and  its  geographical  distri- 
bution. 

The  following  items  should  be  recorded  in  each  certifi- 
cate, so  far  as  it  is  possible  to  obtain  them: 

The  name  of  the  deceased;  the  date  of  birth;  the  date 
of  death ;  the  sex  of  the  deceased ;  the  age  of  the  deceased. 

The  color  of  the  deceased. 

The  occupation  of  the  deceased. 
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The  conjugal  condition  (single,  widowed,  married,  or 
divorced). 

Tlie  residence. 

The  place  of  birth. 

The  place  of  death. 

The  names  and  place  of  liirth  of  the  parents. 

The  disease  or  cause  of  death. 

The  place  of  burial. 

To  these  it  is  customarj-  to  add  in  some  countries  the 
maiden  name  of  tlie  motlier,  and  if  the  deceased  was  a 
married  or  divorced  woman,  or  a  widow,  her  maiden 
name,  and  that  of  her  husband.  In  cities  the  name  of 
the  street  and  number  should  also  be  stated.  It  is  also 
customary  in  some  countries  to  state  the  sect  or  religious 
denomination  of  the  deceased.  It  also  increases  the  value 
of  a  certificate  to  state  both  primarj'  and  secondary'  causes 
of  death  wheu  this  is  possible.  The  duration  of  the  last 
illness  is  sometimes  added. 

Law  nelating  to  Death  Certification. — The  provisions  of 
tlie  laws  of  different  States  and  countries  relative  to  death 
certiticates  are  quite  similar,  the  differences  relating  to 
minor  points.  That  of  England  was  enacted  in  1836  and 
amended  in  1874.  Under  the  latter  act,  personal  infor- 
mation of  every  death  must  be  given  to  the  registrar  of 
the  district,  within  five  days  of  its  occurrence,  by  the 
nearest  relatives  of  the  deceased,  present  at  the  death,  or 
in  attendance  during  the  last  illness.  The  penalty  for 
neglect  is  40s. 

A  registered  medical  practitioner  during  the  last  illness 
must  give  a  certificate  of  the  cause  of  death  to  the  best 
of  his  knowledge  and  belief.  He  is  liable  to  a  penalty  of 
40s.  for  neglect,  or  £10,  or  imprisonment  for  giving  a 
false  certificate. 

Deaths  are  also  certified  by  coroners.  No  record  is 
made  of  still-births  in  England,  either  as  births  or  as 
deaths. 

The  indefinite  character  of  the  information  secured  by 
the  laws  relating  to  death  certificates  is  due  to  several 
causes,  namely,  the  carelessness  and  ignorance  of  the 
persons  certifying,  the  absence  of  medical  attendants  dur- 
ing the  last  illness,  and  the  indefinite  character  of  the 
disease  itself.  In  order  to  secure  an  improvement  in  ex- 
isting conditions,  a  committee  of  the  House  of  Commons 
was  convened  in  1893,  and  after  listening  to  conclusive 
evidence  made  the  following  recommendations : 

1.  That  in  no  case  should  a  death  be  registered  without 
productiqn  of  a  certificate  of  the  cause  of  death  signed 
by  a  registered  medical  practitioner  or  by  a  coroner  after 
inquest,  or  in  Scotland  by  a  procurator  liscal. 

3.  That  in  each  sanitary  district  a  registered  medical 
practitioner  should  be  appointed  as  public  medical  cer- 
tifier of  the  cause  of  death  in  cases  in  which  a  certificate 
from  a  medical  practitioner  in  attendance  is  not  forth- 
coming. 

3.  That  a  medical  practitioner  in  attendance  should  be 
required,  before  giving  a  certificate  of  death,  personally 
to  inspect  the  body;  but  if,  on  the  ground  of  distance 
or  for  other  sufficient  reason,  he  is  unable  to  make  this 
inspection  himself,  he  should  obtain  and  attach  to  the 
certificate  of  the  cause  of  death  a  certificate  signed  by 
two  persons,  neighbors  of  the  deceased,  verifying  the 
fact  of  death. 

4.  That  medical  practitioners  should  be  required  to 
send  certificates  of  death  to  the  registrar,  instead  of  send- 
ing them  to  the  representatives  of  the  deceased. 

5.  That  a  form  of  a  certificate  of  death  should  be  pre- 
scribed, and  that  in  giving  a  certificate  a  medical  practi- 
tioner should  be  required  to  use  such  form. 

0.  That  it  should  be  a  penal  offence  to  bury  or 
otherwise  dispose  of  a  body,  except  in  time  of  epi- 
demic, without  an  order  from  the  registrar  stating  the 
place  and  mode  of  disposal,  which  order,  after  it  has 
been  acted  upon,  should  be  returned  to  the  registrar 
who  i,ssued  it. 

7.  That  it  should  be  made  an  offence  to  retain  a  dead 
body  unburied  or  otherwise  legally  disposed  of  beyond  a 
period  not  exceeding  eight  days,  except  by  permission  of 
a  magistrate. 


8.  Tliat  the  practice  of  burial  in  pits  or  common  graves 
should  be  drscontinued. 

9.  That  still-births  which  have  reached  the  stage  of 
development  of  .seven  months  should  be  registered  upon 
the  certificate  of  a  registered  medical  practitioner,  and 
that  it  should  not  be  permitted  to  bury  or  otherwise  dis- 
pose of  the  still-liirth  until  an  order  for  biuial  has  been 
issued  by  the  registrar. 

10.  That,  subject  always  to  the  discretion  of  the  Crovvn 
Office,  the  result  of  precognitions  taken  by  procurators 
fiscal  in  Scotland,  or  the  precognitions  themselves,  should 
be  communicated  to  the  representatives  of  the  deceased 
when  application  is  made  for  the  same.* 

In  Austria  the  burial  of  a  corpse  before  death  is  ofll- 
cially  registered  is  forbidden.  Deaths  must  be  imme- 
diately notified  to  the  authorities.  Each  commune  nom- 
inates a  Beschaver  who  mu,st  he  either  a  physician  or  a 
surgeon,  whose  duty  it  is  to  examine  whether  the  person 
is  really  dead,  whether  there  is  evidence  of  violent  death, 
or  whether  death  was  caused  by  an  infectious  disease! 
If  there  is  suspicion  that  the  death  is  only  apparent, 
measures  must  at  once  be  taken  to  restore  animation,  and 
a  certificate  must  not  be  given  in  such  case  till  decompo- 
sition has  begun.  If  the  deceased  has  had  medical  care, 
the  attending  physician  must  make  a  certificate  of  death 
and  send  it  to  the  registrar. 

In  Belgium  no  burial  can  take  place  before  the  death 
has  been  verified  by  a  divisional  physician,  after  a  com- 
plete and  careful  examination  of  the  body.  This  verifi- 
cation and  the  identification  of  the  deceased  must  be 
certified  in  accordance  with  a  given  scheme.  For  those 
who  die  at  birth,  the  certificate  must  state  whether  death 
occurred  before,  during,  oi-  after  delivery,  and  in  the  lat- 
ter case,  how  long  the  infant  lived  after  its  birth. 

In  Denmark  every  death  Is  reported  to  the  parish  clerk, 
and  to  the  clergj'man  of  the  parish  where  it  occurred, 
and  is  included  iu  the  parish  register,  whether  the  de- 
ceased belonged  to  the  parish  or  not.  No  burial  can  take 
place  before  a  medical  man,  or  an  ofiicial  qualified  to  in- 
spect corpses,  has  issued  a  certificate. 

The  following  items  are  called  for  by  the  death  certifi- 
cates of  Berlin : 

1.  Full  name,  sex,  and  condition  of  deceased.  If  a 
child,  the  names  and  condition  of  the  parents.  If  the 
mother  has  an  occupation,  it  should  be  stated. 

2.  Residence  of  deceased.  In  what  story,  and  whether 
In  front  or  rear  part  of  house.  If  in  a  public  institution, 
the  last  residence  of  the  deceased. 

8.  Age  of  deceased.     Date  of  birth. 

4.  Day  and  hour  of  death. 

5.  Personal  signature  of  physician  or  surgeon  who  had 
attended  the  deceased,  or  inspected  the  body. 

6.  Whether  the  deceased  was  personally  known  to  the 
physician. 

7.  What  certain  signs  of  death  were  observed. 

8.  Disease  or  cause  of  death. 

9.  Whether  any  marks  of  violence  were  found  on  the 
body. 

10.  Whether  the  cause  of  death  was  an  infectious  dis- 
ease. 

11.  Whether  any,  and  what  measures  are  advisable  for 
preventing  the  spread  of  infection. 

12.  Whether  measures  for  resuscitation  were  employed 
in  any  case  when  they  were  indicated. 

13."  Religious  belief  of  deceased. 

14.  Remarks,  t  . 

Certificates  of  death  are  now  required  by  law  in  each 
of  the  New  England  States,  in  New  York,  New  Jersey, 
Delaware,  Michigan,  Minnesota,  and  Indiana. 

They  are  also  required  in  nearly  all,  if  not  in  all,  of  the 
large  cities  of  the  United  States. 

In  several  of  the  largest  cities  it  is  a  common  practice 
to  issue  blank  certificates,  bound  in  books  of  one  hundred 


*  Report  of  Select  Committee  on  Death  Certifluatlon  (British  Par- 
liament), London.  1893. 

+  "  Generalbericht  iiber  das  Medizinal-  und  Saaitatsivesen  derStadt 
Berlin." 
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or  more,  for  the  use  of  physicians.  Upon  tlie  cover  is 
printed  a  set  of  instructions  Iiaviug  reference  to  the  sub- 
ject of  causes  of  death  and  the  best  methods  of  stating 
such  causes. 

In  the  State  of  Michigan  special  attention  has  been 
given  in  recent  years  to  the  subject  of  registration,  and 
a  decided  advance  has  been  made  in  the  appointment  of 
an  intelligent  physician  whose  duty  it  is  to  supervise  the 
collection  and  publication  of  vital  statistics  throughout 
the  State,  and  therefore  to  act  in  the  capacity  of  a  regis- 
trar-general for  the  State. 

The  following  certificate  of  death  has  been  recently 
adopted  in  Michigan,  and  is  a  very  good  model: 


The  causes  which  result  in  the  permanent  suspension 
of  circidation  and  respiration  operate  directly  upon 
their  mecha.'jisni,  or  remotely  through  the  nerve  cen- 
tres which  regulate  their  action.  So  important  indeed 
t(j  the  proper  continuance  of  these  functions  is  the 
miiinteuance  of  an  uninterrupted  action  of  the  nerve 
centres  of  orgiinic  life  that  it  is  customary  to  adopt  the 
cla.ssifieation  of  Bichat  and  to  speak  of  death  beginning 
at  the  heart,  death  beginning  at  the  lungs,  and  death 
beginning  at  the  head.  For  practical  purposes  this  is 
sutliciently  accurate,  and  it  must  be  admitted  that  any 
attempt  at  a  more  delinite  classification  is  merely  theo- 
retical.    The  phenomena  attending  each  of  these  modes 
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[The  Registrar  should  number 
each  certificate  received  n(  mict, 
in  space  below,  heffinning  witb 
"No.  1 "  for  each  year.] 
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!  Location  i 
I   in  city   \ 


Full  Name Date 


Month. 

Day. 

Year. 

1 

I— I     c/: 

pq  •" 


fe    t 
e  .S 


i_!    d 


\  Hospital,    institu-  i  \  Uow  lonp  an  in- 1 

)  tion  or  transient  1  '/  matf^  or  resident  \  .... 

1  Late  or  home  i  1       Sinirle,  niaiTied,       i 

I      residence      f i  widowed  or  divorced  ) 


j  If  married,  age  at  (first )  marriace years. 

(  Parent  of children,  of  whom are  liying. 


}  Occupation,  i 
'i      10  years  of 

V  Name  of  I 
)     father  1     )"  . . . 
\  Maiden  ) 
-  name  of  - 

I  mother  ) 

J   Date  of  burii. 
I      or  removal 
\  Signature  of  / 
"(  undertaker.  \  . 


f  river  ( 
age.      \ 


Se.\.... 

O.lor 

Yoars. 

Months. 

Days. 

Atre 

1                     1 

Date  of 

Year  of  birth. 

Month.     ; 

riay. 

birth. 

1 ^                      1 

I     Birthplace     i 
-    father  I  state   - 

(   Cor  Country)  1  . 

Birthplace  '  of  ) 
'  mother  (State  - 

I     or  Country    \  . 

\  1  lace  of  burial  i 

I      or  removal      \ 

j  Address  of  / 
I  undertaker  t 


(  Birthplace  / 
-  I  State  or  - 
(    Country.)     1 


Certificate  of  Reporter. 
The  personal    and    family   particulars 
herein  given  relative  to  deceased  are  true 
to  the  best  of  my  knowledge  ami  belief. 


(Signed!  .. 
(Address^. 


MEDICAL    CERTIFICATE   OF    CAUSE    OF   DEATH. 

I  HEREBY  CERTIFY  that  I  attended  deceased  from 1 t,-, 

that  I  last  saw  h alive  on i 


that  died  on 


about  

written : 

Disease  causing  death  * 

Immediate  cause  of  death  . 


■  '-'''-■''"■'s M-.  and  that  to  the  best  of   my  knowledge  and  belief   the  caise   of  death  was  as  hereunder 


Duration  of  each  cau> 


Contributory  causes  or  complications,  if  any  , 


Post-mortem . 


I  Place  where  disease  cai-sixg  death  was  I 
I     contracted,  if  other  than  place  of  death,      i" 


*In  case  of  a  VicUiit  Diath,  state  (1) 
mode  of  injury  and  whether  accidental 
siniddal  or  homicidal ;  (S)  what  was  the 
nature  of  the  injury  and  the  immediate 
cause  of  death;  Ci)  contributory  causes  or 
conditions,  c.  g.,  septictcjiiia.  Aiso  whether 
operation  was  peifonnoO,  etc. 

In  deaths  from  tnbenidosis,  cancer  etc 
aln-ays  siiecify  what  organ  or  part  of  the 
body  was  ;itlected.     In    septiciemia,  give 
cause,  espei-itdlv  if  puerperal. 


Witness  my  hand  this day  of i 

j  Signature  of  physician,  i 

i  health  officer,  or  coroner  ( 


(Address.) 


Ipon  tlieback  of  this  certificate  instructions  to  tlie  un- 
dertaker are  printed,  togetlierwilh  an  e.vtract  from  the 
legistration  laws  of  the  Stttte,  S,iii,,id  1|'  Ahhnd 


DEATH,   MODES   OF.—  Lif, 
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functions   of     cirfiiliilioii     mid 
whether  the  result  of  diseiiM., 
decay,  is  dne  ultiiiuitely  to  ihi 


tious. 


helher   systemic    or 

proper  perforniiince  of  the 

I'espiriitioii;     so    death, 

id   violence,  ..r  of  senile 

ces.satiou  of  Ihesc  fiiuc- 


of  dissolution  are  at  least  sufficiently  distinct  to  merit 
se|iarate  considei-atiou. 

CiossATioN  OK  THE  CiRcrLATiox  may  be  sudden  or 
gradual.  The  former  is  witnessed  in  d'caths  froiu  syu- 
coll..  and  shock;  the  latter,  in  those  from  asthenia,  the 
chief  force  in  the  maintenance  of  the  circulation  is  the 
normal  difference  in  ]iressure  of  the  blood  in  the  arteries 
ami  veins.  Any  iuHnence,  tliereforc,  that  overcomes  this 
diircreucc  will  cause  tlic  circulation  to  stop.  As  the 
maintenance  of  this  blood  pressure  is  due  chiefly  to  the 
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action  of  the  heart,  the  lesions  that  produce  a  fatal  in- 
terruption of  it  are  found  for  the  most  part  in  that  organ. 
They  may  be  found  also  in  the  vessels. 

In  the  Heart. —Vfhm,  from  the  occurrence  of  any  or- 
ganic or  structural  lesion,  the  heart  is  rendered  no  longer 
capable  of  propelling  ils  contents  into  the  arteries,  the 
circulation  is  obliterated  and  death  ensues.  The  move- 
ments of  the  heart  may  be  suddenly  and  permanently 
arrested  also  by  cither  direct  central  impulses,  as  by  a 
gunshot  injury,  a  blow  upon  the  head,  or  s>ich  violent 
emotion  as  of  fright,  joy,  or  grief;  by  such  direct  or 
reflex  impressions  as  those  resulting  from  a  blow  upon 
the  lower  chest  or  epigastrium,  or 'from  the  rupture  of 
abscesses,  cysts,  or  the  gravid  uterus;  by  the  action  of 
corrosive  poisons  on  the  mucous  membrane  of  the  stom- 
ach, or  even  by  the  ingestion  of  cold  liquids  in  excess  or 
when  the  body  is  in  an  overheated  condition.  Crile's  re- 
cent experimental  research  leads  him  to  the  conclusion 
that  collapse  or  death  from  violence  applied  upon  the 
lower  chest  or  abdomen  is  due  mainly  to  the  loss  of 
rhythmic  contraction  from  the  mechanical  irritation  of 
such  violence  exerted  on  the  heart  muscle  itself;  that  the 
solar  plexus  may  be  disregarded  as  a  factor  in  it,  and  that 
the  vagal  terminal  mechanism  in  and  near  the  heart  may 
contribute  to  it  in  a  minor  degree. 

Syncope  may  be  transient,  however,  as  in  fainting. 
There  is  then  a  momentary  cessation  of  the  heart's 
action,  producing  an  ana-mia  of  the  cerebral  centres, 
resulting  in  a  brief  period  of  unconsciousness  and  ap- 
parent death. 

In  a  fatal  syncope  the  individual  suddenly  turns  pale, 
a  cold  sweat  manifests  itself,  he  becomes  dizzy,  the  pupils 
dilate,  vision  becomes  dim,  the  pulse  slow,  irregular, 
flickering,  and  in  an  instant  life  is  gone.  Or,  the  indi- 
vidual may  suddenly  become  pale,  make  two  or  three 
convulsive  gasps  and  drop  dead.  When  the  death  is  a 
little  less  sudden,  as  in  fatal  cases  of  hemorrhage,  or  when 
the  perforation  of  an  intestinal  ulcer  takes  place,  we  may 
observe  great  restlessness,  tossing  to  and  fro,  labored  res- 
pirations, muttering  delirium,  and,  as  the  scene  closes, 
single  or  repeated  convulsions. 

In  the  Vexsels. — When  the  cause  of  a  sudden  failure  of 
the  circulation  is  situated  in  the  blood-vessels,  it  generally 
proves  to  be  a  rupture  of  their  coats  and  the  rapid  reduc- 
tion of  blood  pressure  by  the  resulting  hemorrhage.  A 
condition  closely  allied  to  this  sometimes  results  from  an 
extreme  dilatation  of  the  blood-vessels  of  a  .single  region. 
The  most  notable  example  of  this  is  seen  in  the  state  of 
collapse  that  follows  severe  blows  upon  the  abdomen,  in 
which  case  the  abdominal  vessels  are  so  distended  as  vir- 
tually to  remove  the  greater  part  of  the  blood  from  the 
general  circulation,  and  the  heart  soon  ceases  to  beat 
from  a  lack  of  its  normal  stimulus.  The  individual  is 
then  said  to  die  of  shock.  Shock  differs  from  syncope 
in  that  the  victim  may  for  some  time  retain  his  conscious- 
ness; there  ma}',  however,  be  associated  with  shocli  a 
syncope  due  to  the  reflex  inhibition  of  the  heart,  in  which 
instance  we  have  combined  the  symptoms  of  each.  Shock, 
like  syncope,  may  be  transient^  the  vitality  being  grad- 
ually regained  after  a  longer  or  shorter  period  of  great 
depression. 

A  Gkadual  Failure  op  the  Circulation  is  the 
usual  termination  of  a  large  number  of  diseases,  particu- 
larly those  of  a  chronic  character.  The  heart  ceases  then 
on  account  of  a  failure  of  its  own  contractile  power. 
This  may  result  from  degenerations  of  the  muscular  fibres, 
produced  by  continued  high  temperature,  senile,  fatty, 
or  atrophic  changes,  the  action  of  the  micro-organisms 
of  the  infectious  diseases,  or  of  the  poisons  which  they 
develop,  or  from  such  toxic  sedatives  as  aconite,  digi- 
talis, and  tobacco.  In  this  category  are  classed  also 
deaths  from  cholera,  acute  peritonitis,  and  such  wasting 
affections  as  phthisis,  diabetes,  and  cancer,  as  well  as 
inanition  and  exposure  to  intense  cold. 

In  this  mode  of  death,  the  most  prominent  symptoms 
are  great  muscular  debility  and  a  feeble,  rapid  pulse. 
The  intellect  may  remain  clear  to  the  last;  but  this,  as 
well  as  the  presence  or  absence  of  many  other  symptoms, 


must  depend  largely  on  the  character  of  the  disease  upon 
winch  the  death  ensues. 

0essatu;n  of  the  RESi'iKATiON.-Death  from  this 
cause  IS  known  as  death  by  apmea  or  asphyxia,  and  may 
be  sudden  or  gradual.  ^ 

^  Sudden  failure  of  the  respiration,  is  due  to  a  number  of 
mflucnces  operating  within  or  without  the  respiratory 
organs.  The  former  class  includes  all  obstructions  and 
occlusions  of  these  organs  and  all  paralyses  of  their  mus- 
c  es  as  a  result  of  injury  or  disease,  local  or  central  in 
character.  Causes  external  to  the  resjjiratory  organs  in- 
clude all  obstructions  by  foreign  bodies  or  by  pressure 
upon  any  part  of  the  respiratory  passage,  as  in  suffoca- 
tion, strangulation  by  hanging  or  drowning,  and  the 
action  of  noxious  gases. 

The  phenomena  attending  this  mode  of  death  are,  vio- 
lent efforts  at  respiration,  followed,  we  are  told,  by  sen- 
sations of  pleasure  and  a  brief  period  of  remarkable  clear- 
ness of  intellect.  The  expiratory  efforts  become  violent, 
unconsciousness  and  convidsions,  or  a  few  irregular 
twitchings  of  the  muscles  supervene,  the  face  becomes 
swollen  and  cyanotic,  the  eyeballs  protrude,  then  follows 
a  period  of  relaxation,  interrupted  by  occasional  deep  in- 
spirations which  finally  become  spasmodic  gasps,  and 
last  of  all,  the  heart  .stops. 

.4  gradually  fatal  apram  is  a  common  result  of  disease. 
It  is  produced  by  any  morbid  process  which  gradually 
obliterates  the  lumen  of  the  respiratory  passages,  e.g., 
papillomata  and  other  neoplasms  of  the  larynx,  oedema 
of  its  mucous  membrane,  false  membranes  of  the  trachea 
and  bronchi,  (rdema  of  the  lungs,  and  the  pueumoiiic 
exudation.  Failure  of  the  respiration  is  occasionally  the 
prominent  symjitom  in  death  from  phthisis  (catarrhal 
pneumonia),  and  it  may  result  from  the  pressure  of  large 
abdominal  timiors  or  ascites. 

Individuals  dying  in  this  manner  exhibit  much  the 
same  series  of  symptoms  as  those  whose  death  is  more 
sudden,  but  the  struggle  is  less  pronounced. 

Death  from  Central  Paralysis. — Paraly.sis  of  the 
vital  nerve  centres,  or  "death  beginning  at  the  head," 
operates  l^y  causing  a  failure  of  the  circulation  or  respi- 
ration. Diseases,  whether  primary  or  secondary,  and  in- 
juries located  in  the  cerebrum  or  the  cerebellum,  may 
result  fatally  through  extension  of  the  inflammation  lo 
the  pons  or  medulla  or  through  the  production  of  abnor- 
mal pressure  upon  them.  Deaths  from  electric  shock, 
lightning  stroke,  and  electrocution  belong  to  this  class. 
Such  poisons  as  the  toxins,  ptomains,  and  leucomains, 
and  certain  drugs,  especially  the  narcotics,  impress,  as 
a  rule,  both  cerebral  and  spinal  centres  and,  when  in 
sufficient  quantity,  ultimately  overcoiue  respiration  and 
circulation. 

The  most  prominent  S3'm]itom  indicative  of  approach- 
ing death  from  this  cause  is  unconsciousness,  or  coma, 
when  death  is  not  instantaneous.  All  reflex  movements 
soon  cease ;  the  respiration  becomes  stertorous,  gradually 
more  slow  and  labored,  and  at  last  stops,  tranquilly,  or 
after  convulsive  manifestations. 

Finally,  it  should  be  remembered  that  the  instances  in 
which  a  death  can  be  clearly  traced  to  the  failure  of  a 
single  group  of  organs  is  the  exception  and  not  the  rule. 
On  the  contrary,  it  will  generally  be  observed  that  with 
the  ebbing  of  life,  the  failure  of  one  system  follows  so 
closely  upon  that  of  another  as  to  render  it  extremely 
difficult  to  determine  which  of  the  vital  functions  is  the 
last  to  cease.  Death  beginning  at  the  lungs  may  be  de- 
layed by  the  employment  of  artificial  respiration,  death 
beginning  at  the  head  may  for  a  time  yield  to  the  influ- 
ence of  appropriate  remedies ;  but  when  the  heart  has 
been  stilfed  no  human  power  can  restore  it  to  action. 

James  31.  French. 

DEATH,  PHYSIOLOGICAL  THEORIES  OF.— Living 
thiues,  in  the  forms  most  familiar  to  us,  at  least,  all  grow 
old  and  die.  We  infer  that  this  fate  is  universal  with 
something  of  the  same  certainty  with  which  we  prophesy 
that  a  stone  thrown  into  the  air  at  any  spot  whatsoever 
will  fall  back  to  the  earth's  surface.     On  the  other  hand, 
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it  is  eiiually  a  commouiilacc  of  observation  tliat  the  death 
(iftlie  iudiVidual  does  u(.)t  meau  the  deatli  ot  the  race, 
aud  inasmuch  as  every  Hving  tiling  is  directly  sprung 
from  a  preceding  form— «)hhc  ripiirit  c  vi (w— we  iua>'  as- 
sume that  the  continuity  of  life  has  never  been  inter- 
rupted and  never  will  be.  If  the  eiivironmeut  remains 
as  favorable  in  tlie  future  as  it  has  been  m  the  past,  liv- 
iuo- things  will  continue  in  unbroken  succession  for  all 
time.  From  this  standpoint  we  may  speak  justly  of  liv- 
ing matter  as  possessing  immortality,  or,  at  least,  poten 
tial  immortality,  since  it  has  unlimited  powers  of  propa- 
gation. It  is  one  of  the  final  aims  of  bii  .logical  speculation 
to  reconcile  these  two  apparently  paradoxical  pro]ierties 
of  living  matter;  to  furnish  a  satisfactory  hypothesis  that 
shall  e-xplain  the  occurrence  of  old  age  and  death  in  the 
individual,  and  at  the  same  time  account  for  the  possi- 
bility of  unending  existence  for  the  race  that  is  implied 
in  tile  fact  of  reproduction. 

In  speculations  of  this  character  we  must,  moreover, 
keep  clearly  in  mind  that  forms  of  living  matter  are  not 
stable,  in  the  same  sense  that  forms  of  dead  matter  arc. 
A  given  animal  exists  for  a  period  of  live  years;  liut  we 
are  all  perfectly  well  aware  that  no  portion  of  the  living 
.substance  of  this  animal  has  necessarily  remained  actu- 
ally the  same  throughout  this  time;  i.e.,  the  atoms  of 
C,  'H,  O,  N,  S,  P,  that  constituted  the  living  matter  in 
the  beginning,  may  have  been  replaced  very  early  by 
others  brought  in  "with  the  food.  What  has  remained 
unchanged  through  the  individual's  life  has  been,  on  the 
physiological  side,  a  form  of  activity,  and,  on  the  mor- 
phological and  chemical  side,  a  material  substratum  of  a 
practically  definite  composition.  However  familiar  this 
fact  may  be,  it  is,  after  all,  the  great  distinctive  feature 
of  life — or  rather,  of  living  matter.  We  express  in  the 
single  word  assimilation,  or  nutrition,  that  property 
which  most  distinctlj'  separates  living  matter  from  dead. 
As  hmg  as  any  particle  of  matter  is  in  the  living  form, 
just  so  long  has  it  the  creative  power  of  converting  dead 
food  into  living  substance  like  itself.  Throughout  its 
period  of  existence  there  is  a  steady  stream  of  dead  mat- 
ter coming  to  it  to  be  rearranged  into  the  living  form, 
and  an  equally  continuous  outlfow  of  dead  material  that 
had  once  been  in  the  living  form.  Nothing  can  make 
this  conception  clearer  than  Huxley's  simile  of  the  whirl- 
pool at  Niagara— which  fits  so  well  as  an  illustration  of 
the  ever-changing  particles  that  make  up  the  unchang- 
ing form  of  life.  From  this  point  of  view  we  may  say 
that  living  matter  is  never  actuall3'  the  same,  yet  it  must 
be  evident  that,  in  respect  of  any  given  mass  of  that  body 
which  we  call  protoplasm,  it  can  reproduce  itself  only 
in  its  offspring  by  transmitting  a  portion  of  its  actual 
substance.  The  formation  of  a  new  organism  from  this 
transmitted  germ  is  therefore,  from  a  chemical  stand- 
point, no  more  a  creation  of  a  new  being  or  of  new  liv- 
ing material  than  is  the  continued  existence  of  the  parent 
form  throughout  its  period  of  natural  life. 

As  far  as  the  mere  external  phenomena  of  senility  are 
concerned  they  may  be  observed  and  recorded.  Iii  the 
human  being  this  has  been  done  with  more  or  less  care 
The  coming  on  of  the  signs  of  old  age  in  the  different 
tissues,  the  rate  of  its  normal  development,  and  the  con- 
ditions that  Iiasten  or  retard  its  development,  are  known 
to  a  certain  extent,  though  tliey  have  not  been  investi- 
gated with  the  carefulness  of  detail  that  scientific  exact- 
ness requires.  We  cannot  expect  any  solid  advance  in 
our  knowledge  of  the  development  of  old  age  until  the 
statistics,  which  may  be  determined  by  exi)erimeut  and 
observation,  have  been  recorde<l.  TliJ  superficial  si"ns 
ot  old  age  are  spoken  ot  usuallv  in  the  text-books" of 
physiology.  In  the  old,  the  bones  become  iiifae  brittle 
because  of  a  continually  increasing  excess  of  deposits  of 
inorganic  salts;  the  cartilages  become  more  rigid  and 
calcareous  tor  the  same  reason;  the  elasticity  of  fhe  lens 
It,  'h?1'  '^l^'CK-ases,  bringing  on  imperfect  "accommoda- 
tion he  muscles  atrophy  and  lose  their  physh.logical 
mobihty  as  shown  by  the  lessened  vigor  of  lirir  cnnT ric 
tions  and  their  dimiuish,.d  elasticitvT  the  i  ,<■  le  ft  le 
nerve  cells  decrease  in  size  and  show  other  sigM  of  dt 
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terioration;  the  hairs  lose  their  pigment,  etc.  It  is  im- 
portant to  notice  that  these  signs  of  deterioration  in  the 
machinery  of  life  do  not  make  their  appearance  first  dur- 
ing or  afte'r  the  period  of  maturity,  but  begin  to  develop 
from  the  time  of  birth,  or  possibly  before.  At  ten  years 
of  age  the  near  point  of  distinct  vision  is  7  cm.  from  the 
eye,  at  tw-enty  it  has  lengthened  to  10  cm.,  at  forty  years 
of  age  it  is  33  cm.,  at  sixty  years  it  is  100  cm.,  and  so  on. 
The  long-sightedness  of  'old  age  begins  to  develop  in 
early  childhood,  and  results  phy.siologically  from  a  con- 
tinual diminution  in  the  elasticity  of  the  lens.  We  ob- 
tain similar  facts  if  we  measure  the  rate  of  growth  of  the 
bod)'  throughout  life.  According  to  the  somewhat  un- 
reliable statistics  of  Quctelet,  the  average  male  child 
weighs  at  birth  6i  pounds.  At  the  end  of  the  first  year 
it  will  weigh  18^  pounds,  a  gain  of  13  pounds.  At"  the 
end  of  the  second  year  it  will  weigh  33  pounds,  a  gain  of 
only  4i  pounds.  And  so  on  to  full  maturity  the  rate  of 
increase  each  year  falls  rapidlj'.  If  we  measure  the  rate 
of  growth  by  the  increase  in  height  instead  of  b)'  the 
increase  in  weight,  we  find  that  in  the  first  year  the  gain 
is  148  mm.,  in  the  second  j'car  it  has  fallen  to  93  mm.,  in 
the  third  to  73  mm.,  from  the  twentieth  to  the  twenty- 
fifth  year  it  averages  13  mm.,  and  from  the  twentj'-fifth 
to  the  thirtieth  year  only  0.8  mm.,  while  in  extreme  old 
age  it  becomes  a  negative  ctuantity. 

In  a  valuable  paper  Minot  has  given  the  results  of  a 
laborious  research  upon  the  growth  of  guinea-pigs, 
whicli  show  much  more  clearly  and  accurately  the 
same  general  fact  of  a  decrease  in  the  rate  of  growth 
beginning  shortly  after  birth.  Minot  bases  his  figures 
upon  observations  taken  daily.  He  defines  the  term 
"rate  of  growth"  with  an  exactness  not  hitherto  em- 
ployed, in  that  he  calls  attention  to  the  fact  that  usu- 
ally, in  considering  the  rate  of  increase,  the  actual 
increment  at  different  periods  is  given  instead  of  the 
proportionate  increment.  In  other  words,  if  an  animal 
in  successive  periods  gains  in  absolute  quantities  only 
the  same  amount  in  weight  or  height,  its  rate  of  growth 
i.s  in  realitj'  decreasing,  since  proportionately  to  the 
weight  of  the  whole  animal  the  increase  has  been  less  and 
less.  Making  use  of  his  short  periods  of  twenty-four 
hours,  and  expressing  the  rate  of  growth  as  the  fraction 
of  weight  added  during  that  period,  he  finds  that,  after 
the  animal  recovers  from  a  short  post-natal  retardation 
of  growth,  the  rate  of  growth  diminishes  during  life,  at 
first  rapidly,  and  afterward  more  slowly.  The  curve, 
however,  is  not  by  any  means  a  regular  one.  the  steady 
decline  is  marked  by  irregular  ascents,  the  most  notable 
and  regular  of  which  is  the  acceleration  at  the  time  of 
puberty.  It  follows  from  these  facts  that  what  we  may 
call  the  creative  power  of  growth,  or  better,  the  creative 
power  of  assimilation,  which  measures  the  capacity  of 
living  matter  to  form  matter  like  itself,  decreases  steadily 
from  birth.  Like  a  stone  projected  upward,  the  initial 
velocity  begins  to  fall  from  the  outstart.  As  the  height 
to  which  the  stone  travels  may  be  taken  as  a  measure  of 
the  force  with  which  it  was  thrown,  so  the  length  of  life 
in  any  indi^ddual  may  be  taken  as  a  measure  of  the 
power  or  capacity  of  assimilation  with  which  the  germ 
of  that  individual  started  its  career.  When  the  power 
of  assimilation  is  insufficient  to  replace  the  wastes  of 
nutrition  then  death  for  that  tissue  is  at  hand.  What- 
ever may  be  the  internal  causes  which  lead  to  this  dimin- 
ution, aud  thus  serve  to  bring  on  old  age,  we  are  safe  in 
.saying  that  they  begin  to  inake  themselves  felt  in  the 
very  first  years  of  post-natal  life.  The  curve  of  vitality 
— to  use  a  much-abused  but  convenient  word — does  not 
rise  from  birth,  reach  its  maximum  in  the  vigor  of  ma- 
turity, and  fall  in  old  age,  but  begins  to  fall  steadily, 
though  not  unifcu'inly,  from  the  beginning  of  life.  This 
statement  applies  to  the  mass  of  livilig  matter  in  the  body, 
but  the  same  general  conception  holds  good  for  the  or- 
ganization of  this  mass  into  physiological  mechanisms, 
such  as  the  brain,  the  circulation,  "etc.  These  mechanisms 
are  incomplete  at  birth  and  become  more  perfect  toward 
adult  life,  the  maximum  efficiency  being  reached  at  dif- 
ferent periods,  that   for  the  ncuro-muscular  apparatus, 
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for  example,  being  attained  at  an  earlier  a!,a>  than  that 
for  the  brain.  Exact  data  are  lacliing,  but  we  may  .sup- 
pose that  the  percentage  of  increase  toward  this  ma.xi- 
mum  shows  also  in  each  case  a  declining  curve  with  ad- 
vancing years. 

To  manl^ind  as  individual  organisms  old  age  and  death 
are  inevitable,  but  it  is  interesting  to  inquire  wlurt  may 
be  considered  the  longest  possible  life  under  the  most 
favorablo  conditions  this  world  is  likely  to  afford.  We 
can  answer  this  only  by  searching  tlie  records.  If  we 
put  aside  the  oldest  accoimts  on  the  ground  of  uncer- 
tainty as  to  the  unit  of  time,  and  make  our  estimates  on 
the  basis  of  comparatively  modern  statistics,  we  may 
put  the  maximum  age  as  lying  somewhere  between  one 
hundred  and  twenty  and  one  himdred  and  eighty  years. 
Perhaps  the  most  celebrated  case  of  longevity  is  that  of 
Thomas  Parr,  au  account  of  whose  life,  together  with  the 
results  of  a  post  mortem  examination  made  by  Harvey, 
may  be  found  in  the  third  volume  of  the  "Philosophical 
Transactions,"  p.  886.  The  account  relates  "  that  he  was 
a  poor  countryman  of  Shropshire,  whence  he  was  brought 
up  by  the  Right  Honorable  Tliomas,  Earl  of  Arundel 
and  Surrey,  and  that  he  died  after  he  had  outlived  nine 
princes,  in  the  tenth  year  of  the  tenth  of  them,  at  the 
age  of  one  liundred  and  fifty -two  years  and  nine  months. " 
Other  interesting  extracts  from  the  letter  of  Harvey  are 
as  follows:  "The  cartilages  of  the  sternum  were  not 
more  bony  than  the  others,  but  flexile  and  soft."  The 
cause  of  his  death  was  imputed  chiefly  to  the  change  of 
food  and  air;  "forasmuch  as  coming  out  of  a  clear,  thin, 
and  free  air,  he  came  into  the  thick  air  of  London,  ancl 
after  a  constant,  plain,  and  homely  country  diet,  lie  was 
taken  into  a  splendid  family  where  he  fed  high  and  drunk 
plentifully  of  the  best  wines."  "  He  was  able,  even  to 
the  hundred  and  thirtieth  year  of  his  age,  to  do  any  hus- 
bandman's work,  even  threshing  of  corn."  It  is  also 
stated  that  he  married  a  widow  when  one  hundred  and 
twenty  years  of  age,  and  from  her  own  statement  had 
frequent  sexual  intercourse  with  her.  In  an  essay  by 
Ptluger  on  macrobiotics,  he  refers  to  other  recorded  cases 
of  unusual  longevity.  H.  Jenkins,  a  native  of  Yorkshire, 
died,  in  1670,  at  the  age  of  one  liundred  and  sixty  nine. 
It  is  related  that  on  one  occasion,  when  brought  before  a 
justice  to  testify  with  reference  to  an  event  which  had 
occurred  one  hundred  and  forty  years  before,  he  appeared 
accompanied  by  his  two  sons,  aged  one  hundred  and  two 
and  one  hundred  years,  respectively.  A  more  remark- 
able case  still  is  that  of  Kentigern.or  Saint  Mungo,  founder 
of  the  Cathedral  of  Glasgow,  who  reached  an  age  of  one 
hundred  and  eighty-flve,  if  we  may  trust  the  accounts  of 
his  life  on  record.  Among  the  exceptional  cases  recorded 
some  are  stated  to  have  been  unusually  temperate  in  their 
habits  of  life,  while  others  paid  no  regard  to  such  pre- 
cautions. In  this  last  category  Pfliiger  mentions  one 
Brawn,  who  reached  an  age  of  one  hundred  and  twenty, 
although  his  tombstone  records  the  fact  that  he  was  a 
conflrnied  drunkard.  Outside  of  such  evidence  as  this, 
it  is  evident  that  exceptional  longevity  cannot  be  referred 
solely  to  careful  observance  of  hj'gienic  conditions.  We 
must  explain  it,  in  general  terms,  as  due  to  an  unusual 
power  of  assimilation  in  the  living  substance  composing 
the  tissues,  and  that  this  tendency  to  long  life  is  inherited 
may  be  accepted  as  demonstrated  by  the  statistics  of  life 
insurance.  At  the  present  day  we  have  numerous  cases 
of  persons  passing  the  hundred-year  mark  by  a  few  years, 
so  that  this  age  cannot  be  regarded  as  very  unusual. 
Sir  C.  Brown,  for  example,  in  his  interesting  paper  on 
old  age,  states  that  in  1889  the  deaths  of  seventy-six  re- 
puted centenarians  were  reported  in  England  and  Wales. 

However,  leaving  aside  the  reproductive  cells,  death 
sooner  or  later  comes  to  the  rest  of  the  cells  of  the  body, 
no  matter  how  favorable  the  environments  of  life  may 
be.  It  is  not  altogether  hopeless  to  inquire  into  the  causes 
which  bring  this  about,  though  naturally  any  such  in- 
vestigation is  largely  made  up  of  speculation  of  a  very 
general  character.  We  ma}'  define  death  as  a  cessation 
of  life.  In  order,  therefore,  to  arrive  at  even  a  general 
conception  of  its  cause  one  must  first  define  as  clearly  as 


possible  what  is  meant  by  life.  Spencer's  definition  is 
perliaps  the  one  most  familiar  to  educated  persons  Ac- 
cording toiiim  life  is  the  continual  adjustment  of  internal 
to  external  relations.  When  properly  analyzed  the  defi- 
nition includes  a  great  deal,  and  it  is  difficult  to  criticise 
It  justly.  But  the  physiologist  will  certainly  object  to 
It,  because  it  attempts  to  present,  in  the  most  general 
terms,  only  the  ensemble  of  properties  manifested  by  liv- 
ing matter  without  pretending  to  trace  these  properties 
m  any  causative  way  to  tlie  physical  substance  that  raani- 
tests  them.  It  is  as  tliough  one  defined  Hght  by  enumer- 
ating Its  chemical  and  physiological  eft'ects  instead  of 
referring  it  to  vibrations  of  the  ether.  For  the  physiol- 
ogist an  adequate  definition  of  life  must  be  one"  that 
connects  its  phenomena  with  the  structure  of  living 
matter.  As  the  chemist  may  deduce  the  chief  properties 
of  a  salt  from  a  knowledge  of  the  structure  of  its  mole- 
cule, so  the  physiologist  beheves  that  a  scientific  explana- 
tion of  life— that  is,  of  the  phenomena  of  assimilation  and 
reproduction— can  be  obtained  only  by  discovering  the 
essential  structure  of  living  matter.  To  this  end  all  bio- 
logical work  tends.  The  adjustment  of  internal  to  ex- 
ternal relations,  and  the  interaction  of  the  different 
organs  that  brings  about  this  adjustment,  should  be 
deducible  from  the  chemical  structure  of  living  matter  in 
somewhat  the  same  way  tliat  the  adjustments  or  reactions 
of  benzene  to  different  external  conditions  may  be  fore- 
told from  a  knowledge  of  its  molecular  structure.  That 
this  kind  of  explanation  of  life  is  not  inconceivably  re- 
mote is  demonstrated  by  the  fact  that  several  chemical 
theories  have  been  seriously  proposed  and  applied  in  some 
detail.  Pfliiger,  for  example,  suggests  that  the  essential 
difference  between  dead  and  living  proteid  lies  in  the 
grouping  of  the  nitrogen  in  the  molecule.  In  dead  pro- 
teid it  ma}^  exist  in  the  form  of  an  ammonia  compound, 
while  in  proteid  that  is  living  it  occurs  in  part,  at  least, 
in  the  cyanogen  grouping.  As  something  approaching 
scientific  evidence  for  this  view  he  asserts  that  the  oxida- 
tion products  of  dead  albuminous  bodies — that  is,  as  far 
as  the  nitrogen  is  concerned — are  always  ammonia  com- 
pounds, amines,  or  amido-acids,  while  the  end  products 
of  the  oxidations  of  living  substances  may  be  classed 
among  the  cyanogen  bodies.  Moreover,  the  cyanogen 
compounds  are  characterized  by  their  instability,  and 
this  is  likewise  one  of  the  most  prominent  phenomena 
exhibited  by  living  substances;  it  is  doubtless  the  chem- 
ical cause  of  what  is  known  as  the  irritability  of  living 
things.  Cyanogen  compounds  also  exhibit,  in  a  striking 
way,  a  tendency  to  polymerize,  and  Pfliiger  suggests 
that  this  property  of  polymerization  may  be  the  essence 
of  what  we  speak  of  in  general  as  assimilation  or  nutri- 
tion, by  which  the  living  molecule  takes  into  itself  the 
molecule  of  dead  proteid.  Indeed,  says  Pfliiger,  we 
may  look  upon  the  molecule  of  cyanic  acid  as  showing 
properties  intermediate  between  those  of  living  and  dead 
matter,  as  a  half-living  substance.  In  a  similar  way 
Loew  and  Bokorney  attempt  to  explain  the  peculiar 
properties  of  living  matter  on  the  supposition  that  its 
molecule  contains  an  aldehyde  group.  They  find  that 
living  protoplasm,  in  certain  plant  cells  at  least,  has  the 
property  of  reducing  silver  nitrate  from  alkaline  solu- 
tions, while  dead  proteid  has  no  such  action.  They  infer 
that  this  reducing  power  is  caused  by  the  presence  of 
an  aldehyde  group,  and  they  give  a  schema  showing  that 
formic  aldehyde,  by  union  with  ammonia,  may  produce 
aspartic  aldehyde,  and  this,  by  condensation  and  reduc- 
tion, with  the  addition  of  S,  might  give  a  compound  of 
the  molecular  formula  of  proteid,  which  as  long  as  it  re- 
tained the  aldehyde  grouping  would  be  living  proteid, 
and  would  form  the  basis  of  living  protoplasm.  Latham 
attempts  to  combine  the  theories  of  Loew  and  Pfliiger 
by  supposing  that  living  proteid  is  composed  of  a  chain 
of  cyan  alcohols,  united  to  a  benzene  nucleus,  thus  ex- 
plaining the  irritability  or  instability  of  living  proteid,  as 
well  as  its  reducing  action.  However  inadequate  and 
premature  such  hypotheses  may  seem  at  present,  they  at 
least  serve  to  demonstrate  the  fact  that  the  physiologists 
and  chemists  are  looking  forward  to  a  definition  of  life 
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based  uiion  a  knowledge  of  the  chemical  structure  ot  the 
suljstance  through  which  it  is  made  manifest. 

Proceeding  from  his  conception  of  what  constitutes 
life  Spencer  defines  natural  deatli  as  a  want  of  corre- 
spondence between  the  internal  and  external  relations. 
Perfect  correspondence  would  mean  eternal  existence.  ^ 

If  the  organism  could  adapt  itself  to  every  change  in 
its  environment,  old  age  and  death  would  be  impossible. 
It  is  difficult  to  understand  the  full  significance  ot 
Spencer's  language.  Taken  literally  it  seems  to  assert 
nothing  more  than  that  death  is  a  cessation  of  life.  It 
adds  notliing  at  all  to  our  knowledge  of  the  causes  lead- 
ing to  this  cessation,  nor  docs  it  indicate  any  fruitful  line 
of° investigation.  If,  liowever,  Spencer  means  tliat  the 
fatal  want  of  correspondence  may  come  from  without; 
that  is,  from  changes  in  environment  to  which  no  ade- 
quate adaptation  can  be  made  by  the  organism,  and  iu 
many  passages  this  seems  to  be  implied,  then  his  view  is 
opposed  to  that  accepted  by  most  physiologists.  They, 
the  physiologists,  believe  in  general  that  although  the 
environment  "were  perfect  and  unchangeable,  yet  by  vir- 
tue of  inherent  changes  in  the  organism  itself  the  assimi- 
lative powers  would  inevitably  grow  weaker  and  finally 
cease  witli  death,  or  as  the  same  idea  is  expressed  by 
Brown:  "The  causes  of  death  are  not  to  be  found  in  the 
summation  of  many  external  injuries,  but  are  alread}' 
established  within  the  organism  itself,  and  death  is  sim- 
ply the  natural  end  ot  development."  In  v/ant  of  a  more 
exact  knowledge  of  the  structure  of  the  living  molecule 
aud  the  elianges  in  structure  that  come  ou  in  old  age,  the 
physiologist  expresses  his  ideas  of  the  general  nature  of 
these  changes  by  similes  and  metaphors  more  or  less  apt. 
We  may  compare  living  matter  to  a  clock,  the  mainspring 
of  which  is  so  constructed  that  in  eonseciuenec  of  slowly 
developing  molecular  changes  it  suffers  a  gradual  loss  of 
elasticity.  In  such  a  mechanism  there  will  come  a  time 
when  "  winding  the  clock  up  "  will  no  longer  make  it 
run,  since  energy  can  no  longer  be  stored  in  the  spring. 
We  may  imagine  this  loss  of  elasticity  to  develop  grad- 
ually, giving  stages  that  may  be  roughl,y  compared  to 
the  periods  of  life.  To  carry  out  the  simile,  it  is  the 
food  we  eat  and  the  ox_ygen  we  breathe  that  take  the 
place  of  the  winding  force.  In  consequence  of  a  slowl_v 
developing  molecular  change  in  the  organism,  this  energy 
is  less  efficiently  utilized  as  the  individual  grows  older. 
The  clock  runs  more  feebly  aud  needs  relatively  more 
frequent  winding,  until  at  last  the  elasticity  is  gone,  the 
power  of  assimilation  is  insufficient,  and  we  have  what 
we  call  natural  death.  In  complex  organisms  like  our- 
selves this  failure  of  assimilation  may  come  first  to  some 
one  organ,  such  as  the  heart  or  the  nervous  system,  and 
through  its  collapse  the  organism  as  a  whole  cea.se  to 
exist.  In  the  nature  of  the  case  natural  death  cannot 
come  to  every  organ  of  the  body  at  the  same  time,  so 
that  the  death  of  a  portion,  perhaps  from  the  standpoint 
of  weight,  the  larger  portion  of  the  body,  must  always 
be  accidental,  as,  for  example,  from  a  shutting  off  of  tiie 
blood  supply  due  to  natural  deatli  of  the  heart.  But  this 
consideration  does  not  affect  the  general  conception  ot 
the  liability  of  all  the  organs  to  a  similar  fate.  RighUy 
or  wrongly,  it  is,  or  has  been,  a  wellnigh  universal  belief 
that  every  organism  and  every  bit  of  living  nialter  in  an 
organism  has  only  ii  limited  duration  of  life,  no  matter 
how  favorable  the  external  conditions  may  be. 

In  striking  opposition  to  this  view,  Weissmaun,  in  a 
recent  scncs  of  essays  upon  the  duration  of  life,  lias  at- 
tempted to  demonstrate  the  essential  immortality  of  liv- 
ing matter,  or,  in  other  words,  to  show  that  ileath  is  n.il 
an  inherent  necessity  of  life,  but  an  ac(|uisitiou  or  adap- 
tation on  the  part  of  living  things.  These  <.ssavs  have 
aroused  a  widespread  interest  anil  discussion  anion-  binl,,- 
gists,  and  are  probably  the  most  important  speculations 
ot  recent  times  upon  the  origin  and  meaning  of  death 
Weissniann  cari'ies  the  problem  back  to  the  lowest  forms 
|>t  lite,  the  unicellularorganismsiir  protozoa.  AVhatever 
!K.imf^r^'"r  l'^  *","-■  "f  t'l'-'m  must  l,e  looked  upon  as 
l>euig  01  as  having  been  true  for  living  things  in  general 
since  modern  biological  .loctrines  tra?e  the^evolulion  of 


life  from  these  forms,  and  modern  morphology  has  de- 
monstrated that  all  complex  forms  of  life  are  in  fact  mere 
colonies  or  collections  of  unicellular  organisms.  If  we 
study  one  of  the  protozoa,  the  amffiba,  for  instance, 
wliich  has  always  been  taken  as  the  archetype  of  life,  we 
find  that  it  is  a  complete  cell ;  that  it  feeds,  and  assimi- 
lates, and  excretes;  that  it  increases  in  size,  and  finally 
reproduces  by  simple  fission,  forming  two  new  individ- 
uals, or  daughter  cells.  In  this  last  process  we  have  the 
disappearance  of  one  old  individual  and  the  formation  of 
two  new  ones,  nevertheless  there  is  no  death.  To  speak 
of  the  disappearance  of  the  parent  cell  as  an  example  of 
death,  as  .some  have  done,  is  a  mere  figurative  use  of  lan- 
guage. There  is  no  death  in  such  a  change,  because  as 
AVeissmann  puts  it,  there  is  no  corpse.  If  we  consider 
the  two  daughter  cells  produced  by  the  fission,  we  find 
not  only  that  they  are  similar  morphologically,  but  that 
each  of' them  has  pos.sibilities  of  growth  and  reproduction 
equal  to  those  shown  by  the  parent  form — there  is  appar- 
ently no  reason  why  such  a  process  should  not  go  on  in- 
definitely. Amoebae,  as  we  find  them  under  the  micro- 
scope, show  no  signs  of  old  age ;  the  daughter  cells  are 
not  less  capable  of  reproduction  than  is  the  parent  cell. 
It  is  permi.ssible  to  suppose  that  if  a  single  amoeba  were 
given  a  favorable  environment  it  would  in  time  produce 
an  infinite  number  of  descendants,  each  of  them  possess- 
ing in  turn  the  same  unlimited  possibilities  of  multiplica- 
tion. This  is  precisely  the  hypothesis  that  Weissmaim 
makes  when  he  says  that  living  matter  is  potentially 
immortal.  It  is  an  alternative  hypothesis  to  the  one  usu- 
ally adopted,  and  Weissmanu's  contribution  to  the  sub- 
ject comes  not  so  much  from  his  adojition  of  this  view 
as  from  the  application  he  makes  of  it  in  considering  the 
higher  forms  of  life  iu  which  death  is  an  indisputable 
reality.  Weissmann's  theoiy  of  the  origin  of  death 
among  the  metazoa  is  developed  directly  from  his  hypoth- 
esis that  living  matter  was  originally  incapalile  of 
natural  death.  His  direct  statement  that  the  .simplest 
unicellular  forms  of  life  to-day  probably  retain  this  piimi- 
tive  constitution  of  protoplasm  has  not,  however,  passed 
unchallenged.  Maupas  has  made  an  experimental  test 
of  the  statement  in  some  very  interesting  observations. 
He  set  himself  to  observe,  throughout  an  extended  period, 
certain  unicellular  animals  when  placed  under  the  ino.st 
favorable  conditions  for  growth  and  multiplication.  The 
infusoria  were  chosen  for  experiment.  After  making 
careful  observations  upon  the  best  couditions  of  tempera- 
ture aud  food,  an  individual  was  selected,  placed  upon 
a  microscopic  slide  in  a  suitable  moist  chamber,  and  kept 
under  the  most  favorable  conditiims  ]iossible  fen-  propa- 
gation. A  faithful  record  was  kept  each  day  of  the  in- 
crease in  number,  through  multiplication  by  division,  of 
the  specimen  chosen  for  study.  After  the  increase  had 
reached  some  hundreds  of  individuals,  one  of  them  was 
again  isolated  and  allowed  to  multiply,  and  so  on  until 
unmistakalile  signs  of  what  he  calls  a  senile  degeneration 
became  apparent  in  the  offspring.  His  experiments 
lasted  for  a  variable  time.  In  no  case  were  the  observa- 
tions carried  over  less  than  fourteen  days,  and  in  the  case 
of  stylonichia  pustulata,  upon  which  the  most  careful 
experiments  were  made,  the  successive  progenj^  were  cul- 
tivated for  nearly  five  months. 

The  rate  of  growth  in  some  of  the  species  was  incredi- 
bly fast.  JIaupas  estimates  that  iu  six  aud  one-half  days 
a  single  stylonichia,  at  a  temperature  of  25°  to  2(3°  C., 
might  produce  b_v  repeated  fissions  a  body  of  protoplasm 
weighing  1  kgm.,  and  in  thirty  days  a  mass  of  proto- 
l>lasm  a  million  times  larger  than  the  sun.  He  was  able 
to  oliserve  that  after  a  certain  number  of  generations  the 
progeny  began  to  show  signs  of  a  physiological  decline,  i 
The  new  animals  formed"  were  smaller  than  normal, 
seemed  weaker,  were  not  so  well  ]irovided  with  cilia,  aud 
I  he  nuclei  conlained  withiu  them  gave  raicroscoi>ical  evi- 
dence of  pathological  changes.  Jlaupas  looks  upon  this 
result  as  proof  of  a  genuine  senility  which  would  hav( 
resulted — had  the  process  of  isolation  been  continued 
sufiicieutly  long- in  the  natural  death  of  all  the  descend- 
ants, despite  the  most  favorable  conditions  for  living. 
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After  a  colony  began  to  show  signs  of  old  age  he  found 
that  if  one  of  the  animals  was  taken  out  and  mixed  with 
another  lot  having  a  dilTcrcnt  ancestry,  conjugation  took 
place.  The  weakened  infusorian  united  sexually  with 
one  of  the  more  youthful  forms,  and  rejuvenescen'cc  was 
thereby  secured.  The  descendants  of  this  pair  multiplied 
again  with  the  original  vigor  and  gave  rise  to  normal 
healthy  offspring.  AVeissmann  takers  excepticni  to  these 
experiments.  The  infusoria  are  the  most  liighlv  (level 
oped  of  the  unicellular  animals,  showing  a  marked  degeo 
of  specialization  of  structure.  Furthermore,  they  are 
known  to  conjugate  at  certain  periods  in  their  life  his- 
tory. A  pair  will  come  together  and  exchange  a  iiorti(.m 
of  their  nuclear  material,  after  whicli  cacli  begins  to  mul- 
tiply by  simple  fission  with  renewed  vigor  for  a  certain 
undetermined  period.  It  may  be  tJiat  in  so  highly  a  dif- 
ferentiated form  the  primitive  reproductive  power  of 
protoplasm  has  been  specialized  in  a  particular  structure 
of  the  cell,  as  in  the  higher  animals  it  has  been  reserved 
only  to  the  germ  cells ;  so  that  in  this  regard  the  infusoria 
might  be  classed  with  the  metazoa  ratjier  than  with  the 
protozoa.  jNIoreover,  it  may  be  doubted  whether  JIa.upas 
really  kept  his  captive  infusoria  inider  perfectly  normal 
conditions.  Outside  the  mere  cjuestion  of  food  the  possi- 
bility of  not  retaining  a  perfectly  normal  balance  in  the 
inorganic  constituents  of  the  medium  suggests  itself  at 
once.  lu  some  more  recent  experiments  of  the  same 
character  reported  by  Joukowsky  results  more  favorable 
to  Weissmann's  views  were  obtained.  Joukowsky  used 
several  species  of  infusoria.  His  method  was  to  isolate 
an  individual  in  a  moist  chamber  and  feed  it  carefully. 
After  several  days  this  individual  by  fission  had  given 
rise  to  a  colony  of  perhaps  sixtj'  to  one  himdred  olf  spring. 
One  of  these  was  then  isolated,  treate<l  in  the  same  wa}', 
and  this  process  was  kept  up  in  some  cases  foi-  many 
months.  His  most  striking  results  were  obtained  with 
pleurotrichia  lanceolata,  which  he  observed  during  eight 
months  and  through  four  hundred  and  fifty -eight  gen- 
erations. During  this  time  no  conjugations  were  seen, 
and  no  signs  of  degeneration  or  senescence,  such  as 
Maupas  described,  were  noticed.  Granting,  however, 
that  no  exception  can  be  taken  to  the  experiments  as 
made  by  Maupas,  and  that  his  results  are  correct,  Weiss- 
mann  contends  that  in  the  more  primitive  forms,  in  which 
reproduction  is  always  by  simple  fission  and  anything 
approximating  sexual  conjugation  is  unknown,  his  fun- 
damental hypothesis  must  stiU  be  true— death  can  occur 
only  by  accident,  and  not  by  natural  decay.  In  the 
amoeba',  bacteria,  and  similar  forms  of  life  no  conjuga- 
tion has  been  discovered.  While  the  condirions  of  life 
are  favorable,  growth  and  multiplication  go  steadily 
on.  When  the  conditii.ms  of  life  are  unfavorable— 
e.g.,  when  moisture  is  withdrawn  —  foi'ms  like  the 
araceba  may  become  encysted  and  cease  to  show  the 
properties  of  living  matter  until  more  favorable  con- 
ditions prevail.  Gotte  has  seized  tipon  this  process  of 
encystment  as  the  equivalent  of  death,  but  we  shall 
speak  of  the  theory  of  this  author  after  AVeissmann's 
theory  has  been  stated. 

Let  us  assume  that  Weissmann  is  right  in  his  funda- 
mental hypothesis,  and  that  the  first  forms  of  life  were 
potentially  immortal,  as  the  simplest  forms  of  life  are  to- 
day. Wliat,  then,  has  become  of  that  immortality  in  or- 
ganisms like  ourselves?  What  was  the  origin  of  death? 
Weissmann  makes  the  supposition  that  in  the  higher  ani- 
mals we  have  two  kinds  of  living  matter,  one  composing 
the  mass  of  the  body,  which  unciuestionably  is  subject 
to  a  natural  death,  and  one  composing  the  reproductive 
cells,  which  is  evidently  possessed  of  potential  immortal- 
ity, since  if  fertilized  and  kept  under  proper  conditions 
it  will  give  rise  to  an  infinite  number  of  descendants. 
The  former,  the  mortal,  he  speaks  of  as  somatoplasm,  the 
latter,  the  immortal,  as  germ  plasm.  Furthermore,  he 
supposes  that  the  germ  plasm,  constituting  the  reproduc- 
tive cells  in  any  individual,  is  directly  derived  from  the 
fertilized  ovum  from  which  that  individual  developed. 
The  fertilized  ovum  is  a  single  cell;  by  cell  divtsion  it 
multiples  a  billion-fold  and  more  to  make  the  body.     Ot 


this  infinite  number  ot  cells  those  which  make  up  the 
muscles,  skin,  etc.,  although  directly  derived  from  the 
ovmu,  have  become  specialized  physiologically  as  well 
as  mf)rphologically  to  fit  them  for  the  peiiormance  of 
their  special  functions,  and  at  the  same  time  they  have 
lost  the  potential  power  of  immortality  which  character- 
ized the  germ  jiUism  of  the  ovum.  But  among  this  in- 
finite number  of  cells  there  are  always  certain  ones  that 
do  not  undergo  specialization;  they  remain  like  the  ovum 
from  which  they  were  formed;  they  retain  a  |>orlion  of 
tlie  germ  plasm  with  its  powers  of  immortality,  and  these 
cells  become  the  ova  and  spermatozoa  from  which  new 
organisms  may  be  developed  in  turn.  If  we  carry  back 
this  conception  thi-ough  the  line  of  ancestral  form's  from 
wdiich  man  has  been  developed,  it  involves  tlie  idea  that 
the  germ  plasm  lias  lieen  actually  continuous  throui^hout 
the  history  of  living  things,  and  that  it  represents  tlie 
immortal  protoplasm  of  the  unicellular  forms  from  which 
the  metazoa  were  evolved.  This  is  the  doctrine  that  goes 
by  the  name  of  the  "continuity  of  the  germ  plasm,"  and 
in  the  form  in  which  it  is  presented  makes  one  of  the 
most  original  contriliutions  given  to  biology'  within  re- 
cent years.  The  question  as  we  have  it  before  us  now 
maybe  stated  in  this  way:  The  unicellular  forms  are 
potentially  immortal;  the  many-celled  animals  contain  an 
immortal  germ  plasm  and  a  mortal  somatoplasm,  and  yet 
the  many-celled  animals  have  been  directly  derived  from 
the  unicellular  forms.  In  tlie  first  many -celled  animals 
produced,  the  different  cells  must  have  had  similar  prop- 
erties; tliej' must  all  have  been  equivalent  to  reproduc- 
tive cells.  But  subsequently,  after  specialization  of 
structure  and  physiological  division  of  labor  had  become 
established,  it  happened  that  the  vast  majority  of  the 
cells  of  the  bod3',  all  those  in  fact  that  had  undergone 
ditt'erentiatiou  in  structure  and  function,  lost  the  power 
of  perfect  nutrition,  and  became  subject  to  old  age  and 
death.  Upon  what  biological  grounds  can  we  explain 
this  variation?  Weissmann  refers  it  to  the  operation  of 
the  law  of  natural  selection,  and  states  his  theory  briefly 
in  sayin,g  that  death  is  an  adaptation,  acquired  because 
of  its  utility  to  the  race  on  the  one  hand,  and,  on  the 
other  hand,  because,  after  the  lieginning  of  a  differentia- 
tion in  function  among  the  cells,  the  j^ossession  of  im- 
mortality by  all  the  cells  was  no  longer  of  any  value  to 
the  race,  and  therefore  was  not  brought  under  the  pre- 
serving influence  of  natural  selection. 

With  reference  to  the  first  of  these  reasons,  the  utility 
of  death  to  the  race,  it  must  be  borne  in  mind  that  the 
operation  of  the  law  of  natural  selection  is  directed  en- 
tirely toward  the  perpetuation  of  the  species.  Anything 
that  endangers  this  perpetuity  will  be  discarded,  and  the 
duration  of  life  of  the  individual  is  a  point  worth  fight- 
ing for,  or  against,  only  in  so  far  as  it  influences  the  ■ 
struggle  for  existence  of  the  species.  If  natural  death 
had  not  appeared,  and  creatures  could  have  been  de- 
stroyed only  by  fatally  adverse  changes  in  their  environ- 
ment, then'we  may  imagine  that  ever}-  species  would 
have  been  burdened  in  "its  fight  for  existence  by  in- 
dividuals whose  physical  value  had  been  impaired  by 
previous  minor  accidents,  such  as  loss  of  limbs,  etc. 
There  would  have  lieen,  from  the  pitiless  standpoint  of 
natural  selection,  many  useless  mouths  to  feed.  Weiss- 
mann was  inclined  in 'his  first  essays  to  lay  great  stress 
upon  this  point,  but  in  later  years  he  emphasized  chiefly 
the  second  of  the  reasons  given  above,  namely,  that  im- 
mortality was  lost  to  the  non-reproductive  cells  because, 
being  of  no  direct  value  in  the  perpetuation  of  the  spe- 
cies it  was  not  acted  upon  and  preserved  by  natural 
selection.  The  tendency  of  structures  to  retrograde  and 
disappear  wdien  tlieir  value  to  the  species  becomes  nil, 
even  though  tliev  may  not  lie  actively  injurious  or  bur- 
densome, becaus'e  natural  selection  no  longer  acts  to  pre- 
serve them,  is  something  of  a  new  idea  in  biology. 
Weissmann  attaches  great  importance  to  it,  and  has  coined 
for  it  the  term  iianmixia.  A  simple  example  of  Its  action 
is  seen  in  the  absence  of  eyes  in  the  cave-inhabiting  ani- 
mals Many  of  the  Crustacea  living  in  the  dark  caves 
have  lost  their  eyes— by  panmixia,  Weissmann  would 
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sav  tliat  is,  in  their  peculiar  environment  tlieir  eyes  are 
no  longer  of  use,  and  tliey  liave  therefore  degenerated 
and  disappeared,  in  the  course  of  generations,  by  the 
laclv  of  the  direct  preservative  influeuce  ot  natural  selec- 
tion So  Weissmann  tliinlis  tliat  the  original  immortal- 
ity of  living  matter  became  lost  to  the  non-reproductive 
cells  in  the"  many-celled  animals  because,  being  of  no 
value  to  the  species,  indeed,  on  the  contrary,  threatening 
the  species  with  an  unnecessary  burden,  natural  selection 
let  it  alone.  To  the  writer's  mind  this  kind  of  argument, 
indeed  the  whole  idea  of  panmixia,  seems  to  be  very 
incomplete,  it  lacks  all  suggestion  of  a  specific  cause.  In 
physiology  we  are  familiar  with  many  examples  of  retro- 
gression of  structure  following  upon  disuse.  A  muscle 
or  gland  thrown  out  of  function  by  severance  of  its 
motor  nerve,  or  a  nerve  cell  cut  off  from  its  normal  con- 
nections, atrophies  from  disuse.  But  the  explanation 
given  is  specific  to  the  extent  that  it  refers  the  atrophy 
to  an  altered  metabolism.  Functional  activity  in  spe- 
cialized tissues  seems  to  be  necessary  for  their  normal 
metabolism,  and  lack  of  activity,  as  in  the  paralyzed 
.muscle,  is  followed  by  a  perverted  metabolism  that  re- 
sults in  the  destruction  of  the  tissue.  In  the  same  way 
the  loss  of  perfect  nutrition  in  the  somatoplasm  might 
readily  be  referred,  as  in  Weissmann's  first  explanation, 
to  an  altered  metabolism  that,  arising  spontaneously,  was 
subsequently  preserved  by  natural  selection,  because  it 
proved  advantageous  to  the  species. 

Many  eminent  biologists  have  found  a  logical  difficulty 
ia  understanding  how  from  cells  originally  immortal  cells 
that  were  mortal  could  have  been  derived  by  differentia- 
tion of  any  kind.  They  bold  that  natural  selection  can 
operate  only  upon  a  structure  that  exists,  it  cannot  create 
a  thing  outright.  If  living  matter  was  all  originally  im- 
mortal, how  could  natural  selection,  by  negative  or  posi- 
tive action,  produce  mortalitj',  if  in  some  degree  this  lat- 
ter ]3roperty  was  not  already  inherent  in  living  matter. 
As  one  of  the  objectors  (St.  George  Mivart)  puts  it,  the 
difficult_y  is  to  understand  the  first  step,  the  beginning  of 
something  from  nothing.  Objections  of  this  kind  are  of 
course  fallacious;  it  is  curious  that  they  should  have  been 
seriously  made  by  eminent  men.  The  words  mortality 
and  immortality  do  not  stand  for  definite  things;  they 
are  not  substances  or  entities,  or  whatever  term  of  this 
kind  one  may  choose  to  use.  On  the  contrarj',  they  are 
in  this  case  merely  convenient  phrases  to  express  thekind 
of  nutrition  going  on  in  living  things,  whether  it  is  self- 
perpetuating  or  self -limiting.  They  are  properties  that 
are  eounected  with  the  physical  or  chemical  structure  of 
living  matter,  and  this  latter  is  a  thing  that  deies  exist 
and  may  be  acted  upon  and  modified  by  natural  selection 
in  many  ways.  Weissmann's  conception  of  an  early  dif- 
-  ferentiation  in  the  developing  embryo  of  a  somatoplasm 
and  a  germ  plasm  has  not  seemed  to  meet  with  favor  in 
the  eyes  of  many  competent  biologists.  These  have 
claimed  that  in  the  early  segmentation  of  the  ovum  the 
separate  cells  that  are  formed  are  essentially  equivalent ; 
that  a  complete  embryo  may  be  formed  fi'om  a  half  or 
quarter  of  tlie  egg,  and  that  the  nuclei  first  arising  may 
be  changed  about  experimentally  "like  a  heap  of  billiard 
balls"  without  altering  the  course  of  development.  In 
thus  denying  that  the'  orderly  course  of  development  is 
controlled  entirely  from  within,  by  a  system  of  ditferen- 
tiatmg  divisions  of  the  ovum,  these  authors  are  led  to 
lay  more  stress  upon  what  may  be  called  external  forces 
As  Hertwig  expresses  it;  "I  regard  the  divergent  differ- 
entiation of  cells  as  a  reaction  of  the  organic  material  to 
unlike  impelling  forces."  This  point  of  view  wmild 
seem  to  be  incompatible  with  the  conception  of  a  eou- 
tinuity  of  the  germ  plasm,  and  it  has  been  said  with 
much  force  that  the  truth  of  this  latter  hypothesis  has 
not  been  actually  demonsti'uted.  However,  ihose  who 
oppose  Weissmann's  views  become  involved  themselves 
in  numerous  uudemotiRtrute.l  assumpti,„is,  and  seem 
often  to  miss  the  physiologieul  truism  that  eontiniiity  of 
iving  matter  does  not  imiily  an  unehauging  organiza- 
tion, but  rather  a  perpetuity  of  nutriti.m,  a  perfect  nietab- 
ohsm  whereby  waste  is  completely  repaired,  sencscvnce 
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is  made  impossible,  and  death  is  conceivable  only  as  the 
result  of  accidental  causes. 

In  accepting  or  refusing  Weissmann's  theory  of  the 
origin  of  death,  everything  seems  to  depend  upon  the 
validity  of  his  fundamental  hypothesis  with  regard  to  the 
absence  of  natural  death  among  the  primitive  forms  of 
life.  If  we  admit  that  there  are  simple  organisms,  such  as 
the  bacteria  or  the  amoeba?,  that  do  not  propagate  by  con- 
jugation or  by  any  method  of  multiplication  other  than 
simple  fission,"it  would  seem  logically  impossible  for  such 
a  species  to  be  perpetuated  unless  its  protoplasm  is  ex- 
empt from  senility.  If  we  do  not  accept  this  solution, 
then  we  must  suppose  either  that  there  is  some  kind  of 
sexual  rejuvenation  that  has  not  yet  been  discovered  in 
these  particular  forms,  or  that  there  is  some  process  of 
molecular  rejuvenation  occurring  at  periods  in  the  life 
history  of  such  forms  that  brings  the  living  substance 
back  to  its  primitive  constitution  and  nutritive  vigor. 
Gijtte  has  clearly  recognized  this  necessity,  and  has  pro- 
posed a  theory  that  is  logicall.y  acceptable.  According 
to  GiJttc,  death  is  a  necessity  immanent  in  life.  As  re- 
gards the  unicellular  forms  of  life,  he  avoids  the  difficulty 
that  has  just  been  described  by  assuming  that  the  process 
ot  encystment  is  the  death  of'the  old  individual  and  the 
beginning  of  a  new  one.  Encystment,  of  course,  is 
known  to  occur  among  the  unicellular  forms.  During 
the  process  the  visible  evidences  of  life,  sucli  as  move- 
ment, come  to  an  end,  to  be  renewed  again  after  a  certain 
period,  or  under  more  favorable  conditions.  Gotte  be- 
lieves that  during  the  encystment  a  change  of  molecular 
structure  takes  place.  There  is  first  a  dissociation  or  dis- 
solution, which  is  an  actual  death,  ina.smuch  as  the  prop- 
erties of  living  matter  are  lost.  This,  however,  is  suc- 
ceeded by  a  stage  of  reconstruction  w  ith  the  formation 
of  new  protoplasm  possessed  of  the  primitive  powers  of 
a.s.similation,  and  capable  of  developing  and  multiplying 
for  a  certain  period.  This  is  obviouslj'  an  hypothesis 
that  it  is  practically  impassible  to  test  by  chemical  in- 
vestigations. To  the  physiologist  it  will  probably  not  be 
acceptable  on  theoretical  grounds  because  of  the  dilHculty 
of  conceiving  how  matter  once  in  the  dead  form  can  again 
pass  into  the  living  form,  as  the  result  of  spontaneous 
molecular  activities,  and  without  the  aid  of  an  exciting 
or  liberating  force.  Dead  matter,  as  we  know  it.  is  con- 
verted into  the  living  form  only  by  the  process  of  assimi- 
lation on  the  part  of  matter  already  living,  whereas  the 
hypothesis  of  Gotte  calls  upon  us  to  believe  that  the 
transition  maj'  take  place  by  virtue  of  the  iutermolecular 
movements  in  the  dead  matter  itself.  Encystment,  then, 
according  to  the  theory  of  Gotte,  represents  at  the  same 
time  the  primitive  form  of  natural  death  and  the  primi- 
tive method  of  reproduction.  As  themetazoa  have  been 
derived  from  the  unicellular  forms,  he  further  assumes 
that  among  the  former  Iioth  natural  death  and  reproduc- . 
tion  have  been  acquired  by  direct  inheritance.  As  in 
the  protozoa  reproduction  and  death  stand  in  a  causal 
relationship,  so  in  the  simpler  forms  of  inetazoa,  e.g.,  in 
the  orthonectida',  this  connection  is  still  maintained,  in- 
asmuch as  the  liberation  of  the  ova  results  in  the  death 
of  the  individual.  Among  the  higher  forms  the  relation- 
ship between  reproduction  and  death  is  not  so  evident, 
though  the  theoiy  demands  always  a  causal  connection 
between  the  t^yo  ]"irocesses. 

It  will  be  evident  from  this  brief  statement  of  Gotte's 
views  that  he  differs  from  Weissmann,  not  only  in  his 
belief  of  the  necessity  and  universality  of  death,  'but  also 
in  respect  of  the  discontinuity  of  life.  Among  the  pro- 
tozoa, that  propagate  by  encystment,  bis  theory  denies 
that  the  new  individual  is  directly  sprung  from  the  living 
substance  of  the  parent  cell.  On  the  'other  hand,  the 
general  belief  has  lieen  that  in  some  way  the  continuity 
of  life  is  maintained.  Darwin's  theoiy  of  pangenesis, 
which  was  formulated  to  explain  the  phenomena  of 
heredity,  implies  a  e(uitinuity  of  living  matter  bet^yeen 
parent  and  child.  It  will  be  remembered  that  in  this 
theoiy  the  ova  and  spermatozoa  are  supposed  to  contain 
minute  germs,  gemniules,  thrown  off  from  the  different 
cells  of  the  body  and  collected  in  the  germ  cells.     Under 
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the  propel-  physiological  stinnilation,  the  ni'iiiniules  ilc- 
vi'lop  into  organs  like  those  from  which  tliey  were  de- 
rived. The  gemmules  must  be  regarded  as  living  mat- 
ter; hence  the  theory  implies  a  direct  carrying  over  of 
living  substance  from  parent  to  child,  a  eoiilinuity  of 
living  matter  at  least.  In  contrast  with  this  the  tli'eory 
(if  Weissmann  supposes  a  direct  continuity  of  genii 
jilasni,  the  essential  part  of  the  germ  cells  of  tlie  child 
being  an  actual  portion  of  the  germ  protoiihism  of  the 
reiiroductive  cells  of  the  parents.  The  immortality  of 
the  germ  plasm  and  the  direct  continuity  of  the  g'erni 
plasm  are,  then,  the  fundamental  parts  of  "Weissmann 's 
theory,  and  his  hypothesis  of  the  origin  of  death  as  re- 
gards the  somatoplasm  follows  naturally  if  we  aceeiit 
these  premises.  It  will  be  observed,  how'uver,  that  Dar- 
win's pangenesis  theory  may  also  be  regarded  as  imiil_y- 
ing  the  essential  immortality  of  the  mat:erial  eoniposiiig 
the  germ  cells,  although  neither  Darwin  himself  nor 
those  who  have  made  use  of  his  theory  have  ever  made  a 
specific  statement  of  this  kind. 

In  the  older  treatises  upon  the  nature  of  death  a  dis- 
tinction was  often  made  between  molecular  death  and 
somatic  death.  The  former  teim  was  meant  to  include 
those  changes  of  disassimilation  or  katabolism,  to  use  a 
more  modern  word,  which  are  sup]ioscd  to  be  in  play  in 
every  bit  of  living  matter,  and  to  lead  to  the  foi'ination 
of  dead  waste  material,  such  as  urea,  carlion  dioxide,  and 
water.  Somatic  death  was  used,  as  it  is  at  the  present 
time,  to  describe  the  final  cessation  of  all  vital  activities 
in  the  body  at  large.  It  was  supposed  that  we  had  here 
the  production  of  deail  from  living  matter  Ijy  two  entirely 
dilfereut  methods.  The  term  molecular  death  is  obvi- 
ously an  unhappy  one,  and  has  fallen  into  disuse,  al- 
though it  is  possible  that  it  is  an  accurate  statement  of 
what  takes  place.  The  essential  nature  of  the  physiolog- 
ical oxidations  which  lead  to  the  formation  of  the  prrid- 
ncts  of  disassimilation  is  at  present  a  subject  of  discussii  m, 
and  will   probably 

remain  so  for  a  long  ^ 

time.    Treating  the  Muse 

subject  in  the  most 
general      way,      it  '  '^•-, 

seems  evident  that 
i  n     disassimilation 
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oil,  and  lo.st  from  the  cell  as  ilead  material,  while  the 
remainder  of  the  molecule  reconstructs  itself  from  the 
food  material  of  the  cell  jnices  into  the  originally  com- 
plex molecule  of  living  matter.  This,  in  fact,  is  the 
hyiiothesis  of  physiological  oxidation  which  has  been 
proposed  by  Pfliiger  with  special  refei'enee  to  the  metab- 
olisms of  muscle  during  functional  activity.  Ilis  the- 
oretical views  have  much  to  recommend  theiu,  and  some 
account  of  them  is  usually  given  in  the  text -books  of 
physiology.  *    "  ])/.  J],  U„,r,:ll. 
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for  the  sake  of  simplicity,  we  conhm 
our  attention  to  a  single  cell,  then  it 
is  possible,  on  the  one  hand,  that  the 
formation  of  the  wastes  of  nutiition  is 
brought  about  by  the  actual  death  and 
disintegration  of  portions  of  the  c^to 
plasm,  their  places  being  supplied  by 
new  living  material  formed  m  othei 
parts  of  the  cytoplasm  or  in  the  nucleo 
plasm.  Or,  on  the  other  hand  it  is 
equally  possible  that  in  normal  disas 
similation  no  single  living  molecule 
undergoes  total  destruction.  The  proc- 
ess of^  dissociation  may  be  such  that 
only  a  portion  of  the  molecule  is  split 


v^ 


Fig  IJTi  — Uteiusab(mt  FoiH  Da^sAil- 
^anced  in  Pietnim  v  (Ate  r  (  oste  ) 
V"M  Musiulaiis.ni  dindua\era, 
D  Kt,  lie.  idui  leUexi  III  11^ an  , 
{)v<}.  Fallopian  tube  ;  Lui.  round  liga- 
ment ;  Ti/,  vagina.  The  uterus  has 
been  opened  by  cutting  through  the 
anterior  wall,  and  reflecting  the  sides. 
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unih  r  the  iuHuence  of  pregntiiicy,  has 
undergone  marked  changes  to  fit  it  for 
the  implantation  and  nutrition  of  the 
ovum  It  owes  its  name  to  the  fact  that 
It  is  cast  off  after  labor.  The  older 
y\  liters  usually  distinguished  between 
the  deoidua  of  menstruation  and  that  of 
piegnancy ;  but  as  the  most  recent  work 
u]iou  menstruation  has  shown  that  only 
a  minimal  portion,  if  any,  of  the  endo- 
metuum  is  east  off  at  that  time,  the  eni- 
lilovment  of  the  former  term  does  not 
appear  to  be  justified. 

We  are  not  able  to  state  exactly  when 
the  decidual  formation  commences,  but 

383 


REFERENCE   HANDBOOK   OF   THE  MEDICAL   SCIENCES. 


Deoldiia. 
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J^^j^^^^^^^i^^l^  immediately  after  the  fertilization  of 
he  ovm  as  fairly  well-marked  decidme  were  present 
fu  Irl  d'escribed  by  Peters  and  Leopold  -1'-  '   -;^- 

respectively  three  and  seven  days  pregnant  L  nder  c 
Xence  of  pregnancv,  whelher  occurring  ,n  the  uterus 

o7tu  es,    the   smooth-,    velvety   endometrium    becomes 


Fig.  1578.— Semi-DiaKramiimtic  Outline  of  an  Antero-Posterlor  Section 
ot  theGravidUtprusaiiil  (iviini  of  Fivp  Weelfs.  (After  Allen  Thom- 
son.) a,  Anterior  surfare ;  j/,  posterior  surface  ;  ni,  inuscularis;  [/, 
inner  margin  of  uietaiiKirplio.seil  unicosa;  s  to  .s-,  ai'ea  of  'lt:ci'}ii't 
.M-roh'im;  all  the  parts  of  the  mucosa  adherent  to  the  uterine  walls 
not  in  the  area  ot  the  serotina  constitute  the  dccirlua  vera;  cli, 
chorion,  within  which  is  the  embryo  enclosed  In  the  amnion,  and 
attached  to  the  walls  of  the  chorion ;  appended  to  the  emhryo  is  the 
lonti-stalked  yolk  sac;  the  chorion  Is  covered  in  by  the  arching  ex- 
tension of  the  mucosa,  which  is  the  decidua  refiexa,  i\  r. 

markedly  thicker  and  its  surface  marked  Ijy  ntimerons 
irregular  furrows  which  give  it  a  mammillated  aj)- 
pearance,  and  under  the  magnifying  glass  numerous 
small  openings  can  be  distinguished,  which  represent  the 
mouths  of  the  uterine  glands.  The  decidual  formation 
is  limited  to  the  body  of  the  uterus  and  does  not  extend 
below  the  internal  os;  though  in  rare  instances,  as  stated 
by  Franque  and  von  Weiss,  isolated  decidual  cells  may 
be  found  beneath  the  epithelium  of  the  cervical  canal. 

It  is  customarvto  de.scribe  the  decidua  as  consisting  of 
three  portions:  the  general  lining  of  the  cavity  of  the 
uterus — the  decidua  vera;  the  portion  immediately  be- 
neath the  ovum — decidua  serotina;  and  the  portion  sur- 
rounding the  ovum  and  shutting  it  off  from  the  rest  of 
the  uterine  cavity— the  decidua  reflexa  (Figs.  1577  and 
1578).  The  terms  retiexa  and  serotina  date  from  the 
time  of  William  Himter.  In  the  explanatorv  text  to  his 
Atlas,  wliich  was  edited  by  his  brother  Jolin  and  Mat- 
thew Baillie,  it  was  stated  that  the  decidua  irpresented 
a  fibrinous  exudate  from  the  lining  membrane  of  the 
uterus,  which  formed  a  comjjlutc  cast  of  its  cavity  and 
completely  covered  the  tubal  openings.  Accordingly, 
when  the  fertilized  ovum  reached  tlie  uterine  end  of  the 
ttibe,  it  found  its  'passage  opposed  by  the  decidua  vera, 
which  it  was  obliged  to  invaginate  before  it  in  order  to 
gam  access  to  the  uterine  cavity,  whence  the  term  "re- 
tiexa. By  the  pushing  forward  of  this  structure  the 
portion  of  uterus  liehind  it  became  denuded  of  ilecidua 
and  a  new  membrane  was  developed  at  that  point  which 
was  designated  as  the  new  (,r  serotiual  decidua,  t,i  which 
the  ovum  became  attached 


This  conception  of  the  decidua  was  maintained  until 
1840,  when  Weber  and  Sharkey  demonstrated  that  it  con- 
tained glandular  structures,  wdiich  they  identified  with 
uterine  glands.  This  being  the  case,  it  became  necessary 
to  explain  the  formation  of  the  decidua  reflexa  ma  differ- 
ent manner,  and  it  was  suggested  that  the  ovum,  upon 
reaching  the  uterus,  found  its  entire  cavity  lined  by  de- 
cidua vera,  to  which  it  became  attached  at  a  point  some- 
where in  the  neighborhood  of  the  fundus.  Immediately 
afterward  the  vera  began  to  proliferate  and  form  a  wall 
around  the  ovum,  which  gradually  increased  in  height 
until  it  completely  encapsulated  it.  Notwithstanding 
this  change  of  view,  the  terms  reflexa  and  serotina  were 
retained  until  1895,  when  His  suggested  that  they  be  re- 
placed liy  the  terms  capsularis  and  basalis  respectively. 

We  are  indelited  to  the  work  of  Hegar  and  JIaier, 
Friedliinder,  and  Kundratand  Engelmann,  for  our  earlier 
knowledge  concerning  the  microscopical  structure  of  the 
decidua  vera.  Friedliinder,  in  1870,  pointed  out  that  it 
was  composed  of  two  layers;  a  compact  layer  adjoining 
the  ut(;rine  cavity,  and  a  spongy  or  glandular  layer 
ailjoiniiig  the  muscular  wall  of  the  uterus,  the  latter 
niakini;  up  the  greatest  thickness  of  the  membrane.  He 
showed  that  the  former  was  composed  of  large,  round. 
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Fifi.  ]r)79.— Decidua  Vera,  Fourth  Month.     X    16.     (From  Authc 
"Textbook  of  obstetrics,"  Appleton  ,.1i  Co.,  New  York,  19(.ll.) 

oval,  or  polygonal  cells,  with  largo,  lightly  staining  vesic- 
ular nuclei — the  decidual  cells;  while  the  latter  was 
made  uji  of  Ihe  dilated  and  hyperplastic  uterine  glands 
(Fig.  1570). 

The  decidua  vera  increases  markedly  in  thickness  dur- 
ing the  first  few  months  of  pregnancy,  and  by  the  end 
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of  the  fourth  month  hus  attaiut'd  a  tliickness  of  8  to  1(1 
mm.  After  this  period,  owing  to  tlie  marl^ed  increa.se  in 
the  size  of  tlie  uterus,  it  gradually  becomes  thinner,  so 
that  at  the  end  of  pregnancy  it  is  rarely  more  than  2 
mm.  thick.  Under  the  microscope  the  compact  layer  is 
seen  to  be  made  up  of  large,  round,  oval,  or  polygonal 


Fig.  Io80.— Section  through  Compact  Layfr  o(  Dei'KUia.   ,',420.     (From  Authors 

Apiiloton  &  Co.,  New  York,  i:«)l.) 


remains  intact  tliroughoiit  pregnancy,  and  fiom  it  the  cn^ 
dometrium  is  regenerated  after  laboi-.  In  many  iiislances 
the  formation  of  decidual  cells  is  almost  entirely  limited  to 
the  compact  layer,  while  tlie  stroma  Ijctween  the  (lilat(;d 
glanils  closely  resembles  that  of  the  non-pregnant  uterus 
Klein  directed  attention  to  the  fact  that  the  epilhelial 
cells  covering  the  surface 
of  the  decidua  gi'adually 
lose  their  cylindrical 
shape  and  become  ciihoid- 
al  and  even  flattened,  and 
soiij(  limes  resemble  endo- 
th(  li  d  cells.  He  consid- 
I  led  this  condition  quite 
as  chuacteristic  of  preg- 
nane} as  the  development 
of  the  decidual  cells 
themsf  Ives. 

Fig  15H()  represents  a 
section  through  the  com- 
pact layer  of  the  decidua 
veia  at  the  fourth  month, 
and  Fig.  1581  a  section 
tliiough  a  gland  and  its 
suiiounding  stroma  from 
a  non-pregnant  uterus, 
diawn  under  the  same 
magnification;  and  on 
comparing  them  it  is 
reaililj  seen  that  tlie  de- 
cidua differs  from  the 
non  pregnant  endo- 
metrium by  a  marked  in- 
crease in  the  size  of  tlie 
stroma  cells,  and  a  marked 


Textbook  of  Obstetrics, 


cells,  which  are  distinctly  epithelioid  in  appearance,  and 
possess  round,  vesicular  nuclei  which  stain  but  Hght!_y 
with  the  ordinary  reagents  (Fig.  1580).  When  the  tissue 
has  been  spread  apart  by  hemorrhage  or  a'dema,  or  in 
teased  specimens,  it  is  seen  that  many  of  the  cells  present 
a  stellate  appearance,  and  are  supplied  with  long  proto- 
plasmic processes  which 
anastomose  with  similar 
processes  from  neighbor- 
ing cells.  In  the  early 
months  of  pregnancy  the 
compact  layer  is  traversed 
by  the  ducts  of  the  uterine 
glands,  which,  however, 
graditally  disappear,  all 
trace  of  them  being  lost 
after  the  tliird  or  fourtli 
month. 

The  spongy  layer  is 
formed  by  the  distended 
and  hyperplastic  glands 
of  the  endometrium, 
which  are  separated  from 
one  another  by  a  minimal 
amount  of  stroma.  In 
a  good  many  instances 
the  glandular  hyperplasia 
is  so  marked  and  the 
.glands  assume  such 
irregular  shapes  that  this 
layer  suggests  an  adeno- 
ma in  appearance.  And  on 
several  occasions  I  have 
seen  competent  micro- 
scopists  diagnose  adeno- 
carcinoina  of  the  body  of 
the  uterus  from  the  nor- 
mal scrapings  obtained  by  curetting  the  pregnant  organ. 

In  the  early  months,  the  glands  of  the  spongy  layer  are 
lined  by  a  single  layer  of  characteristic  cylindrical  epithe- 
lium. This  gradually  becomes  more  cuboidal  in  shape  and 
undergoes  fatty  degeneration,  and  is  cast  off  in  great  part 
into  the  luniina  of  the  glands,  though  a  small  part  ot  it 
Vol.  III.— 25 


decrease  in  the  size  of  the  epithelial  cells. 

As  a  result  of  the  work  of  Hegar,  Maier,  Leopold,  Minot, 
and  manjr  other  observers,  it  is  now  generally  admitted 
that  tlie  decidual  cells  are  derived  from  the  stroma  cells 
of  the  endometrium,  and  are  therefore  of  connective-tissue 
origin.     The  change  consists  of  an  hypertrophy  of  the 


4iU      iFiom 
Textbook  of  Obstetrics,"  Appleton  ; 

rather  than  an  actual  increase  in  their 


Fio.,  1581.-Sectlon  ^^-^a.tjIarKl  ar^^Si^ 


pre-existing  cells, 

"""Thrconnectivc-tissue  origin  of  the  cells  in  question 
was  still  further  confirmed  bv  findin,g  that  similar  cel^ 
are  formed  in  the  stroma  ot  the  folds  of  the  tube  m 
tubal  pregnancy,  and  in    the  subperitoneal  connective 
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tissue  in  nornml  pregnancy.  For  Schmorl,  Kmpshlta, 
and  otliers  liave  sliown  in  women  dying  just  aftei  ctiUd- 
Mr  h  that  tlie  peritoneum  covering  tl.e  posterior  surtace 
0       e  uterus,  I^ouglas'  cul-de  sac,  and  tlie  anterior  sur- 


about  the  second  month,  when  it  is  from  3  to  3  mm. 
thiclc.  Sections  through  it  at  this  time  show  that  it  is 
made  up  of  typical  decidual  cells,  and  is  covered  on  its 
exterior  by  a  single  layer  of  flattened  or  cuboidal  epi- 


\c 


if' 


)if^'iS^ 


cc 


'«t''ATO..ej>.. 
A.C. 


lVm 


P  W  >PJ 


D, 


■'>. 


';  c.c. 


jj- 


V^V    '  ' 


*       >  'J         6 


■■         0»O    „ 


/       ' 


f?      0      'o       " 
0  9       . 


3     ' 


y-u.\Jv 


„    Hi.'    •>     t,  L.ep. 


fee. 


Fig.  1583.~Deciaua  and  Membranes  Outside  of  Placental  Site.    Am.cii.,  Amniotic  epithelium;  ^i.C,  amniotic,   connective  tissue;    C.  C, 
chorionic  connective  tissue ;  C.  ejj.,  chorionic  epithelium ;  Dec,  fused  decidua  vera  and  reflexa ;  1^,  degenerated  chorionic  villi. 


face  of  the  rectum,  is  frequently  studded  by  small  nod- 
ules, some  of  which  are  just  visible  to  the  naked  eye, 
wliile  others  are  1  or  2  mm.  in  diameter,  whicli  are  com- 
posed of  cells  which  do  not  differ  from  the  decidual  cells 
in  appearance,  and  are  undoubtedly  derived  from  the 
subperitoneal  connective  tissue. 

Before  their  true  nature  was  definitely  demonstrated, 
various  theories  were  advanced  as  to  the  origin  of  the 
decidual  cells.  Hennig  and  Langhans  believed  that  they 
were  derived  from  leucocytes;  Frommel  and  Overlach, 
from  the  uterine  epithelium,  and  Ercolani,  from  the  en- 
dothelium of  the  blood-vessels ;  but  at  present  these  views 
are  of  interest  only  from  an  historical  stand]ioint. 

Decidua  Eefexa.— Except  for  the  tirst  few  hours  after 
its  entry  into  the  uterus,  the  ovum  is  completely  shut  off 
from  the  rest  of  the  uterine  cavity  by  the  decidiia  reflexa, 
which  forms  a  distinct  capsule  around  it.  In  the  early 
months  of  pregnancy,  this  structure  does  not  comiiletely 
fill  the  uterine  cavity  so  that  a  space  of  varying  size  exists 
between  the  vera  and  the  reflexa.  But  after  the  fourth 
month  the  reflexa,  distended  by  the  growing  ovum,  comes 
in  contact  with  the  vera,  so  that  the  uterine  cavity  be- 
comes completely  obliterated.  In  a  .short  time  the  two 
structures  fuse  together,  after  whicli  the  reflexa  grad- 
ually degenerates  and  disappears.  This  view  was  tirst 
advocated  by  Minot,  and  appears  to  be  well  founded,  f(u- 
sections  through  the  wall  of  the  full-term  uterus  outside 
ot  the  placental  site  show  that  the  entire  decidua  is  only 
from  3  to  3  mm.  thick,  and  in  it  no  trace  of  the  reflexa 
can  be  discovered  (Fig.  1,5K3), 
The  reflexa   usually  attains  its   greatest   thicknes,g  at 
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thelium ;  while  its  interior  is  in  contact  witli  the  villi  of 
the  chorion  Iseve,  and  at  no  time  shows  any  trace  of  epi- 
thelium. In  its  lowest  portion,  wliei'e  it  is  connected 
witli  the  vera,  an  occasional  gland  may  be  found,  and 
when  their  ducts  are  present  tliev  are  seen  to  be  open 
only  upon  the  exterior  of  the  membrane. 

Until  very  recently  it  Avas  believed  that  tlie  decidua 
reflexa  was  formed  in  the  manner  whicli  I  liave  already 
indicated.  But  Seleuka  pointed  out  that  it  was  not 
so  developed  in  monkeys  and  other  animals;  but  that  the 
ovum,  immediately  after  its  implantation  upon  the  vera, 
penetrated  the  surface  epithelium  and  sunk  down  into 
its  stroma,  and  that  therefore  the  reflexa  was  simply  the 
portion  of  vera  which  covered  the  ovum.  Peters,  in  1899, 
described  what  he  considered  to  be  a  tliree-daj's'  human 
ovum  in  contact  with  the  uterine  wall,  and  clearly  sliowed 
that  it  had  burrowed  doAvu  into  the  vera  in  the  manner 
demonstrated  b}^  Selenka,  and  thei'efore  concluded  that 
the  reflexa  represented  the  portion  of  decidua  vera  which 
covers  the  ovum,  and  was  not  due  to  the  proliferation 
of  the  vera,  as  was  previously  supposed  (Pi,g.  1583).  I 
have  not  had  an  opportunity  to  examine  the  pregnant 
uterus  in  its  earliest  stages,  but  in  several  very  early 
cases  of  tubal  pregnancy  I  have  seen  conditions  whicli 
tend  to  conlirm  Peters'  theory  as  to  the  mode  of  implan- 
tation of  the  ovum  and  the  development  of  the  decidua 
reflexa. 

Decidua  Serotina. — The  decidua  scrotina  is  the  portion 
of  the  decidua  which  lies  immediately  beneath  the  ovum 
and  is  in  contact  with  the  chorion  frondosum,  and  it  is  by 
the  union  of  the  two  structures  that  the  placenta  is  de- 
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veloped,  the  chorion  frondosmu  giving  rise  to  its  fn'tal, 
and  the  dccidua  serotiua  to  its  maternal  portion. 

Generally  speaking,  the  deeidua  scrotina  presents  the 
same  general  structure  as  the  vera,  except  that  it  never 
attains  the  same  thickness,  and  rarely  exceeds  3  mm.  As 
pointed  mit  in  my  article  upon  the  Chdriim,  after  the 
first  few  days  of  pregnancy  it  does  not  consist  entirely  of 
decidual  cells,  but  is  invaded  by  large  numbers  of  cells 
derived  from  the  trophoblastic  layer  of  the  ovum,  and 
accordingly  its  superficial  portions  are  composed  of  a 
mixture  of  decidual  cells  and  lu'tal  ectoderm.  On  casual 
examination  it  is  extremely  dilficult  to  distinguish  be- 
tween the  two  varieties  of  cells,  but  after  more  careful 
study,  particularly  when  groups  of  cells  are  examined, 
their  characteristic  differences  can  readily  be  appreciated. 
Usually  a  layer  of  canalized  fibrin  occupies  a  part  of  the 
decidiia  scrotina,  and,  as  a  rule,  forms  the  boundary  line 
between  firtal  and  maternal  tissue;  the  tissue  internal  to 
it  being  composed  almost  entirely  of  foetal  ectoderm, 
with  a  slight  admixture  of  decidual  cells;  while  the  tissue 
external  to  it  is  made  up  almost  entirely  of  decidual  cells 
with  only  isolated  areas  of  fcetal  tissue. 

About"  tli(^  middle  of  pregnancjr  numerous  giant  cells 
may  be  distinguished  in  the  deeper  layers  of  the  serotina. 
Friedliinder  and  Leopold  believed  that  they  were  derived 
from  the  decidual  cells  and 
made    their    way  into    the 

venous  sinuses,  and  caused  v 

thrombosis.  But  more  re- 
cent work  tends  to  sh(;iw  ^ 
that  they  are  simply  por- 
tions of  syncytium  which 
have  wandered  down  into 
the  deeper  layers  of  the 
deeidua  and  are  therefore 
of  festal  origin. 

One  of  tiie  characteristic 
features  of  the  deeidua  sero- 
tina is  the  presence  of  large 
numbers  of  blood-vessels. 
The  arteries  pursue  a  spiral 
course,  and  gradually  lose 
their  characteristic  walls  as 
they  approach  the  free  sur- 
face of  the  deeidua,  where 
they  open  into  the  intervil- 
lous spaces.  The  veins  be- 
come markedly  dilated,  and 
form  large  venous  sinuses, 
and  careful  examination  of 
serial  sections  will  show 
that  they  communicate  \>\ 
large  funnel  shaped  open- 
ings with  the  intervillous 
spaces. 

In  the  third  stage  of  labor 
the  placenta  and  fcetal 
membranes  become  separat- 
ed from  the  uterus  and  are 
cast  off  as  the  afterbirth. 
Microscopical  examination 
shows  that  the  fcetal  sur- 
face of  the  placenta  and 
the  membranes  is  covered 
by  a  thin  layer  of  decidual 
tissue,  which  corresponds 
to  its  compact  layer  and  the 
upper  portion  of  the  spongy 
layer,  and  that  the  separa- 
tion takes  place  in  the  up- 
per portion  of  that  layer, 
all  above  it  being  cast  off 
with  the  afterbirth,  and  all 
below  it  being  retained  in 
the  uterus.  During  the  first 
few  davs  of  the  puerperium 
the  greater  portion  of  the 
spongy    layer,    which    has 


remained  in  utero,  is  cast  olf  with  the  lochia,  ami  only 
its  deepest  portion  remains  behind,  from  the  epithelium 
of  which  the  new  endometrium  is  regenerated. 

J.  W  hit  ridge  Williams. 
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DECIDUA.  (PATHOLOGY. )-Thc  pathological  changes 
occuiTiu"  in  tlic  deciiliia  (liniug  tlie  course  of  pregnancy 
are  but  little  known,  allhougli  they  play  a  very  impor- 
tant part  in  the  production  of  abortion  and  m  various 
patholonical  conditions  of  the  fffitus.  The  majority  of 
the  decidual  channes  which  have  been  desci'ibed  as  path- 
ological have  been  in  reality  physiological  piicnomena. 
It  must  be  borne  in  minil  that  the  decidua,  as  well  as  the 
chorion,  is  to  be  regarded  in  the  latter  montlis  of  preg- 
nancy as  a  senile  structure  which  presents  various  evi- 
dences of  physiological  degeneration.  Many  of  these, 
such  as  fatty  degeneration,  calcification,  thrombosis,  etc., 
have  been  mistaken  for  signs  of  disease,  and  the  literature 
of  decidual  patliology  is'' largely  made  up  of  such  mis- 
conceptions. The  true  pathology  of  tliis  membrane  re- 
mains for  the  greater  part  an  unexplored  lield. 

Physiological  Chanr/es. — As  in  the  case  of  the  chorion, 
the  earliest  changes  of  senility  occur  in  the  vessels.  As 
early  as  the  seventh  month  large  thrombi  are  formed  in 
the 'sub-placental  sinuses.  These  grow  slowly  toward 
the  serotina  and  theintervillou.s  spaces,  but  rarely  extend 
far  into  the  latter.  The  number  of  sinuses  thus  throm- 
bosed is  always  relatively  small  under  normal  conditions. 
Giant  cells  are  usually  found  in  tlie  veins  so  affected,  ap- 
pearing as  early  as  the  fifth  month.  These  may  be  few 
in  numljer  or  ma}'  completely  fill  the  lumen  of  the  vessel. 
FriedUiuder  regarded  these  giant  cells  as  being  of  decidual 
origin  and  entering  the  sinuses  by  diapedesis.  After  en- 
trance into  the  vessels  lie  believed  that  they  adhered  to 
the  endothelium  and  induced  tlie  thrombosis.  Further, 
he  held  that  the  progressive  stagnation  of  the  blood  in 
the  maternal  sinuses  led  to  a  deficient  oxygenation  of  the 
fcetal  lilood  which  became  the  exciting  cause  of  the  onset 
of  labor.  Other  writers  believe  that  the  giant  cells  arise 
either  from  the  syncytial  layer  of  the  chorion,  or  from 
the  endothelium  of  the  sinuses.  During  the  latter  months 
of  pregnancy  there  is  a  prohferation  of  the  intima  in 
many  of  the  sub-placental  vessels  leading  to  the  gradual 
obliteration  of  a  certain  number  of  the  sinuses,  even  be- 
fore the  beginning  of  labor.  Since  the  sub-placental  si- 
nuses are  as  much  temporary  structures  as  is  the  placenta 
itself,  they  are  unnecessary  after  labor;  and  like  the 
placenta,  'they  begin  to  show  signs  of  their  disappearance 
and  decay  as  early  as  the  seventli  month. 

Aside  from  the  thrombosis  occurring  in  some  of  its 
cavernous  spaces,  the  deeper  layer  of  the  serotina  does 
not  show  much  change  in  the  last  months.  Its  cells  are 
somewhat  smaller  tlian  in  the  earlier  stages,  and  are  more 
closely  packed  together.  Scattered  areas  of  fatty  degen- 
eration are  found  in  them.  The  upper  compact  layer 
shows  more  change.  Its  nuclei  have  largelv  disappeared, 
and  the  cell  outlines  are  indistinct.  With  ordinary  stains 
it  is  difficult  to  distinguish  the  boundary  line  between  the 
decidua  and  the  overlying  fibrin  deposit;  but  with  Wei- 
gert's  fibrin  stain  the  necrotic  cells  of  the  uppermost  layer 
are  shown  to  be  surrounded  and  separated  from  each 
other  liy  a  delicate  line  of  fibrin.  The  source  of  this  in- 
tercellular fibrin  is  not  vet  clear,  though  it  is  claimed  by 
many  to  be  a  product  of  the  cell  degeneration.  Simple 
necrosis,  liquefaction,  fatty  degeneration,  and  a  colloid- 
like change  may  all  be  found  in  the  decidual  cells  of 
tlie  upper  layer  and  in  those  of  tlie  proccs.ses  extendiuK 
mto  the  chorion.  The  fatty  degeneration  of  the  decidua 
IS  often  visitile  to  the  eye  as  small  whitish  areas  Lime 
sats  are  not  lufreciuently  deposited  in  such  degenerated 
cells,  bmall  areas  of  leucocyte  infiltration  are 'occasion- 
ally seen  scattered  tliroughout  the  lower  porliou  of  the 

Hnn'in  L^^'"'-     ^^''^'  '"''■  ^"^''^'''  '""^■''  '^'«^  numerous 
tlian  in  the  young  serotina.     The  degenerative  changes 
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are  most  marked  in  the  superficial  layer  of  cells,  which 
may  be  almost  entirely  replaced  by  fibrin.  Beneath  this 
the  change  is  less  advanced,  and  well-preserved  decidual 
cells  may  be  seen.  It  is  apparent  from  the  careful  study 
of  these  changes  that  they  begin  in  the  most  superficial 
lavers,  and  gradually  e.xtending  deeper  involve  the  whole 
of"  the  compact  layer.  On  the  serotinal  surface  there  lies 
usually  a  tliick  la'yer  of  fibrin  derived  from  the  maternal 
blood."  The  supe'rficial  cells  of  the  decidual  processes 
extending  into  the  chorion  suffer  a  similar  necrosis,  and 
there  is  a  forniatiou  of  fibrin  about  and  between  them. 
The  cells  in  the  inner  portions  of  these  processes  undergo 
a  liquefaction  necrosis,  resulting  in  the  formation  of  cys- 
toid  spaces  filled  with  a  finely  granular  material. 

It  is  evident  that  the  degeneration  of  the  compact  layer 
of  the  serotina  is  coincident  with  the  thrombosis  of  "the 
sub-placental  sinuses,  and  that  the  two  processes  advance 
together,  increasing  toward  term.  In  the  last  stages  the 
placental  arteries,  as  well  as  the  venous  sinuses,  become 
obliterated  or  obstructed,  and  the  degeneration  of  the 
serotina  advances  most  rapidly  during  this  time.  There 
can  be  no  doubt  that  the  decidual  degeneration  is  brought 
about  by  these  vascular  changes  in  the  same  way  tfiat 
chorionic  infarction  is  dependent  upon  the  changes  in  the 
chorionic  vessels.  It  is  to  be  noted,  however,  that  in  the 
chorion  the  small  arteries  are  first  affected,  while  in  the 
case  of  the  serotina  the  primary  and  chief  changes  are 
in  the  venous  sinuses.  The  nou-fibrinous  infarct  of  the 
chorion  may  possibly  be  explained  by  the  late  throm- 
bosis of  the  placental  arteries.  As  a  result  of  such 
thrombosis  a  portion  of  the  intervillous  spaces  are  de- 
prived of  blood,  aud  the  neighboring  villi  are  crowded  to- 
gether to  such  a  degree  as  to  obliterate  the  intervillous 
spaces  and  to  obstruct  the  circulation  in  the  vessels  of  tlie 
villi.  These  changes  lead  to  necrosis  of  the  affected  villi 
without  an  intervillous  formation  of  fibrin. 

Circulatory  Disturbances. — The  contlition  of  the  circu- 
lation in  the  sulj-placental  vessels  and  serotina  is  largely 
dependent  upon  the  general  state  of  the  maternal  circu- 
lation. In  ana?mias  and  various  forms  of  general  h^vper- 
ffimia  of  the  mother  tlie  circulation  in  the  maternal  pla- 
centa will  show  a  similar  condition.  Local  anamiia  and 
congestion  of  the  placental  arteries  and  sinuses  ma_v  be 
the  result  of  partial  obstruction  or  obliteration  of  certain 
of  the  vessels,  or  they  ma_v  be  secondary  to  pelvic  or  portal 
congestions.  Hemorrhage  from  the  decidua  is  of  fre- 
quent occurrence.  It  may  follow  the  death  of  the  fcetus 
and  the  subsequent  detachment  of  the  placenta,  or  it  may 
be  the  exciting  cause  of  such  detachment.  It  is  iu  many 
instances  impossible  to  fix  the  true  relation  existing  be- 
tween hemorrhage  and  abortion.  The  causes  of  decidual 
hemorrhage  are  manifold:  trauma,  external  violence,  me- 
chanical attempts  at  abortion,  maternal  congestions, 
thrombosis  of  placental  sinuses,  rupture  of  the  blood 
spaces  of  the  serotina,  excessive  heart  action,  syncope,  ma- 
ternal albuminuria,  syphilitic  changes  in  the  decidua,  de- 
cidual hyperplasia,  endometritis  clecidualis,  etc.  Large 
liemorrhages  into  the  decidua  may  occur  during  labor. 
These  are  especially  dangerous  iu  the  case  of  placenta 
praj.via.  In  the  early  nicmths  of  pregnancy  the  hemorrhage 
is  most  fiXMpicntly  due  to  rupture  of'  the  thin-walled 
blood -ves.sels  surrounding  the  clioriouic  villi.  The  large 
collections  of  blood  and  blood  clot  found  .so  freijuently  in 
tlie  intervillous  spaces,  the  so-called  "  placentar  apo- 
plexy," are  not  in  reality  a  bemorrliage  since  tlie  blood 
lies  in  a  blood  space.  In  many  cases  the  condition  repre- 
sents ouly  an  extreme  congestion  of  a  portion  of  the  inter- 
villous spaces,  while  in  others  the  collection  of  blood 
may  be  due  to  a  true  hemorrhage  into  the  intervillous 
spaces  arising  from  ruptured  vessels  in  the  serotina. 
Some  of  the  so-called  "  red  infarcts "  are  apparently 
formed  in  a  siniilar  manner.  (Occasionally  extravasations 
may  burrow  down  between  the  layers  of 'the  decidua  and 
escape  from  the  uterus.  The  effects  upon  the  fatus  will 
deix'ud  upon  the  amount  of  blood  extravasated.  In  large 
liemorrhages  the  villi  may  be  compressed  and  the  fwtus 
asphyxiated,  or  the  placenta  may  be  jiartiallv  or  wholly 
stripped  from  the  uterine  ^\all,  au'd  the  f(vtus  prematurely 
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Fig.  1.58i.— Eadometntis  Deciduas. 


expelled.  Smaller  hemori-liages  may  lead  to  distiirbanees 
of  fanal  development  without  causiag  its  deatli.  Such 
an  extravasation  may  become  organized,  partly  absorbed, 
or  eneapsidated.  In  the  latter  ease  the  liquefaetion  of 
the  clot  gives  rise  to  a  cyst  which  contains  either  u  red, 
or  a  brown,  or  a  clear  fluid. 

After  the  death  of  the  fcetus  the  placenta  nray  be  ix'- 
tained  for  a  long  period  of  time.  If  hemorrhages  occur 
into  the  membranes  Avith  clottin;  "  ^ 
posits  of  tibrin  mav  be  formed  on 
and  Ix'tween  the  layers,  leading 
to  the  production  of  a  tlesh-like 
mass  which  is  known  as  Jibrin 
mole  or  Jtcx/ii/  mole.  The  forma- 
tion of  such  a  mole  maj^  begin 
before  the  death  of  the  foetus, 
and  maybe  the  exciting  cause  of 
abortion.  If  the  dead  fretus  is 
not  expelled  it  may  be  absorbed; 
after  this  the  growth  of  the  fcetal 
membranes  may  continue  with 
or  without  successive  hemor- 
rhages. In  tlie  latter  case  a 
solid  flesh-like  cast  of  the  uter- 
ine cavitjr,  made  up  of  fibrin 
and  remains  of  the  foetal  mem- 
branes, may  ultimately  be  ex- 
pelled. A  similar  process  may 
take  place  in  the  case  of  retained 
placenta  after  delivery  at  full 
term,  but  it  is  of  most  frequent 
occurrence  in  the  earliest  stages 
of  pregnane}-. 

I'etrogrark  Changes. — Atrophy 
of  the  decidua  has  been  described, 
liut  is  of  rare  occurrence.  Either 
the  decidua  serotina,  or  vera,  or 

reflexa  may  .show  this  change,  singly  or  coincidently. 
As  a  result  of  such  atrophy  the  ovum  may  be  attaclied 
to  the  uterine  wall  by  a  slender  pedicel,  which  maj' 
become  so  stretched  that  the  ovvuii  comes  to  lie  in 
great  part  within  the  cervical  canal.  In  other  cases  its 
memliranes  may  rupture  and  its  contents  be  discharged 
from  the  uterus.  The  changes  taking  place  in  the  atro- 
phic membrane  are  similar  to  those  occurring  in  the  de- 
cidua reflexa  in  the  physiological  atrophy  of  this  portion 
of  the  decidua  in  the  latter  months  of  ]iregnancy.  The 
retrograde  changes,  such  as  fatty  degenei-ation,  necrosis, 
calcification,  etc.,  which  occur  as  physiological  changes 
in  tlie  last  months,  may  have  pathological  significance 
when  they  appear  at  an  earlier  pei'iod  or  are  more  ex- 
tensive than  usual.  They  are  usually  the  result  of  a 
premature  thrombosis  of  the  sub-placental  sinuses,  and 
are  found  especially  in  connection  with  maternal  syphihs, 
nephritis,  and  other  cachexias.  Local  inflammatory 
changes  in  the  endometrium,  hyperplastic  conditions  of 
the  decidua,  etc.,  likewise  lead  to  a  premature  degenera- 
tion of  the  serotina.  These  changes  when  extensive  and 
when  they  occur  at  an  early  stage  of  pregnancy  may  lead 
directly  to  deatli  of  the  fa?tus  and  abortion,  but,  as  a  rule, 
they  give  rise  to  hemorrhages  which  become  the  direct 
exciting  ca>i,se  of  abortion.  Pathological  fatty  degener- 
ation never  occurs  in  the  decidua  to  any  great  extent, 
though  slight  degrees  of  this  change  are  almost  constantly 
present  in  the  physiological  decay  of  this  membrane. 
Necrosis— both  the  simple  form  and  liquefaction  necrosis 
— is  the  most  common  retrograde  change  found  in  the  de- 
cidual membranes.  By  many  writers  the  death  of  the 
decidua  is  regarded  as  being  more  of  the  nature  of  a  coag- 
ulation necrosis  in  which  fibrin  is  formed  from  the  de- 
generating decidual  cells.  It  is,  however,  more  probable 
that  the  fibrin  is  derived  from  the  maternal  blood,  being 
formed  upon  and  lietween  the  cells,  so  that  the  necrosed 
cells  come  to  lie  in  a  network  of  fibrin  which  completely 
replaces  the  intercellular  substance.  The  cells  them- 
selves do  not  stain  like  fibrin,  but  in  the  majority  of  cases 
have  a  hyaline  appearance  and  stain  in  a  manner  similar 
to  colloid  (so-called  hyaline  degeneration).     As  the  inter- 


cellular fibrm  contracts  tlie  cells  become  smaller  and  grad- 
ually disappear.^  Premature  necrosis  of  the  superficial 
layer  of  the  .serotma  occui-s,  especially  in  syphilis  acquired 
t^ie  early  months  of  pregnancy  and  in  albumi- 
(  alcihcation  rarely  is  extensive  enough  to  possess 
patJiological  significanc.',  but  oceui-s  more  frcfiuently  in 
syphflis,  albuminuria,  etc.  DeposilS(d' blond  iiigmentmav 
occasionally  be  found  as  the  remains  of  old  hemorrhages 
PnyrexKire  67e(//,7,',v.— Ilvperjilasia  of  the  decidua  not 


diirin 
nuria 


^ 


Harked  small-celt  Infiltration  of  the  uppermost  layers  of  the 
decidua.    (.After  Gebhardt. ) 


infrequently  occurs  in  the  form  of  diffuse  or  circum- 
scribed thickenings.  The  latter  are  most  common,  and 
are  usuallj'  associated  with  chronic  endometritis.  The 
general  thickening  occurs  in  association  with  defective 
development  of  the  fcetus.  Nodular  and  diffuse  fibrous 
thickenings  have  also  been  described.  The  physiologi- 
cal atrophy  and  blending  of  the  decidua  reflexa  with  the 
vera  may  not  take  place,  and  the  former  remains  as  a  dis- 
tinct and  thickened  membrane.  These  changes  are  con- 
sidered by  many  writers  to  he  of  inflammatorj'  origin. 
Hemorrhages  and  various  retrograde  changes  are  usually 
associated  with  the  different  forms  of  hyperplasia. 

Inflammation. — In  the  early  months  of  pregnancy  small 
areas  of  leucocyte  infiltration  are  very  frequently  found 
in  the  lower  layer  of  the  serotina.  In  the  later  stages  of 
development  they  are  less  common.  Purulent  inflamma- 
tion of  the  decidua  during  the  course  of  pregnancy  is  not 
of  rare  occurrence.  It  may  be  the  result  of  gonorrhceal 
infection  or  of  infection  with  pyogenic  organisms  follow- 
ing attempts  at  abortion  or  during  prolonged  labor.  In 
these  cases  pus  may  he  formed  in  the  serotina  and  vera 
as  well  as  in  the  chorion ;  a  thin  layer  of  pus  covering 
the  entire  vera  is  sometimes  found.  The  small-cell  infil- 
tration is  found  usually  only  in  the  superficial  layer, 
while  at  a  greater  depth  only  isolated  collections  of  leu- 
cocytes are  seen.  Acute  inflammation  of  the  decidua  may 
occur  in  the  course  of  cholera  and  other  infections,  es- 
pecially in  the  exanthematous  diseases;  also,  following 
attempts  at  abortion,  trauma,  etc.  In  cholera  the  decidua 
may  be  thickened,  of  a  dark  purple  color,  and  contain 
numerous  extravasations  of  blood  (endometritis  decidu- 
alis  hcemorrhagioa).  It  is  probable  that  the  same  con- 
dition may  be'found  in  other  acute  infections.  In  the 
exanthemata  premature  expulsion  of  the  fwtus  not  infre- 
quently occurs  at  the  time  of  the  appearance  of  the  erup- 
tion, and  this  has  been  explained  by  Klotz  as  being  the 
result  of  an  exanthematous  inflammation  of  the  endome- 
trium and  decidua. 

The  chronic  forms  of  decidual  inflammation  are  more 
frequently  seen.  They  partake  more  of  the  nature  of 
hyperplasias  than  of  true  inflammatory  processes.     They 
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form  tlie  niostcomraou  pathological  condition  of  tic  pla- 
centa, and  are  the  most  frequent  cause  of  aboi  ,)U.  In 
General,  they  are  characterized  by  an  overgrowth  of  he 
decidua  or  some  of  the  constituent  elements  of  the  endo- 
metrium. The  origin  is  almost  always  fr.im  a  yy^<;^^^^- 
ing  endometritis,  of  either  go^orrha'al  or  syplnhlic,  or 
non-infective  nature.  In  some  cases  the  death  of  the  footus 
may  be  the  exciting  cause,  the  decidual  changes  being 
secondary  to  this  event.  Five  forms  of  chronic  decidual 
endometritis  occur:  thediiTuse,  polypoid,  catarrhal,  ade- 
nomatous, and  cystic.  In  the  difTuse  form  there  is  an 
increase  in  all  of  the  elements  of  the  decidua  leading  to 
the  formation  of  a  membrane  many  times  tucker  than 
the  normal  decidua.  In  the  case  of  rapid  hyperpliisia 
death  of  the  embryo  may  occur  as  the  result  ot  detcieiit 
nutrition,  or  extensive  hemorrhages  into  the  hyperplastic 
decidua  may  take  place,  either  separating  the  membrane 
from  the  uterine  wall  or  breaking  through  it  into  the 
fcetal  membranes.  The  embryo  may  be  absorbed  and  the 
decidua  and  remnants  of  facial  membranes,  together  with 
masses  of  tibrin,  mav  be  expelled  later  as  a  fleshy  mole. 
If  the  hyperplasia  is  of  slow  development  pregnancy 
may  go  on  to  full  term,  and  a  living  child  be  delivered. 
Various  evidences  of  deficient  development  are,  however, 
very  common  in  these  cases.  The  hyperplastic  decidua 
shows  a  great  increase  in  the  number  of  decidual  cells, 
many  of  which  are  spindle-shaped,  resembling  connective 
tissue  more  closely  than  decidua.  Areas  of  fibrous  con- 
nective tissue  are  found  throughout  the  membrane,  and 
newly  formed  unstriped  muscle  is  described  as  occurring. 
Either  the  cellular  or  the  connective-tissue  hyperplasia 
may  predominate.  If  the  latter  takes  place  to  a  very 
marked  degree  the  condition  may  be  termed  scirrhous 
inflammation  of  the  decidua.  The  effects  of  chronic  de- 
cidual endometritis  upon  both  mother  and  fcetus  are  very 
important.  The  hemorrhages  may  prove  fatal  to  the 
former  as  well  as  to  the  latter.  After  the  expulsion  of 
the  fa?tus  portions  of  the  hyperplastic  decidua  usually 
remain  attached  to  the  wall,  aud,  these  continuing  to 
grow,  may  either  give  rise  to  further  hemorrhages  or  to 
the  development  of  a  malignant  tumor,  or  through  de- 
composition produce  toxaemia,  or  lead  to  infection. 

In  the  polypoid  form  there  is  in  place  of  the  diffuse 
thickening  a  localized  hyperplasia  in  the  form  of  scat- 
tered nodules  or  outgrowths  (endometritis  deeidualis 
polyposa  s.  tubero.sa).  On  the  iuner  surface  of  the  de- 
cidua there  are  villous-like  projections  2  to  .5  cm.  in 
length,  very  vascular,  and  having  a  smooth  surface. 
Between  these  may  be  seen  the  openings  of  the  uterine 
glands,  many  of  which  are  greatly  dilated.     The  entire 


membrane  i.s  thiek.^vd,  lunl  there  is  an  apparent  n.'w 
S'tw"'.^^'""',"""''^'  *'"  '"icroscopical  ex,n- 
^^V^^T^^V'V^"''";^'"''"^  '"  ^'""sistof  decidual 
cells,  manj  of  which  are  larger  than  usual  and  possess 
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very  large  nuclei.  Bands  of  connective  tissue  are  found 
throughout  the  membrane,  especially  about  tlie  glands 
and  blood-vessels.  This  form  occurs  only  in  the  early 
stages  of  pregnancy,  and  is  frequently  associated  with  a 
m_yxomatous  degeneration  of  the  chorion.  Abortion  usu- 
ally occurs  before  the  fourth  month.  Syphilis  was  for- 
merly supposed  to  lie  the  cause  of  tliis  disease,  but  it  is 
found  in  cases  of  chronic  endometritis  in  which  no  syph- 
ilitic history  can  be  obtained.  The  gonococcus  has  been 
found  in  a  number  of  cases. 

A  catarrhal  endometritis  may  either  prevent  concep- 
tion or  hinder  the  development  of  the  fertilized  ovum  in 
the  uterus  through  deficient  formation  of  the  decidua. 
The  vera  and  reflexa  may  fail  to  unite,  and  the  serotina 
may  be  very  small  or  attached  to  the  ovum  in  the  form 
of  a  pedicel.  The  catarrhal  secretion  of  the  uterine 
glands  in  the  shape  of  a  thin,  watery  mucus  may  collect 
between  the  vera  and  reflexa,  preventing  their  union 
(hydrorrhffia  gravidarum).  This  fluid  may  be  expelled 
from  the  uterus  in  sudden  gushes,  or  it  may  dribble  away 
for  a  long  time  without  seriously  affecting  the  course  of 
pregnancy.  If  a  large  quantity  of  fluid  collects  uterine 
contractions  are  usually  set  up  and  abortion  results.  The 
condition  is  rare,  occurring  more  frequently  in  multip- 
arse,  and  begins  usually  in  the  third  or  fourth  month. 

The  adenomatous  form  of  decidual  endometritis  takes 
its  origin  from  cases  of  chronic  glandular  endometritis. 
With  the  beginning  of  the  formation  of  the  decidua  there 
is  at  the  same  time  a  glandular  hyperplasia  which  may 
be  so  marked  as  to  assume  the  character  of  an  adenoma. 
It  may  l)e  general  or  localized.  This  change  takes  place 
very  early,  and  leads  very  quickly  to  abortion.  The  en- 
dometrium is  greatly  thickened ;  on  microscopical  exam- 
ination the  surface  of  the  endometrium  is  seen  to  consist 
of  a  thin  layer  of  decidua  beneath  which  lie  the  hyper- 
plastic uterine  glands.  The  latter  are  greatly  enlarged 
and  increased  in  number  with  but  little  intervening 
stroma,  so  that  the  appearance  of  an  adenoma  is  pre- 
sented. A  similar  condition  occurs  in  the  case  of  retained 
decidua  after  abortion  or  delivery,  very  frequently  in 
cases  of  suljinvolutiou.  If  there  is  an  excessive  secretion  in 
the  glands,  and  if  this  be  prevented  from  escaping,  cystic 
dilatation  of  the  gland  spaces  may  result  (endometritis 
deeidualis  cystica).  In  these  cases  the  decidua  is  thick- 
ened from  an  increase  of  decidual  cells,  connective  tissue, 
and  fibroblastic  tissue.  Numerous  small  cysts  are  scat- 
tered through  it,  corresponding  to  the  dilated  glands. 
The  cystic  form  is  found  only  in  the  early  stages  of  preg- 
nancy, but  it  is  probable  that  it  precedes  the  diflfuse 
hyperplastic  form,  the  glands  being  obliterated  as  the 
process  advances. 

The  progno.sis  in  all  forms  of  chronic  decidual  endo- 
metritis is  very  unfavorable  for  the  fo-tus.  and  not  wholly 
favorable  for  the  mother.  The  disturbance  of  fa;tal  n\i- 
trition  and  the  tendency  to  hennu-rhage  render  the  chances 
of  escape  from  abortion  very  slight.  As  a  result  of  the 
firmer  attachment  of  the  decidua  to  the  uterine  wall,  re- 
tention of  the  membrane  after  abortion  or  delivery  is  es- 
pecially likely  to  occur;  and  in  this  lies  the  source  of 
greatest  danger  to  the  mother  in  the  form  of  repeated 
hemorrhages  and  infection  following  the  necrosis  of  the 
retained  nuiterial.  Treatment  during  pregnancy  is  of 
course  impossible.  Since  the  cause  of  "these  cliroui'c  forms 
lies  in  a  lu'e-existing  chronic  endometritis  their  preven- 
tion should  be  attempted  throuob  the  cure  of  the  latter. 
The  gonococcus  is  probalily  the  most  important  etiologi- 
cal factor,  either  directly  (U-  liy  paving  the  wav  for  sec- 
ondaiy  infections.  The  treatn'icnt  of  gononlnpa  will  lie, 
tbercfcu'e,  the  chief  means  of  iircvention  of  these  condi- 
tions. 

Kmhiiiu'tritis  DefhliKiUs.  Pdnt-Ahdrtiim  s.  Post-Piiitiim 
(IMi'iilii)  decidua',  ,SidHnvoliiHo  deridiK^). — After  normal 
termination  of  pregnancy  the  decidua  undergoes  an  in- 
volution into  the  uiirmal  uterine  stroma.  ThiiTinvolution 
under  normal  circumstances  progresses  uniformly  over 
tlie  entire  cmlometrium.  Under  certain  conditions,  the 
causes  of  which  are  as  yet  unknown,  jiortions  of  the  de- 
cid\ia  fail  of  involutioii  and  retain  their  character  long 


ufter  the  expulsiou  of  the 


KEFEI;ENCE   handbook   of   the   JtEDICAL   SCIENCES. 


Becldiia, 
Decidua. 


,       -        ,  ioi'Uis  and  placeuta.     Tliis  is 

ot   nuicli   more   Irequent   ocourrence  after  abortion    in 
whicli  case  portions  of  the  clioriou  are  usually  retuincl 
Persistence  of  the  decidua  may,  however,  occur  \vitliout 
retention  of  the  fietal  membranes,  thousrh  this  is  inies 
tioned  by  some  writers.     On  the  other  Inuid,  retention  of 
the  chorion  is  always  associated  with  persistence  of  the 
decidua.     Though  the  name  retentio  decidu;B  has  been 
applied  to  this  condition,  it  is  projierly  a  suliinvolution 
and  not  a  retention,  as  under  normal  circumstances  the 
entire  decidua  is  not  expelled  from  the  uterus  but  be 
comes  changed  back  into  uterine  stroma.     To  the  naked 
eye  the  endometrium  shows  but  little  chano-e  in  some 
cases,  but  often  it  is  diffusely  or  irregularly'thickened 
and   may   present   a   polypoid   appearance.     Under  the 
microscope  two  different  forms  may  be  distinsuishcd,  but 
these     are     frequently 
combined.     In  the  first 
form,  groups  of   largo 
decidual  cells  are  found 
scattered   through   the 
stroma  of  the  endome- 
trium   which    has    re- 
sumed its  normal  char- 
acter.    The  cells  in  the 
central  portion  of  the 
groups  are  the  largest, 
and  best  preserve  their 
decidual      characteris- 
tics, while  those  at  tlie 
peripliery   are   smaller 
and  pass  gradually  into 
the   surrpunding   stro- 
ma tissue    so   tliat  no 
definite  point  of  transi- 
tion can  be  made  out. 
The   .groups  of   decid- 
ual   cells    lie    for   the 
greater     part    in     the 
upper    layers    of    the 
endometrium,  but   are 
covered  by  surface  epi- 
thelium    from     which 
they  are  separated  by 
a  more  or  less  thick  layer  of  stroma.    This  form  of  reten- 
tion of  the  decidua  is  distinguished  from  those  forms  of 
chronic  endometritis  in  which  the  stroma  cells  increase  in 
size  and  more  or  less  resemble  the  decidual  cells,  by  the  fact 
that  the  true  decidual  cells  lie  in  groups  and  are  not  dif- 
fusely scattered  throughout  the  entire  endometrium.     In 
the  second  form  the  decidual  cells  lie  in  the  lower  portion 
of  the  endometrium,  extending  even  into  the  muscle  and 
into  the  walls  of  the  blood-vessels.     This  form  is  easily 
distinguished  from  the  changes  of  chronic  endometritis 
by  the  relation  of  the  decidual  cells  to  the  large  blood- 
vessels, as  in  chronic  endometritis  changes  of  this  kind 
do  not  take  place.     In  both  forms  of  retentio  deciduse 
the  endometrium  shows  either  a  glandular  or  an  interstitial 
inflammation.     In  many  cases  it  becomes  impossible  to 
decide  as  to  which  is  the  primary  process.     The  frequent 
and  severe  hemorrhages  which  "form  the  chief  symptoms 
of  retention  cannot  be  explained   by  the  microscopical 
findings.     In  the  early  stages  of  retention  of  the  fo3tal 
and  decidual  membranes  infection  with  saprophj'tic  or 
pyogenic  organisms  is  likely  to  occur,  giving  rise  to  either 
putrid    or   septic   inflammatory  processes   (endometritis 
puerperalis   putrida   s.    septica).      The    putrid   form   is 
caused   by  various  anaerobic  bacteria,  the  Proteus  vul- 
garis, colon  bacillus,  etc. ;    the  septic  form  is  dependent 
chiefl.v  upon  the  streptococcus  and  staphylococcus.     The 
latter  condition  not  infrequentljr  assumes  the  character  of 
a  diphtheritic  inflammation. 

I'uberculosis. — Tubercle  bacilli  have  been  demonstrated 
in  the  placental  sinuses  when  no  tuberculous  lesions  were 
present  in  the  placental  tissues.  In  the  ca,se  of  decid- 
ual formation  in  a  tuberculous  endometrium  the  tuber- 
cles may  gradually  invade  the  decidua  and  later  the 
chorion.     In  acute  miliary  tuberculosis  of  the  mother 


miliary  tubercles  coutaininj;-  numerous  giant  cells  miv 
appear  ni  the  serotina  and  later  extend  in  o  the  d  ci Si 
processes  hetu'een  the  villi,  ultimately  involvin-,   th'  la?' 

ridnni  t  ,/''''^T  "'•'■''■  *;"™'"ti""  and  development  de- 
cidual tubercles  are  in  all  ways  similar  to  tul)ereles  found 
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Fig.  1586.— Benign  Declduoma;  Section  ol  Periphery  ol  Tumor,  a,  Glands;  &,  blood  spaces;  c,  lymph  sinus; 
d,  arteriole ;  c,  capillaries;  /,  .iunctlon  of  capillaries  and  blood  space;  g,  island  ot  decidual  tissue  In 
blood  space.    (After  Klotz,  Arch.  f.  Gun.,  vol.  xxix.) 


elsewhere  in  the  body.     The  lesion  is  probably  of  more  fre- 
quent occurrence  than  is  generally  supposed. 

Sypldli.'i. — Almost  all  of  the  physiological  changes, 
such  as  fatty  degeneration,  calcification,  etc.,  have  been 
ascribed  to  syphilis.  The  changes  in  the  suh-placental 
sinuses  have  likewise  been  considered  to  be  due  to  the 
same  cause.  There  is,  however,  no  definite  relation  be- 
tween the  occurrence  of  these  changes  and  syphilitic  in- 
fection. They  bear  the  same  relation  to  nephritis  and 
other  cachexias,  in  that  in  all  of  these  conditions  they  are 
more  extensive  than  they  should  be  normally.  It  is  to  be 
noted  that  in  well-marked  cases  of  syphilitic  infection, 
both  of  mother  and  of  child,  no  changes  may  be  found  in 
the  decidua.  Further,  the  syphilitic  nature  of  many  of 
the  supposedl}'  specific  changes  in  the  decidua  is  very 
doubtful.  A  diffuse  hyperplastic  endometritis  serotina 
has  been  described.  The  decidua  is  thickened,  cloudy, 
and  3'ellowi,sh  in  color,  and  its  consistence  is  greatly  in- 
creased. In  its  general  character  this  form  of  decidual 
hyperplasia  (endometritis  decidualis  syphilitica)  cannot 
he  distinguished  from  the  hyperplastic  form  of  decidual 
endometritis  occurring  without  syphilis.  It  is  probable 
that  the  relation  is  one  of  coincidence.  A  form  of  decid- 
ual hyperplasia  associated  with  the  development  of  gum- 
inata  (endometritis  decidualis  gummosa)  has  also  been 
described  l)y  a  few  observers.  Throughout  the  hyper- 
plastic decidua  there  are  scattered  miliary  or  larger  nod- 
ules which  have  a  caseating  centre  with  a  periphery  of 
leucocyte  infiltration  or  connective  tissue.  The  larger 
nodules  are  for  the  greater  part  composed  of  firm  con 
nective  tissue  or  granulation  tissue,  in  the  centre  of  whicli 
there  is  a  finely  granular  detritus.  It  is  probable  that 
fibrin  masses,  placental  infarcts,  necrotic  areas,  etc.,  have 
been  mistaken  for  gummata,  as  the  descriptions  given  in 
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some  of  the  reported  cases  are  not  conclusive.  In  a  gen- 
eral way  the  changes  in  the  maternal  placenta  that  can 
be  ascribed  to  syphilis  are  of  the  same  nature  as  those 
occurring  in  the  festal  placenta;  they  are  of  the  character 
of  senile  changes  occurring  either  prematurely  or  to  a 
much  greater  degree  than  normally.  Of  these  extensive 
thrombosis  of  the  subplacental  sinuses  is  the  most  im- 
portant, as  it  gives  rise  to  the  retrograde  changes  in  the 
serotina,  and  also  most  probably  plays  a  part  in  chorionic 
infarction. 

J\'ew  Gro(fWi.s.— Hyperplastic  conilitions  of  the  decidua 
are  found  in  either  a  diffuse  or  a  polypoid  form,  before  or 
after  the  expulsion  of  the  fa?,tus,  but  occurring  most  fre- 
quently in  subinvolution  of  the  decidua  after  abortion. 
They  are  also  of  frequent  occurrence  in  the  various 
forms  of  decidual  inflammation  either  of  specific  or  non- 
specific origin.  To  this  class  of  .simple  decidual  hyper- 
plasia tlie  majority  of  the  so-called  decidual  polyps  or 
benign  deciduomata  belong.  It  is  doubtful  if  these 
should  be  regarded  as  neoplasms,  but  no  distinct  line 
of  separation  can  be  drawn  between  such  simple  hyper- 
plasias and  those  whose  overgrowth  is  so  extensive  as  to 
warrant  their  being  classed  as  tumors.  They  differ,  how- 
ever, from  the  true  decidual  neoplasms  in  that  they  are 
almost  alwaj'S  spontaneously  expelled,  or  undergo  invo- 
lution. If  operated  upon  they  do  not  recur,  provided 
the  removal  has  been  complete.  On  the  other  hand,  the 
true  neoplasms  arising  from  the  decidua  show  a  progres- 
sive growth,  and  do  not  tend  to  spontaneous  expulsion 


structure,  therefore,  resembles  that  of  the  serotina.  This 
growth  is  analogous  to  the  adenoma  in  its  general  man- 
ner of  growth.  It  is  benign,  in  that  it  does  not  produce 
mestastases,  but  may  recur  after  operation  if  not  thor- 
oughly removed.  It  does  not  undergo  spontaneous  in- 
volution or  expulsion,  but  shows  a  progressive  growth 
for  months  after  the  abortion  or  delivery  which  gave  it 
origin.  In  a  few  cases  a  much  longer  period,  from  one  to 
two  j'cars,  has  been  observed.  The  growth  takes  its  origin 
from  the  islands  of  decidual  tissue  found  in  subinvolution 
of  the  decidua.  To  this  form  the  term  deciduoma  has 
been  usually  applied,  but  the  simple  inflammatory  h}'per- 
jdasias,  subinvolutions,  etc.,  as  well  as  the  new  growths 
ari.sing  from  the  chorionic  epithelium,  have  also  been 
called  by  this  name.  Much  conf  u.sion  has  therefore  arisen 
out  of  the  un.settled  state  of  the  terminologj'  of  the  neo- 
plasms arising  from  the  decidua  and  chorion.  In  the 
majority  of  the  latest  text-books  the  tenn  deciduoma  is 
used  as  a  synonym  for  syncytioma,  though  the  latter 
tuinor  arises  from  the  syncytial  la_yer  of  the  chorion,  is 
epithelial  in  character,  and  has  notliing  in  common  with 
the  decidua,  which  is  of  me.soblastic  origin.  To  clear  up 
this  confusion  it  has  been  suggested  by  Sanger  that  the 
term  deciduoma  be  dropped,  and  the  decidual  neoplasm 
be  known  by  the  term,  decidual  adenoma  or  adenmna  de- 
cidiiale.  It  seems  to  the  writer  that  this  use  of  the  word 
adenoma  is  also  of  danger  in  that  a  wrong  conception  of 
the  structure  of  the  decidual  growth  may  be  given,  since 
the  present  use  of  the  word  adenoma  is  restricted  almost 
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or  involution 


yb.)  "I'M  "6  Saul  to  lie  secure  V  (ivfil      Th, ■«,.,*    *  *i 
is  composed   of  decidn.  1   h -l,  i    ^  "^^^  l^s*  of  the.se 
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,  serosa  of  uterus.     (After  Sanger,  Arch.  f.  Gyn.,  vol.  xliv.) 

wholly  to  epithelial  tumors.  In  view  of  this  it  would 
seem  better  to  retain  the  use  of  the  word  deciduoma,  ap- 
plying it  only  to  this  growth  in  the  form  of  deciduoma 
benigitum.  Clinically,  this  growth  is  characterized  by 
severe    hemorrhages,    secondary    infections,    etc.      The 
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Decidua. 
Dofccalion. 


ti'eatiiK'nt  consists  of  tljoro\ii,fli  and  deep  ciirettiiii;-.  This 
will  produce  a  cure,  if  niuliguuut  changes  have  not  al- 
ready taken  place. 

The  second  form  of  decidual  neoplasm  bears  the  type 
of  a  sarcoma  and  contains  no  glantls.  To  it  the  naiues 
of  deciduo-sarcoma  or    sarcoma    deciduo-cellulare   have 
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Fir,.  1.588.— Section  of  Tumor  Nodule  from  Uterus  Pictured  in  Preced" 
ing  Fitrure  (Sarcoma  Uteri  Oeciduo-celluiare).  a,  Nest  of  decidua" 
liiie  cells  intlltrating  muscularis  :  h, />,  smaller  nests ;  c,  intermuscu' 
lar  connective  tissue;  d,  muscle;  c,  hemorrhage.  (After  Siincer' 
Ardi.f.  6r(//).,  vol.  .xliv.) 

been  given.  These  terms  express  very  satisfaetoi-ily  the 
origin  and  character  of  the  growth.  This  possesses  the 
structure  of  a  sarcoma,  consisting  of  large  oval  or  spindle- 
shaped  cells  with  occasional  giant  cells,  and  having  a 
very  scanty  intercellular  substance.  The  cells  bear  a 
very  close  resemblance  to  decidual  cells,  and  in  some  cases 
the  origin  of  these  cells  from  the  decidua  can  be  delinitely 
made  out.  The  tumor  may  form  a  diffuse  growth  over 
the  endometrium  or  may  develop  scattered  nodular 
masses.  These  frecjuently  imdergo  ulceration.  It  ma}' 
extend  into  the  uterine  wall  by  expansion  or  infiltration. 
Jfetastases  are  very  r^uickly  set  u|.i ;  these  are  most  fre- 
quent in  the  vaginal  walls  and  lungs.  It  is  one  of  the 
most  malignant  forms  of  sarcoma  on  account  of  its  rapid 
diffusion.  Retention  of  the  chorion  with  or  without 
pathological  changes  in  tlie  chorionic  villi  may  or  may 
not  take  place  in  association  with  this  growtli.  Clini- 
cally, this  tuinor  is  characterized  by  its  develoi)ment  fol- 
lowing delivery  or  aliortion,  severe  hemorrhages,  second- 
ary infections,  rapidly  developing  cachexia,  evidences 
of  metastases  in  lungs,  etc.,  and  very  rapid  course,  the 
majority  of  the  patients  dying  within  six  or  seven  montlis. 
The  disease  is  very  often  mistaken  for  cancer  or  puer- 
peral sepsis.  The  differential  diagnosis  iriust  depend 
entirely  upon  the  microscopical  examination  of  portions 
of  the  growth  removed  from  the  uterus.  Because  of  its 
very  rapid  growtli  a  cure  can  be  effecfed  only  by  the 
earliest  possible  recognition  of  the  condition  and  the  re- 
moval of  the  uterus.  The  prevention  of  the  growth  may 
be  accomplished  by  the  complete  removal  from  the  uterus 
of  all  portions  of  retained  placenta  after  delivery  or  abor- 
tion. This  is  of  especial  importance  in  the  case  of  hy- 
datid mole,  since  in  many  cases  the  decidual  sarcoiua 
appears  to  follow  this  condition. 

Aldred  Scott  Warthin. 

DECIDUOMA.  See  C'lwnon.  (Path).;  Decidua.  {Path.); 
and  Syucytioma. 

DEEP  ROCK  SPRING.— Oswego  County,  New  York. 

Post-Office. — Oswego.     Hotel. 

Oswego  is  located  on  Lake  Ontario,  about  fifty  miles 
south  of  the  head  of  the  St.  Lawrence  River.  It  is 
reached  by  the  Delaware,  Lackawanna  and  Western, 
Rome,  Watertown  and  Ogdensburg,  and  the  New  York, 
Ontario  and  Western  railroads.     The  Deep  Rock  Spring 


as  opened  lo  the  pubhe  and  the  water  placed  on  the 
maiket  m  the  spring  „t  1S71.  Since  that  time  it  has  had 
an  exten.sive  sale,  competing  burly  in  the  markets  wit,h 
llie  most  poptdar  waters  of  the  time.  The  followintr 
unalysis^  ^^■a.s  made  by  Prof.  Silas  H.  Douglass,  of  the 
Lmversity  ol  Michigan; 


|>\E  ITnited  States  Gallon  Contains: 
Solids. 
Sodiuiri  I'lilciiidc  .,   . 

Polassimii  .■hli.ndc ' 

Mannesiiiiii  cjili.iide. . 

C'alciuiiL  chloriili' 

Silica 

Sulphuric  ariil 

Iron  iiii.loxiile ..'.........'..'.'...'.'.'..' 

L(;iss 


(t  rains. 
.  :J(IH.1K 
.  Itd.iiK 
.  l(i.U'4 
.  1K.19 
.  71.70 
.  Trace. 
.  Trace. 
.      1.78 


Tot"! 559.17 

Carlionic  acid  sas,  not  determined. 
Temperalure  of  water,  50°  F. 

The  water  is  strongly  saline  and  activelv  diuretic  with- 
out cathartic  effects.  It  is  useful  in  rlieumatism  and 
some  forms  of  kidney  and  bladder  troubles.  It  is  claimed 
that  the  water  contains  a  greater  proportion  of  potassium 
chloride  than  does  any  other  known  spring.  A  valu- 
able sul])hur  spring  has  been  discovered  in  a  ledge  of  rocks 
tifty-seven  feet  above  the  source  of  Deep  Rock,  and  it  is 
intended  to  utilize  this  for  both  drinking  and  bathing  pur- 
poses. The  city  of  Oswego  offers  unusual  attractions  as 
a  place  of  residence  during  the  sunuuer.  The  well-known 
Doolittle  House,  adjoining  the  springs,  has  accommoda- 
tions for  one  hundred  and  lifty  guests. 

■laiiiefs  li.  Crook. 

DEERS-TONGUE.     See  CoomariiK 

DEFECATION.— The  residue  of  fond  digestion  and 
other  debris  fj(,im  the  alimentary  canal,  after  accumulat- 
ing in  the  colon  and  sigmoid  flexure,  are  discharged  at 
more  or  less  regular  intervals.  Tliis  discharge  constitutes 
defecation.  The  rectum  is  ordinarily  a  closed  tube,  the 
descent  of  fa'cal  matter  into  it  being  prevented  b}'  the  so- 
called  third  or  superior  sphincter.  Its  distention  by  fa?eal 
matter  produces  the  normal  stimulus  to  peristaltic  con- 
traction and  a  sensation  which  is  recognized  by  the  in- 
dividual as  a  call  for  evacuation.  If  the  call  be  not 
promptly  responded  to,  the  rectal  contents  pass  back, 
probably  bj'  a  reversed  peristalsis,  into  the  sigmoid  flex- 
ure, and  the  desire  for  evacuation  temporarily  ceases. 
Ordinarily  the  call  is  repeated  at  short  intervals  and  with 
increasing  urgency  until  it  is  responded  to;  habitual 
neglect  of  it  begets  a  tolerance,  and  the  rectum  becomes 
also  a  reservoir  of  ftx^cal  matter,  anil  its  evacuation 
as  a  result  becomes  difficult. 

From  this  it  is  evident  that  defecation  is  largely  under 
the  control  of  the  will,  but  it  is  not  wholly  so.  It  is,  in 
fact,  a  reflex,  involuntary  act.  aided  or  prevented,  as  the 
case  may  be,  by  voluntary  impulses.  The  extrusion  of 
fascal  matter  is  accomplished  chiefly  through  the  peri- 
staltic movement  of  the  bowel,  both  longitudinal  and  cir- 
cular muscular  coats  taking  part  in  it.  The  contraction 
of  the  circular  fibres  produces  the  peristaltic  wave,  while 
that  of  the  longitudinal  fibres  gives  support  to  the  rec- 
tum and  teiuls  to  diminish  its  length.  The  anal  orifice 
is  guarded  liy  two  sphincters,  the  outer  one  a  voluntary 
muscle,  the  inner  involuntary,  being  formed  by  a  strong 
band  of  the  unstriated  circular  coat  of  the  bowel.  The 
external  sphincter  is  composed  of  striated  fibres;  but  it 
is  only  to  a  certain  extent  under  control  of  the  will,  for 
it  relaxes  when  the  impulse  to  evacuate  becomes  imper- 
ative. The  musculature  of  the  rectum  is  under  the  con- 
trol of  both  motor  and  inhibitory  nerve  fibres.  Some  of 
these  fibres  come  from  the  lumbar  plexus  and  others 
from  the  sympathetic  ganglia  of  the  region,  the  inferior 
mesenteric  and  the  hypogastric  plexuses.  The  pbysio- 
loa-ical  centre  in  the  lumbar  cord  is  known  as  Budge's 
centrum  anospinale.  There  exists  also  a  nervous  con- 
nection with  one  or  more  cerebral  centres.  There  is,  un- 
doubtedly, an  inhibitory  centre,  supposed  to  lie  in  the 
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ontic  thalami,  ^vhos(_'  action  is  in  part  at  least  t..  prevent 
be  reflex  closure  of  the  sphincter  under  the  stimula  loi, 
of  the  sensory  nerves  of  tlie  rectum  by  the  ck-scent  of 
fTces  In  the  infant  defecation  is  probably  entirely  in- 
^•oluntary.  In  certain  diseases  of  the  brain  or  spinal  cord, 
in  sleep  or  in  intoxication,  involuntary  evacuation  some- 
times icours,  and  certain  psychic  states,  the  disturbance 
of  the  emotions  as  by  fright  or  fear,  are  capable  of  m- 
ducin"-  it  Such  accidents  are  attributable  either  to  the 
remo\^al  of  some  cerebral  control  or  to  the  action  of  tlie 
inhibitory  centre.  •  ,  •,  ■ 

Defecation  begins  ordinarily  with  the  voluntary  inhibi- 
tion or  withdrawal  of  the  action  of  the  external  sphinc- 
ter This  inhibition  is  of  limited  duration,  however,  it 
may  be  terminated  voluntarily,  but  it  cannot  lie  contin- 
ued indelJnitely  by  the  action  of  the  will ;  a  rather  sharp 
contraction,  as'a  rule,  follows  the  passage  of  a  fa'cal  mass. 
Relaxation  of  the  sphincter  is  accompanied  by  a  contrac- 
tion of  the  abdominal  muscles  and  a  variable  action  of 
the  diaphragm,  corresponding  to  the  amount  of  expulsive 
force  required.  The  sensation  produced  by  the  disten- 
tion of  the  rectum  is  peculiar  and  should  not  be  disagree- 
able, but  in  some  diseased  conditions  of  the  bowel  it 
becomes  exaggerated  into  a  painful  tenesmus.  If  the 
peristaltic  action  has  been  strong  and  the  demand  for 
evacuation  imperative,  the  diaphragm  is  not  necessarily 
brought  into  requisition,  but  when  additional  force  is  re- 
quirexl,  as  in  constipation,  the  diaphragm  is  depressed, 
causing  full  inspiration,  and  its  ascent  is  prevented  by  a 
closure  of  the  glottis.  In  this  way  and  by  the  subse- 
quent contraction  of  the  abdominal  muscles,  not  only  is 
the  rectum  emptied,  but  the  passage  of  the  contents  of 
the  colon  and  sigmoid  flexure  into  the  rectum  is  assisted. 
Defecation  is  assisted  also  by  the  levator  aui  muscles, 
whose  contraction  tends  to  draw  the  sphincters  upward 
over  the  fa;cal  mass.  The  rectal  peristalsis  can  be  in- 
creased also  by  repeated  voluntary  contractions  of  this 
muscle  and  the  external  sphincter.  During  defecation 
the  mucous  membrane  of  the  anus  is  slightly  everted, 
especially  when  the  expulsive  force  is  strong.  After  the 
completion  of  defecation  the  sphincters  relax  to  some 
extent,  as  their  contraction  is  not  required  to  retain  the 
closure  of  the  anus  in  the  intervals  between  the  acts  of 
defecation. 

It  is  generally  admitted  that  defecation  should  occur 
once  in  twenty-four  hours,  yet  it  may  occur  twice  or 
thrice  within  that  limit  of  time  or  onlj'  once  in  two  or 
three  days  with  apparently  normal  regularity.  Its  fre- 
quency is  largely  a  matter  of  habit  with  the  individual. 
In  cases  of  habitual  constipation  evacuations  may  occur 
as  seldom  as  once  in  a  week,  but  in  inflammatory  diseases 
of  the  intestine  they  may  occur  at  intervals  of  only  a  few 
minutes.  The  frequency  and  character  of  defecation  are 
often  valuable  factors  in  diagnosis. 

James  M.  French. 

DEGENERATIONS  AND  DEPOSITS,  PATHOLOG- 
ICAL.— Among  the  most  important  retrograde  changes 
are  those  classed  as  the  degenerations  and  the  deposits. 
While  the  term  tissue  degeneration  is  very  often  loosely 
applied  to  all  kinds  of  retrograde  changes,  it  is  also  used 
in  a  specific  sense  to  indicate  that  particular  class  of  ret- 
rograde change  which  is  characterized  by  the  formation 
of  new  substances  out  of  tlie  cell  protoplasm.  These; 
substances  may  be  retaineil  within  the  cell  or  discharged 
from  it.  Any  pathological  increase  in  the  production  of 
substances  normally  manufactured  by  the  cell  would  be 
included  under  this  head.  To  avoid  the  confusion  aris- 
ing from  the  loose  use  of  the  term  degeneration,  it  mi..ht 
he  ot  advantage  to  class  these  changes  as  the  true  drqcn- 
crahnns.  The  deposits  or  infiltmtions,  on  the  other  baud 
are  characterized  by  the  deposit  in  the  tissues  of  iiatho- 
ogical  substances  which  have  either  formed  within  the 
body  or  have  been  iiitichiccd  into  it  from  without      The 

of 'Zo^ft      'V"''?'"  "^'  '^'■'^•■■'"'■•iti""  '-■itlierat  the  point 
of  ck^  osit  or  elsewhere  in  the  l),,dv,  or  it  alone  may  icorc- 
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degeneration  and  deposit,  since  identical  or  similar  sub- 
stances may  be  both  formed  within  the  cell  out  of  its 
own  protoplasm  or  be  brought  to  it,  and  deposited  either 
in  it  or  about  it.  Some  substances  such  as  fat,  melanin, 
glycogen,  etc.,  thus  play  the  role  of  both  degeneration 
and  deposit;  while  others  such  as  mucin,  pseudomuciu, 
amyloid,  etc.,  occur  in  but  one  form,  either  that  of  a  de- 
generation or  that  of  a  deposit  as  the  case  may  be.  Many 
of  the  substances  which  are  regarded  as  deposits  are  usu- 
ally found  in  or  near  the  walls  of  the  smaller  blood-ves- 
sels, suggesting  the  posssibility  of  their  formation  through 
changes  in  the  secreting  cells  of  the  vessel  wall.  The 
new  substances  are  either  taken  out  of  the  blood  by  the 
endothelial  cells  or  are  formed  by  the  protoplasm  of  the 
latter,  and  passed  out  into  the  lymph  spaces  of  the  sur- 
rounding tissue  after  the  manner  of  a  secretion.  Both 
amyloid  and  byaliu  appear  to  be  formed  in  this  way. 

True  Degenerations. — 1.  Cloudy  swelling.  2.  Hy- 
dropic degeneration.  .3.  Patty  degeneration.  4.  Col- 
loid degeneration,  h.  Mucin.  6.  Pseudomucin.  7. 
Cholesterin.  8.  Epithelial  hyalin.  9.  Cornificatiou. 
10.  Colloid-like  bodies.  11.  Pigments  formed  by  cell 
activity.     13.  Glycogen. 

Deposits. — 1.  "Fat.  2.  Amyloid.  3.  Hyalin.  4.  Cal- 
ciflcation.  5.  Uric  acid,  urates,  etc.  (i.  Cholesterin, 
cystin,  xanthin,  etc.  7.  Glycogen.  8.  Pigment.  9. 
Extrinsic  substances. 

True  DegeneR-«'I0ns. — Clmtdy  SicelUng  (Parenchy- 
matous, Granular,  or  Albuminous  Degeneration). — This 
is  the  most  common  form  of  the  true  degenerations  and 
is  characterized  by  the  splitting  up  of  the  cell  protoplasm 
into  fluid  and  albuminous  granules.  These  granules  are 
soluble  in  acetic  acid,  insoluble  in  alkalies  and  ether,  and 
are  not  affected  by  osmic  acid.  Their  presence  gives  to 
the  cell  a  cloud}-  granular  appearance ;  it  is  swollen  and 
its  normal  form  and  structure  are  lost.  In  slight  degrees 
of  this  change  the  nuclei  show  but  little  evidences  of  dis- 
organization, Ijut  in  severe  cases  there  are  disintegration 
and  loss  of  staining  power  of  the  chromatin.  Recovery 
from  the  moderate  degrees  of  this  degeneration  is  po.ssi- 
ble,  but  after  diffusion  of  the  nuclear  chromatin  the  cell 
undergoes  complete  destruction,  breaking  up  into  a 
finely  granular  debris.  Cloud_y  swelling  occurs  in  the 
cells  of  the  parenchymatous  organs,  particularly  in  the 
liver  and  kidneys,  in  the  course  of  the  acute  infectious 
diseases,  severe  intoxications,  etc.  It  is  the  chief  lesion 
in  the  kidneys  in  the  acute  degenerative  nephritis  oc- 
curring in  scarlatina,  septicaemia,  eclampsia,  variola, 
erysipelas,  diphtheria,  typhoid  fever,  etc.  ;  and  in  such 
intoxications  as  mercuric  chloride,  carbolic  acid,  phos- 
phorus, arsenic,  cautharides,  etc.  To  the  naked  eye 
the  affected  organs  appear  larger,  swollen,  less  shining 
than  normal,  and  of  a  grayish  color.  In  severe  cases  the 
organ  has  the  appearance  of  having  been  boiled,  and 
possesses  a  color  and  consistence  similar  to  that  of  putty. 
Fatty  degeneration  is  often  associated  with  cloudy  swell- 
ing. 

Hydropic  Degeneration. — In  hydropic  degeneration 
there  is  a  partial  liquefaction  of  the  protoplasm,  leading 
to  the  formation  of  clear  vacuoles  within  the  cell.  The 
nucleus  may  be  similarly  affected,  being  indicated  by  the 
presence  of  a  large  clear  globule  consisting  of  the  nuclear 
membrane  distended  liy  fluid.  This  degeneration  occurs 
most  frequently  as  a  precursor  to  liquefaction  necrosis, 
and  is  found  in  blisters  of  the  skin,  tumor  cells,  severe 
leilema,  inflammatory  processes,  etc.  It  is  distinguished 
from  (edema  in  that  the  staining  power  of  the  nucleus  is 
affected,  and  from  liijuefaction  necrosis  in  that  in  the 
latter  the  nucleus  is  entirely  lost. 

Fatty  Def/eneration. — This  form  of  degeneration  is 
characterized  by  the  formation  of  fat  out  of  the  albumin 
of  the  cell  body.  Cells  which  are  in  a  state  of  fatty 
degeneration  contain  small,  colorless,  highly  refracting 
droiilets  which  are  soluble  in  alcohol  and  ether,  insoluble 
ill  acetic  acid,  and  stain  black  with  osmic  acid.  These 
droplets  are  very  irregular  in  size  and  shape,  but  are 
usually  small  excejit  in  severe  cases,  in  wbicb  they  may 
become  confluent,  forming  larger  drops.      The  parenchy- 
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inatous  orgiius,  livev,  kidneys,  etc.,  are  cliiefly  affected, 
but  the  degeuenition  occurs  also  very  freiiuently  in  lieurt 
muscle,  voluntary  muscle,  connectivc-tiss\ie  cells,  and 
leucocytes.  Patty  degeneration  occurs  in  a  great  variety 
of  pathological  conditions ;  acute  infectious  diseases  sueli 
as  diphtheria,  pneumonia,  septicemia,  etc.  ;  poisoning 
by  phosphorus,  arsenic,  chloroform,  (camphor,  etc. ;  acute 
ana'inia  resulting  from  severe  hemorrhage;  chronic  an;e- 
mia  and  leukemia;  chronic  congestion;  diminished  blood 
supply  caused  bj'  sclerosis,  thrombosis,  etc.  ;  chronic 
puhnonarj'  tuberculosis,  nephritis,  chronic  alcolioHsm, 
etc.  The  degeneration  is  dependent  partly  upon  changes 
in  the  nutrition  of  the  cell  and  partly  upon  a  lowered 
vitality  of  the  cell.  The  chief  factor  is  a  diminished 
supply  of  oxygen  to  the  cells,  which  residts  in  an  in- 
creased breaking  down  of  the  cell  albumin,  partly  into 
fat  and  partly  into  nitrogenous  products  A\hieh  are  ex- 
creted by  way  of  the  urine.  In  the  infectious  diseases 
the  degeneration  must  be  attributed  primarily  to  the 
effects  of  the  poisons  produced  in  these  diseases,  or  to 
the  effects  of  fever.  Prolonged  high  temperatures  lead 
to  extensive  fatty  degeneration,  especially  of  the  heart 
muscle.  Cells  out  of  their  normal  environment,  tumor 
cells,  pus  cells,  etc.,  also  undergo  fatty  degeneration. 
Cloudy  swelling  and  hydropic  degeneration  are  very  frc- 
cjuently  associated  with  fatty  change. 

Colloid  Degeneration. — Colloid  is  a  more  or  less  firm, 
hyaline,  jelly-like  substance,  clear  or  slightly  colored, 
and  is  produced  by  the  cells  of  the  thyroid  follicles. 
Its  chemical  nature  is  unknown;  it  is  probably  an  al- 
buminous body  containing  iodothyriu.  It  is  not  precipi- 
tated by  alcohol  or  acetic  acid.  AV^hcn  formeil  in  exces- 
sive amount  the  follicles  become  distended  and  the  gland 
enlarged  (colloid  degeneration  of  thyroid,  colloid  goitre 
or  bronchocele).  This  pathological  accumulation  maj' 
occur  both  in  the  normal  gland  and  in  tumors  arising  from 
it.  Substances  similar  to  thyroid  colloid  are  found  in 
various  conditions  of  the  kidneys,  prostate,  ]iarotid,  etc. 
Since  their  chemical  nature  is  not  identical,  they  are 
classed  as  eolloicl-like  bodies. 

Mucin,  Pseudomuciit. — The  pathological  formation  of  a 
stringy,  gelatinous  fluid  from  epithelial  cells  or  connec- 
tive tissues  is  known  as  mucous  or  myxomatous  degen- 
eration. This  change  lias  a  physiological  prototype  in 
the  formation  of  mucus  in  mucous  membranes  and  glands, 
and  in  the  umbilical  cord,  tendons,  bursse,  and  synovial 
membranes.  In  mucous  membranes  the  production  of 
mucus  takes  place  in  goblet  cells.  These  are  swollen 
epithehal  cells  whose  protoplasm  has  become  altered 
into  a  clear  substance  containing  small  gi'anides  or  strings. 
In  mucous  degeneration  of  epithelium  the  number  of 
goblet  cells  becomes  greatly  increased  (catarrhal  inflam- 
mation). Pus  cells,  "the  epithelium  of  cystadcnomata, 
and  carcinoma  cells  very  frequently  xmdergo  mucous 
change.  In  mesoblastic  structures  the  intercellular  sub- 
stance undergoes  a  mucous  change,  Ijecomiug  altered 
into  a  gelatinous  mass.  The  cells  of  the  tissue  may  also 
be  converted  into  mucus.  This  change  occurs  in  tibrous 
connective  tissue,  cartilage,  bone,  bone  marrow,  and  fat, 
and  especially  in  the  casc'of  the  mature  connective-tissue 
tnmors  and  the  sarcomata.  In  severe  cases  the  entire 
tissue  may  become  changed  into  a  clear,  translucent  mass. 
The  chemical  nature  of  "mucus  varies  greatly  in  different 
cases,  and  at  present  but  little  is  known  of  its  real  com- 
position. Its  chief  constituents  are  known  as  mucin  and 
p,seudomucin,  and  several  varieties  of  these  are  described, 
so  that  it  is  probable  that  they  do  not  represent  single 
chemical  substances.  Mucin  is  precipitated  by  acetic 
acid  while  pseudomucin  is  not.  From  both  mucin  and 
pseudomucin  a  carbohydrate  may  be  formed,  from  Avhich 
fact  one  is  justified  in  classifying  them  as  glyco-protcids. 
Pseudomucin  is  found  especially  in  the  cystadenomata  of 
the  ovary  and  is  the  product  of  the  epithelial  cells  lining 
the  cysts.     It  is  found  also  in  mucous  carcinomata. 

Cholesterin.— This  occurs  as  a  pathological  degenera- 
tion in  tissues  and  exudates  which  are  in  process  of  fatty 
degeneration.  Its  source  is  not  clearly  understood,  but 
it  IS  probably  an  intermediate  product  in  the  splitting 


up  of  proteids.  It  occurs  in  the  form  of  thin,  rliomliic 
plates  having  usually  a  notched  corner,  in  atheromata, 
fatty  degeneration  of  sclerotic  vessels,  old  extiavasations 
and  pundent  exudates. 

h'/iil/ieliiiUJi/iili/K—Vntler  this  head  maybe  grouped 
all  of  the  siibstances  that  arise  from  the  ilegeneratioii  of 
epithelial  cells  and  that  have  a  structure  like  that  of  the 
colloid  of  the  thyroid.  The.se  substances  are,  however, 
very  different  in  origin  aud  chemical  nature  and  cannot 
be  regarded  as  being  identical  in  kind.  It  is  therefore 
better  to  restrict  the  use  of  the  term  hj-alin  to  those  de- 
generation products  of  epithelial  cells  which  resemble  the 
l^'alin  of  coimective  ti.ssue  in  that  they  stain  with  f  uchsin. 
Those  sub.stances  which  resemble  colloid  may  then  be 
classed  as  the  colloid-hke  bodies.  As  epithehal  liyalin 
may  be  considered  the  hyaline  granules  and  gloiiulcs 
found  especially  in  cancer  cells.  These  have  been'  lield  to 
be  parasites,  but  they  are  foi-mcd  as  the  I'esult  of  degen- 
erative changes  in  the  cancer  cell. 

VoUoid-like  Bodies. — Those  pathological  substances 
found  in  various  portions  of  the  bod_y  which  bear  a 
close  resemblance  to  the  colloid  of  the  thyroid,  and  which 
like  it  are  the  products  of  epithelial  cells,  may  be  clas.sed 
as  colloid-like  bodies.  The  chemical  composition  of  these 
bodies  cannot  be  identical;  their  grouping  together  into 
one  class  is  based  upon  general  resemblances  only.  Tliey 
represent  transformed  products  of  cjiitlielimn,  and  in 
common  are  hyaline,  gelatinous  substances  which  do  not 
stain  like  mucin.  Such  bodies  occur  pathologically  in 
the  kidney  tubules  (casts),  ovarian  aud  parovarian  c_ysts, 
retention  cysts  in  mammary  glands,  parotid,  skin  glands, 
pancreas,  kidneys,  endometrium,  etc.  Similar  substances 
are  found  also  in  the  prostate,  hypophj'sis,  central  ner- 
vous system,  lungs,  etc.  Thej'  occur  partly  in  the  shape 
of  homogeneous  hyaline  bodies  and  partly  in  the  form  of 
laminated  concretions.  Some  of  the  latter  give  a  reac- 
tion resembling  that  of  amyloid  (corpora  amylacea). 
Since  in  the  majority  of  cases  these  bodies  are  found  in 
gland  spaces,  they  must  be  regarded  as  a  modified  epi- 
thelial pi-oduct  which  is  formed  under  conditions  very 
different  from  those  attending  the  deposit  of  amyloid, 
and  thougli  occa.sionally  giving  a  similar  reaction  cannot 
be  considered  as  being  identical.  The  colloid-like  bodies 
found  in  the  nervous  system  are  derived  either  from  de- 
generating neuroglia  cells  or  from  fragments  of  axis 
cylinders. 
"  Cornifiention. — Pathological  cornification  occurs  in  a 
great  variety  of  conditions.  Hyperplasia  of  the  horny 
layer  of  the"  entire  skin  may  occur  (ichthyosis,  lichen 
pilaris,  etc.),  or  local  thickening  may  take  place  (ichthy- 
otic  warts,  callosities,  corns,  etc.).  These  changes  may 
be  included  under  the  general  term  of  hyperkeratosis. 
Pathological  cornification  also  occurs  in  regions  of  tlie 
bodv  where  normally  it  does  not  take  place  at  all  or  bvit 
to  a  very  slight  degree.  The  ducts  of  the  skin  glands 
maybe  so  affected;  cornification  may  also  occur  in  the 
mucous  membrane  of  the  mouth,  middle  ear,  vagina, 
urinary  passages,  in  the  mastoid  cells,  etc.  Further, 
keratohyalin  is  formed  in  tumors  of  the  skin,  meninges, 
brain,  etc.  In  all  of  these  conditions  the  process  is  a  true 
cell  degeneration,  the  keratin  being  formed  by  the  cells 
at  the  expense  of  their  nuclei.  As  the  keratohyaline 
granules  are  formed  and  escape  from  the  cells  there  is  at 
the  same  time  a  shrinking  of  the  nuclei,  leading  ulti- 
mately to  their  disappearance. 

Cell  Aetimty.— The  pigments  which  are  formed  by  cell 
activity— melanin,  hnemofuscin,  and  lipochrome— may  all 
lie  produced  in  excessive  amounts  under  certain  patho- 
loo-ical  conditions.  This  increase  of  pigment  manufac- 
ture is  analogous  to  the  increased  production  of  mucus, 
colloid,  etc. ;  and  for  this  reason  it  may  be  classed  with 
the  true  degenerations.  An  excessive  formation  of  mel- 
anin occurs  in  local  melanosis  of  the  skin  (pigmented 
moles  sun-burn,  etc.);  in  general  melanosis,  in  Addison's 
disease  and  in  severe  cachexias.  Melanin  degeneration 
occurs  also  in  the  cells  of  melanotic  .sarcomata.  In  these, 
death  of  the  cell  usually  follows  the  formation  of  the 
pigment.     Hajmofuscin  is  produced  in  excessive  amount 
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in  tlie  atrophy  ot  lieart  and  unstriped  muscle.  Lipo- 
!",rome  is  formed  to  suc4r  an  e.xtent  in  certam  forms  of 
sarcoma  as  to  give  them  a  green  color  (chloroma) 

r,v„,„„,„. -Glycogen  is  formed  in  excess  in  cei  tain  cells 
and  tissues  in  a  number  of  pathological  conditious-m 
Dus  cells  in  the  leucocytes  in  certain  cachexias,  and  in 
tumor  cells  of  various  kinds.  It  is  not  clear  whether  in 
these  cases  the  glycogen  is  derived  as  such  wholly  troiu 
the  blood  or  is  manufactured  by  the  cell  from  carjjo- 
hydrates  or  albumin.  .,     .c  *  ^ 

Deposits  —F,it  —A  pathological  deposit  of  fat  may 
take  place  in  tissues  where  fat  is  found  normally  or  in 
those  in  wliich  it  is  not  a  normal  constituent.  In  exces- 
sive accumulation  of  fat  the  subcutaneous  and  subserous 
adipose  tissue,  bone  marrow,  and  liver  are  tirst  affected  ; 
later,  the  intermuscular  connective  tissue  of  the  heart  and 
voluntary  muscles,  endocardium,  etc.,  may  become  the 
seat  of  deposit.  The  fat  is  deposited  in  the  shape  of 
small  droplets  which  become  confluent  into  larger  drops. 
so  that  ultimately  the  entire  cell  body  may  be  replaced 
by  it  and  converted  into  a  globular  mass  of  fat.  Fatty 
infiltration  occurs  in  general  obesity,  congenital  and  ac- 
quired; in  chronic  anasmia  and  cachexia;  in  chronic  alco- 
holism, etc.  The  causes  ot  pathological  accumulations 
of  fat  are:  excess  of  nutritive  material  taken  into  the 
body,  inability  on  the  part  of  tlie  body  to  break  down 
the  fat  received  into  it  or  already  stored  there,  deficient 
oxygenation  of  the  blood  and  tissues,  chemical  substances 
reducing  the  metabolic  activity  of  the  cells,  etc. 

Amyiuid.  —The  terms  amyloid  and  lardaceous  degenera- 
tion have  been  applied  to  the  deposit  of  a  hyaline,  homo- 
geneous, wax-like  substance  in  the  walls  of  the  smaller 
blood-vessels.  It  may  occur  in  almost  every  part  of  the 
body,  but  is  most  commonly  found  in  the  spleen,  kidneys, 
and"  liver;  less  frequently  in  the  intestine,  stomach, 
lymph  glands,  pancreas,  adrenals;  and  rarely  in  the 
muscles,  ovaries,  uterus,  re.spirator}^  tract,  etc.  As  a  re- 
sult of  au  extensive  deposit  of  amyloid  the  affected  or- 
gans become  enlarged,  translucent,  waxy  and  more  re- 
sistant. The  amyloid  substance  gives  a  reaction  with 
iodine  somewhat  resembling  that  of  starch,  and  for  this 
reason  it  was  once  regarded  as  a  body  closelj'  related  to 
cellulose  or  starch;  hence  its  name  amyloid.  Later,  its 
nitrogenous  nature  was  discovered,  and  it  is  supposed  to 
be  a  coagulated  albuminous  Iwxly  intermediate  between 
the  proteids  on  the  one  hand  and  fat  and  cholesterinon  the 
other.  It  is  very  resistant  to  the  action  of  chemicals  and 
the  agents  of  putrefaction.  With  certain  of  the  aniline 
dyes  amyloid  exhibits  a  metachromatic  reaction.  Amy- 
loid is  never  deposited  in  living  cells,  but  is  found  in  the 
interstices  of  the  connective  tissue  in  or  near  the  walls 
of  the  smaller  blood-vessels.  In  the  early  stages  of  the 
deposit  it  lies  always  just  outside  of  the  endothelium. 
It  is  therefore  probable  that  it  is  formed  by  the  secreting 
cells  of  the  vessel  walls  and  deposited  in  the  lymph 
spaces  in  and  near  the  vessels.  But  little  is  known  con- 
cerning its  signiticance  and  etiology.  It  occurs  most 
frequently  in  the  various  cachexias,  especially  in  ]iul- 
monary  tuberculo.sis,  chronic  suppuration,  "syphilis, 
chronic  dysentery,  leukaemia,  etc. 

//^,(;/„._CloseIy  related  to  amyloid  in  its  general  ap- 
pearances and  mode  of  formation  Is  the  homogeneous  de- 
posit found  in  the  walls  ot  blood-vessels  and  hi  the  inter- 
stices of  connective  tissue  which  is  known  as  hyaliu 
It  differs  from  amyloid  chiefly  in  that  it  does  not  give  the 
characteristic  reactions  of  the  latter.  That  tlieie  exists 
a  very  close  relationship  between  the  two  sul)stances  is 
shown  liy  the  fact  that  amyloid  organs  often  contain 
liyalme  areas  which  do  not  give  the  amyloid  reactions 
anil  that  pieces  of  amyloid  when  introduced  into  the 
peritoneal  cavity  of  animals  lose  their  characteristic  reac- 
tions. In  further  contradistinction  In-alin  stains  a  ih'cp 
led  with  Van  Gieson's  method,  wliil.:  amyloid  stains  a 
pmkish-ydlow  or  brown.  Hyaline  deposit  is  four„l 
'^luefly  m  the  walls  of  blooa-v,.ssels  (scle  osis)  endo,  ' 
duim,  connective  tissue  of  the  thyroid,  lyni  h  "lan  s 
ovaries  chronic  inflammations  of  the  kidney.s  'and  in  ,'. 
connective  tissue  of  many  forms  of  tunu.rs^   'l,   tb.  ."n- 
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nective  tissue  of  certain  organs,  especially  in  that  of  the 
conjunctiva,  hyalin  appears  to  be  more  of  the  nature  of 
a  degeneration"than  of  a  deposit.  The  connective-tissue 
cells  may  undergo  a  change  into  a  hyaline  substance  con- 
taining no  nuclei,  or  the  h3'aline  formation  may  owe  its 
origin  to  a  secretory  activity  on  the  part  of  the  connective- 
tissue  cells.  Conjunctival  liyalin  appears  to  be  formed  in 
this  way.  In  other  cases  hyalin  partakes  both  of  the  na- 
ture of  a  degeneration  and  of  that  of  a  deposit,  the  connec- 
tive-tissue spaces  being  first  filled  with  a  clear,  homoge-  ■ 
neous  substance  into  which  the  cells  are  gradually  fused, 
the  whole  ultimately  becoming  converted  into  hyalin. 
The  small  hyaline  granules  (fuchsinophile  bodies)  found 
in  connective  tissue  are  also  included  by  some  writers 
under  the  head  of  hyalin.  They  are  partly  the  results  of 
cell  degeneration  and  partly  derived  frtuu  inflammatory 
exudates.  The  deposit  of  h'yalin  occurs  under  conditions 
similar  to  those  in  which  amyloid  develops:  it  is  found 
in  old  age,  syphilis,  various  cachexias,  chronic  inflam- 
mations, etc. 

Calcification. — The  deposit  of  lime  salts  in  the  body 
tissues  is  of  very  frequent  occurrence.  Such  deposits  may 
consist  either  of  granular  and  amorphous  masses  or  of 
crystals.  They  may  occur  in  the  tissues  which  form  a 
normal  part  of  the  .structure  of  the  body,  or  an  incrusta- 
tion may  be  deposited  around  tissues  which  have  been 
.separated  from  their  normal  surroundings;  or  foreign 
substances  which  have  entered  the  body  may  become 
the  centre  of  deposit.  In  the  first  case  the  process  is 
spoken  of  as  calcification  of  tissue ;  in  the  latter  as  the 
formation  of  concretions  and  calculi.  Calcification  never 
takes  place  in  perfectly  noimal  tissue.  It  is  usually  pre- 
ceded by  some  degenerative  change:  cloudy  swelling, 
fatty  degeneration,  hyaline  change,  necrosis,  etc.  Dying 
tissue  which  has  undergone  moie  or  less  change  appears 
to  possess  a  certain  attraction  for  tlie  lime  salts  held  in 
solution  within  the  body  and  to  cause  their  precipitation. 
Connective  tissue  which  has  undergone  lij'aline  change 
is  especially  likely  to  become  calcified.  Calcification 
occurs  also  in  areas  of  caseation  in  any  part  of  the  body, 
in  tissues  showing  fatty  degeneration  or  beginning 
necrosis,  as  in  the  renal  epithelium  in  cases  of  poisoning  ' 
by  mercuric  chloride,  aloin,  and  bismuth.  In  old  age 
extensive  calcification  n\a\  occur  in  tissues  which  show 
but  little  change.  This  takes  place  to  the  greatest  extent 
in  cases  showing  marked  osteoporosis.  The  lime  salts 
removed  from  the  bones  are  deposited  in  the  capillary 
walls  in  the  lung,  kidneys,  and  mucosa  of  the  stomach,  as 
well  as  in  the  iutima  of  the  smaller  cerebral  vessels.  Con- 
crefionsof  lime  saltsare  met  wiih  in  the  meninges,  cascat- 
ing  areas,  psammomata,  nodular  growths  in  connective 
tissues,  organizing  tliromlii,  etc.  Calculi  composed 
partlj'  or  wholly  of  lime  salts  may  be  found  under  vary- 
ing conditions  in  all  of  the  ducts  and  cavities  of  the  bod}' 
(salivary,  bronchial,  urinary,  biliary,  prostatic,  etc.,  cal- 
culi). All  of  these  possessan  organic  basis  around  Avhich 
the  depo.sit  has  taken  place.  The  calcium  sails  found  in 
the  body  are  either  the  phosphates,  the  carbonate,  or  the 
oxalate.  Magnesium  salts  are  not  infrequently  found  in 
combination  with  these.  Other  substances  such  as  uric 
acid,  bile  pigment,  etc..  are  also  found  mixed  with  lime 
sails  in  various  forms  of  calculi. 

Uric  Aciii.  Utatci. — A  lUqiosit  of  uric-acid  salts  takes 
place  in  gout,  chiefly  in  the  form  of  sodium  urate,  with 
which  small  (juanfities  of  calcium  ]iliosphatc  and  car- 
bonate are  combined.  These  deposits  occur  in  the  kid- 
neys, skin,  subcutaneous  tissues,  tendon  sheaths,  tendons,  . 
ligaments,  synovial  membranes,  and  articular  cartilages. 
The  great  toe  is  a  favorite  seat  of  deposit.  In  marked 
cases  every  organ  in  the  body  may  be  affected.  Fine 
ai'icular  crystals  of  sodium  urate  are  found  in  the  tissues, 
which  show  at  Iheseat  of  deposit  a  more  or  less  advanced 
necrosis.  The  larger  deposits  about  the  joints  are  called 
tophi.  Uric  acid  and  urates  are  found  in  the  kidney 
tubules  in  the  condition  known  as  uric-acid  infarct,  which 
is  of  rather  frequent  occurrence  in  the  new-born.  Calculi 
of  the  .same  substances  are  found  frequently  in  the  tubules 
and  pelvis  of  the  kidney,  the  ureters,  and  in  the  bladder. 
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Pure  uric-acid  calculi  are  small,  liard,  and  reddish  in  color. 
Calculi  ol'  urates  are  usually  partly  composed  of  lime 
salts. 

Chulestcriii.  Ci/sliii,  r^'.— Cliolesteriii  is  found  as  a  de- 
posit in  gall  stones.  These  may  consist  of  pure  choles- 
terin  or  be  combined  with  bile  pigment,  lime  salts,  etc. 
Cj'stin  calculi  are  found  in  rare  conditions  when  cystin  is 
excreted  by  the  kidneys  as  the  result  of  peculiar  meta- 
morphoses of  albumin  produced  in  the  intestine  through 
the  action  of  bacteria.  Cystin  calculi  are  yellowisli,  soft, 
and  waxy.  Calculi  composed  of  xanlhinaVe  found  rarely 
iu  tlie  bladder.  They  are  red  in  color,  and  of  a  .soft, 
friable  consistence. 

Otyeogeii. — In  diabetes  excessiye  amounts  of  glycogen 
are  conveyed  by  the  blood  to  certain  oigans  avIutc  it  is 
deposited  in  the  parenchymatous  cells.  This  takes  place 
to  the  most  marked  extent  in  the  kidneys  where  the 
glyco.gen  is  deposited  in  the  epitheliiun  of  Henle's  loops, 
especially  in  the  isthmus  of  these  where  the  cells  are  al- 
most entirely  hlled  with  it.  It  apjicars  in  the  cells  in  the 
form  of  hyaline  droplets  which  are  usually  collected  near 
the  nuclei.  Aft<.^r  the  glycogen  has  been  dissohed  out 
by  water  clear  vacuoles  are  left  in  the  cell. 

Pigment. — Melanin  may  occur  as  a  dej:iosit  iu  various 
organs,  especially  iu  the  spleen,  lymph  glands,  and 
kidney,  in  the  case  of  necrosing  melanotic  sarcomata  in 
which  the  pigment  is  either  set  free  in  the  blood  or  lymph 
or  carried  tliere  by  leucocytes.  It  may  also  ajipear  in  the 
urine,  and  easts  of  melanin  may  be  found  in  the  renal 
tubules.  In  icterus  the  bile  pigment  may  be  depositeil 
iu  all  of  the  tissues  and  organs  of  the  bod}',  giving  to  them 
a  yellow  or  greenish  color.  Haunatogeuous  pigments, 
ha;matoidin  and  luemosiderin,  are  fouuil  iu  tlie  tissues  as 
remains  of  hemorrhages.  The  pigment  granules  may  toe 
taken  up  toy  leucocytes  and  carried  to  the  spleen,  lymph 
glands,  bone  marrow,  etc. ,  being  deposited  in  the.se  organs 
in  the  sliape  of  yellow  or  brown  granules  which  may  be 
so  numerous  as  to  impart  a  distinct  color  to  the  part.  In 
many  of  the  acute  infectious  diseases,  malaria,  pernicious 
anaemia,  leukaemia,  various  forms  of  poisoning,  etc., 
large  numbers  of  red  blood  corpuscles  ma}'  be  broken 
down  and  an  increased  amount  of  blood  pigment  be  car- 
ried to  the  spleen,  liver,  kidneys,  etc.  This  may  be  com- 
pensated for  by  an  increased  activity  on  the  part  of  the 
liver  in  tlie  formation  of  bile,  but  if  tlie  amount  of  haemo- 
globin is  too  great  to  be  disposed  of  in  this  way  iiigment 
may  toe  deposited  in  the  liver  cells  and  in  other  organs 
and  tissues.  Such  organs  toecome  yellow  or  torown  if  the 
deposit  is  at  all  marked,  and  to  this  condition  the  term 
ha?mochromatosis  lias  been  apjilied.  Since  hfemosiderin 
is  the  ]iigment  most  commonly  found  it  is  proper  to 
speak  of  the  pigmentation  as  a  ha?mosiderosis.  In  the 
liver  cells  ha?matoidin  is  usually  deposited  in  the  central 
zone  of  the  lobule,  while  hfcmosiderin  is  found  in  the 
periphery  of  the  lobule.  In  the  kidneys  the  pigment 
is  deposited  chiefly  in  the  cells  of  the  convoluted  tubules; 
in  the  spleen,  lymph  glands,  and  bone  marrow  it  is  con- 
tained chiefly  w'ithin  the  endothelial  cells  lining  the  blood 
spaces.  Through  the  absorption  of  hydrogen  sulphide 
from  the  intestine,  organs  containing  luemosiderin  in  ex- 
cess may  become  black  in  color  (pseudo-melanosis).  In 
addition  to  the  hferaotogenous  pigments  formed  in  malaria 
through  the  destruction  of  the  red  blood  cells,  the  pig- 
ment formed  by  the  Plasmodia  themselves  may  collect  in 
the  smaller  art;erioles  and  capillaries.  It  is  black,  con- 
tains no  iron,  and  its  exact  chemical  nature  is  unknown. 

Extrinsic  Substances.— Foreign  substances  may  be  in- 
troduced into  the  body  from  without  and  be  deposited  in 
the  tissues.  The  variety  of  such  substances  is  very  great 
and  their  mode  of  entrance  into  the  body  is  also  greatly 
varied.  Insoluble  substances  may  be  introduced  through 
open  wounds  of  the  skin  (tattooing,  trauma).  The  lungs 
are  the  most  frequent  point  of  entrance :  through  them 
coal  dust,  stone  and  iron  dust,  soot,  etc.,  enter  and  are 
deposited  in  the  lung  tissues  and  in  the  bronchial  lymph 
glands.  Under  certain  conditions  (tuberculous  casea- 
tion, etc.)  these  substances  may  get  into  the  general  cir- 
culation and  be  deposited  in  the  liver,  spleen,  bone  mar- 


row, etc.  N.lublc  metallic  salts,  such  as  those  of  silver 
an.  lead,  may  be  t.ukeii  in  through  the  stomach  and  in- 
lestinc,  and  deposUed  in  certain  organs  and  ti.ssues  in  an 
insoluble  lorm. 

The  causes  leading  to  the  pathological  degenerations 
and  deposits  may  toe  either  intrinsic  or  extrinsic  The 
lormcr  may  be  inherited  or  it  may  arise  by  primary  germ 
varialion.  For  tlic  greater  part  both  degenerations  and 
deposits  are  jirodnced  by  injurious  extrinsic  influences 
to  which  the  body  is  exposed  during  life.  Disturlianees 
of  nutrition,  <lefieient  oxygenation,"circulatoiy  disturb- 
ances, intoxications,  infections,  etc.,  play  the  cliicf  part 
in  their  production,  but  any  external  fiiree  which  may 
injure  the  body  may  lead  likewise  to  pathological  altera- 
tions of  its  organs  or  tissues  which  may  assume  either 
the  form  of  a  degeneration  or  that  of  a  deposit.  These 
changes  may  be  of  limited  extent  or  the  entire  organism 
inay  suffer  as  the  result  of  general  disturbances  of" nutri- 
tion. Deposits  may  be  followed  by  secondary  retrograde 
changes,  such  as  atrophy,  fatty  degeneration,  etc.,  as 
tlie  result  of  pressure  or  diminished  blood  supply.  No 
general  statemi'nts  can  be  made  regarding  the  course  and 
symptomatology  of  the  degenerarions  and  deposits,  as 
the.se  vary  within  the  widest  limits  according  to  their 
etiology  and  association  with  other  pathological  condi- 
tions.    (See -Also  Amyloid,  C'uUoid,  Gcmcretions,  etc.) 

Aldri'd  Scott  W'irthin. 

DEGLUTITION.— Deglutition  is  the  physiological  act 
or  process  toy  which  food  is  conveyed  to  the  stomach. 
There  are  two  principal  theories  iu  regard  to  its  mechan- 
ism, one  based  upon  the  description  of  Magendie,  the 
other  upon  tlie  investigations  of  Kronecker  and  Meltzer. 

Following  Magendie,  it  is  customary  to  describe  the  act 
of  swallowing  as  occurring  in  three  stages,  each  represent- 
ing tlie  passage  of  the  food  through  one  of  the  three 
anatomical  regions  involved,  namely,  the  mouth,  the 
pharynx,  and  the  ttsophagus.  After  the  food  has  been 
masticated  and  collected  into  a  bolus,  the  mouth  is  closed 
and  the  jaws  are  brought  together.  Deglutition  then 
begins  with  the  elevation  of  the  tongue  against  the 
palate,  its  tip,  middle,  and  base  pressing  upward  in  suc- 
cession, through  the  action  of  its  intrinsic  muscles  and 
the  stylo-glossus.  The  bolus  is  thus  forced  backward 
tlirough  the  isthmus  of  the  fauces  into  tlie  pharynx. 
During  its  passage  the  soft  palate  is  elevated  by  the  con- 
traction of  the  levator  palati  muscles  and  is  made  tense 
by  the  tensor  palati;  the  pillars  are  made  straight  and 
tc'use  through  the  action  of  the  palato-pharyngeus,  which 
also  assists  in  the  closure  of  the  posterior  nares.  There 
is  at  the  same  time  a  slight  protrusion  forward  of  the 
posterior  wall  of  the  pharynx  through  the  contraction  of 
the  salpingo-pharyngeus,  and  the  uvula  is  elevated  by 
the  azygos-uvuLx'  to  complete  the  closure  of  the  passage 
into  the  posterior  nares. 

This,  the  first  stage,  is  regarded  as  voluntary  in  char- 
acter ;  but  it  is  not  fully  under  control  of  the  will,  for  in 
the  absence  of  a  moist  bolus  or  of  fluid  to  toe  s^vallowed 
the  act  becomes  ditficult  and  cannot  toe  repeated  indefi- 
nitely ;  the  presence  of  dry  food  or  of  a  dry  powder  on  the 
tongue  exerts  an  inhitoitory  influence. 

The  second  stage  consists  in  the  passage  of  the  food 
through  the  pharynx,  which  is  accomplished  toy  a  num- 
ber of  rapid  muscular  movements.  The  contraction  of 
the  stylo  pharyn gens  and  palato-pharyngeus  muscles 
raises  the  pharynx  like  a  funnel  and  tends  to  draw  it  over 
tlie  descending  bolus,  which  is  now  seized  and  carried 
rapidly  downward  toy  the  constrictors  of  the  pharynx. 
The  apiiroximatiou  of  the  anterior  pillars  of  the  fauces 
through  the  action  of  the  palato-glossi  prevents  its  re- 
gurgitation. The  other  muscular. movements  which  ac- 
company these  have  for  their  otoject  the  closure  of  the 
flottis.  "  This  is  accomplished  toy  the  elevation  of  the 
fhyroid  cartilages  behind  the  hyoid  bone  through  the 
iictiou  of  the  laryngeal  mu.scles;  the  approximation  of 
the  arytenoid  cartiUiges  and  the  vocal  cords  toy  the  lateral 
crico-arytenoids  and  the  constrictors  of  the  glottis ;  and 
the  depression  of  the  epiglotris,  which  is  sometimes  ac- 
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complislicd,  perhaps,  in  a  purely  mechanical  way,  but  is 
normally  brought  about  by  the  concerted  action  ot  the 
thyro-hyoids,  digastrics,  genio-hyoids,  mylo-hyoids,  and 
the  fibres  in  the  aryteno-epiglottic  folds. 

The  third  stage  is  a  much  slower  movement,  requinng 
six:  seconds  for  its  completion.  The  food  enters  the 
fpsophagus  with  great  rapidity  and  continues  to  move 
rapidly  through  its  upper  third,  the  part  supplied  \yith 
striated  muscae  tibres.  Through  the  lower  two-thirds 
the  movement  is  slower,  depending  .solely  upon  the  in- 
voluntary musculature. 

The  Kronecker-:\Ieltzer  theory  attril)Utes  the  most  im- 
portant part  in  deglutition  to  the  contraction  of  the 
mylo-hyoid  muscle  and  is  based  upon  carefully  conducted 
experiments.  After  the  bolus  of  food  has  been  collected 
on  the  dorsum  of  the  tongue  and  its  passage  forward  has 
been  prevented  by  the  elevation  of  the  tip  against  the 
palate,  these  muscles  contract  willi  force  and  put  so  great 
pressure  upon  the  bolus  that  it  is  shot  through  the 
pharynx  into  the  crsopliagus,  the  action  being  assisted 
by  the  simultaneous  contraction  of  the  hyjioglossi  which 
draw  the  tongue  backward  and  downward  and  tlms  in- 
crease the  pressure.  This  action  also  serves  to  depress 
the  epiglottis  and  to  protect  the  larynx.  Soft  or  liquid 
food  passes  rapidly  through  the  asojiliagusto  the  cardiac 
orifice  of  the  stomach,  the  time  required  for  its  descent 
being  not  more  than  one-tentli  of  a  second.  The  peri- 
staltic wave  of  tlie  oesophagus  is  regarded  as  a  reserve 
movement  intended  for  the  removal  of  such  fragments 
as  lodge  in  descent  or  for  the  completion  of  deglutition 
when  the  tjolus  is  not  of  a  proper  ehai-acter  for  rapid  de- 
scent. It  is  needed,  however,  in  many  individuals  to  force 
the  food  through  the  cardiac  constriction.  Six  seconds 
are  re((uired  for  the  completion  of  the  act  in  this  manner. 
The  a?sophagus  contracts  in  three  successive  segments. 
The  first  is  about  6  cm.  long  and  is  the  necli  portion,  the 
part  endowed  with  striated  muscle.  It  begins  to  contract 
in  about  one  or  one  and  two-tenths  seconds  after  the  be- 
ginning of  deglutition  and  requires  two  seconds  for  its 
completion.  The  second  segment,  the  upper  thoracic 
portion,  is  about  10  cm.  in  length;  its  contraction  begins 
about  one  and  eight-tenths  seconds  after  the  tirst  segment 
begins  to  contract  and  lasts  for  from  six  to  .seven  seconds. 
The  remaining  third  portion  begins  to  contract  about 
three  seconds  later  than  the  second  and  continues 
for  from  nine  to  ten  seconds.  The  act  of  deglutition  is 
thus  divided  into  five  instead  of  three  stages,  cor- 
responding to  the  contraction  of  the  mylo-hyoids,  the 
constrictors  of  the  pharynx,  and  the  th'ree  cesophageai 
segments.  A  single  act  of  swallowing  requires  six 
seconds  for  its  completion,  as  stated ;  but  if  tlie  act  be 
repeated  within  this  time,  it  was  observed  that  the  peri- 
staltic wave  is  arrested  and  that  the  liolus  is  carried  to 
the  stomach  by  a  subsequent  wave  which  is  completed 
six  seconds  after  the  beginning  of  the  last  deglutition. 

Nervous  Control.— Deglutition  is  a  reflex  act.  Acer- 
tain  stimulus,  as  that  of  food  or  drink  or  a  few  drops  of 
saliva,  seems  to  be  required  for  the  perfect  accomplish- 
ment of  even  the  first  stage,  tlie  most  voluntary  part  of 
it.  The  afferent  impulse  is  conveyed,  presumably  from 
the  mucous  membrane  of  the  mouth  or  pharynx,  to  the 
deglutition  centre  by  the  glosso-pharyngeal,  trifacial  and 
pneumogastric  through  the  internal  branch  of  its  superior 
laryngeal  division.  No  deglutition  centre  has  been  deli- 
mttdy  located,  but  it  is  supposed  to  lie  near  the  anterior 
surface  of  the  medulla.  It  probably  comprises  parts  of 
the  nuclei  ot  origin  of  the  nerves  employed  in  the  act  of 
swallowing,  namely,  the  hypoglo,ssal,  facial,  trifacial 
glosso-pharyngeal,  and  pneumogastric,  and  is  not  an  in- 
dividual collection  of  cells. 

Mosso  found  that  when  an  entire  segment  of  the  (esopli- 
'tnuLVT^°T^  *'-'°  contraction  of  the  ,,art  below   the 
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act  on  If  '■■  ,.^^';'"'-'^'k^''-  ;'".'•  Meltzer  observed  the  same 
action  attei   bguture  or  division.     This  is 
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of  ganglion  cells  and  another  in  the  submucous  layer. 
Although  the  part  taken  by  each  of  these  cannot  be  ex- 
actly described,  the  impulses  are  conveyed  through  them 
in  siicli  a  manner  that  the  wave  of  contraction  travels 
downward  from  the  ujiper  portions  to  the  lower  regard- 
less of  the  integrity  of  the  tube.  James  M.  French. 

DELIRIUM. — TiieteT^m.  delirium  does  not  indicate  any 
special  disease,  but  a  psychopathic  condition,  which  may 
be  observed  during  the  course  of  a  great  many  mentid 
disea.ses.  This  condition  is  characterized  by  an  incoher- 
ence in  the  chain  of  conceptions,  and  by  the  appearance 
of  symptoms  of  psycho-sensory  and  psycho-motor  irrita- 
tion. The  incoherence  of  conceptions  is  evident  in  the 
disconnected  and  confused  speech  and  iu  the  aimless 
movements  (jf  the  patient.  Hallucinations  are  produced 
by  the  psycho-sensory  irritation,  and  the  psycho-motor 
irritation  is  responsible  for  the  impulsive  movements 
sometimes  manifested  in  a  very  high  degree. 

As  is  well  known,  delirium  appears  most  freijuently  in 
the  course  of  the  acute  infectious  diseases.  One  must, 
however,  bear  in  mind  that  not  every  psychical  disturb- 
ance during  these  diseases  must  necessarily  be  a  delirium. 
Isolated  delusions,  maniacal  excitation,  and  acute  haUnci- 
nations  appear  here  just  as  frequently  as  delirium,  and 
it  is  well  to  tlistinguish  sharply  between  these  conditions 
as  they  may  each  have  a  different  significance.  A  genuine 
delirium  indicates  often  a  state  of  inanition  and  demands 
energetic  .stimulation. 

Delirium  may  appear  in  the  course  of  various  mental 
diseases,  and  iu  such  instances  alwa3\s  indicates  general 
exhaustion.  It  is  of  bad  prognostic  significance  when  it 
develops  gradually  under  these  circumstances,  and  is  not 
infrequently  the  first  sign  of  approaching  death.  There 
seems  to  be  a  special  tendencj'  toward  the  development 
of  delirium  in  tlie  course  of  functional  psychoses  which 
are  complicated  by  some  organic  disease,  such  as  a  val- 
vular lesion  of  the  heart,  a  chronic  nephritis,  etc.  Fre- 
quently delirium  arises  in  organic  diseases  of  the  brain 
as  a  seciuel  to  some  acute  lesion  of  the  brain  substance, 
such  as  minute  hemorrhages,  emboli,  or  ccdema. 

When  a  delirium  suddenh'  develops  without  warning 
in  a  previousl}'  healthy  person,  a  correct  judgment  of 
the  case  becomes  much  more  difficult  than  w  heii  it  ap- 
pears in  the  course  of  certain  diseases.  These  are  the 
cases  which  the  general  practitioner  sees  in  relative  fre- 
qllencJ^  A  person,  who  has  heretofore  been  perfectly 
well,  suddenly  becomes  confused  in  speech,  runs  aim- 
lessly about  his  room,  and  appears  to  recognize  no  one 
about  him.  The  nearest  physician  is  sent  for  and  recog- 
nizes an  acute  delirium.  The  question  then  is:  What  is 
the  nosological  significance  of  such  an  acute  delirium? 
Is  it  an  independent  disease,  which  has  suddcnl}'  de- 
veloped, or  is  it  but  a  com]dex  of  symptoms,  which  may 
be  evoked  by  different  diseases,  arid,  if  so,  what  means 
have  we  at  our  disposal  to  clear  up  the  pathological 
condition? 

The  relative  frequency  of  acute  delirium  gave  rise  to 
the  idea  that  these  attacks  were  due  to  a  special  form  of 
disease,  which  was  described  under  the  name  of  "  delirium 
acutum."  This  view,  however,  has  been  proved  to  be 
t'rroncous.  An  acute  delirium  does  not  constitute  a 
iiiorhiis  sui  f/nicris,  but  represents  only  a  transitory  con- 
dition of  the  most  varied  mental  disorders.  Let  us, 
therefore,  consider  the  various  diseases  which  maj'  be 
res))onsible  for  an  attack  of  acute  delirium  and  attempt, 
at  the  same  time,  to  tiring  out  the  different  ]i()iiits  which 
may  lead  us  to  a  correct  diagnosis  in  evciy  individual  c<ase. 

The  previous  history  of  the  patient  may  lie  of  great 
value  in  our  conclusions  concerning  an  acute  delirium. 
A  history  of  previous  epileptic  attac'ks,  for  example,  may 
put  us  upon  the  right  track  of  the  etiology.  The  psychic 
epileiitic  state  is,  as  is  well  known,  mainly  characterized 
by  a  disturbance  of  consciousness,  and  even  though  this 
disturbance  does  not,  as  a  rule,  produce  a  delirious  con- 
dition, still  it  is  not  so  very  rare  for  the  clinical  picture 
of  a  delirium  to  appear  during  the  life  of  an  epileptic  in- 
dividual.    The  relation  of  a  delirium  to  a  true  epileptic 
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seizure  may  be  varied  in  particulars.  Tlie  delirium  may 
either  follow  or  precede  the  attack.  In  some  instances 
the  epileptic  convulsions  may  be  wholly  absent  and  the  de- 
lirium may  take  their  place  as  any  other  psychical  e(niiva- 
lent  of  a  genuine  seizure.  Delirium  may  sometimes  be  tlie 
only  symptom  in  those  cases  which  are  known  as  larvated 
or  psychic  epilepsy.  The  diagnosis  must  be  made  in 
these  instances  by  the  periodicity  of  the  seizures,  by  the 
sudden  disturbance  of  consciousness,  by  aura-like  appear- 
ances, by  the  stuporous  condition  following  the  attack, 
by  hereditary  taint,  as  well  as  by  certain  neurotic  symp- 
toms, .showing  themselves  in  the  intervals,  and  Ijy  the 
well-known  epileptic  character  of  tlu!  individual. 

The  history  of  a  recent  acute  infectious  disease  may 
lead  to  the  correct  judgment  of  an  acute  delirium.  It  is 
a  well-known  fact  that  the  acute  febrile  diseases  play  an 
important  factor  in  the  etiology  of  mental  disturbances. 
The  clinical  form  of  the  psychoses  belonging  to  this  group 
is  very  variable,  and,  in  fact,  the  changeability  of  the 
various  psychopathic  states  is  characteristic  for  these 
diseases.  The  patient  may  rapidly  pass  from  a  melan- 
cholic to  a  maniacal  condition,  and  soon  manifest  all  sorts 
of  psychopathic  symptoms.  The  mental  disturbances  in 
cases  of  this  kind  are  freciuently  interrupted  by  lucid  in- 
tervals, or  by  intermissions,  lasting  for  several  cfays.  The 
beginning  of  the  psychic  disturbance  in  this  group  may 
not  manifest  itself  for  weeks  or  months  after  the  termina- 
tion of  the  infectious  disease.  Occasionally  the  psychosis 
may  start  with  an  acute  delirium. 

In  general,  the  prognosis  of  this  group  of  psychoses 
is  favorable.  Those  cases,  however,  in  which  delirium 
coustantl^v  predominates  usuallj^  represent  a  state  of  in- 
anition, which  occasionally  maj'  prove  fatal,  particularly 
in  weak  persons.  This  form,  on  the  other  hand,  is  not 
nearly  so  apt  to  run  into  a  secondary  chronic  psychosis 
as  another  type,  in  which  a  regular  set  of  delusions  is 
developed  soon  after  the  outburst  of  the  delirium,  as,  for 
instance,  in  acute  hallucinatory  paranoia. 

Besiiles  the  acute  infectious  diseases,  such  as  typhoid 
fever,  malaria,  influenza,  pneumonia,  pleurisy,  multiple 
neuritis,  articular  rheumatism,  erysipelas,  scarlatina,  etc., 
acute  poisfining  may  produce  psychoses  which  belong 
to  the  class  under  discussion.  Delirium  has  been  observed 
after  large  doses  of  salicylic  acid,  cannabis  indica,  bella- 
donna, conium,  ergot,  etc.  It  has  also  been  seen  after 
the  use  of  iodoform  in  and  about  wounds,  and  sometimes 
after  a  lengthy  administration  of  ether  or  chloroform. 
The  inhalation  of  poisonous  gases,  such  as  carbonic  oxide, 
liydrogeu  sulphide,  carbon  disulphide,  nitrogen  monox- 
icle,  etc.,  may  have  as  a  secjuel  psychic  disturbances  of 
the  kind  described. 

Psychopathic  phenomena  beginning  with  delirium  may 
develop  from  chronic  toxic  conditions  produceil  by  the 
abuse  of  chloral  and  chloroform,  or  by  the  habitual  use 
of  opium,  morphine,  cocaine,  absinthe,  and,  above  all, 
alcohol.  The  predominance  of  delirium  over  all  other 
psychic  symptoms  is  responsible  for  the  origin  of  the 
well-known  term  rleUHmn  tremens,  so  frequently  seen  in 
chronic  alcoholism.  Here,  too,  delirium  is  seen  only  in 
connection  with  other  existing  conditions.  The  delirium 
itself  may  sometimes  be  only  of  minor  importance  and, 
indeed,  may  be  totally  absent,  being  then  replaced  by 
such  phenomena  as  hallucinatory  confusion  or  maniacal 
exaltation.  An  acute  delirium  in  the  course  of  chronic 
poisoning  may  arise  without  direct  cause,  it  may  imme- 
diately follow  excesses,  or  it  may  appear  as  a  sequel  of 
abstinence. 

Chronic  forms  of  metallic  poisoning  are  sometimes 
characterized  by  similar  psychic  derangements.  The 
principal  features  of  saturnine  encephalopathy  are  of  an 
acute  delirious  nature.  Cases  of  so-called  "  transitory  lead 
mania"  have-  been  observed  frequently.  Mercurial  psy- 
choses, too,  are  mainly  characterized  by  delirious  condi- 
tions. Further,  it  is  proper  to  place  in  tins  category  those 
cases  of  lyssa  the  psychical  disturbances  of  which,  as  a 
rule,  take"  the  form  of  an  acute  delirium.  A  compara- 
tively large  percentage  of  acute  delirium  is  formed  by  the 
puerperal  psychoses.     Acute   delirium,   following   even 


mimir  operations,  has  been  fre(iuently  deserihed  •  Trau- 
matic mjuries,  especially  those  affecting  the  skull  may 
also  evoke  deirium.  " 

Those  cases  wliieh  liave  been  described  under  the  name 
ot  iinile  general  purexis  begin,  as  a  rule,  with  an  acute  de- 
linum,  and  end  fatally  within  a  few  days  or  weeks. 
I  liese  instances  form  a  large  jiroportion  of  the  cases  de- 
scribed as  delirium  iinitain.  If  one  examines  carefully 
the  previous  history  of  such  patients,  it  Avill  almost  al- 
ways appear  that,  although  the  patient  was  in  .seeming 
good  health,  a  series  of  derangements  will  be  found  which 
are  characteristic  of  general  pKrem.  The  relatives  will 
state  that  the  patient  had  shown  changes  in  chai'acter 
for  some  time  past,  that  he  had  become  indifferent  to 
things  Avhich  had  previously  interested  him,  that  he  fre- 
quently forgot  impoi-tant  things,  that  his  dealings  ap- 
peared to  be  queer  and  without  motive,  etc.  The  au- 
topsy in  such  cases  shows  pathological  changes  of  some 
duration,  who.se  influence  had  remained  latent,  such  as  a 
chronic  interstitial  encephalitis,  atrophy  and  .softening  in 
isolated  cortical  areas,  thickening  of  the  dura,  etc. 

Despite  the  most  careful  research,  it  may  jjiove  impos- 
sil)Ie,  in  a  certain  number  of  ca.ses  of  aciile  deliiium,  to 
draw  any  conclusions  regarding  the  pathogenesis  from 
the  history  of  the  patient.  In  this  event,  \\-e  may  have 
to  deal  with  a  sudden  attack  in  a  previously  perfectly 
healthy  individual.  Here  a  thorough  exarnination  of 
the  internal  organs  may  give  some  clew  as  to  the  origin 
of  the  disease. 

I  have  already  alluded  to  a  twofold  relation  between 
delirium  and  the  acute  infections  diseases.  I  have  men- 
tioned the  delirium  arising  during  a  febrile  disease  and 
that  accompanying  a  psychosis  which  is  the  result  of 
such  an  ailment.  I  .shall  now  consider  a  third  group, 
which  shows  a  relation  between  the  two  conditions.  A 
person,  previously  in  perfect  health,  may  suddenlj'  be 
thrown  into  a  state  of  agitation  and  confusion.  An  acute 
psychosis  is  diagnosticated,  and  the  patient  may  be  trans- 
ferred to  an  institution.  After  a  while  it  appears  that 
he  is  suffering  from  typhoid  fever  or  some  other  infec- 
tious disease.  Acute  delirium  of  this  nature  without  any 
prodromes  occurs  especially  in  erysipelas  and  acute  ar- 
ticular rheumatism,  in  tj^phoid  fever,  and  in  meningitis. 
But  even  minor  infectious  diseases,  such,  for  example,  as 
a  follicular  tonsillitis,  have  given  rise  to  similar  phe- 
nomena. 

The  diagnostic  and  therapeutic  importance  of  a  careful 
physical  examination  in  these  cases  is  self-evident.  A 
nuiuber  of  cases,  no  doubt,  starting  with  elevated  tem- 
perature, and  diagnosticated  as  so-called  delirium  anitvm, 
may  belong  in  this  category.  The  diagnosis  of  meningitis 
usually  offers  no  great  difficulty  on  account  of  the  typical 
symptoms  on  the  part  of  the  cranial  nerves.  In  typhoid 
fever,  the  enlarged  spleen,  the  quality  of  the  dejections, 
and  the  presence  of  a  roseola  will  lead  to  the  correct 
diagnosis,  although  all  these  symptoms  may  sometimes  re- 
main absent  for  a  considerable  time.  The  correct  somatic 
diagnosis  of  acute  rheumatism  is,  as  a  rule,  not  difficult. 

The  examination  of  the  urine  in  a  case  of  delirium  of 
acute  origin  must  never  be  neglected.  Although  it  is  a 
well-known  fact  that  in  the  course  of  psychoses,  and 
specially  during  delirium,  albumin  and  hyahue  casts  may 
be  found  in  the  urine  with  nr.  post-mortem  changes  in  the 
kidneys,  yet  it  is  not  rare  for  an  acute  deUrium  to  start  a 
psychosis' which  is  dependent  upon  a  chronic,  possibly 
latent  nephritis.  Occasionally  the  cerebral  features  of  a 
uraemia  may  present  the  clinical  picture  of  acute  delirium, 
although,  as  a  rule,  they  are  characterized  by  epileptiform 
seizures  or  comatose  conditions. 

The  cerebral  symptoms  of  some  other  forms  of  dis- 
turbed metabolic  processes  may  assume  the  form  of  de- 
lirium. Now  and  then  an  acute  deliriiun  may  take  the 
jilace  of  the  familiar  diabetic  coma,  and  it  may,  in  fact, 
be  the  first  symptom  of  an  overlooked  diabetes. 

So  then  I  "may  conclude  by  saying  that  (hlirium  con- 
stitutes an  independent  psycliopathic  condition,  which, 
however,  does  not  form  a  morbns  sui  generis,  but  occurs 
during  the  course  of  a  great  many  mental  diseases.     A 

399 


DelpUinliini. 

Deuguo  Fever. 


REFERENCE   HANDBOOK   OF   THE   MEDICAL  SCIENCES. 
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]yilii(tiii  Ilirsch. 
SeeLiirLyiiir,  under  Pnixoiions  Phtiits 


DELPHINIUM. 

DELUSIONS.     See  Ii,>«ii,il!i.  and  Pirniiimii. 

DEMULCENTS  (from  Latin  *«iHfe/r— to  soothe)  are 
lilan.l  sul.stances  of  a  mucilaginous  or  oleaginous  char- 
acter whicai  exert  a  soothing,  softening,  or  protecting 
influence  on  the  parts  to  wliich  they  are  applied.  In  tlie 
past  the  terms  demulcent  and  emollienl  have  licen  used 
somewhat  vaguely,  and  to  a  large  extent  interchange- 
ably but  in  the  present  instance  demulcent  is  limited  t(j 
substances  apiiliedinternallv.  to  mucous  membranes ;  in 
oiiposilion  to  emollients,  which  are  applied  to  the  skin 
(see  article  EiiuMiciiU).  The  chief  action  of  demulcents 
is  mechanical  and  physical;  inflamed  surfaces  are  pro- 
tected from  substances  which  in  passing  over  them  would 
irritate  them;  and  a  protective  coating  is  afCorded  to  any 
mucous  surface  which  requires  lubrication  when  tlie 
natural  secretion  fails.  Thus  the  respiratory,  gastro-in- 
testiual,  and  genito-urinary  tracts  are  chiefly  amenable  to 
the  action  of  demulcents.  "  The  medicinal  action,  if  any, 
is  very  slight.  The  chief  demulcent  is  water;  and  the 
various  substances  which  are  dissolved  in  it  act  mainly 
as  so  many  means  of  increasing  the  adhesiveness  of  the 
water.  Demulcents  allay  inflammation,  relieve  irritation, 
and  quench  thirst ;  and  in  the  genito-urinary  tract  by  di- 
luting the  urine  they  diminish  its  concentration,  lessen  its 
acidity,  and  thus  protect  the  mucous  memlirane  of  the 
bladder  and  urethra.  In  the  digestive  tract,  substances 
like  bread  and  potatoes,  if  swallowed  after  the  ingestion 
of  pointed  articles,  afford  protection  by  producing  a  soft 
mass  in  which  the  foreign  substances  can  become  em- 
bedded, and  in  the  indigestible  residue  of  which  they  can 
travel  through  the  intestines  without  causing  injury,  and 
possibly  with  little  or  no  inconvenience. 

Ne-xt  to  water,  the  principal  demulcents  are :  Acacia, 
almond,  almond  oil,  althea,  barley,  bread,  cassia,  cetraria, 
chondrus,  elm,  flaxseed,  figs,  glycyrrhiza,  honey,  ice, 
isinglass,  lichen,  linseed,  milk,  olivo  oil,  sassafras,  syrup, 
tamarind,  tragacanth,  wheat,  white  of  egg. 

n.  J.  E.  Scott. 

DENGUE  FEVER.— Definition.— The  name  dengue 
has  been  given  to  an  acute,  febrile,  eruptive  disease  v.'hich 
generally  occurs  as  an  epidemic  in  hot  climates — though 
occasionally  sporadic  cases  are  seen.  Dengue  is  ordinarily 
abrupt  in  development,  but  may  occur  after  several  days 
of  prodromal  symptoms.  The  initial  symptoms  are 
severe  frontal  headache,  pain  in  the  eyeballs,  intense 
pain  with  swelling  of  the  muscles  and  joints — the  pains 
wandering  from  part  to  part  of  the  body.  A  cutaneous 
eruption  occurs  on  or  about  the  third  day  in  the  majority 
of  cases  of  dengue ;  it  commences  on  the  palms  of  the 
hands,  and  rapidly  extends  over  the  entire  body.  As  a 
rule,  dengue  is  a  disease  of  one  febrile  paroxysm — with 
or  without  remissions;  though  in  severe  cases  two  or 
more  paroxysms  of  fever,  with  distinct  intermissions, 
have  repeatedly  been  observed,  and  verified  by  the  ther- 
mometer, the  intermissions  being  of  variable  duration. 

Synonyms.— This  disease  has,  from  its  first  appearance, 
been  known  by  different  names,  which  have  varied  ac- 
cording to  the  views  held  by  dilferent  writei's,  who  often 
have  associated  it  with  an  idea  of  the  prominent  symji- 
tom,  or  with  some  fancied  agency  of  causation  or" with 
some  indefinite  idea  of  patholo'gv;  wliilc  with  other 
writers  the  name  was  associated "witli  some  locality  in 
winch  the  disease  frequently  prevailed,  or  fi'om  Avhich  it 
was  imported.     Hence  wi>  find  dengue  called  as  follows 

Atncan  fever,"  so  called  from  the  fact  that  it  first  ai)- 
peared  after  the  arrival  of  a  cargo  of  slaves  from  Africa' 

dandy  ever,"  a  name  given  to  it  by  the  English  negr.,es 
on  the  island  of  St.  Th,anas,  in  consequence  of  I  he  afle'ctcd 

t  .vVT    1  '"''  "-*''-■'''   ''-^^  "'^'  '^>S'^^"«Lv     In   Cuba  the 

^v  Old  .landy  was,  upon  the  appearance  .)f  this  fever  there 
corrupted  m  Spanish,  and  premouneed  Dunga  or  Dengue! 
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It  is  also  called:  Scarlatina  rhcumatica.  Cock;  break- 
bone  fever;  stiff-necked  fever;  brokcn-wiug  fever;  erup- 
tive epidemic  fever  of  India;  neuralgic  fever;  eruptive 
articular  fever;  eruptive  rheumatic  fever;  giraffe,  so 
called  from  the  symptom  of  stiff  neck;  Aden  fever,  so 
named  because  it  was  thought  to  have  been  imported 
from  Aden,  Arabia;  sun  fever;  date  fever,  etc. 

HisTOitY.— The  hisory  of  dengue  can  be  traced  only  to 
the  latter  part  of  the  eighteenth  century.  _  This  disease 
h.as  occurred  sporadically,  or  epidemically,  in  India,  Bui-- 
mali,  Persia,  Egypt,  West  Indies,  and  in  North  and  South 
America.  It  has  never  prevailed  in  England.  Epidemics 
of  dengue  prevailing  over  vast  tracts  of  country  have 
from  time  to  time  been  observed,  and  the  history  of  each 
eiiidemic  recorded.  In  America  all  writings  on  this  sub- 
ject prior  to  those  of  Dr.  Samuel  Henry  Dickson,  then  of 
Charleston,  S,  C,  afterward  of  Philadelphia,  were  unre- 
liable. Dr.  Dickson's  first  publication  on  dengue  ap- 
peared in  Bell's  "Medical  Library,"  1839;  the  paper  was 
founded  on  his  experience  in  the  epidemic  of  1828,  in 
Charleston,  S.  C.  From  this  fir.st  publication  of  Dr. 
Dickson  his  name  has  been  inseparably  connected  with 
the  subject  of  dengue,  and  he  is  to  this  day  authority  on 
the  subject.  The  first  notice  of  dengue  in  America  is 
from  the  pen  of  Dr.  Rush,  giving  a  history  of  the  epi- 
demic in  Philadelphia,  which  prevailed  in  the  summer 
and  fall  of  1780.  This  author,  writing  of  "Bilious  Re- 
mittent Fever,"  says:  "The  disease  was  commonly  called 
break-bone  fever,  in  consequence  of  the  violence  of  its 
attendant  pains. " 

According  to  Zuelzer,  our  first  knowledge  of  this  affec- 
tion dates  from  the  year  1779.  Dr.  Brylon,  at  the  time 
one  of  the  most  distinguished  physicians  of  Java,  writes 
of  an  epidemic  disease,  called  knockelkoorts  ("bone 
fever"),  which  attacked  the  Bataviaus.  In  addition  to 
Dr.  Rush's  history  of  the  epidemic  of  1780,  in  Philadel- 
phia, Wise  recorded  his  observations  of  epidemics  in 
Coromandel,  Arabia,  Persia,  Africa,  and  Thibet.  Aitken 
informs  us  that  dengue  prevailed  in  Calcutta  in  1824.  and 
the  epidemic  was  so  generally  prevalent  that  l)ut  few 
persons  out  of  a  population  of  five  hundred  thousand 
escaped  the  disease.  In  1827-28  it  prevailed  as  an  epi- 
demic on  the  islands  of  Santa  Cruz  and  St.  Thomas  to 
such  an  extent  that  but  few  individuals  out  of  a  popula- 
tion of  twelve  thousand  escaped  infection. 

Hirsch  says :  "  The  epidemic  of  dengue  in  1827  first 
showed  itself  in  September  upon  the  island  of  St.  Thomas, 
and  the  next  month  in  St.  Croix;  it  went  thence  in  one 
direction  over  the  Antilles  toward  the  mainland  of  North 
America,  in  the  other  over  the  Caribbean  Islands  toward 
Colombia,  and  lasted  until  September.  1828,  at  which 
time  it  had  reached  Savannah,  Ga.,  and  sporadic  cases 
were  fovind  in  many  of  the  larger  cities  of  the  United 
States,  notably  in  Boston,  Mass.,  and  New  York." 

In  1850  an  epidemic  of  dengue  prevailed  in  the  South- 
ern States,  and  attacked  the  inhabitants  of  Charleston, 
S.  C.  ;  Savannah  and  Augusta,  Ga.  ;  ^Mobile,  Ala.  ;  New 
Orleans  and  New  Ilx-ria,  La.  ;  and  extended  into  the  State 
of  Texas.  This  epidemic  was  noted  for  its  general  preva- 
lence in  the  above-named  cities.  In  Charleston,  Dr. 
Wragg  says,  eight-tenths  of  the  inhabitants  had  dengue 
within  a  period  of  six  weeks.  Dr.  Henry  F.  Campbell,  of 
Augusta,  Ga.,  who  witnes.sed  the  epidemic  of  1850,  and 
has  written  an  interesting  history  of  it,  saj^s  that  fully 
eight  thousand  out  of  a  total  population  of  eleven  thou- 
sand were  infected. 

In  1878  an  epidemic  of  dengue  prevailed  in  the  Gulf 
States,  and,  like  that  of  1850,  was  noted  for  its  general 
prevalence.  In  New  Orleans,  forty  thousand  inhabitants 
contracted  the  disease  within  a  few  weeks. 

The  most  recent,  and  probably  the  most  widespread, 
eiudemic  of  dengue  in  America  was  that  of  1880.  Among 
other  places  visited  during  that  epidemic  were  Charles- 
ton, Beaufort,  Port  Royal,  Columbia,  Summerville,  Aiken, 
15raucliville,  jNIidway,  Blackville,  Bamberg,  and  George- 
town, in  South  Carolina;  Wilmington,  N.  C.  ;  Augusta 
anil  Savannah  in  Georgia;  Key  West,  Fla.  ;  Biloxi,  Miss. ; 
Bay  St.  Louis,  Mo.  ;  New^  Orleans  and  Vidalia  in  Louis- 
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iaim;  and  Navasota,  Tex.  This  disease  also  prevailed  iu 
Egypt  iu  188(J  as  an  epidemic.  On  (Jetober  14tli,  ISSO,  Dr. 
Neroustsos  Bey,  President  of  the  General  Board  of  Heallli 
of  Egypt,  reported  an  epidemic  of  dengue,  which  began 
at  Cairo  and  soon  spread  over  the  whole  of  Egypt.  "  In 
Cairo  more  than  fifty  per  cent,  of  tlie  entire  population 
had  the  disease — the  mortality  was  reported  as  small. 

However  interesting  it  might  bo  further  to  trace  the 
rise  and  progress  of  epidemics  of  dengue,  and  attempt  to 
track  the  infection  from  place  to  place,  no  such  elfort 
will  be  made,  as  the  limits  of  this  paper  will  not  permit 
it.  It  is  proper  to  add  that  it  has  been  found  impossil)]e 
to  state  definitely  the  source  of  the  epidemic  of  dengue 
in  this  eounti-y  in  1880. 

Etiology  axd  Phoi'agatiox. — It  is  impossible  to  state 
definitely  the  origin  of  dengue  fever.  That  it  is  an  in- 
fectious disease,  there  can  be  no  question.  That  the 
poison  or  germs  of  this  disease  possess  the  quality  of 
portability,  there  can  also  lie  no  (juestion,  for  I  might 
cite  innumerable  instances  iu  which  infected  articles  of 
wearing  apparel,  bedding,  or  airconlined  in  trunks,  cars, 
or  vessels,  had  served  as  the  media  for  scattering  dengue 
from  an  infected  into  a  healthy  localit.v.  At  the  present 
time  it  is  impossible  to  determine  whether  or  not  it  is 
contagious,  in  the  ordinary  meaning  of  the  term.  Such 
competent  observers  as  Samuel  Henry  Dickson  and  M. 
Sheriff  adhere  to  the  doctrine  of  contagion.  Others  of 
equal  opportunity  for  accurate  observation,  and  of  equal 
professional  reputation,  deny  that  it  is  a  contagious  dis- 
ease. The  majority  of  physicians  who  have  encountered 
epidemics  of  dengue  are  undecided  as  t(.i  whether  or  not 
it  be  contagious.  Dickson,  one  of  the  highest  authorities 
on  this  disease,  says:  "But  no  pestilence  whatever, 
neither  smallpox,  nor  plague,  nor  yellow  fever,  nor 
cholera,  assails  so  large  a  proportion  of  any  population 
as  dengue  has  done  on  the  two  occa.sions  of  its  prevalence. " 
He  is  (iecided  in  opinion  that  it  is  a  contagious  affection, 
and  cites  the  following  history  of  his  own  household :  In 
the  epidemic  of  1828  all  of  the  members  of  his  famil}', 
himself  included,  were  attacked.  Of  his  household  in 
1850,  himself  and  his  cook,  who  alone  escaped,  were  the 
only  ones  who  remained  of  those  who  composed  his 
family  in  1828,  his  children  being  away  and  his  kitchen 
iilled'with  new  occupants.  In  1828  his  household  num 
bercd  12;  in  1850,  30.  Dickson  supposed  that  the  pro- 
fession admitted  the  contagiousness  of  dengue.  This  view 
has  l)een  combated  by  various  writers,  among  whom  is 
Dr.  ^^'.  T.  Wragg,  of  Charleston,  S.  C,  himself  an  his- 
torian of  the  epidemic  of  1850.  Dr.  Wragg  cites  the  fol- 
lowing considerations  which  induced  him  to  believe  the 
disease  to  be  non-conta,gious:  1.  Its  rapid  and  almost 
simultaneous  diffusion,  precluding  the  idea  of  personal 
communication.  2.  The  very  limited  extent  to  which  It 
prevailed  in  the  vicinity  of  Charleston,  and  the  absence 
of  evidences  of  its  having  been  transported  into  the  in- 
terior, although  the  city  was  thronged  with  persons  from 
all  parts  of  the  neighboring  country  on  business.  3.  The 
incredibly  short  period  of  "incubation,  on  the  supposition 
of  a  contagious  miasm  having  been  imljibcd.  To  these 
considerations  another  important  one  should  have  been 
added,  i.e.,  the  short  and  uniform  career  of  the  epidemics 
in  places  where  the  di.sease  prevailed,  and  their  entire 
and  speedy  disappearance.  It  should  also  be  remembered 
that  dengue  Is  dependent  more  or  less  upon  climate,  sea- 
sons, and  atmospheric  conditions.  All  of  these  considera- 
tions militate  against  the  idea  of  <lissemination  by  con- 
tagion. 

To  show  the  portability  of  the  poison  or  germs  of  den- 
gue, and  the  rapidity  of  dissemination  under  favorable 
eonditions,  the  following  is  quoted  from  Zuelzer: 

"  As  a  result  of  the  constant  communication  with  ports 
in  the  southern  seas,  the  disease  was  carried  in  1871  to 
Zanzibar  and  other  ports  on  the  African  coast.  .  .  . 
Furthermore,  it  was  imported  directly  into  Bombay  and 
Cananore  by  two  troop-ships  (M.  Sheriff).  Thence  the 
epidemic  extended,  In  1873,  through  all  India,  though 
confined  at  first  to  the  jMadras  and  Bombay  Presidencies, 
especially  along  the  railroads.  Even  in  other  English 
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stations  m  Burnmh,  China,  and  Nepaul,  cases  of  this 
highly  remarkable  epidemic  were  found.  In  its  diffusion 
tlie  disease  \vas  as  widesj-iri'ad  us  it  was  intense.  In  some 
ot  the  cities  attacked  scarcely  an  iiiliabitant  remained 
exempt..  It  prevailed  most  violently  and  most  exten- 
sively in  Madras,  where  not  a  house  escaped,  and  it  at- 
tacked equally  both  sexes  and  all  ages  (the  oldest  patient 
was  eighty  years,  the  youngest  two  months  old),  and 
]iersoiis  of  eyery  condition,  even  up  to  the  highest  classes." 

Sv.Mi'ToMs.— Dengue  is  generally  sudden  in  itsinvasion, 
the  patient  having  been  in  u.sual  heallh  u])  to  the  time  of 
the  initial  symptoms.  The  period  of  incubation  varies 
from  forty-eight  hours  to  five  days.  In  the  majority  of 
cases  the  initial  symptoms  are  cephalalgia,  photophobia, 
lassitude,  anorexia,  nausea,  chilliness  with  occasional 
flushesof  heat,  achingor  intense  pain  in  the  limbs,  joints, 
or  mu.sclcs.  The  fever  ranges  from  101'  to  107°  F.,  and 
is  usually  coincident  with  the  affection  of  the'  muscles 
and  joinls.  The  pulse  is  rapid,  full,  and  bounding,  vary- 
ing from  95  to  140  beats  per  minute.  The  face  is  illu.shed, 
and  the  eyes  are  red,  wild,  and  watery.  These  symp- 
toms persist  for  from  a  few  hours  to  several  days,  when, 
in  the  majority  of  cases,  an  eruption  appears  on  the 
surface  of  the  body.  The  eruption  is  not  uniform  in 
character — a  large  portion  of  the  various  types  being 
represented.  While  in  a  number  of  cases  it  has  the  ap- 
jiearance  of  a  simple  erythema,  in  otliers  it  more  nearly 
resembles  that  of  scarlatina,  rubeola,  lichen,  urticaria, 
etc. 

In  the  vast  majority  of  cases  of  dengue  attended  by 
me  iu  the  epidemic  in  Augusta  in  1880 — more  than  five 
hundred  in  all — there  seemed  to  be  but  one  febrile  par- 
oxysm, which  ordinarily  lasted  for  from  four  to  seven 
days.  Remissions  in  temperature  were  commonly  ob- 
served, but  intermissions  of  fever  were  ver}'  rare.  After 
cessation  of  the  fever  the  temperature  in  several  cases 
descen<led  to  97.5"  P.  My  observations  with  the  ther- 
mometer ill  dengue  confirmed  the  statement  of  D'Aquin, 
of  New  Orleans,  that  there  was  a  continuous  and  steady 
rise  in  temperature  until  the  highest  point  was  reached 
on  the  first,  second,  or  third  day  of  the  attack  (most  gen- 
erality in  my  experience  on  the  second  day) ;  then  a  short 
stadium  of  a  few  hours;  then  a  remission,  soon  to  be  fol- 
lo\'\ed  by  another  rise  in  temperature,  but  never  reaching 
the  point  of  first  maximum  heat.  With  the  rise  of  tem- 
perature a  corresponding  rise  of  pulse  will  be  observed, 
and  a  decrease  in  frequenc}'  of  pulse  with  a  decline  of 
fever.  At  the  height  of  the  fever  the  respiration  is  in- 
creased in  frequenc_y — usuallj'  preserving  the  ratio  to 
frequency  of  pulse  and  height  of  teni]ierature.  During 
the  height  of  the  fever  the  .skin  is  dry  and  "burning  hot." 
The  bowels  in  the  early  course  of  the  disease  are  con- 
stipated, but  diarrhoea  is'the  rule  after  the  crisis  is  reached. 
The  urine  is  generally  high-colored,  free  from  albumin, 
and  never  suppressed. 

There  is  always  a  marked  tendency  to  the  occurrence 
of  hemorrhages,  the  hemorrhage  being  from  the  nose, 
gums,  bowels,  stomach,  or  lungs,  and  in  females  from 
the  womb.  In  pregnant  women  there  is  imminent  dan- 
ger of  abortion  or  miscarriage.  I  have  seen  two  cases 
of  lilack  vomit  similar  in  appearance  to  that  of  yellow 
fever;  I  have  seen  three  eases  of  alarming  hemorrhages 
from  the  bowels— one  of  these  persisted  for  several 
months,  and  finally  caused  the  death  of  the  patient. 
Nasal  hemorrhages  are  frequent,  and  occasionally  it  is 
impossible  to  stanch  the  flow  of  blood  until  an  instrument 
is  introduced  and  the  nose  plugged.  In  fully  seventy- 
five  per  cent,  of  the  cases  of  dengue  in  my  practice  an 
eruption  was  seen  by  me  or  by  some  person  in  attendance. 
The  time  of  its  apiaearance,  as  well  as  the  kind,  varied 
with  individual  cases.  It  was  ordinarily  attended  with 
great  heat  and  itching.  The  palms  of  the  hands,  the 
face,  neck,  and  chest  were  usually  invaded  in  the  order 
here'  o-iven.  Wherever  it  began  it  soon  spread  over  the 
whole  body.  In  many  cases  it  was  extremely  light  and 
transient— lasting  only  a  few  hours;  in  others  it  was 
severe  and  persisted  for  several  days.  Desquamation  is 
frequently  seen.     The  eruption  usually  appears  as  the 
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fever  betrins  to  decrease,  which  is  ordinarily  on  the  tliird 
day.  With  its  appearance  the  lympliatic  glands  of  the 
neck  axillffi,  and  groins  become  enlarged  Ihese  en- 
largements of  the  glands,  and  the  soreness  of  the  muscles 
and  ioints,  oftentimes  persist  for  weeks  and  months  after 
the  eruption  and  fever  have  disappeared.  In  many  cases 
the  prostration  continues  for  months,  and  totally  dis^ 
qualifies  the  subject  for  mental  or  physical  exertion.  1 
have  known  both  physical  and  mental  prostration  to  per- 
sist for  six  months  after  all  symptoms  of  dengue  had 
vanished.  It  may  be  truthfully  affirmed  that  wellnigh 
invariably  the  convalescence  is  slow  and  wearisome,  and 
altogether  out  of  proportion  to  what  is  witnessed  in  any 
other  disease  so  non-fatal  in  its  issue.  During  the  entire 
course  of  dengue  insomnia  is  frequently  encountered. 
It  is  persistent  and  intolerable,  and  whatever  sleep  is  ob- 
tained is  unrefreshing,  and  the  patients  long  for  more. 
But  that  which  particularly  characterizes  the  whole 
course  of  dengue,  and  which  gives  to  the  patient  an  ex- 
perience never  to  be  forgotten,  is  the  pain.  It  is  dispro- 
portionate to  all  other  symptoms.  It  is  intense,  insuffer- 
able, persistent;  by  day  and  by  night  the  patient  is 
tortured  and  harassed  by  agonizing  pains  in  every  por- 
tion of  the  body— pain  in  the  head,  limbs,  back,  joints, 
muscles,  and  apparently  in  the  very  substance  of  the 
bones ;  pains  which  are  stabbing,  boring ;  at  one  time  fixed, 
at  another  fugitive ;  hard  to  bear  when  the  body  is  quiet, 
intolerable  when  a  limb  is  gently  moved ;  pain  which  no 
attitude  of  the  body  can  assuage  and  no  medicine  of  the 
physician  wholly  subdue  causes  the  subject  of  dengue  to 
declare  that  this  is  the  sum  total  of  human  misery.  From 
personal  experience  I  testify  to  the  truthfulness  of  the 
assertion. 

Relapses  are  occasionally  observed — sometimes  after 
an  interval  of  two  or  three  weeks  from  the  original  at- 
tack. As  a  rule  the  relapse  runs  a  milder  course  than  the 
primary  attack. 

Pathological  Anatomy. — Dengue  being  proverbially 
a  non-fatal  disease  the  pathological  processes  occurring 
during  its  course  are  wholly  unknown. 

Prognosis. — The  prognosis  is  almost  invariably  favor- 
able. Death  from  dengue  is  extremely  rare,  save  when 
it  attacks  very  young  or  feeble  children,  or  very  old  and 
debilitated  individuals.  When  death  is  observed  during 
the  course  of  dengue  the  fatal  result  is  almost  invariably 
due  to  some  complication,  such  as  convulsions,  diarrhoea, 
hemorrhage,  or  abortion,  or  it  is  the  result  of  some  inter- 
current disease. 

DiFFBHENTiAL  DIAGNOSIS. — From  1828,  when  Dr.  Os- 
good wrote  a  description  of  dengue  as  seen  by  him  in  the 
epidemic  in  Havana,  till  the  present  day,  the  idea  that  it 
and  yellow  fever  were  identical,  or,  at  least,  that  dengue 
was  modified  yellow  fever,  has  continued  to  find  advo- 
cates among  a  goodly  number  of  reputable  physicians 
who  have  studied  these  diseases  at  the  bedside.  While 
they  have  some  features  and  characteristics  which  are 
common  to  both,  there  can  be  no  question  that  in  most 
important  particulars  they  are  essentially  and  radically 
different,  and  that  each  disease  is  sui  generis,  having  its 
own  specific  poison,  and  producing  its  own  kind.  The 
following  is  a  brief  summary  of  the  points  of  similarity 
and  dissimilarity  in  dengue  and  yellow  fever: 

In  time  of  appearance,  and  generally  in  geographical 
distribution  (but  not  in  pathological  lesions,  so  far  as 
known),  they  seem  related  to  one  another.  Dengue 
however,  has  prevailed  in  Asia,  Egypt,  and  India  where 
yellow  fever  is  unknown.  Both  disorders  are  arrested  by 
severe  frost.  Both  dengue  and  yellow  fever  are  diseases 
characterized  by  one  febrile  paroxysm.  In  dengue  how- 
ever, the  fever  rises  regularly  until  the  acme  is  reached 
when  a  short  stadium  of  a  few  hours  occurs,  followed  by 
remission,  when  a  second  rise  of  temperature  takes  place 
Tnll^Zf'  f  ^^''^fjhe  height  observed  prior  to  remission! 
in  yellow  fever  the  temperature  rises  steadily.  In  den- 
gue the  pulse  increases  in  frequency  with  the  rise  of 

whrthe''n.;'°  yf"^"^f^^-<^^«'e  pulse  becomes  slowc 
while  the  temperature  rises.    .Duration  of  the  fever  in 
dengue  is  from  five  to  eight  days;  in  yellow  fever  ilTasts 
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seventy-two  hours.  In  dengue  vomiting  is  rare ;  in  yel- 
low fever  vomiting  is  frequent.  Dengue  is  characterized 
by  an  eruption  in  the  vast  majority  of  cases;  in  yellow 
fever  an  eruption  is  extremely  rare.  In  dengue  jaundice 
is  extremely  rare;  in  yellow  fever  jaundice  is  almost  in- 
variably present.  In  dengue  the  urine  is  generally  high- 
colored,  normal  in  quantity,  free  from  albumin,  and 
never  suppre.ssed;  in  yellow  fever  the  urine  is  scanty, 
albuminous,  and  often" suppressed.  In  dengue  there  is  a 
decided  tendency  to  hemorrhages  from  nose,  gum,  bowels, 
luugs,  and  womb,  with  occasionally  black  vomit,  but 
these  hemorrhages  are,  as  a  rule,  insignificant;  while  in 
yellow  fever  they  are  frequent,  alarming,  and  often  fatal. 
Dengue  is  proverbially  a  non -fatal  disease;  yellow  fever 
is  very  fatal.  Dengue  is  not  protective  against  yellow 
fever,  nor  yellow  fever  against  dengue.  One  attack  of 
dengue  is  not  protective  against  a  second;  one  attack 
of  yellow  fever  is  usually  protective  against  another. 
Finally,  dengue  runs  a  more  protracted  course,  and  is 
followed  by  a  more  prolonged  period  of  convalescence 
and  by  frequent  recurrence  of  pains,  while  yellow  fever 
is  shorter  in  duration,  with  more  rapid  convalescence, 
and  freedom  from  recurrences  of  pains.  From  the  above- 
named  considerations  I  have  no  hesitancy  in  avowing 
that  yellow  fever  and  dengue  are  radically  and  essentially 
different  diseases.  It  is  true  that  dengue  often  prevails 
concurrently  with,  or  precedes,  or  follows,  an  epidemic 
of  yellow  fever,  but  in  my  opinion  these  epidemic  visita- 
tions simply  indicate  coincidences  of  time  and  locality. 

The  Eelalion  of  Dengue  to  Malarial  Femra. — There  is 
no  evidence  to  demonstrate  that  these  diseases  are  related 
otherwise  than  in  time  of  prevalence  and  geographical 
distribution.  However,  dengue  prevails  where  malarial 
fever  is  unknown.  In  the  epidemic  of  1880  cases  were 
seen  at  Summerville  and  Aiken,  S.  C. ,  where,  according 
to  the  local  physicians,  malaria  does  not  occur.  The 
thermometrical  observations,  together  with  the  arthritic 
and  muscular  pains,  eruptions  and  glandular  enlarge- 
ments of  dengue,  will  readily  establish  the  differential 
diagnosis.  The  cachexia  of  malaria  is  also  an  important 
diagnostic  point.  Detection  of  Laveran's  Plasmodium 
malarise  will,  of  course,  establish  the  existence  of  malarial 
fever. 

From  acute  articular  rheumatism  dengue  differs  in  that 
effusions  into  synovial  cavities  are  extremely  rare,  while 
peri-articular  enlargements  frequentlj'  accompany  or  fol- 
low the  disease.  The  pain  is  not  confined  to  the  joints, 
as  in  articular  rheumatism,  but  extends  to  the  head,  back, 
and  limbs.  The  inflammatory  processes  in  the  heart  or 
its  coverings,  so  frequent  in  rheumatism,  are  almost  un- 
known in  dengue.  The  physical,  mental,  and  nervous 
prostration  of  dengue  is  also  almost  unknown  in  rheu- 
matism. Finally  the  eruption,  the  enlargement  of  the 
lymphatic  glands,  and  the  epidemic  nature  of  dengue  add 
to  the  certainty  of  diagnosis  between  dengile  and  articular 
rheumatism.  From  muscular  rheumatism  dengue  is  to 
be  differentiated  by  the  more  localized  fixation  of  the 
pains  in  the  former,  aud  by  the  symptoms  of  dengue 
above  given. 

From  scarlatina  dengue  may  readily  be  diagnosticated. 
These  diseases  in  the  beginning  have  great  resemblance, 
but  they  may  be  diagnosticatwi  by  the  intense  muscular 
and  arthritic  pains,  and  glandular  enlargements  of  den- 
gue, and  the  diversified  eruptions  of  scarlet  fever. 

Complications  arc  comparatively  rare.  Abortion  in 
pregnant  women  aud  convulsions  among  children  were  the 
most  important  complications  met  witli  in  the  epidemic 
in  Augusta  in  1880. 

Sequel.k.— Marked  mental  and  physical  prostration, 
persistent  and  annoying  insomnia,  over  which  narcotics 
had  not  the  usual  control;  anaemia,  palpitation  of  the 
heart,  witii  no  organic  disease  thereof;  marked  nervo;is- 
ncss.  trying  and  debilitating  netiralgias,  severe  diarrhaa, 
furuncles,  abscesses,  partial  paralysis  of  one  or  more  of 
the  limbs,  etc.,  constituted  the  sequeUie  of  dengue,  as 
observed  in  my  practice.  In  the  practice  of  some  of  my 
friends  insanity,  which  persisted  for  several  months,  was 
in  three  instances  observed  in  aged  subjects. 
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Tkeatment. — Quinine  is  lUiinicd  to  be  ;i  propljylaetic 
an-ainst  dengue  wlien  tal^en  in  doses  ol  from  ten  to  lifteen 
irvains  daily"  From  Uiis  view  1  most  uuqualitieilly  dis- 
sent. 1  tested  it  iu  my  o\Yn  person — tools,  from  ten  to 
titteeu  grains  daily  for  about  two  weeks — and  at  the  very 
time  when  my  system  was  thoroughly  and  unpleasantly 
sjiturated  with  quinine,  I  was  taken  ill  with  dengue  of 
marked  febrile  intensity,  the  temperature  on  the  second 
day  reaching  105^°  F.  I  have  witnessed  repeated  failures 
of  the  alleged  prophylaetic  powers  of  quinine  in  this  dis- 
ease. 

Some  writers,  believing  in  the  contagiousness  of  den- 
gue, demand  isolation  of  Ihe  sick,  disinfection  of  infected 
clotiiiug,  bedding,  etc. — in  short,  such  preventive  meas- 
ures as  are  enforced  against  smallpox,  scarlet  fever,  and 
other  contagious  diseases.  I  am  by  no  means  satisfied 
that  this  is  a  contagious  disease.  If,  however,  in  future 
it  be  demonstrated  to  be  contagious,  and  amenable  to 
isolation  and  disinfection,  we  need  never  expect  to  see 
these  preventive  measures  put  in  operation  against  it. 
It  being  almost  invariably  a  non-fatal  disease,  the  aver- 
ao-e  citizen  can  never  be"  induced  to  adopt  preventive 
measures,  even  if  such  were  definitely  known. 

While  it  is  true  that  we  know  of  no  preventive  measures 
nor  prophylactic  medicaments  against  dengue,  it  is  un- 
questioned that  judicious  symptomatic  treatment  can  do 
much  to  abbreviate  the  disease,  or  at  least  mitigate  the 
hi°-h  fever  and  extreme  suffering  which  so  debilitate  and 
emaciate  the  patient.  .    ,.     ,.         ^ 

One  of  the  first  and  most  important  indications  tor 
treatment  in  severe  cases  of  dengue  is  to  repress  the  fever. 
For  this  purpose  antipyretics,  in  the  form  of  warm  baths 
packings  or  spongings^  and  the  internal  administration  of 
druo-s  which  are  known  to  have  the  power  of  reducing 
iever  are  to  be  resorted  to.     Either  of  these  methods,  or 
a  combination  of  them,  will  be  found  serviceable  m  the 
treatment  of  this  disease.     A  very  high  temperature  is 
not  infrequently  observed  in  dengue.      I  have  several 
times  seen  it  reach  106'  F.     The  hydropathic  treatment 
will  be  found  advantageous  in  these  cases,     home  phy- 
sicians prefer  a  cold  bath,  i.e.,  from  bO'  to   .0    J*.,  tor 
periods  of  ten  minutes,  and  repeated  or  not  according  to 
circumstances.     I  am  not  an  advociite  of  the  cold  bath 
I  have  seen  great  damage,  in  the  form  of  shock   result 
from  the  cold  bath  when  used  in  typhoid  and  other  fevers. 
I  prefer,  and  have  used  with  marked  beneht,  in  dengue 
and  various  febrile  diseases,  the  warm  or  hot  bath      it 
the  temperature  of  the  body  is  104   F.,  I  use  the  ba  h  a 
a  temperature  of  99'  to  lOF^  F.,  thus  abstracting  fiom 
three  to  four  degrees  of  heat,  and  thereby  avoid  the  iisk 
of  shock  so  imminent  when  the  cold  bath  or  pack  is  used^ 
Hot  foot-baths,   frequently  repeated,  wi     of  ten  reduce 
the  fever  two  degrees,  and  greatly  re  leve  the  head  symp- 
toms.    Sponging  the  body  with  cool  or  tepid  water  foi 
ten  to  twentl  minutes  at  a  time,  and  repeated  if  it  seems 
to  be  required,  will  likewise  reduce  the  fever,     in  treat- 
ing children  in  this  and  other  febrile  diseases,  the  prompt 
reduction  of  the  fever  is  necessary  to  prevent  convulsions 
Of  the  various  drugs  administered  for  antipyi  c'trc  eflcct 
I  know  of  none  equal  to  quinine      I  am  aware  tliat  some 
observers  deny  its  efficacy,  but  the  failures  are  f  "« gather 
to  the  method  of  using  the  medicme  tharr  to  its  laclc  ot 
energy.     To  obtain  the  antipyretic  effects  of  (luimne  it 
must  be  given,  in   large  doses,   i.e.,    gr.   -xxx.    to   -^^ ,  • 
within    fiom    two    to    four   hours     to    adults,    and     o 
children  proportionate  doses  according  to  age.     With 
six  hours  after  taking  full  doses  of  quinine,  a  Baikal 
diminution  of   the  fever  will  be   verified  by  the  ther^ 
mometer,  and  in  twelve  hours  the  i^luction  ot  he^t  to 
the  minimum  will  have  occurred.     The  efft-^ts  of    arge 
doses  of  quinine  usually  P^sist  for  from  twelve  otwnty^ 
four  hours.     Even  in  typhoid  fever  such  doses  ot  <  unmc 
will  rarely  fail  to  reduce  the  tempera  tire  two        th    e 
degrees.     The  repetition  of  the  drug  is  to  be  ">dioated 
by  the  height  and  persistency  of  the  fever.     I   >^  only  in 
severe  cases  of  dengue  that  dus  treatment  w   '  be  ncccs 
sary.     Another   important   indication   foi    heatm  ut  m 
dengue  is  the  mitigation  or  relief  of  pam.     H>  podcrmics 


of  morphine  act  more  promptly  ami  lastingly  than  any 
other  method  of  exhibiting  the  drag. 

When  arthritic  pains  are  severe,  administration  of 
morphine  wilh  sidieylale  of  sodium,  together  with  coun- 
ter-irritation lo  the  spine  and  seat  of  pain,  is  indicated. 

Hydrate  of  chloral  with  bromide  of  potassium  should 
be  given  for  insomnia. 

Threatened  abortion,  nasal  and  other  hemorrhages, 
diarrhcea,  convulsions,  etc.,  are  to  be  treated  upon  general 
principles. 

The  jiraetice  of  indiscriminately  prescribing  purgatives 
is  to  l)e  condemned.  In  my  experience,  troublesome 
diarrhea  is  frequently  encountered  in  the  later  course  of 
dengue. 

Mental  aberration  following  dengue  is  generally  caused 
by  anemia  or  insomnia,  and  is  to  be  combated  by  hyp- 
notics, chalybeate  tonics,  and  full  and  nutritious  diet. 

Eugene  Foster: 

DENTITION,  DISORDERS  OF.— A  distinguished  au- 
thority upon  children's  diseases  recently  expressed  to  the 
writer  decided  incredulity  regarding  the  propriety  of  the 
nosological  distinction  implied  by  the  above  title.     This 
gentleman  doubtless  gave  expression  to  the  view  held  by 
a  large  proportion  of  the  medical  profession,  in  accord- 
ance with  which  morbid  conditions  other  than  those  con- 
fined to  the  buccal  cavity  are  in  no  sense  dependent  upon 
perverted  dental  evolution,  and  their  appearance,  during 
teething,  is  a  pure  coincidence.     The  writer  behevesthat 
the  wide  prevalence  of  this  doctrine  is  susceptible  of  easy 
explanation  by  the  application  of  the  psychological  prin- 
ciple underlying  all  reactions  from  extreme  erroneous 
opinions.       Our  great-grandfathers  unnecessarily   bled 
their   patients  to  the  verge  of  syncope.     Our  fathers, 
warned  by  the  demonstrated  inefflcacy  of  their  ancestors 
methods,  abjured  the  use  of   the  lancet.     The  present 
generation,  wisely  adopting  the  golden  middle  course, 
regards  phlebotomy  as  a  dangerous,  yet  valuable,  thera- 
peutic resource.     Again,  the  success  which  homoeopathy 
at  first  attained  may  be  considered  a  protest  against  the 
officious  interference  of  early  practitioners  with  the  ben- 
eficent  and  efficient  ms  medicatrij;  naUtree.     And  these 
examples  might  be  multiplied  to  show,  by  analogy,  how 
the  current  professional  scepticism  regarding  1.he  exist- 
ence of  constitutional  disorders  bearing  to  teething  the 
relation  of  effect  to  cause  is  a  logical  sequence  ot  exag- 
gerated n..tions,  still  prevalent  with  the  laity,  concerning 
the  potency  of  dentition  in  the  causation  of  disease.     1  Jus 
modern  incredulity  has  subserved  an  extremely  useful 
purpose  by  calling  attention  to  the  fact  that  compara- 
Fiveh  few  constitutional  disturbances  are  really  depend- 
ent    pon  teething,  and  in  doing  away  with  tbe  erroneous 
belief  that  the  checking  of  these  disorders  would  exert  a 
harmful  effect  upon  the  natural  course  of  denhtiom     Dr. 
T     Lewis   Smith   remarks,   in  regard   to  this  sub]ect. 
"Evfry  physician  is  called,  now  and  then,  to  eases  of 
seSd  sease,  inflammatory  and  others,  which  have  been 
al  owed  to  run  on  without  treatment  m  the  behef  that 
the  svmptoms  were  the  result  of  dentition.     I  have  known 
acute  menSgitis,    pneumonia,    and  entero-co  itis,    even 
wUh  med^af  attendance,  to  be  overlooked  during  the 
verv  t  me  when  appropriate  treatment  was  most  urgen   y 
demaXd      Many  lives  are  lost  in  this  rnanner,  especially 
from  neglected  enterocolitis,  the  friends  and  physicians 
Svnl   he  diarrhcea  to  be  symptomatic  of  dentition  a 
relief  to  it  and  therefore  not  to  be  treated,     buch  mis- 
le bet  to  It,  ami    I  c  .j.^^eous  doctrine,  once  ineul- 

'^S^^^M^i^^  1-ld  by  many  of  the  laity, 
,    t  dcnt"^^^  or  indirectlJ^  a  common  cause 

°*  ^'t^^;;^S^:^^^l^on  tthei^^n^Sil 

^^rc^:l:srl^5;^^tr;:^^tS^ly^^no?t^itr:s 

=,*:  iXr^  c^^se  as  ^^^  ^rS°S 
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confusions,  it  too  frequently  happens  that  disorders 
'vmch  raiglit  have  been  very  traetable  at  the  outset  are 
allowed  to  progress  unopposed,  until  they  reach  a  serious 
stage  It,  on  the  contrary,  we  assume  that  teetlun.u:  is 
rarely  the  real  cause  of  disease,  the  parent  will  seek  some 
other  reason  for  any  disturbance  of  the  system  that  may 
exist,  and  will  endeavor  to  remove  it." 

Dr  Holt  says'-':  "  Speaking  from  impressions,  not  trom 
statistics.  I  should  say  that,  in  my  experience,  about^  one- 
half  of  the  healthy  children  cut  their  teeth  without  any 
visible  svmptoms.  local  or  general;  in  the  remainder  some 
disturbance  is  usuallv  seen,  and  though,  in  most  eases,  it  is 
sho-htand  of  short  duration,  it  may  last  for  several  days  or 
even  a  week."  In  di.seussini,'  the  place  of  dentition  as  an 
etiological  factor  in  children's  diseases.  Dr.  Holt  further 
writes:  "At  the  present  time  many  good  observers  deny 
that  dentition  is  ever  a  cause  of  symptoms  in  children; 
some  even  going  so  far  as  to  say  that  tlie  .srrowth  of  tlie 
teeth  cairses  no  more  symptoms  than  the  growth  of  the 
hair. 

"Although  I  .strongly  believe  that  the  importance  of 
dentition,  as  an  etiological  factor  in  disease  has.  in  the 
past,  been  greatly  exaggerated,  and  although  I  have 
formerly  held  the"  opinion  that  simple  dcntiticjn  did  not 
and  could  not  produce  symptoms,  within  the  pasi  few 
years  I  have  tieen  compelled  by  clinical  olLservations  to 
change  my  opinion  upon  this  subject;  and  I  am  now 
willing  to  admit  that  dentition  may  produce  many  reflex 
symptoms,  some,  even,  of  quite  an  alarming  character." 
"  Having  thus  clearly  indicated.  b,y  the  above  quotations, 
the  cogent  reasons  for  the  exercise  of  caution  in  attribut- 
ing to  dentition  an  active  agency  in  the  development  of 
any  constitutional  disease  occurring  coiiicidently  with  it. 
the  writer  still  advocates  the  retention  of  the  term  dis- 
orderfi  of  dentitinn.  This  he  does  because,  in  the  opinion 
of  many  competent  observers,  functional  and  organic  ail- 
ments ('"  sometimes  occur  at  ]ioints  remote  from  the  seat 
of  morbid  local  processes  incident  to  teetlnng.  as  the  re- 
sult of  these  processes,  although  none  of  the  disorders  in 
question  can  be  regarded  as  peculiar  to  dentition.'  It 
would  indeed  seem  equally  proper  that  the  collective 
title  of  these  diseases  should  indicate  the  etiological  rela- 
tions existing  between  them  and  the  processes  of  denti- 
tion, as,  for  example,  that  the  disorders  incident  to  utero- 
gestation  should  bear  the  generic  name,  "Diseases  of 
Pregnancy,"  although  each  individual  alfection embraced 
under  this  heading  may  at  times  be  developed  in  con- 
nection with  various  morbid  processes  instead  of  simul- 
taneously with  a  single  physiological  one.  The  writer, 
therefore,  designates  by  the  title  (lixorders  of  deiitHion 
all  morbid  states,  whether  local  or  genera],  which  are 
visibly  dependent  upon  local  deviations  from  the  normal 
course  of  phy.siologieal  dentition. 

The  disorders  of  dentition  embrace:  I.,  Anomalies  of 
Development,  and  II.,  Disorders  of  Eruption.  Under 
the  former  head  are  included  anomalies  relating  to  the 
time  of  the  eruption  of  tlie  teeth,  to  their  number,  their 
position,  their  direction,  their  form,  and  their  texture, 
or  their  structure.  These  anomahes  deserve  attention  a.s 
constituting  fre(|uent  exciting  causes  of  the  di.sorders  of 
eruption.  The  disorders  of  eru|  ition  may  manifest  them- 
selves either  at  the  first,  or.  more  rarely,  at  the  se<'ond 
dentition,  being  either  local,  and  due  to  tJie  direct  irritant 
effect  of  perverted  dental  development,  or  sympathetic 
and  produced  by  the  intei'vention  of  retlex  nervous 
mechanisms. 

I.  Ano.m.vlies  01.'  Devei.opmext.— 1.  AnnnuilieK  in  the 
Jim,'  of  Kniptioii.  Dentition  is  sometimes  notalily  re- 
tardeil  mraehilic.  strumovis.  svphilitic.  and  tuberculous 
clnkren.or  m  tliose  sullVring  from  marasmus  induced 
by  chrome  or  acute  disease.  Malformations  of  the  iaw 
also  constitute  a  rare  cause  of  delaved  dentition,  "  Tlie 
evolution  of  the  teeth,"  says  Dr.  AVilliam  H.  Dav,'  "  tests 

t  le  n',?.r'  "^V"/''"'!'  '""^  *'"■  '"°''^  «"'-''v  and  lingering 
the  piocess,  the  less  its  strength  and  vitaJitv  "  Iii  some 
umisiial  cases  the  tirst  teeth  have  not  appciu-ed  imlilX 


er.     .Sleiner*  re|iortsacase  in  iioiiit, 


third  year,  or  even  latei 

observed  by  himself,  in  whicirthe'cruption  of  the  teeth 

461- 


did  not  occur  until  the  child  was  four  years  old.  The 
milk  teeth  mav.  on  the  other  hand,  be  prematurely  de- 
veloped, even"  attaining  their  complete  growth  before 
birth,  as  in  the  eases  of  Louis  XIV.  and  of  Jlirabeau, 
but  their  roots  are  generally  rudimentary,  and  they  soon 
fall  out  or  decav,  wdiile  early  dental  development  is  not 
an  indication  tli"at  the  growth  of  the  entire  organi-sm  will 
be  more  rapid  or  vigorous  than  usual.  Cases  have,  how- 
I'ver,  been  reported''  in  which  deciduous  teeth,  especially 
the  canines  and  molars,  were  present  and  well  preserved 
in  persons  thirty  years  of  age  or  upward.  In  these  cases 
the  dental  follicles  of  the  periiiaiient  teeth  were  either 
never  develo]ied  or  rcniaiued  rudinieutaiT. 

Irrcgulaiities  in  the  ordinary  succession  of  the  teeth 
are  sometimes  observed,  the  upper  incisors,  usually  the 
lateral  oues,  appearing  before  thi'  lower  incisors,  and, 
very  infrequently,  the  canines  before  the  molars.  Al- 
breclit  is  of  the  opinion  (lor.  rit.)  that  cases  of  reputed 
third  dentition:;  are  best  explained  by  the  assumption  that 
certain  teeth  may  be  retained  in  the  jaw  until  the  atrophy 
of  the  alveolar  process,  incident  to  advanced  age,  exposes 
the  previously  hidden  alveoli.  Should  the  eruption  of 
the  teeth  be  'delayed  beyond  the  ninth  month,  diligent 
search  for  the  cause  of  the  retardation  of  dentition  must 
be  in.stituted,  and,  if  possible,  appropriate  remedial 
measures  jiromptlj'  ado])ted. 

3.  AiwiiKiliex  in'yiiiii/irr. — In  certain  rare  cases,  alluded 
to  b}'  Charles  Sarazin,'  neither  deciduous  nor  permanent 
teeth  were  ever  developed.  This  fact  was.  perhaps,  ref- 
erable to  entire  absence  of  the  elementary  dental  follicles. 
or  to  their  early  destruction  by  ahcolar  disease.  Sym- 
metrical absence  of  two  incisors,  canines,  molars,  or  wis- 
dom teeth  has  been  reporteil,  but  failure  in  development 
of  a  given  pair  of  deciduous  teeth  does  not  necessarily 
presuppose  a  similar  deficiency  in  the  permanent  set.  On 
the  other  hand,  the  first  set  may  be  complete,  and  the 
second  deficient.  Sirpi'nmmeriirii  teeth,  cither  deciduous 
or  permanent,  are  frequentl_v  observed.  Their  develop- 
ment may  sometimes  be  due  to  accidental  segmentation 
of  a  primary  dental  follicle,'  or,  again,  to  the  existence 
of  supernumeraiy  follicles.  Supernumerary  teeth  of  the 
first  dentition  are  generally  developed  in  positions  not 
normally  occupied  b_v  teeth,  and  are  distinguished  from 
prematurely  developed  permanent  teeth  by  their  rela- 
tively small  size,  and  by  their  conical  crowns.  Super- 
numerarv  teeth  of  the  second  dentition,  which  closely 
resemble  the  supernumerary  milk  teeth  as  regards  size 
and  shape,  often  appear  at  an  earlier  date  than  the  per- 
manent teeth,  and  may  usurp  the  place  of  the  latter, 
which  are  consequently  forced  into  an  unnatural  position. 
They  frequently,  however,  make  their  appearance  be- 
tween the  first  incisors  or  to  the  inner  side  of  the  latter. 
Sometimes  the}-  perforate  the  palate  bone  in  the  vicinity 
of  the  wisdom  teeth.  On  account  of  their  abnormal 
position,  these  teeth  may  injure  the  tongue  and  interfere 
with  articulation,  in  which  case  their  removal  is  urgently 
indicated. 

3.  AiKiiniities  in  Position  and Dirertion. — These  anoma- 
lies are  oce;isioncd  cither  by  the  development  of  the 
rudimentary  dental  follicles  in  an  abnormal  position,  or 
by  the  interposition  of  some  obstacle  in  the  path  of  the 
normally  located  follicle,  by  which  the  latter  is  forced  to 
assume  an  unnatural  position.  The  latter  cause  affects 
the  deciduous  teeth  only.  If  the  former  cause  be  opera- 
live,  the  teeth  may  be  developed  far  from  their  natural 
site,  the  wisdom  tooth  of  the  lower  jaw  sometimes  ap- 
pearing in  till'  ascending  ramus,  even  so  high  as  the 
border  of  the  coronoid  process  or  near  the  C(mdylc,  and 
I  he  teeth  of  the  supeiior  maxilla  elfecting  their"  exit  in 
the  centre  of  the  hard  jialate,  or  even  occasionally  pro- 
jecting into  the  nasal  foss.e.  Dentigcrous  cysts  occur  in 
viirious  situaticnis  remoie  from  the"  jaw,  notably  in  the 
ovaries.  The  dirertion  of  the  teeth  becomes  faulty  when 
obsfiuies  oppose  thems(dves  to  the  growth  of  t'lie  per- 
manent set.  These  obstacles  may  consist  of  milk  teetli 
which  have  too  long  retained  the  places  destined  for  their 
successors.  Again,  a  milk  tooth  may  have  been  removed 
before  the  permanent  one  was  sullici"cutlj-  matured  to  take 
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its  place.  Under  these  circumstances  tlie  dcciiluous 
tootli  follicle  may  have  become  ossitied,  thus  erectiui;  an 
impassable  barrier  before  the  tardily  developed  perma- 
nent tooth.  In  still  other  cases  al)n()rmal  narrowness  or 
shortness  of  the  alveolar  border  may  cause  the  teeth  t(.i 
deviate  from  tlieir  natural  direction,  and  tlie  same  result 
may  be  produced  by  a  faidty  ilirection  of  the  entire  al- 
veolar process.  Reference  should  here  be  made  to  an 
anomalous  position  sometimes  assumed  by  the  root  of  a 
deciduous  tooth,  at  the  time  of  the  second  dentition.  If 
teething  progress  naturally,  this  root  is  gradually  ab- 
sorbed over  its  entire  surface  l)y  the  advancing  peiiua- 
neut  tooth,  which  thus  gradually  effects  the  extrusion  of 
its  predecessor.  Should  the  advance  of  the  permanent 
tooth  be  irregular,  uniform  absorption  of  the  deciduous 
root  does  not  occur,  and  the  root,  pressing  against  the 
alveolar  process,  causes  absorption  of  the  UUter,  presents 
itself  on  the  lateral  surface  of  the  process,  and,  by  con- 
stant friction  and  pressure  upon  the  neighboring  soft 
parts,  causes  inflammation  and  ulcci'ation  of  the  gums, 
the  tongue,  or  the  cheek.  The  direction  of  the  teeth 
should  be  either  vertical  or  slightly  inclined  inward,  the 
superior  incisors  overlapping  the  inferior  ones.  The 
operation  of  cither  of  the  last-mentioned  conditions  may 
cause  all  the  inferior  incisors  to  project  beyond  their  fel- 
lows of  the  upper  jaw,  the  canines  and  bicuspids  being 
inclined  outward  (lateral  deviation).  The  opposite  con- 
dition, viz.,  inversion,  sometimes  obtains.  Tliese  de- 
formities affect  individual  teeth  alone,  provided  the  ob- 
stacle be  a  single  milk  tootli,  too  long  retained  in  its 
socket,  or  the  ossiiicatiou  of  a  vacant  deciduous  follicle. 
Single  teeth  may  even  be  twisted  in  such  a  manner  as  to 
stand  at  right  angles  to  their  normal  positions. 

4.  Anomalies  in  Size  mid  Form. — An  entire  tooth  oc- 
casionally attains  abnormally  large  dimensions,  thus  oc- 
casioning displacement  of  its  fellows.  The  crown  may 
be  alonehypertrophied,  or  the  root  be  sinuous  and  unu- 
sually elongated.  In  rare  instances,  certain  teeth  are  so 
distorted  as  not  to  present  a  vestige  of  their  natural  form. 
Several  adjoining  teeth,  usually  the  incisors,  may  be 
united  througliout  and  covered  by  common  coats  of  en- 
amel and  of  cement.  Abnormal  divisions  of  single  teeth 
are  also  rarely  encountered. 

.").  Anomalies  in  ,':'tnictnre. —Histological  anomalies  of 
the  milk  teeth  are  generally  referable  to  morbid  constitu- 
tional conditions,  such  as  struma  and  rachitis,  leading  to 
perversion  in  dental  development,  and  affect  either  the 
enamel,  which  may  be  soft,  opaque,  thin,  crumbling,  and 
even  absent,  or  the  ivory,  which  is  abnormally  friable, 
altiiough  often  of  unnatural  thickness,  and  is  very  prone 
to  decay.  Acute  infantile  diseases,  particularly  the  ex- 
anthemata and  typhoid  fever,  the  abuse  of  mercurials, 
and  st(m)atitis,  occasion  morbid  histological  changes  in 
the  permanent  teeth,  which  being  inadequately  supplied 
with  enamel,  are  soft  and  inclined  to  decay,  are  furrowed 
horizontally,  separated  by  abnormally  wide  intervals, 
and  present  a  repulsive  yellow  discoloration.  The  most 
interesting  pathological  processes  affecting  the  perma- 
nent teeth  are  produced  by  congenital  syphilis,  and  were 
first  exhaustively  studied  by  Mr.  Hutchinson,  with  whose 
name  the  appearances  about  to  be  described  are  insepara- 
bly associated. '  Syphilitic  teeth  may  present  any  or  all  of 
the  changes  described  above  as  incident  to  various  in- 
fantile diseases.  The  incisors,  and  sometimes  the  canines, 
may  also  be  deformed  and  dwarfed,  being  "narrow, 
rounded,  and  peg-like,  their  edges  jagged  and  notched." 
The  morbid  conditions  pathognomonic  of  inherited 
syphilis  are,  however,  positively  characteristic,  and  affect, 
according  to  Mr.  Hutchinson,  the  permanent  median 
upper  incisoi-s,  wliich  often  present  the  peculiar  syphilitic 
deformity  when  the  other  incisors  are  of  normal  shape. 
M.  Fouruier  is,  however,  said  by  Dr.  J.  William  White  »' 
to  lielieve  that  the  deciduous  teeth  are  affected  liy  syphilis 
exactly  as  are  the  permanent  ones,  but  that  tlie  disease  is 
overlooked  in  the  majority  of  cases.  The  characteristic 
syphilitic  teeth  are  separated  by  an  unnaturally  wide  in- 
terval, but  their  crowns  are  generally  convergent,  rarely 
divergent.     The  teeth  are  abnormally  short  and  narrow, 


their  corners  are  rounded,  and  they  present  a  broad  verti- 
cal notch  at  their  edges,  at  the  bottom  of  which  the  den- 
tine is  exposed.  Sometimes  a  shallow  furrow  passes  up- 
ward from  this  notch,  on  both  the  posterior  and  anterior 
surfaces  of  the  tooth,  reaching  nearly  or  quite  to  the  gum. 
The  anterior  surface  of  these  teeth  looks  upward.  They 
are  of  crescentic  form,  their  convexit;y  being  also  directed 
upward.  The  teeth  may  present  the  appearances  char- 
acteristic of  mercurial  poisoning  simultaneously  with  the 
lesions  due  to  syphilis.  Dr.  Thomas  Barlow  and  M.  (!. 
MacNamara '"  state  that  only  one  of  the  upper  central 
permanent  incisors  may  be  characteristically  deformed, 
tlie  other  being  normal  or  presenting  diseased  appear- 
ances not  pecuHar  to  syphilis.  Tliese  authors  also  em- 
phasize the  facts  that  the  pathognomonic  syphilitic  tooth 
possesses  a  single  vertical  notch,  and  not  a  .serrated  bor- 
der, and  that  "the  existence  of  normal,  permanent  upper 
median  incisors  by  no  means  excludes  the  existence  of 
hereditary  syphilis."  Constitutional  treatment,  appro- 
priate for  syphilis,  should  lie  jiromptly  adopted  as  soim 
as  the  diagnosis  of  syphilitic  ilentul  disease  is  fully  estab- 
lished. 

II.  DrsouDEKS  OP  Eruption. — A.  Jj/eal  Disorders  of 
the  First  Dentition. — We  may  better  appreciate  the  nature 
of  these  morbid  processes  and  their  adequacy  to  the  ex- 
citation of  reflex  nervous  phenomena  by  recalling  some 
of  the  abnormal  conditions  occasioning  them. 

Any  unusual  obstacle  to  the  eruption  of  the  first  teeth 
is  capable  of  leading  to  morbid  local  processes.  Among 
these  obstacles  may  be  mentioned  narrowing  of  the  dental 
furrow  and  alveoli  by  the  approximation  of  the  labial 
and  lingual  borders  of  the  alveolar  process.  This  may  be 
occasioned  by  the  compression  of  these  comparalivel}^  . 
3'ielding  structures,  especially  in  rachitic  children,  by  the 
constant  activity  of  the  tongue  and  lip  muscles.  The 
gum  may  also  be  abnormally  thick  and  of  cartilaginous 
density.  In  either  ease,  the  growing  tooth,  encountering 
an  unnatural  obstruction,  exerts  abnormal  pressure  upon 
the  exquisitely  sensitive  branches  of  the  fifth  nerve,  in 
its  matrix,  and  occasions  odontalgia,  wliich  may  become 
exceedingly  severe.  Inflammation  of  the  follicle,  result- 
ing from  congestion  in  the  matrix,  is  also  produced  by 
the  abniirmal  pressure  of  the  tooth,  and  may  result  in 
gingivitis,  ending  in  ulceration  and  complicated  by  severe 
stomatitis.  In  mild  cases  the  intiammation  does  not  reach 
so  extreme  a  degree,  and  results  only  in  slight  exaggera- 
tion of  the  normal  local  inflammatory  changes  elsewhere 
enumerated,  and  often  incident  to  the  simultaneous  erup- 
tion of  several  teeth,  with,  possibly,  otalgia,  fever,  and 
some  of  the  milder  reflex  phenomena  soon  to  be  described. 
In  the  worst  cases,  however,  alveolar  jieriostitis,  even  of 
sufficient  gravity  to  occasion  necrosis  of  the  alveoli  and 
destruction  of  the  teeth,  and  submaxillary  and  cervical 
adenitis  and  abscess  of  the  cheek  may  be  observed.  The 
ordinarily  mild  local  phenomena  then  give  place  to  those 
characteristic  of  the  above-mentioned  inflammatory  proc- 
ess. The  gums  are  swollen  and  tense,  or  ulcerated  and 
sloughing,  the  tongue  and  buccal  mucous  membrane 
are  swollen  and  hyperajmie,  or  sometimes  aphthous  and 
ulcerated,  the  cheeks  are  red  and  tumefied,  the  saliva  is 
abundant  and  ropy.  The  child  has  a  remittent  form  of 
fever  attended  by  jactitation,  insomnia,  and  anorexia,  or 
by  somnolency  and  asthenia. 

B  Sympathetic  Disorders  of  the  First  Dentition.— The 
principal  diseases  usually  embraced  under  this  title  are 
enteritis,  gastro-enteritis,  entero-colitis,  otitis,  conjuncti- 
vitis co'ryza,  bronchitis,  cutaneous  eruptions,  such  as 
urticaria  herpes,  eczema,  and  prurigo,  retention  or  in- 
continence of  urine,  dysuria,  nervous  cough,  laryngismus 
stridulus  "  subsultus  tendinum,  and  eclampsia.  Many 
authors  deny  that  dentition  plays  any  essential  role  m 
the  production  of  the  disorders  just  enumerated,  unless 
there  exist  a  predisposition  to  their  development.  The 
nature  and  cause  of  this  predisposition  are  not  generally 
more  closely  defined,  but  are  inferentially  stated  to  con- 
sist in  a  dys'crasia,  or  diseased  constitutional  state.  AVest 
says  in  this  connection:''  "The  period  of  teething,  like 
that'of  puberty,  constitutes  one  of  the  great  epochs  ot 

40,5 


Benlltlon. 
Dentition. 


REFERENCE   HANDBOOK   OP   THE   MEDICAL   SCIENCES. 


life-  it  is  a  time  \yben  great  changes  are  going  on  in  the 
whole  organism,— when,  the  animal  machme  being  in  a 
state  of  increased  activity,  its  parts  are  more  than  usually 
apt  to  get  out  of  order.  Statistics  embracing  the  largest 
numbersprovethedangersof  this  period.  .  .  .  The  error 
which  has  been  committed  with  reference  to  this  matter, 
not  merely  by  the  vulgar,  but  by  members  of  our  own 
profession  also,  consists  not  in  overrating  the  hazards  of 
the  time  when  changes  so  important  are  being  accom- 
plished, but  in  regarding  only  one  of  the  manifestations 
—though  that,  indeed,  is  the  most  striking  one— of  the 
many  important  ends  which  nature  is  then  laboring  to 
bring  about.  The  epoch  of  dentition  is  to  be  looked  at 
just  in  the  same  way  as  that  in  which  we  regard  the 
epoch  of  puberty.  Constitutional  disturbance  is  more 
common,  and  serious  disease  more  frequent  at  these  times 
than  at  others;  but  their  causes  lie  deeper  than  the  tooth 
which  irritates  the  gum  that  it  has  not  yet  pierced,  in  the 
one  case,  or  tlian  the  womb  wdiich  has  not  yielded  the 
due  discharge  of  blood,  in  the  other. "  The  writer  admits 
that  these  diseases  may,  in  many  cases,  especially  in  those 
attended  by  slight  local  inflammation,  be  entirely  acci- 
dental complications  of  dentition,  the  gastrointestinal 
disorders  being,  for  instance,  referable  to  insufficient  or 
improper  food,  great  summer  heat,  and  to  the  develop- 
ment of  the  digestive  tract,  and  the  cutaneous  diseases 
to  hereditary  predisposition.  In  the  graver  forms  of 
disease,  however,  the  writer  believes  that  the  local  in- 
flammation due  to  perverted  dental  development  itself 
plays  the  part  of  both  predisposing  and  exciting  cause 
of  the  sympathetic  disorders.  Some  of  the  above-men- 
tioned diseases  cannot,  perhaps,  lay  valid  claims  to  the 
title  of  sympathetic  disorders,  but  may  be  due  to  e.x- 
tension  of  inflammation  from  contiguity  of  tissue.  This 
remark  might  apply  to  coryza,  otitis,  conjunctivitis,  and, 
possibly,  to  the  bronchitis. 

Vogel'^  refers  the  bronchitis  to  the  wetting  of  the  chest 
by  dribbling  saliva,  and  the  diarrhea  to  the  laxative 
effect  of  the  saliva  which  is  swallowed;  but  this  view  is 
opposed  by  the  fact  that  these  symptoms  occur  when  the 
chest  has  been  well  protected,  and  when  the  quantity  of 
saliva  is  not  excessive.  Throwing  the  diseases  possibly 
due  to  extension  of  local  inflammation  out  of  account, 
we  must  still  explain  the  etiology  of  the  graver  S3'mi>a- 
thetic  nervous  disturbances,  above  enumerated,  and  the 
occurrence  of  those  ailments  sometimes  due  to  extensive 
inflammation  when  the  latter  causation  cannot  be  de- 
monstrated. 

The  writer  is  of  the  opinion  that  their  predisposing 
cause  lies  in  the  gradual  depreciation  of  nervous  energy 
by  the  continued  local  irritation,  and  that  the  influence 
directly  precipitating  them  is  a  nervous  reflex  act,  the 
centripetal  impiression  for  which  is  conveyed  through  the 
exquisitely  sensitive  fifth  pair,  and  is  converted,  at  the 
motor  or  vaso-motor  centres,  into  centrifugal  impulses 
affecting  the  organs  in  which  the  sympathetic  disease  is 
located.  '■' 

Barrier  refers  eclampsia,  when  excited  by  dentition,  to 
the  causes  just  assigned  by  the  writer,  anil,  in  addition, 
to  the  participation  of  the  whole  cerebral  vascular  system 
in  the  hypcraemia  existing  around  inflamed  dental  fol- 
licles. The  enumeration  of  the  symptoms  constituting 
the  clinical  history  of  the  sympathetic  diseases  of  teeth- 
ing would  entail  useless  repetition  of  details  to  be  found 
m  the  articles,  in  this  Handbook,  descriptive  of  these 
affections,  since  their  course  is  essentially  the  same  as 
when  they  are  not  complications  of  dentition. 

The  general  character  of  the  gravei-  nervous  phenomena 
may,  however,  be  alluded  to.  The  convulsive  move- 
ments either  affect  isolated  groups  of  muscles  or  are  gen- 
era .  liiey  vary  greatly  in  severity,  and  either  occur 
suddenly  or  are  preceded  by  premonitions,  such  as  un- 
usual restlessness  fretfulness,  and  general  discomfort 
together  with  evidences  of  great  local  disturbance.  The 
attacks  are  single  or  multiple.  In  the  latter  case  the  in- 
tervals are  of  variable  duration.  The  entire  paroxysm 
may  be  hmited  to  a  few  minutes,  or  may  be  pmt"acted 
over  several  days.     One  of  the  milder  ty/es  of'edampsia 
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consists  in  such  a  contraction  of  the  facial  muscles  that  a 
smiling  expression  of  countenance  results.  In  other  cases 
the  respiration  is  merely  quickened,  the  pupils  dilate,  the 
eyes  assume  a  staring  aspect,  and  the  face  grows  pale  or 
livid.  In  graver  cases  laryngismus  stridulus  occurs,  and 
all  the  muscles  may  be  successively  or  simultaneously 
tetanized.  The  circulation  and  respiration  are  obsti'ucted, 
and  asphyxia,  cerebral  congestion,  or  syncope  may  entail 
a  fatal  issue.  A  lethal  result  is  usually  produced  by  a 
series  of  paroxysms  rather  than  by  a  single  convulsion. 
Partial  paralysis,  idiocy,  strabismus,  and  cerebro-spinal 
meningitis  are  stated  to  have  sometimes  followed  eclamp- 
sia, but  their  etiological  dependence  on  the  convulsions 
is  not  established. 

Diagnosis. — Since  the  con.stitutional  diseases  induced 
by  dentition  are  often  referable,  even  when  developed 
simultaneously  with  teething,  to  other  causes,  these  must 
be  diligently  sought  in  every  doubtful  case.  If  no  mor- 
bid condition  of  the  gum  or  of  the  jaw  be  discoverable, 
the  inference  that  the  disease  in  question  is  due  to  other 
causes  is  justifiable.  Should  the  disorder,  however, 
manifest  itself  at  each  epoch  of  dental  eruption,  subsid- 
ing after  the  completion  of  the  latter  process,  its  etio- 
logical dependence  upon  dentition  will  be  unmistakable. 

Trentment. — This  embraces  prophylactic  and  curative 
measures,  which  are  either  local  or  general.  1.  Local 
prophylaxis  consists  in  frequent  cleansing  of  the  buccal 
cavity  with  a  solution  of  borax  containing  gr.  xx.  to  an 
ounce  of  water,  or  some  similar  detergent  lotion,  in  order 
to  prevent  thrush  or  simple  stomatitis ;  in  gentle  friction 
of  the  inflamed  gums  with  the  ball  of  the  finger,  a  smooth 
bone,  or  the  smooth  handle  of  a  silver  spoon ;  and  in  pro- 
viding the  little  patient  with  a  harb-rubber  object  for  the 
maxillary  gymnastics  to  which  he  is  uaturall}'  inclined. 

2.  General  prophj'laxis.  This  aims  at  the  maintenance 
of  the  general  health,  and  embraces  all  required  hygienic 
measures.  The  child  should  spend  a  large  part  of  the 
day  in  the  open  air,  whenever  the  weather  is  suitable. 
The  diet  should  be  carefullj'  supervised,  and  especial  at- 
tention given  to  the  care  of  the  bottles  of  band-fed  babies. 
Too  frequent  nursing  must  be  discountenanced.  The 
bowels  should  be  regulated,  rhubarb  and  calomel  and 
enemata  being  used  for  constipation,  and  chalk  mixture, 
with  bismuth  subnitrate  and  a  few  drojjs  of  tr.  opii 
camph.  in  each  dose,  in  case  of  diarrhcea.  Salol,  either 
alone  or  in  combination  with  the  remedies  just  mentioned, 
has,  in  the  writer's  experience,  proved  very  efficacious 
in  checking  diarrhoea  or  tympanites.  If  flatulence  ex- 
ist, a  carminative,  preferably  a  mixture  of  spU.  lavand. 
CO.,  spts.  card,  co.,  syr.  zingib.,  and  aq.  menth.  pip.,  in 
equal  parts,  should  be  employed  in  lUx.  to  xx.  doses. 
If  there  be  considerable  febrile  disturbance,  spts.  celhtr. 
nitrofsi,  in  doses  of  Hfx.  each,  may  be  administered 
to  a  child  one  year  old,  or  tincture  of  aconite,  gtt. 
ss.-i.,  may  be  given,  at  intervals  of  one  hour,  until  from 
four  to  six  doses  have  been  taken.  'Restlessness  and  jac- 
titation may  be  best  combated  by  a  mixture  containing 
bromides.    Dr.  Day  '*  recommends  the  following  formula; 

7^  Potass,  bromid gr.  ij. 

Potass,  iodid , gr.   i. 

Spts.  amnion,  aromat tii    ij. 

Syrup TH  XX. 

AquiB q.  s.  ad  fl.  3  i. 

M.  Sig. :  To  be  taken  every  four  hours.  For  children 
one  year  old. 

Small  doses  of  phenacetin,  pheuocoU,  or  antipyriu 
may  properly  be  employed,  in  many  cases,  instead  of  the 
bromide  mixture  suggested  by  Dr.  Day. 

With  a  view  of  diminishing  cerebral  congestion,  aud 
thus  preventing  eclampsia,  Vogel  "recommends  affusions 
of  cold  water,  repeated  at  intervals  of  from  one  to  two 
hours,  and  Espine  and  Picot'^  extol  tepid  baths  for  the 
fulfilment  of  the  same  indication.  The  head  may  prop- 
erly be  bathed,  in  common  with  the  rest  of  the  body,  and 
warm  head  coverings  should  be  discarded. 

3.  Local  curative  treatment  is  required  for  the  relief  of 
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aphthous  ulcerations  of  the  b\iccal  mucous  membrane, 
rarely  foi-  abscesses  in  the  buccal  purietcs,  for  inflamed 
and  painful  gums  plainl_v  rendered  so  by  obstructed  den- 
tal eruption,  and  for  alveolar  perio.stitis.  Ulcerations  of 
the  mucous  membrane  re(iuire  strict  (deanliness,  obtained 
by  thorough  rinsing  of  the  mouth  with  tepid  water,  ami 
by  the  use  of  lotions  containing  ten  grains  of  boi'ax  to  an 
ounce  of  glycerin,'**  West '»  approves  the  internal  use 
of  potassium  chlorate,  in  doses  of  gr.  iv.  everj'  four 
hours,  for  a  child  aged  one  year,  in  graver  forms  of 
ulceration,  nitrate  of  silver  solution,  containing  tifteen 
grains  in  an  ounce  of  water,  may  be  painted  over  the 
ulcerated  surfaces,  and  leeches  may  he  applied  at  the 
angle  of  the  jaw.  Peroxide  of  hydrogen  or  permanga- 
nate of  potash  may  also  be  emiilo'yed  "as  a  mouth  wash. 
Abscesses  in  the  cheek  must  be  promjitly  evacuated. 
Very  painful  and  inflamed  gvuns  are  best  "and  quickest 
relieved  by  free  incisions,  executed  with  a  scalpel,  a 
lancet,  or  a  curved  bistoury,  so  guarded  as  to  avoid  in- 
jury to  any  but  the  inflamed  parts.  The  lancet  is  not  to 
be  used  save  for  good  and  sufficient  reasons,  but  must  be 
wielded  with  decision,  if  required  at  all.  The  child's 
head  is  held  between  the  knees  of  the  operator,  the  jaws 
being  kept  open  by  his  disengaged  hand.  The  incisions 
should  extend  quite  down  to  the  tooth,  and  should  be 
longer  than  the  advancing  dental  crown.  The  cuts  should 
be  crucial  for  the  molars  and  linear  for  the  cuspids. 
Sometimes  a  wedge-shaped  piece  of  the  gum  may  be  ad- 
vantageoiisly  removed,  if  this  be  the  offending  tissue.  H 
severe  alveolar  periostitis  exist,  the  dental  follicle  may 
have  been  so  far  disintegrated  as  to  have  occasioned 
necrosis  of  the  tooth,  which  must  then  be  extracted.  Tlie 
measures  just  described  effect  almost  immediate  relief  of 
local  symptoms  by  reduction  of  tension  in  the  iuflajued 
tissues,  and  by  their  depletion.  In  children  of  an  hemor- 
rhagic diathesis  the  lancet  must  be  avoided,  and  reliance 
placed  in  the  local  and  general  preventive  and  curative 
treatment.  If  the  above  measures  bo  adopted  as  soon  as 
the  gums  are  markedly  inflamed,  the  graver  sympathetic 
disturbances  will  usually  be  averted.  Hence,  lancing  of 
the  gums  is  both  curative  of  the  local  morbid  state  and 
prophylactic  as  regards  the  sympathetic  afl'ections  of 
dentition.  Por  local  preventive  and  curative  treatment 
of  otitis,  conjunctivitis,  coryza,  bronchitis,  cutaneous 
eruptions,  and  incontinence  or  retention  of  urine,  consult 
the  articles  in  this  Handbook  treating  of  these  subjects. 

4.  General  Curative  Treatment. — The  therapeutic  meas- 
ures embraced  under  this  head  are  intended  to  take  the 
place  of  local  surgical  interference  with  the  gums,  when 
the  condition  of  tJie  latter  is  not  such  as  to  warrant  the 
use  of  the  lancet.  These  measures  must  be  directed  to 
the  cure  of  whatever  constitutional  symptoms  appear  in 
a  given  case,  and  are  identical  with  those  required  for  the 
relief  of  similar  symptoms  when  not  complicating  denti- 
tion. The  reader  is,  therefore,  again  referred  to  the  ap- 
propriate articles  in  this  Handbook.  The  bromides  and 
chloral  are  second  only  in  value  to  incision  of  the  giuns, 
in  the  convulsions  of  dentition,  and  are  employed  with 
great  benefit  in  cases  not  adapted  to  the  use  of  the  lancet. 
Five  grains  of  the  bromide  of  potassium  may  be  given 
to  a  child  one  year  old,  by  mouth,  or  ten  grains  by  rectum, 
if  the  patient  be  unable  to  swallow,  and  the  dose  repeated 
every  quarter  of  an  hour  until  the  convulsions  cease,  after 
which  occasional  doses  may  be  given  as  requii-ed.  At 
the  respective  ages  mentioned,  equal  quantities  of  chloral, 
dissolved  in  one-half  ounce  of  lukewarm  water,  should 
be  given  by  the  rectum,  if  the  bromides  have  no  efiect, 
and  may  be  repeated  after  an  houi-,  if  necessary.  Chloro- 
form may  be  cautiously  given,  by  inhalation,  to  conti-ol 
the  convulsions  until  a  sufficient  quantity  of  tlie  bromide 
and  chloral  has  been  absorbed  to,  fulfil  this  indication. 
Cold  to  the  head,  hot  mustard  baths,  a  cathartic,  prefer- 
ably castor  oil,  and  warm  laxative  enemata,  are  valuable 
adjuvant  therapeutic  agents. 

C.  The  Local  Disorders  of  Second  Dentition.— 
Etiology.— The  chief  cause  of  these  local  diseases  which, 
although  rare,  greatly  predominate  over  the  sympathetic 
or  constitutional  disorders  of  second  dentition,  is  obstruc- 


tion to  the  natural  eruption  of  the  permanent  teeth  The 
eluet  obstacles  to  eruption  are  either  •  deciduous  teeth 
which  Iiave  been  too  long  retained,  ossification  of  decidu- 
ous follicles  from  which  the  teeth  have  been  too  earlv  re- 
moved, (ir  imrrowne.ss  or  shortness  of  the  alveolar  liorder 
liy  which  the  advancing  teeth  are  forced  from  their  nat- 
ural positions  and  obhged  to  effect  tlieir  exit  through 
bony  tissues  instead  of  through  the  gum,  in  the  direction 
of  their  alveoli.  Faulty  direction  of  the  original  follicle, 
its  development  in  an  abnormal  position,  fibroid  indura- 
tion of  the  gum,  and  the  growth  of  supernumerary  teeth 
are  other  causes  of  obstructed  eruption.  Any  of  the  pri- 
mary teeth  may  encounter  thesfe  ol)Stacles,  but  the  so- 
called  (lenles  sapientiee.  or  third  molars,  are  peculiarly 
liable  to  do  .so,  since  the  remaining  teeth  have  attained 
their  full  development  at  the  time'of  the  appearance  of 
the  wisdom  teeth,  and  in  many  cases  have  encroached 
upon  the  latter's  domain.  The  wisdom  teeth  of  the  in- 
ferior maxilla  are,  from  their  position  in  proximity  to  the 
ascending  ramus  and  the  consequent  limited  space  af- 
forded them  for  development,  usually  the  starting-points 
of  the  morbid  processes  about  to  be  described, 

f^jliiijitoins. — Encountering  one  of  the  obstacles  just 
mentioned,  the  teeth  are  directed  either  against  the  neigh- 
boring teeth  or  against  the  cheek  or  the  tongue,  and  ex- 
cite either  simple  ulcerative  or  suppurative  stomatitis, 
glossitis,  gingivitis,  or  cervical  adenitis,  while  the  exces- 
sive pressure  within  the  follicles  ma}'  occasion  alveolar 
periostitis,  exostosis,'"  osteitis,  and  caries  or  necrosis  of 
the  teeth  themselves.  These  diseasesof  the  jaw  and  teeth 
apparently  owe  their  origin,  in  some  cases,  to  extension 
of  the  inflammatory  process  from  the  .gums  to  the  osseous 
structures,  rather  than  to  excessi^'c  pressure  within  the 
follicles.  Should  abscesses,  developing  in  the  gums, 
tongue,  or  cheeks,  be  left  to  nature's  direction,  the  pus 
effects  its  exit  either  into  tlie  buccal  cavity  or  upon  the 
surface  of  the  cervical  or  maxillaiy  regions.  In  some 
cases  the  purulent  matter  may  widely  infiltrate  the  sub- 
cutaneous or  intermuscular  cellular  tissue  of  the  cervical 
region,  producing  sinuous  sinuses  and  fistulas.  Other 
and  rarer  inflammatory  complications  of  the  second  den- 
tition are  tonsillitis,  pharj'ugitis,  otitis,  rhinitis,  conjunc- 
tivitis, and  cervical  erysipelas.  The  sjmiptoms  of  these 
diseases  need  not  Ije  here  enumerated,  and  allusion  will 
be  merely  made  to  the  difficulties  of  articulation  and  mas- 
tication, to  the  dysphagia,  the  deafness,  otorrlwra,  coryza, 
profuse  salivation,  and  the  febrile  disturbance  which  may 
result  from  the  inflammatory  conditions  above  referred  to. 

D.  Sympathetic  Disorders  of  the  Second  Denti- 
tion.— The  principal  sj'mpathetic  diseases  incident  to  the 
second  dentition  are  neuralgia  of  the  fiftli  nerve,  which, 
beginning  as  an  odontalgia  in  the  affected  teeth,  may  de- 
velop into  hemicrania,  tic  douloureux,  or  spastic  contrac- 
tion of  the  muscles  of  mastication,  leading  to  a  tight 
closure  of  the  jaws.  Other  and  rarer  rcfleS  disorders, 
included  by  some  authors  in  this  category,  are  facial  pa- 
ralysis, nystagmus,"  otalgia,  aphonia,  hysteria,  tetanus, 
chorea, '■  and  even  epilepsy." 

Treatment.— I.  Prophylactic:  With  a  view  to  the  pre- 
vention of  ossification  of  deciduous  follicles  and  conse- 
quent obstruction  to  the  exit  of  permanent  teeth,  the 
milk  teeth  should  be  prevented  from  decay  by  appro- 
priate hygiene,  and  if  carious,  should  be  filled,  instead  of 
being  early  extracted.  Supernumerary  permanent  teeth, 
or  those  developed  from  misplaced  original  follicles, 
should  be  removed  before  their  pressure  shall  have  dis- 
placed the  growing  regular  teeth,  or  shall  have  exerted 
injurious  pressure  on  the  soft  parts.  If  the  jaw  be  too 
small  for  the  accommodation  of  a  full  set  of  permanent 
teeth  possessing  normal  dimensions,  or  should  unnatural 
size  of  certain  teeth  lead  to  injurious  pressure,  a  .sufficient 
number  of  teeth  must  be  sacrificed  to  make  room  for  the 
remainder.  If  ossification  of  a  deciduous  follicle  be  the 
cause  of  detaining  a  permanent  tooth  in  the  alveolar 
process,  the  only  resource  is  the  trephine,  after  which 
extraction  of  the  included  tooth  may  become  necessary. 

2  Curative  treatment :  Prompt  and  efiicient  local  treat- 
ment will,  in  most  cases,  speedily  relieve  both  the  local 
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and  tli«  sympathetic  disorders  of  tlie  second  dentition. 
Should  the  root  of  a  deciduous  tootli  prove  to  le  the 
„l)Stacle  to  tlie  exit  of  its  successor,  it  must  be  at  once 

*^"''lf'"tlie  "-uni  over  a  wisdom  tooth  wliicli  is  about  to 
mal<e  its  appearance,  be  seriously  inflamed  or  ulcerated 
itshoulil  ))(•  incised  or  partially  excised,  the  borders  ot 
the  incision  being  then  cauterized,  in  order  that  imme- 
diate union  shall  not  occur.  Should  the  crown  ot  the 
tooth  be  carious,  or  its  direction  so  abnormal  as  to  threaten 
iniury  to  the  tongue  or  lips,  the  tooth  must  be  removed. 
If'it  be  impossible  to  find  the  dens  sapientica  after  incision 
ot  the  gum,  owing  to  its  deep  inclusion  in  the  alveolar 
process,  the  second  molar  may  be  removed  and  place 
thus  be  made  for  the  advancing  wisdom  tooth.  In  the 
event  of  the  formation  of  abscesses,  in  the  cheek,  the 
gum,  the  tongue,  the  cervical  connective  tissue,  or  the 
cervical  glands,  thev  should  be  jiromptly  opened.  The 
remaining  possible  iiiflammatory  and  reflex  complications 
of  the  second  dentition,  enumerated  above,  are  to  be 
treated,  after  the  adoption  of  the  local  measures  advised, 
in  accordance  with  the  principles  enunciated  in  the  ap- 
propriate articles  of  this  Haxdbook.  The  spastic  con- 
traction of  the  jaws,  already  alluded  to,  occasionally 
simulates  trismus,  sometimes  greatly  interferes  with  the 
local  treatment,  and  may  best  be  overcome  by  anesthesia. 

William  II.  Flint. 

^  A  Treat,  on  the  Dis.  of  Infancy  and  Ctiildtiood,  p.  6.51, 1881. 

''  Balivliood,  p.  111."),  March,  1885. 

'  Meitrs  and  Pepper:  A  Prac.  Treat,  on  the  Dis.  of  Children,  pp.  412, 

H\  Philadelphia,  1883.    J.  L.  Smith:  Op.  cif.,  p.  B.52. 
■'  The  Di.s.  nf  Children,  M  edition,  p.  i;7,  Philadelphia,  1881. 
^  Coiiipend.  of  cliildreu's  Dis.,  Tail's  Translation,  p.  222,  New  York, 

187.5. 
'  AHirecht:  Peal-Encyclop.  d.  gesammt.  Heilltimde,  Bd.  Iv.,  .54. 
'  Noiiveau  Diet,  de  Med.  et  de  Chirurg.  Prat.,  xi.,  p.  119,  Paris,  1869. 
*  Littre  et  Robin:  Diet.  deMed.,  p.  431,  Paris,  1873. 
"  Laueet,  IsTii,  pp.  .56,  .535.    Reynolds :  System  ol  Med.,  vol.  i.,  p.  411, 

Philadelr*ia,  1879. 
1°  A  Svs.  of  Prac.  Med.,  William  Pepper  and  Louis  Starr,  vol.  ii.,  p. 

294,  Philadelphia,  18,S5. 
'1  Meigs  and  Pepper :  Oi».  c/f.,  p.  .578. 
"  Lect.  on  Dis.  of  Infancy  and  Childhood,  pp.  162,  4.52,  Philadelplila, 

1866. 
"  Dis.  of  Children,  Raphael's  Translation,  p.  109.  New  York,  1873. 
''I  J.  Lewis  Cohen  :  Dis.  Mouth  and  Tongue,  Pepper's  Syst.  Prac.  Med., 

vol.  11.,  p.  374,  1885. 
'*  Op.  cit..  p.  72. 

"■  Dis.  CInldren,  Raphael's  Translation,  p.  107,  New  York,  1873. 
"  Manuel  Prat,  des  Mai.  de  I'Eutance,  p.  9,  Paris,  1884. 
"  Eustace  Smith  :  yuain's  Diet,  ol  Med.,  p.  342,  New  York,  188o. 
"  Ui-i.  cit.,  p.  4.57. 

=»  Thos.  H.  Tanner :  Prao.  ol  Med.,  p.  316,  Philadelphia,  186C. 
"  Magltot,  Littre  et  Robin,  Diet,  de  Med.,  p.  432,  1S73. 
^-  Tanner:  _Lor.  rit. 
-'  L.  Einmett  Holt :  The  Dis.  of  Infancy  and  Childhood,  p.  24;5,  244. 

DENVER.— The  city  of  Denver,  Colorado,  latitude  39^ 
4.'>' N.,  longitude  10.5'  W.,  lies  upon  tlie  South  Platte 
River,  3',  miles  from  the  main  range  of  the  l^ock\-  Moun- 
tains, and  14  miles  east  from  their  outlving  footliills— on 
the  western  limit  of  the  great  plains  which  stretch  awiiy 
to  the  Missouri  River.  Its  elevatiim  above  sea  level  i's 
0,390  feet. 

Besides  being  the  capital  and  chief  business  city  of 
Colorado,  Denver  is  the  most  important  railroad  and  dis- 
triljuting  centre  for  the  entire  Rocky  Mountain  region 
The  city  is  built  upon  both  sides  of  the  river,  but  chiefly 
on  the  right  bank  of  the  stream  which,  flowing  north 
bends  in  the  middle  of  the  city  to  the  northeast.     The 
westerly  ))ank  rises  in  a  sharp  slope  about  one  hundred 
and  fifty  teet,  while  on  the   east   this  elevation  is  not 
reached  till  about  two  miles  fnmi  the  river,  the  rise  beiu'' 
gradual  and  easy.     The  immediate  river  valley  is  trive'u 
over  to  industrial  occupation,  the  residence  districts  lyinc 
to   he  east,  south,  and  west.     The  streets  are  wide,  and 
in   he  business  portion  of  the  city  paved  with  asphalt,  as 
a  e  thiee  ot  the  main  avenues  into  the  residence  district 
1,    r'l  ,/''■'''='' r^"''''  bordered    by   parked   sidewalks 
laded  by  trees.     There  are  164  mi'les  of  electric  sV  ee 
lailway  reaching  to  every  part  of  the  city      The  1,  d   1 
mgs  are  substantial,  and  throughout  the  ci  vb,  i     w  i      v 
|.f  brick  and  stone.     The  residence  distii,   s      e       t    c^ 
ably  those  of  homes,  there  behig  very  low  blocks  or  tene- 
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ments.  The  public-school  system  is  excellent  and  pro- 
gressive, and  the  city  is  well  provided  with  theatres  and 
churches  of  all  denominations.  There  is  a  good  public 
library  and  a  medical  library  of  six  thousand  volumes. 

There  arc  five  hospitals  iu  Denver:  the  Arapahoe 
County  Hospital,  one  hundred  and  eighty  beds;  St. 
Luke's  (Episcopal),  seventy  beds;  St.  Joseph's  and  St. 
Anthony 's(Romaii  Catholic),  each  ninety-eight  beds ;  and 
the  National  Jewish  Hospital  for  Consumptives.  "The 
Home  "is  a  beautifully  equipped  establishment  for  the 
reception  of  invalids  with  tuberculosis.  Hotel  accommo- 
dations are  numerous  ami  of  a  high  order.  The  public 
parks  have  an  area  of  five  hundred  acres.  There  is  a 
system  of  public  sewers  which  emptj'  into  the  Platte 
River  below  the  city.  The  public  water  is  supplied  by 
a  private  corporation  and  is  of  excellent  quality  and 
ample  supply. 

The  population  is  about  13.'j,000.  The  health  of  the 
community  is  good,  there  fieing  a  notable  absence  of 
diarrhceal  and  infectious  diseasi^s  other  tlian  tuberculosis 
colli nieted  elsewhere. 

The  early  reputation  of  Denver  as  a  health  resort,  es- 
pecially for  those  suffering  from  pulmonarj' tuberculosis, 
has  been  steadily  maintained,  and  while  the  rapid  growth 
of  the  city  and  increa.se  in  industries  of  late  years  have 
necessarily  rendered  the  heart  of  the  cit}'  unsuited  for  an 
invalid,  the  outlying  residence  districts  are  free  fnan 
contamination,  and  the  city  still  holds  its  place  among 
the  health  resoi'ts  of  the  Rocky  Mountains. 

Climaticallij,  Denver  should  fie  classed  as  a  high-alti- 
tude resort,  with  a  diy,  cool  climate  of  considerable  ex- 
tremes of  temperature  and  abundant  strong  sunshine. 

Altitude. — Denver  is  one  mile  above  sea  level,  and  has 
a  mean  barometric  pressure  of  24.74  inches.  It  is  not, 
however,  in  the  mountains,  but  lies  ujion  the  open  plains 
fifteen  miles  east  from  the  foothills.  This  open  situation 
frees  it  from  the  diurnal  up-and-down  draught  of  a  moun- 
tain valley,  and  the  long  da_y  of  sunshine  is  unbroken  by 
the  .shadows  of  surrounding  peaks.  This  distinct  ad- 
vantage over  most  high-altitude  resorts  has  a  \ery  prac- 
tical relation  to  the  daily  life  of  an  invalid.  In  Davos 
Platz,  the  most  noted  of  the  Swiss  high-altitude  resorts, 
which  lies  at  the  same  elevation  as  Denver,  but  in  a  valley 
protected  by  surrounding  mountain  heights,  the  sun  does 
not  rise  on  January  1st  till  10:  03  a.m..  and  sets  at  3  p.m. 
In  Denver,  on  January  1st,  the  sun  risesat  7;  19  a.m.,  and 
does  not  set  till  4:49  p.m.,  giving  nine  hours  and  a  half 
of  daylight.  Speaking  of  Davos,  Dr.  "Wise  says;  ''An 
additional  hour's  sunlight  during  the  short  days  of  De- 
cember and  January  is  an  inconceivable  delight."  In 
Denver  the  eastern  horizon  is  low  and  level  and  offers  no 
delay  to  the  warm  cheering  of  daylight.  On  December 
1st  the  sunrises  at  7  a.m.  ;  on  January  1st  at  7: 19,  and  on 
February  1st  at  7;  07.  Nor  is  the  day  shortened  in  the 
afternoon,  the  fifteen  miles  "set-out"  from  the  mountains 
distinctly  lengthening  the  day. 

Smi.K/iinr. — A  reference  to"  Table  I.,  column  R.  will 
show  the  total  number  of  hours  of  possible  sunshine  at 
Denver  during  each  month  of  the  year.  Even  in  the 
months  of  shortest  days,  December  and  .January,  there 
are  over  nine  hours  and  a  half  of  possible  sunshine  each 
day. 

The  iiercentage  of  the  total  possible  sunshine  actually 
realized  is  high,  being  in  the  yearly  average  over  seventy 
per  cent,  as  shown  by  the  records  of  the  AVcather  Bureau 
over  the  last  ten  years.  This  large  proportion  of  actual 
sunshine  is  ([iiite  evenly  distributed  throughout  the  year, 
as  will  be  seen  by  Table  I.,  columns  S,  T.  and  V.  where 
the  mean  total  ]ierceutage  of  sunshine  is  shown,  together 
with  the  highest  and  lowest  monthly  record  during  the 
period  of  observation.  It  will  be  noted  that  the'least 
amount  obtained  iu  any  month  during  the  ten  years  was 
51  per  cent.,  or  over  half  the  total  possible,  with 
the  exceiition  of  the  very  unusual  month  of  May,  189'2, 
when  the  sunshine  record  was  only  4'3  per  cent,  and 
the  precipitation  was  8.57  inches.  A  reference  to  Table 
I.,  columns  jA[  and  N,  shows  that  this  is  equally  excep- 
tioual.     In  the  other  years   of  observation    the"  rainfall 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


Denver, 
Denver, 


Table  I. 


A 

B 

D 

E 

£ 

H 

I 

J 

K 

L, 

M 

N 

O 

p 

K 

S 

T 

II 

V 

W 

'A 

I'. 

X 

V 

Z 

A: 

2    -p 

■^ 

^3 

>-. 
ST 

a 

Eh 

■u 

£ 
5 

1 

fcL 

2 

a 

1m 

& 

a 

3 

«  >. 

0  a 

2 

3 

ll 

■V 

ll 
■3 

■3j 
E-. 

D 

ft 

a 

1 

p 

a" 

a 

a 

1.^ 

0) 

Lh 

a; 

ft 
S 

a> 

'S 

Oi 

& 

3 
^   . 

0* 

3 

9 

o 
ft 

p 
ft 

Oi 

.a 

o 

£ 
"3 

OJ 

.a 
o 
C 

a 
o 

£ 

S 

ll 
OJ 

a 

o 

i 

1 

■s 

o 
.a 

0)     . 

Si 

^■-1 

=  5: 

c 

i 

lis 

c  ~  ^ 

-r  —  0 

S 

3S 

0^  X 

0^3 

o  ca 

Is 

.3  ^ 

n 

a 

Q) 
bo 

s 

I' 

o 

1 

o 

1^7 

5 

ft- 

1  >- 

II 

a?: 

-is 

2j  r:» 

5^ 

s 

M 

J 

^ 

-Ti 

■< 

-^ 

-<1 

a 

g 

^ 

w 

^ 

z; 

« 

H 

s 

M 

J 

^ 

-t; 

-*; 

s 

<; 

^ 

JaiiLiarv  . . . 

24."! 

28 

;w 

IS 

41.7 

15.5 

lil.S 

-;i,o 

7I-; 

-2SI 

.53.  S 

19 

II. .51 

2.3,5 

0,(15 

9 

111 

301 

71 

so 

(ill 

20 

8 

3 

11,141 

f^.3 

12.9 

Fehi'uury. . . 

2i.61 

:!2 

Its 

22 

44,1 

111.5 

1)3,  ( 

-1  11 

77 

—22 

.54.2 

11 

..53 

1  22 

.11 

12 

15 

3(H1 

(IS 

75 

.511 

15 

9 

4 

l),405 

11.3 

Maivli 

24.51) 

H!) 

4li 

:i2 

51  5 

'SiM 

71,;^ 

5.3 

SI 

-11 

•511.7 

11) 

.92 

3.111 

.2(1 

12 

15 

371 

(17 

73 

55 

14 

III 

7 

(1,1192 

'.Ml 

15,2 

24,  H4 

47 

54 

41 

nil  4 

;i4,7 

7S,1 

u  ^ 

Ki 

4 

4S.4 

Hi 

1,94 

4.94 

.31 

13 

14 

399 

711 

H4 

nil 

20 

7 

3 

7,210 

10.0 

14.9 

May 

24  K(l 

.57 

112 

.52 

lid  1 

4:i,<i 

s5,:- 

:ii,7 

H2 

27 

.50.0 

25 

2.Sli 

S..57 

.09 

13 

13 

44V 

(ill 

711 

42 

12 

17 

0 

(1,408 

H.f) 

15.1 

24.  V2 

ti7 

72 

H2 

HII  7 

51:3 . 5 

m  1 

41  4 

» 

3ti 

4.5.11 

35 

1.411 

4.9B 

.119 

11 

111 

449 

71 

77 

117 

15 

13 

2 

5,87(i 

8.2 

12.8 

July 

24  HI 

72 

7li 

117 

S5  ; 

5S  5 

0()  7 

50.  a 

1112 

42 

4S.I 

47 

1.72 

4.2S 

.;i3 

12 

15 

45o 

IX) 

7:1 

.59 

12 

15 

4 

.5,519 

V.4 

10.8 

August 

September . 

■M  72 

71 

74 

lis 

S4.I 

57  2 

!I5  1 

4M  5 

1(15 

43 

4S,5 

41 

1.45 

2.S4 

.33 

12 

14 

42) 

vo 

77 

BO 

19 

9 

3 

.5,715 

7  7 

10.1 

24  X-\ 

«:i 

m 

Ml 

77.2'4S.2 

!Ki  ;- 

:vs:d 

H7 

27 

44. li 

32 

.79 

2.S9 

■r. 

12 

14 

3V4 

V3 

^y 

63 

li 

.5,1S5 

V.2 

9.1 

24  72 

.51 

.56 

4ti 

1)4.7  ;!7.l!sl.8 

:ii  H 

91 

1 

411.2 

'>7 

.9+ 

3.92 

.12 

9 

18 

34,1 

V.5 

8'J 

1)3 

IS 

1) 

V 

5,540 

V.4 

10.8 

November .. 

24  7:i 

■M) 

45 

33 

51.5l25.t|l71.1l     4.7 

77 

-IS 

49.  !i 

20 

.HI 

1.9:j 

.IIS 

111 

IV 

30(1 

72 

8i 

H4 

23 

3 

4 

5,S0() 

S.I 

12.4 

Decetnber.. 

24.71 

32 

40 

22  |44.5ll9.7|ti5.41-3.5     74 

—25 

.53.2 

13 

.(it) 

2.32 

.01 

13 

14 

292 

OS 

yo 

52 

18 

9 

4 

6,802 

9.1 

11.9 

aud   sunshine   records   have   fallen   5vitliin   the    line   of 
averages. 

During  the  winter  months  from  December  to  March 
the  average  percentage  of  sunshine  obtained  in  Denver  is 
68  with  a'minimum  record  of  56,  while  the  average  ob- 
tained in  Philadelphia  for  the  same  months  is  37. 

Tlie  average  number  of  5vholly  cloudy  days  in  a  year 
in  Denver  is  but  45,  while  112  are  partly  cloudy,  and  208, 
or  six -elevenths  of  the  entire  year,  are  wholly  clear  from 
sunrise  to  sunset.  The  112  days  recorded  as  partly  cloudy 
must  not  be  considered  unsuited  for  outdoor  life,  for  the 
cloudiness  is  often  light  and  even  a  grateful  change  from 
the  intense  brilliancy  of  a  cloudless  day.  Talile  I.,  col- 
umns V,  W,  and  X,  shows  the  general  evenness  of  the 
distribution  throughout  the  year  with  the  slight  increase 
in  the  partly  cloudy  days  in  the  spring  months  due  to 
the  occasional  sho5vers  during  that  period,  as  will  be  seen 
by  comparing  the  same  months  in  column  M. 

Humidity.— i:\\fi  relative  humidity  at  Denver  is  very 
low,  being' but  58  per  cent,  at  6  a.m.,  and  38  per  cent,  at 
6  P.M.,  5vith  a  yearly  mean  of  49.4  per  cent.,  varying  in 
monthly  means  from  45  to  54.2  per  cent.  The  absolute 
humidity  is  also  very  slight,  being  but  1.89  grains  of 
moisture  to  the  cubic  fo(.)t.  This  constant  dryness  of 
the  air  has  a  decided  effect  upon  the  sensible  temperature 
of  the  air,  rendering  the  recorded  heat  of  the  summer 
mouths  not  comparable  to  similar  figures  in  cities  upon 
the  seaboard.  Evaporation  from  the  skin  is  rapid  m 
summer,  leaving  the  body  drv  and  cool,  5vhile  in  5vinter 
the  same  dryness  of  the  air  makes  the  lo5v  readings  of  the 
thermometer  less  realized.  It  affects,  too,  the  intensity 
of  the  sunlight,  causing  a  variation  lietween  the  air  and 
solar  temperatures  of  from  40'  to  60°  throughout  the  year. 
Temperature.— "Y^he  climate  at  Denver  is  cool.  The 
mean  annual  temperature  is  49°  F. ,  the  mean  for  January 
being  28°  and  for  July  72°.  The  range  between  the 
highest  mean  temperature  of  any  month  and  the  lowest 
mean  for  the  same  month  is  not  great,  and  is  remarkably 
even  throughout  the  year,  as  shown  in  Table  I.,  columns 
C  and  D.  The  extremes  of  temperature  during  the  year 
appear  great,  but  the  average  variation  of  the  monthly 
mean  maxima  and  mean  minima  seen  in  Table  I-,  col_ 
umns  E  and  F,  is  not  great  5vhen  the  balancing  effects  of 
dry  air  and  sunshine  are  considered.  Columns  E  and 
P  "represent  the  average  for  twenty-eight  years  of  thii 
monthly  mean  maximum  or  minimum  temperatures  of 
all  the  days      Columns  G  aud  H,  on  the  other  hand,  rep- 


resent the  average  for  twenty-eight  years  of  the  single 
highest  or  lowest  temperatures  recorded  in  the  month ; 
wtiile  columns  I  and  .J  give  the  absolute  maximum  aud 
minimum  temperatures  during  the  entire  period  of  obser- 
vation. 

In  comparing  these  three  sets  of  columns  5vith  the  mean 
for  the  month  during  the  whole-period  column,  the  in- 
fluence of  single  high  or  low  readings  is  discerned.  For 
instance,  in  the  month  of  January,  5vhile  a  maximum  day 
temperature  of  76°  has  been  recorded  and  a  reading  of 
—  29°  may  occur,  yet  the  experience  of  twenty-eight  years 
shows  that  the  average  highest  temperature  will  be  but 
61.8°  and  the  average  lowest  only  —2°,  while  theaverage 
during  twenty-eight  years  of  the  mean  maxima  for  the 
thirty-one  days  of  the  month  is  41.7°  with  a  correspond- 
ing liiinimum  of  15.5.°  In  summer  a  similar  influence  is 
e.xerted  by  an  occasional  high  temperature,  but  in  con- 
sidering the  absolute  maximum  records  of  July  and 
Augirst  in  column  I,  it  should  be  noted  that  in  the  entire 
period  of  twenty-eight  years  the  thermometer  has  been 
100°  or  over  but  five  times  in  July  and  only  twice  in 
August.  The  direct  sun  in  summer  is  very  hot,  but  the 
mean  temperature  of  the  air  at  1  p.m.  is  only  85°  in  July, 
81°  in  August,  and  72°  in  September.  The  sensible  tem- 
perature is  even  less,  for  the  relative  humidity  of  the 
summer  months  in  Denver  is  but  46.5  per  cent,  as  com- 
pared with  71  per  cent,  in  Boston,  74  per  cent,  in  New 
York,  and  76  per  cent,  in  Chicago.  The  shade  is  ahvays 
comfortable. 

Table  II.— Mean  TEJiPER.iTi'EES  at  I  p.m. 
( Degrees  Fahrenheit.) 
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January  

February  

Mareti 
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Oi'tober  ..  , 

Nrivellilier 

December 


Solar. 


92. 
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1117. 
11(1. 
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142. 
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143, 
132. 
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1(10. 
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Air. 
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85.2 
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62.2 
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60.3 

64.2 

55.3 

41.3 

.58.7 

45.5 

54.7 

In  winter  while  the  air  is  cold,  perhaps  for  a  number  of 
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Bail  year.— 
Nciveiiilier,  1^'-^^ 
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days  intensely  so  [see  later  paragraph  concerning  Table 
HI.] ,  it  is  dry  and  the  great  flood  of  penetrating  sunshine 
enables  the  invalid  to  remain  out  of  doors  comfortablj'. 
The  loyy  readings  of  the  night  which  are  recorded  in 
columns  F  and  J  do  not  affect  the  patient  who  is  then 
housed.  The  marked  contrast  between  sun  and  shade 
before  noted,  a  difference  of  over  40°,  is  of  great  value  in 
winter,  for  one  has  but  to  step  from  the  cold  air  of  the 
shade  into  the  sunshine  to  find  the  great  warmth  of  its 
rays,  always  40''  and  often  60'  higher.  Table  II.  shows 
this  ditt'erence  between  the  solar  and  air  temperatures  and 
the  help  it  offers  to  the  invalids'  outdoor  life  in  winter. 

There  are  many  days  in  winter  when  a  thin  coat  is 
sufficient  in  the  middle  of  the  day  and  but  few  nights  in 
summer  when  a  blanket  is  not  acceptable.  The  clothing 
required  in  Denvei-  is  such  as  is  worn  in  New  York  or 
New  England,  except  that  in  winter  the  heaviest  overcoat 
is  less  constantly  needed,  and  in  summer  a  light  coat  is 
necessary  after  sundown. 

Precipitation.— 'Denver  has  an  annual  ]5recipitation  of 
less  than  fifteen  inches,  the  average  total  for  twentj-- 
seven  years  being  14.3."i  inches.  This  is  about  one-third 
that  of  Boston  or  New  York,  less  than  half  that  of  Chicago 
and  three-tenths  that  at  .Jacksonville,  Florida.  Of  the  total 
amount  a  little  over  nine  inches  fall  during  the  mouths  of 
April,  May,  .Tune,  .July  and  August,  in  about  even  pro- 
portions each  month,  while  the  autumn  and  winter  months 
from  September  to  March  inclusive  divide  the  remaining 
live  inches  also  in  appro.ximately  even  distribution 

Columns  P  and  Q  of  Table  I.  show  the  tendency  for 
the  rainfall  to  be  below,  oftener  than  above  the  mean 
In  these  tables  the  mean  for  ]\Iav  has  been  seriou.sly  raised 
by  the  totally  exceptional  rainfall  of  8.. '57  inches  in  1893 
as  have  the  corresponding  figures  in  the  calculation  of 
sunshine.  ^  Barring  this  unusual  year,  the  greatest  iire- 
ciiritation  in  any  May  has  been  4.8  inches 

The  rainfall  is  in  short  downpours,  a  prolonged  storm 
s'wi^.i  ''{^'■^P*'""-  Especially  in  summer  it  comes  in 
•  : '  P  TiTu"  f^"""'^''"  '"  ^^"^  ^''^te  afternoon  or  early  even- 
ing.    It  falls  too  upon  a  dry,  porous  soil  which  rapidiv 

Sound 'Tr™'*"?-,"'  "'^lt-i«""  ''very  short  time  1  • 
fZ  ■lt'''7  ^"''  '""''i  Hgain-Ihe  roads  „ften  bein..- 
(lusty  within  twenty-four  hours  after  a  rain 

Ihe  snowfall  during  the  winter  months  is  lin-ht  and 
^   und  fort  rsu""",  7'''''  i  "°  ~"'l='tion  onZ 

in  W'h  antf ""  """"-  ""^  '^'^^  "'"^»'«.  especially 
Api  11,  IS  apt  to  come  in  a  snow  sloriu  .  .r  heavy  rain  ;  b'lt 
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with  the  mean  temperature  of  47'  and  strong  sunshine  it 
disappears  ciuiekly,  often  in  less  than  twenty-four  hours. 
Wind. — The  mean  total  annual  movement  of  wind  in 
Denver  is  62.621  miles.  This  is  less  than  that  of  any  of 
the  large  cities  in  the  United  States,  .save  Washington, 
D.  C. ,  which  has  .58.41.5  miles.  Boston  has  101.907;  New 
York,  96.769;  Chicago,  136.4.54;  St.  Louis,  96.016;  San 
Francisco,  79.206;  St.  Paul,  63.000.  The  distribution  of 
the  wind  is  very  regular,  showing  but  few  and  slight 
variations  from  the  mean.  The  average  velocity  is  7.2 
miles  per  hour,  which  is  quite  evenly  manitained  through- 
out the  entire  day  as  registered  by  hourly  periods.  This 
steady  presence  of  the  wind  even  at  this  moderate  veloc- 
ity gives  the  impression  of  greater  movement  than  is  had 
in  a  region  of  irregular  calm  broken  bv  violent  winds. 
There  are  occasional  high  winds  in  Denver,  the  maximum 
velocity  during  any  live-minute  record  in  the  winter 
months  in  the  years  1898-99  and  1899-19U0  being  .53  miles 
per  hour.  Such  velocities,  however,  are  the  exception, 
and  Tables  I.  and  III.  show  that  in  a  period  of  six  years] 
the  maximum  velocity  of  the  wind  maintained  for  one- 
hour  periods,  between  8  a.m.  and  8  p.m.  is  only  15.1 
miles.  The  average  of  these  maximum  hourly  velocities 
throughout  the  year  is  only  12.3  miles. 

Together  with  the  velocftv  must  be  taken  into  account 
the  greater  lightness  of  the  air  at  this  elevation,  a  decided 
factor  in  the  force  of  the  wind. 

The  dryness  of  the  soil  after  long  periods  without  rain 
makes  it  easily  blown  by  the  wind  if  high.  These  occa- 
sional dust  storms  are  unpleasant  but  much  less  frequent 
than  popular  accounts  would  indicate.  Moreover,  they 
seem  to  depend  upon  some  peculiarity  of  the  angle  at 
which  the  air  current  strikes  the  gro'und,  rather  than 
upon  the  velocity,  forevery  high  wind  by  no  means brimjs 
a  dust  storm. 

The  foregoing  discussion  with  its  references  to  Table  L 
has  dealt  with  the  average  climatic  conditions  as  seen 
over  a  considerable  series  of  years.  Due  reference  was 
made  to  the  occurrence  of  extremes.  As  it  is  the  weather 
conditions  of  single  winters  which  often  concern  the  pa- 
tient, (ir  the  physician  in  selecting  arcsort  foran  invalid, 
a  table  [No.  III.]  has  been  prepared  which  will  repay  a 
careful  study.  It  gives  the  details  of  the  weather  con- 
ditions during  the  five  winter  months  of  two  years  one 
<.l  them  (1S!I,S-1H!)!))  selected  for  its  severity,  as  "it  was  the 
^^•olst  winter  tor  five  years  and  one  of  the  most  tryiuo-  for 
an  invalid  in  twenty -live.  In  comparison,  are  placed  the 
details  for  the  corresponding  months  of  the  year  1899- 
1900,  which  was  an  open,  pleasant  winter,  'somewhat 
above  the  average.  That  they  are  consecutive  years 
adds  to  the  value  id'  the  juxtaposition. 
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The  table  ueeds  little  explanation.  The  mean  tempera- 
ture in  December,  1898,  was  lowered  by  one  day  on  which 
the  maximum  temperature  was  5' and  the  lowest  —30  F 
A  reference  to  Table  III. .  columns  4  and  5,  will  show  that 
the  number  of  days  warmer  than  the  mean  was  double 
that  which  was  less  than  the  average;  in  other  words,  the 
statistical  table  was  influenced  by  a  single  very  cold  day. 

In  February,  1899,  a  .similar  influence,  but  to  a  more 
marked  degree,  was  exerted  by  a  spell  of  five  very  cold 
daj's,  the  rest  of  the  month  being  vei-y  nearly  of  average^ 
temperature.  Four  of  these  five  days  occurred  in  suc- 
cession, two  had  a  maximum  tempeiature  of  0"  F.,  two 
of  5°  and  one  of  6'  F.  The  tifth  day  oceuri-ing  later  in 
the  month  had  amaximum  temperature  of  only  —,')'.  Tlie 
untoward  influence  of  these  dajs  on  the  total  temperature 
for  the  month  is  emphasized  by  column  8,  where  it  is  .seen 
that  excepting  these  days  there  were  but  seven  on  which 
the  maximum  was  below  freezing.  All  of  these  five 
days,  however,  were  among  the  fourteen  wholly  cleai- 
days,  so  that  the  cold  was  modified  by  the  diminished 
humidity  and  the  inten.se  sunshine — factors  always  to  be 
borne  in  mind  in  interpreting  Denver  weather  statistics. 

In  the  data  for  the  following  year  attention  need  be 
called  only  to  the  figures  in  column  8,  showing  a  total  of 
only  eight  days  from  November  to  April  on  which  the 
temperature  was  below  freezing  all  day.  A  study  of 
tliese  tables  in  conjunction  with  the  means  of  twenty- 
eight  years  in  Table  I.  will  emphasize  the  general  facts 
already  given. 

In  selecting  Denver  as  a  resort  for  an  invalid  with  pul- 
monary disease  tlie  phj^sician  should  bear  in  mind  that  it 
is  a  city  of  considerable  size,  but  surrounded  by  a  wide 
extent  of  open,  ver}^  sparsely  populated  country.  The 
residence  portions  of  the  city  stretch  out  into  this  open 
region  and  the  street  car  system  extends  to  every  portion 
of  it.  The  patient  can,  therefore,  by  living  in  the  outly- 
ing districts  enjoy  all  the  benefits  of  the  climate  in  pure 
air  and  sunshine,  and  yet  be  within  easy  reach  of  the  ad- 
vantages, material  and  mental,  of  a  modern  progressive 
city.  Carroll  E.  Edson. 

DEODORANTS.— The  sense  of  smell  is,  no  doubt,  a 
most  important  sanitary  monitor,  although,  so  far  as  we 
knowf,  the  offensive  volatile  products  given  off  from  or- 
ganic material  undergoing  putrefactive  decomposition  are 
not  the  direct  cause  of  any  specific  disease.  We  cannot, 
therefore,  adopt  the  popular  usage  which  makes  disin- 
fectant and  deodorant  synonymous  terms,  for,  as  pointed 
out  in  the  article  on  Disinfectants,  we  reserve  tlie  former 
title  for  those  agents  which  have  the  power  of  destroy- 
ing the  infectious  properties  of  infective  material. 

Deodorants  act  either  (a)  physicall}'  or  (h)  chemically. 

{(i)  In  the  first  group — absorbents— l\\o  most  prominent 
place,  from  a  practical  point  of  view,  belongs  to  dry 
earth.  Even  the  lower  animals — dogs  and  cats — cover 
their  excreta  with  earth,  and  from  tlie  earliest  ages  man 
has  depended  mainly  upon  burial  in  the  earth  as  a  means 
of  disposing  of  organic  material  of  an  oifensive  character, 
or  of  that  which  is  likely  to  become  so  as  a  result  of 
putrefactive  decomposition.  In  proof  of  the  etHcacy  of 
this  method  of  disposing  of  putrescible  niat<.'rial  we  need 
only  point  to  our  cemeteries.  The  ''earth  system"  of 
disposal  of  excreta,  which  has  been  advocated  as  a  sub- 
stitute for  the  "water  system,"  and  which  some  years 
since  was  largely  practised,  especiall,y  in  England,  has 
led  to  numerous  experiments  which  have  flxe<l  very  defi 
nitely  the  neutralizing  power  of  dift'ereut  kinds  of  earth. 
In  the  first  rank  comes  well-dried  garden  loam ;  clay, 
and  especially  brick  clay,  is  excellent;  while  sand  and 
gravel  are  comparatively  worthless.  Buchanan  has 
shown  that  loam  which  lias  been  used  once  may,  after 
two  or  three  months,  be  dried  in  the  sun  or  in  an  oven 
and  used  again,  and  that  this  may  be  repeated  over  and 
over  again  without  any  perceptible  loss  of  deodorizing 
power.  The  quantity  required  to  render  inoft'ensive  a 
single  dejection  has  beenflxed  by  the  English  authorities 
— Radcliffe  and  Buchanan— at  one  and  a  half  pounds. 
The  same  amount  is  said  to  be  required  to  neutralize  half 


a  pint  of  urine.  Vallin,  the  highest  Fieucli  authoritv 
Delieves  this  amount  to  lie  insutticienl.  lb;  says-  '-'it 
will  be  seen  that  it  is  much  easier  to  neutralize  the  150 
gm.  of  solid  matter  discharged  in  twenty-four  hours 
ban  the  1,200  to  1,H00  gm.  of  urine.  The  principle  of 
the  metliod  is  indeed  the  absence  of  moisture,  the  rela- 
tive dryness  of  the  mixture  when  first  made.  We  can 
say  at  the  cnitset  that  the  feeble  point  in  the  earth  sys- 
tem IS  the  diltieulty  of  neutralizing  the  urine.  There  is 
no  great  diltieulty  in  di.sinfecting  and  rendering  inert  the 
s<>lid  material,  but  the  admixture  of  the  urine  is  a  source 
ot  dilfieulty  almost  insurmountable,  because  of  the  enor- 
mous amount  of  earth  which  this  liquid  requires."* 

Chii mull. —The  deodorizing  power  of  charcoal  depends 
upon  its  capacity  for  absorbing  gases.  It  also  prevents 
putrefaction  by  absorbing  moisture  from  organic  mate- 
rial over  which  it  is  freely  spread.  When  once  saturated 
with  moisture,  or  with  the  gases  given  off  from  putrefy- 
ing material,  the  deodorizing  power  of  cliarcoal  is  to  a 
great  extent  lost.  The  capacity  of  recently  made  char- 
coal for  absorbing  various  gases  is  shown  in  the  following- 
table  : 

One  volume  of  charcoal  absorbs:  90  volumes  of  am- 
monia, 65  volumes  of  sulphur  dioxide,  .55  volumes  of 
sulpliureted  hydrogen,  35  volumes  of  carbonic-aeid  gas, 
9.43  volumes  of  carbonic  oxide,  9.35  of  oxygen,  f 

(b)  Che.micai,  Dedouants.  —  C7(iOT'ZHc.  —  Not  every 
disinfectant  is  a  deodorant — e.fj.,  mercuric  chloride,  and 
many  deodorants  are  not  disinfectants — e.g.,  ferric  sul- 
phate or  sodium  chloride ;  but  in  chlorine  we  have  an 
agent  which  is  both  a  disinfectant  and  a  deodorant.  The 
deodorizing  power  of  this  gas  depends  upon  its  affinity 
for  hydrogen.  "It  decomposes  sulphureted  hydrogen, 
phosphureted  hydrogen,  ammonia,  and  volatile  organic 
compounds,  by  taking  possession  of  tlieir  hydrogen,  and 
the  hydrochloric  acid  which  is  formed  also  neutralizes  a 
certain  quantity  of  ammonia "  (Vallin).  Commercial 
chloride  of  lime,  which  is  largely  used  as  a  deodorant, 
has  the  advantage  of  graduall_v  giving  off  chlorine. 
When  it  is  spread  upon  the  surface  of  decomposing 
organic  matter,  it  neutralizes  the  offensive  gases  as  soon 
as  they  are  formed.  This  gradual  evolution  of  chlorine 
is  due  to  the  presence  of  carbonic  acid  in  the  atmosphere, 
which  replaces  the  hypocblorous  acid  ot  the  hypochlorite 
of  lime — the  salt  to  which  "  bleaching  powder  "  owes  its 
deodorizing  and  disinfecting  properties.  A  more  abun- 
dant and  rapid  evolution  of  chlorine  may  be  obtained  by 
pouring  a  dilute  mineral  acid  upon  chloride  of  lime.  For 
use  in  the  sick-room,  a  solution  of  chloride  of  lime  in 
water — four  ounces  to  the  gallon— is  to  be  recommended, 
both  as  a  deodorant  and  as  a  disinfectant;  or  Labar- 
raque's  solution  of  hjrpochlorite  of  soda — Liquor  sodm 
rldorinatie — may  be  substituted  for  the  cheaper  prepara- 
tion. 

Formaldehyd  gas  is  an  excellent  deodorant.  It  com- 
bines with  various  ill-smelUng  gases,  such  as  hydrogen 
sulphide,  mercaptan,  and  ammonia,  forming  compounds 
that  are  not  offensive  to  the  sense  of  .smell. 

Metallic  Salts.— Y&Win  says :  "  Nearly  all  the  .salts  which 
have  for  base  a  metal  capable  of  forming  with  sulphur 
an  insoluble  sulphuret,  may  be  used  indifferently  as  dis- 
infectants," i.e.,  as  deodorants.  The  same  author  says 
of  these  agents  that  "they  are  disinfectants  in  the  pop- 
ular sense'of  the  word;  they  diminish  or  cause  to  disap- 
pear bad  odors,  but  their  action  is  limited  to  the  neutral- 
ization of  ammonia  and  the  decomposition  of  sulphureted 
hydrogen  and  sulphvdrate  of  ammonia."  According  to 
Virchow,  the  first  effect  of  sulphate  of  iron,  when  thrown 
into  a  latrine,  is  often  to  produce,  temporarily,  an  in- 
crease in  the  foetid  odor  given  off  from  its  contents,  on 
account  of  the  liberation  of  volatile  fat  acids— butyric, 
valerianic,  etc.,  which  had  previously  been  in  combina- 
tion with  ammonia.  The  relative  power  of  metallic  sul- 
phates to  fix  ammonia  has  been  given  by  M.  Fennond  as 
follows:  Sulphate  of  copper,  90  to  100;  sulphate  of  zinc. 


*  "  TraitB  des  Desinfectauts,  etc.,"  p.  47, 
t  Vallin:  Op.  cit.,  p.  33. 
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70  to  80-  sulphate  of  iron,  20  to  25.  This  is,  perliaps,  a 
fair  estimate  of  their  relative  value  as  deodorants. 

\  solution  of  chloride  of  di,c.  known  as  Burnett  s 
fluid,"  has  been  largely  used  in  England  and  Germany  as 
a  "  disinfectant,"  and  in  our  own  country  Flatt  s  chlor- 
ides "  and  other  similar  jireparations  have  received  the 
indorsement  of  many  leading  physicians  for  disintect- 
ing  "  purposes.  There  can  be  no  doubt  as  to  the  value 
of  "solutions  of  zinc  cliloride  as  a  deodorant  and  antiseptic, 
but  as  pointed  out  in  the  article  Germicides,  the  disin- 
fect'iu"-  power  of  this  salt  has  been  greatly  overestimated. 
A  two-per-cent.  solution  may  be  used  as  a  deodorant  in 
the  sick-room.  It  has  the  advantage  of  being  odorless, 
and  of  not  staining  articles  of  clothing  immersed  m  it, 
and  is  quite  cheap.  Vallin  says:  "When  a  .spray  ol  a 
solution  of  chloride  of  zinc  is  tlirown  mto  an  infected 
apartment  by  means  of  a  spray  apparatus,  all  liad  odor 
is  neutralized  almost  immediately,  in  less  than  two  min- 
utes. This  proves  that  the  salt  acts  less  as  a  caustic  or 
antiseptic  than  as  an  absorljent." 

Among  the  useful  deodorants,  potassium  permanga- 
nate deserves  to  be  mentioned.  It  is  more  especially  ap- 
plicable as  a  deodorizing  wash  for  foul  ulcers,  ozama, 
fcetid  feet,  etc.,  and  may  be  freely  used  in  the  luoportion 
of  1  to  1,000.  Its  effect,  however,  is  ciuite  transient,  as 
it  is  (piiekly  decomposed  by  contact  with  organic  matter. 
For  this  reason  it  is  not  aviulable  for  deodorizing  masses 
of  material  in  privy  vaults,  etc. 

Cmisiic  lime  is  a  valuable  deodorant  as  well  as  a  cheaji 
and  useful  antiseptic  and  germicide.  The  use  of  milk  of 
lime  for  the  disinfection  of  faeces  in  the  sick-room  or  in 
latrines  is  to  be  recommended,  not  only  because  it  may 
be  relied  upon  to  destro}' the  "germs"  of  cholera,  typhoid 
fever,  and  other  infectious  maladies,  but  also  liecaiise  it 
neutralizes  the  bad  odors  given  off  from  the  alvine  dis- 
charges. George  JI.  Ste)iiherrj. 

DERMATALGIA,  m-  Dermalgia  (Greek,  tifp/za,  skiu,  and 
6J)ijr.  pain),  refers  to  painful  sensation  in  the  skin,  other 
than  itching,  occurring  independently  of  any  recognized 
disease  or  alteration  of  structure ;  it  is  known  also  as 
neuralgia  cutis,  and  is  a  rare  affection. 

The  sensations  in  dermatalgia  are  variously  described 
as  of  a  raw,  burning,  stinging,  and  often  of  a  darting, 
boring  character;  the  suffering  therefrom  may  vary  from 
moderate  discomfort  to  positive  agony.  The  affected 
skin  has  all  the  appearance  of  health,  and  remains  normal 
during  the  existence  of  the  disease,  unless  altered  by 
outward  applications  or  injury;  but  the  surface  of  the 
affected  part  may  be  so  exciuisitely  sensitive  that  tlie 
slightest  touch  causes  great  distress,  although  firm, 
moderate  pressure  may  relieve  the  painful  se'nsations. 
The  extent  of  area  affected  varies,  but  generally  only  a 
small  patch  is  painful,  and  that  may  change  position; 
sometimes  there  are  several  tender  places,  and  occasionally 
the  entire  .surface  is  the  seat  of  more  or  less  cutaneous  pai  li. 

Etiology.— The  disease  occurs  mainly  in  middle  life, 
and  is  more  frequent  in  females  than  in 'males,  bat  is  by 
no  means  confined  to  hysterical  or  nervous  individuals. 
The  real  cause  is  often  extremely  dillicult  to  deternnne  ; 
in  many  cases  it  is  impossible  to  fix  upon  any  organic  or 
other  lesion  which  could  occasion  it.  Such  instances  are 
often  spoken  of  as  idiopathic,  but  it  is  (piite  possible  that 
m  some  of  them  careful  investigation  and  advanced 
knowledge  may  trace  an  efficient  clause  in  lesions  of  the 
bram  or  spinal  cord,  as  locomotor  ataxia,,  etc  ■  in  certain 
cases  It  appears  to  be  reflected  from  ovarian  or  uterine 
disorder.  It  has  been  called  rheumatism  of  the  skin  and 
ascribed  to  the  presence  of  this  poiwai  or  to  that  of  uric 
acid;  undoubtedly  in  a  certain  number  of  cases  it  occurs 
as  a  pure  neuralgia,  in  connection  with  amemia  chlorosis 
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itself,   and  not   deep-seated,  as   in  ordinary  neuralgia, 
muscular  rheumatism,  etc. 

Treatment.— The  general  treatment  will  vary  with 
the  case.  Anajmic  and  neurotic  subjects  must  be  treated 
on  general  principles ;  the  rheumatic  or  gouty  state  must 
be  counteracted,  if  past  or  present  history  reveals  it; 
special  diseases  in  females  must  be  remedied,  and  careful 
study  must  be  given  to  trace  any  condition  capable  of 
exciting  reflex  nerve  disorder,  such  as  a  loaded  colon  or 
rectum,  etc.  Locally,  considerable  difficulty  may  be  ex- 
perienced in  obtaining  much  or  permanent  benefit.  Gal- 
vanism afl'oids  some  relief,  and  it  has  been  recommended 
to  apply  blisters,  with  morphine,  to  the  part.  The  surface 
feels  most  comfortable  when  firmly  bound  with  a  dressing 
which  prevents  all  friction,  and  an  ointment  of  tar  and 
zinc,  with  lielladcmna  or  aconite,  spread  thickly  on  lint, 
will  often  serve  to  keep  the  part  free  from  pain  while 
applied.  L.  Utinciin  Bulkley. 

Beau:  Arch.  pen.  rte  merl.,  t.  ,xii.,  Paris,  1841.    Duhring:  "Diseases 
i)t  Uie  Sl£ln,"  p.  .577,  Pliit.,  WKS. 

DERMATITIS,  BLASTOMYCETIC— In  view  of  the 
fact  that  the  recognition  of  this  conditicjn  is  of  relatively 
recent  origin,  alth(jugh  the  literature  is  now  rapidly  in- 
creasing, a  Ijrief  review  of  the  results  obtained  up  to  the 
ju-esent  time  will  not  be  out  of  place  here. 

This  disease  is  not  onlj'  important  as  a  newly  described 
affection  of  the  skin,  but  is  also  of  value  in  that  it  was 
demonstrated  for  the  first  time  through  the  investigation 
of  this  disease  that  Idastomycetcs  were  pathogenic  in  man. 

On  May  30th,  1894,  at  a  meeting  of  the  American  Der- 
matological  Society,  the  writer  showed  microscopical 
sections  illustrating  an  hitherto  undescribed  disease  of 
the  skin.  The  patient  had  been  treated  b_y  Dr.  Louis  A. 
Duhring,  wdio,  from  a  clinical  standpoint,  had  regarded 
the  case  as  a  t3'pical  example  of  chronic  scrofuloderma. 
The  writer's  .sections,  however,  proved  conclusively  that 
no  form  of  tuberculosis  Avas  present,  but  that  the  condi- 
tion represented  one  of  which  no  account  appeared  in  the 
literature.  The  principal  histological  features  were  as 
follows:  (a)  A  marked  benign  hypertrophj'  of  the  epi- 
dermis; (h)  the  presence,  throughout  the  epidermis  and 
upper  part  of  the  coriiim,  of  numerous,  scattered  miliary 
abscesses,  varying  in  size,  some  of  which  communicated 
with  the  surface;  (r)  large  numbers  of  plasma  cells  pres- 
ent chiefly  in  the  corium  but  also  found  in  the  miliary 
abscesses ;  and  lastly,  (d)  formations  in  the  corium  sUghtly 
suggestive  of  tubercles.  Many  giant  cells  Avere  alsopres- 
ent.  Furthermore,  the  writer  discovered  in  the  abscesses 
and  also  in  the  corium  numerous  doubly  contoured,  highly 
refractive  bodies,  Avhich  developed  by  budding  and  were 
identified  later  as  blastomycetes.  Usually  only  three  oi 
four  of  these  bodies,  but  in  one  instance  as  many  as  fifteen, 
weiH'  found  in  a  single  abscess.  They  had  "a  diameter 
of  from  10  to  16  //,  a  coarse  and  "finely  granulated 
protoplasm,  and  were  vacuolated.  On  the  addition  of 
liquor  potassa'  to  the  sections  the  organism  became  more 
refractive  and  could  more  easily  be  detected.  The  de- 
velopment of  budding  could  easily  be  f(dlowcd  out  in  the 
sections.  The  author  helil  that  the  formation  of  the  ab- 
scesses was  due  to  the  luesence  and  growth  of  these  or- 
ganisms— an  opinion  which  he  subseciuently  confirmed 
by  later  work.     No  cultures  were  obtainable". 

As  a  result  of  his  investigations,  Gilchrist  applied  later 
the  tei-ni  hloKl.imi/ciiic  di  riinititis  to  this  newly  discovered 
condilion. 

Six  weeks  after  the  exhibition  of  the  above-described 
.sections,  A.  Buschke,  at  a  meeting  of  the  Greifswald 
Medical  Society,  held  on  .Tuly  7th,  1804,  referred  to  a  case 
of  skin  disease  in  which  he  had  found  coceidial  bodies. 
The  whole  subject,  however,  was  elucidiited  by  Ottii 
Bu.sse,  who  recognized  the  case  as  one  of  infection  by 
a  saccharomyces.  A  full  report  by  Busse  appears  iii 
Vir<'h(iw's  Arr/iir  under  the  title  'of  "  Saccharomvccs 
homiiiis." 

The  patient,  a  woman,  thirty-one  years  of  age,  of  a 
distinctly  scrofulous  diathesis,  p"resentcd  on  the  left  tibia 
a  swelling,  which  diuically  suggested  a  gumma  or  a  soft 
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sarcoma.  She  was  very  anremic,  aud  mauy  of  lier  glands 
were  enlarged.  Busse  found  in  the  tiimor  a  pathogenic 
yeast-like  organism,  which  lie  classed  as  a  blastomyces. 
The  disease  gradually  advanced  and  roundisli  idccrations, 
with  swollen  edges,  which  graduallj'  became  cmilluenl, 
appeared  on  the  face.  The  same  organism  was  obtained 
from  these  ulcers.  Other  lesions  and  swellings  ajipeared 
in  various  parts  of  the  body,  and  the  jjatient  died  of  ex- 
haustion. At  autopsjf  nodules  were  found  in  tlie  spleen 
and  left  lung,  abscesses  in  both  kidnej'S,  and  a  tumor,  the 
size  of  an  egg,  in  the  ajiex 
of  the  right  l\mg.  Lai'ge 
numbers  of  blastomycetes 
were  present  in  all  the 
lesions.  In  cultures,  they 
developed  as  a  whitish 
growth  and  caused  fer- 
mentation in  grape-sugar 
bouillon. 

By  inoculation  local  ab 
scesses  were  reproduced 
in  dogs,  mice,  and  rabbits. 
One  rabbit,  however,  tlied 
on  the  third  day,  and  in 
the  case  of  white  mice, 
wliich  were  killed,  the  or- 
ganisms were  found  in 
the  blood.  The  blasto- 
mycetes measured  from  7 
to"  14  |U  in  diameter,  they 
were  doubly  contoured, 
vei'y  refractive,  and  were 
found  both  within  and 
outside  of  cells. 

Busse  regarded  his  case 
as  one  of  chronic  pyemia, 
in  which  there  occurred 
pvu'ulent  destruction  of 
portions  of  the  skin,  knee- 
joint,  kidneys,  spleen,  and 
lungs. 

A  case  somewhat  sim- 
ilar to  Busse's  was  re- 
corded by  M.  F.  Curtis  in 
France,  and  he  compared 
the  tumor-like  growth 
which  occurred  in  a  man 
to  myxomatous  tumors. 
He  was  able  to  prove  that 
the  lesions  were  due  to  a 
pathogenic  blastomyces. 

The  first  case  of  a  purely  localized  blastomycetie  der- 
matitis which  was  investigated  from  a  cultural  and  ex- 
perimental, as  well  as  from  a  clinical  and  histological 
standpoint,  is  that  published  by  Gilchrist  and  Stokes 
(July,  1896,  and  January,  1898).  The  patient,  a  slender 
but  wiry  man,  thirty-three  years  of  age,  had  sufieved 
from  a  peculiar  skin  disease  for  over  eleven  years.  1  he 
lesion  began  as  a  small  "pimple,"  which  was  situated  on 
the  neck  behind  the  left  ear,  and  soon  became  pustular 
It  spread  forward  gradually  and  finally  involved  about 
two-thirds  of  the  face.  It  always  showed  a  tendeiicy  to 
heal  spontaneously,  leaving  behind  at  first  an  hyper- 
trophic and  later  on  an  atrophic  scar.  (The  accompany- 
ing photograph  shows  the  extent  of  the  lesion  and  the 
condition  present,  when  the  patient  was  first  seen  by  the 
authors.)  A  second  similar  lesion  appeared  one  montli 
after  the  primary  invasion,  on  the  back  of  the  right  hand. 
This  healed  at  the  end  of  four  years,  caustics  having  been 
used  Six  months  after  the  appearance  of  the  first  lesion, 
the  patient  noticed  a  third,  on  the  right  side  of  the  scro- 
tum This  gradually  increased  in  size  for  a  year  and  then 
healed  spontaneously.  A  fourth  lesion  appeared  on  the 
left  thigh,  and  a  fifth  on  the  back  of  the  neck,  both  being 
probably  due  to  auto-inoculation.  They  grew  slowly  for 
a  year  and  then  healed  spontaneously.  The  lesion  on  the 
face,  which  had  been  diagnosed  as  an  unusual  example 
of  lupus  vulgaris,  presented  the  followmg  features:   Ihe 


Fig.  1589. -Blastomycetie  Dermatitis.     (Gilchrist  and  Stokes.) 


whole  diseti.sed  ])atch  had  a  well-defined  margin;  the 
upper  border,  which  extended  transversely  over  the  fore- 
head, consisted  of  a  relatively  narrow  infiammatory  zone 
of  red  superficial  ulceration,  covered  by  a  scanty  scab. 
Along  the  right  eyebrow  it  presented  a  firm  papillomatous 
aiipearanee.  These  papillomatous  growths  could  be 
separated,  and  sometimes  a  minute  quantity  of  pus  could 
be  sijueezed  out  from  between  them.  These  lesions  were 
partially  covered  liy  thin  scabs.  The  right  border  of  the 
diseased  patch  measured  about  2.5  mm.  in  breadth;  it 

presented,  more  particu- 
larly in  its  lower  portion, 
a  markedly  papillomatous 
cliaraeter,  being  dry  and 
scaly.  The  papills  were 
all  closely  aggregated,  the 
largest  being  of  the  size 
of  large  pinheads.  The 
lower  border  presented  a 
superficial  ulcerative  mar- 
gin similar  to  that  in  the 
upper  border,  except  at 
the  lower  angle  on  the 
left  side  of  the  face,  where 
it  was  again  markedly 
papillomatous.  The 
wliole  area  enclosed  by 
this  irregular  border  con- 
sisted of  one  continuous 
atrophic  scar,  which  was 
winter  and  less  dense  than 
the  normal  skin.  The  eye- 
lids on  both  sides  were 
practically  destroyed,  so 
that  the'  patient  could 
not  cover  the  eyeballs. 
Around  the  left  eye  the 
patch  presented  a  raw, 
red  surface,  wliich  was 
moist  and  bled  easily. 
The  tears  were  continu- 
ally running  over  the 
lesions.  The  patient  said 
that  the  disease  was  not 
particularly  painful.  The 
general  health  was  good ; 
there  was  no  cough  aud 
no  enlarged  glands  were 
noted.  There  was  no  his- 
tory of  syphilis  or  of  tu- 
berculosis. 

In  arriving  at  the  diagnosis,  the  authors  emphasized 
the  fact  that  each  lesion  began  as  a  papule,  which  soon 
became  pustular;  later,  superficial  ulceration  or  markedly 
papillomatous  lesions  were  noted.  Again,  they  pointed 
out  that  in  this  case  there  was  an  entire  absence  ot  tlie 
nodules  so  characteristic  of  lupus  vulgaris,  and  that  pap- 
illomatous lesions,  although  they  are  sometimes  luet  with 
in  lupus  are  never  found  on  the  face  in  such  cases. 

Sections  from  the  cutaneous  lesions  showed  budding 
vegetable  organisms,  somewhat  resembling  yeast  bodies, 
wliich  were  proven  to  be  blastomycetes.  The  other 
pathological  findings  were  similar  to  those  described  by 
the  writer  in  his  first  case,  viz. :  marked  epitie  lal  hyper- 
trophy, numerous  miliary  abscesses  scattered  throughout 
the  epidermis  and  corium,  large  numbers  of  plasma  eel  s, 
and  in  mauy  sections  almost  typical  tubercles  m  the 
corium  (A  drawing  of  a  microscopical  section  and 
numerous  blastomycetes  found  in  sections,  as  well  as  a 
micro-photograph  of  an  epidermal  miliary  abscess,  are 
represented  in  Figs.  1590  and  lo91.) 

The  organisms  in  the  tissues  were  mostly  spjieycal, 
unicellular  bodies,  having  a  diameter  of  from  10  to  20  /< ; 
they  consisted  of  a  doubly  contoured  membrane  en- 
closing a  coarse  and  finely  granular  protoplasm  ^^lth 
an  occasional  vacuole.  Many  budding  forms  m  various 
stages  were  found,  but  no  nucleus  could  be  demonstra  ed 
and  neither  mycehum  nor  hyphfe  could  be  found  m  the 
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tissues.  Foi-  the  most  part  the  parasites  were  extraceOlu- 
lar  although  a  few  were  enelosed  in  giaut  cells.  1  he 
ort^anism  was  obtained,  in  pure  culture,  from  two  parts 


■/v' 

'^f- 


.^t.  /,?!» 


/w. 


'^i'^ 


p^. 


FIG.  1.590.— Represents  a  Mlcrosnoplc  Section  ot  Blastomycetic  Dermatitis,  showing  hypertrophied  epidermis  (c),  numer 


ous  miliary  abscesses  (a)  which  contain  parasitic  organisms  (p). 
giant  cells  (6)  and  parasites  (p).     (Original.) 


of  the  cutaneous  lesions,  from  the  pus  squeezed  out  from 
between  the  papillomatous  areas.  The  organism  grew 
on  all  the  ordinary  media,  but  especially  well  on  potato 
and  beerwort  agar.  The  cultures  showed  budding  forms 
and  also  a  faii'ly  profuse  mycelium.  Older  cultures, 
carried  through  many  generations,  consisted  chiefly  of 
mycelium.  The  organisms  in  the  cultures  were  roundish 
or  ovoid,  doubly  contoured,  refractive  bodies,  varying 
from  10  to  20  /^  in  diameter.  Dogs,  a  horse,  a  sheep, 
and  guinea-pigs  were  successfully  inoculated,  the  most 
striking  features  being  nodules  microscopically  simu- 
lating tumors  and  pseudo-tubercles  in  the  lungs.  The 
organism  was  also  a  pus-producer.  This  case  was 
identified  as  a  second  instance  of  blastomycetic  dermatitis, 
similar  to  the  one  reported  by  the  writer  in  1894,  and  the 
organism  was  termed  Uastmnyces  dermatitidis  by  the  au- 
thors. 

A.  Buschke,  to  wliom  reference  has  already  been  made, 
has  lately  done  some  excellent  work  upon  this  subject. 
He  described  in  minute  detail  the  changes  nfited  in 
Busse's  ease,  and  also  i-eproduced  the  lesion  experimen- 
tally upon  the  patient.  On  the  forehead  there  was  a 
roundish,  sharply  indented  ulcer,  the  size  of  a  lentil, 
which  showed  a  raised  edge,  only  slightly  infiltrated,  but 
somewhat  undermined,  and  a  livid  areola.  The  base  of 
the  ulcer  was  flat,  granular,  and  covered  with  a  tenacious, 
reddish-gray  secretion.  Near  by  were  acne-like  nodules, 
about  as  large  as  hemp  seeds.  Round  the  hairy  part  of 
the  neck  were  four  or  live  small  acneiform  ulcers.  While 
the  patient  was  imder  observation  the  ulcers  gradually 
increased  in  size,  but  some  of  them  healed.  More  ulcers 
of  a  similar  character  appeared  upon  the  face,  and  a  new 
tumor  grew  near  the  elbow-joint,  which,  however  broke 
down  and  formed  an  ulcer. 

The  skin  disease  was  partly  chronic,  partly  subacute 
Ihe  primary  lesion  resembled  an  acne  infiltra'tion  which 
broke  down  at  the  summit  and  formed  craterifonii  ulcers 
with  undermined  edges  and  livid  areola.  Buschke  found, 
b  astomycetes  in  the  skin  lesions  and  also  in  the  patient's 
blood  eight  weeks  before  death.  The  organisms  were 
also  cultivated  from  the  ulcers.  In  describing  the  histo- 
ogieal  features  Buschke  says  that  the  blastontyeetes  had 
entered  the  skin  from  without  and  then  set  u,,  an  intla 
mation  which  had  led  to  a  melting  away  ami  c,mi  etc 
destrne^tion  in  the  course  of  which  were  formed  gi  it 
Son  o-7.?T'  them  therewas  formed  a  marked'p  o' 
1  tcration  of  fixed  connective-tissue  cells.     Tlie  enidermis 

^iSr;^'d::^::^;r^^'^^^'"^^">--'«''^'>>'^-'-p5:n 
J'Sa^i:;^;;::--;^--;:--^-;,^^^ 


In  the  corium  (c)  are  pseudo-tubercles  {n)  with 


lay  Uieie  ;ippcared 


acne-likc  nodules;  the  summits  of  these  soon  became 
necrotic  and  crateriform  ulcers  resulted.  Blastomycetes 
alone  were  found  in  the  secretion,  no  other  bacteria  being 

present.  One 
ulcer  arising 
from  an  inocu- 
lation into  the 
arm  healed  in 
ten  days. 

Since  the  pub- 
lication of  these 
four  cases  fifteen 
others  have  been 
reported,  all 
from  this  coun- 
tr}',  and  eleven 
of  them  occur- 
red in  Chicago, 
the  others  be- 
ing widely  dis- 
tributed. Most 
important  con- 
tributions have 
been  made  to  the 
subject  by 
Hyde,  Hektoen, 
and  Montgom- 
ery. Here  it  is  only  possible  to  refer  brieflj'  to  these 
fifteen  cases  and  to  say  that  all  were  characterized  b_y  a 
marked  similarity  as  regards  the  onset  of  the  disease,  the 
clinical  appearances,  the  histologico-pathological  feat- 
ures, and  the  morphology  of  the  organism. 

To  summarize  briefly,  then,  blastomycetic  dermatitis,  or 
blastomycosis,  is  a  disease  of  the  skin  occurring  in  adults 
of  between  thirty 
and  sixty  years  of 
age.  The  lesion  be- 
gins as  a  papule  or 
a  nodule  which  usu- 
ally becomes  pus- 
tular and  then 
breaks  down  with 
the  formation  of  an 
ulcer.  After  the 
ulcer  has  reached  a 
fair  size,  it  usually 
presents(in  eighteen 
out  of  nineteen  cases 
reported)  a  papil- 
lomatous or  verru- 
ciform appearance, 
which  is  especially 
marked  and  may 
be  of  a  fungoid 
character  in  very 
chronic  lesions.  In 
many  cases,  in 
which  the  patches 
were  exten,sive  and 
were  situated  U]ion 
the  extremities,  the 
lesions  were  mark- 
edly elevated,  in  one 
case  forming  a  cau- 
liflower- like  mass 
an  inch  in  height. 
The  ulcers  not  in- 
frequently had  a 
foul  odor.  There 
was  usually  a  thin 
mucoid  discharge ; 
scabs  would  form, 
be  thrown  off,  and 
replaced  by  others,  p,^.  i.wi.-uepresents  Some  ot  the  Indi- 
1  ne  lesions  were  vidual  Blastomycetes  Found  in  Sections 
always  somewhat  llketiiai  shown  in  Fljr.  Vm.  Nos.  3-18 
sunerficifll  involv-  represent  various  budding  forms  ;  Nos.  8 
MqiLURiai      ]u%on  an.l '.I  show  blastomvcetes  with  some  form 

lUg    only    the    skin.        of  dbrous  coating.     (Original.) 
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The  papillre  are  about  the  size  of  pinheads;  they  can 
always  be  separated,  and  pus  can  be  squeezed  out'from 
between  tliem. 

In  the  very  chronic  lesions  there  is  always  some  at- 
tempt at  spontaneous  healing,  usually  with  the  formation 
of  atrophic  scars.  In  many  cases  the  ordinary  pus  or- 
ganisms are  also  found  in  the  lesions,  but  examination  of 
the  pus  squeezed  out  from  between  the  papillos  readily 


Derinatlti.*!. 
Dermatitis. 


Tlie  diseased  patch  always  has  a  well-defined  raised 
edge  and  is  slightly  infiltrated.  The  clinical  appeai'anee 
has  generally  been  suggestive  of  tuberculosis,  usiiaily  of 
the  papillomatous  or  verruciform  variety.  Dyer's  case 
however,  reminded  the  observer  of  the  yaws.  The  Gil- 
christ-Stokes case  simulated  lupus  vulgaris. 

The  disease  is  auto-inoculable,  and  more  than  one  lesion 
is  usually  present.     The  organisms  in  all  the  cases  except 


Fig.  1593.-Photo-micrograpli  from  the  First  Case  of  Blastomycetlc  Dermatitis.     (Gilchrist.)    I'^^f^s  one  of^the  smaller  mmarya^^^^^^^ 
tained  in  the  epidermis     Enclosed  in  the  abscess  are  two  blastomycetes  o?.«  "'"'>''* ^''«'"°8V°'belarge^^^ 
the  right  of  the  centre  of  the  field),  whereas  the  other  is  a  younger  detached  form  which  is  seen  directly  below  the  tormer.    these  Domes 


tained  in  the  epidermis 
the  right  of  the  centre  - 
are  similar  to  those  represented  in  Fig.  1591 


shows  the  presence  of  the  doubly  contoured,  refractive, 
budding  bodies— the  blastomycetes.  The  organisms  are 
well  brought  out  by  the  addition  of  liquor  potassoe  to 
the  pus.  In  many  cases  there  is  no  mixed  infection, 
cultures  from  the  pus  giving  a  pure  growth  of  the  or- 
ganism. Hektoen  has  shown  in  cases  of  mixed  infection 
that  if  a  weak  solution  of  potassium  iodide  be  added  to 
the  media  a  pure  culture  of  the  blastomycetes  will  be 
obtained,  the  ordinary  pus  organisms  having  been  killed. 


one  (Hessler's)  were  very  similar.  They  averaged  about 
12  fi  in  diameter,  although  occasionally  they  reached 
30  II  in  the  fresh  pus  (Buschke).  In  the  sections  the 
organism  -(I'as  doubly  contoured,  stained  fairly  well, 
Iiad  a  fine  or  coarsely  granulated  protoplasm,  usually 
presenting  a  vacuole.  Except  in  one  doubtful  instance 
no  nucleus  could  be  detected.  The  histological  features 
were  similar  in  all  the  cases.  The  epidermis  presented 
a  marked  hypertrophy,   sometimes  so  pronounced  that 
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one  ol.scrver  (Coates)  tenncd  it  cpitheliomatous;  never- 
theless the  overgrowth  is  distiuctly  l)enign  m  character. 
A  special  featiue  of  the  disease  is  offered  by  the  mimer- 
ous  miliarv  abscesses  scattei'ed  thiTjughout  tlie  epiderinis, 
and  also  tiirough  tlie  upper  part  of  thecorium-.  1  hey 
varv  iu  size  from  an  area  equal  to  that  repi'esented 
bv  three  epidermal  cells  up  to  5  /<  in  diameter.  AVhen 
the  disease  is  subacute,  a  few  giaut  ce  s  appear  ui 
the  ci.rium  as  well  as  numerous  plasma  cells  and  mihary 
abscesses  In  more  chronic  lesions  there  is  a  distinct 
tendency  to  the  formation  of  pseudo-tubercles.  In  one 
out  of  nineteen  cases  (JIontg(miery's)tul)erele  Imcilliwere 
found  but  their  presence  was  shown  to  be  due  to  a 
secondary  infection,  from  tuberculous  sputum,  super- 
added to  the  blastomvcetic  invasion.  Out  of  the  nineteen 
recorded  cases,  only  one  patient  (Bu.sse-Buschke's)  died  of 
the  disease.  In  tlie  remainder  the  lesions  were  limited  to 
the  skin.  It  is  worthy  of  note  that  with  the  exception 
of  two  cases  (Bu.schkeand  Coates)  there  was  no  glandular 
eularsement,  not  even  whi-ii  the  disease  had  implicated 
almos^t  the  whole  sui-face  of  the  lower  extremity  (An- 
tliony-IIerzog).  Moreover,  in  one  of  the  exceptions 
(Coates)  tlie  enlargement  iu  all  probability  was  not  con- 
nected with  the  disease.  In  some  cases,  especially  in  that 
of  Gilchrist  and  Stokes,  there  was  to  be  noted  a  distinct 
tendency  to  spontaneous  recovery.  Another  remarkable 
feature  of  the  disease  is  the  undisturbed  condition  of  the 
general  health,  even  when  the  cutaneous  lesions  were 
very  extensive;  and  the  comparative  absence  of  pain. 
Thus  in  the  Anthony-Herzog  case,  where  the  process 
had  im|)lieated  tlie  skin  of  almost  the  wdiole  left  lower 
extremity  and  was  of  twenty  years'  duration,  the  tem- 
perature and  pulse  were  practically  normal,  the  thora- 
cic and  abdominal  organs  had  remained  sound,  there 
was  no  cachexia,  and  no  urinary  changes  were  discover- 
able. 

So  far  as  may  be  judged  from  the  cases  reported,  the 
distribution  of  the  lesions  in  cases  of  blastomvcetic  der- 
matitis may  atfect  the  face,  neck,  extremities,  and  occa- 
siimally  the  scrotum. 

So  far  as  treatment  is  concerned,  Bevan  noted  that  in  his 
case  the  internal  administration  of  the  iodide  of  potassium 
proved  to  be  distinctly  curative ;  while  other  observers 
have  seen  much  benefit  from  tlie  use  of  this  drug.  Ex- 
cision of  the  smaller  lesions  and  thorough  curetting  of 
the  larger  areas,  to  be  followed  by  the  application  of  sil- 
ver nitrate,  are  the  therapeutic  measures  indicated. 

Pri'tnznie  Infection. — In  this  connection  it  seems  suitable 
to  refer  to  six  cases  of  protozoic  infection  of  the  skin  and 
other  organs,  which  have  been  reported  since  1892.  Four 
of  these  cases  were  observed  in  the  United  States.  In  all 
instances  the  disease  proved  fatal.  C'linically  as  well  as 
histologically,  the  lesions  are  strongly  .suggestive  of  those 
of  blastomycetic  dermatitis.  In  the  first  of  the  two  re- 
ported by  Rixford  and  Gilchrist  the  lesion  on  the  back 
of  the  neck  of  a  man,  aged  forty,  was  very  chronic  and 
presented  a  papillomatous  and  verrucifonii  ajipearanee. 
Pus  could  be  readily  scjueezed  out  from  between  the 
papilla'.  Pathologically,  also,  there  were  the  typical, 
inark(_-d  ejiithelial  hypertrojihy,  the  numerous  miliary 
abscesses  in  which  the  organisms  were  present,  and  tlie 
tuberculous-like  forinations  in  the  corium,  as  well  as  the 
numerous  plasma  cells.  The  organisms  were  identified 
as  |irotozoa  by  AYernieke  who  described  Die  first  casi. 
and  liy  Ri.xford  and  Gilchrist.  They  devi'loiied  liy  .sporu- 
latir.ii,  tliK  organism  di\idiug  up  gradually  inti>  about 
one  hundred  spores,  which  were  lilieraled  I'ly  tlie  burst- 
ing of  the  capsule. 

Uphills  olitained  a  fungus-like  growth  from  liis  case 
anil  toiind  that,  when  animals  were  iiioculati'd  with  this 
lungns,  the  spornlating  forms  were  rc|)rodiiced  More- 
over, when  these  were  obtaineil  fresli  from  llie  uniinals 
and  observed  in  a  hanging  di-o,,  hi  lioiiillon  a  gnnvtli  of 
work  ;r   '''"'  ft'"    *"   ''"''''"l^    f'-""'    ""■"i-     <»l^l"ils' 

r; 
d. 
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DERMATITIS    CALORICA.  — Defikition  .  — The 

changes  produced  in  the  skin  by  its  exposure  to  heat  or 
to  cold.  These  changes  vary  in  grade  from  a  simple, 
transitory  In-peraania  to  the  absolute  destruction  of  the 
part,  and  in  many  instances  are  followed  by  the  death 
of  the  individual. 

Symptoms. — Writers  upon  this  subject  have  been  ac- 
customed to  treat  of  dermatitis  calorica  under  three  sub- 
divisions, viz.  :  dermatitis  ambustionis  (seucougelatiouis) 
eiythematosa,  liullosa,  and  escharotica.  This  is,  perhaps, 
an  arbitrary  classification,  but  in  the  main  one  well  war- 
ranted by  clinical  experience. 

DermcttitiK  Ainhiiittionis. — The  first  grade  of  burns  (from 
physical  causes)  results  from  the  suljjection  of  the  skin 
to  a  pirolonged  temperature  not  exceeding  60'  C.  or  from 
a  momentary  exposure  to  a  higher  degree  of  heat.  Thus 
we  see  that  a  tew  hours  of  a  summer  sun  or  a  fraction  of 
a  second  of  flames  or  of  steam  or  of  molten  metal  will 
bring  forth  an  erythema  in  the  ]iart  thus  exposed.  This 
is  not  a  transitory  ccmdition  and  wc  find  that  pressure 
upon  the  skin  Avill  not  produce  its  accinstomed  whiteness 
but  rather  a  brownish-yellowish  hue,  and  on  microscopical 
examination  we  note  that  the  superficial  vessels  are  en- 
gorged with  blood  and  that  some  wdenia  and  white-cell 
extravasation  are  lucsent. 

Subjectively,  the  skin  feels  very  hot  and  often  ex- 
tremely ]iaiiiful.  Within  the  next  twenty-four  to  forty- 
eight  hours  tlie  surface  assumes  a  rather  brownish  tint, 
feels  very  itchy,  and  soon  begins  to  be  cast  off  in  lamellas 
of  varying  sizes,  leaving  expo,scd  a  slightly  pigmented 
surface  wliich  jK'i-.sists  for  some  time. 

The  treatment  for  this  erythematous  dermatitis  consists 
iu  soothing,  cooling,  mild  applications  such  as  zinc  oxide 
and  starch  powder  (  3ss.-3i.),  mild  lead  lotions  or  a  wash 
of  carbolic  acid   Jss..  zinc  oxide   §ss.,aq.  calcis  5  viij. 

The  second  grade  of  dermatitis  ambustionis  is  produced 
by  the  subjection  of  the  skin  to  a  heat  greater  than  60' 
V. — a  condition  most  conimcnily  seen  following  contact 
with  very  hot  wtitcr,  melted  sealing  wax,  extremely  hot 
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Sim,  or  the  iiioiucnUiry  touch  of  Humes  or  of  hot  metul 
Vesicles  and  liuUre  form  iminediiitely  or  during  the  next 
few  lioiirs  and  tlie  patient  experiences  great  pain. 

Patliologically,  the  roof  of  tlie  fully  develo|)ed  hlister 
is  formed  by  the  stratum  corneuni''or  by  the  whole 
epidermis,  while  thc^  papillary  layer  of  the  coriiun  con- 
stitutes the  floor.  Confined  with'in  these  walls  we  find 
serum  and  at  times  epithelial  debris  and  .shreds  of  fil)rin. 
At  times,  wlienthe  heat  has  been  less  intense,  tliebnllDus 
formation  is  not  so  complete,  and  the  process  sonicwliat 
resembles  the  "  cavity  formation  "  and  the  "  ballonizatiun  " 
seen  in  the  pustule  of  smallpox.  Filaments  of  epithelium 
remain  connecting  the  se|iarated  layers  of  the  skin  and 
a  gelatinous  material  lills  the  interstices.  The  changes  in 
the  eorium  are  produced  according  to  Unna  by  chemo- 
taxis  resulting  from  the  products  of  tlu;  burn  and  consist 
of  vaso-dilatation,  considerable  <edema,  and  cell  extrava- 
sation in  the  upper  half  of  the  derma,  swollen  and 
flattened  papillae,  and  degenerated  elastic  fibres. 

The  treatment  in  these  cases  cou.sists  in  the  opening  of 
the  bulloe  at  their  junction  with  the  more  normal  skin; 
the  application  of  lead  water,  of  carron  oil,  or  of  carbolic 
acid  in  olive  oil  (gr.  xv.-sviij.);  the  exclusion  of  the 
air  and  thorough  asepsis.  When  the  roofs  of  the  bullaj 
are  broken  and  raw  surfaces  are  left  exposed,  mild  dust- 
ing powders  of  zinc  oxide  or  of  bicarbonate  of  soda  or 
bland  ointments  of  zinc  oxide  or  of  boracic  acid  are  ac- 
ceptable. If  the  exposed  papilla^  show  any  tendency 
toward  hypertrophy,  a  daily  application  of  "the  nitrate 
of  silver  stick  is  of  great  benefit.  When  the  burns  are 
extensive  the  continuous  water  bath  of  Hebra  forms  tlie 
best  means  of  fulfilling  all  the  above-mentioned  indica- 
tions and  spares  the  patient  the  tortiu-es  of  repeated 
dressings  and  manipulations.  The  temperature  of  the 
water  should  be  about  3f  °  C.  at  first,  and  later  it  should 
be  raised  to  4f  °  or  43°  (Kapo.si). 

The  prognosis  of  burns  of  the  first  or  of  the  second  de- 
gree depends  almost  entirely  upon  the  extent  of  the  bodj^ 
siu-face  affected.  Thus,  in  an  infant  a  burn  of  a  very 
small  area  often  produces  death,  while  in  an  adult  a  burn 
covering  a  half  of  the  body  is  almost  always  fatal,  and  a 
burn  even  of  a  third  of  the  body  frequently  leads  to  a 
similar  result. 

After  an  extensive  though  superficial  l)urn  the  patient 
suffers  great  pain  and  becomes  frequently  wild  and  de- 
lirious from  his  agony.  The  temperature  ri.ses  and  the 
urine  is  suppressed.  Even  catheterization  fails  to  pro- 
duce anything  but  a  few  drops  of  liquid,  sanguiuolent 
and  heavily  loaded  with  albumin.  This  is  the  stage  of 
congestion  and,  if  the  jiatient  lives,  is  succeeded  usually 
in  from  five  to  six  hours  by  a  complete  change — that  of  in- 
flammatory reaction.  The  pain  subsides  and  in  the  fatal 
ca,ses  the  patient  becomes  .somnolent  and  soon  falls  into 
a  stupor  accompanied  b_y  profound  sighing,  j-ales  in  the 
lungs,  vomiting,  clonic  contractions  and  finally  opisthot- 
onos, loss  of  consciousness,  and  death.  This  is  the  second 
stage  and  is  due  to  the  involvement  of  the  internal  organs. 
Death  usually  supervenes  after  the  lapse  of  from  eighteen 
to  forty-eight  hours,  and  at  the  autopsy  many  lesions  are 
often  found,  including  hemorrhagic  erosions  of  the  duo- 
denum or  of  the  stomach,  granular  degeneration  of  the 
vessels,  muscles,  and  parenchymatous  organs,  hyperamiia 
of  the  meninges  and  nephritis  (Kaposi). 

In  case  the  patient  survives  the  fir.st  shock  and  is  not 
carried  off  by  the  internal  processes  of  the  first  few  days, 
he  is  still  exposed  for  several  weeks  to  the  dangers  of 
erysipelas,  tetanus,  pyaemia,  exhaustion,  pneumonia,  or 
nephritis. 

[For  a  de,scription  of  burns  of  the  third  degree  an(l  of 
burns  produced  by  acids  and  by  caustic  alkalis  ,sce  article 
on  Burns.] 

Dermatitiis  Congelationis. — Here,  as  in  dermatitis  am- 
bustionis,  writers  are  wont  to  speak  of  the  effects  of  the 
cold  upon  the  skin  under  three  headings,  viz. :  dermatitis 
congelationis  erythematosa,  bullosa,  and  cscharotica. 
The  first  or  erythematous  grade  constitutes  that  condition 
which  is  known  as  pernio  or  chilblain.  This  is  most  fre- 
quently observed  in  children— especially  little  girls— and 
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to  a  less  extent  in  ansemic  adidts,  and  is  always  pro- 
<luced  by  the  too  sudden  warming  of  the  skin  after  ex- 
posure to  cold.  The  ])arls  most  susee],tible  to  chilblains 
are  those  most  exposed  to  the  cold  and  at  the  same  time 
those  farthest  removed  from  the  centre  of  circulation 
I.e..  the  fingers,  toes,  ears,  and  cheeks.  The  individual 
enters  a  warm  room  or  apjjroaches  a  tire  and  immedi- 
ately the  part,  but  a  moment  previously  chilled  and 
blanched  and  numb  from  the  cold,  becomes  very  red  and 
experiences  a  tingling  sensation.  In  a  healthy  person 
these  changes  soon  give  way  to  normal  conditions  and 
no  harm  has  been  done,  Ijut  in  the  young  and  ansmic  a 
further  pathological  process  ensues,  passive  congestion 
and  (edema  follow,  and  as  a  residt  the  part  presents  cir- 
cumscribed reddish  areas,  often  with  purplish  centres, 
upon  an  (edematous  base,  accompanied  by  intense  tin- 
gling, burning,  and  itching. 

As  treatment  we  should  i.)aint  the  lesions  with  tincture 
of  iodine,  camphorated  alc(.>hol,  iodized  glycerin,  tincture 
of  myrrh,  or  a  wash  of  carbolic  acid,  oxide  of  zinc,  and 
lime  water.  Against  further  attacks  we  should  warn  our 
patient  to  rul)  the  jiart  with  snow  or  iced  water  before 
entering  the  house,  should  advise  warm  coverings  for  the 
exposed  parts  of  the  body,  and  should  administer  iron 
internally. 

As  a  rule  chilblains  are  a  liarndess  affair,  but  at  times 
they  may  slough — the  ca|)illaries,  previously  emptied  by 
the  cold,  are  too  greatly  distended  by  the  inrush  of  blood 
when  the  heat  has  been  too  great  and  sudden,  and  an 
ulcer  results.  Such  an  ulcer  proves  itself  slow  to  heal 
and  demands  stimulating  treatment  internally  and  ex- 
ternally. 

A  second  variety  of  dermatitis  congelationis  of  the  first 
grade  is  the  conunon  frostbite  which  affects  most  fre- 
quently the  ears,  cheeks,  forehead,  nose,  or  chin.  This 
constitutes  a  deeper  process  than  that  of  pernio  and  as  a 
result  a  solid  cake  is  formed  with  the  skin  blanched  and 
cold.  After  a  few  hours  in  a  warm  atmosphere  the  skin 
becomes  erythematous,  swollen,  and  very  painful.  The 
tenderness  and  burning  persist  for  a  day  or  two,  and  the 
cake  gi'adually  di,sai)pears  followed  by  desquamation  of 
the  epidermis,  and  in  the  case  of  the  ears  it  is  often  ob- 
served that  they  remain  distinctly  larger  and  more  sus- 
ceptible to  the  cold  for  several  weeks.  Treatment  con- 
sists in  friction  with  snow  or  with  cold  water  for  ten  or 
fifteen  minutes  and  during  tin.-  subsecjuent  stages  the 
application  of  cooling  washes  (zinci  oxid.  |  ss.,  acid,  car- 
bol.  3ss.,  ac^.  calcis  J  viij.;  or  calamin  Jss.,  acid,  car- 
bol.  3 i.,  glycerin.    3ij.,aquse  |  viij.). 

The  second  or  bullous  grade  of  dermatitis  congelationis 
is  seldom  ol)served  alone  but  usually  accompanies  the 
less  severe  or  the  more  intense  forms  of  frost-bite.  When 
seen  the  part  is  anjemic  and  on  thawing  vesicles  or  bullae 
with  serous,  sero-sanguinolent,  or  hemorrhagic  contents 
may  develop.  These  rarely  heal  in  a  few  days  but  more 
often  break  down  into  indolent,  circumscribed  ulcers. 

The  third  or  escliarotie  degree  of  frost  bite,  when  en- 
countered in  our  large  Eastern  cities,  generally  follows  a 
drunken  sleep  during  very  severe  weather.  On  the  other 
hand  cattle-tenders,  "shepherds,  trainmen,  soldiers,  sailors, 
and  explorers  are  frequently  exposed  to  intense  cold 
when  they  ai-e  powerless  to  prevent  a  part  or  the  whole 
of  the  bi-xly  from  being  congealed  to  the  hardness  of  ice. 
In  such  conditions  the  individual  at  first  feels  the  stimu- 
lating effect  of  the  cold,  and  the  exposed  parts  appear 
red.  As  the  length  of  exposure  or  the  degree  of  cold  in- 
creases the  part  becomes  painful  and  later  anaemia  and 
some  loss  of  sensation  develop.  This  in  time  gives  way 
to  drowsiness  and  numbness  and  an  increasing  desire  for 
rest  and  sleep.  This  is  the  critical  moment,  and  if  the 
man  yields  to  this  craving  he  runs  the  greatest  possible 
risk. 

A  thoroughly  frozen  part  presents  always  the  same 
characteristic  signs.  To  the  touch  the  skin  is  intensely 
hard  and  cold,  itisensible  to  stimuli  and  of  the  whiteness, 
of  marble.  If  improperly  subjected  to  the  heat  of  a 
warm  room,  the  part  within  a  few  hours  assumes  a  bluish- 
purplish  hue  with  possible  formation  of  buUse,  and  within 
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from  twelve  to  twenty-four  hours  gangrene,  either  moist 
or  dry.  follows.  When  of  the  moist  variety  the  process 
may  be  so  deep  and  so  mtense  that  the  bones  themselves 
share  in  the  disintegration  and  death  may  result  from 
septic  absorption  even  before  the  line  of  demarcation  has 
appeared.  When  it  is  of  the  dry  type,  which  is  much  less 
common   the  usual  changes  of  mummilieation  ensue. 

Tkbatmbnt,— This  is  a  matter  of  the  greatest  import 
and  demands  the  utmost  skill  on  the  part  of  the  physician, 
for  upon  the  slowness  with  which  the  blood  is  allowed  to 
return  to  the  vessels  depends  the  future  of  the  frozen  part 

To  produce  this  gradual  thawing  out,  the  part  sliould 
first  be  rubbed  witli  snow  until  the  icy  hardness  has  in 
part  disappeared,  then  iced  water  should  be  applied  and 
the  patient  put  to  bed  in  a  cold  room  with  plenty  of 
blankets  to  cover  all  but  the  affected  area,  near  which  ice 
bags  should  be  idaced.  The  temperature  of  the  room 
should  be  very  slowly  elevated.  These  precautions  are 
perhaps  all  that  can  be  taken,  and  in  a  few  days  the  ex- 
tent of  the  injury  will  manifest  itself  by  the  appearance 
or  not  of  gangrene.  In  the  mean  while,  absolute  rest  in 
bed  and  stimulation  must  be  insisted  upon,  and  when  once 
the  line  of  demarcation  is  clearly  marked  the  surgeon 
should  interfere  to  avoid  as  much  as  possible  the  dangers 
of  septicamiia.  Such  measures  are  frequently  highly 
successful  and  one  is  often  surprised  at  the  slight  loss  of 
substance  even  after  the  most  solid  and  extensive  freezing. 

Glmrles  J.  White. 

DERMATITIS  EPIDEMICA.— Definition.— An  acute, 
contagious  dermatitis,  attacking  preferably  the  aged, 
often  universal  in  extent,  subject  to  one  or  more  re- 
lapses, accompanied  by  great  prostration,  frequently 
fatal  in  result,  and  always  followed  by  desquamation. 
Pathologically  a  parakeratosis. 

Synonym. — Savill's  disease. 

Symptoms. — The  existence  of  this  disease  is  denied  by 
many  and  ignored  by  others.  It  was  first  observed  bj' 
Savill  in  the  Paddington  Infirmary  of  London  in  1891, 
and  from  that  year  until  1895  about  five  hundred  cases 
were  recorded.  Since  1895  the  disease  in  epidemic  form 
has  sunken  into  obscurity,  but  several  possible  sporadic 
cases  have  been  observed  by  Colby  and  by  Fordycc' 

The  cutaneous  outbreak  of  the  disease  is  preceded  by 
a  feeling  of  local  irritation  wliich,  within  twenty-four 
hours,  is  followed  by  one  of  three  types  of  initial  lesion: 
first,  papular;  second,  erythematous;  or,  third  and  very 
rarely,  circinate.  In  almost  half  of  the  cases  these  first 
lesions  appear  upon  the  arms,  the  face,  or  the  scalp,  con- 
tinue for  from  three  to  eight  days,  and  are  succeeded  by  a 
more  or  less  generalized  eruption  with  constant  desqua- 
mation, which  continues  with  frequent  exacerbations  and 
remissions  for  five  or  six  weeks.  This  secondary  stage 
assumes  a  moist  type,  resembling  eczema  madidans  in 
sixty -six  per  cent,  of  the  cases  and  in  the  remaining  in- 
dividuals appears  as  a  dry,  papular  eruption  closely 
simulating  pityriasis  rubra  of  Hebra.  At  this  peri<xl  the 
patient  experiences  great  burning,  itching,  and  tender- 
ness and  intense  prostration  and  anorexia.  The  third 
stage  of  the  disease  is  that  of  subsidence,  when  the  skin 
assumes  a  hard,  drawn,  brownish  appearance,  the  haii- 
and  nails  may  fall,  and  the  patient  is  left  weak  ami 
prostrate.  During  the  epidemic  of  1891,  12.8  per  cent 
of  the  people  affiicted  succumbed.  The  temperature 
rarely  goes  above  99°  P.,  and  albuminuria  is  not  present 
except  as  a  slight  trace  during  the  height  of  the  disease 

Ltiology.— The  cause  of  this  affection  is  .still  obscure 
bavill  and  Russell,  however,  independently  isolated  from 
the  scales  and  from  the  blood  of  the  heart  a  diplococcus 
winch  resembled  in  many  ways  the  Staphylococcus  pyo- 
genes albus,  but  which  failed  to  liquefy  gelatin 

Old  age  and  chronic  invalidism  play  an  imi)ortant  part 
weir:?HFrT^'"'"''"«'  '^"'i"  was  observed  tC  Ji  en 
the  firsfepidemf '  ''"''"  ""'  ''^''''^''''^  ''^  ~-  "> 
very  closeiv  Ihml  fo  ""!=':««c;'Pical  appearances  resemble 

hyDertronhief?  tL  u  I  'i'  '''^•"°'°  '^"'«™^-  The  rete  is 
11}  pertrophitd,  the  keratohyahn-bearing  cells  disappear, 
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the  papillre  are  swollen,  and  a  few  cells  surround  the 
superficial  vesseds  of  the  corium— in  other  words,  a  para- 
keratosis. According  to  Ecbeverria.'^  the  one  important 
change  not  observed  in  eczema  lies  in  the  homogeneous 
degeneration  of  the  more  superficial  rete  nuclei— a  proc- 
ess which  he  has  termed  peridiaphania. 

Diagnosis. — When  an  acute,  practically  afebrile,  pap- 
ular or  erythemato-papular  dermatitis  breaks  out  among 
the  inmates  of  an  institution,  shuns  the  young  and  at- 
tacks the  old,  continues  with  one  or  more  relapses  for  from 
four  to  eight  weeks,  reduces  the  vital  forces  almost  to  a 
minimum,  is  accompanied  by  a  continued  and  almost 
universal  exfoliation  of  the  epidermis,  and  produces  a 
mortality  greater  than  that  of  scarlet  fever,  then  we 
sliould  recall  to  our  minds  the  peculiar  epidemic  which 
was  first  described  by  Savill  in  1891.-' 

From  eczema  I  think  one  should  differentiate  this  dis- 
ease on  accouiit  of  its  pronencss  to  attack  the  aged  and 
on  account  of  the  prostration,  the  epidcmicity,  the  con- 
stant exfoliation,  and  the  high  death  rate  accompanying 
it.  Erysipelas,  pit3'riasis  rubra,  and  scarlatina  are  the 
other  diseases  which  one  must  exclude,  but  I  think  the 
reader  can  readily  appreciate  the  great  differences  be- 
tween them  and  dermatitis  epidemica. 

Prognosis. — The  mortality  in  the  first  epidemic  was 
13.8  per  cent,  and  was  much  greater  in  men  than  in 
women.  In  the  lust  epidemic  the  death  rate  fell  to  seven 
per  cent.  Thus  the  disease  is  ceitainly  one  to  be  dreaded. 
As  a  rule,  when  the  dfsease  begins  with  papules  the  out- 
look is  better  than  in  those  cases  in  which  erj-thema  con- 
stitutes the  initial  stage. 

Treatment. — Savill  found  that  daily  baths  of  creolin 
of  twenty  minutes"  duration  rendered  the  greatest  service. 
Localized  lesions  were  often  controlled  by  applications 
of  collodion,  and  tar,  ichthyol,  and  oxide  of  zinc  proved 
of  service  in  allaying  the  subjective  symptoms  and  in 
keeping  the  patient  comparatively  clean.  Internally, 
sustaining  treatment  was,  of  course,  necessary  in  the 
severer  cases.  Charleii  J.  W!dte. 

'  Monatshefte  fur  praktische  Dermatolo^ie,  vol.  xix.,  p.  476. 
^  Jour.  Cut.  and  Gen.-Urin.  Dis.,  vol.  xvi.,  p.  73,  and  vol.  xv.,  p.  HI. 
3  British  Journal  of  Dermatologv,  vol.  iv.,  pp.  35.  69,  10.5,    Jour. 
Cut.  and  Gen.-Urin.  Dls.,  vol.  xii.,  pp.  281-329. 

DERMATITIS  FROM  ROENTGEN  RAYS.— The  imme- 
diate, almost  universal  adoption  of  Professor  Roentgen's 
discovery  in  1896  was  soon  followed  by  reports  from 
different  countries  of  a  peculiar  dermatitis  resulting  from 
the  action  of  .c-raj'S  upon  the  skin.  For  the  first  two  or 
three  years  the  number  of  recorded  cases  was  ever  in- 
creasing owing  to  the  more  widespread  experimentation 
and  to  the  ignorance  of  the  cause  of  the  resulting  inflam- 
mation; but  now  that  investigators  have  learned  to  avoid 
too  powerful  currents  and  have  exercised  caution  in 
jilacing  the  Crooke's  tube  at  sufficient  distance  from  the 
skin,  the  instances  of  reported  accidents  are  happily  dis- 
tinctly infre(iuent. 

To  gain  a  clearer  conception  of  the  alterations  induced 
in  living  tissues  we  may  divide  the  resulting  inflamma- 
tions into  two  classes — those  occurring  in  individuals  ex- 
jierimented  upon  and  those  observed  upon  the  experi- 
menters themselves.  The  symptoms  which  are  now  to 
be  described  are  those  which  occurred  in  about  fifty  cases 
recorded  here  in  Boston,  in  Baltimore,  and  in  Europe. 

First,  the  accidents  to  patients.  This  class  constitutes 
the  great  maj<irity  of  cases  found  in  literature  and  is  rich 
in  the  variety  and  in  the  intensity  of  its  lesions. 

Erythema  is  ))erbaps  the  most  frequent  symptom  ob- 
served, usually  occurring  with  ill-defined  outlines  and 
appearing  sometimes  within  a  few  hours  or  at  varying 
intervals  u])  to  the  sixteenth  day. 

The  condition  of  dermatitis  "manifests  itself  in  many 
ways,  and  in  our  list  we  find  the  following  qualifying 
adjectives:  acute,  weeping,  suppurating,  chronic,  and 
deep.  Papular  and  pustular  forms  are  the  rarest,  while 
the  vesicular  and  the  bullous  (the  latter  sometimes 
hemorrhagic)  types  are  much  more  frequently  observed. 
Often  the  dermatitis  is  signalized  simply  by  swelling  or 
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by  irritation.  Very  frequently  the  dermatitis  is  much 
severer,  and  we  fiud  tlie  disease  assuming  a  more  virulent 
type,  forming  escliars ;  or  ulcers,  which  are  often  deep  and 
accompanied  by  intense  pain,  appear  usually  in  three  or 
four  weeks  aid  sometimes  require  weeks,  months,  or  even 
one  or  two  years  to  cicatrize.  At  times  the  liealing  is 
interrupted  by  relapses. 

Disturbances  in  tlie  nutrition  of  the  appendages  of  the 
skin  are  also  frequent  sequela^  and  the  application  of 
,f-rays  is  not  rarely  followed  by  a  loss  of  hair  in  an  area 
which  has  been  subjected  to  this  peculiar  infliience.  The 
alopecia  is  usually  observed  from  the  tentli  to  the  thirtieth 
(lay  and  the  hair  returns  slowly,  sometimes  requiring 
even  months  before  complete  restoration  has  been  eiiected. 
Among  the  rarer  complications  of  the  hair  noted  we  tind 
canities. 

Changes  in  the  nails  are  not  uncommon,  and  I  have  ob- 
served such  disturbances  as  pigmentation,  persistent  pain, 
and  total  loss  of  the  nails. 

When  we  examine  the  later  changes  which  follow  the 
various  types  of  dermatitis  we  fiud  that  exfoliation  and 
desquamation  or  pigmentation  are  the  commonest,  while 
leueoderma  is  a  rarity,  but  in  all  cases  we  are  struck  by 
the  peculiarly  slow  restoration  to  health. 

Such  are  the  objective  conditions  observed,  and  refer- 
ring to  the  subjective  symptoms  we  must  first  mention 
pain,  which  is  characterized  in  different  cases  as  slight, 
intense  and  deep,  neuralgic  even  after  a  lapse  of  six 
months,  or  lancinating  and  persistent.  After  pain,  but 
with  far  less  frequency,  writers  have  described  sensa- 
tions of  burning,  of  irritation,  of  prickhng,  of  pruritus, 
of  hypersesthesia,  or  of  partial  anesthesia. 

Disturbances  of  internal  organs  are  not  unknown  and 
several  instances  of  nausea,  usually  supervening  in  from 
two  to  three  hours,  have  been  recorded,  while  vomiting 
within  a  few  moments  and  pain,  which  has  persisted  for 
two  months,  are  other  examples  of  involvement  of  the 
stomach.  Among  other  internal  complications  a  feeling 
of  oppression  about  the  heart,  with  or  without  palpi- 
tation, and  dyspnoea  have  been  mentioned. 

From  this  short,  purely  descriptive  list  we  see  how 
many  and  how  varied  are"  the  possible  lesions  resulting 
from  the  exposure  of  the  body  surface  to  the  .T-rays,  and 
considering  now  the  possible  accidents  which  may  befall 
the  operator  we  find  rather  different  conditions.  Here 
we  see  the  effect  of  prolonged  and  oft-repeated  exposure 
to  this  strange  influence.  An  experimenter  may  subject 
himself  for  weeks  with  impunity  to  the  daily  action  ot 
Roentgen  rays,  and  then,  without  warning,  thehandsmay 
become  intensely  painful  or  pigmented,  the  nails  may 
darken  or  may  fall  never  to  return,  the  hair  may  disap- 
pear, ulcers  may  form-in  a  word,  all  the  graver  effects 
which  we  have  noted  in  patients  may  come  to  the  experi- 
menter, with  these  peculiarities,  however:  the  parts 
affected  are  almost  always  the  hands,  and  their  restora- 
tion to  health  is  almost  invariably  an  exceedingly  slow 
and  painful  process.  . 

What  causes  these  unfortunate  accidents.'  ihis  is  a 
question  which  has  not  yet  been  definitely  answered 
Professor  Thompson's  theory  (which  is  perhaps  the  most 
plausible  yet  given)  is  that  ultra-violet  rays  are  at  tault, 
and  he  has  proved  the  strength  of  his  argument  by  the 
results  of  experimentation.  He  allowed  a^-rays  to  tali 
upon  the  skin  and  found  that  that  area  was  affected 
which,  by  the  interposition  of  blue  glass,  was  subjected 
to  the  action  of  violet  rays  only.  Professor  Trowbridge 
in  a  recent  article,  claims  that  the  :r-rays  are  really  a 
light  far  lower  in  the  scale  than  the  violet  rays,  thus 
adding  weight  to  Professor  Thompson's  theory. 

Another  idea  (that  expressed  by  Tesla)  is  that  the  ill- 
effects  of  the  Roentgen  rays  are  due  to  the  action  of  ozone 
and  that  the  greater  the  heat  and  the  moisture  of  the  skm 
the  greater  the  resulting  damage.  ^    ...    *,,  ^  j,,^ 

A  third  theory  (also  emanating  from  Tesla)  is  that  dur- 
ing the  subjection  of  the  part  ^  t^^e  a-rays  certain  mi- 
nute particles  are  discharged  from  the  tube  and  find  lodg- 
ment in  the  skin,  and  this  action  is  especially  marked 
when  the  tube  is  of  aluminum.     Other  views  have  been 


expressed  by  foreign  writers,  among  which  we  may  men- 
tion that  which  makes  the  cathode  rays  the  principal 
agent,  or  the  ingenious  theory  that  the  organic  liquids  of 
the  body  are  decomposed  and  thus  produce  the  grave 
conditions  which  we  have  been  studying. 

The  histology  of  dermatitis  from  Roentgen  rays  has 
not  been  investigated  tlioroughly.  Darier  gives  us  the 
best  descriptions,  but  his  work  applies  chiefly  to  the 
milder  forms  of  inflammation.  He  found  that  the  cells 
of  the  stratum  corneum  were  greatly  thickened  but  re- 
tained their  normal  structure;  tliat  the  stratum  granu- 
losum  was  markedly  increased  in  depth  by  hj'perplasia 
and  by  hypertrophy  of  the  cells,  which  contained  many 
large  and  numerous  eleidin  granules ;  that  the  cells  of  the 
stratum  spinosum  were  also  both  hypertrophic  and  hy- 
perplastic, showed  mitoses,  and  contained  some  migratory 
cells;  and  that,  with  the  exception  of  some  extravasated 
cells,  the  important  changes  in  the  corium  were  associated 
with  the  pilo-sebaceous  apparatus  where  onlj'  vestiges 
of  hair  follicles  appeared,  while  the  hair  papilla;,  musculi 
arrectores,  and  sebaceous  glands  were  quite  gone. 

Treatment. — Prophylaxis  is  naturally  the  first  consid- 
eration and  a  safe  rule  to  follow  is  this :  never  use  a  current 
stronger  than  from  six  to  eight  millianipftres  and  never 
place  the  tube  nearer  to  the  body  surface  than  from  15  to 
30  cm.  For  the  milder  accidents,  such  as  erythema,  pruri- 
tus, vesicles,  or  bull*,  use  a  wash  of  zinc.  oxid.  |  ss. ,  acid, 
carbol.  3ss.,  aq.  calcis  |viij.;  a  dusting  powder  of 
zinc.  oxid.  3  ss.,  amyl.  maidis  J  i. ;  and  a  paste  of  zinc, 
oxid.  3ss.,  amyl.  maidis  and  vaselin.  aa  §  ss.  For  the 
cases  in  Avhich  ulceratiims  have  occurred,  try  at  first  a 
wash  of  hydrarg.  chlorid.  mit.  3  ss.,  aq.  calcis  |  viij.  or 
one  of  ferri  et  potass,  tartrat.  3i.,  alcohol  gi.,  aqufe  | 
vij.,  the  zinc  oxide  paste  above  mentioned,  and  a  powder 
of  nosophen  or  of  ferri  subcarb.,  amyl.  maidis,  aa  3  ij. 
Where  there  is  a  broken  surface  associated  with  intense 
pain  an  ointment  containing  from  five  per  cent,  to  ten  per 
cent,  of  orthoform  has  proved  of  benefit.  When  all  rem- 
edies liave  apparently  failed  to  cicatrize  a  stubborn  ulcer 
we  may  resort  to  skin-grafting,  to  the  use  of  static  elec- 
trical baths,  and  to  the  application  of  oxygen  to  the  part. 

Charles  J.   white. 

DERMATITIS     GANGR/ENOSA     INFANTUM.       See 

Varicella  C-faiigtrenosa. 

DERMATITIS    HERPETIFORMIS.— (Synonyms;  Der 

matitis  multiformis,  Dermatite  polymorphe  douloureuse 
fBrocql,  Pemphigus  pruriginosus  [Cazenave],  Hydroa 
buUeux-  [Bazin];  Herpes  gestationis  [Milton],  Hydroa 
herpetiforme  [Tilbury  Fox],  etc.) 

Definition  —A  chronic,  relapsing  dermatitis,  marked 
bv  successive  outbreaks  of  erythema,  papules,  vesicles,  or 
bulhrj,  accompanied  by  itching  and  tending  to  disappear 
in  the  course  of  months.  . 

Symptoms  —The  cutaneous    eruptions  ot    dermatitis 
herpetiformis  are  usually  preceded  by  a  feehng  of  malaise 
or  are  ushered  in  by  chills  or  by  fever.     The  patient  soon 
notices  that  his  body-especially  the  arms-is  mottled 
with  brilliant  macules  which  in  a  few  days  develop  into 
irregular,  flattened,  scarlet  papules  which  in  their  turn 
are  capped  by  vesicles.     In  the  course  of  a  few  days 
these  vesicles  coalesce  and  become  bulhie  or  renaam  iso- 
lated and  soon  become  ruptured  or  are  infected  and  be- 
come pustules.     Associated  with  these  clianges,  which 
nmv  require  a  week  for  their  completion,  the  patient  ex- 
peXnces  a  feeling  of  intense  pruritus.     Each  of  these 
ksions  may  not  develop  synchronously  with  its  neighbor, 
and  therefore  the  same  individual  may  present  upon  his 
body  macules,  papules,  vesicles,  pustules,  or  bulla;,  and 
on  account  of  his  itching,  scratch  marks  and  crusts  and 
later  in  the  disease  pigmentation.     It  is  this  great  variety 
oneslons  occurring  a!  any  given  moment  which  has  sug- 
(Tested  the  title  of  dermatitis  multiformis. 
^  Once  arrived  at  its  full  development  the  disease  may 
eraduallv  improve  and  in  a  few  weeks  the  skm  may  be 
restored  to  Unoriginal  state,  but  far  more  frequently  the 
patfent  will  experience  repeated  attacks,  each  one  pre- 
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I>orniatitis. 
Dci-iiialltis. 
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coded  by  the  usual  pvodromcs  of  ^^'f '^J'^-^'^^^ 
•ittended  by  severe  itching.  As  a  rule  the  disease  lasts 
for  two  or  three  months,  but  many  cases  are  observed 
ivliifli  uprsist  even  for  many  years. 

We  im-e  tirus  far  described  the  so-called  typical  ex- 
ample, but  let  us  now  consider  the  anomalous  case  wh  ^u 
curiously  enough,  is  more  commonly  seen.  Instead  ot 
m'  aise  or  chills  or  fever  we  may  have  pain,  burning, 
Si  ng.  insomnia,  dyspneea,  or  intense  hyperesthesia  as 
precursors  of  the  disease.  From  an  objective  point  o 
view  we  may  note  that  the  disease  omits  the  macular  and 
papular  stages  and  begins  with  an  attack  of  vesicles  with 
or  without  a  halo  of  erythema.  These  vesicles  are  usu- 
ally small  and  Hat  with  irregular  outlines  and  are  often 
S-rouped,  thus  suggesting  herpes-the  condi  ion  which 
Duhring  considered  most  characteristic  ot  the  disease. 
A"-ain  pustules  may  form  as  such  without  passing 
through  the  earlier  stages,  but  many  authors  deny  that 
such  a  condition  is  possible  and  assert  that  pustules  are 
always  secondary  to  vesicles  and  are  the  products  ot 
infection.  Again,  bullaj  may  be  the  first  outward  mani- 
festation of  the  process,  may  appear  on  the  mucous 
membranes,  and  may  reach  the  size  of  a  twenty-flve-cent 
piece.  They  are  usually  unilocular  and  their  serum  soon 
becomes  tuibid.  Again,  the  disease  may  assume  an 
urticarial  type  and  appear  in  circinate  forms  with  or 
without  secondary  vesicles.  Frequently,  as  the  result 
of  scratching,  furuncles,  lymphangitis,  and  adenitis  are 
produced ;  and  lastly,  as  rarities,  we  may  meet  with  kera- 
toses of  the  palms  "and  soles  or  papillomatous  growths 
about  the  articular  folds  of  the  body.  It  is  doulitful, 
however,  whether  these  last-named  characteristics  exist 
independently,  for  in  the  former  condition  we  can  never 
positively  exclude  the  effects  of  arsenic  which  has  usu- 
ally been  administered,  and  in  the  latter  we  cannot  deny 
that  irritation  and  infection  have  not  produced  the  hy- 
pertrophy. 

When  a  patient  has  endured  the  disease  for  any  length 
of  time  his  body  presents  a  striking  appearance.  In  the 
severe  cases  there  is  hardly  a  spot  upon  the  whole  surface 
which  appears  normal.  Interspersed  among  innumerable 
small  pigmented  macules  appear  the  acute  lesions  of  the 
disease,  such  as  papules,  vesicles,  or  bulla;  in  various  stages 
of  development  or  of  retrogression.  The  patient  is  apt 
to  be  emaciated  from  loss  of  sleep,  but  in  other  respects 
the  records  of  the  ease  will  show  no  important  deviations 
from  healtli.  Possibly  a  mild  diarrheea  or  a  slight  even- 
ing rise  of  temperature  may  have  existed,  but  nothing- 
more  serious,  except  in  the  very  severe  cases,  in  wliicli  we 
may  have  "dyspncea,  endocarditis,  bronchitis,  angina, 
pulmonary  congestion,  or  haemoptysis"  (Brocq)  to  con- 
tend with. 

Pathologt. — The  histological  changes  in  dermatitis 
herpetiformis  are  mostly  those  of  diapedesis,  most  accent- 
uated in  or  near  the  papilla;.  In  this  region  of  the  corium 
the  vessels  are  dilated,  a'dema  is  present,  and  the  swollen 
meshes  of  the  connective  tissue  contain  lymphocytes, 
eo.sinophiles,  and,  later,  polynuclear  leucocytes.  The 
deeper  layers  of  the  corium  are  normal,  while  in  the  rete 
we  find  a  few  eosinophiles  and  some  hyperplasia  (acan- 
thosis). As  the  disease  progresses  and  approaches  the 
vesicularor  bullous  stage,  the  rete  cells  are  vacuolated, 
a  few  polynuclear  leucocytes  appear,  and  oedema  becomes 
more  marked.  In  the  papilla;  similar  changes  arc  occur- 
ring until  finally  the  two  layers  separate  and  thecpidermis 
is  raised,  forming  a  liquid  chamber  containing  tilnin, 
coagulated  albumin,  and  many  eosinophiles. 

The  blood  changes  are  extrcijiclv  interesting  and  have 
been  studied  especially  by  Leredde,  who  claims  more 
than  other  investigators  are  willing  to  admit.  Leredde 
asserts  that  eosinophilia  is  constantly  present  and  in- 
creases very  perceptibly  wilh  the  appearance  of  a  fresh 
outbreak  of  vesicles  or  bulla'.  According  to  his  figures 
tne  percentage  of  eosinophilous  cells  is  'generally  from 
eight  to  fifteen  and  may  run  u|>  to  from  twenty  to  forty 
while  the  polynuclear  leucocytes  are  reduced  to  forty  or 
ntty  per  cent.  In  a  bulla  occurring  in  one  of  Dr  White's 
cases  m  Boston,  Cabot  found  eosinopliiles  present  to  the 
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amount  of  ninety  per  cent.     From  the  results  of  these 
studies  Leredde  wishes  to  call  this  disease  hematodermite. 

DiACiNosis.— Before  asserting  positively  that  a  patient 
is  afflicted  with  dermatitis  herpetiformis,  one  must  ex- 
clude the  possibility  of  erythema  multiforme,  eczema, 
pemphigus,  dermatitis  medicamentosa,  impetigo  herpeti- 
formis, and  possibly  urticaria  bullosa  and  hydroa  aastivale. 
Such  a  differential  diagnosis  is  by  no  means  always  simple, 
and  in  many  cases  it  is  only  after  careful  questioning  and 
a  supervision  of  the  case  for  a  sufficient  period  of  time 
that  the  physician  can  be  sure  that  liis  diagnosis  of  der- 
matitis herpetiformis  is  correct. 

Space  does  not  permit,  in  this  resume  of  the  subject,  to 
go  minutely  into  tlie  details  of  all  these  possibly  conflict- 
ing  diseases,  but  let  us  remember  that  if  we  are  consulted 
by  a  person  who  has  a  dermatitis  which  presents  a  multi- 
formity of  lesions,  among  which  vesicles  and  bullte  are 
especially  prominent,  andVhich  are  accompanied  by  great 
pruritus,  we  must  surely  consider  it  probable  that  we  are 
dealing  with  a  dermatitis  herpetiformis.  And  if  the  dis- 
ease lias  lasted  many  weeks  and  is  marked  by  successive 
outbreaks  of  grouped  vesicles  preceded  by  fever  and 
malaise  and  followed  by  intense  itching  and  no  other 
bodily  disturbance,  then  we  may  feel  almost  positive  of 
the  correctness  of  our  diagnosis. 

TRE.A.TMENT. — At  all  periods  of  the  disease  we  must 
try  to  alleviate  the  distressing  pruritus,  and  in  all  prob- 
ability one  of  the  following  prescriptions  will  prove  of 
benefit:  I?  Zinc.  oxid.  ?ss.,acid.  carbol.  3ss.,  aq.  calcis 
|viij.;  I^  Pulv.  calamin.  |ss.,  acid,  carbol.  3  ss., 
glycerin.  3ij.,  aquoe  |vii,i.;  or  1}  Zinc.  oxid.  3ss., 
su'lph.  priiccip.  3  ss.,  lanolin.  ^  i.  ;  and  internally  we  may 
try:  ^  Potass,  acetat.  ^i.,  aqua;  §  viij.  S.  Table- 
sp'oonful  in  water  t.i.d.,  or  IJ  Phenacetin,  gr.  x.  t.i.d. 
We  must  advise  a  mild,  nourishing  diet  and  forbid  all 
exciting  foods  and  drinks. 

When  the  disease  lias  established  itself,  internal  ad- 
ministration of  arsenic,  quinine,  ergotin,  atropine,  iron, 
or  strychnine  and  a  mild,  supporting  diet  and  rest  in  bed 
often  afford  relief. 

Prognosis. — In  almost  all  cases  we  can  assure  our  pa- 
tient of  an  ultimate  recovery;  but  he  must  prepare  him- 
self for  many  vexatious  setbacks  and  delays.  If,  how- 
ever, the  patient  is  old  and  feelile  and  the  disease  has 
assumed  the  distinctly  chronic  phase  we  must  not  be  too 
hopeful,  for  inanition  from  the  effects  of  the  disease  and 
from  loss  of  sleep  or  intercurrent  diseases  may  carry  him 
off  despite  our  most  careful  treatment. 

CharUa.T.   White. 

DERMATITIS,  MALIGNANT  PAPILLARY;  PAGET'S 
DISEASE. — Deftxition. — A  very  chronic,  finely  papular 
dermatitis,  usually  of  the  female  nipple,  associated  with 
oozing  and  crust  formaticm  and  in  course  of  years  de- 
generating into  carcinoma. 

SYMrxoMs. — In  18T4  Sir  .Tames  Paget  published  a  de- 
scription of  fifteen  cases  of  the  peculiar  affection  which 
has  since  borne  bis  name.  The  disease  may  begin  with 
an  unusual  plugging,  with  horny  concretions,  of  the 
follicular  openings  about  the  nipple,  or  it  may  first  ap- 
pear as  .-1  mildly  d('S(iuaniating  dermatitis  of  the  areola. 
This  condition  is  soon  followed  by  a  slight  oozing  with 
consequent  adherent  crusting,  and  this  appearance,  in 
turn,  yields  to  exulceration.  Thus  the  disease  is  fully 
established,  and  with  a  gradually  increasing  circumfer- 
ence it  may  remain  in  this  stage  for  years.  It  is  usually 
in  this  stage  that  the  physician  first  sees  his  patient  and 
on  examination  will  note  the  following  characteristics: 
he  will  find  a  dermatitis,  usually  of  "one  breast,  very 
rarely  of  both,  varying  in  size  from  the  area  of  the  areola 
to  one  involving  the  whole  breast  with  the  nipple  as 
its  centre ;  he  will  find  the  lesion  round  or  elliptical  in 
shape,  Avith  a  delicately  raised,  finely  serpiginous  border 
about  which  may  be  seen  minute  vascular  twigs;  lie  will 
lie  peeiiliariy  struck  with  the  very  brilliant  redness  of  the 
part,  which  appears  as  a  raw  surface  covered  with  minute 
papules,  some  of  which  are  tipped  with  newly  formed 
epithelium,   and    producing  a   "copious,    clear,"  yellow, 
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Dermatitis. 


viscid  exudation"  which  dries  and  forms  crusts;  and 
finally  he  will  recognize,  on  grasping  the  lesion  between 
his  lingers,  a  feeling  of  delicate  resistance,  as  though  a 
piece  of  cardboard  or  a  thin  layer  of  metal  wei'e  embedded 
in  the  skin. 

Connected  with  these  outward  signs  the  patient  will 
complain  of  pain,  which  may  be  neuralgic  or  lancinat- 
ing, and  when  the  disease  is  well  advanced  pruritus  will 
develop  and  frequently  become  annoying,  leading  to 
scratching  and  consequent  fissuring  of  the  skin. 

The  disease  will  thus  progress  slowly  with  gradual 
destruction  and  retraction  of  the  nipple.'and  in  the  end, 
which  may  not  be  for  twenty  years,  will  degenerate  into 
carcinoma,  which  always  begins  in  the  region  of  the  nip- 
ple and  may  remain  superficial  or  may  involve  the  whole 
organ  and  surrounding  tissues  and  "lead  to  metastasis. 
These  are  the  symptoms  of  Paget 's  disease,  which,  as  a 
rule,  attacks  the  female  nipple,  but  it  has  been  observed 
by  Crocker  upon  the  scrotum  and  by  Pick  upon  the 
glans  penis. 

Etiology. — Age  plays  an  important  role,  and,  although 
an  example  of  the  disease  has  been  observed  in  a  patient 
of  twenty-eight,  the  vast  majority  of  cases  occur  between 
the  ages  of  forty  and  sixty  years.  Sex  also  proves  a  de- 
ciding factor,  as  but  few  cases  thus  far  have  been  observed 
in  men.  As  to  the  actual  determining  cause  of  this  dis- 
ease, the  pathologists  are  at  present  uncertain.  In  1889- 
90,  wlien  Wickham  and  Darier  published  their  excellent 
monograph  (which  to-day  remains  the  best  we  have  upon 
this  subject),  the  theory  was  accepted  that  coccidia  or 
psorosperms — a  subdivision  of  the  sporozoa — were  the 
undoubted  cause.  To-day,  we  must  hold  our  decision  in 
abeyance,  awaiting  the  final  settlement  of  the  question  as 
to  whether  these  peculiar  bodies  are  reality  living  para- 
sites or  merely  strangely  degenerated  epithelial  cells. 

Pathology. — The  microscopical  study  of  Paget's  dis- 
ease is  extremely  interesting.  Darier  and  Wickham 
divide  the  lesions  into  three  stages: — first,  that  of  hyper- 
trophy ;  second,  that  of  atrophy ;  and  third,  that  of 
cancer. 

First  Stage. — Here  the  horny  layer  is  thin  and  com- 
posed of  delicate  lamellae,  the  granular  layer  is  slightly 
increased  in  thickness,  and  the  mucous  laj'er  appears  to 
be  two  or  three  times  thicker  than  normal.  This  layer 
contains  at  the  same  time,  in  varying  abundance,  the  pe- 
culiar bodies  which  diiler  in  protoplasm,  in  shape,  and  in 
size  from  normal  epithelium,  and  are  enveloped  in  a 
double,  highly  refractile,  hyaline  membrane.  At  times 
the  interpapiilary  down-growths  are  composed  entirely 
of  these  bodies.  The  derma  presents  two  distinct  layers, 
the  upper  of  which  is  formed  of  dense,  parallel,  straight 
fibres,  which  receive  faintl_y  the  coloring  reagents  and 
contain  in  their  interstices  fusiform  or  flattened  connec- 
tive-tissue cells.  Unna  holds  an  entirely  different  con- 
ception of  this  layer  and  claims  that  it  is  all  a  pure 
plasmoma.  From  this  region  all  elastic  fibres  have  dis- 
appeared, but  the  blood  and  lymph  vessels  persist  as 
straight,  vertical,  enlarged  tubes,  and  much  inflammation 
is  visible  about  the  sebaceous  glands.  The  lower  layer 
of  the  derma,  including  the  sweat  glands,  remains  normal 
in  all  respects. 

The  Second  Stage.— This  is  in  reality  a  condition  of 
atrophy,  and  we  find  tlie  horny  and  granular  layei'S  com- 
pletely absentin  places  and  therete  Slalphighi  either  also 
gone  or  reduced  to  two  to  three  layers  of  cells,  wliieh  in 
turn  are  almost  entirely  composed  of  the  peculiar  psoro- 
sperm  ( ?)  bodies  and  extra vasated  leucocytes.  The  derma 
presents  the  same  characteristics  as  in  the  first  stage. 

The  Third  Stage.— K  detailed  description  of  this  stage 
would  carry  us  beyond  our  hmits,  but  let  us  only  .say 
that  the  cancer  usually  makes  its  first  appearance  in  the 
surface  epithelium,  where  it  assumes  the  alveolar  type,  or 
it  may  begin  in  the  lactiferous  ducts  or  at  times  in  the 
breast  tissue  itself. 

It  is  interesting  to  note  that  the  so-called  coccidia  can 
be  demonstrated  by  scraping  gently  the  surface  of  the 
lesion  and  examining  the  scales  under  the  microscope 
after  they  have  been  soaked  for  a  few  moments  in  tinc- 


ture of  iodine  or  in  bichromate  of  potash  or  in  liquor 
potassie.  ^ 

Diagnosis.— There  is  only  one  disease  to  he  excluded 
betore  making  a  diagnosis  of  malignant  papillary  derma- 
titis and  that  is  eczema.  Eczema  of  the  nipple  appears 
during  the  child-bearing  period,  while  Paget's  disea.se  is 
most  unusual  before  the  age  of  forty  years.  In  eczema 
we  find  a  soft  area  having  an  ill-defined  border  and  char- 
acterized by  the  presence  of  vesicles,  pustules,  ccdema 
and  jn-uritus,  and  when  the  disease  has  become  chronic 
we  find  frequent  improvements  or  exacerbations.  In 
Paget's  disease  none  of  these  characteristics  is  present  and 
in  their  stead  we  see  an  area  that  is  frequently  painful  to 
the  touch,  is  brilliantly  red  in  color,  has  a  granulating 
surface,  yields  but  rarely  to  medical  treatment,  and  con- 
stantly increases  in  size  through  years  and  years. 

Treatment.  —Authorities  differ  in  their  views  in  regard 
to  the  treatment  of  Paget's  disease.  The  English  believe 
in  rnild  applications,  and,  if  no  improvement  ensues  after 
suflicient  trial,  they  advocate  thorough  extirpation  as 
soon  as  the  diagnosis  has  been  confirmed  by  the  micro- 
scope. 

The  French,  on  the  other  hand,  try  first  tlieir  mild 
measures  and  resort  to  the  knife  only  when  more  active 
means — such  as  applications  of  from  five-  to  ten-per-eent. 
pyrogalhcacid,  or  ten-per-eent.  iodoform,  or  thirty-three- 
per-cent.  chloride  of  zinc— have  failed. 

Prognosis.— So  far  as  the  life  of  the  individual  is  con- 
cerned the  future  is  comparatively  hopeful,  for  ample 
warning  is  given  the  surgeon  to  reach  a  correct  diagnosis 
and  to  remove  the  new  growth  before  metastases  have 
been  formed.  As  to  the  future  of  the  original  disease, 
it  is  only  proper  to  tell  the  patient  that  if  she  neglects  the 
new  tissue  cliange  she  must  inevitably  expect  to  suffer 
for  her  rashness.  Charles  J.  White. 

DERMATITIS  MEDICAMENTOSA.— By  tliis  term— in 
the  strict  sense  of  the  word — is  meant  a  congestion  or  in- 
flammation of  the  skin  resulting  from  the  action  of  drugs 
taken  into  the  s_ysteiii  through  the  digestive  tract.  Those 
eruptions  which  result  from  the  direct  application  of 
drugs  to  the  cutaneous  system  constitute  the  condition 
known  as  dermatitis  venenata,  and  these  will  he  discussed 
in  a  later  article.  A  true  drug  eruption  is  not  of  common 
occurrence,  and  when  it  is  encountered  it  is  usually  the 
result  of  some  idiosyncrasy.  It  may  be  due  to  an  acute 
poisoning  following  an  overdo,se  of  the  given  drug,  or  it 
may  be  the  natural  sequence  of  a  cumulative  action  of 
the  drug  due  to  a  retarded  action  of  the  emuuctories.  In 
the  idiosyncratic  cases  the  erujition  may  follow  a  single 
small  dose  of  the  drug,  which  may  then  be  regarded  as  a 
poison  to  the  individual  in  question. 

As  to  the  nature  of  the  eruption,  it  varies  greatly.  By 
far  the  most  common  form  is  a  more  or  less  diffuse  ery- 
thema or  blush,  while  scarlatinoid  and  urticarial  rashes  are 
by  no  means  infrequent.  More  rarely  will  purpuric  spots 
be  noted,  or  bullae  and  nodular  eruptions,  while  again 
pustular  dermatitis  characterized  by  true,  more  or  less 
minute  abscess  formations,  will  result  from  the  action  of 
certain  drugs,  as  quinine  and  potassium  iodide.  The  in- 
dividual lesion  in  these  eases  does  not  differ  materially 
or  even  at  all  from  the  simple  form  of  the  erujition,  and 
is  recognized  as  resulting  from  the  drug  action  only  be- 
cause of  its  appearance  after  the  administration  of  the 
drug,  or  because  it  is  present  in  greater  numbers  than  in 
the  uncomplicated  condition  or  in  UDU,sual  locations.  The 
theories  as  to  the  development  of  the  eruption  vary. 
According  to  some,  they  follow  a  marked  vaso-motor 
action,  as  in  the  cases  o"f  the  erythematous,  urticarial, 
and  scarlatinoid  rashes.  In  these  cases  there  must  ensue 
a  paralysis  of  the  vaso-motor  system  either  locally  or 
affecting  the  entire  system,  when  the  spinal  vaso-motor 
centre  is  involved.  According  to  Morrow,  the  eruption 
may  result  from  some  irritation  of  the  sensory  nerves  of 
the"gastro-intestinal  mucosa.  Again,  the  trophic  centres 
regulating  the  nutrition  of  the  skin  may  be  the  parts 
primarily  affected  ;  but  whatever  the  etiology  a  peculiar 
idiosyncrasy  undoubtedly  exists  in  many  eases. 
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Dermatitis.  

Proceeding  now  to  a  study  of  the  various  forms  of  drug 
erupdon  that  have  been  noted,  we  hnd  tlie  following 

L'iveu  in  their  alphabetic  order:  

^Abscess  or  pLtular  Dermatitis. -qmnme  has  been 
found  to  give  rise  to  single  or  multiple  abscess  formation 
in  certain  instances,  as  recorded  by  Morrow,  Neumann, 
Schuppert,  and  others. 

Bnllm  -A  number  of  drugs  will  produce  a  bullous 
eruption  Thus,  very  rarely,  bromine  may  so  act,  as  in 
a  case  reported  by  Wigglesworth,  the  eruption  appearing 
on  the  trunk  and  the  blebs  varying  in  size  from  a  split 
pea  to  the  finger  tip.  Other  drugs  so  acting  are  aconite 
(Panas),  quinine,  chloral,  copaiba  (HardyX  morphine 
(Kirn),  phosphoric  acid  (Hasse),  cannabis  indica  (Hyde), 
and  iodine  (Fox  and  Hyde). 

Cywiosis.— Blueness  of  the  skm  has  been  frequently 
noted  after  the  administration  of  large  doses  of  the  coal- 
tar  products,  notably  antifebrin  or  compounds  of  that 
body,  such  as  monobrom-acetanilid.  The  .skin  is  anajmic 
and  slaty  colored  in  most  of  the  instances.  Examination 
of  the  blood  in  these  cases  shows  it  to  be  of  a  dark  blue 
color. 

Deiqiiamation. —M-drked  and  persistent  desquamation 
has  been  recorded  by  Koebner  after  the  use  of  quinine, 
and  this  occurred  subsequently  to  the  appearance  of  an 
erythematous  rash.  Moderate  descjuamation  usually 
follows  the  erythema  produced  by  quinine  ingestion. 

Ecthyma. — Bromine  has  rarely  given  rise  to  an  ecthy- 
matoid  eruption,  as  recorded  "by  Van  Harlingen  and 
Voisin. 

Eczema. — Various  drugs  may  produce  an  eczematous 
rash,  notably  anacardium,  chrysarobin,  borax  (Fere  and 
Larrey),  potassium  bicarbonate,  iodoform  (Neisser),  and 
rarely  bromine  (Voisin). 

Erythema. — A  great  variety  of  drugs  have,  when  in- 
gested in  large  quantities,  given  rise  to  a  more  or  less 
diffuse  erythema.  Among  these  may  be  mentioned  aci- 
dum  benzoicum,  acidum  boricum,  anacardium,  antipyrin, 
arsenic,  acidum  salicylicum,  belladonna,  bromine,  chloral 
hydrate,  chrysarobin,  copaiba,  cubebs,  iodoform,  mor- 
phine, potassium  chlorate,  stramonium,  strychnine,  sul- 
phonal,  tar,  tartarus  boraxatus,  terebene,  tuberculin,  and 
turpentine. 

Furuncle. — Small  boils  or  furuncles  have  been  noted 
after  the  ingestion  of  certain  drugs,  as  arsenic,  bromine, 
quinine,  and  potassium  iodide.  It  is  a  common  manifes- 
tation of  iodism. 

Gangrene. — This  rare  trophic  skin  disturbance  has  been 
observed  after  the  use  of  arsenic,  ergot,  potassium  iodide, 
and  quinine  (Schuppert). 

Herpes. — Salicylic  acid  may  produce  an  herpetic  erup- 
tion. 

Pigmentation. ~A  darkening  or  discoloration  of  the 
skin  may  foUoAv  the  use  of  arsenic,  acidum  picricum,  and 
the  silver  salts  (argyria). 

Pityriasis.— X  form  of  pityriasis  rubra  has  occurred 
from  the  use  of  potassium  bichromate. 

Psoriasis.— Qm-AX  and  potassium  bichromate  in  indi- 
viduals so  predisposed  may  produce  a  psoriatic  eruption. 

Purpura.— K  number  of  drugs  have  caused  a  pur- 
puric eruption,  notably  salicylic  acid,  chloral  hydrate, 
chloroform  (by  inhalation),  the  iodides,  quinine,  and  sul- 
phonal. 

Pustules.— kcMmie,  arsenic,  .salicylic  acid,  bromine, 
chloral,  and  iodine  have  given  rise  to  pustular  forma- 
tions. 

(//■<MYww.— Anacardium,  bromine,  copaiba,  iodine, 
resin,  quinine,  salol,  and  santonin  may  produce  an 
eruption  of  urticarial  wheals. 

Imcuire.— Vesiculaj  have  been  noted  after  the  inges- 
tion ot  many  drugs,  mainly  salicylic  acid,  aconite  can- 
nabis indica,  chloral,  copaiba,  iodine,  morphine  oleum 
morrhuffi,  quinine,  and  turpentine. 

/,«<«.      Arsenic  may  produce  an  eruption  of  zoster 
are  rerovrk'?!  if,'  "f  *  "'".^  ^i^'e  rise  to  lesions  such  as 

persistent.     These  are  so  well  known  that  a  more  detailed 
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description  at  this  place  will  not  be  necessary.  The  ex- 
anthematous  rashes  produced  by  many  drugs  are  purely 
vaso-motor  in  origin.  All  of  the  various  symptoms  are 
prone  to  occur  in  clearly  defined  groups,  without  any 
features  that  would  differentiate  them  from  the  erup- 
tions resulting  from  other  causes.  Their  course  may  be 
slightly  atypical  in  that  there  may  be  an  absence  of  some 
of  the  symptoms  usually  associated  with  the  eruption, 
or  the  presence  of  a  symptom  not  generally  noted,  but, 
as  a  rule,  the  course  and  duration  conform  to  the  ordi- 
nary, and  the  diagnosis  must  be  made  from  the  history 
of  the  case,  from  the  disappearance  of  the  eruption  on  the 
withdrawal  of  the  drug,  and  from  its  prompt  reappearance 
when  the  treatment  is  resumed.  The  subjective  symp- 
toms vary  with  the  eruption.  Frequently  there  is  a  sen- 
sation of  burning,  tingling,  or  itching,  tliis  often  being 
associated  with  the  peculiar  physiological  manifestations 
of  the  drug.  Often  no  symptoms  are  present  beyond  the 
appearance  of  the  characteristic  eruption. 

The  treatment  of  drug  eruptions  consists  in  the  imme- 
diate withdrawal  of  the  drug  and  in  the  application  of 
some  healing  substance,  as  the  glycerite  of  tannin  (1  to  3), 
boric-acid  ointment,  ichthyol  ointment  (in  lanolin  oranti- 
phlogistin),  or  simple  cold  cream  or  vaseline.  Antipru- 
ritics, as  carbolic-acid  solution,  may  give  relief,  and  alka- 
line cliuretics  are  often  useful.  In  certain  cases  in  which 
an  eruption  is  feared  from  the  use  of  a  given  drug,  it  is 
possible  so  to  combine  the  remedy  with  other  substances 
as  to  ward  off  the  unfavorable  manifestation.  Thus,  the 
mineral  acids  ma}'  be  given  to  prevent  the  rash  which  fol- 
lows the  use  of  pyrogallol  and  chrj'sarobin.  Liquor  po- 
tassii  arsenitis  in  small  doses,  given  with  potassium  iodide 
or  potassium  bromide,  appears  to  modifj'  acneiform  erup- 
tions. The  number  of  drugs  capable  of  producing  a  der- 
matitis venenata  is,  figuratively  speaking,  legion,  and  it 
is  manifestly  impossible  in  an  article  of  this  size  to  enu- 
merate them  all.  Emmanuel  J.  Stout. 

DERMATITIS  PAPILLARIS  CAPILLITII.— (Synonyms. 

Dermatitis  Papillomatosa  Capillitii,  Acne-Keloidor  Acne 
Cheloidienne  [Bazin] ;  Sycosis  Capillitii  [Raver] ;  Sycosis 
Frambcesia  [Hebra] ;  Mycosis  FrambcBsioides  or  Plan 
Ruboide  [Alibert].) 

Kaposi  was  the  first  to  describe  this  affection  under 
the  above  title.  It  is  regarded  as  a  very  rare  disease,  al- 
though the  author  has  bad  the  opportunit}'  of  observing 
five  cases  in  five  years,  three  of  which  occurred  in  negroes 
and  two  in  white  individuals.  Different  opinions  exist  as 
to  its  exact  character.  Thus  Brocq  regards  it  as  a  form  of 
folliculitis  decalvans;  Hebra  calls  it  sycosis  frambcesi- 
formis:  Bazin  has  given  it  the  name  acne-keloid;  and 
Alibert  has  descritied  the  process  as  pian  ruboide.  Ka- 
posi looks  upon  the  disease  as  being  entirely  independent 
of  syphilis  and  not  originating  in  the  follicles,  and  be  re- 
gards it  as  an  i<liopathic  inflammatory  condition,  which 
usually  begins  on  the  back  of  the  neck  at  the  lower  hairy 
margin  and  extends  upward  toward  the  vertex. 

Symptoms. — The  disease  first  manifests  itself  in  the 
form  of  papules,  the  size  of  a  pin's  head,  which  are  iso- 
lated at  first,  but  soon  become  closely  crowded  and  form 
cicatricial,  keloidal,  pale  or  red  plaques  which  are  very 
firm.  Later,  exceedingly  vascular,  papillomatous  vege- 
tations, consisting  of  granulation  tissue,  develop  in  the 
occipital  region.  These  growths  project  from  2  to  3  cm. 
above  the  level  of  the  skin,  bleed  easily,  are  covered  with 
eru.sts,  and  exude  an  evil  smelling  secretion.  At  times 
abscess  formation  and  destruction  of  tissue  occur.  After 
the  process  has  continued  for  years  the  growths  are  re- 
placed by  cicatricial  formation, "keloidal  in  character,  and 
pronounced  atrophy  of  the  hair  follicles  results.  Bald 
patches  are  visible  here  and  there  and  the  hairs  are  ar- 
ranged in  tufts  on  the  cicatricial  tissue — conditions  which 
are  characteristic  of  the  affection.  The  hairs  are  removed 
with  ditHculty ;  they  are  brittle,  twisted,  and  tortuous. 
When  the  nodules  are  incised  with  a  scalpel,  distinct 
creaking  can  be  detected  and  the  cut  surface  shows  nu- 
merous bleeding  points,  Small  pustules  are  observed 
here  and  there.     Slight  tenderness  and  decided  pain  at 
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times  may  be  experienced  by  the  patient ;  these  symp- 
toms, however,  may  be  lacking.  The  disease  pursues  a 
very  slovif  course,  but  continues  to  progress. 

EtioIjOGY. — Tire  cause  of  the  affection  is  unknown.  It 
is  said  to  appear  at  any  time  of  life  and  in  either  sex ;  the 
cases  observed  by  the  author  were  all  in  males,  ranging 
from  twenty -two  to  thirty  years  of  age,  three  of  tliem 
being  negroes.  The  situation  of  the  lesions  has  led  some 
to  attribute  the  occurrence  of  the  disease  to  irritation 
from  collar  or  shirt  b\ittous. 

Pathology. — According  to  Kaposi  the  affection  con- 
sists in  a  chronic  inflammation  of  the  corium,  in  conse- 
quence of  which  a  free  production  of  connective  tissue, 
of  blood-vessels,  and  of  papillary  outgrowths  from  the 
skin  ensues.  The  pressure  of  the  new  connective  tissue 
causes  destruction  of  the 
sudoriparous  and  sebace- 
ous glands  and  atrophy  of 
the  hair  follicles. 

Diagnosis.  — The  loca- 
tion of  the  disease  upon 
the  back  of  the  neck,  the 
peculiar  hardness  of  the 
growths,  the  presence  of 
hair,  arranged  in  tufts,  on 
sclerosed  tissue,  are  char- 
acteristic of  the  affection. 
In  sycosis  the  two  latter 
features  are  not  present, 
and  the  pustules  are  pen- 
etrated through  their  cen- 
tres by  a  hair;  in  acne- 
keloid,  however,  this  is 
not  the  case.  Verrucas 
and  papillomata  are  not 
so  tirm  to  the  touch,  they 
pursue  a  different  course, 
and  the  keloidal  condition 
is  absent. 

Prognosis.  —  The  gen- 
eral health  does  not  ap- 
pear to  be  influenced  by 
the  aftection;  it  is  quite 
rebellious  to  treatment 
and  prone  to  recur  after 
removal.  The  course  of 
the  disease  is  steadily  pro- 
gressive and  shows  no 
tendency  to  spontaneous 
recovery. 

Tkea'tmbnt. — This  is 
quite  un.satisfactory.  Re- 
moval with  the  kuife, 
curetting,    application    of  -it 

caustics  or  the  actual  cautery,  have  all  been  tried,  in 
two  cases  which  the  author  had  an  opportunity  to  ob- 
serve, the  disease  returned  after  thorough  excision. 
Kaposi  speaks  of  emplastrum  hydrargyri  being  effect- 
ive He  advises  removal  of  the  papillary  and  keloidal 
growths  with  scissors  and  knife.  The  resulting  hemor- 
rhage is  controlled  with  cotton  tampons  and  the  addi- 
tional appHcatiou  of  silver  nitrate,  1  to  1,  or  the  Paquelin 
cautery.  Thorough  cauterization  of  the  base  is  impera- 
tive after  removal.  The  galvano-cautery  has  been  em- 
ployed by  Hebra,  Jr.,  who  entertains  a  high  opinion  ot 
this  method  of  removing  the  growth. 

The  author  is  indebted  to  Dr.  H.  W.  Stelwagon  for  the 
accompanying  illustration.  Emmanuel  J.  Stout. 

DERMATITIS  REPENS.— Definition.— A  dermatitis 
acute  in  type,  chronic  in  character,  arising  from  a  wound 
of  the  hands  or  of  the  feet,  spreading  always  peripher- 
ally and  dependent  probably  upon  some  nerve  disturb- 
ance. ^  ,  •,      1   K 

Symptoms  —Dermatitis  repens  was  first  described  by 
Radcliffe  Crocker  *  in  1888,  and  in  1896  and  in  1897  by 


Fig.  1593.— Dermatitis  Papillaris  Caplllitii  in  a  Negro. 
H.  W.  stelwagon.) 


*  "Diseases  ol  the  SMn,"  3a  edition,  p.  180. 


Stowers*  and  by  Fr(^clief  respectively,  who  described 
conditions  which  correspond  in  many  ways  with  Crocker's 
original  cases.  Since  then  no  writer,  to  my  knowledge, 
has  added  to  this  small  list  of  cases. 

The  origin  of  the  disease  can  almost  always  be  traced 
to  a  wound  of  an  extremity — usually  the  hand.  The 
patient  notices  that  the  injury  is  slow  in  heahng  and 
gradually  realizes  that  the  disease  is  increasing  in  extent. 
This  slow  but  persistent  spread  has  been  watched  from 
its  original  seat  at  the  finger  tip  over  the  entire  hand,  up 
the  arm,  across  the  shoulder  and  down  the  opposite  arm. 
The  original  lesion  is  a  vesicle  or  a  bulla  which  ruptures, 
leaving  a  moist,  intensely  red,  exposed  base.  By  an  in- 
definite repetition  of  this  primary  process  the  disease 
spreads,    producing   a  sodden,  raised,   and  undermined 

border  which  leaves  in  its 
wake  either  a  moist,  ooz- 
ing, erythematous  area  or 
a  dry,  glistening,  pinkish 
skin  devoid  of  the  horny 
layer. 

The  progress  of  the  dis- 
ease is  very  slow  and  the 
rate  of  spread  varies  fronl 
one-eighth  to  one-fourth 
inch  a  week.  The  longest 
duration  of  the  entire  pro- 
cess yet  recorded  is  eight 
months.  The  health  of 
the  patient  is  not  affected 
and  the  temperature  re- 
mains normal.  Subject- 
ive symptoms  are  practi- 
cally wanting. 

Etiology. — Our  knowl- 
edge of  the  origin  and  the 
subsequent  progress  of 
this  rare  condition  is  at 
present  merely  one  of  con- 
jecture and  depends  upon 
no  bacteriological  or  his- 
tological investigations. 
Crocker  argues  from  Its 
manner  of  growth  by  peri- 
pheral extension  only  that 
it  is  bacterial  in  origin, 
and  from  its  chronieity 
and  from  its  resistance 
even  to  the  strongest  bac- 
tericidal chemicals  that 
some  disturbance  of  nu- 
trition favors  the  progress 
of  the  disease. 
Pathology.  —  Unfortu- 
nately, dermatologv  has  received  thus  far  no  data  upon 
the  microscopical  conditions  associated  with  this  affec- 

Dii-GNOSis.- Eczema  madidans,  a  late  syphilide,  and 
rino-worm  are  the  three  conditions  to  be  excluded  be- 
fore committing  oneself  to  the  unusual  diagnosis  of 
dermatitis  repens.  The  probability  of  the  first  disease 
could  be  eliminated  by  the  chronic  and  obstinate  continu- 
ance of  the  process,  by  peripheral  extension,  by  the 
absence  of  subjective  symptoms,  and  by  the  healthy 
influence  of  such  powerful  agents  as  sulphate  of  copper, 
permanganate  of  potassium,  etc.  A  dry,  scaling  syphilide 
could  he  ruled  out  probably  by  therapeutic  tests,  by  the 
superficial  character  of  the  lesion,  and  by  the  possibilities 
of  wide-spread  extension  exhibited  by  the  disease.  And 
lastly  all  possibility  of  the  affection  being  caused  by  a 
Sphyton  fungus  could  be  dispelled  by  the  aid  of  the 

"treatment  —The  rational  treatment  suggested  by 
clinical  observation  consists  in  the  locaJ  apphcation  ot 
drugs 


(Case  ot  Dr. 


sufliciently  powerful  to  destroy  the  possible  active 


*«fnwpi's-  Brit   Journ.  Dermatology,  VOL  viii.,  p.  1.  ,      ■■■ 

tlrtehe:' Annates  de  Dermatologie  et  de  SypMigrapme,  vol.  viu.. 


p.  491. 
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asiwit  at  work  iu  tlic  moist  periphery  of  the  disease,  and 
therefore  sueh  chemicals  as  nitrate  of  silver,  sulphate  of 
copper,  lactate  of  lead,  and  permanganate  of  potassium 
were  employed  iu  Crocker's  cases  after  the  raised, 
suiTounding'border  had  been  removed. 

Phoqnosis.— The  eheckins  of  the  disease  and  restora- 
tion to  health  are  at  times  very  slow,  but  in  the  end  the 
patient  can  well  expect  a  com]3lete  recovery  and  need 
have  no  fear  of  subsequent  relapse. 

Chitiies  J.    White. 

DERMATITIS  VENENATA.— Under  this  title  are  cm- 
braced  the  various  dermatitides  resulting  from  irritation 
of  toxic  agents  be- 
longing to  the  min- 
eral, vegetable,  and 
animal  kingdoms. 
The  dermatitis  as- 
sumes various  ap- 
pearances; it  may  be 
erythematous,  urtica- 
i-ial,  papular,  vesicu- 
lar, pustular,  bullous, 
or  gangrenous  in 
character.  Among 
mineral  substances 
the  aniline  dyes, 
which  are  used  large 
ly  in  the  dyeing  of 
wearing  apparel, 
such  as  drawers,  flan- 
nel shirts,  colored  un- 
derskirts, and  the  lin- 
ings in  hats  and 
shoes,  are  very  prone 
to  produce  an  ecze- 
matous,  pruritic 
eruption  of  the  parts 
witii  which  the}'  come 
in  contact.  Usually 
the  inflammation  is 
papular;  It  may, 
however,  be  of  a  ves- 
icular or  pustular 
type,  and  excoria- 
tions and  ulcerations 
may  lesult.  The  dis- 
ease is  usually  con- 
fined to  a  limited 
area,  but  it  may  ex- 
tend to  some  distance 
beyond  the  parts  finst 
involved;  it  is  attrib- 
uted to  the  arsenic 
iu  the  dye.  Paper 
collars  and  eufls  are 
also  at  times  a  source 
of  mischief  to  the 
skin  owing  to  the 
sizing  containing  ar- 
senic. Morrow"  has 
observed  dermatiti- 
des of  an  eczematous 

character  on  the  face  which  he  attributes  to  the  wearin.- 

ot  mourning  veils  of  crepe.  " 

Potassium  liichromate,   which  is  cmploved  in  certain 

trades,  is  apt  to  produce,  in  those  who  handle  it  and  are 

S^'b  '^TT"",''''"'-''  "-"Pti^-'f  various  char 
actcr.  a.  W  Richardson  reports  cases  of  iioisonine  with 
potassium  bichromate   resemblini;  pityriasis   rubf an 
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FIG.  1594.— Deririatitis  Venenata. 


An  interesting  case  of  this  kind  came  under  the  author's 
notice  in  November,  1898,  in  a  workman,   employed  in 
the  manufacture  of  the  drug,  who  exiiibited  three  ulcers: 
two  on  the  right  index  finger  extended  almost  to  the  bone, 
while  the  other,  more  superficial  in  character,  was  on  the 
index  finger  of  the  left  band.     It  is  stated  that,  owing  to 
the  air  being  impregnated  with  the  saltiu  buildings  where 
it  is  manufactured,  the  ijoison  gains  entrance  through 
the  minutest  excoriation.     Crocker  speaks  of  a  French 
polisher    who    had    repeated    pustular   eruptions,    sur- 
rounded by  an  areola,  ou  the  palms.     Unguentum  hj'- 
drargyri,   when  used   carelessly  and   too   energetically, 
locally,  occa.sionallj-  produces  an  erythematous  or  vesicu- 
lar eruption,  "mercu- 
rial    eczema,"     and 
even    dermatitis    ex- 
foliativa  universalis. 
The  author   has  not 
infrequently  ob- 
served an  erythema- 
tous   and     vesicular 
eruption    follow  the 
too    vigorous   appli- 
cation   of    mercurial 
ointment  for  the  pur- 
pose   of     destroying 
pediculi  pubis.    This 
eruption  was  not  lim- 
ited    to     the    pubic 
region  alone,  but  ex- 
tended  over   the  an- 
terior   part    of    the 
chest    to    the   manu- 
brium stemi,  and  was 
accompanied  by 
symptoms     of     mer- 
curial   poisoning. 
The     application    of 
croton  oil  and  tartar 
emetic  for  the   pur- 
pose  of  counter-irri- 
tation may  give  rise 
to    a    vesicular    and 
pustular       eruption, 
and  permanent  scar- 
ring may  result.    Ex- 
amples  of   this  kind 
are    seen    when    one 
makes    examinations 
of   the  chest.      JIus- 
tard,  cantharides,  tur- 
pentine,   savin,    and 
mezereon  all  possess 
the  power  of  setting 
up  cutaneous  inflam- 
mation.      The     local 
use     (if     tincture    of 
arnica,      formerly    a 
popular    reined}-"  for 
slight    injuries,   may 
be  followed  hy  a  pap- 
ular    and     vesicular 
eruption     similar    to 
riius  poisiuiiug.     Inferior  articles    of    soap    not    infre- 
quently  jiroduce   a   dermatitis.     Sapo   viridis   possesses 
caustic   properties   and  acts  as  an   irritant   when  inju- 
diciously  ajiiilied.      Face   powders  and   lotions   for  the 
complexion,  containing  lead  or  arsenic,  and  rouge,  which 
IS  prepared  from  saffron,  are  apt  to  produce  cutaneous 
irritation.     There   exists   a   form   of   dermatitis   among 
workmen  who  handle  paraffin ;  it  affects  principally  the 
dorsum   ot   the   bands.     Individuals   who   handle  'lime. 
Hour,  and  sugar  are  very  prone  to  develop  au  eruption, 
known  as  "trade  eczema."     The  most  frequent  and  se- 
vere form  of  dermatitis  venenata  is  that  occasioned  by 
poisonous  sjiecies  of  the  riius  family.     Rhus  toxicoden- 
dron, known  as  poison  ivy  or  poison  oak,  is  very  ccmimon 
in  the  United  States;   it  grows  along  fences  and  liedge- 


(C'ase  or  Dr.  H.  W.  Stelwagon.) 
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rows,  and  around  trees  to  which  it  is  attached  b_y  rootlets; 
it  is  also  met  with  as  a  shrub  or  low  ti-ee,  when  it  is 
known  as  poison  oak.  All  i)arts  of  the  plant,  particu- 
larly the  leaves  and  root,  contain  a  poisonous  juice.  As 
it  is  likely  to  be  mistaken  tor  (he  Virginia  creeper,  it  is 
well  to  add  that  the  poison  ivy  has  but  thi-ee  leaflets, 
whereas  the  former  has  five  leaflets. 

Rhus  venenata,  poison  ash  (or  elder,  or  sumach), 
swamp  sumach,  poison  dogwood — a  shrub  or  tree,  vary- 
ing in  height  from  six  to  eighteen  feet,  and  having' a 
trunk  fnmi  one  to  Ave  inches  in  diameter — generally  grows 
in  swamps.  It  possesses  more  jHiisonous  ]iroperties  than 
rims  toxicodendron.  The  leaves  are  iiinnate.  the  leaflets 
oblong  or  oval,  entire  or  sometimes  sliglitly  siuuated  and 
pointed,  and  number  from  one  lo  thirteen."  The  poison- 
ous principle  is  attributed  to  the  presence  of  an  oil,  to 
which  Franz  PfafE  has  given  the  name  toxieodendrol. 

Another  very  poisonous  shrub  is  rhus  diveisiloba,  the 
poison  oak  of  the  Pacific  Coast.  Although  it  resembles 
rhus  toxicodendron  to  a  marked  degree,  it  differs  from 
the  latter  by  being  provided  with  acuminate  leaflets. 

Rhus  pumila,  dwarf  sumach,  growing  in  North  and 
South  Carolina,  is  regarded  by  some  as  the  most  poison- 
ous species.  It  is  a  low^  procumbent  shrub  with  from 
eleven  to  thirteen  oval  or  oblong,  acute,  sei-rate  leaflets. 

Rhus  vernix  or  vernicifera,  known  as  walnut-leaved 
sumach,  Japan  lacquer,  or  varnish  tree,  looked  upon  by 
some  as  being  identical  with  rhus  venenata,  grows  in 
China  and  Japan.  It  furnishes  Japan  varnish  and  pos- 
sesses poisonous  properties. 

Susceptibilit}'  to  the  poisons  of  these  different  plants 
varies  greatly  in  individuals.  There  are  well  authenti- 
cated cases  on  record  illustrating  the  susceptibility  of  cer- 
tain persons;  thus  some  individuals  are  even  poisoned  by 
passing  the  plants  or  when  exposed  to  the  smoke  of  burn- 
ing vines.  This  is  so  well  known  that  in  the  country  even 
the  poorer  class  of  people  refuse  to  burn  the  wood  in  their 
stoves  or  fire-places.  Even  the  handling  of  Chinese  lac- 
quer work,  the  varnish  for  which  is  obtained  from  the  rhus 
vernix,  as  stated  above,  produces  a  dermatitis  venenata 
in  some.  The  severity  of  an  attack  varies  froin  an  ery- 
theinatous  and  vesicular  condition  to  a  severe  eruption, 
which  is  frequently  accompanied  b}'  swelling.  The 
period  of  incubation  varies  from  a  few  hours  to  several 
days.  The  symptoms  which  usher  in  the  disease  are 
burning,  heat"  and  itching  which  may  be  very  intense. 
These  conditions  are  generally  first  observed  on  the  face 
and  hands  (lateral  surfaces  of  the  fingers),  as  they  are 
most  exposed.  From  the  hands  the  eruption  may  extend 
to  the  wrists  and  up  the  arms  to  other  parts  of  the  body. 
Not  infrequently  the  swelling  is  so  severe  as  to  cause  clo- 
sure of  the  eyelids,  and  the  "genitalia  are  frequently  in- 
volved, owing  to  the  poison  being  conveyed  by  the  hands 
to  these  parts.  In  very  severe  cases  the  redema  may  be 
so  great  as  to  interfere  with  motion,  and  the  subjective 
syrnptoms,  consisting  of  itching  and  burning,  may  be  so 
pronounced  as  to  render  sleeping  impossible  and  to  re- 
quire the  administration  of  narcotics.  The  eruption  may 
be  erythematous  in  character;  the  eczematous  type,  how- 
ever,"is  most  frequent.  Vesicles,  the  size  of  a  pin's  head, 
situated  on  an  erythematous  base,  develop  rapidly;  they 
may  become  pustules  or  may  attain  the  size  of  blebs. 
The  vesicles  rupture  spontaneously  or  are  destroyed  by 
scratching  or  rubbing  and  exude  a  yellowish,  sticky  fluid 
that  dries  into  yellowush  crusts.  Usually  the  di-sease  runs 
its  course  in  a  fortnight,  but  may  be  prolonged  for  several 
weeks.  Very  sevefe  attacks  are  sometimes  accompanied 
by  sligjit  rise"  of  temperature,  coated  tongue,  and  consti- 
pation. Although  rhus  poisoning  cannot,  in  the  strict 
sense  of  the  word,  be  regarded  as  (iontagious,  there  are 
cases  on  record  in  which  the  poison  has  been  conveyed  to 
others  by  persons  who  had  come  in  contact  with  the  plant 
without"being  poisoned  themselves.  The  poison  may  be 
conveyed  from  the  hands  to  the  penis  while  urinating, 
which"  would  explain  the  frequency  with  which  the  geni- 
talia are  attacked.  There  exists  a  popular  belief  that  der- 
matitis venenata  is  apt  to  recur  repeatedly  during  several 
years;  but  this,  according  to  White,  is  due  to  renewed 


exposure.  Eczema  is  very  prone  to  follow  an  attack  of 
rhus  poi.soning. 

DiAONosis.— The  diagnosis  is  generally  not  difficult,  as 
It  IS  nearly  always  possible  to  get  a  history  of  exposure 
to  the  poisonous  plants.  There  are  certain  points  by 
which  rhus  poisoning  may  be  differentiated  from  vesicil- 
lar  eczema:  the  eruption  is  more  irregular  and  more  scat- 
tered, and  it  occurs  in  streaks  or  patches,  suggestive  of 
contact  with  poisonous  plants. 

PiU)aKosis. — The  cutaneous  eruption  always  has  a 
favorable  termination.  Grave  .systemic  eflects  are  rare; 
a  fatal  (!ase,  however,  attributable  to  the  poison,  has  been 
reported. 

TuEATMEKT.— The  i-emedies  brought  for-ivard  for  the 
treatment  of  this  disease  are  very  ntnucrous.  It  will  be 
sufficient  to  mention  those  which  have  proved  useful. 
Sodium  bicarbonate  or  borax  (.sodii  boras)  luay  be  apphed 
in  powder  form  to  the  affected  parts.  Alkaline  lotions 
will  be  found  eflicient,  such  as  the  saturated  solution  of 
sodium  l)icarbonate  or  solution  of  chlorinate<l  .soda  (liquor 
sodai  clilorata',  also  known  as  Labarraque's  solution),  to 
be  applied  in  half  strength  on  cloths.  A  saturated  .solu- 
tion of  sodium  hyposulphite  m  Sodii  hyposulph.  3i., 
aquse  dcst.  |i.),  constantly  applied,  is  a  very  good 
remedy.  Liquor  plumbi  subacetatis,  in  the  jiroportion 
of  one  part  to  three  of  water,  is  also  serviceable.  Its 
u.se,  however,  is  contraindicated  when  the  skin  is  broken. 
Black  wash,  lotio  nigra,  used  on  cloths,  makes  a  very 
good  application ;  it  must,  however,  not  be  used  over  too 
large  a  surface,  as  it  may  be  absorbed  and  produce  sj'inp- 
toms  of  mercurial  poisoning.  Decoction  of  white  oak 
bark  will  also  be  found  serviceable.  A  very  reliable 
remedy  is  grindeha  robusta  (extractum  grindelia;  ro- 
busta  fluidum)  3  ij.-iv.  to  aq.  dest.  O  i.  Tlie  following 
formula,  recommended  by  Hardaway,  may  be  used  ad- 
vantageously : 

I^  Zinci  suiphatis 1  i. 

Aq.  dest 0  i. 

M.     S.  Apply  on  cloths  and  renew  every  hour. 

The  author  has  had  good  results  with  aristol,  employed 
in  powder  form  and  as  an  ointment  (  3  ss.-  §  i. ). 

Qviite  a  number  of  other  plants  are  capable  of  causing 
cutaneous  inflamiuation.  According  to  Dr.  J.  C.  White 
not  less  than  sixty  domestic  species  possess  irritant  and 
poisonous  properties  when  brought  into  contact  with  the 
skin.  As  it  is  impossible,  owing  to  lack  of  space,  to 
enumerate  in  detail  these  various  iilants,  the  i-eadei-  is  re- 
ferred to  Prof.  J.  C.  White's  excellent  monograph,  "Der- 
matitis Venenata,"  Boston,  1887. 

IrritanU  Belonging  to  tlie  Animal  Kingdom.— k  large 
number  of  insects,  as  the  mosquito,  flea,  bedbug, 
wasp,  bee,  caterpillar,  etc.,  are  capable  of  irritating 
the  skin  by  means  of  biting  or  stinging.  Certain  lower 
forms  of  marine  life,  as  the  jelly-fish,  notably  the 
Portuguese  man-of-war,  sea  urchins,  etc. ;  human  secre- 
tions, viz. :  urine,  perspiration,  nasal  and  aural  .secretions, 
may  give  rise  to  cutaneous  inflammatory  phenomena, 
more  or  less  marked. 

The  author  is  indebted  to  Dr.  Ileni-y  W.  Stelwagon  for 
the  accompanying  illustration.         Emmamiel  J.  fitout. 

DERM  ATOL.— The  trade  name  for  the  subgallate  of  bis- 
inutli,  BiCMLO,,  containing  fifty -five  per  cent,  of  the 
oxide' of  bismuth.  It  is  a  fine,  yellow  powder,  devoid  of 
odor  quite  insf)luble  in  water  or  any  of  the  ordinary  sol- 
vents  free  from  irritating  action,  and  non-poisonous. 

It  lias  been  introduced  to  replace  iodoform,  on  account 
of  its  freedom  from  many  of  the  disagreeable  qualities  of 

that  drug.  ,  ,,     n  . , 

It  is  not  a  bactericide,  but  prevents  the  growth  ot  these 
ort^anisms,  and  in  this  way  compares  favorably  with 
iotloform  and  aristol.  Its  beneficial  action  is  said  to  be 
due  to  its  neutralizing  the  ptomains  produced.  It  is  not 
only  insoluble  but  also  repels  water,  thus  rendering  the 
part  unfavorable  to  the  growth  of  bacteria.  Recently  a 
comjiound  has  been  formed  by  adding  iodine  to  dermatol ; 
it  is  known  as  airol. 
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It  is  not  so  suited  to  the  treatment  of  slouglnng  or 
septic  wounds  as  iodoform,  nor  is  it  sufficiently  stimulat- 
iuK  in  clironic  indolent  ulcers.  It  is  most  serviceable  as  a 
m?ans  of  promoting  cicatrization  in  healing  surfaces,  and 
in  affections  of  the  skin ;  in  burns,  scalds,  chancres,  and 
eczema  particularly  when  characterized  by  mucli  dis- 
charge, it  has  been  used  with  marked  success.  In  these 
cases  the  parts  become  dry  on  the  second  or  third  day  after 
the  drug  has  been  first  applied,  and  the  relief  is  very 
marked.  If  the  part  is  previously  washed  with  an  anti- 
septic lotion  the  action  of  the  remedy  is  greatly  assisted. 
It  may  be  applied  by  dusting  ou  the  part,  or  in  the  form 
of  an  ointment  of  one  part  in  ten.  It  may  with  advantage 
replace  oxide  of  zinc,  starch,  etc. ,  as  a  dusting  powder  for 
scalded  and  denuded  surfaces.  In  chronic  gonorrhoea  the 
following  emulsion  has  been  used  with  success:  Der- 
matol, 3;  gum  acacia,  2;  distilled  water,  25  parts. 

In  dosesof  gr.  .\.\x.  to  xc.  it  has  been  given  internally, 
asasubstitute  for  thesubnitrate,  fordiarrhoca  in  children, 
in  phthisis,  typhoid,  etc.,  with  good  results.  It  may  be 
given  in  wafers  or  as  an  emulsion.        Beaumont  Small. 

DERM ATOLYSIS.— (Synonyms:  Cutis  laxa,  pendula, 
pensilis;  pachydermatocele;  elephantiasis  mollis;  chala- 
zodermia.) 

Definition. — A  soft,  pendulous,  benign  tumor  of  the 
skin  composed  of  hyperplastic,  loosely  connected  fibrous 
tissue. 

Symptoms. — This  variety  of  tumor  is  in  reality  a  sub- 
division of  the  larger  class  of  new  growths  known  as  soft 
fibromata.     It  occurs  often  as  a  single  tumor  or  at  times 


Fig.  I.a5.— Dermatolysls.     (Author's  case.) 

in  association  with  oneor  more  smaller  growths  and  it  has 
been  observed  arising  from  the  face,  the  evebrows  tlie 
occiput,  the  neck,  the  chest,  the  breasts,  the  axilla  the 
back  the  arms,  the  abdomen,  the  nates,  the  thiijhs  and 
the  labia.  It  varies  in  size  from  its  earlv  microscopic 
origin  to  Its  final  maximum  growth,  wlieii  it  may  com- 
pletely hide  the  face  or  may  involve  and  surround  a 
whole  extremity  in  its  enveloping  folds,  or  it  may  cover 
the  whole  back,  as  with  an  immense  pack.  The  shape 
of  the  tumor  varies  with  the  position  of  the  patient,  for 
Its  consistence  is  so  soft  that  it  follows  strictly  the 
force  of  gravity.  The  soft,  spongy  consistence  is  in 
meancrto"H"r"T'..^'^""^'«"^''^^'^'-^t"resof  the'd^- 
ease  and  to  the  touch  the  tumor  mass  feels  distinctlv  soft 

"almosTlwnT  ;  ?;  ^^'''■^■' covers  the  peu,lulous  mass 
IS  almost  au\a\  s  of  a  brownish  hue  and  exhibits  vnrvino- 
degrees  of  stretchintt,  and  thus  wp  flnrl   ti,     r  ir  ?  ^  P" 

426 


tered,  marble-sized  fibromata.  A  marked  characteristic 
of  the  more  extensive  cases  is  their  tendency  to  grow  in 
folds,  which  writers  have  likened  to  the  capes  of  an  old- 
fashioned  driving  coat  or  to  the  flounces  of  a  lady's  dress. 
At  other  times  the  tumors  hang  in  long  straight  bands— 
a  form  well  illustrated  in  an  example  observed  by  Hyde. 

The  subjective  symptoms  are  usually  those  of  physical 
discomfort  due  to  the  presence  and  weight  of  the  tumor 
mass,  although  a  few  instances  of  hypersesthesia  have 
been  recorded. 

Etiology. — With  dermatolysls,  as  in  all  cases  of  new 
growths,  writers  are  still  in  some  doubt  as  to  the  origin 
of  the  new  formation.  Von  Recklinghausen  has  done 
much,  however,  to  unravel  the  mysteiy  of  all  soft  fibrous- 
tissue  tumors  and  has  demonstrated  that  they  are  direct 
outgrowths  from  the  connective  tissue  surrounding  the 
nerves,  glands,  hair  follicles,  vessels,  or  fat  globules  of 
the  skin.  What  determines  the  hyperplasia  in  cases  of 
dermatolysls  the  ob.server  is  usually  at  a  loss  to  account 
for.  Radclifl'e  Crocker  has,  on  the  other  hand,  described 
an  instance  in  which  one  can  undoubtedly  attribute  the 
origin  to  trauma.  A  man  fell  into  the  hold  of  a  vessel 
and  received  severe  injuries  which  resulted  In  a  tedious 
ulcer  of  the  nates,  which  in  time  yielded  to  treatment; 
but  the  subsequent  history  was  that  of  a  large,  pendulous 
tumor  growing  from  the  seat  of  the  original  wound. 

Instances  have  been  recorded  in  which  dermatolysls  has 
occurred  in  several  generations  of  the  same  family  or 
again  in  members  of  the  same  generation,  and  thus  hered- 
ity seems  to  play  a  definite  role  in  a  certain  percentage 
of  the  cases.  Sex  has  no  important  bearing  upon  the 
presence  of  the  tumors. 

The  tissue  change  often  makes  its  appearance  for  the 
first  time  in  late  childhood  or  the  new  growth  may  not 
develop  until  the  patient  is  well  advanced  in  years.  In 
the  writer's  case  (a  Syrian  woman  of  forty -five  j'ears)  the 
tumor  was  first  observed  in  the  left  breast  at  the  age  of 
fourteen,  while  the  change  in  the  right  breast  has  existed 
but  a  few  years  (Fig.  1.59.5).  As  the  individual  grows 
older  the  tumor  increases  in  size,  and,  if  let  alone,  con- 
tinues enlarging  often  for  many  j'ears,  when  it  finallj' 
reaches  its  maximum  size.  Dermatolysis  is  usually  a 
tumor  of  slow  growth,  and,  if  proper  cleanliness  is  exer- 
cised, remains  free  from  the  intercurrent  attacks  of  ery- 
sipelas incident  to  true  elephantiasis,  and,  as  a  rule,  es- 
capes the  ulcerations  which  appear  in  the  later  stages  of 
sarcoma  and  of  epithelioma. 

P.iTiiOLOCJY'. — The  microscopical  appearances  of  der- 
matolysis arc  characterized  principal!}'  by  changes  in  the 
derma  and  in  the  hypodcrma,  but  there  are,  nevertheless, 
a  few  minor  points  to  be  noted  in  the  epidermis.  First, 
we  find  a  slight  disturbance  of  nutrition  in  the  cells  of 
the  stratum  spinosum,  and  secondly,  a  marked  invasion 
of  pigment  granules  in  the  stratum  'germinativum. 

In  the  corium  we  find  a  decided  increase  of  elastic 
fibres  which  occur  in  compact  bundles  distributed  at  in- 
tervals immediately  below  the  epidermis.  This  hyper- 
plasia of  elastic  tissue  is  not  noticed  in  the  deeper  layers 
of  the  derma  but  is  apparently  confined  to  the  subpapil- 
lary  region.  Below  this  line"  we  come  upon  the  tumor 
proper,  wliicli  consists  of  loosely  connected  bundles  of 
fibrous  tissue,  rich  in  cells  (aniong  which  many  mast 
cells  appear)  aud  enclosing  in  its  meshwork  man_y'  blood- 
vessels and  lymph  spaces,  and  it  is  the  presence  "of  these 
abundant  nuclei,  the  loose  formation  of  the  connective 
tissue,  and  the  interlying  vascular  and  Ij-mph  spaces  which 
render  so  marked  the  microscopical  contrast  between 
dermatolysis  and  keloid. 

The  connective-tissue  fibres  may  possibly  undergo  a 
myxomatous  degeneration,  and  at  times  large"  foci  of  jelly- 
like material  may  be  formed  within  the  tumor  mass. 

Diagnosis.— The  diagnosis  of  dermatolysis  should  be, 
therefore,  an  easy  one.  A  single  tumor  of"  the  skin,  usu- 
ally of  long  duration,  arising"  from  almost  any  part  of 
the  body,  save  the  soles  of  the  feet  or  the  palms  of  the 
hands,  hanging  in  one  or  more  folds  or  simply  pendu- 
lously  from  its  point  of  support,  distinctly  soft  and  elastic 
in  cousisteuce,  covered  wilh  a  brownish,   stretched  in- 
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tegument,  should   suggest  most  strongly  jiachyderma- 
tocele. 

The  consistence,  the  absence  of  cedema,  the  rarity  of 
intercurrent  attacks  of  erysipelas  and  of  other  forms  of 
dermatitis,  the  frequent  seat  of  the  lesion  on  parts  of  the 
hody  unknown  as  points  of  departure  in  true  elephan- 
tiasis should  render  the  differential  diagnosis  between 
dermatolysis  and  elephantiasis  Arabum  a  comparatively 
positive  one. 

The  large  size,  the  dependence,  the  frequent  occurrence 
in  folds  and  convolutions  should  exclude  the  probability 
of  lipoma. 

The  pendulousness,  the  brown  rather  than  the  dull  red 
or  purplish  color,  the  continued  good  health  of  the  pa- 
tient, the  absence  of  metastases  or  of  ulcerations  should 
exclude  the  possibility  of  sarcoma;  and,  finally,  the  fact 
that  the  tumor  is  large,  that  it  is  pendulous,  and  that  its 
covering  is  usually  brown  should  lead  the  diagnostician 
to  place  this  new  growth  in  a  separate  division  from  the 
more  frequent  cases  of  multiple  tibroma  which  it  so 
closely  resembles  histologically. 

Pkognosis. — From  the  description  of  the  disease  al- 
ready given  we  can  see  that  dermatolysis  should  cause 
its  unfortunate  possessor  no  fear  of  serious  results,  for 
the  tumor  forms  no  metastases  and  undergoes  ulceration 
but  rarel}^.  The  patient  has  to  dread,  therefore,  only  the 
disfigurement  when  the  disease  exists  upon  the  head,  the 
face,  or  the  neck,  or  the  sense  of  weight  when  the  tumor 
attains  large  size,  and  finally  the  rather  remote  possibility 
of  transmission  to  his  descendants. 

It  will  be  seen  that  the  writer  has  made  no  mention  in 
this  article  of  cases  of  elastic  skin — the  so-called  cutis 
elastica  seu  hyperelastica.  This  is  an  intentional  omis- 
sion, for  the  writer  believes  that  this  condition  of  the  skin 
is  quite  apart  from  the  consideration  of  dermatolysis  and 
should  be  considered  under  its  own  heading. 

Treatment. — There  is  only  one  form  of  treatment  and 
that  lies  in  the  removal  of  the  tumor  with  the  knife. 

Charles  J.   White. 

DERMOID  CYSTS.     See  C>/sts. 

DERIV10L.—Bi(CiJ-IaOi)3BijO3— bismuth  chrysophan- 
ate.  This  is  an  amorphous  yellow  p(iwder  obtained  by 
precipitating  a  solution  of  chrysophanic  acid  neutralized 
by  soda  with  a  solution  of  bismuth  nitrate.  It  combines 
the  values  of  chrysarobin  and  bismuth,  and  is  used  in 
ointment  or  powder  in  such  parasitic  skin  diseases  as 
pityriasis,  favus,  ringworm,  etc.  W.  A.  Bastedo. 

DES  CHUTES  HOT  SPRINGS.— Crook  County,  Ore 
gon.  These  springs  are  located  8  miles  north  of  Warm 
Springs.  They  issue  from  the  base  of  the  cliffs  along 
the  valley  of  the  Wam-Chuck  River.  Their  number  is 
quite  large,  and  some  of  them  have  a  copious  flow. 
The  temperatures  of  two  of  them  are  respectively  143° 
and  145°  F.  Analysis  by  L.  M.  Dornbach  and  E.  W. 
Horsford  showed  the  following  results : 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Sodium  carbonate 34. .50 

Sodium  sulphate •'•^^ 

Calcium  sulphate on  i? 

'    Sodium  chloride ~0*"' 

Potassium  chloride -j-l** 

Magnesium  chloride J-jl 

Sodium  silicate ''—'' 

Iron Trace. 

Total 77.61 

Cubic  inches. 
Carbonic  acid  gas 23..56 

This  analysis  shows  a  valuable  combination  of  mineral 
ingredients."  So  far  as  we  are  able  to  learn,  however,  the 
springs  have  not  been  improved  as  a  resort. 

James  K.  Crook. 

DESMOID  TUMORS.— (Desmoid,  tendon-like.)  This 
designation  has  been  applied  to  that  variety  of  hard 
fibroma  which  on  section  creaks  under  the  knife,  and 


show.s  a  cut  surface  resembling  more  or  less  that  of 
a  tendon. 

These  growths  form  as  a  rule  circumscribed  tumors 
varying  in  size  from  a  mustai'd  seed  to  a  man's  head  or 
even  larger;  and  are  roimd,  nodular,  or  lobulated  They 
usually  possess  a  definite  capsule,  and  grow  entirely  by 
expansion.  Their  con.sistence  is  very  hard  and  (irm. 
On  section  they  show  a  wliite,  glistening,  tendon-like 
surface  in  which  the  whorled  and  interlacing  bundles  of 
coarse  fibres  of  connective  tissue  are  often  visible  to  the 
naked  eye.  The  cut  surface  is  dry  or  but  veiy  slightly 
moist.  Occasionally  the  color  is  pink  or  reddisli.  To 
the  naked  eye  few  blood-vessels  are  usually  visible,  but 
microscopically  these  growths  may  be  found  to  possess  a 
well-developed  system  of  vessels.  Occasionally  the  latter 
may  become  angiectatic,  wherebv  the  cut  surface  of  the 
growth  is  mottled  red  and  white' 

The  finer  structure  of  these  growths  consists  almost 
entirely  of  fibrous  connective  tissue,  either  arranged  in 
coarse  fibres  or  appearing  almost  hyaline  and  homogene- 
ous. The  intercellular  substance  far  exceeds  the  cells  in 
amount,  the  latter  frequently  being  present  in  very  small 
numbers  and  widely  separated  by  the  hyaline  intercellular 
substance.  In  some  portions  of  the  growth  the  cells  may 
entirely  disappear,  leaving  only  the  hyaline  intercellular 
substance,  which  eventually  becomes  calcified  or  under- 
goes liquefaction.  Retrograde  changes  are  very  common 
in  these  growths:  hyalin,  calcification,  necrosis,  lique- 
faction following  oedema  or  myxomatous  degeneration, 
gangrene,  etc. 

Desmoid  tumors  are  found  most  frequently  in  the  sub- 
cutaneous tissue,  intermuscular  connective  tissue,  nerve 
sheaths,  retroperitoneal  tissues,  serous  membranes,  etc., 
in  which  regions  they  may  reach  a  large  size.  Small 
growths  of  a  similar  nature  occur  less  often  in  the  mam- 
mar}^  gland,  parotid,  and  kidneys,  and  more  rarely  in  the 
ovaries,  liver,  and  spleen.  Uterine  myotibromata  con- 
taining but  a  small  proportion  of  unstriped  muscle  as- 
sume the  ai)pearance  of  desmoid  fibromata.  The  so- 
called  desmoids  of  the  abdominal  wall  are  in  reality 
spindle-cell  fibro-sarcomata  of  slow  malignancy,  but  dif- 
fering from  the  fibromata  in  that  they  grow  by  infil- 
tration. The  true  desmoid  is  malignant  only  b_v  size, 
position,  and  tendency  to  necrosis.  It  does  not  infiltrate 
nor  give  rise  to  metastases.  If  removed  with  its  capsule 
entire  it  will  not  recur. 

Ahlred  Scott  Warthin. 

DES  MOINES,  IOWA.— Situated  in  the  central  portion 
of  the  State  of  which  it  is  the  capital,  upon  the  Des 
Moines  River.  It  is  of  considerable  size  and  importance. 
The  climate  is  indicated  by  the  accompanying  table: 

Climate  of  Des  Moines,  Iowa— Latitude,  41°  3.'>';  Longitude, 
9.3°  37' ;  PERIOD  OF  Observations,  Five  Years  Five  Months. 


Data. 

Temperature  (degrees  Fahr.)  — 

Average  or  normal 

Average  daily  range 

Mean  of  warmest 

Mean  of  coldest 

Highest  or  maximum 

Lowest  or  minimum 

Humidity — 
Average  relative 

Precipitation — 
Average  in  inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity  in  miles  .. . 

Weather- 
Average  number  clear  days 

Average  number  fair  days 

Average  number  fair  and  clear  days 


January. 

July. 

20.9° 

73.8° 

19.3 

19.4 

29.4 

84.7 

10.3 

65.3 

63 

98.5 

-26 

52 

71.1^ 

71.2? 

1.06 

3.37 

N.W. 

S.W. 

6.3 

5.1 

11 

10.6 

11 

14.2 

33 

24.8 

49.0° 


69.0^ 

41.35 

S.W. 
6.4 

111.2 
1.51.3 
362.0 


E.  0.  Otis. 

DETROIT.— Thechief  city  of  Michigan,  of  over  200,000 
inhabitants,  is  situated  on  the  northern  bank  of  the  De- 
troit River,  connecting  Lake  Erie  and  Lake  St.  Clair, 
and  forming  the  boundary  between  the  United  States  and 
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Dextrin. 
Diabetes  Mellltiis. 
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Canada.     Tlie  climate  of  Detroit  is  represented  by  tlie 
following  chart. 

r,,««Tir   riF   DFTROIT     MiCH.-LATITUDE,  42°  20';  LONGITUDE,  &3°  3' 
''period    OF    OB^ERVrTIO.X,     DECEMBER     ISI,     1870,   TO     DECEMBER 

31st,  1883. 


Data, 

Temperature  (degrees  Fahr.)— 

Average  or  normal 

Average  dally  range 

Mean  ol  warmest 

Mean  of  coldest  

Highest  or  maximum 

Lowest  or  minimum 

Humidity-  - 
Average  or  relative 

Precipitation- 
Average  in  inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity  in  miles 

Weather- 
Average  numher  clear  days 

Average  number  lair  days 

Average  number  ot  lair  and  clear  days. 


January. 

July. 

24.8° 

71.6° 

13.7 

18.4 

31.3 

81.4 

18.6 

63 

m 

100 

-1.5 

.50 

78.3? 

70M 

2.U 

4.14 

s.w. 

S.W. 

8.2 

6.4 

3.8 

9.8 

fl.6 

14.9 

13.4 

24.7 

47.9° 


71.6^ 
3.5.41 

S.W. 

7.8 

a5.9 

147.8 
2;J3.7 


E.  0.  Otis. 

DEXTRIN.— " Artificial  Oum."  (C»H,„Os.)— A  poly- 
saccliaride,  of  the  same  formula  as  starch,  cellulose,  in- 
ulin,  and  lichenin.  The  name  is  applied  to  any  one  or  all 
of  the  intermediate  substances  produced  in  transforming 
starch  or  cellulose  into  glucose.  The  first  member  of  thi,3 
series,  amylodextrin,  yields  a  purple  color  with  iodine, 
but  all  the  others  show  no  color  with  that  reagent  which 
could  even  carelessly  be  mistaken  for  that  of  starch. 
Commercial  dextrin  is  a  white  or  yellowish-white  sub- 
stance, powdery  or  compacted  into  lumps,  with  a  specific 
gravity  of  1.038  and  soluble  in  water.  It  is  produced  by 
the  action  of  either  diastase  or  dilute  mineral  acids,  aided 
by  heat,  upon  starch.  Dextrin  itself  does  not  admit  of 
fermentation,  but  upon  being  converted  into  dextrose  by 
the  addition  of  a  molecule  of  water,  it  does  so  and  can 
then  pass  on  into  alcohol.  Dextrin  bears  a  close  relation 
to  gum  and  its  chief  use  is  to  substitute  that  article, 
much  of  such  use  being  fraudulent.  It  can  be  distin- 
guished by  its  peculiar  odor  and  by  the  test  given  under 
Oum.^  Alcohol  precipitates  it.  It  is  highly  adhesive 
but  distinctly  inferior  to  gum,  its  solution  growing  verv 
dark  with  age.  Dextrin  is  itself  very  prone  to  adultera- 
tion, especially  with  starch.  Commercial  dextrin  often 
holds  an  excessive  amount  of  water,  as  well  as  of  dirt  of 
various  kinds.  Dextrin  has  no  medicinal  properties  but, 
being  partly  digested  starch,  it  forms  a  common  ingredi- 
ent of  artificial  foods  for  infants.  Henry  H.  Rusby. 

DIABETES  MELLITUS.— Definition.— A  diminution 
of  the  sugar-consuming  power  of  the  body  tissues  result- 
ing in  a  more  or  less  permanent  glycosuria.  Ot  the  cause 
and  nature  of  saccharine  diabetes  we  are  practically 
Ignorant.  We  distinguish  the  symptom  glycosuria  from 
the  disease  diabetes,  but  the  distinction  is  merely  one 
of  time,  since  we  cannot  refuse  the  title  of  diabetes  to 
any  long-standing  glycosuria,  no  matter  what  the  other 
symptoms  are.  The  weakness  of  this  positi  on  is  ob viou  s  ■ 
we  are  making  the  distinction  between  a  svmptom  and  a 
disease  one  wholly  dependent  upon  time    " 

Temporary  glycosuria  may  be  brought  about  by  any 
one  ot  a  number  of  causes,  among  which  perhaps  the 
commonest  are  profound  narcosis  (whether  produced  by 
Pwt  n;.H  'S""  ^."y  °""^''  fl™S),  profound  coma,  how- 
Trnvi  ^J!  ,"{'  .poisoning  by  carbonic  oxide,  nitrite  of 
amyl,  or  strychnme,  and  the  active  use  of  diuretics  Such 
whSfsomet"""*  '^  distinguished  from  the  lactosuri 
fhrrinl1»Tt™*''  °"""''  '"■'^''^"l  «ie  end  of  pregnancy  and 
SZ«  dot^of'lT'",'"'  'Tf  "^«  clextrosuifa  proXced 

-av™^di^:^-,S-,---^^^ 
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say  that  glucose  must  be  distinguished  from  other  cop- 
per-reducing substances  which  are  not  very  infrecjuently 
present  in  the  urine  when  the  latter  is  very  concentrated 
and  after  the  ingestion  of  certain  poisons  (see,  below, 
tests  for  sugar).  It  must  not  be  forgotten  that  the  capac- 
ity of  the  individual  for  burning  up  grape  sugar  is  never 
an  unlimited  one.  Glyco,surJa  may  be  produced  in  any 
one  by  the  ingestion  of  a  sufficiently  large  amount  of 
glucose,  and  is  then  known  as  "  alimentary  glycosuria  ;  "  it 
can  ordinarily  be  produced  by  taking  300  gm.  of  glucose 
upon  a  fasting  stomach.  In  many  persons  the  tolerance 
for  sugar  is  less  than  this. 

Although  diabetes  cannot  be  said  to  be  a  disease  of  any 
one  organ,  j^et  it  is  indubitably  true  that  in  a  minority  cif 
cases  some  organic  lesion  is  to  be  found.  Thus  a  certain 
proportion  of  cases  occurs  in  connection  with  diseases  of 
the  liver  (especially  cirrhosis)  and  with  disease  or  trauma 
of  the  nervous  system,  especially  cerebral  tumors.  Those 
pressing  uijon  the  floor  of  the  fourth  ventricle  are  not  by 
any  means  the  only  tumors  which  are  capable  of  being 
associated  with  diabetes.  Other  diseases  of  the  brain 
occasionally  associated  with  diabetes  are  cerebral  hemor- 
rhage, dementia  paralytica,  and  the  various  forms  of 
meningitis. 

Of  late  years  it  has  been  shown  that  diabetes  may  oc- 
cur in  connection  with  any  one  of  the  various  diseases  of 
the  pancreas.  This  connection  is  not,  however,  a  very 
intimate  one,  since  no  lesion  of  the  pancreas  can  be  found 
in  the  majority  of  cases  of  diabetes  and  it  is  not  at  all 
uncommon  to  find  pancreatic  disease  without  diabetes. 
Finally,  it  should  be  mentioned  that  gout,  obesity,  and 
arteriosclerosis  are  very  frequentl}'  present  in  cases  of 
diabetes,  though  whether  as  cause  or  effect  of  the  diabetes, 
or  as  a  result  of  some  deeper  cause  of  which  diabetes  is 
another  manifestation,  we  do  not  at  present  know. 

The  tendency  to  diabetes  is  in  all  probability  capable 
of  being  inherited.  Sometimes  the  morbid  "tendency 
shows  itself  in  one  member  of  the  family  as  diabetes,  as 
obesity  in  another,  and  as  gout  in  a  third.  The  occur- 
rences of  cases  in  husbands  and  wives  are  probably  ac- 
cidental.    All  ages  and  both  sexes  are  affected. 

All  the  etiological  factors  hitherto  mentioned,  except 
heredity,  are  concerned  only  in  a  niinoritj'  of  cases.  For 
diabetes  in  a  great  majoritj-  of  cases  no  cause,  no  asso- 
ciated disease,  no  inheritance  can  be  assigned.  The  dis- 
ease comes,  as  we  say.  of  itself. 

Symptomatology. — Most  of  the  symptoms  of  diabetes 
raajr  be  regarded  as  results  of  the  glycosuria,  but  it  is 
convenient  to  divide  them  into  the  more  cUrect  and  the 
more  indirect  results.  In  the  former  class  are  hunger, 
thirst,  polyuria,  emaciation,  and  muscular  weakness. 
The  thirst  in  well-marked  cases  is  so  great  that  the  pa- 
tient goes  to  bed  with  a  four-quart  pitcher  of  water  at 
his  side  and  empties  it  before  morning.  It  is  related  that 
a  diabetic  patient  was  paid  to  stay  away  from  a  hotel 
conducted  on  the  American  plan  owing  to  the  disastrous 
ravages  which  his  hunger  made  upon  the  bill  of  fare. 
This  anecdote,  whether  true  or  not,  gives  some  idea  of  the 
voraciousness  of  a  diabetic's  appJetite.  Four  or  five 
quarts  of  urine  are  frequently  passed  in  twenty-four 
hours  and  the  amount  may  be  much  larger.  As  a"result 
of  this  drain  upon  the  tissues  the  patient  is  apt  to  emaci- 
ate rapidly  and  to  notice  great  muscular  weakness.  This 
is  especially  the  case  when  the  disease  occurs  in  persons 
under  thirty-five  years  of  age  and  in  those  whose  habit 
of  body  is  spare.  In  cases  occurring  in  fat  old  people 
there  may  be  little  or  no  weakness  or  emaciation  (see 
below). 

In  the  presence  of  these  symptoms:  thirst,  voracious 
appetite,  emaciation,  muscular  tceakness,  and  polyuria, 
or  of  any  one  of  them,  the  examination  of  the  uri'ne  for 
sugar  is  immediately  suggested  and  imperatively  de- 
manded. 

The  test  for  sugar  is  best  performed  with  Fehling's 
solution,  the  formula  for  wdiich  is  as  follows:  Dissolve 
34.64  gm.  of  pure  CuSOi  in  500  c.c.  of  water;  dissolve 
173  gm.  Rochelle  salts  and  60  gm.  sodium  hydrate  each 
in  200  c.c,  of  water.     Mix  and  add  water  up"  to  500  c.c. 
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The  copper  SDlutiou  must  be  kept  in  a  separate  bottle 
and  not  mixed  with  tlie  alkali  until  we  are  ready  to  make 
the  test.  Equal  parts  of  the  two  solutions  are  then 
mixed  in  a  test  tube  and  the  mixture  is  bcjiled.  Sliould 
any  precipitate  appear  on  boiling,  the  solution  must  be 
rejected  and  another  portion  freshly  pi-epared.  If  no  pre- 
cipitate appears,  add  an  am6unt  "of  urine  equal  to  the 
amount  of  the  hot  Fehling's  mixture  in  the  test  tube.  If 
sugar  is  present  in  the  suspected  urine  a  yellow  precipi- 
tate will  appear — usually  within  a  few  seconds,  occasion- 
ally after  the  lapse  of  some  hours.  This  precipitate  is 
due  to  the  reduction  of  the  co]>pcr  and  can  be  produced 
in  ease  reducing  substances  other  than  sugar  are  present 
in  the  urine ;  this,  however,  is  very  rarely  the  case. 
Large  amounts  of  uric  acid  are  capable  of  reducing  cop- 
per, but  only  in  a  solution  more  concentrated  than  often 
occurs  in  urine.  In  any  case  of  doubt  the  presence  of 
sugar  may  be  verified  by  the  fermentation  test  (see 
below).  In  the  vast  majority  of  cases,  however,  Fehling's 
test  is  all  sufficient  for  a  (|ualitative  examination  for  sugar. 

Having  satisfied  ovu-sclves  that  sugar  is  present,  we 
proceed  to  estimate  its  amount.  This  is  best  performed 
i)y  means  of  the  fermentation  test.  First  take  the  specific 
gravity  of  the  urine;  then  to  four  or  five  ounces  of  urine 
add  one-half  cake  of  Fleischman's  yeast  in  an  open  beaker, 
crumbing  up  the  yeast  into  small  pieces  while  adding  it. 
Set  the  beaker  aside  in  a  warm  place  for  thirtj^-six  hours, 
then  filter  its  contents  and  take  the  specific  gravity  of  the 
filtrate.  If  sugar  is  present  the  filtrate  will  be  found  to 
be  much  lighter  than  before  the  addition  of  the  yeast. 
To  estimate  the  percentage  of  sugar,  nndtiply  the  num- 
ber of  degrees  of  specific  gravity  lost  by  0. 237  and  the  re- 
sulting figure  represents  the  percentage  of  sugar.  Thus, 
if  the  specific  gravity  of  the  urine  before  fermentation 
were  1.040  and  after  fermentation  1.020  the  resulting  loss 
of  specific  gravity  of  20  degrees  multiplied  by  0. 237  gives 
us  4.74  per  cent,  of  sugar.  If  the  amount  of  urine 
passed  in  twenty-four  hours  is  previously  known,  we  can 
ea.sily  estimate  "the  twenty-fom-  hours'  output  of  sugar, 
which  is,  of  course,  the  essential  point  to  be  ascertained. 
For  practical  purposes  these  two  tests,  the  qualitative 
test  with  Fehling's  solution  and  the  quantitative  test  by 
means  of  fermentation,  are  all  sufficient.  The  tests  for 
acetone,  for  diacetic  acid,  and  for  beta-oxybutyric  acid 
will  lie  described  later. 

Indirect  Symptoms  op  Dlvbetes.— The  drain  upon 
the  tissues  produced  by  the  excretion  of  large  amounts 
of  sugar  which  ought  "to  be  absorbed  and  utilized  in  the 
body  is  manifested  directly  in  the  symptoms  already 
mentioned,  viz.,  hunger,  thirst,  emaciation,  muscular 
weakness,  and  polyuria.  Indirectly  the  increased  vulner- 
ability of  the  body  tissues  manifests  itself  in  some  one  or 
more  of  the  following  ways: 

1.  Lesions  of  the  s'kin  and  mucous  membranes. 

2.  Lesions  of  the  nervous  system. 

3.  Lesions  of  the  respiratory  system. 

4.  Lesions  of  the  circulatory  system.  Each  of  these 
will  now  be  taken  up  in  detail. 

1.  Lesions  of  the  Skin  and  Mucous  Memhranei. 

(a)  An  abnormal  dryness  of  the  skin  and  mucous  mem- 
branes is  almost  invariably  present.  The  skin  becomes 
rough  and  harsh  and  its  appendages,  the  hair  and  nads, 
show  the  effects  of  malnutrition  in  drynessand  brittlencss. 

(ft)  Eczema  about  the  genitals  is  a  very  significant  symp- 
tom and  may  be  the  fifst  thing  to  suggest  the  diagnosis 
of  diabetes.  A  red  and  angry  eczema  about  the  vulva 
should  invariably  suggest  to  us  to  test  the  urine  for  sugar. 
Balanitis  and  vulvitis  are  not  so  common,  but  they  occa- 
sionally occur.  Generalized  eczema  and  other  dermatoses 
are  less  common. 

(c)  Furunculosis  and  other  staphylococcus  affectirms  of 
the  skin  manifest  the  diminished  resisting  power  of  the 
cutaneous  tissues.  .  ,    ■■• 

(d)  Carbuncle  is  not  infrequently  associated  with  dia- 
betes and  the  presence  of  such  a  suppurative  process 
should  always  suggest  a  search  for  sugar  in  the  urine. 
Diabetic  gangrene  is  considered  by  some  to  belong  in  this 
category  of  changes,  but  it  seems  to  me  best  to  consider 


it   under  the  lesions  of  the   circulatory  system  (.see  be- 
low). 

2.  Lesions  of  the  Nervous  System. 

(a)  Diabetic  Neuritis;  A'cmv^fr/tVi.— Sciatica,  intercostal 
neuralgia,  trigeminal  neuralgia,-  and  less  frequently 
brachial  neuralgia  appear  as  results  or  complications 
of  diabetes  and  may  be  the  first  indication  of  the  disease 
This  is  especially  true  of  sciatica,  (b)  Muscular  cramps, 
unusual  muscular  fatigue  on  slight  exertion,  and  deep 
muscular  pain  are  sometimes  a.ssociated  with  diabetes. 
Twice  patients  have  come  to  me  complaining  only  of 
cramps  in  the  calves  and  totally  unaware  of  any  under- 
lying disease,  (r)  Loss  of  knee-jerk  characterizes  rel- 
atively late  stages  of  the  disease  in  tlie  majority  of 
cases  and  is  probably  due  to  a  peripheral  neuritis. 
(d)  Facial  paralysis  of  peripheral  origin  may  be  the 
first  symptom  which  leads  the  patient  to  consult 
a  physician.  Other  peripheral  paralyses  are  less  com- 
mon, (e)  Anaesthesia  and  parjesthesia  usually  affecting 
relatively  small  areas  are  not  at  all  uncommon.  The 
inner  and  anterior  aspects  of  the  thigh  are  not  infre- 
quently affected  and  the  disturbances  of  sensation  may 
be  associated  with  pain  (meralgia  paiwsthetica).  (/) 
Perforating  ulcer  of  the  foot  (mal  perforans)  is  undoubt- 
edly to  be  referred  to  a  nervous  lesion  and  is  a  fairly 
common  manifestation  of  diabetes. 

Lesions  of  the  brain  and  cord  are  much  less  common 
than  those  of  the  peripheral  nerves  and  when  present  are 
often  to  be  explained  as  results  of  the  arteriosclerosis 
with  which  diabetes  is  so  frequently  associated.  In  one 
of  my  cases  there  was  for  many  months  an  intense  gen- 
eralized headache  apparently  of  cerebral  origin.  Loss  of 
sexual  power  Is  an  important  and  sometimes  an  early 
symptom. 

Lesions  affecting  the  special  senses  are  not  frequent,  if 
we  except  the  eye.  Among  ocular  lesions  by  far  the 
commonest  Is  cataract — a  disea.se  which  may  give  us  the 
first  suggestion  of  the  possibility  of  diabetes.  Retinitis 
is  not  very  uncommon.  Paralysis  of  the  abducens  is  not 
infrequent  and  many  diabetics  develop  at  an  early  age  the 
far-sightedness  which  is  so  common  in  elderlj'  people. 
Occurrences  of  hemiplegia,  of  convulsions,  and  of  coma 
in  cases  of  diabetes  will  be  discussed  later. 

3.  Lesions  of  the  Respiratory  System. 

(a)  Pulmonary  tuberculosis  complicates  from  seventeen 
to  fifty  per  cent,  of  all  cases  of  diabetes.  Between  these 
figures  the  statistics  of  different  writers  vary.  It  hardly 
ever  occurs  in  elderly  or  obese  diabetics  and  usually  runs 
a  rapid  course  to  the  fatal  termination.  Haemoptysis  is 
notably  rare  and  there  is  often  but  little  expectoration. 
In  a  young  man  who  died  after  withstanding  the  disease 
for  nine  years  under  my  observation,  there  was  found  at 
autopsy  a  pneumonic  form  of  tuberculosis  presenting 
solidification  of  the  whole  right  lung  from  top  to  bottom 
without  cavity  formation.  "During  life  there  were  no 
sputa  and  practically  no  cough.  As  a  result  of  the 
swallowing  of  sputa  the  intestine  is  not  infrequently 
attacked  by  tuberculosis.  (*)  Pulmonary  gangrene. 
About  five  per  cent,  in  all  cases  of  diabetes  are  attacked 
by  gangrene  of  the  lung  which  may  run  a  rajiid  course 
or  drag  along  for  months  and  even  years,  (c)  Croupous 
pneumonia.  Diabetic  cases  of  the  severe  type  often  end 
with  an  acute  pneumonia.  In  all  cases  of  pneumonia  the 
urine  should  be  examined  for  sugar;  its  presence  greatly 
darkens  the  outlook,  (d)  The  acetone  odor  of  the  diabetic 
breath  is  a  very  characteristie  one  and  may  sometimes  be 
detected  as  soon  as  one  opens  the  door  of  a  patient's 
house;  it  has  been  variously  compared  to  the  odor  of 
chloroform,  of  rotten  apples,  and  of  new-mown  hay. 

4    Lesions  in  the  Circulatory  Apparatus. 

Arteriosclerosis  with  its  manifold  results  includes  all 
the  circulatory  complications  of  diabetes.  Arterioscle- 
rosis is  probably  to  be  regarded  as  a  concomitant  or  a 
possible  cause  of  diabetes  (Naunyn)  rather  than  as  a 
result  Diabetic  gangrene  is  usually,  I  think,  to  be 
reo-arded  as  a  result  of  the  arteriosclerosis  rather  than 
as\  manifestation  of  simple  malnutrition.  The  gan- 
grene affects  the  extremities  following  the  distribution 
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of  the  smaller  arteries  as  in  ordinary  non-diabetic  gan- 

^'xiie  other  manifestations  of  arteriosclerosis,  such  as 
myocarditis,  chronic  interstitial  nephritis  and  cerebral 
hemorrhage,  are  not  very  uncommon,  hut  do  not  usually 
thrust  themselves  into  the  foreground  of  the  clmical 
picture.  I  may  mention  here  a  peculiarity  of  the  com- 
plexion in  diabetics  which  Ilia  ve  frequently  had  occasion 
to  observe.  In  my  experience  diabetics  are  very  seldom 
pale  and  are  quite  apt  to  show  a  beefy  red  color  of  the 
cheeks.  This  is  especially  true  of  the  cases  occurring  in 
thin,  young  people.  . 

Clinical  Couese  of  the  Disease.— Leaving  out  ot 
account  the  rare,  acute  forms  of  diabetes,  we  may  divide 
the  great  majority  of  all  cases  into  two  main  types:  1. 
The  thin,  young   ca.ses.     3.  The  old,  fat  cases. 

Occasionally  one  sees  a  patient  who  belongs  in  neither 
of  these  categories,  but  this  is  rarely  the  case.  Between 
these  two  eliuical  types  the  difference  is  so  great  that  it 
sometimes  seems  as  if  we  ought  to  call  them  different 
diseases.  Diabetes  in  the  elderly  and  obese  may  exist  for 
a  considerable  time  undiscovered  and  when  discovered 
may  give  rise  to  so  little  inconvenience  that  we  hesitate 
to  class  it  as  a  disease.  Between  this  condition  and  that 
of  the  young  thin  cases  there  is  the  sharpest  possible  con- 
trast. "  In  thin,  young  people  polyuria,  hunger,  thirst,  and 
emaciation  are  usually  from  the  first  intense  and  disa- 
bling and  rapidly  increase  unless  aggressive  treatment  is 
begun  or  even  in  spite  of  such  treatment.  The  glycosuria 
may  be  diminished  and  for  a  time  abolished,  but  it  almost 
always  returns  in  a  more  obstinate  form  and  this  time  to 
persist  despite  any  and  all  therapeutic  measures,  reduc- 
ing the  patient  within  a  couple  of  years  to  a  deplorably 
weak,  emaciated,  helpless  creature,  who  may  at  any  time 
be  seized  with  the  fatal  coma.  In  fat,  old  cases,  on  the 
other  hand,  the  amount  of  sugar  excreted  is  usually  rela- 
tively small,  the  patient  emaciates  but  little,  the  hunger 
and  tliirst  are  usually  relieved  by  a  moderately  strict  diet, 
and  the  patient  often  lives  out  the  natural  term  of  his  life 
and  dies  of  some  other  affection.  Between  these  two 
main  types  there  are,  as  has  been  said,  occasional  inter- 
mediate forms,  i.e.,  severe  cases  occurring  in  stout  old 
people,  or  relatively  mild  cases  in  the  young  and  spare, 
but  it  is  rare  for  a  case  in  which  the  disease  attacks  a  pa- 
tient before  the  thirtieth  year,  to  last  more  than  three 
years.  The  duration  of  the  disease  depends  to  a  consid- 
erable extent  upon  the  character  and  circumstances  of  the 
patient.  If  the  sufferer  be  well  off  and  have  the  pluck 
and  determination  necessary  to  adhere  to  the  tiresome 
diet,  life  may  be  considerably  prolonged.  I  have  known 
such  a  case  which  showed  itself  at  the  age  of  twenty-two 
in  a  young  college  athlete  and  lasted  eleven  years  before 
the  fatal  termination. 

The  presence  or  absence  of  complications  also  deter- 
mines to  a  considerable  extent  the  duration  of  the  disease. 
All  the  complications  above  mentioned  occur  more  fre- 
quently in  the  younger  and  severer  cases,  but  are  by  no 
means  confined  to  such,  and  when  they  do  attack  a  patient 
who  IS  suffering  from  the  milder  type  of  the  disease,  and 
who  would  therefore  naturally  be  expected  to  live  many 
years,  they  may  shorten  life  very  considerably.  Thus  a 
diabetic  gangrene  or  pulmonary 'tuberculosis  may  attack 
even  the  mildest  case  and  prove  more  serious  than  the 
original  disease. 

Recovery  from  diabetes  does  occur.  On  this  point 
Nauuyn  von  Noorden,  and  all  the  best  authorities  ara 
agreed,  but  it  is  exceedingly  rare  and  takes  place  almost 

r;\.u"f^-'°  "''"'"  '''^^'=''  '"'"'  "'PP"1  ii  the  bud  as  a 
result  of  vigorous  treatment  undertaken  very  eariv  in 
.  the  course  of  the  disease.  Such  early  and  vigwous  treat 
ZillV.:'\f''T  ""'■  ^"^^^'^^  *°  ^«  a^'le  to  admin^ltei, 
chUdrernf  a?  •\-^'"'°  "^"  '"^^^^'^  '^  suspected  in  thi 
u  ne  are  ma^l  *f  '^''Tf'  ^°^  ^^en  regular  tests  of  the 
be  sick  or  well   t,  '  fi''?  i"t«-vals,  whether  the  children 

and    scour  e^nft']^'''*  '^'^^'"'  ''^  "^<=  'li^^'^^e  is  "oted 
roMA  ?^,,!  c.       tlien  sometimes  be  checked. 
Coma  and  Sudden  Death  in  Diabetes  -TvDical  dia 

betic  coma  occurs  in  not  more  than  one-half  ol  ^all  cases. 

430 


Many  authors  find  it  in  a  still  smaller  percentage.  It  is 
especially  apt  to  occur  in  the  cases  of  so-called  pure  dia- 
betes, i.e.,  tlio.se  in  which  no  organic  lesion  can  be  found 
as  cause.  The  majority  of  cases  occur  in  young,  thin 
patients.  Out  of  eighty-seven  cases  collected  by  Blau,* 
only  thirteen  had  passed  the  fortieth  year.  Diabetic  coma 
is  preceded  by  an  intense  dj'spnoea  of  a  peculiar  type. 
The  air  on  entering  the  lungs  meets  no  resistance,  but  the 
patient  breathes  deeply  and  rapidly.  There  is  no  cyanosis. 
The  attack  is  often  preceded  by  restlessness  or  apathy, 
fever,  indigestion,  vomiting,  headache,  and  subnormal 
temperature.  The  amount  of  sugar  in  the  urine  at  the  time 
of  the  occurrence  of  coma  may  be  either  large  or  small,  but 
most  cases  occur  while  the  patient  is  upon  a  strict  diet  and 
especially  in  those  who  have  suddenly  been  put  upon  a 
strict  diet  without  other  treatment.  The  dyspncea  may 
cease  only  to  return  after  some  hours  or  days,  but  usually 
a  coma  gradually  develops.  Diabetics  may  become  coma- 
tose without  any  of  the  features  which  we  have  been  de- 
scribing as  characteristic  of  the  diabetic  coma,  i.e.,  without 
any  of  the  typical  dyspncea,  and  there  maj'  or  may  not  be 
epileptiform  convulsions.  Many  diabetics  die  of  rapid 
heart  failure,  and  rarelj'  there  is  a  sudden  collapse  such 
as  might  occur  in  apoplex)',  yet  without  any  such  cause 
discoverable  post  mortem.  It  seems  to  be  agreed  by 
all  the  best  writers  upon  diabetes  that  death  is  brought 
about  in  a  great  majority  of  cases  through  an  acid  poi- 
soning of  the  sj'stem  (acidosis).  Beta-oxybutyric  acid  is 
now  believed  to  be  responsible  for  the  toxic  condition. 
The  occurrence  of  acid  substances  such  as  diacetic  acid 
in  the  urine  is  accordingly  to  be  considered  a  sign  of 
the  presence  of  allied  acids  in  the  blood  and  tissues  and 
so  a  sign  of  an  unfavorable  prognosis.  Treatment  di- 
rected to  neutralizing  the  abnormal  acidity  of  the  body 
fluids  is  accordingly  undertaken  whenever  the  reaction 
for  diacetic  acid  is  strongly  marked  in  the  urine  (see  be- 
low). Acetone  and  diacetic  acid  do  not  usually  have 
any  direct  causative  influence  in  the  production  of  coma. 
They  are  present  in  large  quantities  in  the  urine  when- 
ever the  albumin  of  the  body  is  being  destroyed,  whether 
by  reason  of  starvation  or  of  poisoning  of  the  tissues  by 
ptomains.  Acetone  and  diacetic  acid  ma}'  be  present  in 
the  urine  for  weeks  or  months  at  a  time  and  j'et  disap- 
pear entirely.  On  the  other  hand,  when  beta-oxj'butyric 
acid  appears  in  the  urine,  it  is  usuallj'  permanent  and 
shows  a  lasting  tendenc}'  to  increase,  and  in  most  cases 
within  a  few  da}'S  or  weeks  diabetic  coma  and  death 
ensue. 

The  test  for  diacetic  acid  is  as  follows :  A  few  drops  of 
a  strong  aqueous  solution  of  ferric  chloride  is  added  to  a 
test  tube  full  of  urine.  A  deep  Burgund_v  red  shows  the 
presence  of  diacetic  acid.  Normal  urine  "is  only  slightly 
tinged  by  the  brownish  tint  of  the  ferric  chloride. 

Acetone  is  present  if,  in  a  sixth  of  a  test  tube  full  of 
urine  to  which  a  crystal  of  sodium  nitro-prusside  has 
been  added,  a  purple  color  is  produced  when  we  add 
NHjOH  to  strong  alkalinity  and  shake. 

Theatmbnt. — A  j-ear  or  two  ago  much  hope  was  felt 
that  through  the  use  of  pancreatic  extract  a  specific  etio- 
logical treatment  for  diabetes  might  be  attained  whereby 
the  cause  of  the  malady  could  be  met  and  removed.  That 
hope  has  proved  unfounded  and  the  therapeutics  for  dia- 
betics still  consists,  as  it  has  for  so  manj'  years,  in  careful 
diet.  Briefly  stated  the  diet  for  diabetics  is  one  as  rich 
as  possible  in  fats,  whicli  with  proteids  are  expected  to 
make  up  for  the  total  exclusion  of  carbohydrates  from 
the  dietary.  An  intelligent  diabetic  sometinies  asks  what 
the  purpose  of  this  diet  is.  "It  seems  to  me,"  said  one 
such  patient,  "it  is  about  as  broad  as  it  is  long.  With- 
out treatment,  I  get  no  use  out  of  part  of  my  food,  be- 
cause it  is  passed  out  through  the  urine.  But  under 
your  diet,  I  also  get  no  use  from  this  portion  of  my  food, 
because  I  am  not  allowed  to  eat  it  at  all.  Why  doesn't  It 
come  to  the  same  thing?"  For  three  reasons :  1.  Because 
we  hope,  through  giving  a  rest  to  the  tissues  which  have  to 
do  with  the  burning  up  of  the  grape  sugar,  to  re-establish 

♦  See  Sclimidt'9  Jahrbuch  lor  1884,  p.  88. 
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in  these  tissues  their  normal  sugar-consuming  power. 
Patients  wlio  have  been  altogether  deprived  of  carbo- 
hydrates for  weeks  or  months  sometimes  get  back  their 
power  of  absorbing  carbohydrates  so  that  their  glycosuria 
ceases.  3.  Because  the  symi)toms  which  are  rendering 
the  patient's  life  miserable  can  in  a  great  majority  of 
cases  be  considerably  relieved  or  abolished.  The  thirst, 
the  torturing  dryness  of  the  mouth,  the  constant  drink'- 
ing  and  passing  of  water,  the  cutaneous  infections  are 
almost  always  relieved  for  a  time  and  jiei-haps  perma- 
nently, n.  We  also  hope  to  prevent  the  occurrence  of 
complications  such  as  phthisis,  cataract,  or  gangrene 
which  might  prove  fatal  it  the  glycosuria  were  allowed 
to  persist.  Moreover,  we  cannot  insist  too  strongly  that 
the  dietetic  treatment  of  diabetes  relies  not  merely  on 
cutting  off  certain  foods,  but  on  prescribing  an  increased 
amount  of  certain  other  foods,  i.e.,  of  fats.  In  diabetic 
diet  lists  there  should  be  three  classes  of  food  :  (1st)  those 
that  he  must  take,  (2d)  those  that  he  inai/  take,  and  (3d) 
those  he  may  not  take.  To  begin  with,  it'  is  best  to  weigh 
out  for  the  patient  a  two-(.>unce  lump  of  butter;  tins 
amount  he  must  eat  each  day  in  one  form  or  another.  It 
need  not  be  weighed  out  each  day  if  its  bulk  is  approxi- 
mately known.  Next,  we  must  insist  that  the  patient 
must  put  cream  on  everything  on  which  it  is  possible  to 
eat  cream.  Salad  dressing  made  with  olive  oil  should 
be  used  as  plentifully  as  possible  with  whatever  green 
vegetables  are  taken,  and  sauces  containing  butter  and 
olive  oil  should  be  eaten  with  tish  of  various  kinds. 
Bacon,  because  of  the  large  amount  of  fat  which  it  con- 
tains, should  form  a  part  of  every  diabetic's  dietary; 
with  eggs  it  makes  a  good  breakfast  dish.  Cheese,  espe- 
cially cream  cheese,  should  be  insisted  upon,  and  with  any 
meat  the  patient  takes  he  should  be  advised  to  take  as 
much  fat  as  his  appetite  will  allow  him.  Other  foods 
which  contain  a  large  amount  of  fat  are  German  sausage, 
mackerel,  salmon,  eels,  and  smoked  ox  tongue. 

In  the  second  group — the  foods  permitted,  though  not 
of  as  great  value  as  the  fats — come  all  the  muscular  parts 
of  the  ox,  calf,  sheep,  pig,  deer,  wild  or  domestic 
birds,  togetherwith  the  tongue,  heart,  brain,  sweetbreads, 
kidneys,  and  marrow  bones.  All  of  these  must  be  served 
in  their  own  gravy,  or  with  mayonnaise,  or  some  other 
non-farinaceous  sauce.  All  kinds  of  fresh  or  dried  fish, 
especially  canned  fish  such  as  sardines  and  anchovies  in 
oil,  are  of  value.  Shell  fish  such  as  oysters,  crabs,  shrimps, 
and  lobster  are  allowable,  although  the  liver  of  the  oyster 
contains  a  small  amount  of  sugar.  Among  vegetables 
only  those  that  grow  above  ground  are  permissible,  for 
example,  lettuce,  spinach,  asparagus,  cauUflower,  cab- 
bage, cucumbers,  onions,  watercress,  Brussels  sprouts, 
olives,  sourcrout.  Clear  soups  and  broths  can  be  thick- 
ened with  eggs,  marrow,  or  with  cream.  Among  fruits 
sour  oranges  and  peaches  are  allowable.  The  diet  just 
described  is  what  is  known  as  strict  diabetic  diet,  but  we 
must  always  remember  the  aphorism  of  von  Noorden: 
"Under  all  circumstances  the  diet  in  diabetes  must  be  so 
ordered  that  the  strength  of  the  patient  may  be  thereby 
maintained  and  as  far  as  possible  increased."  If  a  dia- 
betic diet  does  not  produce  this  effect  it  must  be  modified. 
As  a  nde,  we  have  to  modify  the  regimen  during  some 
portion  of  each  year,  either  because  the  patient  cannot 
be  made  to  adhere  to  the  strict  diet,  or  because  he  does 
not  do  well  under  it.  It  is  a  good  rule,  however,  in  all 
severe  cases  to  subject  the  patient  at  least  three  times  a 
year,  and  if  possible  four  times  a  year,  to  a  course  of 
strict  diabetic  diet  for  at  least  four  weeks.  In  the  inter- 
vals restricted  amounts  of  carbohydrates  may  be  allowed. 
How  much  is  to  be  allowed  is  to  be  settled  by  the  tem- 
perament of  the  patient  and  by  the  effects  upon  the  urine 
and  general  nutrition.  It  is  often  necessary  to  allow  the 
patient  one  or  two  slices  of  white  bread,  or  a  quart  of 
milk.  In  the  mild  forms  of  the  disease,  such  as  often 
occur  in  fat  old  patients,  it  is  not  always  necessary  to 
modify  the  diet  at  all.  I  have  seen  patients  who  got  on 
apparently  perfectly  well  for  years,  eating  the  while 
whatever  they  chose,  but,  as  a  rule,  such  patients  come  to 
grief  in  a  year  or  two  and  are  led  to  put  themselves  again 


ma  physician  s  hands  by  the  occurrence  of  thirst  polv- 
uria,  and  emaciation,  or  by  the  presence  of  furnnculosis 
or  gangrene.  In  such  cases,  wlien  we  have  once  freed 
the  urine  from  sugar  by  a  few  weeks  of  strict  diet  we 
may  experiment  to  dfscover  what  amount  of  carbohy- 
drates the  patient  can  tolerate  without  producing  marked 
glycosuria.  JVIany  such  cases  will  do  perfectly  well  if 
sugar,  pastry,  rice,  preserves,  and  dishes  made  from 
flour  or  tlour  pici)ararions  are  forbidden.  The  i)atient 
may  then  be  allowed  to  eat  all  the  bread  and  potatoes  he 
desires.  If  the  amount  of  sugar  excreted  under  this  diet 
IS  not  more  than  10  or  30  gm.  in  twenty -four  hours  and 
if  the  patient  does  not  emaciate  rapidly  it  is  not  necessary 
to  put  him  on  any  stricter  diet.  The  treatment  by  ex- 
elusive  milk  diet  (not  skim  milk)  is  useful  in  mild  cases, 
but  not  applicable  iu  severe  ones.  A  manreuvre  which 
is  sometimes  beneficial  in  severe  cases  is  entire  abstinence 
from  food  for  a  period  of  twenty-four  hours.  I  have 
known  this  procedure  to  cause  a  long-.standiug  and  ob- 
stinate glycosuria  to  disappear  for  a  time  altogether,  al- 
though strict  diet  continued  for  many  months  had  not 
succeeded  in  producing  this  effect.  The  disappearance 
so  produced,  however,  is  not  usually  of  very  long  dura- 
tion. 

Diabetic  i?/»/f/s.— The  great  majority  of  diabetic  breads 
in  the  market  are  frauds  and  contain  as  much  starch  as 
ordinary  wheat  bread,  or  even  more.  Bread  made  from 
almond  meal  and  eggs  can  be  procured,  but  it  is  not  usu- 
ally palatable  after  a  short  time.  The  Soja  bean  flour, 
judging  from  the  samples  analyzed  in  Boston,  is  not 
trustworthy  and  often  contains  considerable  amounts  of 
starch.  The  best  bread  that  I  have  seen  used  is  made  as 
follows :  Take  four  ounces  each  of  Graham  flour  and  fresh 
bran  (the  latter  should  be  obtained  through  a  first-class 
apothecarj'  and  as  fresh  as  possible).  Mix  with  two  eggs 
so  as  to  make  a  thin  batter,  add  a  teaspoonful  of  baking 
powder,  warm  some  gem  pans  and  pour  the  batter  in 
while  the  pans  are  warm;  it  will  then  rise  and  when 
baked  make  a  fairly  palatable  bread  containing  about 
twelve  per  cent,  of  starch,  and  enabling  a  patient  to  get 
down  much  more  butter  than  would  otherwise  be  possible. 

Aknholic  Beverages. — All  German  writers  prescribe  al- 
cohol as  an  important  part  of  the  dietary  of  diabetics 
both  for  its  calory  value  and  as  an  aid  to  appetite  and 
digestion.  Thus,  von  Noorden,  in  his  sample  bill  of  fare 
for  moderately  severe  cases,  advises  a  glass  of  cognac  for 
breakfast,  one-half  bottle  Moselle  for  lunch,  another 
glass  of  cognac  for  five  o'clock  tea,  one-half  bottle  Bur- 
gundj'  with  dinner,  and  another  glass  of  cognac  at  ten 
o'clock.  For  those  used  to  drinking  wine  with  their 
meals  and  to  consuming  beer  in  the  quantities  habitually 
used  by  most  Germans,  this  amount  of  alcohol  is  no  doubt 
useful.  In  this  country  and  among  those  not  accustomed 
to  the  habitual  use  of  stimulants,  it  does  not  seem  to  me 
advisable  to  prescribe  alcohol  in  this  routine  way. 

Exercise. — There  is  no  question  that  muscular  exercise 
is  of  advantage  to  many  diabetics  and  that  glycosuria  is 
in  manjr  cases  diminished  by  muscular  work.  Unfortu- 
nately this  is  not  always  the  case,  and  it  is  only  by  experi- 
menting that  we  can  find  out  whether  it  is  best  to  advise 
muscular  exercise.  Horseback  riding,  cychng,  and  row- 
ing are  of  especial  value.  Exercise  is  best  taken  in  the 
morning  and  followed  by  a  long  rest. 

Care  of  the  Skin.—'We  have  already  seen  how  frequent 
are  cutaneous  diseases  in  diabetes.  These  may  be  to 
some  extent  warded  off  by  absolute  cleanliness.  Fre- 
quent changes  of  underclothing  are  absolutely  necessary. 
A  sponge  bath  morning  and  night  should  never  be  omitted 
and  the  genitals  should  be  cleansed  with  particular  care. 
No  rule  can  be  laid  down  regarding  the  temperature  of 
the  baths.  Some  diabetics  react  as  well  as  healthy  per- 
sons to  cold  bath ;  others  do  not.  When  a  good  reaction 
follows  a  cold  bath,  this  is  doubtless  best. 

Medicinal  Treatment.— In  cases  in  which  nervous  irri- 
tability is  associated  with  the  glycosuria,  sedative  drugs, 
such  as  the  bromides,  antifebrin,  or  suphonal,  are  in- 
directly beneficial  through  lessening  the  nervous  irrita- 
bility. '  I  have  never  seen  any  good  results  from  the  use 
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of  opium  or  codeine  except  in  the  last  stages  when  they 
may  promote  comfort  to  a  certain  extent  by  dimmishmg 

*'"7'm'S'»/-  Com>U':ation..-hy\  operations  upon  dia- 
betic patients'are  dangerous,  for  the  wounds  heal  badly 
and  readily  become  the  starting-point  o'^^vHle-spreading 
gangrene.  It  is  rarely  well  to  open  a  boi  ,  which  should 
be  treated,  like  furunculosis,  by  a  strict  diabetic  diet. 
Carbuncles,  however,  must  be  operated  upon  despite  tlie 
above-mentioned  dangers.  Ether  is  here  much  preferable 
to  chloroform  as  an  anesthetic.  ,.  ,    .• 

Should  gastro-intestinal  catarrh  attack  a  diabetic  pa- 
tient it  may  prove  very  serious  if  not  speedily  arrestee 
Complete  starvation  for  twenty-four  hours  and  small 
doses  of  calomel  followed  by  paregoric  are  useful.  Stimu- 
lation with  brandy  every  four  hours  should  be  kept  up 
during  tlie  period  of  starvation.  The  treatment  of  pul- 
monary tuberculosis  in  dialietics  is  very  unsatisfactor.y 
Its  occurrence  may  be  a  sufficient  reason  for  a  change  of 
climate,  but  diabetics  do  not  bear  high  altitudes  well,  and 
the  main  point  in  changing  climates  is  to  tind  one  where 
the  patient  can  be  out-of-doors  most  of  the  time. 

Treatment  of  Threatened  Diabetic  Co/nr/.— When  we 
have  warning'that  coma  is  impending  owing  to  the  ex- 
cretion of  large  amounts  of  cliacetic  acid  in  the  urine, 
it  is  well  to  make  some  modification  of  the  diet.  Von 
Noorden  says  tliat  the  fact  of  a  change  seems  to  be  more 
important  than  the  direction  in  which  this  change  is 
made.  If  the  patient  is  upon  a  strict  diet,  there  should 
be  given  a  certain  amount  of  carbohydrates ;  on  the  other 
hand,  if  he  is  taking  carbohydrates  in  considerable  quan- 
tities a  strict  diet  should  be  resorted  to.  If  constipation 
is  present,  it  should  be  relieved  byenemata  or  mild  laxa- 
tives. Acting  on  the  now  fairly  well-established  theory 
that  diabetic  coma  is  an  acid  intoxication,  it  is  worth 
while  to  give  large  doses  of  alkalies — for  example,  two 
drachms  of  bicarbonate  soda  every  four  hours  with  a 
bottle  or  two  of  Vichy  water.  If  actual  coma  super- 
venes and  it  is  desirable  to  keep  the  patient  alive  for  a 
few  hours  in  order  that  he  may  make  his  will,  or  await 
the  arrival  of  a  friend,  the  intravenous  injection  of  a  litre 
of  tliree-per-cent.  sodium  bicarbonate  in  0.6-per-cent.  salt 
solution  may  be  followed  by  a  return  of  consciousness  of 
sufficient  duration  to  accomplish  the  desired  result. 

Ricltard  C.   Cahot. 

DIAMIN,  2[(XH.j)JI„S0.].— Hydrazin  sulphate  diami- 
dogen.  This  is  a  powerful  antiseptic  made  by  heating 
diazoacetic  acid  with  sulphuric  acid.  It  forms  colorless 
crystals  soluble  in  hot  water.  W.  A.  Bastedo. 

DIAPEDESIS.— Gould's  Medical  Dictionary  defines  it 
as  "The  escape  of  the  elements  of  the  blood,  especially 
the  white  corpuscles,  through  the  vessel  wall." 

Till-  term  is  vague  and  needs  moditication.  When  first 
the  phenomena  of  inflammation  were  watched  under  the 
microscope,  and  the  migration  of  the  white  blood  cor- 
puscles from  the  uninjured  vessels  were  followed  into 
the  injured  tissue,  diapedesis  .seemed  a  plain  and  simple 
process.  When  additional  investigations  deiuoiistrated 
that  the  same  phenomenon  takes  place  in  JK'althy  organs 
and  merely  goes  on  at  a  faster  rate  in  pathological  condi- 
tions, the  process  seemed  less  simple  ;  and  since  it  has  been 
asserted  that  the  white  blood  corpuscles  are  not  of  one 
kind,  but  of  several  varieties,  and  that  their  work  is  com- 
plex and  manifold,  the  term  diapedesis  at  present  covers 
aseriesof  different  phenomena.  At  the(jiitset  we  have  to 
divide  It  into  a  passive  and  an  active  form,  or  into  a  mere 
mechanical  and  a  vital  process.  The  escajie  of  plasma 
and  red  blood  corpuscles  through  injured  vessel  walls  is 
always  the  same,  and  is  determined  bv  the  bio, ,d  r,ressnre 
and  the  extent  of  the  injury  ;  it  is  .self-limilins.-  and  stops 
as  soon  as  a  clot  is  forme.l  or  us  soon  as  the  pressure  in 
the  tissues  surrounding  the  iniured  part  ciuals  the  blood 
pressure  in  the   vessels.     This   is  'a  sin,,  le  ni      u     c 

w^ss.  Theescapeof  the  white  corpuscles  on  the  tl  ■ 
hand,  IS  .letermined  and  limited  by  the  work  they  are  re 
quired  to  do,  and  varies  as  the  conditions  vary.     Their  es- 
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cape  through  the  vessel  wall  is  not  due  to  blood  pressure, 
for  why  a  certain  definite  pressure  should  drive  out  the 
white  corpuscles  when  it  leaves  plasma  and  red  corpuscles 
undisturbed  is  a  query  that  waits  for  an  explanation. 
We  call  the  locomotion  of  the  wdiite  corpuscle  "amreboid 
movements, "  but  have  not  yet  fully  accepted  the  theory 
that  the  execution  of  amreboid  movements  necessitates 
the  other  qualities  of  the  amceba,  i.e.,  desire  for  food, 
ability  to  find,  digest,  and  assimilate  it,  etc.  From  this 
]ioint  of  view  the  travels  of  tlie  white  corpuscle  are  not 
mechanical,  but  we  interpret  them  rather  as  an  evidence 
of  the  vital  activity  of  a  series  of  cells  which  combine  to 
W(u-k  for  a  certain  definite  purpose,  and  perform  their 
work  or  die  in  the  attempt. 

It  is  misleading  to  speak  about  physiological  and  patho- 
logical diapedesis.  The  latter  represents  merely  an  accel- 
erated activity  of  the  former ;  they  differ  from  each  other 
in  (|uantity,  but  not  in  quality.  In  physiological  condi- 
tions the  white  cells  travel  constantly  from  blood  and 
lymph  vessels  into  the  surrounding  tissues,  but  the  work 
of  these  wandering  cells  is  practically  unknown,  and 
what  little  we  know  is  confined  to  the  alimentary  tract, 
where  they  aid  in  carrying  fat  globules  into  the  circula- 
tion, travelling  liackward  and  forward  until  the  work  is 
done.  Diapedesis  becomes  more  active  in  many  of  those 
conditions  which  are  not  quite  physiological  nor  quite 
pathological,  such  as  the  smoothing  of  sharp  bony  edges 
or  the  absorption  of  different  forms  of  "lumps."  Its  ac- 
tivity increases  rapidl}' when  pathological  conditions  arise. 
In  the  repair  of  those  wounds  which  we  say  '  heal  b_y  first 
intention, '  the  white  cells  leave  the  blood-vessels  in  large 
numbers,  and  aid,  first,  in  the  coagulation  of  the  blood 
which  unites  the  edges  of  the  wound ;  after  that  they  fill 
the  wound  completely,  and  while  .some  provide  the  neces- 
sary nutriment  for  the  connective  tissue  which  is  form- 
ing, the  others  find  their  way  back  again  into  the  cir- 
culation by  way  of  the  lymphatics  when  their  services 
are  no  longer  required.  W^hen,  however,  bacteria  or 
irritants  have  entered  the  wound,  diapedesis  assumes  its 
most  intense  form.  Masses  of  white  corpuscles  leave  the 
vessels  and,  entering  the  tissues  which  surround  the  in- 
fection, they  pack  themselves  so  close  together  that  they 
almost  form  a  membrane  which  separates  the  healthy 
from  the  unhealtbv  tissues  and  prevents  the  infection 
from  spreading.  The  white  corpuscles  which  die  in  this 
struggle  are  found  in  the  wound  as  pus  corpuscles. 

As  long  as  our  knowledge  of  the  function  of  the  white 
blood  corpuscle  is  vague,  our  exact  understanding  of 
diapedesis  will  be  more  so,  for  the  latter  is  determined 
by  the  former.  As  long  as  we  have  not  even  agreed 
whether  the  white  cells  in  all  their  varieties  are  distinct 
histological  units  or  different  stages  of  development  of  a 
.single  type,  we  shall  not  be  able  to  demonstrate  that  their 
activities  outside  of  the  vessel  walls  can  be  differentiated; 
and  even  after  we  have  admitted  that  there  are  different 
kinils,  we  have  still  to  find  out  whether  one  kind  carries. 
fats,  another  repels  bacteria,  still  another  absorbs  bony 
edges,  etc.,  etc.  Indeed,  careful  researches  into  the  life 
history  of  the  white  blood  corpuscle  in  the  circulation  as 
well  as  outside  of  it  will  unlock  many  obscure  phases  of 
health,  immunity,  and  disease;  and  as  our  knowledge 
advances,  a  revision  of  our  nomenclature  will  accompany 
it.  Julius  PiililuKin. 

BlBLlOCRArnV. 

Park :  Surgery. 

llonc-ll :  Auierlc'iui  Te.xtbook  ot  Pbysiology. 

DIAPHORETICS  are  those  drugs  and  therapeutical 
agencies  which  promote  perspiration.  The  name  xiida- 
rifics  is  etymologically  equivalent.  As  a  class  of  remedies 
they  find  no  place  in  the  classification  in  various  modern 
works  on  therapeutics.  Their  use  in  medicine  is  in  full 
analogy  with  the  natural  or  physiological  process  of  per- 
spiration. 

neaiing  in  mind,  then,  the  physiologj'  of  the  skin,  its 
thermotaxis  and  the  functions  of  its  sweat-glands,  let  us 
turn  our  attention  to  the  practical  utilization  of  these 
data  in  the  treatment  of  disease.  The  indications  for 
diaphoretics  are  found : 
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First,  ill  their  antipyretic  action,  especially  in  the  early 
stages  of  specilic  fevers  and  acute  inllanmia'tions  of  a  not 
very  severe  type;  their  action  being  that  of  a  revulsive 
in  bringing  the  blood  to  the  surface  by  the  enlargement 
of  the  superficial  blood-vessels  and  so"  relieving  internal 
congestion,  and  possibly  at  the  same  time  aiding  in  the 
elimination  of  morbific  matter  that  has  been  retained  in 
the  system.  Illustrations  are  found  in  acute  nasal  or 
bronchial  catarrh,  in  muscular  rhevunatism,  and  in  sup- 
pressed menstruation. 

Second,  to  avail  of  the  vicarious  function  of  the  skin 
in  promoting  absorption  in  acute  or  chronic  nephritis 
with  ursemia  or  suppression  of  urine.  When  there  is 
dropsy,  jaborandi  or  its  alkaloid  is  the  only  medicinal 
diaphoretic  of  real  value. 

Third,  to  favor  the  passing  off  of  diseases  such  as  remit- 
tent malarial  fevers  which  naturally  terminate  in  a  sweat- 
ing stage. 

Fourth,  to  help  in  the  elimination  of  noxious  materials 
from  the  blood,  for  there  is  evidence  that  besides  urea  in 
cases  of  renal  diseases,  sugar  may  be  so  removed  in  sac- 
charine diabetes,  lactic  acid  in  rheumatism,  and  biliary 
products  in  obstructive  disease  of  the  bile  passages 
(Wood). 

Fifth,  to  relieve  some  forms  of  skin  diseases,  when  the 
activity  of  the  sweat  glands  is  deficient. 

Tlie'principal  diapliaretics,  as  grouped  by  the  writer  of 
the  article  in  the  Edinburgh  "  Encyclopedia  Medica,"  are 
warmth,  hot  drinks,  jaborandi  (pilocarpine),  liquor  am- 
monia; acetatis  or  citratis,  potassse  citras,  potassre  nitras, 
ipecac  (Dover's  powder),  opium,  antimony  (pulvis  anti- 
monialis  or  vinum  antimonii),  alcohol,  salicin  and  the 
salicylates,  various  pungent  and  aromatic  substances 
when  taken  into  the  month."  Hare  says  that  the  only 
drugs  we  know  to  be  direct  stimulants  to  the  sweat  glands 
are  pilocarpus  and  Warburg's  tincture,  which  latter  is, 
next  to  pilocarpus,  the  most  powerful  sweat  producer  we 
have.  It  might  be  considered  that  the  group  of  drugs  of 
which  antipyrine  and  acetanilid  are  the  well-known  types, 
should  properly  be  included  among  the  diaphoretics,  but 
it  must  be  borne  in  mind  that  the  chief  action  which 
they  show  is  as  antipyretics,  while  the  promotion  of  per- 
spiration, though  often  very  noticeable,  is  a  secondary 
result  and  may  be  checked  by  such  drugs  as  atropine  or 
agarioine,  the  fall  of  temperature  meantime  continuing 
(Cushny). 

Individual  Diaphoretici.  —Heat  applied  externally ,  either 
dry  or  moist,  is  one  of  the  readiest  and  most  efficient  means 
at  onr  disposal,  and  its  effect  may  be  heightened  by  the 
use  of  hot  drinks  either  mildly  alcoholic  or  containing 
certain  aromatics  (ginger  tea,  hot  whiskey  punch).  Many 
persons  resort  to  the  Russian  (moist)  or  Turkish  (dry  heat) 
bath  for  the  relief  of  attacks  of  muscular  rheumatism, 
while  as  a  domestic  remedy  the  mustard  foot-bath  is  con- 
stantly made  use  of  in  the  onset  of  "colds,"  especially 
when  accompanied  by  some  fever.  "  The  dropsy  remain- 
ing after  the  earlier  stages  of  acute  nephritis,  "  says  Osier, 
"is  best  treated  by  hydrotherapy.  In  children  the  wet 
pack  is  usually  satisfactory,  and  it  is  applied  by  wringing 
a  blanket  out  of  hot  water,  wrapping  the  child  in  it,  cov- 
ering this  with  a  dry  blanket,  and  then  with  a  rubber 
clotii.  In  this  the  child  may  remain  for  an  hour.  It  may 
be  repeated  daily.  In  the  case  of  adults  the  hot-air  bath 
or  the  vapor  bath  may  be  conveniently  given  by  allow- 
ing the  vapor  or  air  to  pass  from  a  funnel  beneath  the 
bed  clothes,  which  are  raised  on  a  low  cradle.  Mfn;e  eth- 
cient,  as  a  rule,  is  a  hot  bath  (temperature  of  100  i., 
gradually  raised  to  possibly  llO"'  F.),  after  which  the  pa- 
tient is  wrapped  in  blankets.  The  sweating  produced 
by  these  measures  is  usually  profuse,  rarely  exhausting. 
It  may  be  remarked  that  profuse  sweating  is  rarely  so 
exhausting  as  purging.  . 

Jaborandi  (pilocarpus),  with  its  preparations  and  its  al- 
kaloid pilocarpine,  stimulates  the  peripheral  ends  ot  the 
secretory  nerves.  They  represent  the  most  valuable  drug 
of  this  class,  for  this  diaphoretic  may  be  used  with  ad- 
vantage not  only  in  the  onset  of  influenza  and  in  subacute 
rheumatic  attacks,  but  also  in  both  acute  and  chronic 
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Blight's  disease,  in  which  it  is  found  most  efficient  in  re- 
moving the  dropsical  accumulation  and  with  it  the  urea 
which  has  been  held  in  solution.  The  effusions  of  recent 
pleuritis,  hydrothorax,  and  a.scites  have  been  quickly  re- 
moved by  the  drug.  The  fluid  extract  of  pilocarpus  may 
be  given  in  doses  of  from  ni  xv.  to  xxx.,  or  even  ni  Ix!, 
repeated  once  a  day  or  once  a  week  as  required ;  while  the 
alkaloid,  which  is  less  apt  to  nauseate,  may  be  given 
hypodermically  in  doses  of  gr.  ^lo^l.  The  possibility  of 
danger  from  its  depressing  action  "on  the  heart  should 
always  be  borne  in  mind,  especially  when  this  drug  is  used 
in  dropsy  due  to  heart  disease.  According  to  H.  C. 
Wood  the  effects  of  the  drug  may  set  in  in  five  minutes 
after  a  hypodermic  injection  of  pilocarpine  and  the  sweat 
may  amount  to  from  nine  to  fifteen  ounces  by  estimation. 
He  recommends  the  following  method  of  administration: 
"Give  a  dessertspoonful  of  a  mixture  containing  pilocar- 
pine muriate  gr.  -f\,  antipyrine  gr.  v.,  Tinct.  aconit.  rad. 
TTli.-iij.  Soak  the  feet  in  a  hot  mustard  bath.  Then  put 
the  patient  to  bed  and  give  a  teaspoonful  of  the  mixture 
with  a  tumbler  of  hot  lemonade  or  whiskey  punch  and 
repeat  the  pilocarpine  mixture  every  twentj^  minutes  till 
he  sweats."  Pilocarpine  is  much  used  as  an  ingredient 
of  lotions  to  promote  the  growth  of  the  hair,  and  its  favor- 
able effects  may  be  due  to  the  fact  that  it  increases  the 
action  of  the  glands  of  the  scalp.  The  following  is  a  suc- 
cessful topical  application  in  alopecia:  If  Ext.  fl.  pilo- 
carpi, fl.  5  i- ;  Tinct.  cantharid.,  fl.  §  ss. ;  Lin.  saponis 
fl.  3  iiss.  M.  S. :  Rub  the  scalp  well  daily.  (Bartholow.) 
Liquor  Ammaidm  Acetatis  (Spiritus  Mindereri)  is  of  very 
moderate  utility  and  is  little  used  except  as  a  vehicle  or 
in  combination  with  other  drugs  such  as  aconite  or  ipecac. 
Nor  is  it  necessary  to  say  more  of  the  citrate  of  ammonia, 
the  citrate  of  potiissa  in  the  form  of  the  neutral  mixture 
or  effervescing,  or  of  nitrate  ofpotassa. 

Dover's  Powder  (Pulv.  Ipecac.  Compositus),  represent- 
ing in  combination  the  two  diaphoretics  ipecac  and  opium, 
was  the  best-known  and  most  serviceable  diaphoretic 
drug  prior  to  the  introduction  of  pilocarpus.  Its  action 
is  partly  due  to  both  these  ingredients,  the  opium  adding 
to  the  effects  of  the  ipecac  in  dilating  the  vessels  of  the 
skin.  Its  action  is  gentler  than  that  of  pilocarpine.  The 
dose  for  an  adult  is  gr.  x.,  or  doses  of  two  or  more 
grains  may  be  given  at  one  time  and  repeated  at  suitable 
intervals  of  one  hour  or  more.  It  has  an  established  re- 
pute for  the  relief  of  acute  catarrh  of  the  respiratory 
mucous  membranes— and  it  is  efficacious  in  many  other 
conditions  in  which  an  opiate  is  not  contraindicated. 

Antimony,  in  the  forms  of  pulvis  antimonialis  (James' 
powder)  and  of  vinum  antimonii,  was  formerly  much 
more  used  as  a  diaphoretic  than  it  is  to-day.  Its  action 
is  that  of  a  powerful  depressant  of  the  arterial  circulation. 
It  has  a  decided  action  in  causing  perspiration  when 
given  in  doses  of  gr.  yV- 1*"*  ^o'"  *'"?  purpose  it  has  of  late 
years  been  superseded  by  pilocarpine. 

Alcohol,  in  its  various  combinations  in  wines  and  beers 
and  spirits,  especially  when  the  latter  are  drunk  with  hot 
water  stimulates  the  circulation  of  the  skin  and  dilates 
the  biood-vessels,  thus  leading  to  free  diaphoresis.  It 
may  be  used  in  considerable  dilution  as  an  adjuvant 
to  other  diaphoretic  mixtures,  as  has  been  specified  above. 
When  taken  to  excess  so  that  its  narcotic  effect  is  mani- 
fested the  diaphoresis  which  accompanies  it  is  due,  as  m 
the  case  of  opium  and  other  narcotics,  to  the  increased 
venosity  of  the  blood. 

Oumaeum.,  of  which  the  best  preparations  are  the 
simple  and  ammoniated  tinctures,  has  had  some  rather 
questionable  reputation  as  a  diaphoretic.  It  is  an  ingredi- 
ent of  various  anti -rheumatic  mixtures,  and  perhaps  the 
utility  of  some  of  them  may  be  measurably  due  to  its 
action  on  the  skin  as  an  aid  to  the  removal  of  the  mor- 
bific elements  from  the  aftected  tissues  The  dose  is  from 
fl.  5  ss.  to  i.  of  either  tincture.  /.  Haven  Emerson. 
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DIAPHRAGM.     See  Tliorax,  and  (Mom. 

DIAPHRAGM,  DISEASES   AND  INJURIES   OF  THE. 

—Since  the  diaphragm  is  composed  of  tendons  and  mus- 
cles and  enervated  by  a  nervous  apparatus,  not  materially 
differing  from  similar  tissues  found  in  other  parts  of  the 
body  it  is  subject  to  the  diseases  common  to  such  tissues 
in  all'  parts  of  the  organism.  Few  of  its  affections  are 
limited  to  its  own  tissues,  and  frequently  its  symptoms 
are  merely  a  part  of  a  general  symptom  complex  whicli 
has  its  origin  in  a  diseased  organ  more  or  less  remote 
from  the  diaphragm. 

Displacements  and  impairment  of  the  movements  of 
the  diaphragm  may  be  due  to  loss  of  tone  and  elasticity  of 
the  musculo-tendiiious  structure,  but  by  far  the  most  fre- 
quent agent  in  producing  such  conditions  is  a  change  in 
the  balancing  of  the  intra-thoracic  and  inti-a-abdomiual 
pressures.  Increased  intra-thoracic  pressure  frequently 
depresses  the  diaphragm;  this  may  be  unilateral  or  bilat- 
eral. It  is  produced  by  tumors  of  the  lung,  pleura,  or 
mediastinum,  by  collections  of  fluid  or  gas  in  the  pleura, 
and  by  loss  of  lung  elasticity  as  in  pneumonia,  emphy- 
seina,  etc.  Increased  intra-abdominal  pressure  often 
raises  the  elevation  of  the  diaphragm ;  this  is  usually  bi- 
lateral, rarely  unilateral.  This  may  arise  from  preg- 
nancy, cysts,  and  tumors  of  the  abdominal  viscera,  from 
ascites  and  inflammatory  exudates  as  in  peritonitis,  sub- 
phrenic abscess,  etc.,  and  from  accumulations  of  gas,  in- 
tra-peritoneal  or  intra-intestinal.  Dis]3lacement  may  be 
produced  by  pleuritic,  peritoneal,  or  pericardial  adhe- 
sions, by  a  kyphosis  of  the  spine,  or  by  the  pull  of  an  en- 
larged liver.  With  the  change  in  position  there  is  usu- 
ally associated  a  diminution  in  motion  which  may  be  so 
great  as  to  be  entirely  lost.  In  upward  displacements  there 
are  frequently  signs  of  compression  of  the  lungs  at  the 
base ;  breathing  is  embarrassed  and  tends  to  become  costal. 
Downward  displacement  is  evidenced  by  a  protrusion  of 
the  abdominal  wall  and  by  the  low  position  of  the  spleen 
and  liver.  Litten's  "diaphi-agm  phenomenon"  is  most 
useful  in  determining  changes  in  position  and  movements 
of  the  diaphragm.  It  is  thus  described :  When  "  the  patient 
is  made  to  lie  on  his  back,  his  head  but  slightly  supported, 
opposite  the  window  to  which  his  head  is  turned,  while 
at  a  distance  of  three  oi-  four  feet  the  observer,  with  bis 
back  toward  the  window,  scans  his  chest  at  an  angle  of 
4.5°,"  the  height  and  movements  of  the  diaphragm  are 
marked  on  the  thoracic  wall  by  a  shadowy  line,  lying  at 
an  acute  angle  to  the  ribs,  denoting  its  momentaiy  posi- 
tion. The  excursion  of  the  shadow  under  normal  condi- 
tions should  average  two  and  one  half  inches  in  forced 
respiration;  less  than  this  shows  an  abnormally  impeded 
movement.  In  unilateral  changes  the  contrast  of  the 
shadows  of  the  two  sides  is  very  evident.  The  progno- 
sis and  treatment  depend  upon  the  cause  and  its  removal. 

Traumatisms  to  the  diaphragm  rarely  occur  without 
concuiTent  injuries  to  adjacent  organs,  and  the  symptom 
complex  afforded  by  the  latter  often  masks  those  of  the 
tormer  Blows  and  falls  causing  rtipture  or  strain  of  the 
musculo-tendmous  tissue  may  occur  without  evidence  of 
injury  to  the  external  parts.  Rupture  is  frequently  the 
result  of^  blows  and  wounds  to  the  lower  chest  '  stab 
wounds  intended  for  the  heart  and  fractured  ribs  being 
especially  in  evidence.  Men,  as  they  are  especially  ex 
posed  to  trauma,  are  more  commonly  the  subjects  of  this 
lesion.     On  account  of  lo.ss  of  elasticity  of  muscle  the 
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injury  to  the  diaphragm.     The 


symptoms  of  diaphragmatic  injury  are  usua^  Secondary 


in  importance  to  those  of  other  organs  coincidently  in- 
jured. There  is  considerable  shock,  at  times  passing  into 
collapse.  The  face  is  drawn  (risus  sardonicus),  nose 
pinched.  The  respiration  is  embarrassed  and  there  is  pain 
at  the  site  of  diaphragmatic  attachment.  Not  infre- 
quently there  is  a  resulting  hernia.  The  diagnosis  is  often 
overlooked  in  considering  the  trauma  to  other  organs. 
The  prognosis  is  usually  grave.  Treatment  is  as  a  rule 
necessarily  first  directed  to  the  coincident  injuries  to  adja- 
(■I'ut  organs  and  to  meeting  shock  by  the  usual  methods. 
The  edges  of  the  wound  may  be  closed  either  by  suture 
to  eacli  other  or,  as  in  a  case  reported  by  Prey,  by  sutur- 
ing one  edge  also  to  the  chest  wall.  It  should  be  borne 
in  mind  that  hemorrhage  from  a  wound  of  the  chest  may 
be  from  the  diaphragm  as  well  as  from  the  lung  and  the 
thoracic  wall. 

Heknia.— Hernife  of  the  diaphragm  are  not  very  rare. 
Leichtenstein  has  collected  253  cases  and  Lacher  376  cases. 
By  hernia  is  understood  any  escape  of  the  organs,  nor- 
mally lying  below  the  diaphragm,  through  the  diaphragm 
into  the  chest  cavity,  whether  the  escaped  organs  are 
enclosed  in  a  true  hernial  sac  or  not.  In  376  cases  there 
was  a  sac  in  38  instances,  and  of  these  3.5  were  congenital 
herniffi.  Heniiae  may  be  either  congenital  or  acquired; 
of  367  cases  117  were  congenital. 

Congenital  Hernia,  are  due  to  an  arrest  of  foetal  de- 
velopment and  occur  usually  on  the  left  side,  since  con- 
genital defects  of  the  diaphragm  are  more  frequent  on 
the  left  side,  and  the  muscle  congenitally  deficient  is 
protected  on  the  right  side  by  the  liver.  In  117  con- 
genital cases  Lacher  found  98  of  the  left  side  against  19 
of  the  right.  The  opening  is  more  frequently  in  the  mus- 
cular than  in  the  tendinous  structure,  and  more  often  in 
its  posterior  portion.  The  size  of  the  aperture  varies  from 
a  small  hole  to  one  involving  one-half  of  the  diaphragm. 
Often  these  defects  of  the  diaphragm  are  associated  with 
other  congenital  defects  (hemicrania,  anencephalia,  de- 
fective fingers,  toes,  etc.).  These  cases  are  at  times  still- 
born or  at  best  they  live  a  tew  hours,  although  there  are 
rare  cases  on  record  of  the  patient's  reaching  maturity  and 
even  old  age.  Living  babies  suffering  from  this  condi- 
tion are  very  cyanotic,  and  after  a  longer  or  shorter  period 
of  labored  breathing  reach  the  fatal  termination.  If  the 
diagnosis  is  made  the  little  patient  may  be  held  erect  in 
the  hope  that  gravity  may  assist  in  bringing  about  a  re- 
duction of  the  hernia;  water  pressure  bj'  rectal  injection 
has  been  advocated.  No  case  of  operative  interference 
is  on  record. 

Acqitired  Herniw  are  usually  the  result  of  a  traumatic 
rupture  of  the  diaphragm,  but  there  are  also  records  of  rare 
cases  of  hernia  through  a  weak  point  in  the  diaphragm 
(sometimes  coincident  with  one  of  the  natural  openings, 
e.g.,  the  ajierture  for  the  oesophagus),  following  the  ex- 
cessive intra-abdominal  pressure  of  labor,  vomiting,  and 
the  like.  They  are  mostly  found  in  men,  who  are  more 
liable  to  injury  than  women.  In  looking  over  the  litera- 
ture I  have  found  only  one  case  following  pathological 
perforation.  Lacher  reports  150  cases  following  trau- 
matism ;  the  hernia  occurred  on  the  left  side  in  137  cases, 
only  3  cases  being  provided  with  a  sac.  The  greater  fre- 
quency of  left-sided  hernia  is  explained  by  the  greater 
number  of  injuries  to  the  left  side  of  the  chest  and  the 
absence  of  protection  by  the  liver.  Through  the  rup- 
tured or  defective  diaphragm  any  of  the  abdominal  or- 
gans may  find  their  way  into  the  chest  cavity.  The  fol- 
lowing is  a  list  of  the  organs  (in  order  of  frequency)  thus 
found  displaced:  stomach,  omentum,  colon,  small  intes- 
tine, liver,  duodenum,  pancreas,  ci^cum,  and  kidney.  It 
the  opening  in  the  diaphragm  has  existed  for  any  con- 
sidei-able  period  the  edge  is  found  smooth,  thickened,  and 
rounded.  Adhesions  between  the  displaced  organs  and 
between  these  and  the  diaphragm  are  of  exceedingly  rare 
occurrence.  An  organ  at  one  time  a  part  of  the  hernial 
protrusion  may  find  its  way  back  to  its  normal  abdominal 
position,  tlius  materially  affecting  the  clinical  picture. 

In  traumatic  hernia,  injuries  to  other  organs  may  com- 
pletely mask  the  symptoms  of  the  hernia  proper,  "but  as 
the  early  symptoms  pass  away  the  evidences  of  the  hernia 
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usually  make  themselves  apparent.  The  physical  signs 
vary  considerably  accordiug  to  the  viscus  which  is  dis- 
placed, its  volume,  and  its  position.  The  lower  chest  ap- 
pears full,  the  abdomen  hollow ;  respiration  is  costal,  the 
respiratory  movements  of  the  abdominal  wall  being  ab- 
sent or  greatly  reduced.  Litteu's  "diaphragm  phe- 
nomenon" indicates  movements  diminished,  absent,  or 
unequal  on  the  two  sides.  Dyspna?a  is  usually  an  early 
and  prominent  symptom.  Palpation  shows  diminished 
movements  of  the  liver,  spleen,  and  stomach  in  inspiration, 
or  a  displacement  of  these  organs  from  their  normal  posi- 
tion. The  heart  is  frequently  displaced,  usually  back- 
Avard  and  to  the  right.  The  hand  placed  on  the  chest 
may  often  detect  the  movements  of  the  displaced 
intestine.  Percussion  shows  a  compressed  or  collapsed 
lung  replaced  by  signs  of  a  viscus  solid  or  containing 
fluid  or  gas.  By  auscultation,  in  addition  to  the  change 
in  the  lung  and"  the  embarrassed  condition  of  the  heart, 
one  may  hear  the  movements  of  the  stomach  and  intestines 
and  the  splashing  of  their  contents  within  the  chest,  often 
with  succussion  and  metallic  tinkle,  while  the  deglutition 
sounds  may  show  a  wide  variation  from  the  noi'mal. 
Abnormal  friction  sounds  may  bo  present.  Subjective 
symptoms  are  liable  to  extreme  variations  with  the 
change  in  the  volume  and  the  position  of  the  hernia. 
The  dyspnoja  may  be  continuous  or  paroxysmal  and  at- 
tended by  extreme  cyanosis.  The  pain  may  be  consider- 
able and  Is  increased  by  movement ;  it  is  usually  referred 
to  the  site  of  the  attachment  of  the  diaphragm  to  the 
body  wall.  Cough,  hiccough,  and  vague  gastric  disturb- 
ances may  exist.  If  strangulation  of  the  bowel  super- 
venes, the  symptoms  of  acute  intestinal  obstruction  may 
be  added  to  the  picture. 

A  number  of  cases  are  on  record  in  which  the  hernia 
existed  for  years,  some  with  very  mild  and  others  with 
severe  s_vmptoms,  only  to  be  revealed  on  autopsy.  One 
patient  lived  fifty-two  years  after  the  occurrence  of  the 
hernia.  Doubtless  many  patients  recover  without  a  dis- 
covery of  the  lesion.  In  general,  however,  the  prognosis 
is  bad.  In  33  cases  following  stab  wounds  there  was  a 
mortality  of  88  per  cent.  It  shovdd  be  borne  in  mind 
that  the  gravity  is  greatly  augmented  by  trauma  to  some 
of  the  organs  involved  and  the  resulting  complications, 
prominent  among  which  are  perforation  of  the  stomach 
and  empyema.  Strangulation  is  always  to  be  dreaded, 
and  may  occur  years  after  the  original  injury,  being  in- 
duced by  some  unusual  effort,  as  an  attack  of  vomiting, 
coughing,  straining,  etc.  Death  from  strangulation  of  the 
stomach  or  intestines  occurs,  according  to  Leichtenstein, 
in  fifteen  per  cent,  of  the  cases.  Another  frequent  cause 
of  death  is  the  compression  of  the  lungs  and  heart  by  the 
distention  of  the  displaced  viscera  by  gas  or  the  sudden 
passage  of  additional  organs  through  the  hernial  opening. 

Diagmsis. — That  the  diagnosis  is  difficult  may  be  in- 
ferred from  the  fact  that  in  a  collection  of  300  cases  only 
7  were  diagnosed  during  life.  Among  the  more  important 
diagnostic  points  may  be  mentioned :  fulness  in  the  chest 
associated  with  a  hollowed  abdomen,  evidence  of  move- 
ments of  the  intestine  and  its  contents  in  the  chest,  and 
the  displacement  of  the  heart.  Hernia  is  most  often  mis- 
taken for  pneumothorax.  The  latter  usually  occupies  the 
entire  half  of  the  thorax,  is  about  equally  frequent  on 
both  sides  of  the  chest,  is  absorbed  gradually ;  the  physi- 
cal signs  are  fairly  constant,  and  there  is  frequently  an 
antecedent  history  of  disease  of  the  lung  or  pleura.  Her- 
nia usually  occurs  on  the  left  side,  occupies  an  irregular 
portion  of  the  thorax;  its  volume  and  position  change 
from  day  to  day,  affording  great  variation  in  physical 
signs,  and  the  subjective  symptoms  are  subject  to  greater 
variation. 

On  account  of  the  frequency  with  which  hernia  re- 
sults from  stab  wounds  of  the  lower  chest,  Paget  recom- 
mends that  every  such  wound  should  be  thoroughly  ex- 
plored as  soon  as  it  comes  under  observation  so  as  to 
exclude  positively  every  case  of  hernia. 

Treatmmt.—A\\  adjacent  organs  should  be  carefully 
examined  and  their  injuries  cared  for.  The  reduction  of 
the  hernia  can  be  accomplished  much  more  easily  from 


the  chest  cavity  than  from  the  abdomen,  and  since  the 
diaphragm  is  also  far  more  accessible  from  above  the 
a,venue  of  approach  should  be  through  the  chest  wall 
Access  should  be  obtained  by  resecting  several  ribs  thus 
allowing  a  large  flap  of  chest  wall  to  be  raised  '  The 
prolapsed  organs,  after  being  cared  for,  are  reduced  and 
the  diaphragm  closed  by  strong  sutures;  the  reduction 
may  necessitate  an  increase  in  the  size  of  the  diaphrag- 
matic opening.  Through  such  an  opening  it  has  been 
possible  to  close  a  perforation  of  the  stomach  and  cleanse 
a  large  portion  of  the  viscera,  the  case  resulting  in  recov- 
ery. The  chest  wall  is  replaced,  a  sufficient  opening  being 
left  to  permit  of  a  small  drain  reaching  to  the  site  of  in- 
jury. Successful  cases  which  have  been  operated  on  are 
reported  by  Posternski,  Llobet,  Dalton,  Humbert,  Miku- 
licz, and  others. 

DiAPHRAGMiTis.— Primary  inflammation  of  the  dia- 
phragm is  an  extremely  rare  condition  and  its  existence 
is  denied  by  several  writers.  Primary  localized  inflam- 
mation of  its  serous  coverings  is  not  uncommon.  Wal- 
deyer  has  reported  a  case  of  diaphragmitis  following 
puerperal  sepsis  in  which  the  lymphatics  of  the  diaphragm 
were  swarming  with  micro-organisms.  The  process  may 
result  in  a  fatty  degeneration  of  the  muscle  fibres.  There 
are  usually  a  sense  of  constriction  in  the  epigastrium ;  pain 
at  the  line  of  insertion  of  the  muscle,  increased  by  pressure 
on  the  epigastrium  and  by  the  movements  of  respiration; 
embarrassed  breathing,  cough,  singultus,  and  fever.  A 
differentiation  between  this  and  localized  pleurisy  or 
peritonitis  is  difficult  and  is  rarely  made  during  "life. 
Treatment  consists  of  rest  and  the  administration  of  mor- 
phine for  the  pain. 

Perforation, — Perforation  is  produced  by  a  localized 
suppurative  process,  usually  by  tlie  burrowing  of  pus  up- 
ward or  downward,  and  b}f  the  extension  of  neoplasms. 
The  common  etiological  factors  are  empyema,  purulent 
pericarditis,  suppurative  hepatitis,  subphrenic  abscess, 
and  perforating  ulcer  of  the  stomach.  In  38  cases  of  ulcer 
of  the  stomach  causing  perforation  of  the  diaphragm,  20 
were  found  to  have  produced  this  directly,  and  in  only  8 
was  a  subphrenic  abscess  formed  before  the  perforation. 
Treatment  should  be  directed  to  the  underlying  cause. 

Adhesions. — Adhesions  between  the  diaphragm  and 
neighboring  organs  (either  thoracic  or  abdominal)  are  of 
common  occurrence.  They  are  usually  the  result  of  the 
inflammation  of  the  pleura  or  peritoneum  of  this  region, 
and  are  commonly  elastic  bands  which  are  occasionally 
infiltrated  with  calcareous  material  and  do  not  hold  the 
adjacent  organs  very  closely  or  firmly  together.  When 
adhesions  exist  between  the  diaphragm  and  the  pericar- 
dium, there  is  pulsation  visible  in  the  epigastrium.  Other 
adhesions  may  cause  displacement  or  impede  the  move- 
ments of  the  diaphragm. 

Rheumatism. — Rheumatism  may  attack  both  the  mus- 
cular and  the  aponeurotic  structures  of  the  diaphragm. 
It  may  be  acute  or  chronic ;  the  acute  form  may  be  idio- 
pathic or  may  be  secondary  to  rheumatism  in  other  parts 
of  the  body.  The  attack  comes  on  suddenly,  usually 
after  exposure  to  damp  and  cold  with  chilling  of  the  body 
surface.  There  are  systemic  symptoms  only  when  this 
is  a  part  of  a  general  rheumatic  affection.  Pain  at  the 
line  of  attachment  of  the  muscle  to  the  body  wall  is 
severe  and  is  increased  by  movements  and  pressure;  it 
may  often  be  marked  out  by  palpation ;  only  rarely  is  it 
unilateral.  Food  passing  the  asophageal  opening  may 
cause  distress.  Pain  embarrasses  the  movements  of  the 
diaphragm  and  respiration  becomes  costal.  There  may 
be  tonic  or  clonic  spasm  of  the  diaphragm  with  hiccough, 
also  spasms  of  the  esophagus  and  larynx.  The  diagno- 
sis is  sometimes  difficult.  The  conditions  most  frequently 
confounded  with  it  are  pleurisy,  intercostal  neuralgia, 
asthma,  and  angina  pectoris.  Rheumatism  in  other  parts 
of  the  body,  the  absence  of  pleuritic  rales,  and  the  loca- 
tion of  the  pain  will  aid  in  establishing  a  diagnosis.  The 
prognosis  is  nearly  always  good.  Anti-rheumatic  treat- 
ment affords  the  most  satisfactory  results,  notably  the 
administration  of  the  salicylates  with  alkalies.  Physio- 
logical rest  is  important  and  may  be  assisted  by  strap- 
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pin,  tlie  lower  chest  with  broad  strips  °f  f ''f^re' rf 
L-  Locally  cuppiu,  and  painting  with  tinctuie  ot 
i,'dine  aie  of  service,   "Morphine  may  be  necessary  to  le- 

"  NEorlS-Neoplasnis  of  the  diapluagm  are  seconcL 
ary  to  growths  in  adjacent  parts.  The  diagnosis  is 
made  during  life  only  in  extremely  rare  cases,  they  aie 
in  the  main  post-mortem  curiosities.  Granchei  has  le- 
ported  one  case  of  primary  new  growth.  The  forms  met 
include  cancer,  tuberculosis,  hydatid  cysts,  and  calcare- 
ous deposits  associated  with  muscle  degeneration  (Otto). 
This  seems  to  be  frequently  produced  by  a  long-existing 
pleurisy.  Perforation  of  the  diaphragm  has  occasionally 
been  produced  by  neoplasms^ 

Nervous  Affections.— The  affections  of  the  dia- 
phrao-m  due  to  a  traumatic  or  diseased  condition  of  its 
nerve  .supply  may  be  considered  under  the  lieadings  ot 
neuralgias,  spasms,  paralyses,  and  atrophies.  As  the 
phrenic  nerves  convey  by  far  the  most  important  nerve 
impulses  to  and  from  this  organ,  the  changes  in  this 
nerve  and  in  its  centres  in  the  spinal  cord  include  the 
major  portion  of  such  affections,  while  changes  in  the 
intercostal  nerves  may  be  practically  disregarded  in 
this  connection. 

Neuralqias  are  not  uncommon  affections,  their  etiology 
being  much  the  same  as  that  of  neuralgias  of  other  nerve 
areas;  a  sudden  chilling  of  the  body,  nutritional  distur- 
bances as  in  anaemia  and  rheumatic  affections,  and  inflam- 
matory processes  in  adjacent  organs,  such  as  pleurisy  and 
pericarditis,  may  be  mentioned  as  especially  prominent. 
Pain,  usually  severe,  at  the  line  of  attachment  of  the 
diaphragm  to  the  chest  wall,  sometimes  radiating  to 
the  shoulder,  is  always  present.  The  pain  may  follow  the 
course  of  the  phrenic  nerve  in  the  neck.  The  pain  often 
interferes  with  respiration.  There  may  be  dysphagia. 
Diaphragmatic  neuralgia  is  often  confounded  with  angina 
l)ectoris,"pericarditis,  and  pleurisy.  The  treatment  con- 
sists in  removing  the  general  causal  condition,  in  the  local 
application  of  revulsives,  and  in  the  hypodermatic  use  of 
morphine,  antipyrin,  etc. 

I'^pasin  of  the  diaphragm  is  rare,  excepting  when  it  is 
secondary  to  some  general  disease,  which  is  usually  a 
neurosis.  Spasms  may  be  tonic  or  clonic,  the  latter  be- 
ing far  more  common  and  less  serious  than  the  former. 
While  rare  cases  of  idifipathic  tonic  spasms  have  been  de- 
scribed by  Ducheime  and  others,  by  far  the  greater  num- 
l)er  are  symptomatic  and  are  merely  developed  in  the 
course  of  some  general  disease.  Of  these  may  be  men- 
tioned epilep.sy,  a.sthma,  eclampsia,  rabies,  tetanus,  and 
strychnine  poisoning.  The  spasms  may  be  short  or  majr 
continue  for  a  considerable  period,  the  respiration  is  al- 
tered to  the  costal  type,  the  thorax  is  enlarged  at  tlie  base, 
and  the  liver  is  pushed  down.  There  are  attacks  of  dys- 
pno'a  and  a  feeling  of  suffocation  with  pain  eucircling  the 
body  like  a  girdle.  As  the  suffocation  verges  on  asjihyxia 
all  the  accessory  muscles  of  respiration  are  brought'into 
play.  There  is  a  diminished  ve.sicular  murmur  over  the 
lower  part  of  the  lungs.  If  the  spasm  is  short,  the  pa- 
tient soon  resumes  normal  breathing ;  if  long,  lie  dies  with 
the  agonies  of  asphyxia.  To  relieve  the  condition,  ener- 
getic counter-irritation  should  be  applied  to  the  thoracic 
walls,  epigastrium,  and  lumbar  regions,  the  actual  cau- 
tery, hot  compresses,  and  wet  or  dry  cups  being  espe- 
cially serviceable.  Tlie  faradic  brush,  applied  along  the 
line  of  attachment  of  the  diaphragm,  has  also  accom- 
plished good  results.  As  anti-spasmodics  one  may  em- 
liloy  chloroform,  ether,  valerian,  the  bromides,  and  tlie 
nitrites. 

Clonic  Spasm  of  the  diaphragm  occurs  far  more  fre- 
(luently  than  the  tonic;  there  is  no  idiopathic  tyjie  and  it 
occurs  (jnly  as  a  symptom  of  some  causal  disJ'ase'  The 
subjects  of  such  a  spasm  are  usually  of  a  neurotic  tem- 
perament. ^  The  main  etiological  condition  is  an  irritation 
ot  the  respiratory  centres.  This  mav  be  funclional  as  in 
hysteria  and  epilepsy ;  it  may  follow  a  central  or  spinal 
lesion  or  poisoning,  as  in  typhoid,  septiacmia,  unemia, 
etc.;  or  It  may  be  the  result  of  retlex  irritation  from  a 
peripheral  source,  e.ij.,  stricture  of  the  esophagus,  iutes- 
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tinal  and  gastric  affections,  overloading  of  the  stomach, 
peritonitis,  disorders  of  the  pleura,  pericardium,  liver, 
bladder,  uterus,  etc.  The  contractions  of  the  muscular 
apparatus  vary  extremely  in  force  and  frequency.  From 
one  a  minute  they  may,  as  in  some  observed  cases,  increase 
to  one  hundred  a  minute  when  the  successive  movements 
form  a  continuous  tremor.  The  diaphragm  strikes  vio- 
lently against  adjacent  viscera  and  pushes  them  about. 
With  each  inspiration  the  whole  abdomen  is  raised  and 
there  is  often  a  peculiar  succussiou  sound.  In  the  com- 
mon form  the  ordinary  hiccough  is  the  most  evident 
manifestation ;  so  common  is  it  that  many  writers  con- 
sider it  synonymous  with  clonic  spasm  of  the  diaphragm. 
Speech  is  intt-rrupted  and  inarticulate  noises  accompany 
each  spasmodic  movement.  A  small  group  of  these  cases 
occurring  in  patients  of  a  neurotic  disposition  may  be 
considered  true  spasmodic  tics.  There  is  the  quick,  con- 
vulsive movement  of  the  diaphragm  followed  by  an  ex- 
plosive expulsion  of  the  breath,  with  a  harsh  rasping 
noise.  When  the  patient  is  noticed  or  becomes  excited 
the  spasms  increase  in  frequency.  If  these  spasms  pass 
away  quickly  the  patient  soon  regains  his  normal  status; 
but  if  the.'^  are  long-continued  (cases  lasting  several  weeks 
are  on  record),  the  patient  becomes  exhausted  with  the 
movements  and  consequent  loss  of  sleep. 

The  prognosis  depends  on  the  cause  and  the  duration 
of  the  attack.  It  is  not  as  dangerous  as  the  tonic  spasm, 
but  may  seriousl}'  interfere  with  the  ingestion  and 
assimilation  of  food.  Of  the  tics  it  is  said  they  "  rarely 
shorten  life. "  The  prognosis  is  bad  in  adults,  but  good 
in  children  if  the  affection  is  taken  in  hand  early.  Treat- 
ment should  be  directed  to  the  cause,  which  should  l)e 
removed,  if  possible;  general  tonics,  moral  control,  with 
rest  and  massage,  have  their  place.  As  symptomatic 
treatment  innumerable  methods  have  many  zealous  ad- 
vocates. Among  these  are :  holding  the  breath  for  long 
periods,  pressure  over  the  phrenics  in  the  neck,  pressure 
or  ethyl  chloride  spray  on  epigastrium,  galvanism  and 
faradism(one  pole  over  each  phrenic,  or  one  over  phrenic 
and  one  at  diaphragm),  and  the  administration  of  atro- 
pine, hyoscinc,  ana'stlietics,  nitrites,  and  morphine. 

Piirab/sisof  the  diapihragm  may  follow  injuries,  inflam- 
mations, or  pressure  on  the  phrenic  nerve.  The  common 
site  of  injury  to  the  phrenic  nerve  is  in  the  neck,  where  its 
protection  is  less  than  in  other  parts  of  its  course.  A  neu- 
ritis involving  the  phrenic  ma}'  follow  diphtheria,  beri- 
beri, influenza,  rheumatism,  and  poisoning  by  lead,  alco- 
hol, coal-tar  products,  etc.  ;  or  it  may  be  a  direct  extension 
from  neighboring  inflamed  organs  as  in  pleurisy.  Pressure 
may  be  the  result  of  tumors  of  the  neck  or  mediastinum. 
Paralysis  of  the  diaphragm  also  occurs  with  pathological 
processes  of  or  injuries  to  the  upper  cervical  segments  of 
the  spinal  cord.  Among  the  pathological  processes  may 
be  mentioned  tumors,  hemorrhages,  tuberculous  or  other 
chronic  inflammatory  affections,  as  amyotrophic  sclerosis, 
bulbar  palsj',  ascending  myelitis,  and  progressive  muscu- 
lar atrophy.  Paralysis  also  occurs  in  hysteria  and  with 
inflammations  of  the  lungs  and  pleura  ;  in  the  latter  the 
movements  of  the  diaphragm  are  inhibited  by  the  re- 
flex pain.  The  loss  of  dia])liraguiatic  function  maj'  be 
unilateral  or  bilateral,  and  again  it  may  be  complete  or 
partial.  In  complete  bilateral  paralysis  the  breathing  is 
costal  and  may  be  easy  while  the  jiatient  is  at  rest,  but  the 
least  exertion  induces  marked  dyspna?a;  there  is  a  feeble 
voice,  embarrassed  by  inspiratiim,  or  complete  aphonia. 
Palpation  fails  to  reveal  descent  of  the  diaphragm,  and 
the  al)dominal  wall  sinks  in  inspiration  and  bulges  in  ex- 
]iiniti()n.  I^itten's  sign  is  absent.  There  is  loss  of  vesic- 
ular murmur  over  the  base  of  the  lungs  and  the  fixing 
of  tlie  diaiihragm  for  coughing,  straining  at  stools,  etc.. 
becomes  impossible.  When  the  paralysisls  unilateral,  tlie 
loss  of  function  on  one  side  may  be  so  compensated  by 
the  movements  of  the  other  that  the  paralysis  is  not  evi- 
dent. If  the  patient  is  directed  to  take  deep  inspirations, 
the  difference  between  the  two  sides  will  show  plainly ; 
furthermore,  in  this  condition  the  contrast  between  tlie 
two  sides,  as  shown  by  the  Litten's  diaphragm  shadow, 
is  particularly  marked.     Following  the  defective  respira- 


REFERENCE   HANDBOOK   OF  THE   MEDICAL   SCIENCES. 


Dlagliraffm^ 
Olapliragni, 


tion  bronchitis  often  develops  in  the  lower  lobes,  and  the 
exudate  is  coughed  up  with  the  greatest  difficulty.  The 
diagnosis  is  at  times  easy,  at  other  times  extremely  diffi- 
cult; the  changes  in  the  respiratory  movements,  the  loss 
of  Litten's  diaphragm  phenomenon,  the  apliouia,  and  the 
weakening  of  the  vesicular  murmur  are  important  points 
in  differentiating  this  from  other  affections.  The  prog- 
nosis, while  favorable  in  rheumatism  and  hysteria,  is  ex- 
tremely grave  when  the  paralysis  arises  from  other  causes. 
It  varies  according  to  the  extent  of  muscle  involved.  If 
the  paralysis  is  complete,  a  fatal  asphyxia  may  come  with 
the  slightest  exertion ;  this  is  the  final  termination  of  many 
diseases  instanced  above  as  among  the  causes  of  paralysis. 
Treatment  should  be  directed  primarily  to  the  underlying 
cause.  Localljr  electricity  has  proved  of  great  value,  in 
some  cases  faradism  and  in  others  galvanism  being  found 
most  efficacious.  One  pole  should  be  placed  over  the 
phrenic  nerve  in  the  neck,  the  other  over  the  abdomen 
just  below  the  diaphragm.  A  curreut  passed  transversely 
through  the  diaphragm  has  also  been  found  to  work  satis- 
factorily. 

Atrophy  of  the  muscle  of  the  diaphragm  may  occur  in 
any  of  the  general  diseases  which  cause  muscular  atrophy 
in  other  parts  of  the  body.  It  occurs  as  a  result  of  the  de- 
struction of  its  motor  nuclei  in  tlie  spinal  cord  (in  spinal 
progressive  muscular  atrophy),  as  a  result  of  a  peripheral 
neuritis  involving  the  phrenic  nerve,  and  as  a  myopathic 
condition  (in  pseudo-hy  pertropliic  muscular  paralysis  and 
idiopathic  muscular  atrophy).  The  sj^mptoms  depend 
on  the  weakness  following  the  muscular  atrophy,  which 
ultimately  results  in  complete  paralysis.  It  has  been  dis- 
covered post  mortem  in  patients  dj'ing  of  bronchitis,  em- 
physema, interstitial  pneumonia,  and  pericarditis.  The 
dyspnosa  and  asphyxia,  of  which  it  is  the  cause,  are  fre- 
quently the  closing  features  of  the  diseases  above  enu- 
merated. The  prognosis  is  bad.  Treatment  has  been  of 
small  avail.  When  the  spinal  disease  isof  syphilitic  origin, 
mercury  and  potassium  iodide  may  arrest  the  disease. 
For  the  atrophy  of  myopathic  origin,  arsenic,  nitrate  of 
strychnine,  and  galvanism  have  been  recommended. 

SuBPiiKENic  AJ3SCESS. — Subphrenic  abscess  is  not  a 
rare  condition,  although  it  is  only  in  comparativel}^  re- 
cent years  that  this  name  has  been  applied  to  localized 
collections  of  pus  having  the  under  side  of  the  diaphragm 
as  one  of  its  boundaries.  The  etiology  of  this  lesion  com- 
prises two  factors :  a  source  of  bacterial  infection  and  a 
localizing  agent.  It  may  be  a  part  of  a  general  infection 
as  in  pytiemia,  septicremia,  or  tuberculosis.  Trauma  may 
act  as  the  localizing  agent,  while  infection  may  travel  by 
metastasis  from  a  distant  infected  area,  by  means  of  the 
lymphatics  so  abundant  in  this  region,  or  by  direct  inva- 
sions from  neighboring  organs.  Prominent  among  these 
are  ulceration  of  the  stomach,  duodenum,  and  colon,  ap- 
pendicitis, abscess  of  the  liver,  suppurating  echinococcus 
cysts,  perforation  of  the  gall  bladder  and  bile  ducts,  and 
empyema.  In  an  exhaustive  monograph  Maydl  reports 
179  cases  with  the  following  classified  sources  of  infec- 
tion: Stomach  and  duodenum,  35 ;  Cfficum  and  appendix, 
25;  Uver  and  bile  passages,  20;  internal  injuries,  18; 
hydatid  disease,  17;  intestines,  13;  metastasis,  11;  m- 
flammation  about  the  kidney,  11;  interior  of  chest,  9, 
external,  6;  caries  of  ribs,  3;  miscellaneous,  11. 

A  classification  of  subphrenic  abscesses  naturally  ar- 
ranges them  as  intra-  or  extra-peritoneal ;  the  latter  occur 
far  more  frequently  on  the  right  side.  Since  the  falci- 
form ligament  forms  a  natural  barrier,  the  abscesses  are 
usually  confined  to  one  side.  Those  of  the  right  side  oc- 
cupy the  space  between  the  diaphragm  and  the  liver; 
those  of  the  left  have  the  diaphragm  above  and  poste- 
riorly, and  for  their  other  boundaries  some  part  or  all 
of  the  following  organs,  which  are  commonly  matted 
together  by  adhesions:  stomach,  spleen,  transverse 
colon,  and  the  left  lobe  of  the  liver.  Any  one  of  these 
may  have  been  the  chief  causal  factor  as  a  starting- 
point  for  the  infection.  The  abscess  may  often  be  con- 
sidered as  a  localized  encysted  peritonitis ;  it  may  vary  m 
size  from  that  of  an  egg  to  a  cavity  holding  over  two 
litres.  The  edges  are,  as  a  rule,  rough  and  lined  with  fibrin- 


ous pouches;  a  few  have  smooth  walls.  The  contents 
may  be  pus  alone  or  pus  and  gas.  The  pus  may  be  thick 
and  devoid  of  odor,  or  ichorous,  mixed  with  necrotic  tis- 
sue, putrid  and  fostid,  and  colored  by  the  pigments  of  bile 
or  blood.  Gas  may  come  from  a  primary  opening,  from  an 
organ  containing  gas,  from  a  secondary  opening  formed 
by  the  abscess  breaking  into  such  an  organ,  or  from  gas- 
forming  bacteria.  Of  Maydl's  179  cases  47  contained  gas ; 
of  these,  20  came  from  primary  perforations  from  the 
alimentary  tract,  18  from  secondary  perforations  (16  into 
lung  and  2  into  alimentary  tract),  and  9  from  gas-form- 
ing bacteria,  no  perforation  being  present.  Among  the 
micro-organisms  found  the  Bacillus  tuberculosis.  Micro- 
coccus tetragenes,  staphylococci,  and  the  Bacillus  coll 
communis  have  been  Isolated.  Osier  considers  the  find- 
ing of  Bacillus  coli  communis  helpful  in  proving  the  ah- 
mentary  tract  as  the  source  of  infection.  The  diaphragm 
is  puslied  up  and  is  frequently  adherent  to  the  lower  ribs. 
PleurLsy  and  pericarditis,  serous  or  purulent,  may  exist  as 
cause  or  effect.  The  abscess,  if  left  to  itself,  mo.st  com- 
monly perforates  the  diaphragm,  infecting  the  pleural 
cavity  and  the  lung.  The  destructive  process  may  reach 
the  bronchi,  which  may  afford  sufficient  drainage  for  com- 
plete evacuation  and  spontaneous  cure.  Other  paths  of 
exit  are  through  the  abdominal  wall  and  into  some  part 
of  the  alimentary  canal. 

The  clinical  features  of  subphrenic  abscess  are  greatly 
modified  by  the  associated  lesions  and  may  accordingly 
have  extreme  variations.  While  at  times  the  respiratory 
functions  are  so  modified  as  to  make  this  aspect  the  most 
prominent,  it  is  more  usual  for  the  symptom  complex  to 
suggest  an  abdominal  lesion.  The  symptoms  may  be 
obscure  and  develop  slowly,  or,  as  in  eases  due  to  the  per- 
foration of  a  gastric  ulcer,  they  may  be  very  evident  and 
may  accumulate  with  extreme  rapidity.  There  is  usually 
considerable  pain  in  the  hypochondriac  or  epigastric  re- 
gion, often  radiating  to  the  shoulder,  with  or  without 
tenderness.  The  pressure  on  the  diaphragm  and  tlie  pain 
embarrass  respiration,  making  It  short  and  superficial  in 
character,  with  more  or  less  dyspnoea.  The  infiammation 
of  the  peritoneum  is  evidenced  by  meteorism,  vomiting, 
hiccough,  and  general  depression,  with  rapid,  weak  pulse. 
There  may  be  signs  of  a  general  pysiemic  infection,  with 
rigors,  fever,  and  sweating.  The  abscess  may  cause  a 
bulging  of  the  upper  abdomen  or  lower  part  of  the  chest, 
with  superficial  heat  and  redness  associated  with  nature's 
attempt  to  form  an  exit  externally.  The  region  in  which 
these  abscesses  commonly  point  'is  near  the  ensiform  car- 
tilage. The  ribs  may  be  displaced,  lying  more  horizon- 
tally than  normal,  and  separated  by  broader  intercostal 
spaces.  Palpation  may  show  fiuctuation  when  the  col- 
lection of  pus  is  superficially  placed,  friction  from  the 
surrounding  peritonitic  exudate,  a  liver  or  spleen  dis- 
placed downward,  and,  when  the  abscess  cavity  is  par- 
tially filled  with  gas,  suecussion.  Percussion  elicits 
dulness  over  the  lower  part  of  the  chest  and  upper  ab- 
domen continuous  with  that  of  the  liver  or  spleen,  or, 
if  gas  is  present,  amphoric  and  metallic  resonance  and 
obliteration  of  normal  hepatic  or  splenic  dulness.  Am- 
phoric breathing,  splashing,  and  metallic  tinkling  may 
frequently  be  heard,  closely  simulating  the  signs  of  a 
pyopneumothorax.  The  clinical  picture  may  vary  from 
day  to  day  as  in  cases  in  which  the  abscess  cavity,  origi- 
nally filled  with  pus,  is  additionally  distended  with  gas. 
Perforation  of  the  diaphragm,  with  its  resulting  em- 
pyema rupture  into  the  lung,  and  evacuation  of  the 
cavity  through  a  bronchus,  are  features  not  infrequently 
added  If  the  abdominal  adhesions  are  broken  down  a 
fatal  peritonitis  rapidly  follows.  The  condition  lasts  for 
from  fifteen  days  to  several  months,  and  is  usually  fatal 
unless  relieved  by  operative  interference.  In  a  number 
of  cases  evacuation  may  take  place  through  a  rupture 
into  a  bronchus,  into  some  portion  of  the  alimentary 
tract  or  externally,  the  latter  being  an  extremely  rare 
occurrence.  Death  results  from  general  sepsis,  empy- 
ema rupture  of  pericardium,  or  abscess  of  the  lung,  or 
from  peritonitis.  This  condition  is  frequently  difficult  to 
diagnosticate    from    empyema    and  pyopneumothorax. 
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The  exploratory  needle  may  assist  in  locating  the  cavity, 
but  it  should  only  be  used  when  means  are  at  hand  to 
operate  for  the  relief  of  the  condition  on  account  of  the 
dancer  of  serious  extension  of  the  infection  along  the 
path  of  the  needle.  If  a  cannula  be  thrust  into  the  ab- 
scess its  contents  are  expelled  in  inspiration  more  forcibly 
than 'in  expiration-contrary  to  that  which  occurs  when 
the  pus  is  above  the  diaphragm  (Pfuhl).  This  sign  may  be 
absent  when  the  diaphragm  is  paralyzed  as  a  result  ot 
long  existing  inflammation,  or  if  the  diaphragm  and  lung 
are  perforated.  In  subphrenic  abscess  the  upper  hne  of 
dulness  usually  follows  the  convex  curve  of  the  dia- 
phragm, and  tlie  lateral  line  of  dulness  runs  from  before 
backward  and  from  above  downward,  quite  contrary  to 
the  usual  outlines  of  an  empyema.  In  pyopneumothorax 
thej-e  is  usually  an  antecedent  history  of  disease  of  the 
lung,  the  whole  chest  is  enlarged,  vesicular  murmur  is 
entirely  lost,  and  the  heart  is  displaced  laterally,  while  in 
subphrenic  abscess  with  gas,  the  chest  is  enlarged  only 
in  its  low^er  portion,  vesicular  murmur  continues  over  the 
upper  portion  of  the  chest,  and  the  displacement  of  the 
heart  is  upward. 

Surgical  interference  is  the  only  treatment  which  prom- 
ises a  successful  outcome.  Opening  and  drainage  are  in- 
dicated as  soon  as  the  diagnosis  is  made,  it  being  contra- 
indicated  only  when  a  natural  opening  with  efficient 
drainage  has  been  established.  An  early  operation 
often  prevents  that  serious  complication,  perforation  of 
the  diaphragm,  with  its  attendant  dangers.  The  site  for 
the  incision  is  chosen  by  the  physical  signs  and  the  ex- 
ploratory puncture;  the  abdominal  route  and  entrance  by 
means  of  a  resected  rib  have  been  about  equally  employed. 
If  the  abscess  is  situated  high  up,  one  or  more  ribs  should 
be  resected,  the  pleura  raised  and  closed  off  by  a  line  of 
sutures,  and  then  the  abscess  should  be  opened  by  an 
incision  through  the  diaphragm.  The  abdominal  route 
avoids  injury  to  the  diaphragm.  The  general  peritoneal 
cavity  is  usually  well  walled  off  by  adhesions.  The  sub- 
sequent treatment  consists  of  irrigation  or  dry  dressings, 
according  to  the  demands  of  the  individual  case.  Un- 
complicated subphrenic  abscesses  heal  in  from  sixteen 
to  twenty-four  days  after  their  evacuation  by  incision 
(Maydl).  Of  76  cases  operated  upon,  39  recovered. 
Failure  after  operation  is  usuallj^  due  to  pre-existing  com- 
plications. Stuart  Hart. 
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DIARRHCEA.— This  is  a  general  designation  for  a  class 
of  symptoms  among  the  most  formidable  of  all  the  mani- 
festations of  sicliness.  It  means  the  occurrence  of  evacu- 
ations from  the  bowels,  either  unusually  often  or  ab- 
normally fluid  in  character.  The  term  is  also  used  to 
designate  certain  pathological  states  of  the  intestines 
which  induce  or  are  supposed  to  induce  it;  but  it  is  not 
applied  to  such  diseases  as  dysentery  and  cholera  except 
to  characterize  a  symptom. 

In  describing  diarrhrea,  it  is  customary  to  divide  it  into 
two  terms,  the  acute  and  the  chronic;  but  the  terms  are 
arbitrary,  as  the  disorder  varies  iu  duration,  from  the  brief 
moment  of  a  solitary  passage  to  a  continuous  stretch  of 

W^-,^^"■  ^^■'i ''"'' '"  "^'^"y  '^'■aw'i'  I'owever,  at  the 
I  mit  ot  a  few  weeks ;  cases  continuing  longer  are  chronic 
ttiose  of  shorter  duration  are  acute.    In  degree  of  seveX' 

a  e  ^afva^'rie^f  *f  '• '  ''''"'^^  °^  variations.'  It  arises  un2r 
a  gieat  variety  of  circumstances,  and  in  coniunction  with 
many  different  diseases.  Nor  is  this  surprising  when  we 
consider  the  extensive  mucous  surface  oY  the  firmenta^y 

438 


canal,  the  indispensable  functions  of  the  organs  which 
compose  it,  and  the  manifold  influences  on  which  they 
depend,  and  by  which  they  are  disturbed.  The  wonder 
is  rather  that  diarrhoea  is  not  more  varied  and  frequent 
than  it  is. 

The  occurrence  of  diarrhoea  is  made  possible  by  in- 
creased irritability  of  the  bowels — inflammatory,  catar- 
rhal, or  otherwise — whereby  they  become  intolerant  of 
the  presence  of  their  contents,  and  expel  them  with  abnor- 
mal force  and  frequency,  or  by  the  presence  of  abnormal 
and  irritating  substances  that  provoke  the  intestine  to  ex- 
pel them  with  undue  haste.  And,  since  this  intolerance 
may  be  caused  by  many  different  pathological  states  of 
various  degrees,  and  the  irritating  influences  are  numer- 
ous, and  since  various  incidental  events  also  may  ensue 
from  the  conditions  named,  diarrhoea  has  multifarious 
forms  and  varies  greatly  in  its  sj'mptomatic  behavior. 

Symptoms. — The  discharges  are  nearly  always  more  or 
less  fluid.  Frequently  at  the  beginning  of  an  attack  only 
normal  fsecal  matter  is  voided,  but  soon  the  passages  be- 
come loose  and  continue  so  to  the  end,  their  character 
changing  as  the  disorder  progresses.  Sometimes  during 
a  seizure  little  besides  faecal  matter  is  passed,  this  being 
made  semi-fluid  by  the  admixture  of  serum  and  mucus. 
Occasionally,  and  more  often  in  chronic  than  in  acute 
cases,  the  faecal  matter  appears  in  scybalous  masses,  often 
hard,  and  sometimes  darli-colored  and  mingled  with  semi- 
fluid, slimy,  mucoid,  or  puriform  material.  In  such  cases 
the  scybala  rarely  appear  in  every  passage,  but  only 
occasionally,  while  the  fluid  material  originating  in  the 
lower  colon  and  rectum  maj'  be  passed  at  short  Intervals. 

The  stools  present  every  degree  of  fluidit}',  from 
that  of  water  to  thin  paste.  They  may  be  froth3%  or 
mucilaginous  in  any  degree,  from  that  of  slippery-elm 
water  to  a  slimy  mass  of  trembling  jell}'.  IIucus,  next 
to  watery  serum,  is  the  most  common  and  constant  ad- 
mixture with  the  faeces  in  diarrhrea.  Food,  undigested, 
partially  digested,  and  variouslj'  changed,  is  found  at 
times  in  the  dejections.  Most  common  are  the  skins  and 
seeds  of  fruits  and  vegetables,  as  apples,  cucumbers,  and 
pickles,  but  articles  of  food  of  easy  digestibility  may  be 
unexpectedly  passed.  Thus,  tender  meats  and  well- 
cooked  and  finely  comminuted  vegetables  are  found  in 
the  passages  of  both  children  and  adults  in  diarrhoea, 
while  curds  of  milk,  often  green  in  color,  are  common  in 
the  passages  of  infants.  Certain  persons  are  unable  to 
digest  particular  articles  of  a  usual  diet,  and  invariably 
void  such  undigested.  Meat  is  sometimes  voided  in  a 
half -digested  state,  bearing  some  resemblance  to  dead 
intestinal  worms,  for  which  it  is  occasionally  mistaken. 
Blood  often  appears  in  the  dejections  of  diarrhoea.  It 
may  be  either  fluid  or  in  clots,  bright  red  or  dark  and 
venous,  chocolate-colored  or  even  black,  from  long  resi- 
dence or  wide  journeying  in  the  intestinal  canal.  It  may 
streak  the  discharges,  be  mixed  intimately  with  them,  or 
appear  independently.  Pus  is  accidentally  passed  with 
the  stools,  either  in  small  ciuantity  and"  mixed  with 
mucus,  or,  less  often,  in  large  amount  and  nearly  pure. 
Fat  forms  a  part  of  the  dejections  in  many  diarrheas, 
although  usually  it  would  not  be  discovered  by  a  casual 
inspection.  3fembranes  and  pseudo-membranes  are  some- 
times voided  in  diarrhcea.  False  membranes  of  various 
sizes  and  shapes  are  exfoliated,  even  at  times  strips  a  foot 
or  two  in  length,  while  shreds  of  the  superficial  layer  of 
the  mucous  membrane  itself  may  be  cast  off.  Shreds  of 
undigested  meat  found  in  the  discharges  are  sometimes 
mistaken  for  membrane.  Foreign  bodies  of  unexpected 
eliaracter  often  appear  in  the  dejections  of  acute  diar- 
rhoea, especially  in  children — for  example,  strings,  sticks, 
pins,  pieces  of  leather,  and  small  coins.  In  color  the 
passages  vary.  Usually  yellow,  they  may  have  various 
shades  of  red,  brown,  chocolate  color,  bla'ck  or  blackish 
and  green,  or  be  opalescent,  like  milky  water. 

Flatulence  is  a  more  or  less  common  symptom  in  diar- 
rhrea,  and  the  flatus  may  be  odorless  or  fetid. 

In  severe  diarrhoea  the  appearance  of  the  patient  always 
betokens  illness.  The  countenance  becomes  haggard  and 
shrunken  if  the  attack  is  continued  or  severe,  general 
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weakness  and  mental  despondency  may  ensue,  loss  of 
appetite  usually  takes  place,  altluiugh,  for  a  brief  period 
in  certain  cases,  and  continuously  iii  otliers,  the  very  op- 
posite may  obtain. 

In  diarrlio'a  unattended  by  inflammation /Icfc  is  a  rare 
symptom  ;  it  does  not  occur  in  all  the  inliauu'uatory  form.s, 
and  does  occur  to  a  high  degree  even  in  some  acute 
attacks  without  inflammation.  Usually  in  adults— less 
often  in  children— in  the  acute  attacks  fever  is  absent, 
and  the  temperature  may  be  subnormal,  the  surface  and 
extremities  particularly  being  cold  and  possilily  moist 
with  perspiration.  Piiin  is  seldom  wholly  absent ;  it  is 
often  experienced  in  the  back,  and  in  bad  cases  with 
large,  watery  stools,  painful  cramps  may  occur  in  the 
muscles,  chiefly  of  the  lower  extremities.  The  pain  in 
the  bowels  occurs  in  different  localities  in  the  abdomen, 
and  assumes  manj^  different  forms  and  relations  to  the 
act  of  defecation.  It  is  seldom  constant,  usually  inter- 
rupted, and  recurs  at  varying  intervals,  often  as  a  colicky 
snllering,  and  may  be  quite  independent  of  an  evacuation. 
Audible  evidence  of  movements  of  gas  in  the  intestines 
may  mark  the  recurrences  of  pain.  In  relation  to  the 
movements  of  the  bowels  the  pain  may  occur  (1)  lief  ore 
a  movement,  the  time  befoi'e  varying  from  a  moment  to 
half  an  hoiu',  the  longer  the  period  the  higher  in  the  in- 
testinal tract  the  seat  of  pain.  The  pain  may  occur  (3) 
at  the  time  of  the  evacuation,  being  usually  in  the  rectum 
and  anus,  or  (3)  after  the  passage,  being  located  in  the 
anus,  rectum,  or  descending  colon,  and  in  tissues  deeper 
than  the  mucous  membrane.  It  may  persist  for  from  a 
few  minutes  to  half  an  hour  after  the  passage.  Pain  may 
be  present  only  in  the  anus,  and  that  of  a  burning,  scalding 
character,  and  mostly  after  a  number  of  watery  passages. 
The  suffering  exists  during  and  immediately  after  an 
evacuation,  and  is  confined  to  the  mucous  membrane  of 
the  anus,  the  cause  being  mainly  the  irritating  character 
of  the  stools,  but  partly  the  rough  use  of  improper  closet 
paper  or  worse  substitutes  for  it. 

The  abdomen  is  occasionally  tender,  particularly  over 
the  colon,  or  throughout,  and  the  patient  may  bend  the 
body  forward  in  walking  or  moving,  to  avoid  aggrava- 
tion of  the  suffering,  or  in  the  recumbent  posture  the 
thighs  and  legs  may  be  flexed  to  the  same  end. 

Tympanites  maj'be  present  in  varj-ing  degree,  depend- 
ing on  the  extent  of  inflammatory  action  and  of  nervous 
involvement.  Pain  may  occur  in  the  bladder,  in  the 
back,  deep  in  the  sacral  region,  and  in  the  thighs  and  legs. 
There  may  be  tenesmus,  an  involuntary  and  irrcsistil)le 
straining  "at  stool,  with  pain  in  the  rectum  if  this  part 
is  particularly  involved.  Faintness,  nausea,  vertigo,  or 
a  sense  of  great  prostration,  or  all  together,  may  occur  in 
diarrhwa,  and  perspiration,  more  or  less  profuse,  may 
break  forth  at  the  time  of  an  evacuation  in  an  attack  of 
only  moderate  severity.  These  symptoms  differ  accord- 
ing to  personal  idiosyncrasy  and  degree  of  involvement 
of  the  tissues  of  the  intestines. 

Varieties  of  DiarrJum. — The  most  frequent  form  of 
diarrhoea  is  that  which  occurs  in  connection  with  incliges- 
tiori,  which  itself  has  many  shapes  and  symptoms.  ^  Oc- 
curring suddenly  after  over-eating  it  may  be  associated 
with  vomiting  (cholera  morbus).  One  or  more  free,  fecu- 
lent evacuations  are  followed  by  a  number  that  are  semi- 
fluid, and  finally  by  mucous  or  watery  ones.  Diarrha<a 
occurs  after  partaking  of  certain  articles  of  food  or  drink 
that,  for  the  occasion,  at  least,  if  not  habitually,  are  in- 
digestible or  disturbing  to  the  bowels.  What  affects  one 
person  may  not  another,  and  one  is  made  sick  to-day  by 
what  he  may  to-morrow  take  with  impunity.  From  eat- 
ing large-seeded  berries,  salads,  nuts,  cheese,  fruits,  and 
vegetables,  drinking  beer,  and  even  milk,  certain  persons 
experience  diarrhrea  occasionally  or  invariably.  Eating 
in  a  hurry  may  cause  certain  foods,  usually  easily  cli- 
gested,  to  disagree  and  bring  on  diarrhoea.  There  is  a 
diarrhoea  of  indigestion  in  which  several  loose  passages 
follow  one  after  the  other  in  rapid  succession  during  the 
morning  and  then  none  a.gain,  or  at  most  only  one  or  two, 
till  the  succeeding  morning— this  being  repeated  dail.y, 
sometimes  for  months.     The  intestinal  canal  in  a  condi- 


tion of  atony  or  catarrh,  or  nervous  irritability  or  all 
and  wearied  by  undigested  food  and  irritating  substances' 
exjiels  them  and  is  quiet;  the  morning  diarrhoea  evacuates 
the  noxious  refuse  of  the  meafs  of  the  previous  day  and 
the  disturbed  organs  rest.  In  temporary  debility  from 
any  cause,  diarrhu'a  from  indigestion  may  come  on  with- 
out dietetic  irregularities;  it  may  assume  the  form  just 
described,  or  some  other.  The  patient  is  suddenly  liable 
to  derangements  of  tlie  bowels.  In  persons  nervously 
sensitive,  diarrho'a,  with  possibly  sick  headache,  may 
arise  from  indigestion  incident  to  sudden  strong  emotion. 
The  experience  rarely  exceeds  one  or  two  loose  passages, 
unless  the  emotional  shock  is  often  repeated,  when  the 
diarrha^a  may  liecome  chronic. 

(■holera  )iiorbn.t,  so  called,  is  still  another  form  of  diar- 
rlKca.  It  occurs  most  often  after  some  days  of  bilious- 
ness, mental  dulness,  headache,  and  coated  tongue. 
Sometimes  the  attack  is  precipitated  by  a  final  eiror  in 
diet,  a  chill  or  an  emotion;  sometimes  it  occurs  without 
any  discoverable  exciting  cause.  It  is  usually  brief,  last- 
ing only  a  few  hours  or  a  day,  its  force  being  spent  by 
a  free  evacuation  of  the  bowels.  As  in  other  sudden 
diarrhoeas,  the  first  passages  are  feculent,  and  the  later 
ones,  if  the  seizure  is  prolonged,  are  watery  and  mucoid. 
Vomiting  may  or  may  not  attend  the  diarrha'a.  Bad 
cases  are  more  prolonged  and  severe,  and  may  even  reach 
a  fatal  termination.  In  such,  the  dejections,  after  the 
bowel  is  once  evacuated  of  fa'cal  matter,  are  copious, 
watery,  and  odorless;  cramps  and  collapse  take  place; 
there  is  a  rapid  and  appalling  shrinking  of  the  tissues; 
the  eyes  sink  in ;  the  extremities  become  cold,  and  even 
the  temperature  of  the  body  is  lowered;  and  finallj^ 
there  are  cold  pers)iiration  and  huskincss  of  the  voice, 
as  in  Asiatic  cholera.  This  form  of  diarrhoea  in  in- 
fants is  true  cholera  infantum,  a  term  often  improperly 
applied  to  slowly  progressing  catarrhal  inflammation  of 
the  colon  and  ileum.  Choleriform  diarrhoea,  in  the  ab- 
sence of  an  epidemic,  is  usually  recovered  from  promptly 
by  vigorous  adults;  less  promptly  by  infants,  children, 
weakly  and  aged  people.  Diarrhcea  may  follow  chill  of 
the  surface  of  the  body,  with  or  without  other  influences. 
This  occurs  most  often  on  the  approach  of  cold  weather, 
when  people  are  insufliciently  clad,  and  internal  conges- 
tions are  easilj^  induced.  The  attacks  are  sometimes 
severe;  a  catarrh  of  the  colon  follows  the  first  passive 
congestion;  blood  (bloody  flux)  and  much  mucus  are 
voided  with  tenesmus.  Diarrho-a  in  epidemic  form  ap- 
pears occasionally  when  it  is  quite  impossible  to  discover 
any  adequate  cause  for  it.  Such  epidemics  may  be  gen- 
end  within  circumscribed  limits,  visiting  all  ages  and 
conditions  of  life,  and  may  appear  suddenly,  and,  after 
a  few  days,  as  suddenly  disappear.  Nearly  all  forms  of 
diarrhoea  may  characterize  such  epidemics,  but  the  cases 
are  rarely  fatal.  The  so-called  winter  cholera,  which  has 
prevailed  in  the  winter  season  in  several  Northern  cities, 
is  an  example  of  this  form  of  diarrhoea.  Another  form 
is  that  associated  with  some  disturbing  emotion,  and 
which  occurs  without  the  additional  etiological  element  , 
of  indigestion.  Fright,  fear,  timidity,  bashfulness,  and 
suspense  are  capable  of  causing  sudden  diarrhoea.  Some- 
times, however,  they  induce  the  opposite  condition  of 
constipation.  In  either  ease  the  phenomenon  is  a  purely 
nervous  one.  The  diarrhcea  of  emotion  is  usually  trivial 
and  brief,  but  in  states  of  prolonged  mental  and  emotional 
excitement  the  looseness  may  be  chronic.  There  are 
other  forms  of  nervous  diarrhea.  Some  persons  with 
sensitive  abdominal  nervous  organizations  must  run  to 
stool  immediately  after  eating  or  drinking.  This  trouble 
is  to  some  extent  imaginary— the  desire  can  usually  be 
resisted.  But  in  other  cases  there  is  a  nervous  hyper- 
peristalsis  that  results  in  diarrhoea,  and  prevents  either 
efliicient  digestion  or  absorption.  Cases  of  this  kincl  are 
liable  to  be  persistent,  recurring  many  times,  and  from 
the  most  trivial  causes,  but  always  chiefly  from  those 
that  affect  the  nervous  system,  and  at  times  of  nervous 
perturbations.  In  some  persons,  this  form  of  diarrhcea 
is  substantially  constant  and  persists  for  years. 

GathciTtic  medicines  produce  diarrhwa  in  one  of  three 
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wavs  01- by  a  combination  of  tli™i:  either  by  increasing 
the'  fluid  contents  of  tlic  intestines,  or  by  increasing  tlie 
peristalsis  witliout  irritation,  r)r  by  irritation  of  the  mucous 
membrane.  Severe  catliar.sis  produces  pain,  tt'nesmus, 
and  a  catarrh  of  the  intestines  which  prolongs  the  diar- 
rhoea sometimes  for  a  number  of  days,  the  dejections  being 
watery  and  mucoid;  but  moderate  catharsis,  especially 
after  a  period  of  constipation  or  biliousness,  is  followed 
by  buoyancy  of  spirits  and  a  sense  of  refreshment. 

Diarrhcca,  with  or  without  vomiting,  occasionally  oc- 
curs from  the  poisonous  action  of  certain  articles  of  f(md 
(see  t'Offl  Poixdiis,  and  llomniiis)  usually  bland  and  harm- 
less, but  which  happcu  to  b(-  out  of  condition  or  in  a  state 
of  fermentation,  sueli  as  puddings,  custards,  pies,  sauces, 
ice-creams,  and  canned  meats.  The  symptoms  usually 
come  on  suddenly,  and  from  one  to  three  hours  after  eat- 
ing the  oflendiug'substance.  Vomiting  is  generally  .simul- 
taneous with  the  purging,  but  may  cease  before  the  latter. 
The  diarrhcea-  may  continue  after  the  digestive  tube  is 
apparently  completely  evacuated  of  all  fajcal  matter  and 
food,  and  may  even  lead  to  a  fatal  termination.  In  the 
severe  cases  the  later  passages  are  mucous  and  watery, 
with  possibly  an  admixture  of  blood,  and  pains,  cramps, 
great  prostration,  and  profuse  sweating  occur  in  varying 
degrees.  In  mild  cases  all  symptoms  cease  after  the 
evacuation  of  the  stomach  and  bowels. 

Diarrhoja  is  a  prominent  symptom  of  many  cases  of 
typluiid fever.  The  stools  are  generally  yellowish,  ochre- 
colored,  and  semi-fluid  in  character,  and  niaj'  contain 
blood.  Frefjfuently  not  more  than  one  such  passage, 
rarely  five  or  six,  occur  dailj^,  while  sometimes  a  loose 
stool  ma}'  be  passed  only  once  in  two  or  three  days.  In 
cases  in  which  only  a  "few  glands  of  the  intestine  an' 
inflamed  or  ulcerated,  and  these  confined  to  the  ileum,  the 
colon  is  tolerant  of  the  products  of  the  ulcers  as  well  as 
of  fajcal  matter,  and  constipation  maj'  exist ;  but  where 
the  glandular  invf)lvement  extends  to  the  large  intestine 
diarrhoea  is  almost  certain  to  occur. 

Diarrhcea  is  a  frequent  symptom  in  pulmonary  con- 
sumption. It  has  most  of  the  characteristics  of  the  diar- 
rhcea of  indigestion,  which  it  mainly  is.  Food  is  passed 
undigested,  evidences  of  fermentation  exist,  the  stools 
are  thin  and  watery.  Several  passages  may  occur  in 
rapid  succession,  especially  after  eating  heartily.  In  an 
advanced  stage  of  phthi.sis  a  dejection  often  follows  so 
closely  upon  even  a  small,  bland  meal  as  to  .suggest  the 
complete  intolerance  of  the  whole  alinieutary''canal  to 
the  presence  of  food,  as  well  as  its  incapacity  for  diges- 
tion and  absorption;  moreover,  the  food  is  much  of  it 
passed  with  sUght  evidence  of  having  undergone  any 
digestive  change.  In  a  certain  proportion  of  such  cases 
there  is  secondary  tuberculous  ulceration  of  the  intestines, 
but  this  alone  does  not  necessarily  nor  frequently  produce 
diarrhcea,  unless  the  colon  is  involved.  Numerous  tuber- 
culous ulcerations  of  considerable  size  may  exist  in  the 
small  intestine  without  announcing  their  presence  by  any 
symptom  during  life. 

A  form  of  diarrhoea  results  from  chronic  vker  of  the 
rectum.  It  consists  in  frequent  discharges  of  small  quan- 
tities of  a  slimy  mixture  of  mucus,  pus,  and  blood  with 
httle  fffical  matter,  and  this  little  in  the  form  of  scybalous 
masses  which  are  voided  at  varying  intervals.  Tenesmus 
may  be  present,  but  frequently  is  not,  and  often  there  is 
little  or  no  pain,  unless  the  ulceration  reaches  the  anus 
when  pain  is  always  present  at  the  time  of  defecation' 
and  tor  a  few  moments  afterward. 

Diarrhiea  of  con.itipation  is  a  designation  iustified  bv 
ohnieal  observation.  Fajcal  matter  accumulates  in  the  co- 
on, d,3  ends  It,  becomes  hard  and  dry,  and  Hnally  lights 
"i  f  w  f  "''^  P""n''  ^°  '■■"tation  which  announces  it- 
f  ao-ment3n     r^i   discharges  of  mucus,  ,serum,  and 

raus.     It  IS  not  necessary  in  these  cases  to  suppose  a  com- 


plete blocking  up  of  the  large  intestine;  f^ces  mav7c- 
=t!ft^e^S^i-™?"'^-._-'\-P-ted^'S,;:; 


cumulate  and  remain  for  months 
-mall  soft  feculent  passages  to  esc 
idura ted  mass  or  through  a  hole  i 
After  the  discharge  of  a  large  mass  of  long-retained 
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indurated  m>,.,  ,7,^''*''^'^''  *,°  f  °ape  by  the  side  of  the 
inuuratcd  mass  or  through  a  hole  in  its  centre. 


faeces,  the  colon  is  not  infrequently  left  in  a  condition  of 
catarrh  which  may  prolong  a  diarrhcea  for  several  days. 
In  most  of  these  cases,  as  in  many  cases  of  diarrhoea  in 
general,  there  is  failure  of  free  drainage  of  the  large  in- 
testine in  some  part,  mostly  below  the  central  point  of 
the  transverse  colon. 

In  general  peritonitis,  contrary  to  a  nearly  invariable 
rule,  diarrhoea  is  occasionally  present  at  some  stage  of  the 
disease.  Vomiting  nearly  always  attends  it,  and  not  in- 
frequently hiccough.  In  metroperitonitis,  on  the  other 
hand,  diarrliaa  is  frequent,  owing  presumably  to  the  in- 
volvement of  the  lower  bowel  in  the  inflammation,  as  a 
result  of  which  tliere  is  developed  a  catarrh  of  the  mucous 
membrane  of  this  part.  Diarrha'a  is  an  occasional  event  iu 
several  diseases  of  the  kidneys  (e.g.,  in  Bright's  disease). 
In  desquamative  nephritis  the  intestinal  mucous  mem- 
brane appears  to  become  cedematous  with  the  rest  of  the 
liody ,  and  a  free  effusion  of  scrum  brings  on  occasional  par- 
oxy.sms  of  diarrlifca.  In  mxpiniu  from  any  renal  disea.se, 
ui'ea  ma}'  be  discharged  into  the  intestine  and  cause  diar- 
rhoea, perhaps  principally  by  its  conversion  into  carbo- 
nate of  ammonium  after  its  entrance  into  the  canal.  Diar- 
rhoea is  a  rare  event  late  in  contracting  clinease  of  the 
kidneys,  due  presumably  to  uraemia.  In  amyloid  degen- 
eration it  is  more  common,  is  liable  to  be  irregular,  and 
may  be  protracted,  is  occasionally  hemorrhagic,  and  al- 
ways rebellious  to  all  treatment.  TtibercvMjsis  and  cancer 
of  the  kidneys  may  be  attended  by  diarrhoea  probably 
from  uraemia,  and  possibly  in  the  case  of  the  former  by 
the  concurrent  existence  of  tuberculosis  of  the  colon. 

In  intu.Hsusception  diarrhoea  is  usually  present  in  some 
degree  at  some  stage  of  the  case.  The  stools  are  few  in 
number  and  composed  of  mucus  and  blood  to  a  consid- 
erable  extent,  and  there  is  frequently  tenesmus,  especially 
if  the  invagination  is  at  the  ileocfecal  region  or  below 
it.  In  constriction,  of  the  intestine  constipation  is  the  rule, 
but  diarrhcea  may  alternate  with  it  or  be  a  nearly  con- 
stant symptom.  Two  theories  of  this  phenomenon  are 
advanced,  one  referring  it  to  the  increased  peristalsis 
provoked  by  the  constriction,  the  other  to  ulceration 
which  sometimes  supervenes  below  the  point  of  stricture. 

Diarrhoea  occurs  rarely  in  cancer  of  the  pancreas,  and 
nearly  invariably  in  cirrhosis  of  this  organ.  In  the  for- 
mer, secondary  deposits  are  sometimes  found  in  the  intes- 
tinal walls,  which  may  account  for  the  symptoms.  In 
leukfemic  enlargement  of  the  spleen  diarrhoea  sometimes 
occurs,  the  motions  being  bloody  and  most  of  them  puru- 
lent; they  may,  however,  be  profuse  and  watery. 

Recurring  diarrhoea  may  attend  degeneration  of  the 
suprarenal  capsules,  brought  on  probably  to  some  degree 
by  the  debility  which  characterizes  the  disease,  but  also 
by  the  disturbance  of  the  semilunar  ganglia  and  the 
sympathetic  which  must  ensue  from  the  marked  lesion 
which  occurs  in  them  in  many  cases  of  Addison's  disease. 

Diarrhoea  makes  a  part  of"  the  pathological  picture  of 
the  teething  of  infants  (see  Diarrhaa,  Infantile). 

In  cirrhosis  and  other  disea.ses  of  the  iiver  constipation 
is  the  rule,  yet  it  ma}-  be  varied  by  an  occasional  sharp 
attack  of  diarrhoea,  w'hich  for  the  "time  depletes  the  dis- 
tended vessels  of  the  portal  system. 

Intestinal  catarrh  has  been  charged  with  producing 
iliarrhoea  with  some  constancy,  as  though  this  symptom 
might  result  wherever  the  catarrhal  process  was  located. 
It  cannot  be  doubted  that  catarrh  attacks  all  the  different 
portions  of  the  alimentary  mucous  membrane.  Of  course, 
catarrh  of  any  part  in  some  measure  interferes  with  diges- 
tion, and  in  this  way  may  indirectly  be  a  cause  of  diar- 
rhani.  In  chronic  catarrh  of  the  small  intestine  constipa- 
tion is  almost  constant ;  iu  the  catarrh  of  the  colon,  acute 
or  chronic,  diarrhea  is  rarely  absent.  The  tendency  to 
chronicity  is  particularly  noticeable  in  the  diarrhoea  of 
chronic  dysentery  and  of  general  anfemia  from  any  cause, 
but  especially  from  dyspepsia,  phthisis,  and  other  diseases 
capable  of  inducing  general  cachexia. 

Etiology.— Many  of  the  general  causes  of  diarrhoea 
have  been  referred  to  already  Often,  indeed  generally, 
several  influences,  direct  and  remote,  act  together  as 
causes.     The  remote,  the  predisposing  causes  are  any 
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Dlarrliwa, 


and  all  influences  that  lessen  the  vital  tone  of  the  in- 
testinal canal  and  depress  the  powers  of  digestion,  and 
that  increase  the  irritability  of  th(;  nervous  aijpaiatus  of 
the  intestines.  To  this  class  l)elong  the  depressing  intlu- 
ence  of  hot  weather,  esiiecially  ou'infants  and  children; 
of  cold,  overwork,  bad  venlilaiion,  starvation,  worry  ancl 
grief  of  mind,  and  all  the  long  list  of  dein-essingemoiions. 

The  immediate  i)athologieal  conditions  that  i)roduce 
diarrha?a  may  be  named  under  a  few  general  heads;  the 
circumstances  under  which  they  occur  are  numerous. 
The  following  is  believed  to  be  a  logical  classitication  of 
the  causative  conditions : 

1.  Suliitionof  Oiintimiitii  find  other  t^trud.uml  Diirniiqe 
to  1he  Iiitestiiml  inftt.v.— Ulcci-ation,  and  the  catarrh  in 
adjacent  tissue  which  it  entails,  occur  in  different  parts 
of  the  intestinal  tra<'t  and  under  dilferenf  circumstances; 
in  the  rectum  and  colon,  for  example,  in  chronic  dysen- 
tery ;  in  any  part  of  the  intestine,  as  in  tuberculosis,  in 
amyloid  and  perhaps  othi.'r  degenerations  of  the  intestinal 
walls,  in  typhoid  fever  and  in  intussusception  and  coi- 
striction  of  the  intestines.  Intestinal  ulcers  also  develop 
as  a  result  of  extensive  scalds  and  burns  of  the  surface 
of  the  bod}'. 

3.  Inpainmatioii,  of  the  colon  and  rectum  mainly  ;  proc 
titis.  colitis (dy.sentery);  the  inflauunation  associated  wilh 
intussusception,  with  cholera,  with  peritonitis,  and  with 
cancer  and  tuberculosis  of  the  intestine. 

3.  Coiir/estiiDi,  otherwise  catarrh  of  the  mucous  mem- 
brane of  the  intestine,  mainly  below  the  ileum,  without  ac- 
tual inflammation :  the  catarrh  of  cholera,  cholera  morbus, 
cold-catching,  chilling  of  the  surface  of  the  body  in  whole 
or  in  part,  invagination,  obstruction  to  the  portal  circu- 
lation in  cirrhosis  of  the  liver  and  cardiac  disease,  peri- 
tonitis, leukaemia,  zymotic  poisons,  the  eruptive  fevers, 
a  long  list  of  general  diseases,  and  of  irritations  of  foreign 
bodies,  especiallj'  drastic  drugs. 

4.  Increased  irritiihiliti/  of  the  intestine  with  hyperperi- 
stalsis.  This  arises  from  depressing  emotions :  debility, 
systemic  or  nervous;  bad  hygiene  in  its  multiple  shapes; 
tiie  reflex  effect  of  teething  and  manifold  other  influ- 
ences capable  of  reflex  action  in  this  direction,  especially 
diseases  in  other  organs;  constriction  of  the  intestine,  and 
personal  idiosjmcrasv. 

5.  Irritating  Intestinal  Contents. — The  results  of  («) 
gastric  dyspepsia,  over-eating,  improper  or  improperly 
masticated  foods.  The  result  of  (4)  intestinal  indigestion, 
from  abnormality  of  the  liver  or  pancreas,  from  loss  of 
secreting  substance  b_y  previous  or  existing  ulceration, 
from  atony,  catarrh,  or  inflammation,  (c)  Cathartics  and 
other  irritating  substances,  either  swallowed  or  developed 
in  the  intestines:  as,  for  example,  cathartic  medicines; 
impure  or  strongly  saline  drinking-water;  various  poi- 
sons, including  foods  undergoing  fermentation  ;  excessive 
transudation  of  serum  into  the  canal,  as  in  choleraic  dis- 
orders and  in  the  colliquative  diarrhoea  of  depressing 
diseases;  pus,  blood,  or  mucus  in  quantity;  the  rinds, 
hulls,  and  seeds  of  fruits,  grains,  and  vegetables ;  retained 
fsces,  the  entozoa,  the  entophyta,  urea,  as  in  renal  affec- 
tions, and  finally  the  special  micro-organisms  of  disease. 
Microbes  characteristic  of  diarrhcea,  as  ania>ba  coli  arid 
bacillus  dysenteria,  have  been  foimd  to  be  present  in 
the  intestine  in  severe  cases  of  this  disorder,  and  to  dis- 
appear with  its  subsidence;  but  whether  they  are  the 
cause  or  consequence,  is  not  established.  Excess  of  bile 
thrown  into  the  duodenum  after  the  removal  of  an  ob- 
struction may  cause  diarrhaa,  but  it  is  not  known,  as 
alleged,  that 'so-called  vitiated  bile  is  capable  of  doing  it. 
Ptomains  developing  in  the  digestive  tube  from  decom- 
position of  ill-conditioned  foods  may  cause  sudden  violent 
purging,  as  in  cases  due  to  old  ice-cream.  Ptomains 
probably  also  sometimes  develop  from  decomposition  of 
retained  substance  in  extreme  constipation,  and  cause 
occasional  explosions  of  diarrhoea. 

Diagnosis.— The  simple  diagnosis  of  diarrhoea  is  easy 
enough;  the  important  and  often  difticult  thing  is  to 
learn  the  cause  and  nature  of  the  disorder.  The  dejec- 
tions should  be  inspected  for  foreign  bodies,  undigested 
food,  products  of  fermentation,  pus,  blood,  mucus,  etc. 


(See  Tiifces.)  As  diariliava  is  often  due  l(j  indigestion  i( 
rs  nnportant,  when  this  is  present,  to  deterniine  what 
part  of  the  alimentary  canal  or  whtd.  other  organ,  if  any 
is  at  fault.  A  consideration  of  the  physi(]logical  func- 
tions of  the  different  parts  and  of  the 'sympt(ans  of  the 
ease  will  usually  lead  to  the  discovery  of  the  region  or 
organ  involved.  It  is  eipially  important  to  learn  what 
articles  of  food  fail  of  digestion,  and  in  Avhat  quantities 
and  under  what  circumsiauees  as  to  times  of  eating, 
methods  of  preparation,  etc.,  they  have  1)een  ingested! 
By  careful  observation  and  by  exclusion  this  may  be  done, 
and  so  the  first  step  in  successful  treatment  iiiay  be  at- 
tained. If  the  attack  is  not  due  to  indigestion,  irritation, 
or  catarrh,  inflammation  or  ulceration  of  some  part  of  the 
aliiiK.-ntary  canal  should  be  looked  for,  A  considerable 
degree  of  inflammation  of  the  mucous  membrane  may 
exist  witliout  fever;  the  absence  of  this,  therefore,  does 
not  exclude  inflammatory  action.  In  a  majority  of  eases 
caused  by  the  lesions  referred  to,  the  trouble'  is  in  the 
rectum  or  colon;  for  inflammation,  catarrh,  indigestion 
to  a  moderate  degree  rarely  cause  diarrhoea,  provided  the 
bowel  below  the  fleo-caeea'l  valve  is  normal.  The  seat  of 
the  irritation  may  often  be  known  by  the  location  and 
characteristics  of  the  pain.  Pain  in  the  region  of  the  um- 
bilicus, just  before  and  disappearing  immediately  after 
a  passage  and  without  tenesmus  or  pain  in  the  rectum, 
locates  the  trouble,  with  fair  accuracy,  in  the  transverse 
colon.  If  tenesmus  exists,  with  pain  in  the  region  of  the 
rectum,  that  part  is  involved.  Tenesmus  is  a  reflex  ef- 
fect of  irritation  of  the  mucous  membrane  of  the  rectum 
— nature's  effort  to  be  relieved, — a  symptom  having  a 
very  narrow  signification.  Pain,  on  the  other  hand, 
while  it  may  be  purely  neuralgic,  may  indicate  inflam- 
mation in  any  of  the  tissues  of  the  rectum  or  outside  of 
it  in  the  pelvis.  The  colicky  pain  often  experienced  in 
diarrhoea  is  usuallj'  in  the  large  intestine,  as  in  dysentery. 
Inflammation — even  extensive  ulceration — of  the  small 
intestine  is  not  ordinarily  attended  with  diari-ha^a.  nor 
with  colicky  pains.  Pain  in  the  anus  in  the  act  of  de- 
fecation and  following  it  points  .strongly  to  hemorrhoids, 
fissure,  or  abscess  in  the  adjacent  tissues. 

The  significance  of  bhjod  in  the  stools  differs  with 
its  appearance  and  with  other  symptoms.  Bright,  fresh 
blood  indicates  a  lesion  of  some  part  near  the  extremity 
of  the  bowel — the  anus  (fissure,  hemorrhoids),  rectum 
(ulcer,  hemorrhoids),  or  colon  (ulceration,  or  deep  con- 
gestion, or  inflammation).  When  the  blood  simply 
streaks  the  fa?ces,  it  comes  generally  from  small  vessels 
inside  the  sphincter.  Fresh  clots  seldom  appear  if  the 
blood  comes  from  a  point  high  up  in  the  intestine.  In 
typhoid  fever  the  blood  of  a  hemorrhage  is  usually  fluid 
and  mixed  with  the  fscal  matter.  Very  darker  blackish 
blood  usually  comes  from  the  upper  portions  of  the  intes- 
tine or  stomach  ;  a  copious  bleeding  from  an  ulcer  of  the 
latter,  or  from  the  duodenum,  as  in  cutaneous  burns,  may 
easily  produce  such  an  appearance.  Dysenteric  stools 
of  true  dysentery,  of  intussusception,  and  of  ulcer  and 
hemorrhoidal  troubles,  often  bear  a  close  resemblance  to 
each  other ;  the  distinction  between  them  must  be  made 
by  other  symptoms.  Intussusception  usually  announces 
itself  by  the  suddenness  with  which  the  symptoms  de- 
velop, of  which  colicky  pains  and  vomiting  are  sel- 
dom omitted,  and  after  a  time  the  vomiting  is  apt  to 
be  stercoraceous.  In  dysentery  the  vomiting  is  not  so 
marked  a  feature,— indeed  it  is  often  absent,— and  the 
colic  is  less  violent,  but  colicky  pains  are  rarely  absent. 
Ulcerations  and  hemorrhoidal  projections  into  the  rectum 
do  not  induce  either  colic  or  vomiting,  nor,  at  first,  much 
disturbance  of  the  health.  The  sudden  discharge  of  pus 
in  laree  quantity  indicates  the  bursting  of  an  abscess,  and 
is  rarely  unaccompanied  by  symptoms  and  signs  indicat- 
ino-  the'character  and  location  of  the  latter.  Small  quan- 
tittes  of  pus  mixed  with  the  fa'ces  jjoint  to  ulceration  in 
the  lower  part  of  the  canal.  Large  watery  stools  are 
usuallv  the  product  of  both  the  large  and  small  intestines. 
Mucus  in  the  stools  always  means  catarrii  somewhere  in 
the  bowel ;  the  purer  and  clearer  the  mucus  the  nearer  is 
the  area  of  the  catarrhal  process  to  the  anus.     Scybala 
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besmeared  ^-itl.  mucus  or  muco-pus  P0>  '  ^  "^'5,^' 
Dossiblv  to  ulceration  in  tlie  rectum,  and  certamly  to  the 
retention  of  tlie  ftecal  matter  for  some  time  in  a  given 
Dart  of  the  canal. 

Dark  blackish  or  eliocolate-coloi-cd  stools  suggest  the 
presence  of  the  coloring  matter  of  blood,-blood  arising 
from  a  point  high  up  in  the  canal  and  changed  by  the 
secretions  of  the  stomach  and  bowels, -or  the  effect  of 
some  medicament,  as  bismuth,  lupmatoxylon,  mercury, 

or  iron.  ,,  i        i  i 

Green  stools  are  not  always  nor  usually  produced  by 
excess  of  bile,  as  is  often  supposed,  but  by  bilivcrdm,  an 
oxidation  product  of  bilirubin,  and  developed  in  the  in- 
testinal canal.  When  diarrhaa  arises  from  disease  ot  the 
kidneys,  liver,  spleen,  pancreas,  suprarenal  capsules,  or 
from  some  general  disease  capable  of  inducing  it,  the 
symptoms  of  the  causative  disease  usually  predominate 
and  identify  it.  But  diarrhaa  in  tuberculosis  is  not  evi- 
dence of  a  tuberculous  process  in  the  small  intestines, 
nor  proof  of  its  existence  in  the  colon.  In  chronic  diar- 
rhoea the  urine  should  always  be  examined  for  evidence 
of  disease  of  the  kidneys,  the  urine  for  twenty  four 
hours  being  secured,  if  possible,  and  an  accurate  deter- 
mination made  of  the  urea  and  total  solids.  The  diag- 
nosis of  lardaeeous  change  in  the  intestines  cannot  be 
made  from  the  intestinal  symptoms  alone.  Clironic  dys- 
entery and  chronic  catarrh  of  the  colon  of  a  severe  type 
are  indistinguishable  by  the  symptoms,  as  in  many  cases 
they  are  pathologically  identical.  Dysentery  and  procti- 
tis are  occasionally  mistaken  for  each  other.  But  the 
distinction  is  not  difficult  u,sually,  since  in  dysentery 
there  are  some  constitutional  symptoms — colick}'  pains, 
borboiygmi,  fever, — while  in  proctitis  the  symptoms  are 
confined  more  to  the  rectum. 

In  typhoid  fever  of  sufficient  severity  to  cause  diarrha?a 
there  are  always  continued  fever,  cephalalgia,  pain  in  the 
back  and  extremities,  or  other  typhoid  symptoms,  as  well 
as  the  typhoid  Widal  reaction.  But  an  acute  catarrh  of 
the  upper  part  of  the  colon  may  at  first  be  attended  with 
fever  and  other  constitutional  symptoms  that,  by  their 
resemblance  to  typhoid  fever,  justify  hesitation  in  adopt- 
ing a  diagnosis. 

TRE.4.TMEKT. — The  majority  of  acute  diarrhoeas  are  due 
to  indigestion  of  some  sort  and  are  of  short  duration. 
Their  treatment  is  simple;  they  are  often  corrective  and 
remedial  in  themselves,  expelling  offending  materials  and 
subsiding  promptly  without  any  treatment.  The  resto- 
ration is  more  prompt  if,  after"  its  contents  have  been 
evacuated,  the  intestine  can  have  a  brief  period  of  rest. 
Hence,  a  low  diet  and  fasting  are  among  the  best  of 
remedial  measures.  Absolute  fasting  is  not  necessary, 
but  till  convalescence  is  established  the  diet  should  be 
low  Important  as  this  is  for  slight  attiicks,  it  is  much 
more  urgent  in  prolonged  and  severe  ones,  especially  in 
weakly  people  anrl  in  children.  The  patient  may  be 
nourished  by  gastric  digestion  as  far  as  possible,  and  thus 
the  mtestme  may  be  given  rest.  Stale  bread  and  light 
crackers  are  the  best  farinaceous  foods ;  corn  starch,  rice 
tapioca,  and  arrow  root  are  less  eligible.  Milk  is  the  best 
fluid  food.  If  fresh,  it  may  bo  taken  raw ;  otherwfse  it 
IS  Ijetter  pasteurized  (heated  to  from  160°  to  170°  P  ■  it 
should  never  be  boiled,  as  thereby  its  digestibility  is  re- 
duced.) Beef-tea  is  admissible  only  if  largely  composed 
ot  hue  particles  of  nuiseular  fibre;  beef-tea  that  is  trans- 
parent throughout  is  not  good.  Beef  juice  is  highly  nu- 
tritious and  easily  assimilated ;  scraped  raw  beef  is  one  of 
the  best  possible  foods  for  diarrh<ea  in  any  age  or  condi- 
tion, and  may  be  eaten  almost  ,„l  lilnhim.  It  is  rarely 
objected  to  by  the  patient,  and  if  it  is  it  can  be  easily 
made  palatable  by  the  addition  of  sugar,  salt,  i...pper  and 

X\^^\3r^V'TJ  "'  ?'.'»''*'>'  '-'""'^d,  are  always  allow- 
able,   very  slight  cooking  adds   to   their  diKcstibilitv 

^akrafatSnl  °'  "^^  '""'^^  ^'^  '"'^■-^  withCterZi 
ma    prefer      s'v^n        '^"•^  «*"•  ^=^y  "'^t  the  patient 

r  al^  Sf^^S  ^japidly  by  the  s^.^h!^!^ 


Liquid  foods,  especially 


milk,  may  with  great  advantage  be  peptonized.  Pep- 
tonizing of  foods  is  an  excellent  procedure  in  anj'  diar- 
rhoea in  child  or  adult.  The  time  and  frequency  of 
eating  should  be  regulated  carefully,  especially  in  severe 
and  protracted  cases.  By  trial  of  small  portions  of  food 
the  dose  should  be  found  which  can  be  taken  without 
disturbing  the  intestine,  and  this  should  not  be  exceeded. 
Next,  by  trial,  the  greatest  frequency  with  which  this 
small  meal  can  be  repeated  without  harm  is  to  be  deter- 
mined and  adhered  to  rigidly,  whether  the  daily  number 
be  three  or  ten. 

In  the  simple  cases  due  to  indigestion,  beyond  the  reg- 
ulation of  the  diet,  rest  and  warmth  of  the  body,  very 
little  treatment  is  called  for.  A  slight  stomachic  stimu- 
lant or  an  opiate,  to  check  pain  and  nervous  perturbation, 
may  be  needed  at  first,  or  later  if  the  attack  is  prolonged. 
If  pain  is  sharp  and  purging  severe,  opiates  should  be 
given  promptly,  and  by  the  hypodermic  method,  if  vom- 
iting renders  absorption  by  the  stomach  uncertain.  One 
of  the  best  combinations  of  opium  for  internal  adminis- 
tration is  the  camphorated  tincture ;  the  deodorized  tinc- 
ture is  an  ideal  fluid  opiate;  but  the  best  preparation  of 
all  is  morphine.  Chloroform,  ether,  tincture  of  capsicum, 
aromatic  spirit  of  ammonia,  and  other  aromatics  are  fre- 
quently used  alone,  or  added  to  the  opiate  with  happy 
effect;  but  the  opiate  alone  is  nearly  or  quite  as  useful, 
and  has  the  advantage  of  simplicity.  The  subnitrate 
and  salicylate  of  bismuth  are  good  adjuvants  to  the 
opiate. 

For  the  diarrhoea  of  indigestion  and  biliousness,  it  is  a 
good  plan  of  treatment  to  give  repeated  small  doses,  or  a 
single  large  dose,  of  some  laxative,  like  castor  oil,  rhu- 
barb, or  the  salines,  with,  or  followed  by,  a  few  drops 
of  tincture  of  opium.  Much  of  the  good  effect  of  this 
plan  of  treatment  is  probably  due  to  the  free  expulsion 
of  offending  material,  inlcuding  micro-organisms  and 
ptomai'ns.  For  the  diarrhoea  of  indigestion — especially 
the  more  chronic  cases — nothing  will  take  the  place  of 
measures  to  improve  the  digestion.  Alcoholic  liquors, 
tobacco,  and  coffee,  as  well  as  stimulating  condiments,  if 
they  have  been  used,  should  be  abstained  from  as  far  as 
possible. 

Tonics  are  indicated  for  the  general  health  and  for 
digestion,  and  the  patient  should  rest  from  labor  and 
have  the  best  of  hygienic  iufluences.  Of  the  general  tonics 
the  most  useful  are  quinine,  iron,  strychnine,  arsenic, 
and  mineral  acids.  One  tonic  that  deserves  to  be  more 
employed  for  diarrhcea  tlian  heretofore  is  the  solution  of 
nitrate  of  iron  Sulphate  and  phosphate  of  sodium, 
ipecacuanha  and  euonymin  exercise  a  tonic  influence 
upon  the  digestive  function  of  the  intestine,  liver,  and 
possibly  the  pancreas.  Diarrha'a  produced  by  fermenting 
and  poisonous  food  tends  to  be  severe,  and  treatment 
should  be  prompt.  It  is  usually  best  to  give  morphine 
hypodermically,  as  it  is  unsafe  to"  trust  to  sfow  absorption 
by  the  stomach.  A  dose  of  gr.  |,  repeated  in  thirty  min- 
utes if  necessary,  will  usually  stop  the  diarrhoea  as  Avell 
as  the  vomiting.  Rest  and  warmth  to  the  extremities 
must  be  enjoined. 

Acute  diarrhaa  in  children  is  usually  susceptible  of 
prompt  improvement  by  an  early  regulation  and  lower- 
ing of  the  diet.  But  first  the  alimentary  canal  must  be 
thoroughly  evacuated  of  all  undigested  food  and  irritants, 
A  slight  diarrhwa,  even  for  a  day  or  two,  is  no  proof  of 
such  evacuation.  A  laxative  like  oil  or  calomel  should 
be  given  whenever  it  is  suspected  to  be  necessary.  A 
cathartic  has  not  iufreciucntly  removed  undigested  food 
taken  several  days  before,  with  prompt  relief  of  the  diar- 
rhoea. The  diet  should  at  once  be  reduced  to  one-third 
the  usual  alhnvance,  and  it  should  be  taken  in  the  form 
of  numerous  meals;  this  course  should  be  pursued,  if 
possible,  till  some  improvement  takes  place  in  the  symp- 
toms, even  if  it  requires  a  day  or  two.  Then,  as  the 
conditions  improve,  the  quantity  of  food  may  be  grad- 
ually increased.  Food  in  the  slightest  excess  of  the 
powers  of  digestion  is  generally  hannful  and  aggravates 
the  diarriiffia.  If  regulation  of  the  regimen  is  not  fol- 
lowed by  prompt  improvement,  or  if  a  catarrh  of  the 
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bowels  supervenes,  minute  doses  of  hydrargyrum  cum 
creta,  or  of  calomel,  often  repeated,  may  be  etHcacious, 
A  tenth  of  a  grain  of  calomel  or  an  equivalent  dose  of 
the  other  preparation  may  be  giveu  every  two  hours,  till 
some  improvement  shows  itself  in  the  stools.  Next  to 
this  in  value— perhaps  superior  to  it,  for  children  as  well 
as  foradidts — is  the  subnitrate  of  bismuth,  which,  if  pure, 
may  be  taken  in  large  doses.  A  child  of  two  years  may 
take  from  gr.  v.  to  gr,  x.  evei-y  two  to  four'hours,  al- 
though smaller  doses  are  valuable.  This  medication 
should  not  be  continued  for  a  period  of  many  days,  for 
fear  of  the  effects  of  retained  insoluble  bi.smuth  salts'. 

If  the  diarrhaa  persists,  in  spite  of  the  bismuth,  and 
if  the  discharges  are  of  a  watery  character,  the  milder 
astringents,  in  small  doses,  may  be  tried,  although  they 
are  not  very  useful  medicines.  The  best  of  them  are,  per- 
haps, kino,  catechu,  and  logwood. 

To  check  a  bloody  flux,  or  a  sudden  attack  of  diarrhea 
as  it  occurs  in  epidemics,  the  best  course  is  the  opiate 
treatment,  with  fasting.  A  hypodermic  injection  of 
morphine  is  probably  the  most  potent  remedy  extant  for 
checking  an  internal  bleeding  of  any  kind.  In  cases  of 
hemorrhage  from  the  lower  bowel  astringents  are  of  little 
consequence,  and  ergot  is  harmful. 

Chronic  diarrhcea  in  adults,  when  apparently  due  to 
atony,  debility,  tuberculosis,  or  other  constitutional  dis- 
orders, and  not  to  demonstrable  ulceration,  may  be  treated 
with  mild  astringents;  these  will  do  some  good,  but  little 
in  comparison  with  regimen.  Probably  a  diet  of  scraped 
raw  beef,  of  egg,  or  of  peptonized  milk,  in  minute  por- 
tions, promises  more  than  all  the  astringents  combined. 
But  in  some  of  these  cases,  even  after  the  most  careful 
regulation  of  the  diet,  and  after  a  certain  amount  of  im- 
provement in  the  digestion  has  taken  place,  the  diarrhoea 
continues  to  a  sHght  extent.  Such  patients  sometimes 
feel  better,  are  more  comfortable,  and  improve  faster  if 
they  are  continually  taking  mild  astringents  or  astringent 
tonics  in  small  doses. 

When  fermentation  occurs  in  the  intestinal  contents, 
anti-fermentatives  are  indicated.  Perhaps  the  most  valu- 
able of  these  are  the  salicylates,  the  sulphites,  the  naph- 
thols,  the  carbolates,  and  salol.  Salicylate  and  subgallate 
of  bismuth  are  rational  remedies  for  fermentation  in  con- 
nection with  diarrhoea,  and  they  may  be  taken  in  doses 
of  from  gr.  v.  to  gr.  xx.  every  two  to  four  hours. 

In  all  cases  of  diarrhoea  that  are  severe  or  persistent  the 
body  should  be  kept  constantly  and  consciously  warm, 
thus  lessening  internal  congestion.  The  bodj'  should  be 
in  a  horizontal  posture  as  many  hours  as  possible  every 
day,  since  this  favors  recovery  from  intestinal  diseases. 

The  treatment  of  many  of  the  more  chronic  forms  of 
diarrhoea  by  enteroclysis  or  by  injections  of  sterilized 
water  containing  various  medicaments  is  ver}'  proper. 

Norman  Briilge. 

DIARRHCEA,  INFANTILE.  — Definition.— Diarrhoea 
is  a  term  used  to  designate  all  conditions  arising  from  an 
increased  motor  and  secretory  activity  of  the  intestinal 
tract.  It  is  thus  but  a  symptom,  and  may  be  met  with 
in  every  degree  of  severity,  from  a  mere  looseness  of  the 
bowels  to  a  profuse  watery  drain,  exhausting  the  patient 
and  resulting  in  death  within  a  few  hours.  Infants  are 
peculiarly  susceptible  to  diarrhceal  disorders,  which  tend 
in  them  to  run  a  more  severe  course,  and  to  terminate 
more  often  fatally,  than  is  the  case  in  older  children  or 
in  adults. 

Classification. — It  is  very  ditficult  and  probably,  in 
our  present  state  of  knowledge,  impossible  to  give  a  satis- 
factory and  scientific  classification  of  the  diarrhfcas  of 
infants.  All  do  not  fall  into  any  grouping  according  to 
pathological  anatomy,  for  some  are  functional  and  leave 
no  lesion.  Booker  has  made  an  attempt  at  a  scientific 
classification  based  on  the  bacteriology  of  the  discharges. 
But  our  present  knowledge  of  bacteriology,  and  the  fact 
that  all  diarrhoeas  are  not  of  bacterial  origin,  render  this 
incomplete.  One  is  forced,  then,  to  make  use  of  an  enu- 
meration rather  than  a  classification.  For  convenience 
of  study  we  would  offer  the  following : 


I.  Acute. 


Diarvlma. 


1.  Non-infectious. 
((0  Mechanical. 
(h)  Irritative  (drugs,  etc.). 
(«)  Nervous, 
(rf)  Eliminative. 
3.  Infectious. 
(«)  Acute  mycotic. 
(*)  Cholera  infantum. 
(c)  Ileocolitis. 
II.  Chronic. 

I.  Acute  Diarbhcea. 

1.  Non-Inpectious.— («)  The  mechanical  diarrhmsre- 
sult  from  the  ingestion  of  foreign  bodies  or  of  foodstuffs 
which,  from  their  character  or  their  unsuitability  to  the 
feeble  digestion  of  the  infant,  act  as  mere  foreign  bodies. 
By  directing  blood  and  nervous  energy  to  the  intestine  in 
the  absence  of  absorption,  this  material  then  produces 
diarrhoea  until  nature  or  a  purgative  empties  the  intes- 
tines. The  commonest  materials  leading  to  this  diarrhcea 
are  partly  cooked  cereals,  the  coarser  vegetables,  unripe 
fruit,  nuts,  etc.  The  symptoms  are  those  of  acute  indi- 
gestion. Following  vomiting  perhaps,  come  cohc,  some 
distention,  and  diarrhea.  An  uncomplicated  case  shows 
no  pathological  changes. 

(J))  The  above  merges  imperceptibly  into  the  irritatice 
diarrhcea  where  such  irritating  substances  as  the  organic 
acids  of  fruit,  or  their  .seeds,  or  various  drugs  are  added 
to  the  offending  material.  The  various  drugs,  which  in 
adults  produce  diarrha?a,  do  not  frequently  come  into 
question,  but  too  drastic  purgatives  often  leave  a  hyper- 
a'sthesia  which  produces  abnormal  peristalsis  and  secre- 
tion until  soothed  by  suitable  treatment.  Congestion  and 
catarrh  are  rapidly  produced,  and  steadily  proceed  to 
ulceration  in  the  lower  bowels  if  treatment  is  not  prompt . 
The  symptoms  are  those  of  the  previous  group  intensi- 
fied. 

(c)  Nervous  diarrhceas  form  a  large  and  important 
group  of  cases.  The  process  of  dentition  is  probably  an 
irritation  which  leads  to  diarrhoea  by  reflex  action.  There 
certainl}'  are  diarrhceas  which  appear  with  the  onset  of 
dentition,  persist  in  spite  of  ordinary  treatment,  and  cease 
on  the  eruption  of  the  teeth.  These  cases  dragon  longer 
than  the  above,  the  symptoms  vary  in  intensity  irrespec- 
tive of  careful  regular  diet,  and  the  child  remains  irri- 
table, restless,  and  sleepless. 

Fright  and  surprise  may  cause  slight  temporary  diar- 
rhoea. Fatigue  arrests  digestion,  and  so  causes  diarrhoea. 
Cold,  especially  a  sudden  drop  in  the  temperature,  is  a 
fruitful  source  of  diarrhcea  in  infants  as  in  adults,  acting 
probably  through  nervous  and  vaso-motor  mechanism. 
In  the  same  way  and  by  general  depression,  extreme 
heat  is  the  all-important  cause  of  summer  diarrhoeas. 

(cl)  Eliminaiive  diarrhoia  occurs  in  cases  having  an  in- 
efficiency of  excretory  organs  other  than  the  intestines, 
or  toxiEmias  of  any 'kind.  Renal  inefficiency  provides 
the  commonest  example  so  far  as  we  know,  and  Holt 
suggests  that  the  diarrhoea  met  in  acute  infectious  fevers 
is  of  this  nature.  In  this  entire  group  of  non-infectious 
diarrhoeas,  if  the  condition  is  promptly  cured  by  nature  or 
by  treatment,  and  no  complications  are  added,  there  is 
nothing  typical  in  the  stools.  The  bacteria  found  are 
those  of  the  normal  intestine.  If  the  irritation  is  of  mod- 
erate degree  and  of  short  duration,  one  may  find  only  in- 
creased frequency  of  fairly  well-digested  stools,  i.e.,  the 
only  result  is  increased  peristalsis.  Greater  or  longer 
irritation  will  produce  more  fluid  in  the  stools— increased 
secretion.  If  the  disturbance  lasts  many  hours  the  liver's 
functions  are  affected,  and  one  finds  dark  brown,  green- 
ish or  grass-green  stools,  on  the  one  hand,  or  motions 
suggesting  clay  or  chalk  on  the  other,  as  the  biliary  func- 
tions are  variously  perverted  or  inhibited.  Foods  in  va- 
rious stages  of  digestion  are  recognized. 

2  Infectious  Diarrhceas,— (a)  Acute  Mycotic  (Acute 
Gastro-enteric  Infection).— This  is  the  great  summer  trou- 
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ble  of  infants,  occurring  as  regularly  as  does  the  heat  of 
summer  In  this  form  of  disease  bacteria  or  tlieir  ox.ns 
"their  wav  into  tl,e  general  circulation.  Thus  a 
"rave  systemic  into.xication  is  added,  and  the  most  alarm- 
in  .r  symptoms  now  depend  on  the  poisons  which  are 
cireulating  about  the  vital  centres.  Ihese  poisons  are 
not  necessarily  introduced  as  such  from  without  but  while 
the  heat  arrests  all  digestion,  putrefaction  produces  toxic 
material  which  is  duly  absorbed.  Thus,  any  cause  of 
arrest  of  digestion  may  become  the  cause  of  acute  my- 
cotic diaiTha?a.  The  exciting  cause  is  frequently  also  the 
direct  introduction  into  the  alimentary  tract  of  infection. 
Thus  both  saprophytic  bacteria  and  the  well-known  in- 
fecting forms  (proteus,  pneumococci,  streptococci,  etc.) 
may  "be  the  immediate  cause.  Feeding  infants  upon 
cow's  milk  which  has  been  lirought  from  a  distance,  and 
kept  perhaps,  in  hot  weather  and  dusty  cities,  provides 
the  ideal  conditions  for  infection.  (This  suggests  the 
question  of  contagion  as  well  as  infection;  and  disinfec- 
tion, at  least  as  much  as  we  advise  in  the  case  of  typhoid 
fever,  is  recommended.)  Predisposing  causes  are  age 
(from  birth  to  two  years),  general  feebleness  from  what- 
ever cause,  bad  hygienic  surroundings  (including  insti- 
tutional life),  and  any  interference  with  the  barrier  formed 
by  the  normal  mucous  membrane  of  the  alimentary  tract. 
Thus  any  influence  which  damages  the  mucous  mem- 
brane is  the  all-important  predisposing  cause.  As  con- 
tinued congestion  lowers  the  nutrition  of  the  epithelium, 
probablj'  this  alone  prevents  the  perfect  protection 
against  absorption  of  toxic  material.  Greater  degrees  of 
damage  are  catarrh  and  superficial  ulceration.  As  these 
are  all  produced  by  the  previously  mentioned  ntm-infec- 
tious  troubles  when  the  latter  are  not  promptly  cured, 
we  find  that  an  uncured  attack  of  non-infectious  diarrhoea 
is  a  very  frequent  predisposing  cause  of  acute  mj'cotic 
diarrhoea. 

Symptoms.  The  symptoms  may,  in  mild  cases,  be  those 
of  the  previous  groups  slowly  and  gradually  exaggerated 
and  prolonged.  Mere  diarrlicca  may  for  a  day  or  two 
be  the  only  symptom,  but  at  a  time  when,  in  the  non- 
infectious cases,  recovery  takes  place,  the  child  in  this 
disease  becomes  more  peevish  and  fever  may  appear. 
Here  time  is  often  lost  by  parents,  and  the  physician  is 
called  when  too  late  to  prevent  .systemic  infection.  The 
stools  become  more  frequent  and  fluid,  and  evidences 
of  sy.stemio  disease  become  prominent.  These  are  fever, 
restlessness,  rapid  pulse,  beginning  pallor,  and  loss  of 
weight.  Other  cases  may  be  recognized  as  mycotic  from 
the  onset,  which  is  sudden  and  severe.  Violent  vomiting, 
high  fever,  and  severe  nervous  symptoms,  suchasstupori 
delirium,  or  convulsions  may  usher  in  the  attack.  In- 
creasing diarrhcea  soon  appears  and  rapidly  leads  to  the 
usual  signs  of  exhaustion  of  fluids  from  the  body,  e.g., 
thirst,  dry  tongue  and  ,skin,  sunken  eyes  and  fontanels! 
The  child's  age,  nutrition,  and  constitution  now  largely 
determine  the  course  of  tlie  symptoms.  Puny  infants 
siiccumb  in  several  days,  perhaps  in  spite  of  treatment. 
Even  mild  attacks  often  linger  a  week  or  more  with 
symptoms  of  varying  severity,  while  severe  cases  lin"-er 
longer.  In  all  a  marked  indiscretion  of  diet  precipitates 
a  .serious  and  prolonged  relapse  or  throws  the  case  into 
the  group  of  ileocolitis.  As  improvement  sets  in  fever 
and  the  nervous  symjjtonis  diminish  and  disappear  more 
raindly  than  the  local  manifestations. 

Pathology.  Stools  rapidly  become  fluid  and  bulky 
containing  undigested  food  particles.  Various  tints  from 
ye  ow  and  brown  to  greens  appear,  and  the  motions  are 
flnt.=  ■'/?'  ''"'''^'l''^.'''"  """S"al  offensivencssand  much 
dkv  vn-c^'frT"!  '"i'  '^"'^1''"^  ^'"■»'«'^t  case  the  only 
fluh  f  t  1  'V'f  .*^'''*  f"^^'^'acuations  is  a  clear  yellow 
tio        Mir  '^**;"  """-''•  "'«  stools  are  of  acid  reac- 

^iUs^sSsr:::^i;t::^e!-'^'';;^:^- 
Sn^'cs-s-l^^-S^t:-^----^-- 

thllowc'rpart  o'rtl'''"'^P'r^^''^'i'=°°S'^««°"'  '^'"  i'  is  i° 
le^^ions  are  fouiicl.  "'^.r.'."'!".'""^''^^  ,^°d  in  the  colon  that 
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are  generally  empty  and  the  mucous  membrane  is  normal. 
The  ileum  generally  contains  such  material  as  one  finds 
in  the  .stools  in  life,  or  its  mucous  membrane  shows 
an  intense  cimgestion,  while  the  lymphatic  structures 
(Peyer's  and  solitary)  are  congested  and  swollen.  Con- 
gestion has  gone  on  to  catarrh  in  many  parts,  particu- 
larly in  the  colon  where  mucus  frequently  adheres  to  the 
lining  membrane.  The  stomach  and  various  parts  of  the 
colon  are  often  distended  with  gas. 

(*)  (Jhohra  Infantum. — This  term  isstill  used  forthose 
severe  virulent  infections  accompanied  by  rapid  develop- 
ment of  cliolerifoi-m  diariiia-a  and  grave  depression  of 
the  heart,  the  nerve  centres,  and  the  nervous  system  gen- 
erally. The  terminal  symptoms  are  due  to  the  extreme 
abstraction  of  fluid.  In  some  cases  grave  systemic  symp- 
toms, such  as  high  fever  and  general  depression,  are  pres- 
ent before  any  local  symptoms  appear.  Vomiting  and 
diarrhrca  may  come  on  simultaneously,  and  very  fre- 
quent, large,  watery  discharges  occur  with  alarming  rap- 
idity leading  quicklj'  to  grave  prostration  and  signs  of 
extreme  abstraction  of  fluid.  The  stools  often  resemble 
rice  water  and  maybe  odorless,  but  are  occasionally  very 
offensive.  Thus  the  on-set,  the  symptoms,  the  course, 
and  the  pathology  .show  this  condition  to  be  an  example 
of  the  preceding  group  with  greatly  exaggerated  viru- 
lence. Cases  which  do  not  end  fatallj'  in  about  twenty- 
four  hours  show,  when  treated,  considerable  control  of 
the  local  sj^mptoms,  while  the  nervous  manifestations 
linger  more  obstinately.  Those  dying  early  .show  ex- 
treme collapse,  high  fever,  clammy  skin,  thready  pulse, 
etc.,  as  in  cholera.  Patients  who  slowly  improve  may 
lapse  into  ileo-colitis.  Holt's  experience  is  against  the 
idea  that  renal  or  cerebral  affection  accounts  for  the  ner- 
vous .symptoms  or  the  fatal  termination.  A  very  sudden 
relapse  after  marked  signs  of  improvement,  rapidly  de- 
velops the  most  dangerous  symptoms. 

PatluAor/y.  The  lesions  still  are  confined  to  congestion 
and  catarrh,  especially  in  the  above-mentioned  localities, 
but  the  reaction  appears  more  angry,  and  microscopically 
one  finds  much  more  numerous  epithelial  cells  in  the  dis- 
charges. Thus  we  are  heie  just  on  the  verge  of  gross 
loss  of  substance,  in  fact,  the  patient  generally  dies  he- 
fore  the  poison  has  had  time  to  erode  the  mucous  mem. 
brane. 

(c)  Acute  Ileo-CoUtis  (Dy&entery). — In  this  group  we 
place  those  cases  which  show  a  pathological  process  more 
advanced  than  mere  congestion,  with  exaggerated  func- 
tion (mucus  production)  and  degeneration  (shedding  of 
cells)  of  the  epithelial  lining  of  the  intestine.  We  now 
find  all  grades,  from  a  slight  superficial  abrasion  to  large 
deep  ulcers  with  undermined  edges,  involving  perhaps 
all  coats  of  the  bowel  (dysentery). 

Etiology.  What  has  been  said  above  on  etiology  ap- 
plies here,  as  we  are  generally  dealing  with  an  advanced 
stage  of  one  and  the  same  process."  Typical  cases  are 
seen  up  to  flve  years  of  age  or  more. 

Patliiiloyy.  Booker  found  streptococci  almost  con- 
stantly present  in  the  deeper  ulcerations,  but  they  may 
be  only  secondary.  Cohen  and  others  have  found,  in  a 
small  number  of  cases,  the  amoeba  coli  in  the  stools  of 
typical  examples.  But  such  is  not  the  cause  of  the  host 
of  cases  occurring  with  regularity  in  every  summer  and 
following  steadily  on  the  milder  forms  when  improve- 
ment does  not  occur. 

As  in  the  milder  forms,  the  lesions  are  found  in  the 
lower  ileum  and  the  colon. 

1.  The  mildest  form  of  lesion  is  an  inflammatory  infil- 
tration into  the  catarrhal  area  with  swelling  of  the  mu- 
cous membranes,  and  particularly  the  solitary  follicles. 
The  infiltration  may  extend  into  t"hc  submucosa,  and  pro- 
duce trdeiiia  which  gives  the  surface  avelvety  appearance. 
Microscopically  one  finds  great  shedding  of  epithelial 
cells,  the  goblet  cells  distended  with  mucus,  the  glandu- 
lar orifices  narrowed  or  obliterated  by  pressure,  and  a 
large  amount  of  mucous  debris,  great  congestion,  and 
occasionally  hemorrhagic  areas. 

2.  A  more  advanced  stage  is  a  catarrhal  ulceration, 
which  is  extensive  perhaps,  but  not  deep,  being  limited 
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by  the  mucosa  and  showing  generally  a  lymph  follicle 
within  it.  If  the  nicer  is  extensive  the  submucosa  is  infil- 
trated, bnt  one  does  not  see  prominent  edges  to  tin;  nlcei'. 

3.  Follicular  ulceration  is  the  commonest  lesion.  A 
small  ulcer  is  seen  on  a  solitary  follicle  in  places,  while 
in  others  the  entire  follicle  breaks  down  leaving  a.  round 
ulcer  with  overhanging  edges,  and  often  exposing  the 
nmscular  coat.  Inhltration  continues  extending  beyond 
the  follicle,  and  later  this  infiltrated  area  breaks  down 
chiefly  in  the  submucosa,  thus  enlarging  the  \dcer  by 
undermining  the  mucosa.  In  severe  pi'olonged  cases  the 
circular  layer  of  the  muscularis  ulcerates.  Perforation 
rarely  or  never  occurs.  If  recovery  takes  place  cicatriza- 
tion is  delayed  for  several  months. 

4.  Meml)ranous  ileo-colitis,  which  is  fortunately  rare, 
is  the  most  virulent  form.  Slight  pseudo-membrane  is 
seen  in  tlie  lower  ileum  and  thniughout  the  colon,  of  a 
gray  or  green  color  witli  deticiencit^s  here  and  there, 
through  which  the  mucous  membrane  may  be  .seen  in- 
tensely injected,  dull,  and  rough.  Microscopically,  fibrin 
containing  small  round  cells,  red  blood  cells,  and  bacteria, 
is  seen  to  form  the  membrane,  and  ma}^  be  seen  invading 
the  mucosa  and  submucosa.  Inflammatory  infiltration, 
cedema,  and  the  pseudo-membrane  greatly  thicken  the 
bowel. 

Symptoms.  In  the  cases  due  to  inflammatory  infiltra- 
tion the  onset  is  sudden,  though  the  first  twenty-four 
lionrs  may  l)e  taken  up  by  symptoms  of  mere  indiges- 
tion, pain,  vomiting,  and  repeated  stools.  Later,  the  old 
classical  symptoms  of  dysentery  appear,  frequent  small 
stools  consisting  mosll}^  of  blood -streaked  mucus,  passed 
with  great  pain,  and  tenesmus  threatening  prolapse  of 
the  rectum.  The  motions  generallj'  become  dark  brown 
in  color,  and  tenderness  is  elicited  over  the  colon.  High 
fever  slowly  and  graduallj^  becomes  moderate,  while 
prostration  slowly  increases.  Symptoms  always  remain 
severe  as  long  as  a  week,  the  first  improvement  in  the 
stools  being  the  disappearance  of  blood;  then  the  fre- 
quency and  tenesmus  diminish,  wliile  the  nmeus  lingers 
for  weeks.  In  catarrhal  ulceration  all  is  more  severe,  ffie 
noticeable  additions  being  steady  higli  fever,  very  fre- 
quent stools  now  containing  much  blood,  .greater  pros- 
tration, and  nervous  symptoms.  If  death  does  not  occur 
the  case  remains  obstinately  severe  for  weeks  when  com- 
plications are  likelj'.  Improvement  and  convalescence 
are  very  tedious,  and  recovery  is  occasionally  incomplete. 

FoUicular  ulceration  maybe  ushered  in  with  sudden- 
ness or,  as  is  more  frequently  the  case,  symptoms  are 
subacute  and  gradual,  as  one  would  expect  from  lesions 
of  a  chronic  inflammation.  In  the  former  case  one  finds 
high  fever  and  in  the  latter  a  rather  steady  moderate 
fever  (about  100').  The  lesions  are  so  chronic  and  slug- 
gish that  blood  is  generally  absent  from  the  stools,  who.se 
typical  feature  is  abundant  mucus  Avitli  numerous  epi- 
thelial cells  and  small  round  cells.  Very  steady,  though 
slow,  failure  in  nutrition,  color,  and  weiglit  continue,  with 
loss  of  appetite  and  grave  trophic  disturbances  (bedsores) ; 
ulcers  in  the  mouth,  pain,  and  absence  of  tenesmus  con- 
firm the  chronicity  of  the  local  inflammation. 

The  most  virulent  form,  the  membranous  inflammation, 
produces  a  sudden,  severe  onset  of  .symptoms  with  vom- 
iting, high  fever,  and  fluid  stools.  Very  early  the  tem- 
perature may  be  between  102'  and  lOo",  and  it  is  typi- 
cally steady  and  higlr  Systemic  symptoms,  prostration, 
delirium,  etc.,  appear  at  the  onset  and  are  grave.  Pam 
and  tenesmus  are  severe,  but  wcllnigh  constant,  not  in- 
termittent, as  in  the  previously  described  cases.  Prolapse 
is  frequent  and  reveals  sometimes  an  angry  mucous  mem- 
brane, supporting  pseudo-membrane.  Stools  show'  more 
blood  than  less  virulent  cases,  and  portions  of  pseudo- 
membrane  are  to  be  looked  for.  Small  pieces,  gray  and 
opaque,  are  easily  recognized. 

II.   Chronic  Diarriiosa. 

Chronic  diarrhoea  completes  our  classification,  but  is 
not  a  specific  affection,  inasmuch  as  it  may  be  the  result 
of  any  lingering,  obstinate  acute  case  of  the  previous 


Diarrhoea, 
Diarrhoea. 


groups.  Thus  It  may  be  caused  by  an  aeute  diarrhn?a 
apsmg  mto  chronicity  or,  as  it  often  does  in  young 
louudlings.  It  may  result  from  months  of  indig"estion 
with  the  irritation  of  partly  digested  food  particles.  In 
the  latter  cases  atrophic  conditions  of  secretory  apparatus 
and  of  tlie  mucous  membrane  generally,  plays  an  impor- 
tant part.  In  such  conditions  fermentation  is  ever  pres- 
ent and  toxic  material  is  constantly  being  ab.sorbed,  and 
a  mild  chronic  intoxication  oc;curs  and  may  lead  toward 
marasinus,  while  intercurrent  disease  is  always  probable. 
These  are  the  eases  one  meets  with  in  puny  foundlings 
which  show  slight  gains  altei-nating  with  .slight  losses  or 
a  long,  slow  decline  without  any  acute  disease. 

Diagnosis.— Gastro-enteric  symptoms  frequently  usher 
in  almost  any  acute  dLsease  in  infants  in  .summer.  This 
is  particularly  the  case  in  pneumonia  and  tonsillitis ;  hence 
in  every  case  a  careful  examination  of  the  chest  and 
throat  should  be  made. 

The  non-infections  diarrh(eas are  characterized  by  their 
mildness  and  by  tlie  rapidity  with  wliich  they  subside. 
The  infectious  forms  are  generally  characterized  by 
higher  temperature  and  more  severe  disturbances  of  the 
nervous  system  than  is  the  rule  in  the  former  class  of 
cases.  The  infectious  forms  are  generally  marked  by 
highly  offensive  fluid  evacuations,' and  they  occur  epi- 
demically in  summer. 

Ileo-colitis  can  be  recognized,  only  after  the  lapse  of 
several  days,  by  the  persistence  of  temperature  and  the 
appearance  of  blood  and  large  quantities  of  mucus  in  tlie 
motions.  The  pain  and  tenesmus  are  more  marked  than 
in  any  other  form. 

Cholera  infantum  can  usually  be  recognized  without 
difficulty  b}'  the  severity  of  the  general  symptoms  and 
by  the  fluid  and  offensive  motions. 

The  onset  of  typhoid  fever  maj'  be  accompanied  by 
diarrhcea,  hut  this  disease  is  rare  in  infancy,  and  is  not 
likely  to  occur  unless  the  disease  is  epidemic.  The  Widal 
test  may  be  resorted  to,  but  cannot  be  relied  upon  for 
diagnosis;  it  is  not  infrequently  absent  until  later  on  in 
the  disease  in  tlie  case  of  infants. 

Intussusception,  which  may  be  confounded  with  ileo- 
colitis, is  to  be  distinguished  by  the  absence  of  elevated 
temperature  for  the  first  few  days. 

Prognosis. — In  the  non  infectious  forms  the  prognosis 
is  invariably  favorable,  except  in  so  far  as  they  open  the 
way  for  general  gastro-enteric  infection.  In  the  infec- 
tious forms  the  prognosis  depends  on  the  general  condi- 
tion of  the  child,  the  virulence  of  the  infection,  and  the 
efficacy  of  treatment,  hygienic  and  medicinal. 

In  the  case  of  young  infants  suffering  from  chronic 
dyspeptic  troubles,  the  occurrence  of  an  infectious  diar- 
rha'a  is  an  extremely  serious  matter.  Even  an  apparently 
mild  attack  may  prove  fatal,  hence  a  guarded  prognosis 
should  always  tie  given.  The  favorable  symptoms  are  a 
decrease  in  the  temperature  and  in  the  frequency  of  the 
motions  wiienns-iociatedwitli  animpmrement  in  the  general 
(ippenrance  rind  in  the  character  of  the  jmUe. 

The  prognosis  is  rendered  more  serious  by  the  presence 
of  a  higlieTr  temperature,  more  watery  movements,  sup- 
]uession  of  urine,  sighing  and  feeble  respiration,  and  a 
weak  and  intermittent  pulse. 

Complications. — No  comjilications  are  to  be  met  with 
in  the  non-infectious  forms  of  diarrho'a. 

Probably  the  most  common  complication  of  the  infec- 
tious form's  is  broncho-pneumonia.  Its  onset  is  generally 
very  insidious;  it  is  generally  accompanied  f)yan  increase 
in  the  respirations  arid  a  distinct  rise  in  the  temperature. 
The  physical  signs  are  obscure,  but  when  noted  are  gen- 
erall.y  found  at  the  base  of  the  lungs.  Symptoms  of  cere- 
bral 'congestion  are  occasionally  encountered. 

Parenchymatous  nephritis  is  a  rare  complication,  but 
it  has  been  noted  in  several  instances.  Koplik  (Medical 
Record  April  1st,  1899)  considers  that  it  is  more  common 
than  ordinarily  supposed.  AVlien  the  affection  is  of  a 
mild  type  nothing  may  be  found  but  a  slight  albumi- 
nuria •  when  severe,  it  is  manifested  by  restlessness  al- 
ternating with  periods  of  a  sort  of  stupor.  It  may  be 
accompanied  by  oedema  of  the  skin  and  subcutaneous  tis- 
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sues  and  is  generally  associated  with  more  or  less  com- 
pete suppression  of  urine.  The  complication  may  ap- 
pear early  or  late,  and  its  severity  is  not  dependent  on  the 
severity  of  the  primary  disorder. 

Pkopiiylaxis -The  infant  mortahty  from  diarrhoeal 
disease  of  any  city  is  in  direct  proportion  to  the  ignorance 
of  its  inhabitants.  As  our  knowledge  ot  the  etiology  of 
these  diseases  has  increased,  it  has  brought  with  it  in- 
creased possibility  of  prevention.  In  the  last  decade  the 
infant  mortality  returns  of  most  of  the  large  cities  in 
America  show  a  definite  downward  tendency,  due  to 
better  prevenrive  methods  being  adopted  on  a  large  scale, 
and  to  improved  methods  of  diagnosis  and  treatment. 

JIuch  can  be  done  in  the  way  of  prevention  by  im- 
proving the  general  hvgienic  surroundings  of  children. 
In  cities  with  overcrowded  tenements  and  dirty  streets 
these  diseases  flourish  as  soon  as  the  heat  of  summer 
makes  itself  felt. 

It  is  the  duty  of  all  civic  health  boards  to  provide  open 
spaces  or  parks  where  children  may  play  in  the  fresh  air. 
These  parks  should  be  kept  clean,  and  .shelter  should 
be  provided  by  means  of  trees  or  pavilions  from  the  di- 
rect rays  of  the  sun. 

Inspectors  should  be  appointed  whose  duty  it  should 
be  to  visit  houses  in  the  crowded  parts  of  the  city  and 
see  that  they  are  properly  ventilated  and  hygienically 
satisfactory.  By  means  of  these  inspectors  pamphlets 
may  be  distributed  giving  information  as  to  the  proper 
care  and  feeding  of  infants  and  children  during  the  hot 
season.  In  these  pamphlets  it  should  be  made  very  clear 
that  dentition  is  not  a  cause  of  diarrhcea,  and  that  loose- 
ness of  the  bowels  in  infants  is  not  a  beneficial  but  a 
harmful  condition,  and  should  receive  prompt  attention. 

The  milk  supply  of  all  cities  should  be  under  the  direct 
control  of  the  civic  board  of  liealth,  and  nothing  is  better 
established  than  the  relation  of  impure  milk  to  the  causa- 
tion of  diarrhcea.  It  is  not  sufficient  to  enact  that  milk 
shall  be  confiscated  and  the  vendor  punished,  when  it  is 
below  a  certain  standard  of  food  value.  Of  quite  as 
much  importance  as  the  percentage  of  total  solids  and 
fats  is  the  percentage  of  dirt  which  may  be  present. 

The  number  of  bacteria  per  cubic  centimetre  in  milk 
indicates  very  clearly  the  amount  of  dirt  present.  Milk 
that  contains  under  10,000  bacteria  per  cubic  centimetre 
may  be  accepted  as  pure  milk  and  fit  for  infant  feeding. 
Bitter  claims  that  the  maximal  limit  for  milk  that  is  fit 
for  food  is  50,000  bacteria  per  cubic  centimetre.  Dr. 
Turner  in  examining  one  hundred  and  seventeen  samples 
of  milk  in  Washington  found  only  fifty-two  to  contain 
less  than  .50,000  bacteria  per  cubic  centimetre;  and  some 
of  the  samples  contained  a  higher  number  of  bacteria 
than  the  sewage  water  of  the  city. 

Hence  the  im.portance  of  milk  inspectors  in  every  city, 
whose  duty  it  should  be  to  examine  the  milk  and  inspect 
the  dairies,  the  cattle,  and  the  methods  of  caring  for  and 
transporting  the  milk. 

In  many  cities  noble  philanthropic  work  has  been  done 
which  has  been  of  incalculable  value,  in  providing  the 
poor  with  a  pure,  clean  milk  at  the  same  price  ordinarily 
paid  for  an  inferior  article. 

In  warm  weather  particular  attention  should  be  paid 
to  tiie  care  and  preparation  of  the  infant's  food  All 
utensils  employed  in  the  preparation  of  the  food  should 
be  sterilized  by  boiling  daily.  When  possible  the  day's 
.supply  should  be  prepared  in  tiie  morning  and  kept  on 
ice.  vy  hen  possible  a  separate  bottle  should  be  provided 
tor  each  feeding,  and  into  it  the  proper  amount  should 
be  put  as  soon  as  prepared.    These  should  be  stopped  with 

aeh  hot„??°'rr  '^^'°S,  *^'^''"  *"  wipe  the  mouth  o 
each  bottle  dry  before  corking.     All  nipples  should  be 
scrubbed  and  boiled  daily  and  ^should  be  llep  ,,  w  "     not 
=?i      ■  '°?  saturated  .solution  of  boric  acid  or  else  in  a 

C'nfttT""''''  "'  ""''^  '""'  d^^«"»  to  tlie  pint 
give    nfin  ;  a  "bnT  TT  ''  ''  ""  ^"'"^  S'^^''^^  rule  to 

Plenty  of  sterilized  water  .should  be  supplied  in  warm 
446 


weather  as  the  infant  is  far  more  likely  to  be  thirsty  than 
hungry. 

Over-feeding,  too  frequent  feeding,  and  the  use  of  im- 
proper foods  are  important  dangers  to  the  infant  in  warm 
weather. 

Prompt  attention  should  be  given  to  all  slight  gastro- 
enteric derangements  in  warm  weather.  A  water  diet 
for  a  few  hours  and  a  gradual  return  to  the  ordinary  food, 
may  be  all  the  treatment  necessary  to  ward  off  an  im- 
pending attack  of  diarrha'a. 

The  sterilization  of  milk  by  heating  it  to  a  temperature 
of  100°  C. ,  although  it  destroj's  all  bacteria,  is  to  be 
avoided,  as  bj'  .such  a  process  the  value  of  the  fluid  as  a 
food  is  greatly  depreciated,  and  it  is  also  altered  in  taste 
and  smell. 

AVhen  a  perfectly  pure  milk  can  be  obtained  it  is  better 
employed  raw,  but  as  this  is  rarely  possible  in  large  cities, 
it  is  much  safer  to  pasteurize  it.  This  may  be  accom- 
plished by  heating  to  60°  C.  (140°  F.),  at  which  point  it 
should  be  kept  for  fifteen  minutes,  wdien  the  vessel  con- 
taining it  is  to  be  placed  on  ice.  This  process,  according 
to  Russell,  kills  from  98  to  99.8  per  cent,  of  all  bacteria 
present  in  milk,  without  interfering  in  any  way  with  the 
value  of  the  fluid  as  a  food. 

Treatment.  — Hygienic  Trmtment.  In  all  cases  of  sum- 
mer diarrhoea  fresh  air  is  of  the  greatest  importance.  The 
patient  should  be  kept  out  of  doors,  in  the  coolest  and 
shadiest  spot  available.  When  this  is  not  possible,  the 
sick-room  should  be  cool,  airy,  and  not  too  bright. 
Quietness  is  essential,  for  the  little  patients  are  frequently 
highly  nervous  and  irritable. 

The  patient  should  be  left  alone  as  much  as  possible  in 
cot,  cradle,  or  perambulator,  and  should  not  be  handled 
or  petted. 

If  the  attack  does  not  yield  to  the  treatment  employed, 
the  child  should  be  removed  to  the  seaside  or  mountains, 
after  the  most  acute  symptoms  have  been  controlled, 
more  good  often  being  accomplished  b}'  a  change  of  air 
than  by  all  other  means. 

The  clothing  should  be  of  the  lightest  material,  a  sin- 
gle long  gown  of  thin  flannel  being  the  most  suitable 
garment.  If  there  is  much  perspiration  a  thin  linen  or 
cotton  gauze  under-vest  may  be  worn  next  the  skin. 
The  clothing  should  be  so  arranged  that  it  may  be  re- 
moved without  disturbing  the  child,  and  should  be 
changed  whenever  soiled. 

The  sick-room  should  be  kept  scrupulousl.y  clean  and 
free  from  dust.  All  soiled  clothing  and  diapers  should 
be  removed  from  the  room  immediately.  The  diapers 
should  be  placed  in  a  disinfectant  solution  for  some  hours 
before  being  washed  and  boiled. 

Bathing  is  valuable  in  that  it  allays  restlessness  and 
reduces  the  temperature  of  the  patient.  To  insure  clean- 
liness the  child's  body  may  be  sponged  with  alcohol  and 
water  several  times  daily,  but  when  it  is  desired  to  re- 
duce the  temperature  the  cold  pack  or  tub  bath  should 
be  employed. 

When  the  body  temperature  is  high  and  the  extremi- 
ties feel  cold,  the  writer  prefers  the  cold  pack.  (1)  The 
mattress  of  the  bed  or  cradle  is  to  be  protected  by  a  rub- 
ber sheet  or  oilcloth  over  which  is  laid  a  small  blanket; 
(3)  an  ordinary  large  towel  is  then  wrung  out  of  water  at 
a  temperature  of  70°  F.  and  wrapped  about  the  child's 
body  and  arms,  reaching  down  to  about  the  knees.  A 
hot-water  bottle  is  applied  to  the  child's  feet.  Cold 
water  may  be  sjirinkled  from  time  to  time  on  the  towel 
without  removing  it  from  tiie  child's  body.  To  increase 
evaporation  the  child  should  be  briskly  fanned  while  it 
is  in  the  pack.  The  patient  may  remain  in  such  a  pack 
for  from  fifteen  minutes  to  an  hour.  As  soon  as  the  body 
temperature  has  lieen  sufficiently  reduced  the  pack  may 
be  removed,  and  the  child  put  into  fresh,  dry  clothing 
with  as  little  disturbance  as  possible. 

The  temperature  of  the  bath,  Avhen  this  means  is  em- 
ployed to  reduce  the  fever,  should  be  about  100°  F.  when 
the  child  IS  put  into  it.  When  possible  a  small  child's 
bath  should  be  used,  and  it  should  contain  suflicient 
water  to  cover  completely  the  body  to  the  neck.     The 
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temperature  of  the  water  in  the  bath  should  then  be  re- 
duced to  80°  or  85°  F.  by  adding  ice.  Wliile  the  chiUl  is 
in  the  bath  its  head  should  be  supported  b}^  the  nurse, 
and  its  body  should  be  briskly  rubbed  so  as  to  promote 
the  circulation.  The  child  should  remain  in  the  bath  for 
from  ten  to  thirtjf  minutes,  accoidiug  to  the  requirements 
of  the  case.  The  child's  temperature  should  bo  taken  by 
placing  the  thermometer  in  the  rectum  live  minutes  after 
it  has  been  removed  from  the  bath. 

Properly  and  carefully  given,  a  cold  bath  should  not 
frighten  or  exhaust  the  little  patient. 

The  bath  or  pack  is  indicated  when  the  body  tempera- 
ture rises  above  102|°  F.,  and  it  maj^  be  repeated  as  often 
as  required  to  control  the  temperature. 

Excoriations  of  the  buttocks  and  genitals  should  re- 
ceive careful  attention.  The  parts  should  be  washed  witli 
weak  bicarbonate  of  soda  solution,  carefully  dried  with 
cotton  wool  or  soft  linen,  and  then  dusted  with  berated 
talcum,  simple  starch,  or  stearate  of  zinc. 

Dietetic,  Treatment. — In  all  forms  of  acute  diarrhoea  in 
infancy  food  should  be  entireh^  withheld  during  the  early 
stage.  Digestion  and  assimilation  are  practically  arrested 
at  this  time,  and  food,  instead  of  being  of  assistance  to  the 
patient,  can  only  work  harm. 

For  the  first  twenty-four  hours  boiled  water,  in  the 
quantity  of  one  or  two  ounces,  to  wliich  a  pinch  of  salt, 
or  a  little  milk  sugar  has  been  added,  may  be  given  at 
intervals  of  one  or  two  hours.  The  object  of  the  dietetic 
treatment  is  to  supply  the  simplest  nourishment  in  suit- 
able quantities  and  at  regular  intervals,  in  order  not  to 
excite  gastro-enteric  irritation. 
Milk  should  be  entirely  ■withheld  in  all  cases. 
The  foods  selected  should  be  those  which  require  the 
least  effoit  to  digest,  and  which  leave  the  minimum 
amount  of  residue.  The  quantity  should  be  the  mini- 
mum possible,  and  it  should  be  repeated  at  intervals 
which  will  insure  periods  of  entire  rest  to  the  stomach. 

The  return  to  the  ordinary  diet  should  be  slow  and 
carefullv  regulated. 

Explicit  directions  in  regard  to  the  various  details  of 
treatment  should  be  given  to  the  nurse  or  attendant  in 
writing.  Food  prescriptions  should  be  made  out  with 
the  same  care  and  attention  that  is  usual  in  the  ordering 
of  drugs.  The  quantity,  quality,  and  frequency  of  ad- 
ministration should  be  carefully  set  down  so  that  no 
mistake  can  arise. 

The  difficulty  generally  is  to  find  a  suitable  article  of 
diet  that  the  patient  will  like  and  take  well.  In  order  to 
be  successful  the  resourceful  physician  will  have  a  list 
of  suitable  foods  which  may  be  tried  one  after  the  other, 
until  one  is  found  which  is  acceptable  to  the  child  under 
treatment. 

In  general,  the  quantity  of  nourishment  at  each  feed- 
ing should  be  from  one-fourth  to  one-half  the  amount 
given  in  health,  according  to  the  tolerance  of  the  stom- 
ach. 

The  interval  between  feedings  should  be  as  lengthy  as 
possible.  It  is  seldom  necessary  to  nurse  or  feed  a  sick 
child  oftener  than  every  two  hours.  No  effort  should  be 
made  to  feed  by  the  mouth  until  gastric  irritability  has 
been  controlled  and  no  vomiting  has  occurred  for  six  or 
eight  hours. 

Nurslings  after  a  short  period  of  starvation,  at  least 
twelve  hours,  may  be  put  to  the  breast  for  two  or  three 
minutes.  Nursing  may  then  be  permitted  every  four 
hours.  Between  the  nursings  whey,  or  sugar-of-milk 
solution  (five  per  cent.),  may  be  given,  so  that  the  mfant 
is  fed  every  two  hours. 

Before  permitting  the  child  to  be  put  to  the  breast,  the 
mother's  milk  should  be  examined,  provided  there  be 
any  reason  to  suspect  that  its  composition  may  disagree 
with  the  patient.  ^  ■  ,  j>     j  + 

The  problem  of  supplying  a  suitable  artificial  food  to 
infants  under  five  or  six  months  of  age,  who  have  been 
the  subjects  of  diarrhoea,  is  one  of  the  most  difficult  the 
physician  has  to  solve.  But  of  recent  years  this  problem 
has  been  much  simplified  by  the  establishment  ot  prop- 
erly managed  milk  laboratories  in  several  of  the  large 


cities.  Even  under  the  best  of  circumstances,  in  hot 
weather  the  diftieulties  are  almost  unsurmoun  table ;  hence 
when  possible  a  suitable  wet-nurse  should  be  secured  for 
these  eases. 

After  the  period  of  "  water  diet "  the  question  to  be  de- 
cided is  whether  to  use  albuminous  or  farinaceous  fluids. 
It  is  the  habit  of  the  writers  to  employ  farinaceous  fluids 
when  the  motions  are  particularly  foul,  and  the  abdomen 
of  file  child  is  distended  with  gas.  When  these  condi- 
tions are  not  marked,  resort  may  be  had  to  dilute  broths, 
and  other  albuminous  fluids,  such  as  albumin  -a'ater, 
liquid  peptonoids,  and  panopepton. 

The  farinaceous  flvuds  may  he  made  from  barley,  rice, 
oatmeal,  tapioca,  sago,  corn  starch,  arrowroot,  or  flour 
ball.  It  is  important  to  boil  these  foods  for  at  least 
three  hours  so  as  to  prevent  trouble  from  indigestible 
starch.  These  fluids  should  be  given  cold  or  just  slightly 
warmed,  and  the  younger  the  child  the  more  dilute 
should  the  fluid  be.  It  is  important  in  all  cases  to  strain 
farinaceous  fluids  before  using  them. 

One  of  the  best  and  cheapest  foods  of  this  class  is  the 
old-fashioned  flour  ball.  This  is  prepared  as  follows; 
Take  one  pound  of  good  wheat  flour  (unbolted  if  obtain- 
able), tie  it  up  verj'  tightly  in  a  strong  piece  of  cotton, 
place  in  a  saucepan  of  water,  and  boil  constantly  for  ten 
hours;  when  cold  remove  the  cloth  and  cut  away  the 
soft  outer  covering  of  dough.  The  firm  central  part  is 
then  to  be  grated  down  to  a  powder  as  required.  A  suit- 
able quantity  of  this  powder  is  then  rubbed  into  a  paste 
with  water  until  a  creamy  mixture  is  obtained.  To  this 
a  sufficient  amount  of  water  is  added  to  make  the  quan- 
tity required  for  a  feeding,  and  then  boiled  for  fifteen 
minutes. 

The  albuminous  food  substances  should  always  be  well 
diluted;  as  they  do  not  keep  well,  they  should  be  pre- 
pared only  in  small  quantities. 

Albumin  water  is  prepared  by  squeezing  the  white  of 
one  egg  through  a  piece  of  sterilized  gauze  into  a  tea- 
cup full  of  boiled  cold  water.  To  this  may  be  added  a 
small  quantity  of  sugar  and  a  pinch  of  salt,  and  when 
necessary  a  teaspoonf ul  or  two  of  good  whiskey  or  brandy. 
Chicken  broth  and  veal  broths  are  also  extremely  useful. 
These  may  be  reduced  to  a  jelly,  of  which  a  small  quan- 
tity may  be  added  to  any  of  the  farinaceous  fluids,  as 
required.  The  juice  of  rare  beef,  expressed  by  means  of 
a  meat  press,  may  be  employed,  diluted  in  the  proportion 
of  one  part  of  the  beef  juice  to  ten  parts  of  water,  or  any 
of  the  farinaceous  fluids.  Liquid  peptonoids  or  pano- 
pepton may  be  employed  diluted  in  the  same  proportion 
as  the  beef  juice. 

The  return  to  a  milk  diet  should  not  be  attempted  until 
several  days  after  the  motions  have  become  normal.  It 
may  be  begun  by  adding  one  teaspoonful  of  cream  to  the 
farinaceous  fluid  the  patient  is  receiving.  If  this  gives 
rise  to  no  distress,  the  quantity  may  be  gradually  in- 
creased. When  modified  milk  is  employed  the  fat  and 
the  casein  should  be  greatly  reduced.  To  begin  with,  a 
formula  ot  fat  Ifo,  sugar  6?;,  proteid  0.5%,  may  be  tried. 
This  should  be  predigested  in  the  ease  of  infants  under 
four  months.  If  it  is  well  borne  the  constituents  may 
be  gradually  increased.  Instead  of  using  sugar  solution 
in  the  modified  milk  mixture,  it  may  be  replaced  by  thm 
barley  or  rice  water.  ,     ,     ,,      .    j-         t 

The  same  general  principles  apply  to  the  feeding  ot 
older  children.  Kumyss  or  matzoon  may  be  allowed  be- 
fore milk  is  given. 

After  an  attack  of  entero-colitis  the  diet  should  be 
carefully  regulated  for  months,  as  relapses  are  very  easily 
excited  by  improper  articles  of  food.  Oatmeal,  potatoes, 
tomatoes,'  corn,  and  all  kinds  of  fruits  should  be  for- 

VhTabdomen  should  be  protected  by  wearing  a  flannel 
binder  even  at  night,  as  sudden  changes  of  temperature 
are  to'  be  avoided.  Fatigue,  exhaustion,  and  nervous 
strain  of  any  kind  are  liable  to  excite  a  recurrence  of  the 

™  In  chronic  diarrhoea  the  diet  most  suitable  is  that  em- 
ployed in  the  later  stages  of  acute  cases.     Albuminous 
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articles  are  to  be  preferred,  and  starches  and  fats  ^^f  ^^ 
or  given  in  small  quantities,  the  effect  ot  tliesc  on  tlie 

stools  being  closely  watched.  ,.    ^  ■    ,•     ,• 

ZuHn^  rnJnent.  Purgatives:  The  first indica  ion 
of  medicinal  treatment  is  to  evacuate  the  entire  digestive 

'The  initial  vomiting  may  have  cleared  the  stomach 
more  or  less  efficiently.  If  this  is  not  the  case,  some 
simple  emetic,  such  as  ipecac  or  zinc  sulphate,  may  be 
employed  in  older  children,  but  in  infants  nothing  ismore 
efficient  than  stomach  washing.  If  this  be  impossible, 
large  draughts  of  water  should  be  administered  and  the 
vomiting  reflex  excited  by  tickling  tlie  fauces. 

The  colon  may  be  emptied  by  irrigation,  but  to  clear 
the  small  intestine  cathartics  must  be  resorted  to.  The 
best  for  this  purpose  are  castor  oil  and  calomel. 

When  vomiting  is  not  marked  castor  oil  should  receive 
the  preference,  as  its  results  are  fairly  prompt  and  certain, 
and  its  after-effects  soothing,  'i'he  proper  dose  is  one 
drachm  to  a  child  under  six  mouths  of  age,  two  drachms 
to  one  a  year  old,  and  half  an  ounce  to  one  over  three 
years  of  age. 

If  vomiting  is  a  marked  initial  symptom  calomel  should 
be  employed.  Two  grains  may  be  given  at  one  dose,  or 
better,  gr.  i  every  hour  up  to  eight  doses  or  until  the 
characteristic  green  motions  are  seen.  This  has  a  favor- 
able effect  upon  the  vomiting,  and  is  valuable  both  as  an 
antiseptic  and  as  a  purgative. 

If  the  motions  occur  with  great  frequency  aud  are 
fluid,  all  purgatives  should  be  avoided,  stomach  washing 
and  colon  irrigation  taking  their  place.  It  is  necessary 
to  wash  the  stomach  out  only  once  as  a  rule,  but  the 
colon  sliould  be  irrigated  several  times  daily. 

Antiseptics  and  Astrinf/ents :  The  value  of  intestinal 
anti.septics  in  diarrhosas  of  infancy  is  open  to  question. 
The  writer  cannot  claim  any  great  faith  in  those  he  has 
employed.  Salol,  resorcin,  the  sulpho-carbolates,  car- 
bolic acid,  salicylate  of  soda,  and  several  others  have  all 
given  equal  satisfaction.  Salol  and  resorcin  in  gr.  i. 
doses  every  three  hours  to  a  child  six  months  of  age  have 
the  preference. 

But  of  all  dnigs  the  most  useful  in  the  diarrliceas  of 
infancy  is  undoubtedly  bismuth.  Most  of  its  prepara- 
tions can  be  given  in  fairly  large  doses  and  rarely  cause 
vomiting  if  properly  administered.  The  most  satisfac- 
tory preparations  are  the  subnitrate,  the  subgallate,  and 
the  salicylate.  The  subgallate  of  bismuth  may  be  given 
in  doses  of  from  gr.  ij.  to  iv.  every  two  hours  to  a  child 
a  year  old.  The  salicylate  may  be  given  in  doses  of  gr. 
i.  to  ij.,  with  the  same  interval  to  a  child  one  year  old. 

Bismuth  subnitrate  is  probably  the  most  reliable  prep- 
aration ;  it  may  be  given  in  doses  of  gr.  v.  to  x.  every 
two  liours  to  a  child  a  year  old.  It  has  been  combined 
with  the  salicylate  with  advantage  in  the  writer's  expe- 
rience, and  is  best  administered  suspended  in  mucilage, 
sweetened  with  glycerin.  It  should  be  given  in  suffi- 
ciently large  doses  to  blacken  the  stools  and  often  enough 
to  keep  them  of  that  color. 

The  objection  to  salicylate  of  soda  and  also  to  salol  is 
that  they  tend  to  cause  vomiting..  The  action  of  salol 
upon  the  kidneys  should  be  closely  watched  wdien  large 
doses  of  this  drug  are  employed. 

Arsenite  of  copper  is  useful  in  the  later  stages  after 
the  temperature  has  fallen  and  the  stools  are  no  longer 
offensive.  It  may  be  given  in  doses  of  gr.  t,jU  every 
three  hours  to  a  child  a  year  old.  =     -oo  j 

Tannigen  in  doses  of  gr.  iij.  every  three  hours  in  a 
child  a  year  old  is  useful,  especially  when  the  diarrhoea 
tends  to  become  chronic.  Excellent  results  have  been 
reported  from  the  use  of  tannalbin,  but  the  writers  have 
na(  no  experience  of  its  employment 

distinct  vn^n"-"  '^fl™?l^l""c  and  sulphuric  acids  arc  of 
distinct  value  n  chronic  cases.  They  are  best  adminis- 
tered in  combination  with  some  digestive,  as  iaoto  pen- 

"eMvl"""/  '1'"'  ^°°^'-  '1'"^'  ''"««  ^«  from  m  ss  to'^^  f 
ace ordms  to  the  age  of  the  patient.  ^ ' ' 

Stron;^'ly'Idd'nnd  l""'  '"  '''''''  '°  ^'™'^  «>«  «to"l«  are 
stron.l)  acid  and  cause  excoriation  of  the  buttocks  and 
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genitals.  They  tend  to  alleviate  vomiting,  and  are  par- 
ticularly serviceable  in  acute  cases.  The  most  valuable 
are  lime  water,  magnesia,  sodium  bicarbonate,  and  chalk 
mixture. 

Opiates:  Opiates  in  some  form  are  required  in  many 
cases,  particularly  those  in  which  tenesmus,  pain,  and 
great  frequency  of  motions  are  marked. 

Opium  ill  any  form  should  be  withheld  until  the  intes- 
tinal canal  has'  been  cleared  by  purgatives  or  by  irriga- 
tion; it  should  not  be  given  when  there  are  cerebral 
symptoms,  associated  with  scanty,  offensive  motions.  It 
is  of  service,  however,  in  those  cases  in  which  the  admin- 
istration of  food  is  followed  by  active  peristalsis  and  fre- 
quent stools. 

Opiates  should  always  be  administered  alone  and  not 
in  combination  with  diarrbrea  mixtures,  and  their  effect 
on  tlie  number  of  the  stools  should  be  noted  and  the  dose 
and  frequency  regulated  accordingly. 

The  best  preparations  are  paregoric  when  it  is  to  be 
administered  by  the  mouth,  aud  the  liq.  opii  sedativus 
(Battley)  when  given  in  an  enema. 

When  paregoric  is  used  it  is  best  to  give  small  doses 
at  sliort  intervals  till  the  desired  effect  is  produced.  For 
a  child  of  one  year  the  initial  dose  should  be  ni  v.,  to  be 
repeated  every  one,  two,  three,  or  four  hours  as  may  be 
indicated  (Holt).  Dover's  powder  is  particularly  suited 
to  certain  cases,  but  its  taste  is  objectionable.  It  may  be 
given  in  doses  of  gr.  i,  to  a  child  one  year  old,  every  one, 
two,  or  three  hours  as  required.  Laudanum  or  Battley's 
solution  may  be  given  in  doses  of  lU  i,  to  iij.  in  an  enema 
consisting  of  5  iij.  of  thin  starch  solution,  and  maybe 
repeated  as  often  as  necessary  in  order  to  control  tenes- 
mus and  pain. 

The  severe  tenesmus  occasionally  associated  with  pro- 
lapsus ani,  met  with  in  acute  ileo-colitis,  is  best  relieved 
by  means  of  a  suppcsitorj^  containing  cocaine,  in  the 
dose  of  froiii  gr.  ^  to  i.,  according  to  the  child's  age. 

Stiiiiiilants  are  needed  in  a  great  many  cases,  but  are 
often  used  unwisely.  Alcohol  stands  at  the  head  of  the 
list.  It  is  best  used  in  the  form  of  good  whiskey  or 
brandy.  The  daily  quantity  should  rarely  exceed  from 
3ij.  toiv. ,  and  is  best  administered  well  diluted  with 
sterilized  water  or  albumin  water. 

In  chronic  cases  wines,  particularly  claret  and  hock,  are 
of  distinct  value.  Other  stimulants  are  aromatic  spirits  of 
ammonia,  and  caffeine  in  the  form  of  cold  tea  or  coffee. 

In  cholera  iiifantnm  the  condition  of  intoxication  is 
usually  so  .severe  as  to  demand  the  most  urgent  and  active 
treatment.  The  main  indications  are:  (1)  to  clear  the 
gastro  enteric  tract;  (2)  to  support  the  heart  and  nervous 
system  ;  (3)  to  reduce  the  temperature ;  and  (4)  to  supply 
tlie  tissues  with  fluid  to  compensate  the  drain  of  the  dis- 
charges. 

The  first  indication  is  best  fulfilled  by  lavage  of  the 
stomach  and  irrigation  of  the  colon. 

As  the  absorptive  processes  are  at  a  standstill  in  the 
stomach  and  intestine,  hypodermic  medication  must  be 
relied  on  to  control  the  action  of  the  toxins  on  the  heart 
and  nervous  system.  For  this  purpose  a  hj'podermic  in- 
jection of  morphine,  gr.  jl-^.  and  atropine,  gr.  5^,  maybe 
given  to  a  child  a  year  old ,  and  repeated  every  hour  till  the 
desired  result  is  obtained.  The  only  contraindication  of 
the  morphine  is  stupor  associated  with  scanty  purgation. 

To  rciilace  the  watery  drain,  intracellular  injection  of 
normal  saline  solution  is  indicated.  Half  a  pint  of  a  solu- 
tion of  salt  in  sterilized  water  may  thus  be  injected  into 
the  cellular  tissue  of  the  abdomen,  buttocks,  thighs,  or 
back. 

To  reduce  tlie  temperature  the  cold  bath  only  can  be 
relied  upon.  It  must  be  repeated  as  often  as  required  to 
keep  tlie  temperature  within  bounds. 

Ic(!-cold  -water  irrigati(ni  of  the  colon  is  also  of  great 
service  in  reducing  the  temperature,  and  the  ice  cap 
should  ahvays  be  employed. 

Stimulants  may  be  ad'ministered  hypodermically  if  the 
vomiting  is  severe.  Whiskey,  ether,"  or  camphor  "may  be 
used  freely  as  indicated.  Datid  James  Evans. 

F.  Morley  Fry. 
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DIASTASE. — An  unorgauized  ferment,  or  enzyme,  oe- 
cnrriug  in  plants,  especially  iu  seeds  dining  germination, 
and  possessing  the  function  of  converting  their  starch 
into  sugar  ( maltose  and  dextrose).  The  diastase  of  barley 
and  its  relatives  is  best  known.  It  is  the  agent  which 
converts  the  starch  in  to  sugar  in  the  manufactiire  of  malt. 
It  is  not  present,  or  at  least  not  in  appreciable  quantity, 
until  germination  occurs,  when  it  is  developed  from  siui'ie 
other  body  present.  Its  amount  increases  up  to  a  certain 
stage  of  germination,  when  it  begins  to  decrease.  When 
at  its  height,  it  is  equal  to  about  one-tifth  of  one  ]ier 
cent,  of  the  original  weight  of  the  seeds.  Like  other 
enzymes,  it  does  not  combine  with  the  substance  upon 
which  it  acts,  and  is  not  itself  consumed  iu  the  process, 
except  by  the  apphcation  of  undue  heat  (above  135'  F.)'. 
and  is  still  present  in  the  malt.  The  several  forms  of 
extract  of  malt  upon  the  market,  either  so  called  or  sold 
under  fanciful  copj^righted  names,  contain  various 
amounts  of  it.  The  extensive  use  of  diastase,  for  both 
external  and  internal  starch  digestion,  has  led  to  a  strong 
demand  for  its  introduction  into  the  Pharmacopceia,  a 
demand  which  is  likely  to  be  complied  with. 

Pure  diastase,  like  pure  pepsin,  is  unknown,  but  the 
substance  known  to  us  under  this  name  is  a  white,  or 
at  most  pale  yellowish,  odorless  and  tasteless  powder, 
soluble  in  water  and  weak  alcohol,  but  precipitated  by 
strong  alcohol.  Albuminous  matter  and  sugar  are  its 
common  impurities.  The  readiness  with  which  it  digests 
starch  under  artificial  conditions  suggests  its  ability  to 
do  so  in  the  stomach  during  the  early  stages  of  digestion, 
before  it  is  destroyed  by  the  free  aciditj^  of  the  gastric 
juice,  and  experiment  has  demonstrated  that  such  is  the 
case.  Diastase  is  readily  subject  to  standardization,  but 
all  the  processes  are  tedious  and  rather  complicated. 
They  depend  upon  the  power  of  a  standard  diastase  solu- 
tion to  digest  a  certain  amount  of  starch  within  a  specified 
time,  under  fixed  and  carefully  regulated  conditions.  It 
is  to  be  remembered  that  their  only  value  for  determin- 
ing the  relative  activities  of  different  samples  of  diastase 
lies  in  the  rigid  uniformity  of  the  conditions  of  trial. 
No  statement  that  a  certain  diastase  or  diastasic  sub- 
stance converts  a  certain  amount  of  starch,  as  contrasted 
with  some  other,  is  of  the  slightest  value,  except  upon 
this  condition.  The  dose  is  0.1  to  0.6  gm.  (gr.  ij.  to  x.), 
and  it  must  be  taken  with  the  meal,  preferably  during 
the  latter  part,  or  just  at  its  close,  when  the  hydrochloric 
acid,  having  entered  into  combination  with  the  proteids, 
cannot  inhibit  its  action.  Renry  H.  Busby. 

DIASTASE,  TAKA. — Taka  diastase  is  diastase  found 
"  crystallized  "  upon  the  roots  of  certain  species  of  Asper- 
rjilhis  and  removed  in  water.  The  removal  of  diastase 
from  various  species  of  fungi  for  use  in  the  production 
of  fermented  liquors  has  long  been  in  vogue  in  Japan. 
Some  years  ago  Dr.  Jokichi  Takamine  studied  the  effects 
of  these  substances  and  selected  that  derived  from  the 
above  species  for  medicinal  use.  He  named  it  as  above 
because  "  taka  "  means  strong  in  Greek,  ?iigh  in  Japanese, 
and  forms  the  first  part  of  the  name  of  the  investigator. 
The  method  of  production  is  thoroughly  to  sterilize 
wheat  bran,  and  to  sow  it  with  a  pure  culture  of  the 
spores  of  the  Aspergillus.  After  about  fifty  hours'  ex- 
posure to  a  warm  and  moist  atmosphere,  there  is  an 
abundant  crop  of  the  fungus,  which  then  bears  its  liighest 
percentage  of  diastase.  If  left  longer,  the  diastase  would 
iae  consumed.  The  mass  is  now  quickly  cooled,  broken 
up  and  percolated  with  cold  water.  The  percolate  is 
evaporated  in  a  vacuum  pan  to  a  syrupy  consistence, 
this  liquid  being  ten  times  as  strong  as  ordinary  malt. 
From  it  the  diastase  is  precipitated  by  strong  alcohol, 
removed,  and  dried  in  the  form  of  a  yellowish  white, 
odorless  powder  of  pleasant  taste.  Under  the  most 
favorable  conditions,  it  digests  three  hundred  times  its 
own  weight  of  dry  starch,  or  ten  times  as  much  cooked 
bread  or  other  similar  starchy  food.  Under  ordinary 
conditions  it  digests  from  one  hundred  to  one  hundred 
and  fifty  times  its  weight  of  dry  starcli.  Experiment 
has  fully  demonstrated  that  a  similar  result  takes  place 
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in  the  stomach  during  the  first  liour  or  two  of  digestion 
It  IS  even  believed  by  some  that  it  can  pass  through  the 
stomach  and  contuiue  its  work  in  the  duodenum  but 
undoubtedly  its  principal  work  is  performed  in  the  stom- 
ach, as  stated.  By  encasing  it  in  keratin  capsules  or  pills 
It  can  be  made  to  pass  through  the  stomach  and  be  freed 
tor  work  m  the  duodenum.  The  ordinary  dose  is  gr  iiss 
It  should  be  taken  immediately  with  the  meal. 

Henry  II.  Rushy. 

DIATHESIS.— In  proportion  to  our  increase  in  knowl- 
edge of  the  etiology  and  pathology  of  disease  does  the 
tendency  to  use  the  words  idiopathic,  dyscrasia,  and  diath- 
esis grow  less.  Text-books  and  dictionaries  which  an- 
tedate the  acceptation  of  the  germ  theory  are  filled  with 
these  terms,  while  the  authoritative  works  of  to-day  sel- 
dom use  them  except  in  connection  with  these  diseases 
concerning  which  our  knowledge  is  still  very  limited,  as, 
for  in,stance,  the  uric-acid  diathesis.  Even  this  most 
beloved  of  the  diatheses  is  now  often  replaced  bylithuria 
and  lithremia.  A  few  decades  ago,  were  a  man  to  de- 
velop any  one  of  a  liost  of  diseases,  it  was  explained  by 
the  fact  that  he  was  the  unfortunate  victim  of  a  peculiar 
diathesis. 

In  Foster's  Medical  Dictionary  reference  is  made  to 
nearl}^  seventy  varieties  of  diatheses  and  more  than 
twenty  varieties  of  dyscrasia.  A  verminous  diathesis  is 
described  as  a  constitutional  condition  that  has  been  as- 
sumed to  favor  the  development  of  intestinal  worms. 
Such  expressions  as  bilious  diathesis,  congestive  diathe- 
sis, and  basic  aural  dyscrasia  indicate  the  earlier  uses  of 
these  terms. 

Previous  to  the  discovery  of  the  tubercle  bacillus  cases 
of  consumption  were  usually  explained  by  the  hereditary 
and  diathetic  theory.  We  now  know  that  the  most 
robust,  who  have  not  the  slightest  tendency  to  tubercu- 
losis, when  thoroughly  exposed  to  the  infection  may  de- 
velop the  disease.  However,  we  must  keep  in  mind  the 
importance  of  the  phthisical  habit  in  cotinection  with 
its  development.  Persons  of  this  habit  are  not  already 
tuberculous,  but  have  tissues  which  are  more  vulnerable, 
less  able  to  resist  the  attacks  of  these  omnipresent  germs. 
Exposure  to  infection,  rather  tliau  tlie  presence  of  a  spe- 
cial diathesis,  is  in  many  instances  the  explanation  of  the 
development  of  disease. 

The  words  diathesis,  d3'scrasia,  and  idiopathic  have 
served  for  many  years  the  purjjose  of  cloaking  our  igno- 
rance. HoAvever,  their  mission  is  yearly  becoming  more 
limited. 

Diathesis  and  dyscrasia  have  frequently  been  used  as 
synonjans  meaning  predisposition.  In  many  instances 
diathesis  has  been  used  in  the  sense  of  disease,  but  the 
most  commonly  accepted  meaning  of  the  word  is  that  of 
predisposition  "or  habit  of  body.  By  dyscrasia  is  meant 
a  cachectic  condition  which  has  resulted  from  the  action 
of  certain  diseases  upon  the  system.  The  cancerous  diath- 
esis means  a  hereditary  tendency  toward  the  develop- 
ment of  cancer,  while  by  cancerous  dyscrasia  is  meant  a 
cachectic  or  diseased  condition  of  the  system  which  has 
resulted  from  the  presence  of  cancer  and  the  absorption 
of  toxins  manufactured  by  the  carcinomatous  growths. 

In  a  very  limited  way  the  word  diathesis  is  still  used 
by  modern  authors.  The  following  are  the  diatheses 
which  still  cling  to  our  text  books:  The  uric-acid  diath- 
esis, though  a  common  expression,  conveys  very  little 
information.  It  is  held  by  many  physicians  to  be  re- 
sponsible for  numerous  indefinite  symptoms.  It  is  sup- 
posed to  be  due  to  faulty  metabolism,  which  if  long  con- 
tinued may  lead  to  gout,  with  uric-acid  deposits  in  the 
joints,  acute  inflammations,  and  arterial  and  renal  disease. 

The  expression  gouty  diathesis  is  practically  synony- 
mous with  uric-acid  diathesis.  It  represents  the  underly- 
ino-  condition  of  the  system  which  is  inherited  by  those 
who  come  of  gouty  stock  or  which  is  acquired  by  bon 
nmnts  prior  to  the  characteristic  arthritic  manifestations 
of  the  disease.  . 

The  tuberculous  or  scrofulous  diathesis  is  mentioned 
by  many  authors.     By  it  should  be  meant  the  inheritance 
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of  tissues  which  are  less  resistant  than  normal  to  tlie 
action  of  the  tubercle  bacillus.  L.^mnnhilia 

Hemorrhagic  diathesis  is  the  synonym  oflucmoph  ha 
andrdicatef  a  peculiar  constitutional  condition  m  which 
the  uatient  is  prone  to  hemorrhages. 

T  e  part  played  by  heredity  in  its  relation  to  disease, 
thongh^grea  ly  limited  by  the  advances  of  our  knowledge 
"recent  years,  must  not  be  underestimated.  There  ex- 
ists a  close  relationship  between  diathesis,  used  in  the 
sense  of  predisposition  or  tendency,  and  heredity.   ^ 

It  would  seem  wise  and  in  keeping  with  the  spirit  ot 
the  age  to  eliminate  as  much  as  possible  from  our  vocab- 
ulary the  words  diathesis  and  dyscrasia,  and  substitute 
for  them  words  which  will  never  become  obsolete,  viz., 
predisposition  and  cachexia.  James  B.  ArneiU. 

DIAZO  REACTION  OF  EHRLICH.  See  Typhmd  Fever 
and  Tuberculosis. 

DIETETICS  OF  THE  SICK.— The  proper  adjustment 
of  food  for  the  individual  in  health  yields  results,  in  the 
form  of  work  and  physical  well-being,  that  will  fully  re- 
ward the  dietetic  care  exercised.  Man  has  at  his  disposal 
a  greater  variety  of  foods  than  any  other  animal.  The 
methods  pursued  iu  the  preparation  of  the  food  will 
greatly  modify  its  taste  and  digestibility. 

Kfood  is  any  substance  which  can  be  utilized  in  the 
living  organism  for  structural  or  functional  purpo,ses. 

A  complete  food  must  contain  all  of  the  substances  nec- 
essary to  construct  and  maintain  the  activities  of  the  tis- 
sues of  the  body.  Thus,  while  meat  furnishes  us  food  in 
concentrated  form,  it  is  a  simple  and  not  a  complete  food. 
Milk  is  composed  of  the  elements  necessary  to  construct 
and  maintain  the  human  economy.  Such  a  food  must 
contain  water,  mineral  matter,  nitrogenous  matter,  car- 
bohydrates, and  fats.  It  is  not  enough  that  a  substance 
possess  these  elements  in  order  to  be  regarded  as  a  com- 
plete food,  but  it  must  pos,sess  them  in  assimilable  form 
and  of  such  a  character  that  sufficient  for  nutritive  pur- 
poses may  be  ingested.  The  food  reqidred  for  twentj'- 
four  hours  by  a  healthy  individual  weighing  one  hundred 
and  fifty-four  pounds,  and  doing  moderate  work,  should 
contain  the  following  elements; 


Pounds. 

Ounces. 

Grains. 

5 
0 
U 
0 
0 
0 

8 
4 

n 

3 
0 
0 

Albuminoids 

110 

Starch,  sugar,  etc 

¥at 

178 
337 

Phosphates,  potash,  salts,  etc 

170 

The  individual  in  health  gives  little  heed  to  proper 
combinations  of  food  elements  and  the  intake  of  nourish- 
ment sufHcient  to  secure  a  condition  of  nutritional  equi- 
librium. It  is  only  when  the  viscera  concerned  with  the 
elaboration  and  utilization  of  food  have  been  disordered 
by  the  ingestion  of  an  excess,  or  of  unsuitable  food,  that 
dietetic  measures  are  considered. 

The  problem  of  adjusting  the  food  to  the  requirements 
of  the  individual  in  health  is  most  complex  ;  the  adapta- 
tion of  the  dietary  to  diseased  organs  is  yet  more  com- 
plicated. 

In  disease  there  is  an  increased  need  for  food  and  a 
lessened  ability  to  digest  it.  The  demand  for  nourish- 
ment will  be  influenced  by  the  character  of  the  morbid 
process.  Thus  there  is  a  wide  range  of  variation  iu  com- 
bustion of  nutritive  material  between  tlie  individual  who 
s  conhned  to  bed  with  an  acute  local  inflammation,  and 
me  who  is  subject  to  an  acute  infectious  disease  or  a 
chronic  suppurative  process.     The  perverted  secretions 

renderTt  Znf -hi^r'y  "'^°"^*^^  ^^"''  ^^^ain  dis.re 
lenaer  it  impossible  to  secure  the  ingestion  and  metub 

IZ^^^r^^'^'':^  «'"  production  of  *^e 
P  fnt    ;  the  disease.     The  circulating  albumin 

he  fat  the  muscular  tissue,  and  finally  the  wiscera 
themselves  are  drawn  upon  to  furni.sh  the  needed  food  ele 
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ments  for  the  morbidly  active  combustive  process.  One 
has  only  to  look  on  the  feeble,  emaciated  convalescent 
from  an  acute  febrile  disease,  and  to  contrast  his  condition 
with  the  previously  muscular,  rounded  form,  to  realize 
the  extent  to  which  the  body  consumes  its  own  tissues 
when  it  is  unable  to  elaborate  and  annex  other  forms  of 
food  in  the  necessary  quantities.  The  intake  of  food  is 
intermittent,  while  the  necessity  for  nutriment  to  main- 
tain the  increased  activity  of  this  vital  process  is  constant. 
This  condition  would  indicate  the  desirability  of  admin- 
istering nourishment,  in  assimilable  form,  in  small  quan- 
tities and  at  frequent  intervals,  since  it  is  not  what  we 
eat  but  what  we  digest  and  assimilate  that  determines 
the  sufflciency  of  any  dietetic  procedure. 

The  appetite  and  digestion  will  usually  furnish  a  suffi- 
ciently reliable  guide  to  regulate  the  character  and  quan- 
tity of  food  to  be  taken  in  health.  In  disease,  with  a 
perversion  of  the  various  secretions,  it  is  not  prudent  to 
rely  upon  the  patient's  desire  or  disinclination  for  food. 

The  administration  of  food  in  disease  will  be  deter- 
mined by  our  estimate  of  the  ability  of  the  digestive 
organs  to  dispose  of  it.  A  temporary  withholding  of 
food  in  certain  instances  of  acute  disease  will  be  the  best 
dietetic  treatment.  The  administration  of  what  would 
ordinarily  be  an  excessive  quantity  of  food  is  advisable 
in  certain  chronic  suppurative  processes  attended  with 
fever.  Since  the  digestive  juices  are  influenced  by  the 
absence  of  fever,  it  is  advisable  to  administer  foods  re- 
quiring the  greatest  digestive  power  at  that  time  of  the 
day  when  the  fever  is  lea.st  active. 

It  is  possible  still  further  to  adjust  the  proper  adminis- 
tration of  food  with  reference  to  existing  morbid  condi- 
tions by  observing  the  rule  to  select  the  food  with  regard 
to  the  affected  part.  Thus,  in  disease  which  particularly 
involves  the  stomach,  it  would  be  best  to  give  food 
whose  digestion  is  accomplished  in  the  intestines,  i.e., 
carbohydrates.  The  converse  is  equally  true.  When 
the  intestines  are  the  seat  of  the  morbid  process,  a  food 
requiring  gastric  digestion  would  prove  most  acceptable. 
This  differentiation  is  not  absolute,  and  yet  it  is  reason- 
able and  serviceable. 

The  dietetic  treatment  of  disease  may  be  planned  with 
skill  and  care,  and  3'et  prove  inefficacious  because  of  a 
disregard  of  two  essential  factors  in  the  successful  ad- 
ministration of  food.  Daint)'  service  maj^  be  given  first 
place.  All  that  can  be  pictured  as  implied  by  the  ex- 
pression will  prove  helpful  in  stimulating  and  aiding 
digestion.  The  glass  of  milk  placed  beside  the  spit-cup 
of  the  consumptive  patient  is  not  novel,  neither  is  it  ap- 
petizing. The  cereal  carelessly  smeared  over  the  sides 
and  edges  of  the  container,  and  served  in  a  quantity  suf- 
ficient for  a  laborer,  is  seen  more  often  than  it  should  be. 
The  food  sent  by  a  cleanly  neighbor  is  appetizing  be- 
cause it  is  served  with  the  "best  china  and  linen,  and  the 
question  of  its  selection  has  not  been  discussed  with  the 
patient. 

Equally  important  is  the  preparation  of  the  food.  Egg 
albumen  if  slightly  cooked  is  digested  with  the  greatest 
facility.  If  well  beaten  it  offers  the  digestive  juices 
least  resistance  in  their  solvent  action.  The  hard-boiled 
white  of  egg  is  an  example  of  a  food  difficult  of  diges- 
tion. Roasted  beef  having  a  delicious  aroma  is  far  more 
digestible  than  the  same"  meat  when  it  is  hashed  and 
twice  cooked.  The  chop  quickly  broiled,  so  that  it  re- 
tains its  juices  and  is  turgid,  is  more  nutritive  than  the 
shrivelled  and  dried,  slowly  fried  or  broiled  chop  from  the 
same  cut  of  the  lamb.  The  method  of  preparation  of 
vegetables  will  determine  their  digestibility  and  nutri- 
tive worth  quite  as  certainly  as  it  does  in  the  case  of  ani- 
mal foods.  Cereals  with  tlie  starch  cells  unruptured  by 
the  application  of  heat  or— equally  difficult  of  digestion 
—cooked  in  hot  fat  after  the  starch  granules  have  been 
exposed  to  the  action  of  the  over-heated  fat,  are  not  ot 
much  nutritive  value.  By  the  application  of  the  proper 
amount  of  lieat  the  cellulose  element  of  certain  vegetable 
foods  can  be  made  tender  and  digestible,  and  their  nutri- 
tive worth  may  be  secured  instead  of  being  lost  between 
the  meshes  of  the  cellular  fibres. 
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The  ordering  of  diet  will  be  simplified  by  keeping  in 
mind  tlie  cliemical  composition  of  tlie  various  foods. 

If  animal  food  is  to  be  made  a  part  of  the  diet,  it  be- 
comes necessary  to  select  the  form  deemed  suitable  to 
the  digestive  power  and  condition  of  a  given  ease. 

If  a  vegetable  food  is  to  be  used,  it  will  be  necessary 
to  consider  the  proportion  of  nitrogenous  or  albuminous 
elements  contained  in  it.  We  should  select  vegetables 
belonging  to  the  class  of  legumes  if  a  large  percentage 
of  nitrogenous  material  is  desired. 

In  certain  instances  vegetable  nitrogenous  material 
properly  prepared  will  be  found  better  adapted  to  im- 
paired digestive  power  than  the  animal  form.  If,  on 
the  other  hand,  food  rich  in  carbohydrates  and  poor  in 
albuminoids  is  desired,  we  should  order  vegetables  con- 
taining the  purer  forms  of  starch,  such  as  potatoes,  rice, 
corn  starch,  and  arrowroot.  The  green  vegetables,  being 
poor  in  starch  and  nitrogen,  and  rich  in  woody  fibi'c  and 
antiscorbutic  elements,  are  selected  with  reference  to  the 
need  and  ability  of  the  patient  to  digest  tliisfonuof  food. 

Condiments  should  be  used  extensively  and  judiciously, 
being  more  important  in  sickness  than  in  health.  Tea, 
coffee,  cocoa,  and  chocolate  are  valuable  agents,  combin- 
ing as  they  do  food  and  therapeutic  worth. 

The  method  of  preparation  of  the  vai'ious  foods  exer- 
cises a  determining  influence  upon  their  utility.  It  is  not 
enough  to  select  the  foods  that  may  be  used  in  a  given 
instance,  but  detailed  directions,  with  reference  to  the 
method  of  preparation,  must  be  supplied.  A  great  vari- 
ety of  foods  at  one  meal  may  prove  unsuitable  to  certain 
cases,  while  a  meal  composed  of  a  sufficient  variety  of 
food  principles  to  constitute  a  complete  food,  may  be 
found  to  be  easily  digested.  A  meal  made  up  of  several 
kinds  of  meat  and  one  or  more  legumes  is  likely  to  con- 
tain an  excess  of  nitrogenous  food.  It  will  probably 
serve  best  the  purpose  in  view  to  consider  at  this  time 
the  chief  alimentary  substances,  and  some  of  the  ways  of 
administering  them,  and  in  this  way  avoid  the  necessity 
for  repeating  certain  statements  when  directing  the  em- 
ployment of  these  food  agents  in  the  dietetic  treatment 
of  disease. 

Milk. 

This  food  is  the  chief  article  of  diet  in  feeding  the  sick, 
and  by  reason  of  its  availability  and  the  likelihood  of  its 
being  moderately  pure,  it  is  relied  upon  to  supply  the 
nutriment  required  in  almost  all  forms  of  disease.  When 
we  consider  how  nearly  it  is  the  ideal  eompUtefood  for  the 
invalid,  it  is  in  order  to  give  thought  to  all  the  means  at 
our  command  to  make  it  acceptable  to  the  patient.  There 
are  those  who  persist  in  the  idea  that  tliey  are  unable  to 
take  milk  as  a  food.  They  point  to  the  vomited  curd  as 
an  evidence  of  their  inability  to  digest  it.  These  people 
must  be  taught  the  fact  that  the  milk  taken  mto  the 
stomach  always  forms  a  curd  as  a  necessary  part  of  the 
process  of  digestion.  Then  they  must  lie  told  that  we 
c<m  so  modify  the  milk  that  the  curd  formed  wdl  lie 
small  and  easily  digested.  Other  patients  will  object  to 
the  taste  and  odor  of  the  milk.  These  objections  must 
be  overcome  by  a  knowledge  of  the  uayn  ui  ■wliich  nnlk 
can  be  made  aceejJtable  to  a  Tp'dtient. 

Let  us  consider  the  chemical  composition  of  milk  and 
see  what  constituents  may  disagree  with  the  patient. 
Cow's  milk  has  the  following  composition; 

Per  cent. 
4 

Casein , 

fat 4.50 

Sugar __ 

Bacteria I,  j, 

oS^ltS. uj-  "7 

Water 

It  is  the  casein  that  most  frequently  taxes  the  digestion 
by  reason  of  the  size  and  density  of  the  curd  formed. 
Therefore  the  question  of  successfully  admimsteTuig 
milk  in  most  instances  is  one  of  modifying  the  curd,  so 
that  it  may  be  digested  with  greater  facility. 

The  fat  constituent  of  milk,  represented  in  the  CTcam, 
is  less  frequently  a  disturbing  element  in  the  rise  ot  miili 
as  an  exclusive"  diet.     The  indications  for  reducing  the 


lu-oportion  of  fat  in  the  milk  would  be  presented  by  dis- 
ease or  ])erverted  function  of  the  organs  concerned  in 
digesting  and  assimilating  fat,  that  is,  in  disease  of  tlie 
liver,  as  jaundice,  and  in  certain  cases  of  intestinal  indi- 
gestion. 

The  jiresence  of  bacteria  in  milk  greatly  influences  its 
acceptability  in  cases  of  sickness.  One  ditlereuce  be- 
tween cow's  milk  and  human  milk  is  found  in  the  nuin- 
lier  and  character  of  the  contained  bacteria.  Tlie  method 
pursued  in  handling  milk  from  the  time  it  leaves  the  cow, 
if  not  before  that  time,  will  determine  the  nunilier  and 
eharacter  of  the  bacteria  present.  There  is  hardly  any 
doubt  that  the  objections  to  milk  are  chiefly  due  to  the 
presence  of  bacteria  and  their  products.  When  we  re- 
member that  the  number  of  bacteria  in  a  given  milk  is 
proportionate  to  the  skill  and  care  with  which  it  is  han- 
dled, it  is  at  once  manifest  that  we  are  justified  in  de- 
manding that  the  milk  supplied  should  conform  to  cer- 
tain reasonable  tests.  I  cannot  do  better  than  submit  the 
standard  of  purity  exacted  by  the  Philadelphia  Pediatric 
Society  of  those  wdio  would  derive  the  advantages  of  the 
certificate  of  the  Society  for  the  product  of  their  dairy. 
The  tests  are  the  result  of  much  study  on  the  part  of  the 
Society's  committee,  and  while  it  fixes  a  high  standard, 
it  has  proved  to  be  a  working  standard,  and  one  that 
can  be  obtained  only  by  the  most  painstaking  care  with 
every  detail  of  the  processes  of  feeding,  milking,  and 
bottling. 

ARTICLES  OF  Agreement  entered  into  tlie day 

ot ,190 between  the  Milk  Commission  of  the  Philadel- 
phia Pediatric  Society  of  the  llrst  part  and 

of  the  second  part. 

It  Is  agreed  by  the  said  parties  that  these  articles  of  agreement  shall 
continue  for  a  period  ot  eight  months  from  date. 

The  party  of  the  second  part  agrees  tliat  the  party  of  the  first  part 
shall  procure  a  bacteriologist,  a  chemist,  and  a  veterinary  inspector ; 
the  bacteriologist  to  procure  a  specimen  of  the  milk  either  from  the 
dairy  or  delivery  wagon  of  said  party  of  the  second  part,  whenever 
the  said  party  of  the  tlrst  part  sees  fit,  at  intervals  of  approximately 
one  month,  the  time  of  procuring  said  milk  to  be  without  notice  to 
the  said  party  of  the  second  part ;  which  bacteriologist  shall  test  said 
milk  for  the  number  and  nature  of  bacteria  present  to  the  extent 
which  the  needs  of  safe  milk  demand,  and  to  make  a  microscopic  ex- 
amination for  pus  cells  and  injurious  germs.  It  is  also  agreed  by  the 
parties  hereto  that  the  required  standard  of  purity  shall  be  milk  free 
fniiii  pus  or  injurious  germs  and  having  not  more  than  ten  thousand 
germs  of  any  kind  or  kinds  to  the  cubic  centimetre. 

It  is  agreed  by  the  said  party  of  the  second  part  that  the  chemist  of 
the  party  of  the"  first  part  shall  examine  said  milk  for  the  percentages 
of  protelds,  fat,  sugar,  mineral  matter,  and  water  present;  shall  test 
its  chemical  reaction  and  specific  gravity ;  and  shall  examine  it  for 
the  presence  ot  foreign  coloring  or  other  matters  or  chemicals  added 
as  preservatives.  It  is  agreed  by  both  parties  that  the  required  stand- 
ard shall  range  from  l.Oii)  to  1.034  specific  gravity,  be  neutral  nr  xery 
faintly  acid  in  reaction,  contain  not  less  than  from  3.5  per  .-eiit.  to  4.o 
per  cent  proteid,  from  4  per  cent,  to  5  per  cent,  sugar,  and  not  less 
than  :i  .5  per  cent.  t«  4..5  per  cent,  fat  (a  higher  percentage  in  fat  to  be 
so  snerified  on  each  bottleX  and  shall  be  free  from  all  contaminating 
foreign  matter  and  from  all  additions  of  chemical  substances  or  color- 
iuL'  liiiitters  •  that  richness  of  cream  in  fat  shall  be  specified  and  shall 
vary  not  iiiore  than  1  per  cent,  above  or  below  the  figure  named,  and 
that  neither  milk  nor  cream  shall  have  been  subjected  to  heat  before 
the  examination  nor  shall  be  at  any  time  unless  so  announced  to  the 

''°iri™agreed  by  both  parties  that  the  veterinary  inspector  shall  at 
intervals  eoual  to  those  of  the  bacteriologist  and  chemist,  and  without 
previous  warning  to  the  party  of  the  second  part  or  his  agents,  inspect 
he  cleanliness  of  the  dairy  in  general,  the  care  and  cleanliness  ob- 
served in  milking,  the  care  of  the  various  utensils  employed,  the 
m  tuie  and  quainv  of   the  food  used,  and  all  other  matters  of  a 
eni<     atuVe  hearing  u[ion  the  health  of  the  cows  and  the  cleanll- 
ess  of  the  milk,  iuclu.ling  as  far  as  possible  the  inquiry  into  the 
enithof  theemnlovees  on  and  about  the  dairies ;  and  that  be  shall 
see  tlcit  the  cows  are  free  from  tuberculosis  or  other  diseases. 

It  s  also  a>'reed  by  both  parties  that  charges  shall  be  made  by  each 
of  tie  exoerts  not  to  exceed  ten  dollars  for  each  exammaUon,  which 
an  uit  is  0  r  paid  by  the  party  of  the  second  part  at  the  time  of 
e.xliminaMon  and  without  reference  to  whether  the  report  is  favorable 

"^t'fs'agreed  that  all  examinations  by  the  experts  shall  be  made  only 
noon  instruction  by  party  of  the  first  part.  -^  «   ^ 

U  "agreed  liy  both  parties  that  if  examinations  as  aforesaid  find 
themilk  UP  to  the  aforesaid  required  standards,  the  said  party  of  the 
llrst  part  Shan  give  a  certificate  to  said  party  of  the  second  part  as 
follows : 

MILK     COMMISSION     OF     'THE     PHILADELPHIA     PEDIATRIC 
SOCIETY. 


Date. 


The  veterinary  Inspector  of  this  Commission^has^^^xamined^^the 
wenVept  and  clean  a'ndthe  cows  to  be  in  a  healthy  condition. 

451 


REFERENCE  HAKDBOOK   OF  THE   MEDICAL   SCIENCES. 


Bletetlos  of  tlie  Sick 
DIetellos  of  tlie  Siok. 

'Z^;;^^^^;^^;;^'^^^^^  rni^jree  from  germ»  xMthiB  tbe 
limiteof  tbe  standards  of  the  Comm.ssK.n  ^^^^^^^  ^^^  ^^^^ 
heSSver.7r?m^S'rSes,":.'lorTng  matters,  cbemioa,  preserva- 
tlves  or  harmful  substances.  ,tatements  of  the  Examiners,  It 
hel''ire?^rd?h';:;^eve1,rha?fmstrS.ate  is  .ood  for  only  one 
month  from  date.  


It  IS  further  agreed  by  hothparUes  J>-e  «^-  d^s  a  da?d?htTS 
l'a°r°ty1?i;^'  ec™i'part  rll^y  ha7e  ^il^f'lamlnation  made  within 
rf'rtUe  at  the  dir<.tion  of  the  0^^^^^^^^^^  ^^^^  _^,,^  ,„„j^,,, 

jar  a  label  similar  to  the  following  : 

MILK     COMMISSION     OF     THE     PHILADELPHIA     PEDIATRIC 
"  SOCIETY. 


Date. 


bem' re'ceiitly'^examSe°d'  by  the '  inspector's'  'of'  'this'  Commission  and 
found  of  the  required  standard. 
This  certifleate  is  good  for  only  one  month. 

Milh  Cnmmission  of  the  PhUadekMa  Pediatric  Society. 

It  is  further  agreed  by  the  said  party  of  the  second  part  that  this 
agreement  Is  entered  Into  by  the  parties  hereto  solely  at  the  request  of 
said  party  of  the  second  part;  that  no  liability  shall  accrue  to  said 
party  of  the  first  part  except  or  beyond  that  expressly  stated  in  these 
articles  of  agreement ;  and  that  he  the  said  party  of  the  second  part 
will  assume  all  risk  and  be  liable  for  any  complaint  alleged  to  be 
traceable  to  the  examinations,  issuance  of  certificate,  and  labels 
aforesaid.  ^  ^^  . 

In  testimony  whereof  the  parties  hereto  have  hereunto  set  their 
hands  and  seals  the  date  aforesaid. 

Milk  Commission  Philadelphia 

[seal]  Pediatric  Society. 

Milk  secured  under  tliese  conditious  will  keep  for  a 
longer  peiiod  than  that  collected  in  the  usual  way. 

It  is  interesting  to  note  that  fermentation  elianges  in 
milk  proceed  from  the  surface  toward  the  bottom  of  the 
container.  So  markedly  is  this  the  case  that  it  is  fre- 
quently possible  to  pass  a  tube  through  an  ujiper  layer 
of  thick,  sour  milk  and  draw  off  sweet  milk  until  only 
the  layer  of  tliiek  milk  remains.  This  condition  implies 
that  the  milk  was  practically  sterile  when  bottled,  and 
that  the  souring  has  been  due  to  a  later  entrance  of 
bacteria. 

Pasteurization  of  milk  is  accomplislied  by  subjecting 
it,  by  means  of  a  water  bath,  to  a  temperature  of  167° 
r.  for  a  period  of  thirty  minutes. 

Sterilization  of  milk  is  accomplished  by  the  same 
method  followed  in  Pasteurizing,  except  that  the  temper- 
ature to  which  the  milk  is  subjected  is  213°  F. 

Both  methods  have  for  their  object  the  destruction  of 
harmful  bacteria.  The  consensus  of  opinion  would  seem 
to  justify  the  statement  that  Pasteurization  will  accom- 
plish all  that  can  be  attained  by  sterilization,  and  that  it 
has  the  advantage  of  impairing  the  digestibility  and  the 
nutritive  worth  of  the  milk  less  than  does  the  higher 
temperature.  Infants  fed  upon  sterilized  milk  are  more 
Ukely  to  develop  rickets  and  scorbutus  than  are  those 
raised  upon  Pasteurized  milk. 

_  There  are  numerous  outfits  in  the  market  for  the  ster- 
ilization and  Pasteurization  of  milk,  and  with  each  of 
them  will  be  found  directions  for  use.  If  the  patient  is 
unable  to  procure  one  of  the  more  pretentious  devices  for 
this  purpose,  he  can  accomplish  the  object  by  p]acin<'- 
the  milk  in  bottles  of  suitable  .size,  plugging  them  loosel'y 
with  sterile  cotton,  standing  the  bottles  in  a  kettle  on  a 
plate,  piece  of  thin  wood,  or  folded  paper,  and  filling  the 
ket  le  with  cold  water  to  a  point  on  a  level  Avith  the 

^'  'hf«  H  '  '"■,■'"''  '^''^  '^''^"'  '^  ""■"  '"''It'''!  "'"il  it 
mnvPrt  t  't,  'k"1  P'""*'  '""'  'f  the  kettle  is  tlien  re- 
moved to  the  back  part  of  the  stove,  or  the  gas  llame 
IS  lowered  so  that  a  temperature  si  ghtly  below  • 
boiing  point  IS  maintained,  the  milk  will  be^Pas te  rize  1 
in  thirty  minutes.    If  it  is  desired  to  sterilize  tire  iiink, 
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the  water  should  be  kept  at  the  boiling  point  for  the  time 
specified.  The  inilk  should  be  cooled  rapidly  and  kept 
in  a  cool  place.  The  keeping  quality  of  the  milk  will 
be  proportionate  to  the  number  and  character  of  the  con- 
tained bacteria. 

Foreif/ti  Bodiea  in  Milk.—k.n  interesting  object  lesson 
in  the  origin  of  the  "cow  odor"  of  milk  can  be  obtained  by 
a  visit  to  a  creamery  wdiere  milk,  gathered  indiscrimi- 
nately from  farms,  is  centrifuged.  Here  there  can  be  seen 
thrown  out  from  the  milk  a  layer  of  excrementitious 
material  that  has  gained  entrance  into  the  milk  from  the 
soiled  teats  of  the  cow,  tlie  dirty  hands  of  the  operator, 
and  the  dust  of  the  shed  or  pasture.  Milk  that  has  been 
properly  handled  should  liave  no  odor. 

The  question  of  administering  whole  milk  may  present 
one  of  two  prolilems :  First,  how  to  change  the  taste  in 
order  to  make  it  acceptable  to  the  patient;  second,  how 
to  modify  the  curd  so  that  the  enfeebled  digestive  power 
may  not  lie  overtaxed  by  the  size  of  the  curd  formed. 

To  c-liange  the  taste  it  may  be  administered  cold,  hot, 
sterilized,  boiled,  or  skimmed,  or  with  the  addition  of 
coffee,  tea,  chocolate,  malt,  liquor,  or  a  spiced  water,  the 
latter  to  be  prepared  by  adding  boiling  water  to  cloves, 
ginger,  nutmeg,  allspice,  cinnamon,  or  a  few  bay  leaves, 
and  allowing  it  to  cool,  then  adding  sufficient  of  this  to 
the  milk  to  change  in  a  .slight  degree  the  flavor.  These 
flavors  can  be  changed  at  each  feeding,  or  combinations 
of  them  may  be  used. 

A  satisfactory  way  to  overcome  the  dislike  of  the 
taste  of  milk  is  to  have  it  taken  through  a  tube  or  a 
straw. 

To  modify  the  curd,  have  the  patient  eat  the  milk,  that 
is,  .sip  it  slowly.  If  it  is  gulped  down  the  curd  formed 
will  be  large,  especially  if  there  is  excessive  acidity  of 
the  stomach  contents.  For  this  reason  the  u.se  of  a  straw 
in  taking  milk  is  of  advantage.  The  addition  of  an  alkaU 
to  neutralize  the  excessive  gastric  acidity  will  lessen  the 
size  of  the  curd.  For  this  purpose  one  may  also  use  lime 
water  or  bicarbonate  of  soda.  Simple  dilution  of  the 
milk  will  make  the  curd  .smaller,  and  this  may  be  accom- 
plished by  the  addition  of  barlej',  rice,  oatmeal,  egg,  or 
carbonated  water. 

When  there  is  a  deficiency  of  acid  secretion,  it  will  be 
of  advantage  to  add  dilute  hydrochloric  acid  drop  by 
drop  to  the^nilk  and  give  it  with  the  flocculent  curd  sus- 
pended. 

With  adults,  just  as  with  infants,  it  is  the  casein  of  the 
milk  which  most  frequently  taxes  digestion.  If  we  are 
unable  to  secure  the  retention  of  the  milk  by  any  of  the 
methods  considered,  it  will  be  in  order  to  change  the 
casein  into  a  more  digestible  compound  by  peptonizing 
it  to  a  point  where  its  further  digestion  can  be  accom- 
plished by  the  enfeebled  gastric  secretion. 

Peptonizing  Milk. — This  is  accomplished  by  mixing  a 
powder  composed  of  five  grains  of  extract  of  pancreatin 
and  fifteen  grains  of  bicarbonate  of  soda,  or  the  contents 
of  a  peptonizing  tube,  with  two  tablespoonfuls  of  cold 
water,  and  adding  it  to  a  pint  of  milk.  The  milk  is  then 
placed  in  a  vessel  containing  water  at  a  temperature  of 
ll.'j"  F.  (or  so  warm  that  tlie  hand  may  be  immersed  in  it 
without  positive  discomfort)  for  five,  ten,  or  fifteen  min- 
utes, according  to  the  degree  of  digestion  desired.  There 
is  developed,  in  the  course  of  the  process,  a  bitter  taste  pro- 
portionate t(.i  the  time  the  milk  is  subjected  to  the  action 
of  the  ferment.  After  the  milk  has  been  peptonized  to 
the  desired  degree,  it  should  be  ]ilaced  u))on  ice  or  quickly 
brought  to  the  boiling  point  to  check  further  digestive 
action  by  the  ferment.  It  will  be  found  satisfactory  in 
many  instances  to  mix  the  milk  and  the  contents  of  a 
peptonizing  tube,  and  allow  the  peptonizing  to  occur  in 
the  stomach.  For  this  purpose  put  two  tablespoonfuls 
of  cold  water  ill  a  goblet  or  glass;  dissolve  in  this  the 
powder  contained  in  one  peptonizing  tube,  then  add 
fresh  cold  milk  to  till  the  glass;  stir  "this  mixture  thor- 
oughly and  drink  immediately,  sipping  slowly.*    Warm 

*  Acknowledgment  is  due  to  Falrchlld  Brothers  &  Foster  for  the 
formula. 
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Dietetics  of  the  Sick. 


milk  may  be  used  instead  of  cold  if  the  plij'siciau  so 
directs. 

The  Administration  of  Milk. — There  is  no  more  impor- 
tant direction  to  be  given  to  a  patient  than  that  milk 
should  be  taken  slowly.  If  it  is  eaten,  and  not  gulped, 
it  will  certainly  be  digested  with  greater  facility.  In 
many  cases  of  persistent  vomiting  milk  will  be  retained 
if  it  is  fed  by  the  teaspoonful  at  short  intervals.  If  it 
is  desired  to  nourish  the  patient  on  an  e.vclusive  milk 
diet,  it  is  well  gradually  to  lessen  the  variety  and  quan- 
tity of  mixed  food,  and  at  the  same  time  increase  the 
quantity  of  milk.  It  might  be  a  source  of  discour- 
agement to  the  patient  to  annoimce  the  quantity  of 
milk  you  desire  to  have  him  take  to  the  exclusion  of 
all  other  foods;  therefore  let  the  transition  be  gradual 
and  make  it  a  matter  of  pride  with  the  individual  to 
take  the  six  or  nine  pints  of  milk  that  it  is  desired  he 
should  consume  in  twenty-four  hours  as  his  only  form 
of  nourishment. 

As  the  condition  changes  and  demands  a  less  strict 
milk  diet,  the  transition  to  a  mixed  dietary  sliould  be 
gradual.  There  will  be  manifest  likelihood  of  harm 
being  done  to  the  circulation  in  any  sudden  withdrawal 
of  so  much  liquid  from  the  food. 

The  Quantity  of  Milk  Bequired. — An  adult  in  bed  with 
an  acute  illness,  such  as  typhoid  fever,  should  take  about 
three  pints  in  twenty-four  hours.  This  has  always 
seemed  a  disproportionately  small  allowance  for  the 
adult,  when  it  is  remembered  that  the  liealthy  child  of 
one  year  of  age  is  given  two  and  a  half  pints.  Emphasis 
is  given  to  this  disparity  when  it  is  remembered  that  the 
nutritive  needs  are  proportionate  to  the  amount  of  fever 
present. 

"We  do  not  appreciate  how  much  a  continued  high 
temperature  alone  exhausts  a  patient.  Were  the  body 
composed  of  water  alone,  to  raise  the  temperature  of  a 
person  weighing  150  pounds  from  98.5°  to  103.5°  F.,  i.e., 
5°,  to  say  nothing  of  the  expenditure  of  force  needful  to 
keep  it  there,  requires  an  expenditure  of  force  equal  to 
raising  385  tons  one  foot  (150  x  5  X  '773  foot  pounds).  A 
girl  of  100  pounds  weight,  simply  lying  still  in  bed  suf- 
fering from  such  a  fever,  does  daily  the  work  of  two  or 
three  men."  *  On  the  other  hand,  the  vast  experience  of 
many  writers  has  demonstrated  the  sufficiency  of  three 
pints  of  milk  daily  for  a  fever  patient. 

The  frequency  of  administration  will  be  determined  by 
the  condition  of  the  patient.  If  eight  ounces  are  given 
every  three  hours  from  7  a.m.  to  7  p.m.,  and  twice  dur- 
ing the  night,  he  will  receive  three  pints.  If  he  is  given 
six  ounces  every  two  hours,  and  is  fed  twice  during  the 
night,  he  will  Hkewise  receive  three  pints.  It  is  good 
practice  to  have  the  milk  intended  for  the  patient  kept 
separate  from  that  for  household  use,  so  that  it  may 
serve  as  a  control  record  of  the  quantity  administered  in 
the  twenty-four  hours. 

Fortified  milk  is  prepared  by  the  addition  of  nutritive 
substances,  such  as  egg  albumen,  either  fresh  or  dried, 
or  whipped  cream. 

Milk  may  be  introduced  into  the  dietary  in  innumer- 
able forms,  and  with  but  little  change  in  its  character. 
Served  under  another  name,  and  slightly  different  in 
taste,  it  is  readily  accepted  by  those  who  decline  plain 
milk.  One  of  the  nicest  preparations  of  this  class  is 
plum  porridge,  made  as  follows : 

Eaisins,  minced,  twelve ;  starch  (potato  or  corn),  one 
teaspoonful;  milk,  one  pint.  Heat  the  raisins  and  milk 
in  a  double  boiler  to  the  boiling  point.  Mix  the  starch 
with  cold  water  and  form  a  smooth  paste;  add  it  to  the 
milk,  keep  it  at  the  boiling  point  for  five  minutes,  strain 
and  serve.  This  preparation  has  a  fruity  taste,  and  is 
often  accepted  by  an  irritable  stomach.  It  is  of  service 
in  diarrhoea. 

Milk  may  also  be  administered  in  the  form  ot  pap, 
junket,  whey,  koumys,  zoolak,  matzoon,  bonny  clabber, 
curds  and  whey,  cottage  cheese,  custards,  and  a  great 

*W.  W.  Keen:  "Surgical  Complications  and  Sequels  of  Typboid 
Fever,"  p.  .56. 


variety  of  prepared  dishes  which  have  milk  as  their  chief 
constituent. 

Koiimy.'<  is  prepared  by  taking  one  quart  of  milk, 
heated  to  about  100°  F. ,  a  tablespoonful  of  sugar  dissolved 
in  a  cup  of  hot  water,  and  a  fifth  of  a  yeast  cake  dis- 
solved in  a  tablespoonful  of  cold  water.  Mix  and  put  in 
strong  bottles— beer  or  citrate  of  magnesia  bottles  are 
sufliciently  strong.  Let  the  bottles  stand  in  a  warm 
place,  above  the  range,  for  twenty-four  hours;  then  place 
on  their  sides  in  a  cool  place,  e.g.,  the  cellar  in  summer, 
or  some  place  where  the  temperature  will  be  about  60°, 
for  six  days.  The  koumys  is  then  ready  for  use,  and 
should  be  drawn  off  with  a  champagne  tap,  because  of 
the  likelihood  of  losing  a  large  portion  of  it  if  the  cork  is 
removed.  The  acidity  and  taste  of  the  preparation  will 
be  influenced  by  the  length  of  time  fermentation  has  con- 
tinued, and  the  temperature  at  which  it  has  occurred.  A 
koumys  having  a  flavor  and  digestibility  suited  to  the 
patient  may  usually  be  secured  by  attention  to  these  de- 
tails. 

Milk  Jelly. — Heat  one  quart  of  milk;  then  add  and  stir 
until  dissolved  one  pound  of  granulated  sugar;  allow  to 
boil  for  ten  minutes ;  then  let  cool,  and  when  cold  add, 
with  constant  stirring,  one  ounce  of  gelatin  dissolved  in 
four  ounces  of  water;  when  well  mixed  add  the  juice  of 
three  lemons  mixed  with  a  lialf  cupful  of  sherry  wine  or 
good  whiske_y.  Pour  into  cups,  and  keep  in  a  cool  place. 
Serve  warm  or  cold. 

Junket. — Milk,  half  a  pint;  warm  to  blood  heat. 
Sweeten  and  flavor  to  taste.  Add  the  half  of  a  rennet 
tablet,  dissolved  in  a  dessertspoonful  of  water.  Stir. 
When  thickened,  place  at  once  upon  ice. 

Bonny  Clabber. — Skimmed  milk,  preferably  in  a  glass 
dish,  is  allowed  to  thicken  spontaneously.  This  may  be 
fortified  by  the  addition  of  wliipped  cream  and  egg  albu- 
men. 

Pap. — Flour,  one  tablespoonful ;  milk,  one  pint.  Cook 
ten  minutes.     The  wdiite  of  an  egg  may  be  added. 

Meat. 

The  use  of  meat  in  the  dietetic  treatment  of  acute  dis- 
ease is  generally  confined  to  the  administration  of  beef, 
mutton,  or  chicken,  in  the  form  of  a  fluid  representing 
the  soluble  constituents  of  the  meat  albumen,  extractives, 
salts,  etc. 

The  method  pursued  in  the  preparation  of  these  foods 
will  determine  their  nutritive  worth.  Thus,  beef  tea  v,'ill 
be  a  stimulant  if  the  albumen  of  the  preparation  is 
strained  from  it  after  it  has  been  coagulated  by  the  ap- 
plication of  heat.  Beef  tea,  subjected  to  a  temperature 
of  313°  F. ,  retains  in  solution  only  the  salts  and  extractives 
of  the  meat,  and  to  these  constituents  it  owes  its  stimu- 
lating property.  On  tlie  other  hand,  beef  tea  is  a  food  if 
it  is  prepared  in  a  way  to  secure  the  retention  of  the  albu- 
minoid in  the  finished  product. 

In  selecting  the  form  of  beef  for  a  patient,  we  must  be 
influenced  by  his  digestive  capacity.  Thus  we  may  give 
a  dilute  extract  of  beef  having  mildly  stimulating  prop- 
erties or  we  may  select  preparations  having  progres- 
sively increasing  proportions  of  nutritive  worth,  even 
ordering  the  entire  beef,  in  which  case  we  should  have  to 
consider  only  the  method  of  cooking  it. 

The  digestibility  of  the  various  meats  is  determined 
bvso  many  modifying  influences,  such  as  the  age  and 
condition  of  the  animal  supplying  the  meat,  tlie  time 
that  has  elapsed  since  it  was  killed,  the  metbod  ot 
preparation,  and  the  digestive  power  of  the  individual, 
that  it  is  not  possible  to  do  more  than  to  state  approxi- 
mately the  relative  digestibility  of  the  various  forms  ot 

™The  order  of  facility  of  digestion,  other  things  being 
equal,  is  as  follows:  Oysters,  eggs,  sweetbread,  txipe. 
calves'  brains  white  fish,  white  meat  of  chicken,  beet, 
mutton,  squab,  fish,  dark  meat,  game,  veal,  poi-k. 

The  color  of  meat  is  influenced  by  the  distribution  of 
the  contained  fat.  The  marbling  of^  red  meat  is  due  to 
the  fat.     The  white  meat  of  fowls  is  very  deficient  m 
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fat-  iuthis  case  it  is  collected  iu  layers  ami  distiibuted 
about  the  white  meat.  The  dark  meat  is  richer  in  fat, 
and  requires  greater  di£;estive  power.  Tins  fact  will  in_ 
fluence  the  selection  of  tish,  fowls,  and  lieef.  The  fat  of 
mutton  has  a  higher  melting  point  than  that  of  beef 
and  fowls,  and  for  this  reason  it  sometimes  occasions 
indigestion  Cold  mutton,  in  which  the  fat  can  be 
readily  separated,  will  frequently  be  found  accept- 
able when  the  recently  cooked  mutton  cannot  bo  di- 
gested. 

Taking  up  first  the  mildest  preparation  of  beef  which 
we  are  able  to  offer  tlie  patient,  we  may  consider : 

.stiiinihitiiig  Beef  Jft(.— The  choice  of  tlu^  cut  of  beef  in 
making  various  foods  for  the  patient  is  of  little  impor- 
tance, aside  from  the  fpiestion  of  cost.  The  meat  from 
the  neck  will  give  a  iireparation  quite  as  nutritious  as 
that  ma<lc  from  meat  taken  from  tlie  round  steak.  Take 
one  jiound  of  beef  from  the  neck,  put  it  twice  tlu-ough 
the  chopper,  and  place  it  in  a  porcelain-lined  kettle;  add 
one  point  of  cold  water.  Allow  it  to  macerate  in  a  cool 
place  for  tliree  hours,  (xcasioually  stirring  witli  a  wooden 
spoon.  Heat  the  preparation  to  the  boiling  point,  and 
allow  it  to  simmer  for  one  hour.  Sea.son  it  to  taste. 
Strain  through  a  double  layer  of  cheese-cloth,  cool  rap- 
idly, remove  tlie  fat,  keep  securely  covered.  If  it  is  de- 
sired to  have  a  preparation  that  is  perfectly  clear,  tlie 
well-beaten  white  of  an  egg  may  be  added,  and  the  tea 
heated  to  the  boiling  point  and  then  strained.  This 
preparation  is  mildly  stimulating  and  may  induce  wake- 
fulness in  those  cases  in  which  a  stimulant  would 
produce  such  an  effect,  and  it  is  not  to  be  relied  upon 
as  a  food.  Most  of  tlie  beef  tea  made  from  the  solid 
exti'acts  of  beef  furnishes  a  product  of  small  nutritive 
worth . 

Beef  Extrriet  by  the  Cold  Proeem. — Minced  beef,  five 
ounces;  cold  water,  a  pint;  hydrochloric  acid,  five  drops; 
common  salt  about  twenty  grains.  Macerate  in  a  cool 
place  for  three  hours,  strain  "through  a  .sieve,  and  wash 
the  residue  with  suflicient  water  to  make  the  finished 
product  measure  a  pint.  Remove  the  fat,  and  serve 
warm  or  cold. 

JVtitiitiTe  Beef  Tea. —Take  one  pound  of  beef  from  the 
neck,  remove  the  excess  of  fat,  and  put  it  twice  through 
the  chopper.  Add  one  pint  of  cold  water,  and  place  in 
a  quart  jar.  Macerate  in  a  cool  place  for  three  hours, 
witli  occasional  stirring.  JIake  a  water-bath,  and  have 
the  water  of  the  batli  extend  to  the  level  of  the  beef  and 
water  in  tlie  jar.  Stand  tlie  jar  in  the  water-bath,  and 
heat  slowly  until  the  water  in  the  water-bath  reaches  the 
boiling  point.  Lessen  the  heat  and  continue  its  applica- 
tion, not  allowing  it  to  reach  the  boiling  point,  for  a 
period  of  three  hours.  Strain  through  a  sieve,  and  wash 
the  residue  with  enough  water  to  make  the  finished 
product  measure  a  pint.  Season  to  taste,  cool  rapidly, 
Keep  the  tea  as  nearly  sterile  as  pos' 


and  remove  the  fat. 


sible.  Sliould  the  patient  tire  of  the  flavor  of  this  prepa- 
ration tlie  taste  may  be  modified  by  the  addition  of  vari- 
ous aromatics,  such  as  bay  leaves,  mace,  cloves  some 
minced  celery,  or  aromatic  herbs.  Tliis  preparation  if 
not  subjected  to  too  much  heat  should  have  a  reddish- 
gray  color,  and  possess  nutritive  worth 

BoniUon  is  a  dilute  form  of  stimulating  i,e,.f  tea      A 
Sinn  bone  is  usually  used  in  its  preparation 


}lt':}"""'i''V'f''^  preparation  is  desired,  we 
■  from  the  iiec 
c,  broiling  it  p 

cubes  and   subjeaing'u' t:'""   "'"'"^   *'"'   '"-^"^  "'"' 


!.ef].e;'S;byt^;^™:^'^.^-'-h:r%,e 


designed  fnT'"   "  *"  P^ssure   in   a   meat   press 


fiuantities.  In  giving  the  preparation  to  diphtheria 
cases  salt  .should  not  be  added,  unless  it  is  found 
necessary  to  do  so,  because  that  contained  in  the  beef  is 
quite  sutflcient,  and  an_y  additinn  of  .salt  would  cause 
smarting  of  the  inflamed  mucous  membrane.  The  neck 
or  tender  side  of  the  round  steak  will  yield  about  six 
ounces  of  juice  to  the  pound  of  steak.  If  beef  juice  is 
to  be  prepared  for  any  length  of  time,  it  is  more  econom- 
ical to  buy  a  meat  press  rather  than  yield  to  the  tempta- 
tion to  temporize  with  a  potato-masher.  This  is  a  con- 
centrated form  of  nourishment,  and  one  well  adapted  for 
administration  to  typhoid-fever  patients  with  perforation 
or  hemorrhage.  The  residue  leaves  little  to  irritate  the 
ulcerated  area. 

Sn-aped  heef  cuken  constitute  a  more  concentrated  as 
w(.-ll  as  a  more  digestible  form  of  nourishment  than 
whole  beef.  They  are  prepared  by  taking  a  steak  from 
tlie  tender  side  of  the  round,  and,  witli  a  knife  that  is  not 
too  sharp,  scraping  it  in  the  direction  of  the  fibre  until 
the  pulp  of  the  meat  is  removed,  leaving  the  connective 
tissue.  The  pulp  is  then  gentl}'  pressed  into  a  cake  of 
uniform  thickness  and  is  broiled  over  the  coals  or  in  a 
dry  pan.  Seasoning  and  butter  should  then  be  added, 
and  the  cake  put  into  the  oven  so  that  the  seasoning  may 
become  uniformly  blended  with  the  meat  pulp.  The 
flavor  of  this  preparation  may  be  changed  by  adding 
minced  celerjr,  almonds,  or  pine  nuts,  and  its  nutritive 
worth  may  be  increased  by  the  addition  of  various  nuts, 
butter,  or  egg  albumen. 

Raw  Beef  Huvp  may  be  made  by  taking  the  pulp  of 
beef,  prepared  as  above  stated,  and  mixing  it  with  water 
sufficient  to  give  it  the  consistence  of  a  cream  soup. 
Salt,  pepper,  or  celery  .salt  ma_y  be  added,  and  the  prep- 
aration may  be  slightly  warmed,  if  more  acceptable  to 
the  patient  in  that  condition.  This  preparation  has  a 
field  of  usefulness  in  dysenter}'  and  certain  forms  of 
summer  complaint. 

Minred  Meat  Crtte  may  be  prepared  bj' putting  a  choice 
cut  of  beef  twice  through  the  chopper  and  making  it  into 
cakes  as  was  directed  in  the  preparation  of  scraped  beef 
cakes. 

If  we  would  give  beef  in  its  entirety,  it  would  be  best 
to  select  the  tender  side  of  a  sirloin,  which  will  be  more 
tender  than  any  other  part,  even  if  it  is  less  juicy.  The 
convalescent  is  disinclined  to  make  much  effort  in  masti- 
cating food,  and  this  necessitates  the  selection  of  tender 
meats,  or  the  preparation  of  them  in  a  way  that  will  re- 
quire a  minimum  amount  of  effort. 

Mutton  Broth  is  prepared  by  the  same  method,  and  the 
meat  is  used  in  the  same  proportion  as  directed  in  the 
preparation  of  beef  tea.  The  fat  of  mutton  is  less  digest- 
ible than  that  of  the  beef,  and  care  must  be  exercised  to 
remove  every  particle  of  it.  An  additional  reason  for 
getting  rid  of  the  small  globules  of  fat  is  found  in  the 
tendency  of  these  particles  to  float  on  the  surface  of  the 
tea  and  attach  themselves  to  the  lips  of  the  patient,  leav- 
ing a  disagreeable  after-taste. 

Chicken  Jelly. ~ln  making  chicken  broth  it  is  best  to 
select  an  old  fowl.  Crack  the  bones,  cover  the  meat  with 
water,  and  heat  to  the  boiling  point,  and  continue  the 
application  of  heat  a  little  below  the  boiling  point  for 
three  hours,  adding  water  from  time  to  time  to  replace 
that  lost  by  evaporation.  Strain  through  a  colander, 
wash  the  residue  with  hot  water  suflicient  to  make  a  ])int 
of  fluid  for  each  iioiind  of  chicken  used,  season  to  the 
taste,  and  pour  into  suitable  small  moulds.  When  cool 
remove  the  fat  with  a  spoon  ami  damp  cloth.  Serve  cold 
in  the  form  of  cubes,  or  allow  it  to  retain  the  shape  of  the 
moulds;  or  it  may  be  warmed  and  administered  as  a 
broth. 

Chicken  Panada. —Chickan  (white  meat,  raw),  one- 
fourth  pound— chop  and  rub  fine;  fresh  breadcrumbs, 
four  ounces ;  milk,  four  ounces ;  whites  of  two  eggs,  well 
beat-en.     Season  and  poach  in  small  cups. 

I'eal  B/r<i'/(.— Veal,  chopped  fine,  one-half  pound;  cold 
water,  one  pint.  Macerate  for  three  hours.  Water- 
bath  for  three  hours.  Strain,  season,  cool,  and  remove 
fat. 
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Eggs. 


The  chemical  composition  of  eggs  is  as  follows ; 


Water 

Albumlaates 

Fats 

Mineral  matter 

Pigment  extractives 


Wbite. 


l:;.(i 

2.0 

1.2 


Yolk. 


15.0 

30.0 

1.4 

3.1 


The  albunieu  of  the  white  is  vei-y  easily  digested  if 
given  raw  or  so  slightly  cooked  as  not  to  interfere  with 
its  digestibility.  If  well  beaten  or  but  slightly  cooked, 
or  if  it  is  added  to  water,  it  will  be  foiuid  more  digestible 
in  some  instances  than  milk. 

The  large  percentage  of  oil  contained  in  the  yolk 
would  indicate  its  value  in  those  patients  who  need  oil  and 
are  able  to  digest  it.  It  should  be  slightly  cooked.  If  it 
is  to  be  given  hard  boiled,  it  should  be  heated  until  it  is 
mealy  and  then  grated  or  passed  through  a  sieve. 

Eggs  may  be  prepared  in  many  ways.  If  fresli  they 
arc  easily  digested,  and  furnish  a  concentrated  form  of 
nourishment. 

Eggs  should  not  be  subjected  to  a  high  temperature  in 
their  preparation.  A  satisfactorj'  method  for  preparing 
a  soft-boiled  egg  is  to  place  one  egg  in  a  cup  containing 
one-half  pint  of  water  heated  to  the  boiling  point  and 
allowing  it  to  remain  for  ten  minutes.  The  cup  should 
not  sttind  on  marble  or  metal,  since  the  cooling  of  the 
water  would  be  too  rapid  for  the  purpose  in  view. 

A  poached  egg  should  be  prepared  by  dropping  an  egg 
into  water  near  the  boiling  point  to  fix  the  albumen.  It 
should  then  be  basted  with  water  of  a  lower  tempera- 
ture, about  170',  until  there  is  a  veil  over  the  yolk,  and 
the  white  of  the  egg  is  jellified.  An  egg  prepared  in  this 
manner  may  be  given  when  one  poached  in  the  usual 
way  would  not  be  tolerated. 

Albumin.  Water. — The  white  of  one  egg  well  beaten; 
water,  one-half  pint.  Mix  and  strain.  It  may  be  flavored 
with  sherry  or  lemon. 

Egg  Custard. — One  egg,  beaten;  milk,  four  ounces; 
sugar,  one  tablespoonf  ul.     Mix  and  put  in  cups  and  bake. 

Chocolate  Custard  is  made  by  adding  sufficient  choco- 
late to  flavor  and  color  the  egg  custard. 

Caramsl  Custard  is  made  by  adding  sufficient  browned 
sugar  to  impart  a  caramel  flavor  to  the  egg  custard. 

Brand.y-and-Egg  Mixture.— Yo\y.H  of  two  eggs;  sugar, 
one  heaping  tablespoonf  ul ;  brandy,  two  ounces;  cinna- 
mon water,  four  ounces.  Mix.  Administer  in  table- 
spoon ful  doses. 

Egg  Lemonade.— y^hite  of  one  egg,  well  beaten;  juice 
of  one  lemon;  sugar  sufficient;  water,  one-half  pint. 
Shake  thoroughly.     Strain. 

Egg  FUp.—Mm!.,  hot,  one-half  pint;  yolk  of  one  egg, 
well  beaten;  whiskey  one  ounce.     Mix. 

Egg  Nog.—Vnl  the  yolk  of  one  egg  with  a  tablespoon- 
ful  of  whiskey  or  brandy,  a  tablespoonful  of  Jamaica 
rum,  and  a  ttiblespoonfid  of  granulated  sugar,  with  a 
half  pint  of  whole  milk  into  a  pint  jar,  and  shake  thor- 
oughly until  the  sugar  is  dissolved.  Beat  the  wiiite  and 
add  most  of  it  to  the  mixture,  and  shake  again.  Put  the 
remainder  of  the  beaten  white  on  the  top  of  the  drink, 
and  have  the  patient  take  it  through  a  tube  or  straw. 

Bartholow's  Food.— Sugo,  one  ounce;  milk,  one-halt 
pint.  Soak  for  ten  minutes,  then  place  in  water-bath 
until  clear.  To  this  add;  Stimulating  beef-tea,  one-half 
pint;  yolk  of  one  egg,  beaten;  celery  salt,  sufficient. 
Mix.     This  is  a  complete  food. 

Fish. 

The  digestibility  of  fish  is  influenced  by  the  kind, 
quantity,  and  distribution  of  the  oil  contained  in  the 
meat ;  and  by  the  season,  the  freshness,  and  the  method 
of  preparation  of  the  fish. 

The  blue,  dark,  and  red  meats  of  fishes  are  due  to  the 
presence  of  oil  or  fat.     In  white  fish  the  fat  is  collected 


in  local  parts,  and  foi-  this  reason  wliite  fish  maybe  given 
to  those  who  cannot  digest  the  oil  contained  in  the 
dark  meat. 

For  the  sick,  fi.sli  .should  be  broiled,  and  the  amount  of 
fat  desired  should  he  supplied  in  the  form  of  melted  but- 
ter used  as  a  dressing. 

If  the  fish  is  prepared  by  being  plunged  into  boiling 
salted  water,  and  th(^  process  of  cookiiig  is  continued 
with  tlie  water  at  a  sllglitly  lower  temperature,  it  will 
retain  almost  all  of  its  nutritive  worth. 

Oysters. 

Oysters  contain  a  small  proportion  of  nourishment,  and 
are  easily  digested  if  the  "  eye  "  is  rejected.  The  juice,  pre- 
pared by  mincing  a  dozen  fat  oysters  with  a  silver  knife 
and  putting  them  into  a  fruit  jar  and  standing  the  jar  in 
liot  water  for  a  half-hour,  is  often  accepted  by  an  irritable 
stomach  that  refuses  almost  all  other  forms  of  nourish- 
ment. 

Oyster  Soup  should  be  prepared  by  taking  some  flour 
and  butter  and  mixing  them,  with  the  cold  milk,  gradu- 
ally added,  and  then  adding  the  liquor  drained  from  the 
oysters.  This  mixture  should  be  boiled  for  five  minutes, 
and  the  oysters  and  seasoning  tlien  added;  the  soup 
should  be  served  at  once.  Prepared  in  this  manner  the 
oysters  should  be  plump  rather  than  shrivelled,  and  the 
soft  parts  may  be  eaten  by  the  patient  who  is  able  to 
digest  solid  food. 

Oyster  JJroth. — Oysters,  twelve;  water,  two  ounces. 
Mince  the  oysters.  Place  over  water-bath  for  a  half- 
hour.     Season.     Strain. 

Clams. 

Clams  have  a  place  in  the  dietary  of  the  sick  chiefly  for 
the  juice,  which  is  very  acceptable  in  a  great  variety  of 
ca,ses. 

To  prepare  clam  juice  take, six  large  clams,  in  the  shell, 
scrub  the  shells,  put  them  into  a  kettle,  add  a  cup  of 
water,  heat  until  the  shells  open,  pick  out  the  shells  and 
clams  with  a  fork,  strain  the  liquor  throtigh  a  double 
layer  of  cheese-cloth,  cool  rapidly,  keep  well  corked  and 
cool,  and  dilute  with  hot  or  cold  water  to  suit  the  taste 
of  the  patient.  Some  persons  will  accept  the  juice  if  it 
is  diluted  until  it  hasonly  a  suggestion  of  the  clam  flavor, 
who  would  be  unable  to  take  It  if  it  were  stronger. 

A  cream  of  clams  may  be  made  by  adding  milk  and 
enough  flour  to  give  the  density  desired. 

Vegetables. 

A  simple  though  somewhat  inaccurate  classification  of 
vegetables  is  that  which  divides  them  into  tho.se  growing 
above  ground,  and  tho.se  groining  below  ground. 

Above-Ground  Vegetables.— !r/(e  green  regetables 
possess  low  nutritive  worth.  They  are  difficult  to  digest 
because  of  the  large  percentage  of  contained  woody  fibre, 
and  many  are  not  available  for  food  purposes  until  they 
have  been  cooked.  They  are  valuable  for  the  volatile 
oils  and  the  large  proportion  of  water  they  contain. 

The  cereals  approach  in  character  a  complete  food  by 
reason  of  the  contained  gluten,  starch,  and  fat.  The  pro- 
portion of  nitrogen  is  not  sufticient,  however,  for  bodily 
needs  without  a  supplemental  supply  in  other  forms  of 
food  The  distinguishing  advantage  possessed  by  them 
is  tliat  they  can  be  made  into  bread.  Much  of  the  nitrog- 
enous worth  of  the  bread  prepared  from  wheat  is  sacri- 
ficed to  the  desire  for  whiteness.  The  gluten  layer  of  the 
wheat  grain  is  located  directly  under  the  outer  bran  coat 
of  the  grain,  and  if  this  were  allowed  to  remain  it  would 
cive  a  darker  color  to  the  flour  and  the  bread  prepared 
from  it  Whole^wJient  bread  contains  the  gluten  and  the 
phosphates  of  the  grain,  and  for  this  reason  is  darker  and 
more  nutritious,  and  because  of  a  small  proportion^  of 
bran  associated  with  the  flour  is  helpful  in  overcoming 

''°iw™*«°contain  nitrogen  in  the  form  of  proteid,  in  ad- 
dition to  starch  and  fat,  and  are  represented  by  peas, 
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beans  and  lentils.  They  may  be  termed  vegetable  meat 
because  of  their  large  percentage  of  iiitrogen  and  are 
more  valuable  as  foods  because  of  the  iron  and  sulphur 
enterim?  into  their  composition.  It  is  very  diftioult  to 
secure  all  of  the  nutriment  contained  in  them  because  of 
the  intimate  as.90ciation  of  the  proteid  and  starch  with 
the  cellulose  and  the  dense  capsule  substance  surround- 
ing them  For  those  having  feeble  indigestion  they 
should  be  thoroughly  cooked  and  passed  through  a  col- 
ander to  get  rid  of  a  large  proportion  of  the  associated 
woody  fibre.  ,  ^       i 

Below-Ground  Vegetables.  — /?<«?«,  tuben,  etc.,  de- 
pend upon  the  contained  starch,  sugar,  salts,  and  acids 
for  tlieir  nutritive  worth.  Here  the  food  value  is  lower 
and  less  concentrated  than  in  the  case  of  cereals  and  le- 
gumes, and  they  are  poorer  in  nitrogen.  The  digestibility 
will  vary  according  to  the  age  and  to  the  proportion  of 
water  lost  by  evaporation.  The  starch  derived  from  corn 
and  potatoes,  arrowroot  and  rice,  will  tax  the  digestion 
least.  Starches  having  a  cell  wall  are  available  as  foods 
only  after  they  have  been  cooked  sufficiently  to  cause 
the  rupture  of  the  retaining  membrane  so  as  to  liberate 
the  starch. 

Fruits. 

Fruits  are  valued  for  their  antiscorbutic  properties,  due 
to  the  salts,  acids,  alkalies,  volatile  oils,  ethers,  and  the 
large  percentage  of  water  which  they  contain.  They  do 
not  possess  high  nutritive  worth. 

Fungi. 

Mushrooms  are  not  now  regarded  as  possessing  the 
Iiigh  food  value  which  was  formerly  attributed  to  them. 
As  a  seasoning  they,  with  truffles,  serve  a  useful  purpose. 

Bread. 

Bread  for  the  sick  should  be  thoroughly  baked  in 
loaves  small  enough  to  insure  the  destruction  of  the  yeast 
plant  at  all  parts  of  the  sponge.  Freshly  baked  bread  is 
unsuitable  to  patients  needing  dietetic  directions.  Rasped 
rolls  and  thoroughly  baked  rolls  are  better  than  bread 
cut  from  the  loaf. 

Toasted  Bread  should  be  prepared  from  stale  bread, 
slowly  heated  over  the  hre  until  it  is  cooked  throughout 
its  entire  thickness,  is  crisp  and  has  a  golden  color.  The 
crust  should  be  removed. 

Pulled  Bread  is  prepared  by  taking  a  loaf  of  Vienna 
bread,  removing  the  crust,  and  separating  the  sponge  of 
tlie  bread  with  two  forks,  or  the  thumbs,  in  such  a  way 
tliat  the  bread  is  not  crushed.  Make  into  strips  about 
four  mches  long  and  one  inch  thick.  Place  in  a  pan  the 
bottom  and  sides  of  wliich  have  been  covered  with  paper 
and  bake  in  the  oven  until  of  a  golden  brown  color  and 
thoroughly  crisp.  It  may  be  served  with  cream  or 
whipped  cream. 

Bextrinized  Bread  is  prepared  by  heating  a  slice  of 
stale  bread  in  the  oven  until  it  is  of  a  dark  brown  color 

lorrefied  Bread  is  prepared  bv  subjecting  bread  to  a 
greater  heat  for  a  longer  period  than  is  used  in  preparing 
dextnnized  bread.  '     '         '= 

Bi'own  Flour  &«?j.-Heat  flour  in  a  pan  until  it  has  a 
walnut  CO  or.  Add  a  little  butter.  Form  a  smooth  aste 
by  the  addition  of  hot  water,  and  continue  the  a  Id  tUin 
con'ist.meftC'nf'""'''*^"*  '"^  '<^^°  ^^^''"^  'o  make'  the 
uteT^'^lL'totlr"""  ^°"''-     ^"^'^  ^°'-  «-  --■ 

Drinks  and  Jellies. 

demolppn?  ''^^'''''19^  preparations  possessing  refrigerant 
tie^^^;  /"'''''  ^'.''Pl'O'-^^tie.  and  astringent  prope.: 
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minutes;  sweeten;  flavor  with  lemon  peel  or  juice;  cool; 
strain. 

Gam-Arabic  Water. — Gum  arabic,  one  tablespoonful; 
sugar,  one  heaping  tablespoonful ;  water,  one  pint.  Dis- 
solve by  means  of  a  water  bath.  Add  lemon  juice,  one 
tablespoonful.     Strain. 

Irish- Moss  Tea. — Irish  moss,  one  ounce,  to  be  washed 
with  cold  water;  water,  two  pints.  Mix  and  allow  to 
stand  for  fifteen  minutes;  heat  to  boiling  point;  add 
lemon  juice,  two  ounces;  sugar,  two  tablespoonfuls. 
Strain. 

Irish-Moss  Jelly. — Irish  moss,  three  ounces,  to  be  washed 
with  cold  water;  water,  one  pint.  Allow  to  stand  fifteen 
minutes;  heat  to  boiling  point  and  continue  at  that  tem- 
perature for  five  minutes.  Strain.  Add  sheriy  wine, 
two  ounces;  sugar,  two  tablespoonfuls.  Put  in  moulds 
to  solidify. 

Imperial  Drink.  — Cream  of  tartar,  one  teaspoonful; 
boiling  water,  one  pint;  lemon  peel  and  sugar,  of  each  a 
sufficient  quantity.     Mix,  cool,  and  strain. 

Wine  Whey. — Milk  heated  to  boiling  point,  one-half 
pint;  sherry  wine,  two  ounces.     Mix  and  strain. 

Alam  Whey. — Milk  heated  to  the  boiling  point,  one- 
half  pint;  powdered  alum,  one  teaspoonful,  dissolved  in 
water.     Mix  and  strain. 

Leiaon  Whey. — Milk  heated  to  the  boiling  point,  one- 
half  jiint ;  lemon  j  nice,  two  teaspoonfuls.     Mix  and  strain. 

nice  Water. — Rice,  one  tablespoonful,  to  be  washed. 
Then  add  boiling  water,  one  pint,  and  boil  for  half  an 
hour.     Add  lemon  peel  sufficient;  cool.     Strain. 

Toast  Water. — Toast  thoroughly  a  slice  of  bread.     Pour  . 
over  it  six  ounces  of  boiling  water.     Cover.     Allow  to 
stand  in  a  warm  place  for  fifteen  minutes.     Administer 
by  the  teaspoonful. 

Cora  Water. — Brown  a  tablespjoonful  of  corn  meal  in 
a  pan ;  add  six  ounces  of  hot  water ;  boil  for  five  min- 
utes.    Strain. 

Barley  Water. — Pearl  barley,  two  ounces,  to  be  washed ; 
water,  four  pints.  Mix  and  boil  to  two  piints.  Flavor, 
sweeten,  and  strain. 

Barley  Water  ^rith  Patent  Barley. — Patent  barley,  two 
tablespoonfuls;  cold  water,  two  tablespoonfuls;  salt, 
sufficient;  sugar,  one  tablespoonful;  boiling  water,  one 
pint.     Mix  and  boil  for  five  minutes. 

DIETETICS   FOR   PARTICULAR  DISEASES. 

Stomatitis. — Hot  water  taken  freely  an  hour  before 
meals  is  of  great  service.  If  bicarbonate  of  soda  is  added 
to  the  water  the  effect  will  be  better.  A  milk  diet  with 
pulled  bread  or  dextrinized  bread  is  best.  White  meat 
may  be  allowed  in  small  amounts.  Acids  and  fats  are  to 
be  avoided,  as  are  foods  likely  to  undergo  fermentation. 

Tonsillitis  and  Pharyngitis.'-— 'Y\icrc  is  usually  associated 
with  these  diseases  a  mild  febrile  process,  and  the  same 
diet  is  suitable  to  both  conditions. 

Diluent  and  demulcent  drinks,  such  as  rice  water,  bar- 
Icy  watei-,  or  oatmeal  water,  are  nutritive  and  service- 
able. Irish-moss  tea  or  jelly,  flaxseed  tea,  gum-arabic 
water  are  soothing,  and  imperial  drink  is  refrrgeraut. 

The  proper  diet  should  be  one  containing  a  large  quan- 
tity of  water.  "Whole  or  skimmed  milk,  or  milk  with 
barley  or  rice  water,  is  to  form  the  chief  article  of  diet. 
Alum  whey  is  of  great  service  because  of  its  nutritive 
worth,  and  because  it  enables  us  to  vary  the  diet. 
.Tunlvet,  milk-jelly,  water  ice,  and  ice  cream  are  allow- 
able. Gruels  and  creams  of  various  vegetables  may  be 
given.  Animal  broths  should  be  omitted,  except  those 
prepared  from  oysters  and  clams.  The  subject  will  be 
fully  considered  in  the  section  devoted  to  the  Dietetics 
of  Diphtheria. 

StcNosisof  the  (Esophagus  or  of  the  Cardiac  End  of  the 
Stomach.— Tho  character  of  the  cause  of  the  stenosis  will 
influence  the  selection  of  the  diet,  as  will  likewise  the 
degree  of  obstruction.  Milk,  plain  and  modified,  is  to  be 
considered  the  standard  diet.  A  complete  food  is  to  be 
constructed  from  milk,  eggs,  and  cereal.  We  have  an 
example  of  such  in  "Bartliolow's  food."     Scraped  beef 
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and  finely  minced  chiekeu  csin  be  combined  witli  millv 
and,  in  case  of  deficient  digestive  power,  tliese  combina- 
tions nia.v  be  peptonized.  Tlie  semi-solid  foods,  such  as 
wine  Jelly,  calf's-foot  jellj',  gelatin  preparations,  Bro- 
mangelon,  junket,  and  ice  cream  are  easily  swallowed. 

Acute  Gantritis. — The  temporary  avoidance  of  food  ad- 
ministered by  the  mouth  is  frequently  the  prime  indica- 
tion. If  the  strength  of  the  patient  is  exhausted,  it  may 
be  necessary  to  resort  to  rectal  alimciitalioii.  Cracked 
ice  may  exert  a  ([uicting  iuHucncc  upon  the  gastric  irri- 
tability. Hot  water  is  of  the  greatest  service  even  when 
it  is  not  retained.  j\Iore  acceptable  and  likely  not  only 
to  be  retained  but  also  to  allay  vomiting,  is  clam  juice. 
For  the  earlier  stages  there  is  nothing  better  than  this 
preparation.  The  method  of  administering  it  and  all 
nourishment  in  this  condition  is  quite  as  important  as 
the  selection  of  the  particular  kind  of  food.  A  teaspoon- 
ful  of  liquid  food  given  every  live  or  ten  minutes,  or 
every  minute,  until  four  or  eight  have  been  given,  is  nuicli 
more  likely  to  be  retained  than  are  larger  quantities. 
After  the  irritability  of  the  stomach  has  once  been  alla)'e<l 
and  digestion  begins  to  be  performed,  the  interval  between 
feedings  and  the  quantitj'  and  variety  of  food  may  be 
increased.  Milk  with  carbonated  water,  whey,  junket 
that  has  been  passed  through  a  colander  or  sieve,  albu- 
min water,  koiunvss,  or  zoolak  may  be  given.  Toast 
water  or  corn  water  and  dry  toast  will  often  allay  vomit- 
ing. Oyster  juice  fed  very  slowlvis  serviceable  in  these 
cases;  later,  scraped  beef  and  chicken  panada,  or  the 
white  of  a  poached  egg  with  pulled  bread,  will  be  ac- 
ceptable. 

Chronic  Gdntritis. — The  condition  with  which  the  gas- 
tritis is  associated  will  influence  the  choice  of  diet.  The 
lil)eral  use  of  hot  water,  or  hot  water  with  bicarbonate 
of  soda  and  essence  of  peppermint,  will  facilitate  the  re- 
moval of  the  tenacious  nuicus  so  constantly  present  in 
these  cases,  and  give  a  better  opportunity  for  the  gastric 
secretion  to  act. 

The  condition  is  so  constantly  associated  with  obstruc- 
tion of  the  portal  circulation  that  no  food  must  be  given 
that  would  tax  the  hepatic  function.  For  this  reason 
buttermilk,  '\\'hich  represents  sweet  milk  with  a  large 
part  of  the  fat  removed,  is  regarded  by  many  as  the  ideal 
diet  for  these  cases.  Skimmed  milk  is  serviceable  for 
the  same  reason.  Milk,  diluted  with  hot  water,  with 
carbonated  water,  or  with  a  water  prepared  from  one  of 
the  cereals,  to  render  the  curd  smaller,  is  to  be  regarded 
as  especiallv  indicated. 

It  is  a  safe  general  rule  in  dietetics  to  give  that  food 
which  will  tax  the  affected  organ  least— in  other  words, 
to  rest  the  disabled  viscus.  This  rule  would  indicate  the 
use  of  fats  and  starches  in  gastritis.  Fats  arc  contrain- 
dicated,  however,  for  the  reason  given.  Starches  are  of 
service  in  many  of  these  cases,  but  their  use  must  be 
watched  because  of  the  liability  to  occasion  the  develop- 
ment of  water  brash,  or  heartburn,  due  to  lactic  or  buty- 
ric acid  fermentation.  Corn  starch,  arrowroot,  and  white 
potatoes  should  furnish  a  starch  most  easily  digested. 
It  need  hardly  be  added  that  care  and  skill  inthecookmg 
of  these  cereals  will  greatly  influence  their  digestibility. 

The  stimulating  beef -tea  in  the  earlier  stage,  and  the 
nutritive  beef-tea  when  the  condition  improves,  will  be 
found  serviceable.  Scraped  beef,  or  beef  reduced  to  a 
pulp  by  means  of  a  mortar,  and  the  fibres  drained  from 
it,  will" be  easily  digested.  The  judicious  use  of  condi- 
ments in  these  cases  will  be  of  service  in  stimulating  the 
gastric  secretions.  ■    ,  ■    i. 

One  thought  is  to  be  kept  constantly  in  mmd  m  the 
treatment  of  these  cases— that  is,  that  no  food  shall  be 
given  that  is  liable  speedily  to  undergo  fermentative 
changes,  or  to  remain  long  in  the  stomach.  For  this  reason, 
spare,  cold  boiled  ham,  and  other  smoked  meats  are  often 
more  acceptable  than  other  forms  of  nourishment.  ^ 

In  those  cases  in  which  the  disease  is  associated  with  de- 
ficient motor  power,  the  interval  between  feedings  should 
be  lengthened,  and  an  effort  made  to  cleanse  the  stomach 
of  the  remnant  of  the  previous  meal  before  more  food  is 
introduced. 


Eggs  are  more  availal)lc  if  the  whites  only  are  used 
1  hey  should   be   poached  at  a  low  temperature,  or  well 
beaten,  and  should  be  combined  with  other  forms  of  nour- 
i.shment.     Oven-baked  toast,  or  pulled  bread,  will  be  the 
form  of  bread  least  likely  to  induce  flatulency. 

JJi/spepniii. —Tha  term  is  applied  to  a  group  of  symp- 
toms including  those  previously  considered  under  acute 
and  chronic  gastritis.  In  addition  to  these  two  classes  of 
gastric  diseases  there  are  cases  with  symptoms  so  i)ro- 
nounccd  as  to  enable  them  to  be  considered  under  the 
following  heads:  Atonic  dyspepsia;  nervous  dyspep.sia, 
including  gastralgia;  intestinal  dyspepsia. 

Atonic  Dyspepsia.— Hot  water  should  be  given  imme- 
diately upon  rising  to  cleanse  the  stomach  of  accumulated 
mucus,  and  a  glassful  of  cold  water  before  meals  for  its 
tonic  effect.  See  to  it  that  there  arc  teeth  to  perform  the 
work  of  preparing  the  food  for  digestk)n.  It  is  more 
promising  to  treat  certain  dyspeptics  by  ordering  teeth 
than  by  the  employment  of  countless  drugs  and  diets. 
When  tlie  teetli  are  un.suited  to  grind  and  cut  the  food, 
it  must  be  artificially  done  or  the  diet  will  have  to  be 
confined  to  the  foods  requiring  no  mastication.  Each 
meal  should  consist  of  one  or  two  articles  of  diet.  Beef 
combined  with  rice  will  give  a  complete  food  because 
there  is  .suflicient  fat  inseparably  associated  with  the  beef 
to  yield  as  much  of  this  food  element  as  is  likely  to  be 
digested  with  facility. 

Fruits  are  of  service  in  this  ease,  esiiecially  if  taken  be- 
fore the  meal.  Those  containing  a  minimum  of  acid, 
such  as  oranges,  bananas,  and  grapes,  if  taken  before 
breakfast  will  frequently  stimulate  digestion.  Certain 
cases  will  be  met  Avith  in  which  the  fruits  are  better  borne 
if  taken  at  the  close  of  the  meal.  This  is  particularlj^ 
true  of  the  more  acid  fruits,  such  as  strawberries. 

For  breakfast  a  broiled  chop,  the  white  of  a  poached 
egg,  a  cereal,  if  thoroughly  insalivated  and  if  not  too 
much  sugar  is  used,  combined  with  toasted  or  wdiole- 
wheat  bread,  or  shredded  wheat,  would  make  a  suitable 
meal.  Cambric  tea  is  to  be  preferred  to  tea  or  coffee.  For 
dinner,  a  cup  of  hot  stimulating  beef-tea,  consomme,  or 
bouillon  will  stimulate  digestion.  This  maybe  followed 
by  a  meat  cake,  prepared  by  passing  beef  twice  through 
the  chopper  or  by  scraping  it.  A  mealy  baked  potato  is 
allowable,  and  this  may  be  made  more  digestible  by  hav- 
ing the  potato  remtived  from  the  skin  after  baking,  in- 
corporating w'ith  it  butter  and  seasoning  and,  in  certain 
instances,  the  white  of  an  egg,  replacing  the  mass  in  the 
potato  case  and  heating  so  that  the  seasoning  may  be 
thoroughly  blended  and  the  starch  granules  separated. 
Steamed  rice,  macaroni,  vermicelli,  or  any  of  the  Italian 
pastes  may  be  given,  and  when  combined  with  grated 
Parmesan  or  American  cheese  will  constitute  a  complete 
food.  If  the  diet  is  confined  to  one  or  two  articles  of 
food  we  are  able  readily  to  determine  the  influence  of  the 
food  elements  administered  upon  the  course  of  the  dis- 
ease. This  point  is  not  sufliciently  appreciated,  and  its 
neglect  often  results  in  failure  in  the  dietetic  treatment 
of  disease.  When  there  is  hyperacidity,  scraped  beef  as 
an  exclusive  diet  will  often  give  the  best  results.  In 
those  cases  in  which  there  is  hyperacidity  the  starches,  if 
thoroughly  insalivated,  are  apt  to  be  more  easily  digested. 

Water  with  the  meals  is  of  advantage  because  of  its 
solvent  effect  and  its  mechanical  aid  in  separating  the 
particles  of  food  and  thus  facilitating  the  action  of  the 
gastric  juice  upon  the  aliment.  Constipation  is  a  less 
prominent  symptom  when  sufficient  water  is  taken.  Too 
much  water';  on  the  other  hand,  may  retard  digestion  by 
excessively  diluting  the  digestive  ferments. 

Nervous  Dyspepsia.— In  these  cases  the  disease  mani- 
fests itself  by  symptoms  referable  to  the  nervous  system 
and  associated  with  these  there  are  variable  appetite, 
clean  tongue,  and  a  pain  in  the  region  of  the  stomach, 
which  latter  is  often  relieved  by  taking  food.  The  ele- 
ment of  pain  may  be  so  pronounced  as  to  justify  consid- 
erino-  the  case  one  of  gastralgia.  According  to  the  degree 
of  severity  of  the  symptoms  will  be  the  necessity  for  a 
rifid  dietetic  regimen.  Rest  before  and  after  food  is 
most  helpful.     The  meals  should  be  taken  under  a  cheer- 

457 


Dietetics  of  tlie  Sick.    j:.]^pEKENCE   HiVNDBOOK   OF 
Dietetics  of  llie  Sicli. 


THE  MEDICAL   SCIENCES. 


f ul  en vii-onincLt.  Anything  tending  to  dep. ess,  ii i lUt  , 
or  call  attention  to  the  patient's  nivahdism  is  to  be 
°vo  ed  An  exclusive  milk  diet  may  be  necessary. 
Later  fruits,  eggs  slightly  cooked,  bacon  crisp  and  dry, 
^i  h  dextrinizld  breSd,  should  compose  the  breakfat 
Coffee  is  to  be  avoided,  and  tea  also,  unless  it  be  weak 
and  freshly  brewed,  and  taken  several  hours  after  the 

™ Intestinal  Dyspepsia. -It  is  not  diftleult  to  appreciate 
that  the  most  probable  exciting  cause  of  this  condition  is 
to  be  found  in  the  excessive  use  of  improperly  cooked 
starches  Potatoes  yielding  themselves  to  many  imjiroper 
methods  of  cooking  are  doubtless  potent  factors  in  the 
production  of  intestinal  dyspepsia.  Here  the  starch  is 
made  difficult  of  digestion  by  reason  of  the  frying  to 
which  they  are  often  subjected,  and  the  fat  used  in  tlie 
process  has  been  heated  to  a  point  where  its  cheniical 
composition  is  changed,  when  it  becomes  iinsuited  for 
food  purposes  as  is  starch  which  has  been  cooked  in  it. 

The  breads  usually  found  on  the  table  are  frequently 
of  such  composition  or  in  such  a  condition  as  to  make 
them  a  tax  upon  digestion.  Among  the  poorer  classes 
the  meal  is  often  largely  made  up  of  bread  and  a  liberal 
allowance  of  tea  and  sugar.  There  is  another  class  of 
foodstuffs  that  have  contributed  largely  to  the  causation 
of  this  disease,  the  cereals;  the  coarse  oat-meals  that  have 
been  cooked  for  as  brief  a  period  as  a  half -hour  are  better 
adapted  for  bill-posters'  buckets  than  for  human  stom- 
achs. Tlie  treatment  of  the  condition  after  the  elimina- 
tion of  the  exciting  cause  resolves  itself  into  the  admin- 
istration of  the  foods  that  are  digested  chiefly  in  the 
stomach.  Hot  water,  skimmed  milk,  milk  in  all  possible 
combinations,  and  milk  with  the  curd  made  small,  will 
be  found  serviceable  in  all  of  these  cases. 

Clear  soup  made  from  meat,  and  scraped  or  choppied 
meat  cakes  with  dextrinized  bread,  will  stand  for  the  diet 
best  adapted  to  these  cases.  These  articles  of  diet  are 
quite  sufficient  for  a  considerable  period  of  time  if  pre- 
pared in  the  various  combinations  to  which  they  lend 
themselves.  Later,  slightly  cooked  egg  albumen  may  be 
added  to  the  diet,  and  as  the  condition  improves,  sweet- 
breads, calves'  brains,  squabs,  white  meat  of  chicken, 
bacon,  and  game.  The  starchy  foods  are  to  be  added 
gradually  and  the  effect  watched.  Macaroni,  vermicelli 
and  noodles,  steamed  rice  and  corn  starch,  and  later  a 
baked  potato  may  be  added  to  the  diet. 

Tea  and  coffee,  as  they  are  usually  prepared  and  used, 
are  objectionable  in  all  forms  of  dyspepsia.  Cott'ee  if  di- 
luted with  hot  milk  is  less  likely  to  tax  the  digestion 
than  is  tea.  The  question  of  stimulants  and  wine  is  a 
less  pressing  one  here  than  abroad.  For  the  debilitated 
or  aged,  champagne,  or  brandy  diluted  with  carbonated 
water,  when  taken  during  the  meal,  will  frequently  prove 
of  the  greatest  service. 

Ulcer  of  the  Stomach.— Tho  rule  to  spare  the  affected 
part  applies  with  special  force  to  this  condition.  The 
ulcerated  gastric  mucous  membrane  must  not  be  irritated 
by  coarse  food,  excessive  food,  or  a  free  flow  of  gastric 
juice,  because  the  likehhood  of  hemorrhage  is  increased 
by  coarse  particles  of  food,  and  by  distention  of  the 
stomach  by  food  or  gas.  Carbonated  water  is  not  to  be 
used  in  dihiting  the  milk  that  is  so  largo  a  part  of  the 
diet,  unless  the  mixture  is  allowed  to  stand  until  effer- 
vescence has  entirely  ceased.  Milk,  prepai-ed  in  this 
way,  will  form  a  flocculcnt  curd.  Wlien  hemorrhage 
has  occurred,  it  is  advisable  to  give  little  or  no  nourish- 
ment by  tlie  mouth,  and  to  use  instead  nutrient  eneniata 

l<rom  observations  that  milk  is  capable  of  ab.sorp- 
tion  directly  wilhout  undergoing  coagulation  and  dio-cs- 
tion,  provided  it  is  given  when  there  is  no  other  food  in 
the  stomacli   it  would  seem  that  we  should  in  a  ereat 

Sno['m;lk"'^'^^*^^^"^"'-^--'°"-<^^^ 
o^Z-'u-A  ^^'"f'"«t'-«;tionof  an  alkali  stimulates  the  flow 
^e  U  e  b,f  *  H  ^"''^  '*  '"'"'''  '"^""^stly  be  wise  to 
at  such  time  tt,'''"*-?'^'"^  '°  ^"°1'  'l»^"tities  and 
neutra  i/e  F  ,  '"  ''^^"^'*y  "^  «^«  gastric  juice  may  be 
neutralized.     Foi  these  reasons  partly,  rice,  or  aflnimiu 
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water,  will  be  more  serviceable  as  an  addition  to  the  milk. 
Curds  and  whey,  if  passed  through  a  sieve,  may  be 
used. 

As  convalescence  becomes  established,  the  patient  may 
have  cream  soups  of  the  various  vegetables,  always  ob- 
serving the  precaution  that  they  be  strained  through  the 
colander  or  sieve.  Meat  soup,  free  from  fat,  scraped 
meat  cakes,  or  minced  white  meat  of  chicken,  cream 
sweetbreads,  and  strained  gruels,  or  combinations  of 
these  food  elements,  may  be  employed  in  these  cases. 

The  dietetic  treatment  of  a  case  of  gastric  ulcer  should 
extend  over  a  period  of  from  four  to  six  months. 

Ciincer  of  the  Stomach. — If  the  lesion  is  situated  at  the 
cardiac  orifice  and  is  sutheient  to  prevent  the  ready  en- 
trance of  food  into  the  stomach,  it  will  become  necessary 
to  u.sc  the  stomach  tube  in  feeding  the  patient.  If  the 
pyloric  orifice  is  the  scat  of  disease,  tlie  likelihood  of  gas- 
tric dilatation  and  its  attendant  catarrh  is  proportionate 
to  the  degree  of  stenosis.  The  food  in  either  instance 
should  be  either  liquid  or  semi-solid.  Milk  combined 
with  eggs,  beef,  or  one  of  the  starchy  vegetables  will 
offer  a  sufficient  range  of  nourishment.  The  white  of 
egg  may  be  given  with  milk  or  broth.  The  yolk  can  be 
administered  with  less  objection  in  these  cases,  especially 
if  it  is  associated  with  pancreatin  and  soda. 

Scraped  beef,  beef  peptonoids,  and  strained  gruels  are 
to  be  given. 

An  earl}',  careful  employment  of  rectal  feeding  will 
prove  a  valuable  supplemental  source  of  nourishment. 
Later,  it  will  likely  be  the  only  means  of  sustaining  the 
patient. 

Pyloric  Obntr action  and  Dilatation  of  the  Stomach.. — The 
diet  suitable  for  chronic  gastric  catarrh  and  cancer  of  the 
stomach,  with  certain  slight  modifications,  will  be  found 
adapted  to  these  conditions. 

Constipation. — One  of  the  most  important  directions 
that  can  be  given  a  patient  with  this  troublesome  com- 
plaint is  that  a  hard-and-fast  rule  be  observed  in  the  matter 
of  having  a  fixed  hour  each  dav,  at  which  an  effort  to  have 
a  bowel  movement  will  be  made.  A  glass  or  two  of  hot 
water,  sipped  at  intervals  during  the  progress  of  the 
toilet,  and  if  necessary,  the  same  quantity  of  water  taken 
before  retiring,  will  greatly  favor  a  dailj-  evacuation  of 
the  bowels. 

The  condition  is  constantly  associated  with  a  deficiency 
of  the  liquid  element  in  the  intestinal  contents.  Either 
there  is  a  deficiency  of  water  ingested,  or  that  taken  is 
lost  by  excessive  perspiration,  and  the  fecal  matter  in 
this  way  becomes  inspissated,  and  constipation  results. 

Frait/t,  either  raw  or  cooked,  and  dried  fruits  according 
to  the  digestive  power  of  the  individual,  are  of  the  great- 
est service  in  overcoming  constipation.  They  act  more 
by  virtue  of  the  acids  anel  the  water  contained  in  them 
than  by  their  bulk  and  mechanical  irritation  of  the  intes- 
tinal tract. 

Most  of  the  dried  fruits  are  more  easily  digested  it 
cooked.  Prunes  should  be  deprived  of  the  skin,  and 
thorough  mastication  of  the  fruits  having  much  woody 
fibre  should  be  insisted  upon. 

Ver/etables,  especially  the  green  vegetables,  e.g.,  spin- 
ach, lettuce,  peas,  beans,  celery,  anil  others,  by  reason  of 
the  water  and  acids  they  contain  and  the  residue  they 
leave,  contribute  to  overcome  constipation. 

When  it  is  remembered  that  approximately  more  than 
three-fourths  of  most  vegetables  are  composed  of  water, 
it  wil^be  more  readily  appreciated  how  these  foods  exert 
an  apjiarent  effect  by  liquefying  the  intestinal  contents. 

Wh(>n  the  constipated  habit  of  the  meat-fed  dog  is  con- 
trasted with  the  semi-solid  character  of  the  evacuation  of 
the  lierbivorous  animals  we  have  an  important  dietetic 
suggestion. 

Crjvv/fe  are  helpful  in  the  treatment  of  these  cases,  if 
they  are  prepared  in  such  a  way  as  to  leave  the  bran 
layer  of  the  grain  in  the  meal. 

^  In  this  way  we  secure,  by  bulk  and  mechanical  ir- 
ritation, a  stimulus  to  peristalsis.  Bran  bread,  ginger 
bread,  graham  bread,  brown  bread,  the  various  cereals 
comprising  the  breakfast  foods  on  the  market,  and  the 
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gluteu,  ginger,  and  smaller  biscuits  of  tho  shops  may  l)c 
used  in  this  condition. 

Milk  is  less  constipating  if  it  has  not  been  skimmed, 
the  fat  of  the  cream  being  laxative.  One  of  the  best 
aperients  for  babies  is  cream. 

Bacon  cooked  until  crisp  and  dry  is  serviceable,  by 
reason  of  the  fat  of  wliich  it  is  composed. 

Butter,  in  large  quantities  upon  gluten,  bran,  or  brown 
bread,  will  be  of  service.  Oils,  with  green  vegetables, 
may  be  used. 

When  the  condition  is  the  I'esult  of  dyspepsia,  it  is  im- 
portant to  avoid  making  any  pronounced  change  in  the 
diet  without  giving  a  due  consideration  to  tlie  digestibil- 
ity of  the  food  selected ;  as  woody  vegetables,  so  ser\ice- 
able  in  constipation,  are  very  dilticult  of  digestion. 

Acute  Diiirrlwn. — Acute  diarrha'a  is  to  be  treated  ac- 
cording to  the  cause  which  occasioned  it.  If  an  irritating- 
substance  has  been  ingested  or  developed,  the  withhold- 
ing of  all  food  for  a  time  after  the  irritant  has  been  ex- 
pelled will  prove  the  best  initial  treatment. 

Albumin  water  is  serviceable.  Boiled  milk,  skinmied 
milk,  or  milk  to  which  flour  has  been  added  and  boiled 
(making  the  preparation  known  as  "  pap  "),  will  prove  ac- 
ceptable. Brown-flour  soup,  "gebraunte  jMehlsuppe  "  of 
the  Germans,  with  or  without  ginger  or  other  acceptable 
spice,  is  highly  regarded,  while  beef  scraped  or  the  pulp 
prepared  Ivy  pounding  the  beef  in  a  mortar  with  water 
or  milk  and  then  strained,  is  to  be  given.  The  latter 
preparation  may  lie  peptonized. 

Chronic  Dia'rrhmi. — The  condition  with  which  the 
diarrho?a  is  associated  will  influence  the  dietetic  treat- 
ment. The  food  should  be  administered  in  small  cpiau- 
tities  and  at  frequent  intervals.  Fermentable  foods,  and 
those  likely  to  excite  diarrhrea,  are  to  be  avoided. 
Chicken  and  game  meats  are  to  be  considered  in  this 
class.  It  is  important  that  the  intestines  shall  be  spared 
every  effort,  as  far  as  possible,  to  digest  and  assimilate 
the  food  admini.stered.  This  means  that  egg  albumen, 
skimmed  milk,  buttermilk,  sterile  beef-tea,  beef  juice, 
and  scraped  meat  should  form  the  chief  constituents  of 
the  diet.  Koumys,  zoolak,  cottage  cheese,  and  certain 
of  the  manufactured  foods  are  also  available.  If  judi- 
ciously administered,  these  articles  will  prove  an  accept- 
able diet  for  a  protracted  period. 

Wlien  the  digestive  power  increases  dextrinized  bread, 
or  flour  soup,  cream  of  potatoes,  corn  starch,  and  "  pap  " 
maybe  given.  Farina  gruels  combined  with  whites  of 
egffs  are  suitable  to  these  cases.  Brandy  and  red  astrin- 
gent wines,  such  as  Burgundy  or  claret,  will  be  service- 
able in  certain  cases. 

Dysentery.— The  acute  and  chronic  forms  require  those 
foods  which  are  digested  and  taken  up  by  the  stomach 
and  leave  a  minimum  residue. 

Egg  albumen,  sterile  beef-tea,  beef  juice,  scraped  beet, 
gelatin  foods,  skimmed  milk,  and  milk  fortiiied  by  the 
addition  of  albumen,  curds  and  whey,  grated  cheese 
koumys,  and  similar  foods  are  to  be  considered  the  cliiet 
articles  of  diet.  The  return  to  a  diet  containing  starch, 
sugar  and  fats  should  be  long  deferred  and  cautious. 

intestinal  Diseases  of  Childhood.— It  is  possible  to  con- 
sider a  large  group  of  separate  conditions  under  this 
heading.  In  all  of  them  the  limit  of  bacterial  invasion 
consistent  with  health  has  been  passed.  In  the  success- 
ful treatment  of  these  cases  the  first  requisite  is  to  sec'ure 
the  closest  possible  approach  to  sterility  of  the  gastro- 
intestinal tract  and  to  introduce  no  food  that  will  cany 
re-infection  or  yield  a  favorable  medium  for  the  develop- 
ment of  pernicious  forms  of  bacterial  life.  These  diseases 
are  usually  associated  with  an  inability  to  readily  digest 
the  casein' constituent' of  milk,  and  this  inabihty  mani- 
fests itself  by  the  occurrence  of  colic  soon  alter  talving 
food  and  by  the  presence  of  curds  of  varying  sizes  in  the 
evacuation.  The  casein  should  be  lessened  by  the  dilu- 
tion of  the  milk  with  water  or  other  diluent.  In  those 
eases  in  which  there  is  a  total  inability  to  digest  casein, 
whey  will  be  found  acceptable.  Albumin  water  is  in 
favor  in  these  conditions.  Partial  peptonizing  may  en- 
able the  patient  to  digest  ordinary  milk.     The  simple 


dilution  of  the  milk  lessens  tlie  proportion  of  sugar,  and 
thus  th(^  likelihood  of  fermentative  changes  and' acid 
stools  is  lessened. 

Tli(!  fat  of  the  milk  is  Ukely  to  favor  diarrhcea  and 
voiiiiliiig.  Skimmed  or  boiled  milk  will  be  indicated  in 
those  cases  in  which  there  is  rea.soii  to  believe  that  the 
patient  is  unable  to  digest  the  fat.  The  advantage  of  a 
temporary  witliholding  of  food  is  not  to  be  forgotten. 
IJeet  juiei'  dilutrd  with  warm  water,  mutton  biotli,  veal 
broth,  or  liailey  and  egg  water,  will  each  be  found  ser- 
viceable. Thei-e  is  no  dietetic  regimen,  just  as  there  is 
no  particular  food  that  is  adapted  to  every  one  of  these 
eases.  Tlie  food  must  be  modified  to  meet  what  we  con- 
ceive to  be  the  existing  condition  and  the  digestive  power 
of  the  parts  involved. 

Acvfe  AppeiidicitiK. — An  acute  attack  of  appendicitis 
demnnds  a  li(iuid  diet.  There  should  be  no  excessive 
residue;  neither  should  there  be  so  little  residue  as  to 
favor  the  occurrence  of  constipation  with  the  attendant 
likelihood  of  extension  of  the  inflammatory  process. 
Thus  milk,  toasted  bread,  freshly  prepared  broths,  egg 
albumen,  and  gelatin  preparations  would  yield  a  suitable 
dietary. 

Chronic  Appendicitis. — Foods  which  would  yield  a 
coarse  bulkjr  residue,  and  improperly  cooked  meats  are 
to  be  avoided.  Oatmeal  as  ordinarily  prepared  by  being 
boiled  for  as  short  a  time  as  half  an  liour  is  not  suitable 
for  food  purposes.  Cabbage,  corn,  and  fruits  containing 
seeds  or  having  dense  skins  are  to  be  omitted  because 
of  the  tendency  to  induce  intestinal  indigestion  and  flat 
nlency,  and  not  because  of  the  danger  of  their  entering 
the  appendix.  Thus  the  class  of  articles  to  be  avoided 
cou.stitutes  the  chief  dietetic  direction  to  be  given  to  these 
patients.  Over-eating,  gamey  food,  the  ingestion  of  a 
large  quantity  of  very  cold  food,  ice  cream,  or  beer,  may 
aggravate  the  disease.  The  diet  should  be  a  simple  mixed 
one,  containing  no  elements  likely  to  tax  digestion  or  to 
favor  the  development  of  intestinal  catarrh.  Thus,  the 
legumes  represented  by  peas,  beans,  and  lentib,  with 
dense  skins,  and  sulphur  as  a  constituent,  are  objection- 
able. Corn  is  more  likely  to  do  harm  in  these  cases  than 
is  cornlet  or.  the  cornmeal.  Pickles,  onions,  and  highly 
seasoned  condiments  are  of  questionable  utility. 

Jaundice,  Biliary  Calculi,  and  Cirrhosis  of  the  Dicer.— 
In  the  dietetic  treatment  of  these  conditions  sugar  is  to 
be  eliminated  as  far  as  possible  from  the  food.  Starches 
are  to  be  reduced  to  a  minimum  because  of  their  change 
into  sugar  in  the  course  of  the  process  of  digestion.  So 
far  as  possible  it  is  well  to  administer  starches  only  in 
moderation  and  those  combined  with  gluten,  e.g.,  maca- 
roni, vermicelli,  and  rolled  wheat.  Rice,  tapioca,  sago, 
and  arrowroot  may  be  given.  Potatoes  are  permissible 
if  given  in  moderation,  but  the  vegetables  poor  in  starch 
are  to  be  preferred.  Cream  soups,  spinach,  celery,  len- 
tils peas,  and  beans  are  of  value  in  these  cases.  Fruits 
of  the   subacid  variety  are  permissible,  as  apples  and 

oranges.  ,  ,  ,      ,  •         j 

Milk  is  allowable,  but  should  be  thoroughly  skimmed 
to  exclude  the  fat,  and  diluted  to  reduce  the  curd.  Some 
obiection  has  been  made  to  the  use  of  milk  because  of  its 
suii-ar  The  sugar  of  milk  is  less  objectionable,  however, 
than  the  cane  susjar  and  need  not  to  be  so  rigidly  excluded 
from  the  diet.  The  use  of  butter  is  to  be  curtailed  or 
entirely  omitted.  The  white  of  egg  prepared  m  various 
ways  will  furnish  the  albuminoids  required  for  food  pur- 
poses; but  the  volk  is  objectionable.  ^ 

Fish  particu'larly  the  white  fish,  may  be  given;  the 
oily  varieties  represented  by  mackerel,  eels,  and  her- 
ring are  to  be  avoided.  Meat  in  the  moriiing  is  per- 
missible it  always  being  remembered  that  red  meat 
is  to  be  sparingly  used  unless  the  patient  is  expendmg 

''°If*^wines  are  demanded  the  sweet  ones  should  be 
avoided,    and   extra  dry   champagne   or    Moselle    wme 

^'"'r^S^'-The  ideal  food  is  milk.  In  truth  it 
seems  to  be  the  only  food  suitable  to  the  condition,  and 
it  bJcomes  a  question  of  the  method  of  administration  of 
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milk  rather  than  of  the  selection  of  a  dietary  (see  section 

*'°Foi-  tliesake  of  variety,  when  the  patient  rebels  against 
a  milk  diet,  some  one  of  the  waters  prepared  from  the 
cereals  may  be  given.  The  carbonated  waters  are  ser- 
viceable in  these  cases.  A  depaiture  from  the  exclusive 
milk  diet  should  be  regulated  by  the  condition  of  the 
urine  The  starchy  foods  are  to  be  added  to  the  diet 
gradually,  and  if  no  untoward  effect  is  producetl,  the 
hghter  meats  may  be  cautiously  added. 

dhivnic  Parenchymatous  Nephritis.— One  of  the  greatest 
dangers  for  these  patients  is  the  appetite.  The  protract- 
ed privation  of  ordinary  foods  seems  to  make  the  ap- 
petite more  voracious."  The  close  causal  relationship 
between  the  ingestion  of  meat  and  the  developnii'ut  of 
uriEinic  convulsions  is  fully  established.  "The  good  re 
suits  of  the  milk  treatment  in  ca.ses  of  chronic  neiiliritis 
is  now  among  the  best  acknowledged  in  the  treatment  of 
the  malady,  as  evidenced  in  the  diminution  of  albumen, 
decline  in  dropsy,  increase  in  the  quantity  of  urine 
passed,  and  general  amelioration  of  symptoms. "  (Tyson's 
"Practice  of  Medicine,"  pp.  6,  99.)  these  patients  should 
take  from  five  to  nine  pints  of  milk  in  the  twenty-four 
hours,  according  to  the  amount  of  energy  expended. 
When  the  fullest  measure  of  benefit  obtainable  from  an 
e.xclusive  milk  diet  has  been  attained  the  quantity  ad- 
ministered may  be  lessened  and  starches  cautiously  in- 
troduced to  compensate  tor  the  deficiency  of  this  con- 
stituent absent  from  the  milk  diet. 

Chronic  Interstitial  Nephritis. — Here,  as  in  other  forms 
of  nephritis,  a  milk  diet  is  the  one  that  yields  the  most  sat- 
isfactory results.  Fortunately,  the  range  of  combinations 
with  other  foods  is  not  so  limited  as  in  the  cases  previ- 
ously considered.  To  maintain  a  condition  of  metabolic 
equilibrium  is  of  prime  importance,  even  if  there  should 
result  a  moderate  increase  in  the  percentage  of  albumin 
in  the  urine.  Since  meats  are  so  closely  associated  with 
the  development  of  ccmiplications  in  these  cases,  it  is  to 
be  remembered  that  a  uiic-acid-free  diet  can  be  obtained 
by  securing  the  nitrogenous  constituent  necessary  for 
a  complete  food  from  milk  and  cheese.  Haig*  points 
out  that  a  man  weighing  one  hundred  and  forty  jiounds 
will  require  1,470  gm.  of  albumin  a  day,  and  this  may 
be  obtained  from  any  one  of  the  tables  herewith  sub- 
mitted: 

Table  I. 

Grains. 

Ten  ounces  ot  bread s  per  cent,  ol  albumins  =  340 

Two  ounces  of  oatmeal .. .        13       "            "                 =  104 

Two  pints  of  milk 3       "            "                 =  ,5a5 

Two  ounces  ot  cheese 33       "            "                 =  281 

One  ounce  of  nuts 16       "            "                 =  B8 

Eighteen  ounces  of  fruit 

and  vegetables,  say 0..')- 3       "           "                 =  1.53 

1,470 
Table  II.+ 

Grains. 

Five  ounces  ot  bread 10  per  cent,  ol  albumins  =    340 

Two  ounces  of  oatmeal 13       "  "  =104 

One  ounce  of  gluten HO       "  '■  =     Q44. 

One  pint  of  milk 3       '■  "  =    36'> 

Three  ounces  of  cheese 33       "  "  =     ^^>{ 

Table  in.  ^'^''^ 

Grains. 

Fourteen  ounces  of  potatoes.    3       "  "  =     !.>,', 

Sixteen  ounces  of  fruit 2       "  "  =137 

l.lffi 

.  The  possibilities  of  a  meat-free  diet  are  great  and  nrom- 
ise  most  ID  these  cases.  The  advantage  of  Cvin.  the 
diet  composed  of  few  articles  in  the  prcfper  pioportkin  is 

EndSlIS^e,"  mS„^""^  '"  '"''»"'">  to  Strength  and  Power  ot 

searches  agree,  Se  value  o['"HovisS'''*f;'f°\"'"    «-'"'' >'  '■<- 

from  my  researches  alone.  "'  """^  '"  """  'nl'iOatert 
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well  illustrated  in  these  cases,  in  which  it  is  necessary  to 
note  the  effect  produced  by  various  food  combinations. 

Unenu'a. — The  diet  suitable  toa  case  of  acute  nephritis, 
as  indicated  above,  will  be  found  to  be  best  adapted  to 
cases  of  urijemia.  Skimmed  milk  is  the  form  best  adapted 
to  these  cases. 

Gircuhttory  Diseases. — The  success  of  all  dietetic  meas- 
ures is  dependent  upon  the  integrity  of  the  circulatory 
mechanism.  The  activity  of  the  digestive  juices  is  de- 
termined by  the  character  of  the  circulatory  fluids  of  the 
body;  the  functions  of  all  of  the  organs  of  the  body  are 
inflvienced  by  the  character  and  the  quantity  of  the  blood 
they  receive;  the  metabolism,  absorption,  and  nutrition 
of  all  of  the  tissues  are  proportionate  to  the  completeness 
witli  wliich  the  heart,  the  vessels,  and  the  blood  perform 
their  physiological  functions.  It  is  the  intimate  inter- 
dependence ot  the  various  functions  that  explains  the 
constant  association  of  certain  symptoms,  e.rj.,  the  dys- 
pepsia, indigestion,  palpitation,  and  constipation,  which 
are  associated  with  anasmia.  It  is  in  this  manner  that 
morbid  states  are  perpetuated.  Dropsy  results  from 
water}'  blood,  transudation  of  the  liquid  element  of  the 
blood  being  favored  by  a  condition  of  hydraemia;  and 
this  condition  is  the  result  of  deficient  nutritive  elements. 
It  is  not  pos.sible  to  continue  for  a  protracted  period  a 
dietary  unsuited  to  the  kind  of  work  being  performed. 

Anmmia. — The  form  of  this  disease  most  frecjueutly 
met  is  that  associated  with  the  period  of  pubert3'in  girls. 
At  this  time  growth  and  development  are  more  active 
than  previously.  The  nervous  system  is  actively  con- 
cerned in  this  transitional  state  and  doubtless  exercises  a 
determining  influence  in  the  early  manifestation  of  diges- 
tive involvement.  The  intake  of  food  after  the  condition 
is  established  is  unsuited  in  character  and  quantity  for 
the  constructive  needs  of  the  system  at  this  time.  The 
excessive  consumption  of  the  nitrogenous  elements  is 
evidenced  in  the  increased  quantity  of  urea  eliminated. 
The  inclination  of  the  patient  is  to  sweets  and  starches, 
if  an  actual  perversion  of  taste  does  not  exist.  In  all 
cases  in  which  there  is  a  departure  from  the  normal  com- 
position of  the  blood  the  same  dietetic  rules  will  be  found 
serviceable.  The  condition  essential  to  a  normal  blood 
suppl}'  is  that  sufficient  food  be  taken,  digested,  and  as- 
similated. With  food  as  with  the  administration  of  iron 
in  this  condition,  the  question  is  not  so  much  how  great 
an  amount  may  be  taken  as  how  best  to  secure  the  as- 
similation of  the  largest  possible  quantities.  A  diet  de- 
ficient in  albuminoids  has  been  found  ccmstantly  asso- 
ciated with  a  hydniemic  condition  of  the  blood.  Itwould 
therefore  seem  to  be  of  prime  importance  to  prescribe  in 
these  cases  a  diet  containing  the  largest  possible  quan- 
tity of  albuminoid  food.  In  the  severer  forms  it  will  be 
necessary  to  peptonize  the  food  and  to  give  small  quanti- 
ties at  freciuent  intervals.  Milk  and  ineat  are  the  foods 
most  suited  to  meet  the  requirements,  and  they  are  the 
forms  of  nourishment  likely  to  be  most  distasteful  to  the 
patient.  It  therefore  becomes  a  (piestion  of  piresenting 
them  in  the  forms  least  objectionable.  Scraped  meat 
cakes,  meat  powder  and  broths,  pounded  meat,  bone- 
marrow  soup  (u-  sandwiches,  or  sandwiches  of  gluten  or 
whole-wheat  liiead  with  dry  crisp  bacon,  lettuce  and 
mayonnaise  dressing,  chopped  meat  with  celery,  or  pine 
nuts  <u-  almonds,  offer  attractive  combinations  for  the 
administration  of  meat.  Cheese  combined  with  Italian 
pastes,  macaroni,  vermicelli,  or  noodles,  or  with  potatoes, 
yield  the  desired  nitrogenous  clement.  Fats  seem  to  be 
especially  helpful  in  curing  this  conditiim,  and  by  the 
liberal  use  of  cream  prepared  in  an  acceptable  way,  or 
of  butler  and  whole-wheat  bread,  or  by  tlie  administration 
of  small  doses  of  cod-liver  oil,  we  are  able  to  secure  fats 
in  an  assimilable  form.  Creams  of  the  nitrogen  and 
iron  containing  vegetables  are  not  to  be  neglected.  It 
is  held  by  some  that  the  iron  in  combination  with  vege- 
tables is  the  most  assimilable  form.  Thus  we  should 
use  carrots,  beets,  spinach,  peas,  beans,  lentils,  and  glu- 
tcu  meals. 

Litryngitis,  Tracheitis,  and  Bronchitis.  ~  The  diet 
adapted  to  any  acute  febrile  process  will  be  suitable  to 
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these  conditions,  and  will  be  discussed  under  that 
heading, 

AstJima.— The  importance  of  dietetic  measures  cannot 
be  overestimated  in  the  treatment  of  this  condition.  The 
proper  preparation  of  the  food  and  of  the  stomach  for  its 
reception,  combined  with  the  adjustment  of  the  food  to 
the  woi-k  being  performed,  will  give  results  justifying 
the  care  exercised. 

Hot  water  should  be  given  an  hour  before  meals,  and 
at  bedtime.  In  cei-tain  instances  the  addition  of  bicar- 
bonate of  soda  and  essence  of  peppermint  will  give  good 
results. 

Breakfast  should  be  composed  of  eggs  with  dextrinized 
bread,  creamed  chipped  beef,  fi-esh  or  smoked  fish ;  a 
cereal  with  a  liberal  supply  of  milk,  e.g.,  a,  pint,  and  little 
or  no  sugar,  may  prove  an  acceptable  meal. 

Dinner,  which  should  be  taken  at  noon,  may  con.sist  of 
a  clear  soup,  or  cream  of  potatoes  or  similar  nutritious 
vegetable ;  macaroni  and  cheese,  or  some  form  of  meat, 
furnishing  the  nitrogenous  element.  The  starchy  food 
should  be  confined  to  one  vegetable,  and  it  may  be 
steamed  rice,  a  small  potato,  or  spinach  after  it  hasbcen 
passed  through  the  colander.  Junket,  corn  starch,  or 
apple  tapioca  may  be  eaten  as  dessert. 

For  supper  milk,  milk  jelly,  Bartholow's  food,  or  a 
cereal  will  be  suitable.  If  the  patient  is  expending  con- 
siderable energy,  some  cold  boiled  ham,  tongue,  or  sar- 
dines may  be  allowed. 

Beverages, — It  is  best  to  withhold  the  use  of  tea  and 
coffee  and  reserve  the  therapeutic  effect  of  these  bever- 
ages for  the  favorable  influenee  they  exercise  on  the  par- 
oxysm. Water  is  not  to  be  taken  with  meals  except  in 
the  smallest  quantities, 

Patty,  fermentable,  bulky  foods  are  to  be  avoided. 
Should  the  case  present  an  excess  of  uric  acid  in  the 
urine,  the  diet  should  be  confined  to  "  uric  acid -free  " 
substances.  The  diet  composed  of  "uric-acid-free  "  sub- 
stances is  worth  an  extended  trial.  In  so  many  instances 
the  paroxysms  occur  on  Sunday  night,  that  one  is  forced 
to  recognize  the  probability  of  the  increased  intake  of 
food  and  the  diminished  expenditure  of  force  on  that 
day  as  bearing  a  causal  relationshiia  to  the  development 
of  these  attacks.  These  patients  may  take  the  follow- 
ing foods:  White  meat  of  fish  and  chicken,  beef  soup, 
scraped,  pounded,  or  chopped  beef,  eggs  slightly  cooked, 
green  vegetables  free  from  oxalates,  coffee,  and  water  in 
moderation.  The  carbohj^drates  should  be  confined  to 
one  variety  with  any  one  meal,  and  this  one  should  be  a 
form  of  easily  digested  starch. 

Asthmatic  patients  should  avoid  coarse  fermentable 
foods — indeed,  an  excess  of  any  kind  of  food ;  fats  should 
be  avoided,  or  taken  in  the  form  of  butter.  Malt  liquors 
should  not  be  taken. 

Pneumonia. — In  this  disease  the  only  necessary  modi- 
fication of  the  diet  suited  to  an  acute  fever  is  the  curtail- 
ing of  the  considerable  quantity  of  fat  likely  to  be  pres- 
ent in  the  cream  associated  with  the  milk  which  consti- 
tutes such  a  diet.  When  it  is  remembered  that  fats  are 
carried  directly  to  the  lungs,  where  their  oxidation  occurs, 
it  will  be  appreciated  that  they  should  be  withheld,  and 
the  acutely  inflamed  lungs  spared  the  effort  incident  to 
the  combustion  of  fat. 

In  the  puny  youth,  or  decrepit  old  patient,  the  nutri- 
tive worth  of 'the  milk  may  have  to  be  increased  by  com- 
bining with  it  strained  gruels  of  arrowroot,  barley,  oat- 
meal, or  corn  starch. 

Pleurisy tcitJi  Effusion.— " A.  dry  diet"  suggests  the  ob- 
ject sought  in  the  effort  to  influence  this  condition  by 
means  of  food.  The  amount  of  fever  present  will  deter- 
mine the  extent  to  which  the  exclusion  of  liquids  may 
be  pushed.  A  diet  made  up  largely  of  scraped  beef, 
minced  chicken,  cereal  foods,  cheese,  macaroni,  ver- 
micelli, curds  and  toasted  bread,  will  most  favor  the  ab- 
sorption of  the  exudate,  and  should  be  emplo}red  if  not 
eontraindicated  by  other  conditions  present.  Vegetables 
containing  a  large  percentage  of  water,  such  as  potatoes, 
beets,  tomatoes,  etc,  are  objectionable, 

Pulriwnary  Tuber culogis.— The  diet  should  be  adapted 


respectively  to  each  one  of  the  three  periods  of  the  dis- 

In  the  firsi;  stage  any  combination  of  foods  that  will 
bring  the  patient  to  a  higher  nutritive  level,  giving  most 
fat  and  a  corresponding  improvement  in  the  blood  with 
a  mnumum  expenditure  of  energy  in  digestins;  the  food 
IS  ItfSt  suited  to  tlie  condition. 

Forced  feeding— mad(;  possible  by  tlie  use  of  bitter 
tonics  or  the  employment  of  a  stomach  tube— is  to  be 
einployedso  long  as  it  does  not  excite  gastric  catarrh 
I*  ats  are  of  prime  importance,  and  may  be  given  in  vari- 
ous forms:  for  example,  butter,  thicklv  spread  upon 
gluten  or  whole- wheat  bread  or  biscuit,  "or  upon  meats 
and  m  every  possible  form;  cream  in  as  large  quantities 
as  can  be  digested ;  fat  of  roasted  or  of  broiled  meats- 
and  meats  containing  large  quantities  of  fat,  e.g.,  game 
and  squ,abs.  It  is  reasonable  to  attribute  a  part  of  the 
value  of  fats  in  these  cases  to  the  exercise  given  the 
lungs,  although  their  primary  function  as  nutriment 
should  not  be  lost  sight  of. 

Milk,  if  sound,  is  second  to  no  other  food  in  these 
cases.  It  should  be  given  in  every  possible  form— whole, 
skimmed,  buttermilk,  koumys,  matzoon,  zoolak,  cottage 
cheese,  cream  cheese,  junket,  bonny  clabber,  puddings, 
and  in  every  possible  combination  that  may  prove  pala- 
table. 

Red  and  dark  meats  are  preferred  because  the  fat  is 
contained  between  the  fibres,  and  is  more  accessible  than 
when  it  forms  a  separate  layer,  as  in  the  case  of  white 
meats.  Roasts,  steaks,  chops,  beef  chopped,  scraped,  or 
pounded,  beef  juice  or  nutritive  beef-tea,  beef  with 
minced  celery,  or  with  pine  nuts,  onions  or  other  season- 
ing to  stimulate  digestion  and  aid  nutrition,  are  of  the 
utmost  value. 

Eggs  in  any  one  of  the  five  hundred  ways  in  which 
they  may  be  prepared  are  of  especial  value.  The  large 
percentage  of  oil  contained  in  the  yolk,  and  the  easy  di- 
gestibility of  the  albumen,  make  them  an  important  food. 
The  dried  white  of  egg  may  be  added  to  broths  and 
soups,  and  in  this  way  a  large  number  of  eggs  may  be 
consumed  in  a  day. 

The  cereals  and  more  easilj^  digested  forms  of  starch 
are  best  suited  to  furnish  the  carbohydrate  element  of 
the  food.  Fermentable  foods,  as  hot  bread,  starches,  and 
pastry  are  to  be  avoided.  Malt  extracts  are  serviceable 
as  aids  to  digestion.  There  are  numerous  "  diet  cures  " 
for  tuberculosis  and,  as  in  most  instances,  the  multiplic- 
ity proves  the  inefiieiency  of  any  one  system. 

In  the  second  stage  of  the  disease  the  same  dietary  will 
be  suitable,  if  care  is  taken  to  restrict  the  food  requiring 
the  most  active  digestive  processes  to  the  periods  when 
the  patient  has  the  least  fever.  Regard  must  also  be  paid 
to  the  catarrhal  condition  of  the  digestive  tract,  so  often 
present  in  these  cases. 

In  the  third  stage  of  tuberculosis  the  food  must  be  con- 
tiued  to  the  articles  that  yield  most  nutrition  and  tax  the 
digestion  least.  There  are  numerous  instances  in  which 
patients  with  advanced  tuberculosis  eat  excessive  quan- 
tities of  the  foods  least  adapted  to  their  condition  with 
apparent  impunity.  There  is  no  food  that  will  do  more 
to  prolong  the  life  of  these  cases  than  egg  albumen  in 
large  quantities.  It  seems  to  act  as  pine  shavings  to  a 
nearly  extinct  fire.  The  objection  that  holds  against  the 
administration  of  aleohohc  beverages  in  the  earlier  stages 
of  the  disease  does  not  apply  to  patients  at  this  period. 
Whiskey  and  brandy,  judiciously  administered,  are  of 
positive  value. 

Acute  Infectio'UK  Diseases.— Groves  secured  immortality 
by  the  request  that  "I  fed  fevers"  should  be  his  epitaph. 
The  careful  adjustment  of  food  to  the  febrile  condition 
would  be  a  better  reason  for  grateful  remembrance. 
There  can  be  no  doubt  but  that  much  harm  may  be  done 
by  allowing  a  too  extensive  dietary  to  fever  patients.  It 
is  only  by  keeping  in  mind  certain  well-established  con- 
ditions that  we  are  enabled  properly  to  appreciate  the 
dietetic  indications,  ,        „  ,    ^    . , 

1,  In  fever  there  is  e.ixessive  destruction  of  the  fluids  and 
tissues  of  the  body. 
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(„)  Tlic  loss  of  albuminoid  is  greatest.  It  is  indicated 
in  the  increased  e.xcretion  of  urea,  and  is  measured  by  the 
musfidar  wasting  and  debility.  ,  ,      i, 

Ij)  The  destrurtion  of  fat  is  evidenced  by  the  emacia- 
tion and  tlie  increased  excretion  of  CO2. 

r)  There  are  marked  changes  in  the  cximposition  and 
ouantity  of  the  liquitl  elements  of  the  body. 
^  2   The  digestive  and  amimiMiee  procmes  are  peneHe< 

(a)  Gastric  digestion,  which  is  chiefly  concerned  in  he 
utilization  of  albuminous,  and  to  a  minor  degree  of  the 
fatty  foods,  is  usually  the  function  most  seriously  in- 
volved. ,  ,    ,        1  ti  ,   ,..,,. 

lb)  Intestinal  digestion  is  less  perverted  and  tht  car- 
bohydrates and  fats  are  more  available  for  food  purposes, 
provided  they  are  given  in  liquid  form. 
There  is  therefore,  need  to  adjust  the  dietary  with  ref- 
erence to  the  affected  part,  and— according  to  our  esti- 
mate of  the  ability  of  these  respective  parts  to  perform 
their  functions— to  give  foods  which  require  either  chietly 
a  gastric  digestion  or  chiefly  an  intestinal  digestion. 

The  excessive  destruction  of  albuminous  tissue,  with 
the  attendant  increase  in  the  urea  to  be  eliminated,  should 
make  us  watchful  that  there  is  no  failure  to  excrete 
these  products  of  nitrogenous  waste. 

3.  Adjustment  of  food  to  the  existing  conditions. 

(«)  The  food  should  be  fluid ;  solid  food  frequently  ex- 
cites nausea  and  vomiting, 

(b)  It  should  besutficicnt  to  equalize  a  part  of  the  com- 
bustion coincident  with  the  fever.  This  may  be  accom- 
plished by  supplying  ■. 

(a)  Albuminous  food  in  the  form  of  milk,  meat  broth, 
or  egg  albumen. 

(/3)  Carbohydrate  in  the  form  of  strained  gruel,  toast, 
barley  water,  or  some  similar  diluent  and  nutritive 
liquid. 

()■)  Fat  must  not  be  given  in  greater  quantities  than  is 
present  in  the  cream  of  whole  milk. 

There  are  two  conditions  constantly  present  in  febrile 
processes:  first,  increased  combustion,  and  second,  di- 
minished assimilation. 

When  the  excessive  C£uantity  of  food  required  to  fur- 
nish heat  for  one  degree  of  bodily  temperature  is  taken 
into  con.sideration,  it  is  manifest  that  we  cannot  hope  to 
give  sutHcient  food  lo  compensate  for  the  destruction  of 
tissue  resulting  fi-om  the  febrile  process.  Our  aim  should 
therefore  be  to  give  nourishment  in  a  form  that  will  tax 
least  the  enfeebled  digestive  organs,  and  that  may  be 
most  readily  assimilated. 

The  digestive  juices  are  scantiest  when  the  fever  is 
highest,  therefore  adjust  the  administration  of  the  most 
nutritive  food  to  the  time  when  the  temperature  is  near- 
est normal,  e.g.,  in  the  morning  and  at  noon,  in  a  case  of 
phthisis.     The  selection  of  food  will  be  influenced  by : 

1.  The  age  of  the  patient.  For  puny,  badly  nourished 
children  and  feeble,  aged  patients,  a  persistent  effort  must 
be  made  to  maintain  the  strength  of  the  patient, 

2.  The  severity  of  the  fever.  An  acute  self-limiting 
fever  in  a  robust  individual  warrants  less  anxiety,  and 
less  urgently  demands  the  ingestion  of  a  considerable 
quantity  of  nourishment.  A  high  temperature  for  a 
protracted  period  demands  a  commensurate  intake  of 
nutriment. 

3.  The  condition  of  the  digestive  and  excretory  organs 
Ihe  diet  should  be  entirely  liquid,  or  semi-solid",  accord- 
ing to  the  estimated  condition  of  the  digestive  functions 
In  the  exanthematous  diseases,  in  which  the  kidnevs  mav 
become  acutely  involved,  an  exclusive  milk  diet 'should 
be  instituted. 

ililk  must  be  given  first  place  as  the  fond  suitable  for 
nounshm-  the  sick.     The   curd   must  be  modified  In- 

eans  „t  some  of  the  methods  previously  indicated.  ThV 
nroln,  '^'S'^ff'l^^  "y  m"yi>e  changed  by  the  addition  of 

■d  iterw^nlf  T  ^'','';"™  "^  '^Se  ^""""^■"  «"d  carbo- 
to  the  mefe  "  T^  ''"  ^'^™  '°°'  '"'  ''''™  acc,.r,ling 
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should  be  kept  separate  from  that  used  for  other  pur- 
poses, so  that  the  quantity  used  in  a  day  may  be  accu- 
rately determined.  The  evacuations  should  be  studied 
to  detect  any  evidences  of  failure  to  digest  the  fat  or 
casein  of  the  milk. 

Meat  should  be  given  in  a  form  that  will  prove  accept- 
able to  the  patient.  Clear  bouillon,  nutritive  beef-tea, 
beef  juice,  or  scraped  beef  must  be  selected  according  to 
the  patient's  taste  and  digestive  power,  and  the  stage  of 
the  fever. 

Eggs  will  be  found  most  valuable  if  only  the  whites 
are  used.  The  yolks,  however,  are  of  service  when  con- 
valescence is  established  and  oils  can  be  digested.  They 
should  be  slightly  cooked  at  a  temperature  not  exceeding 
180°  P. 

Gelatin  preparations  are  regarded  as  "albumen-sparing 
foods."  and  may  be  secured  in  the  form  of  gelatin,  blanc 
mange,  broniangelon,  calves'-foot  jelly,  chicken  jelly, 
wine  jelly,  milk  jelly,  and  similar  preparations. 

In  those  cases  in  which  a  carbohydrate  is  desired,  a 
strained  cream  of  potatoes,  peas,  beans,  asparagus,  and 
similar  vegetables  may  be  employed.  Cereals  and  light 
puddings,  or  custards,  may  be  used. 

Beverages. — First  and  of  greatest  importance  is  water, 
given  in  the  largest  quantity  possible  without  exciting 
nausea.  If  there  is  irritability  of  the  stomach,  a  simple 
carbonated  water,  or  one  combined  with  cracked  ice  and 
a  few  drops  of  brandy,  may  be  found  superior  to  cham- 
pagne in  allaying  the  nausea.  Lemonade,  prepared  by 
u.sing  boiling  water  and  straining  after  it  has  cooled,  will 
be  accepted  by  certain  patients  who  cannot  take  it  when 
prepared  in  the  ordinary  way.  Dilute  phosphoric  or 
hydrochloric  acid  will  be  well  received  in  some  cases. 
The  use  of  egg,  barle}',  rice,  oatmeal,  com,  toast,  and 
similar  waters,  will  each  in  turn  be  found  of  utilit3\  Tea 
and  coffee,  without  sugar  or  cream,  are  not  used  as  often 
as  they  might  be  in  cases  in  which  the  contained  alkaloids 
would  not  be  objectionable.  They  have  the  additional 
advantage  of  possessing  distinct  therapeutic  properties. 

Alcoholic  liquors  are  to  be  used  only  when  a  positive 
indication  for  them  exists.  They  are  valuable  as  foods 
and  beverages,  and  require  the  minimum  degree  of  ef- 
fort upon  the  part  of  the  digestive  organs  to  utilize  them. 
But  they  are  not  to  be  administered  in  doses  larger  than 
may  be  required  to  produce  an  odor  in  the  breath  some 
time  after  their  ingestion.  So  long  as  the  feebleness,  rest- 
lessness, or  sleeplessness  is  favorablj'  influenced  b_v  their 
use,  we  may  know  they  are  doing  g(;od.  The  form  in 
which  they  are  exhibited  is  less  important  than  is  the 
purity  of  the  beverage  and  the  efl'ect  produced.  In 
America  whiskey  is  most  used.  All  forms  of  alcoholic 
stimulants  are  less  used  than  formerly. 

Typhoid  Fecer. — Milk  is,  without  question,  the  food 
best  suited  to  these  cases.  This  is  true  tor  the  following 
reasons:  (1)  It  is  a  com]dete  and  sufticient  food  ;  (2)  it  is 
most  easily  digested;  (3)  it  is  acceptable  to  almost  all 
patients;  (4)  it  is  available,  and  its  purity  is  easily  deter- 
mined; (5)  it  is  easily  moditied  as  to  taste,  curd,  and 
proportion  of  any  constituent ;  (6)  the  dosage  is  easily 
regulated;  (7)  it  furnishes  a  food  which  is  both  diuretic 
and  dilueut. 

So  far  as  can  be  determined  milk  is  the  food  best 
adapted  for  the  human  race  at  all  ages  and  in  all  condi- 
tions. The  somew  hat  prevalent  idea  that  a  considerable 
number  of  |)atients  cannot  digest  milk  is  not  fcuinded 
U110U  fact,  the  ililliculty  being  due  rather  to  individual 
lieculiaiity  of  taste  than  to  inability  to  digest  the  milk 
The  cases  of  illness  in  which  milk  cannot  be  made  the  ex- 
clusive diet,  if  the  patient  is  so  inclined,  must  be  rare. 
The  milk  maybe  made  more  acceptable  by  modifying 
the  taste  and  curd,  by  diluling  to  the  extent  of  one  part  of 
milk  to  four  of  water,  by  feeding  through  a  tube  or  giv- 
ing a  teaspoonful  every  minute  for  eight  minutes  of  each 
hiuii',  by  having  the  patient  take  it  froin  a  porcelain  drink- 
ing-cup  and  preceding  and  following  it  with  a  tongue 
bath.  If,  after  iiersisteut  efforts  of  this  sort,  the  patient 
is  still  unable  or  unwilling  to  take  milk,  it  may  be  neces- 
sary to  give  it  as  whey  or  junket,  or  it  may  be  pepto- 
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U17AHI,  or  SHlhcient  oyster  or  clam  juice  may  be  added  to 
it  to  impart  a  distinctive  flavor.  Tlie  failure  of  tlie  fore- 
going  methods  for  the  administration  of  milk  may  neces- 
sitate the  emiiloyment  of  nutritive  beef-tea,  or  manufac- 
tured beef  preparations,  the  precaution  being  taken  to 
ascertain  that  they  possess  albuminous  worth. 

Egg  water,  prejiared  by  adding  eight  ounces  of  water 
to  the  white  of  one  egg,  is  serviceable.  Sherry  or  lemon 
peel  or  juice  may  be  added  to  impart  flavoi-. 

The  quantity  "of  milk  to  be  given  to  a  patient  must  be 
determined  for  each  particular  case.  Ordinai-ily,  thi-ee 
pints  in  twenty-four  hours  is  regarded  as  sudicient  for 
the  adult  who  is  confined  to  bed  with  an  acute  illness. 
If  the  patient  is  given  six  ounces  of  milk  every  two 
hours,  from  7  a.m.  to  7  p.m..  and  two  feedings  of  six- 
ounces  each  during  the  night,  he  will  receive  three  pints 
in  twenty-four  hours  ;  or  if  eight  ounces  be  given  every 
three  hours  during  the  day,  and  twice  during  the  night, 
the  same  amount  will  be  ingested.  This  plan  insures  the 
administration  of  the  quantity  determined  upon  as  de- 
sirable. 

The  evacuations  should  be  watched,  and  the  presence 
of  curds  or  globules  of  oil  would  demand  respectively 
either  the  lessening  of  the  quantity  of  milk  or  the  ren- 
dering of  the  curds  smaller,  and  diminishing  the  quantity 
of  cream  contained  in  the  milk. 

Constipation  will  be  less  annoying  if  large  quantities, 
i.e.,  five  pints  or  more,  of  water  are  given  daily. 

Hemorrhage,  or  perforation,  will  make  it  advisable  to 
withhold  all  milk  and  give  meat  juice  only  ;  a  half-ounce 
may  be  given  every  hour  or  two.  When  we  remember 
that  six  ounces  of  meat  juice  represent  the  liquid  element 
of  one  pound  of  beef,  it  will  be  appreciated  that  the  pa- 
tient is  being  sufficientlj'  nourished.  The  beef  juice  is 
speedilj'  absorbed,  and  leaves  so  little  residue  that  there 
is  no  need  to  have  a  bowel  movement  until  a  sutHeient 
time  has  elapsed  for  the  bleeding  point  to  have  healed. 

If  we  remember  that  the  stomach  is  the  first  to  recover 
its  function,  and  that  it  has  been  least  involved  in  the 
morbid  process,  we  shall  appreciate  the  fact  that  the  die- 
tetic indication  is  to  give  foods  requiring  gastric  rather 
than  intestinal  digestion.  A  safe  and  extensivel}'  adopted 
rule  is  to  give  milk  diet  until  the  temperature  has  Iseen 
normal  for  one  week,  then  to  give  the  wdiites  of  eggs 
raw  or  slightly  cooked.  Foods  such  as  chicken  jelly, 
junket,  pap,  an  entire  egg,  strained  cream  of  potatoes, 
oysters  and  clams,  raw  oj'sters,  ice  cream,  cornstarch,  ar- 
rowroot, egg  custard,  scraped  beef,  baked  potatoes,  and 
similax properly preparef!  good  food,  should  constitute  the 
diet  for  at  least  a  month  after  the  temperature  has  been 
normal. 

Acute  Articular  Rhenmatism. — The  food  suitable  for 
any  acute  febrile  process  will  be  acceptable  in  this  dis- 
ease. The  foods  containing  meat  in  any  form  are  to  be 
curtailed  or  entirely  cut  otf.  Milk  foods  and  cereals  in 
the  form  of  bi'oths"  are  to  be  given.  After  the  fever  has 
subsided  a  greater  variety  of  broths  and  light  custards 
may  be  given.  It  is  preferable  to  secure  the  nitrogenous 
elements  of  the  food  for  these  cases  from  a  vegetable 
source,  unless  it  can  be  given  in  the  form  of  casein. 
Broths  of  oysters  and  clams,  rice  or  barley  soup  with 
chicken,  or  egg  prepared  in  digestible  forms,  may  be 
administered,  unless  they  excite  some  untoward  symp- 
toms. 

Chronic  Articular  Wievnidtism.— The  conditions  de- 
manding dietetic  consideration  are  similar  to  those  pres- 
ent in  gout,  and  the  diet  outlined  for  that  disease  will 
serve  in  this  instance  (vide  section  on  Gout). 

Oout.—Vnder  this  head  are  included  Lithoimia,  Urie- 
aeidwmia.  Gall  Stones,  and  Renal  Calculi. 

Without  entering  into  a  consideration  of  the  identity 
of  the  pathology  of  these  diseases,  it  may  be  confidently 
asserted  that  the  dietetic  treatment  for  all  is  so  similar 
that  they  may  be  considered  at  the  same  time.  It  is  well 
to  remember 'in  this  connection  that  in  these  cases  "there 
is  a  want  of  balance  between  the  intake  of  food  and  the 
power  of  the  body  to  oxidize  and  utilize  it.'|  Here,  as 
in  so  many  conditions,  the  disease  is  not  limited  to  one 


organ  Imt  is  the  result  of  an  inability  of  all  organs  con- 
cerned in  food  elaboration.  The  end  product  of  albu- 
minoid digestion  in  these  cases  is  uric  acid  which  is  de- 
cidedly less  soluble  than  the  urea  which  should  be  the 
form  m  which  the  excretion  occurs.  The  dietetic  indica- 
tion in  these  eases  is  to  administer  the  food  most  favor 
able  to  the  maintenance  of  the  alkalinity  of  thi..  ))lood 
thus  preserving  its  solvent  power.  Ready  and  complete 
(bgestibihty  and  assimilability  of  the  food  administered 
must  always  be  given  consideration.  Moderation  is  a 
watchword  for  all  these  cases.  The  food  must  he  ad j  usted 
to  the  age  and  occupation  of  the  individual.  A  vegetable 
diet  is  one  most  favorable  to  these  conditions,  and  yet  it 
would  be  a  serious  mistake  suddenly  to  change  the  dietary 
of  an  individual  from  one  made  up  chiefly  of  meat  to  one 
entirely  compo,sed  of  vegetables.  The  red  meats  are  es- 
pecially concerned  in  the  causatioQ  of  the  conditions  un- 
der consideration,  and  should  therefore  be  replaced  to  a 
greater  or  less  extent,  according  to  the  amount  of  work 
being  expended,  with  the  white  meat  of  fowls  and  fishes. 
What  will  prove  more  efficacious  in  a  considerable  num- 
ber of  cases  is  to  have  the  patient  adopt  a  diet  from 
which  meat  is  entirely  eliminated. 

There  is  great  need  of  a  more  extensive  and  accurate 
study  of  the  causal  relationship  existing  between  food 
and  the  conditions  conveniently  grouped  under  the  des- 
ignation "  litha?mia. "  Two  propositions  that  seem  almost 
axiomatic  may,  however,  be  stated:  first,  most  individ- 
uals eat  too  much  food,  and  second,  most  Americans  eat 
too  much  meat.  It  is  surprising  what  a  small  amount  of 
food  will  prove  sufficient  for  the  demand  of  the  system 
after  maturity  has  been  attained.  A  close  adherence  to 
the  rule  that  permits  enough  food  to  satisfy  positive 
hunger  and  no  more  is  the  price  of  comfort  for  many 
lithfemia  patients.  Fothergill  expresses  this  idea  when 
he  says,  "there  is  no  nice  way  of  having  gout,  and  what 
is  worse,  there  is  no  pleasant  way  of  avoiding  it." 

The  dietetic  treatment  will  have  to  be  adapted  to  the 
stage  of  the  disease.  During  the  acute  manifestation  of 
the  disease  none  but  the  lightest  nourishment  should  be 
given.  Diluent,  diuretic,  and  diaphoretic  drinks,  milk 
diluted  with  carbonated  water,  thin  oatmeal  gruel,  or 
similar  preparations,  .should  he  given.  Hot  drinks  are 
indicated. 

The  interval  between  the  acute  manifestations  offers  the 
most  favorable  opportunitj'  for  influencing  the  disease. 
The  greater  facility  with  which  we  secure  complete  me- 
tabolism of  a  meal  composed  of  one  or  two  simple  foods, 
selected  with  a  view  of  securing  a  complete  food,  would 
make  it  advisable  to  adopt  this  method  in  arranging  the 
dietary  for  these  cases.  The  plan  pursued  in  the  meal 
composed  of  .several  courses  is  intended  to  stimulate  the 
appetite,  with  the  result  that  the  digestive  and  assimila- 
tive powers  of  the  individual  are  frequently  overwhelmed 
with  uric  acid,  which  the  organs  concerned  are  unable  to 
excrete,  and  au  acute  paroxysm  of  gout  results.  The 
nitrogenous  element  of  the  tbod  for  these  cases  may  be 
derived  from  whole  milk  rather  than  from  skimmed  milk, 
■which  contains  a  larger  percentage  of  albuminoid.  If 
whole  milk  cannot  be  digested,  it  is  better  that  it  .should 
be  diluted  with  alkaline  water  than  to  have  it  skimmed. 
The  fat  contained  in  the  cream  is  of  service  in  lessening 
the  amount  of  carbohydrate  that  would  otherwise  be 
required.  Milk  is  of  further  advantage  from  the  fact 
that  it  will  not  yield  uric  acid  in  the  same  measure  as  do 
most  other  nitrogenous  foods. 

In  those  instances  in  which  a  meat-free  diet  is  not  to  be 
insisted  upon,  oysters  and  clams  may  be  used  in  a  great 
variety  of  ways,  and  their  preparation  enables  us  to 
introd'nce  large  quantities  of  milk  and  water  into  the 
system.  Fish  of  almost  any  variety,  excepting  the  indi- 
gestible forms,  represented  by  those  containing  a  large 
percentage  of  oil,— e.g.,  mackerel,  herring,  eels,— are  per- 
missible. 

The  white  meat  of  fowls  may  be  prepared  in  a  great 
variety  of  ways,  ranging  from  broths  to  the  minced  meat 
made  'into  panada,  or,  if  the  digestive  power  will  permit, 
it  may  be  given  roasted,  broiled,  or  stewed. 
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E^gs  slight!}'  cooked  may  be  used,  and  if  they  are 
found  unsuited  as  food  for  these  oases,  it  will  probably 
lie  the  yolk  that  has  disagreed,  because  of  the  large 
amount  of  fat  contained  in  it.  The  albumen  of  the  white 
is  very  easily  digested. 

Cheese,  representing  the  albuminous  and  m  some  in- 
stances the  fat  constituent  of  milk,  has  many  of  the  ad- 
vantages possessed  by  milk  as  a  food,  and  may  be  used 
to  furnish  the  albuminous  element  of  the  meal.  There  is 
less  likely  to  be  indigestion  from  its  u.se  if  meat  is  ex- 
cluded from  the  meal,  of  which  cheese  is  to  furnish  the 
nitrogenovis  element.  The  constipation  ,so  frequently 
associated  with  the  diet  into  which  cheese  enters  is  less 
troublesome  if  cream  cheeses  are  taken.  The  ability  to 
digest  different  varieties  of  cheeses  varies  with  the  indi- 
vidual patients.  Sometimes  it  is  necessary  to  begin  the 
use  of  cheese  in  the  dietary  by  administering  casein  in 
the  form  of  junket,  then  cottage  cheese,  Neufchatel,  or 
some  similar  cheese  rich  in  cream.  It  not  infrequently 
requires  time  and  persistent  effort  before  it  can  become  a 
considerable  element  in  the  dietary  of  certain  individuals. 
If  we  desired  to  give  a  cheese  poor  in  fat  and  rich  in 
casein,  we  should  select  the  Parmesan  cheese.  This 
variety  may  be  added  to  broths,  after  it  has  been  grated, 
to  increase  their  nutritive  worth,  or  it  may  be  made  into 
sandwiches,  and  if  whole  wheat  or  gluten  bread  be  used, 
there  will  be  secured  in  such  a  comliination  a  food  con- 
taining a  large  nitrogenous  element.  Cheese  is  said  to 
be  three  times  as  nutritious  as  meat.  One  has  only  to 
remember  how  largely  this  form  of  food  takes  the  place 
of  meat  in  almost  every  country  except  America,  and 
to  contrast  the  infrequent  use  of  it  in  this  role,  to  realize 
to  what  great  extent  meat  enters  into  the  dietary  of  the 
Americans. 

Pats,  in  moderation,  serve  a  useful  purpose  in  the 
dietary  of  these  cases.  Any  evidence  of  inabilit_y  to 
digest  them  may  be  regarded  as  a  contraindication  to 
their  use. 

Sugars,  just  as  fats,  are  permissible  to  a  limited  extent. 
They  must  not  be  taken  in  quantities  sufficient  to  excite 
indigestion  or  to  favor  the  development  of  corpulency. 
So  far  as  sugars  and  fats  can  be  utilized  as  heat  and  force 
producers,  they  do  good;  more  than  sufficient  for  this 
purpose  should  not  be  ingested. 

The  vegetable  element  of  the  meal  should  be  made  up 
of  one,  or  at  most  two,  vegetables.  If  the  nitrogen  re- 
quired is  supplied  in  the  form  of  meat,  milk,  or  cheese, 
then  the  vegetable  had  better  be  one  composed  chiefl}'  of 
starch,  e.g.,  potatoes  or  rice.  When  peas  or  beans  are 
used  the  contained  nitrogen  will  furnish  a  portion  of  that 
required  for  the  meal. 

The  green  vegetables,  so  long  as  they  do  not  excite  in- 
digestion by  reason  of  their  bulk  and  woody  fibre,  are 
allowable. 

Cereals,  when  properly  prepared  and  thoroughly  in- 
salivated, may  form  a  part  of  the  morning  and  Evening 
meal. 

Macaroni  and  vermicelli,  arrowroot,  corn  starch  and 
bread,  offer  convenient  and  digestible  forms  of  starchy 
food. 

Fruits  suitable  to  these  cases  must  be  neither  too  sweet 
nor  too  tart. 

All  forms  of  food  for  these  patients  must  be  studied 
with  reference  to  the  effect  produced  on  each  case.  The 
more  nearly  we  accurately  estimate  the  need  and  ability 
of  a  given  case  to  metabolize  various  kinds  and  quanti- 
ties of  foods,  the  more  likely  we  are  to  get  satisfactory 
results. 

Beverages.— Water  stands  first,  and  might  with  ad- 
vantage be  made  the  exclusive  drink.  Water,  plain  or 
medicated,  hot  or  cold,  should  be  u.sed  in  large  quantities 
to  secure  its  mechanical  and  solvent  effect  upon  the  ex- 
cretions. The  most  favorable  time  for  its  ingestion  is 
a  half-hour  or  an  hour  before,  or  several  hours  after  a 
meal. 

Tea,  coffee,  cocoa,  cider,  port,  champagne,  and  malt 
beverages  are  not  usually  permissible.  For  those  who  re- 
quire It,  a  hglit  wine,  poor  in  sugar  and  alcohol,  if  diluted 
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with  carbonated  water,  may  be  administered.  Moselle, 
Bordeaux,  claret,  or  Hungarian  wines  are  permissible. 

If  a  spirituous  liquor  is  required,  whiskey,  brandy,  or 
gin,  well  diluted,  may  be  given. 

The  foods  prohibited  are  those  containing  oxalic  acid 
in  considerable  amount,  e.g.,  rhubarb,  spinach,  tomatoes, 
asparagus,  sorrel,  and  radi.shes;  neither  must  patients 
take  spiced  or  dried  meats,  pork,  bacon,  veal,  game,  eels, 
mackerel,  salmon,  or  lobster,  or  rich  gravies,  pastries,  and 
candies. 

Diabetes. — The  dietetic  treatment  of  this  condition  de- 
mands a  painstaking  and  systematic  estimate  of  the 
amount  of  sugar  being  eliminated  by  the  patient.  There 
is  no  other  disease  in  which  the  relation  of  diet  to  the  ac- 
tivity of  the  morbid  process  is  so  intiinate.  Anything  less 
than  the  most  detailed  attention  to  the  ingestion  of  food, 
and  the  excretion  of  sugar  in  the  urine,  is  an  act  of  cen- 
surable neglect.  It  can  be  readily  appreciated  that  the 
selection  of  alimentary  substances  is  of  no  more  impor- 
tance than  their  proper  preparation.  A  condition  de- 
manding, for  a  protracted  period,  a  diet  composed  of 
articles  from  which  an  entire  class  of  foods — i.e.,  carbo- 
hydrates— must  be  eliminated  requires  the  greatest  skill 
and  ingenuity  on  the  part  of  the  one  to  whom  the  prepa- 
ration of  the  food  is  entrusted.  It  is  not  enough  to  hand 
to  a  patient  suffering  with  this  disease  a  list  of  the  foods 
allowed  and  those  to  be  omitted.  Here,  more  than  in  any 
other  condition  requiring  dietetic  direction,  is  there  need 
to  demonstrate  to  the  patient  the  possibilities  of  the  cur- 
tailed regimen  permitted  him.  There  must  be  a  thorough 
understanding  between  the  doctor  and  the  cook  as  to  what 
is  to  be  attempted,  and  that  the  starches  and  sugars  are 
not  to  gain  entrance  into  the  dietary  in  any  form.  For 
instance,  it  would  not  be  permitted  to  use  wheat  flour 
as  a  thickening  in  soups  when  we  had  forbidden  wheat 
bread  in  order  to  eliimnate  starch. 

Before  beginning  the  dietetic  treatment  of  this  disease 
certain  facts  should  be  determined  as  a  result  of  observa- 
tions extending  over  several  da3'S.  The  quantity  of  urine 
voided  and  the  percentage  of  sugar  contained  in  it;  the 
diet  yielding  these  figures ;  the  weight  of  the  patient  and 
his  strength,  as  evidenced  by  tests  with  the  dj^namome- 
ter  or  graduated  work;  all  require  careful  consideration. 
After  this  has  been  done  the  capacity  of  the  organism 
to  metabolize  carbohydrates  should  be  determined.  The 
plan  suggested  by  von  Noorden,  according  to  which  the 
patient  is  gradually  placed  upon  a  standard  diet,  may 
be  recommended  (Yeo,  "Pood  in  Health  and  Disease,"" 
p.  376). 

Von  Noorden 's  Standard  Diet. — After  the  carbohydrate 
element  of  the  diet  has  been  gradually  reduced  the  fol- 
lowing diet  is  administered: 

Breakfast:  Tea,  5  gm.  infused  in  water  200  c.c. ;  ham, 
150  gm.  ;  one  egg. 

Lunch :  Cold  roast  beef,  200  gm.  ;  cucumber,  60  gm. 
with  vinegar  (.5  gm.),  olive  oil  (10  gm.),  salt  and  pepper 
(to  season);  ApoUinaris  water,  400  c.c.  with  brandy  (20 
cm.);  coffee,  without  milk  or  sugar. 

Dinner:  Clear  bouUion,  300  c.c. ;  beef,  250  gm. ;  butter, 
10  gm.  ;  green  salad,  80  gm.  ;  vinegar,  10  gm.,  and  olive 
oil,  20  gm.  ;  sardines,  "3;  ApoUinaris,  400  c.c,  with 
brandy,  20  c.c. 

Supper:  Two  eggs;  Seltzer  water,  400  c.c. 

This  diet  contains  about  204  gm.  of  albumin,  135  gm.  of 
fat,  and  no  carbohydrate.  It  is  to  be  continued  until 
there  is  an  absence  of  sugar  from  the  urine  in  the  one  in- 
stance, or  until  it  demonstrates  the  amount  of  sugar  being 
formed  despite  the  absence  of  carbohydrate  in  the  food 
ingested.  This  method  yields  a  basis  for  the  classifica- 
tion of  these  cases,  and  is  of  further  advantage  in  ena- 
bling us  to  determine  the  ability  of  the  economy  to  metab- 
olize varying  amounts  of  carbohydrates  in  those  cases 
in  which  there  was  an  absence  of  sugar  from  the  urine 
after  the  patient  had  been  upon  the  "standard  diet"  for 
a  sufficient  length  of  time.  A  patient  whose  urine  shows 
no  sugar  for  several  days  as  a  result  of  the  carbohydrate- 
free  diet,  is  allowed  some  form  of  starch,  in  gradually 
mcreasing  quantities,  until  sugar  reappears  in  the  urine. 
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The  following  formula  will  then  express  his  power  to 
metabolize  starch :  tolerance  to  starch  =  standard  diet  + 
X  grains  of  starch. 

The  gravity  of  the  disease  is  proportionate  to  the 
amount  of  sugar  persisting,  notwithstanding  the  admin- 
istration of  the  "  standard  diet."  In  the  cases  in  which 
sugar  appears  in  the  urine  despite  this  diet,  we  are 
given  a  measure_^of  the  transformation  of  the  albuminoid 
tissues  and  fats  into  sugar. 

The  iudications  in  regnlating  the  diet  of  diabetic  patie  nU. 
—In  the  withdrawal  of  the  carbohydrates,  the  economy 
being  denied  the  usual  supply  of  carbon  for  the  produc- 
tion of  heat  and  force,  it  becomes  necessary  to  supply  a 
suffleieut  increase  of  fat  for  this  purpose,  and  greatly  to 
augment  the  intake  of  nitrogenous  food  for  the  same 
purpose.  The  dietary  permissible  to  these  patients  in- 
cludes all  meats,  excepting  liver,  which  latter,  because 
of  its ccmtained  glycogen,  is  not  suitable;  and  fats,  wliich 
are  called  the  sheet  anchor  by  von  Noorden,  and  which, 
in  addition  to  their  nutritive  worth,  are  esteemed  because 
they  tend  to  produce  a  feeling  of  satiety,  and  thus  relieve 
the  distressing  hunger  so  frequently  a  prominent  symp- 
tom in  these  cases.  They  in  a  great  measure  supply  the 
deficiency  of  carbon  resulting  from  the  withdrawal  (if  the 
carbohydrate.  The  administration  of  fat  requires  the 
greatest  care  lest  a  disgust  for  it  be  excited.  It  can  be 
introduced  in  the  form  of  a  thin  la_ver  rolled  in  a  slice  of 
roasted  beef,  or  between  bits  of  broiled  beef ;  as  a  may- 
onnaise dressing  on  various  salads ;  as  butter  spread  very 
thickly  upon  almond  biscuit  or  gluten  bread;  in  the  form 
of  gravy  of  fowls;  in  the  form  of  meats  containing  a 
large  proportion  of  fat,  e.g.,  mackerel,  eels,  blue  tish,  sal- 
mon, sardines,  squab,  and  the  dark  meat  of  fowls;  and 
ripe  olives.  Some  writers  also  allow  pate-de-foie-gras. 
The  problem  of  successfully  feeding  a  diabetic  is  largely 
one  of  skilfully  administering  in  acceptable  manner  the 
various  meats  and  fats.  To  these  articles  may  be  added 
a  moderate  allowance  of  green  vegetables  containing  a 
minimum  amount  of  starch,  and  possessing  vegetalile 
salts,  the  latter  being  of  value  for  antiscorbutic  purposes. 

Meats  may  be  given  in  any  readily  digestible  form, 
such  as  beef  in  the  form  of  broth;  scraped  meat  cakes 
suitably  seasoned,  to  which  maj^  be  added  chopped  al- 
monds, pine  nuts,  or  celery ;  cold  boiled  ham ;  crisp 
broiled  bacon  with  eggs;  chipped  beef  creamed,  or  as  a 
sandwich  with  gluten  crackers  ;  tongue,  kidneys,  tripe, 
sweetbreads,  calves'  brains,  smoked  meats,  and  game  of 
all  kinds. 

Fish  of  all  kinds  may  be  employed,  as,  for  example, 
oysters,  omitting  the  liver;  clams,  lobster,  crabs;  caviare, 
plain,  or  combined  with  a  few  drops  of  grated  onion  in 
the  form  of  a  sandwich  of  gluten  bread  or  diabetic  bis- 
cuit. 

Milk  is  of  service  in  certain  cases,  the  sugar  of  milk 
being  less  Ukely  than  most  other  forms  of  sugar  to  favor 
the  development  of  glycosuria.  Gream  is  of  especial 
utility,  containing  as  it  does  an  albuminoid  and  a  fat. 
It  may  be  given  plain,  combined  with  various  flavors, 
"whipped,  frozen,  or  in  conjunction  with  white  of  egg. 
Skimmed  milk  has  been  urged  by  various  writers,  large 
quantities,  as  much  as  from  nine  to  twelve  pints  daily, 
being  urged  by  Donkin,  who  reports  favorable  results 
from  its  use.  He  points  out  that  in  this  form  milk  offers 
a  concentrated  assimilable  albuminoid.  Part  of  the  milk 
recommended  is  to  be  taken  in  the  form  of  coagulated 
casein.  Koumys,  zoolak,  and  buttennilk  may  be  found 
acceptable  and  unobjectionable  in  certain  instances. 

Cheem  prepared  from  cream  are  less  likely  to  increase 
the  amount  of  sugar  present  than  are  those  prepared  from 
the  whole  milk.  All  forms  of  cheese  may  be  utilized  m 
certain  instances. 

Eggs  offer  an  ideal  food  because  of  the  albuminoid  and 
large  percentage  of  fat  contained  in  the  yolk.  Given 
cooked  or  raw,  with  a  little  salt  to  facilitate  their  diges- 
tion, they  lend  themselves  to  innumerable  methods  of 
preparation,  and  may  be  consumed  in  large  quantities.  ^^ 

Gelatin,   if  regard'ed  as  an   "albumin-sparing   food, 
should  be  of  utility.     It  may  be  given  in  a  great  variety 
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of  ways,  such  as  in  the  foi'm  of  milk  jelly,  blanc  mange 
chicken  jelly,  calvcs'-foot  jelly,  and  similar  prepara- 
tions. 

The  vegetables  %\\()^^\i\<i  comprise  most  of  the  greens- 
lettuce,  cress,  spinach,  cabbage,  asparagus,  onions,  cauli- 
flower, cucumbers,  dandelion;  also  cranberries,  gherkins, 
artichokes,  horseradish,  kale,  green  French  beans,  pick- 
les, carrots.  Potatoes  are  allowed  by  some  as  a  substi- 
tute for  bread,  because  the  percentage  of  starch  contained 
is  sinaller  than  in  ordinary  bread.  If  potato  be  given  in 
the  f(irm  of  a  salad,  with  mayonnaise  dressing  and  onion, 
or  if  it  be  baked  and  butter  and  egg  added,  it  .should  pos- 
sess special  nutritive  worth. 

Fruits  containing  little  sugar,  preferably  tho.se  contain- 
ing it  in  the  form  of  levulose,  are  permissible,  e.g.,  ap- 
ples, strawberries,  gooseberries,  currants,  raspberries, 
sour  oranges,  and  lemons. 

A'(/C,s'  of  all  kinds,  excepting  chestnuts,  may  form  a 
large  element  in  the  dietary.  They  furnish  a  form  of 
food  that  may  be  used  extensively  by  varying  the  method 
of  administration.  If  the  patient  picks  the  nuts  from  the 
shell  he  is  apt  to  enjoy  them  more  and  is  less  likely  to 
partake  of  them  too  freely.  In  other  instances  they  may 
be  administered  after  they  have  been  ground  in  some  one 
of  the  machines  now  upon  the  market  for  this  purpose. 
This  method  of  preparation  overcomes  the  tendency  to 
rancidity  so  pronounced  in  the  nutmeals  upon  the  market. 
Roasted  and  salted  nuts  are  often  particularly  appetizing 
and  sometimes  aid  di,gestion. 

Forbidden  Foods. — The  forbidden  foods  comprise  all 
saccharine  or  starchy  vegetables  and  fruits,  as  well  as 
the  livers  of  animals  and  oysters  Bread  is  not  permitted 
except  in  the  milder  cases,  where  it  should  be  "torrefied  " 
or  twice  baked. 

Gluten  bread  is  certain  to  contain  not  less  than  fifteen 
per  cent,  of  starch,  and  usuallj'  the  amount  is  much 
greater.  It  is  heavy,  and  patients  not  infrequently  re- 
fuse to  eat  it.  It  is  well  to  learn  the  possibilities  of  the 
various  manufacturers'  products  of  biscuit  of  gluten,  al- 
mond meal,  and  similar  food  substances  which  are  likely 
to  contain  less  starch  than  is  contained  in  gluten  bread ; 
they  are  quite  palatable  and  keep  indefinitely. 

The  sweetening  required  is  to  be  secured  by  the  use  of 
saccharin.  This  substance  is  likely  to  excite  indigestion, 
and  must  be  used  in  the  smallest  possible  quantities. 
There  are  tablets  on  the  market  containing  one  grain  of 
saccharin,  which  offer  the  substance  in  a  convenient 
form.  Glj^cerin  is  recommended  for  sweetening  purposes 
by  some  writers. 

Beverages. — If  alcoholic  beverages  are  required  because 
they  have  become  essential  to  the  patient,  they  should  be 
confined  to  a  dry  or  tart  wine,  such  as  Moselle,  claret, 
hock,  or  Burgundy;  brandy,  whiskey,  or  gin  may  have 
to  be  given,  and  all  beverages  should  be  well  diluted 
with  an  alkaline  or  carbonated  water.  Study  the  effects 
of  particular  wines  upon  a  given  ease  and  regulate  their 
administration  accordingly. 

Tea,  Cofilee,  and  Cocoa.  Tea  may  be  given,  prefera- 
bly with  lemon;  coffee,  without  milk  or  cream.  Cocoa 
nibs  and  chocolate  prepared  without  sugar  may  be  used. 
The  ''loater  (■i/j-cs,"  notably  those  of  Carlsbad,  combine 
with  the  therapeutic  effect  of  the  water  administered,  a 
favorable  environment,  a  suitable  adjustment  of  food  and 
exercise,  medicated  baths,  massage,  and  an  absence  of  the 
exciting  causes  that  have  been  potent  as  factors  in  the 
production  of  the  disease. 

For  one  to  whom  so  much  is  denied  it  is  worth  while 
to  consider  the  possibilities  of  a  daily  menu  consisting 
only  of  the  foods  permissible.  Such  a  dietary  would 
comprise  for  one  day : 

Breakfast:  Poached  eggs  and  bacon;  gluten  bread; 
cream  and  hot  water. 

Luncheon;  Cream  of  spinach;  hot  sardines  on  gluten 
biscuit,  garnished  with  lemon  and  parsley;  celery  salad 
with  mayonnaise;  tea  with  lemon. 

Dinner:  Little  Neck  clams;  consomme;  roast  beef; 
asparagus  with  melted  butter;  stewed  onions;  lettuce 
with  French  dressing;  junket;  cofEee. 
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Ni'i-roim  ,-1/c<'i'iy;is.— Neuralgia  has  been  defined  as  "the 
cry  of  a  huiigrj^  nerve."  The  pain  may  be  associated 
witli  the  trifacial,  gastric,  hepatic,  intestinal,  or  other 
nerves,  and  the  neuralgia  may  be  designated  accordingly. 
If  traumatic  irritiition  has  been  excluded  as  an  exciting 
cause  of  the  condition,  it  is  of  importance  to  determine 
the  degree  of  nutritional  failure  that  is  likely  to  be  pres- 
ent in  a  particular  instance.  The  intimate  causal  rela- 
tion.ship  between  nerve  pains  and  lithsmia  or  uricacid- 
remia,  would  lead  one  to  endeavor  to  determine  how  far 
an  excess  of  foods  containing  uric  acid  is  concerned  in 
the  production  of  the  neuralgia.  Indeed,  it  would  seem 
justifiable  to  regard  neuralgia  as  a  symptom;  it  nrny  be 
of  anaemic,  lithremic,  gouty,  rheumatic,  or  dyspeptic  con- 
ditions, and  these  each,  in  turn,  may  be  regarded  as  the 
products  of  faulty  nutrition.  Therefore  the  principles 
underlying  the  dietetic  treatment  of  one  condition  will 
appl}'  to  all. 

First,  the  habits  of  the  individual  must  be  studied. 
The  food  he  has  been  accustomed  to  take,  the  care  exer- 
cised in  its  preparation,  the  regularity  in  eating,  and  the 
suitability  of  the  quantity  and  kind  of  food  to  the  life 
work  of  the  individual  must  be  ascertained.  A  good 
practice  in  these,  and  iu  similar  cases,  is  to  have  the  pa- 
tient continue,  under  observation,  for  a  time  without  any 
dietetic  restraint.  Let  a  record  of  each  meal  be  made 
and  sul.)mitted  for  inspection,  and  in  this  way  it  is  often 
possiljle  to  discover  a  potent  factor  in  the  causation  of  a 
morbid  condition.  It  is  well,  however,  to  guard  lest  a 
patient  in  moderate  circumstances  should  bring  a  list  of 
fare  so  sumptuous  as  at  once  to  disprove  its  accuracy. 

The  study  of  the  urine,  with  special  reference  to  the 
amount  of  uric  acid  being  excreted,  will  yield  most  val- 
uable data  regarding  the  advisability  of  withholding  cer- 
tain albuminous  foods.  One  cannot  study  Haig's  work 
on  this  subject  without  being  impressed  with  the  inti- 
mate relationship  existing  between  an  excess  of  uric  acid 
and  certain  neuralgic  manifestations.  Indeed,  it  is  hardly 
possible  to  determine  how  far  gout,  rheumatism,  and 
calculous  diseases  in  general  are  dependent  upon  this 
same  ctmdition  of  uricacidaemia. 

That  diet  is  a  potent  factor  in  the  successful  treatment 
of  all  these  processes  is  universally  accepted.  Therefore 
it  is  in  order  to  consider  what  foods  will  give  us  sufficient 
of  the  various  elements  necessary  for  nutrition,  and  at 
the  same  time  leave  no  excess  of  uric  acid  in  the  circulat- 
ing blood. 

The  gradual  withdrawal  of  all  forms  of  meat  from  the 
dietar}',  with  a  proportionate  increase  of  milk,  cheese, 
and  gluten  foods  to  supplj^  the  nitrogenous  food  required, 
and  a  corresiionding  increase  in  the  starches,  nuts,  and 
fruits,  is  recommended.  No  better  example  of  this  plan 
can  be  given  than  is  found  in  tlie  tables  suggested  by 
Haig  (Tables  1,  2,  and  3  on  page  460). 

It  is  not  to  be  inferred  that  the  dietary  is  to  be  limited 
to  the  articles  suggested  in  these  tables.  Indeed,  it  is  sur- 
])rising  to  note  wliat  a  variety  of  meals  can  be  prepared 
without  meat  and  the  forbidden  foods.  On  the  other 
hand,  certain  patients  find  it  entirely  impracticable  to 
live  upou  this  or  a  strictlj^  vegetable  dietary.  In  these 
instances  the  liberal  administration  of  beef  in  the  form 
of  nutritive  becf-tca  and  scraped  or  chopped  meat  cakes, 
in  conjunction  with  a  decided  increase  in  the  fats,  will 
give  the  best  results.  The  fats  suitable  are  obtained  in 
cream,  butter,  bacon,  and  in  the  j'olks  of  eggs,  in  the 
fiirm  least  likely  to  tax  digestion  and  excite  repugnance. 

Wlicn  all  the  exciting  causes  of  the  disease  under  con- 
sidcnition  are  eliminated,  the  diet  which  maintains  a  cou- 
diliou  of  iiutritio)ial  eqtulibrium  will  be  the  one  best 
suited  to  the  case. 

Neurastheuiii  requires  an  excess  of  easiljr  assimilable, 
highly  nutritious  food,  administered  at  frequent  inter- 
vals, in  the  largest  possible  quantities.  This  particularly 
applies  to  those  cases  undergoing  what  is  usually  desig- 
nated "the  rest  cure."  Here  the  food  is  urged  upon  the 
patient  regardless  of  his  desires,  and  even  despite  a 
positive  disinclination  for  food.  Milk,  cream,  and  other 
forms  of  fat  and  oils,  gruels  and  easily  digested  starches, 


are  administered  at  frequent  stated  intervals,  and  the 
patient  is  aided  in  utilizing  a  part  of  this  nutriment  by 
the  administration  of  nui,ssage  and  electricity,  while  he 
stores  tiie  remainder  in  the  form  of  fat  and  muscular  tis- 
sue. Indeed,  the  entire  plan  of  the  treatment  aims  to 
secure  a  marked  increase  in  body  weight.  This  is  in 
accord  with  the  view  expressed  by  S.  Weir  Mitchell,  who 
states  that  "  loss  of  fat  is  constantly  associated  with  im- 
poverished blood,  and  that  to  gain  in  fat  is  nearly  always 
to  gain  in  blood."  Many  cases  of  neurasthenia  which  do 
not  undergo  the  rest  cure  are  greatly  benefited  by  an 
ocean  voyage,  where  there  is  usually  a  condition  of  lim- 
ited expenditure  of  mental  and  muscular  effort,  coupled 
with  an  inclination  to  ingest  and  abihty  to  digest  exces- 
sive quantities  of  food.  A  neurasthenic  who  travels  for 
his  health  should  not  be  allowed  to  consume,  in  long 
journeys,  irregular  meals,  and  hasty  sightseeing,  all  the 
energy  developed  from  his  ability  to  take  increased  quan- 
tities of  food. 

Insomnia  is  freijuently  referable  to  one  or  two  classes 
of  catises : 

(t()  Improper  eating  or  drinking  before  retiring. 

(//)  Deficient  nutrition. 

The  patients  of  the  first  class  require  only  to  have  the 
food,  drug,  or  drink  that  has  been  causing  the  insomnia 
to  be  cut  off,  and  to  have  the  evening  meal  composed  of 
easily  digested  food.  This,  with  the  temporary  use  of  a 
hypnotic,  should  accomplish  a  cure. 

In  the  second  class  of  cases  an  effort  should  be  made 
to  place  the  patient  upon  a  higher  nutritive  level  by  the 
administration  of  light  nourishing  food  between  meals, 
and  a  cup  of  hot  milk,  a  milk  punch,  or  malt  beverage 
with  a  biscuit  before  retiring.  A  complete  food,  such  as 
"Bartholow's  food,"  taken  before  retiring,  will  fre- 
quently insure  a  night's  repose.  It  is  desirable  to  have 
some  milk  or  crackers  at  the  bedside,  in  case  they  should 
be  requii-ed  during  the  night.  The  objection  to  liquors 
and  malt  beverages,  as  an  aid  in  inducing  sleep,  does  not 
appl}'  to  this  class  of  cases  as  it  does  to  the  cases  of  in- 
,somnia  occurring  in  youth. 

Epilepsy  is  so  lare  in  the  herbivora,  and  so  frequent  in 
the  carnivora  that  the  immunitj-  of  the  vegetarian  ani- 
mals would  seem  to  give  us  a  positive  dietetic  indication 
for  the  treatment  of  this  disease.  The  red  meats  and 
coarser  forms,  such  as  bologna,  seem  to  be  especially 
prone  to  excite  convulsive  attacks.  Gorging  with  food, 
especially  improperly  masticated  meats  and  other  forms 
of  nourishment — notably  peanuts — are  noted  as  being 
likel}'  to  excite  epileptic  paroxysms. 

The  intimate  relationship  between  the  ingestion  of  an 
excess  of  unsuitable  and  improperly  masticated  food  and 
an  epileptic  seizure  must  be  familiar  to  all  those  who 
have  given  considerable  attention  to  this  class  of  cases. 
The  dietetic  treatment  of  epilepsy  promises  most  when 
the  patient  is  under  the  complete  control  of  an  attendant. 
For  this  reason  the  epileptic  colonies  should  secure  the 
best  results,  other  things  being  equal. 

The  diet  that  promises  most  for  these  cases  is  one  in 
which  meat  is  reduced  to  the  lowest  quantity  consistent 
witli  the  demand  for  work  and  growth.  In  early  youth 
and  old  age.  fish  and  white  meat,  with  the  occasional  ad- 
ministration of  red  meat  for  the  noon  meal,  are  best. 
Aside  from  this,  the  diet  should  consist  of  cereals  and 
vegetables,  and  the  meals  should  be  eaten  at  fixed  hours. 
The  frequency  of  the  attacks  during  the  night  would 
suggest  the  desirability  of  having  the  evening  meal  com- 
posed of  easily  digested  food. 

KraiifJu'iiiiitoiia  Biseascn. — The  di.seases  characterized  by 
a  skin  eruption  in  the  course  of  an  acute  febrile  process 
will  demand  esiiecial  dietetic  direction  only  in  those  in- 
stances in  which  nei)luitis  has  occurred  as  a  complication. 
Here  milk  is  to  lie  made  the  exclusive  nourishment,  until 
the  absence  of  albumin  from  the  urine  indicates  the  im- 
proved condition  of  the  kidneys  and  permits  a  more  ex- 
tended dietary. 

,S/iin,  Tlimini'n. — These,  when  not  of  parasitic  origin,  are 
frequently  influenced  by  diet.  The  causal  relationship 
between  the  occurrence  of   urticaria  and  the  eating  of 
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certain  flsli,  molluscs,  fruits,  or  cereals  is  full}'  estab- 
lished. Certain  cases  of  eczema,  acne,  psoriasis,  furun- 
culosis,  dermatitis,  and  pruritus  can  be  favorablj'  influ- 
enced by  attention  to  the  character  and  ([uantity  of  the 
food.  That  there  is  found  associated  witli  indigestion 
and  litlueniic  states  a  condition  favoring  the  develop- 
ment of  skin  eruptions,  there  can  liardly  be  any  reason- 
able doubt.  The  diet  outhned  for  litlnemia  will  be  found 
suitable  for  these  cases  (I'ide  .section  on  Gout). 

B.  Franklin.  Stnhl. 

Dl-ETHYL-KETONE.— (CaHs^iCO,  metacetone  or  pro- 
pione-ethyl  propionyl.  This  is  a  colorless,  mobile  liquid 
obtained  by  the  dry  distillation  of  sugar  ■v\ith  an  excess 
of  lime.  It  smells  like  acetone,  boils  at  101°  C.,  and  is 
soluble  in  twenty-four  parts  of  water,  and  freely  in  al- 
cohol and  ether.  Well  diluted,  it  has  been  administered 
by  Giovanni  in  doses  of  from  O..^  to  l.o  gni.  (gr.  viij.- 
xxiv.  )to  control  maniacal  or  hysterical  excitement,  and 
by  Albancse  and  Barabini  to  induce  sleep  in  animals. 

IK  A.  BHsiedo. 

DIFFERENTIATION.— (Med.  L.  differentiare.  from 
differentia .  ditfereucc.)  Murray  defines  differentiation  as 
"any  change  by  which  like  tilings  become  unlike,  or 
something  homogeneous  becomes  lieterogcncous. "  In  the 
more  special,  biological,  use  of  the  tei'ni  it  is  emploj'ed 
to  indicate  "the  process,  or  the  result  of  the  process, 
by  which  in  the  course  of  growth  or  development  a  part, 
organ,  etc.,  is  modified  into  a  special  form,  or  for  a  spe- 
cial function;  speciahzation;  also  the  gradual  produc- 
tion of  differeuces  between  the  descendants  of  the  same 
ancestral  tj'pes."  In  its  biological  meaning,  then,  the 
term  may  be  applied  either  (1)  to  certain  phenomena  in 
the  development  of  the  individual,  or  (3)  to  the  origin  of 
species;  and  in  each  case  it  may  be  used  to  indicate 
either  ((()  the  process,  or  (6)  the  result  of  the  process. 

Taking  these  meanings  in  the  reverse  order,  the  re- 
sult, or  state,  of  differentiation  of  species  (3.  b)  would  be 
exhibited  by  a  comparison  of  the  various  organs,  tissues, 
habits,  modes  of  life,  and  other  characters  of  the  numer- 
ous species  and  other  groups  of  both  animals  and  plants. 
It  would  involve  not  only  a  study  of  their  comparative 
anatomy,  but  also  of  their  physiolog}'  and  ecology  as 
well;  and  thus  would  be  far  beyond  the  scope  of  the 
present  article. 

For  the  differentiation  of  species  regarded  as  a  proc- 
ess (3,  a)  the  term  organic  evolution  is  commonly  em- 
ployed, and  the  subject  will  be  discussed  in  the  present 
work  under  that  title  (see  article  Evolution). 

In  the  individual,  as  among  species,  the  state  of  struct- 
ural differentiation  (1,  h)  is  inseparably  associated  with 
functional  differentiation,  or  division  of  labor.  In  order 
to  describe  the  state  of  differentiation  in  any  form  of  ani- 
mal or  plant,  it  would  be  necessary  to  make  an  extended 
study  of  the  structure  of  its  various  organs  anil  tissues 
and  of  the  various  functions  that  these  parts  perform  in 
the  economy  of  the  whole.  For  man  the  results  of  such 
studies  are  set  forth  iu  the  books  upon  descriptive  an- 
atomy, histology,  and  human  physiology. 

The  process  of  differentiation  by  means  of  which  differ- 
ences arise  in  the  structure  and  functions  of  parts  of  the 
organism  (1,  a)  may  be  considered  under  two  headings. 
First,  we  have  the"  facts  in  regard  to  the  processes  that 
have  been  observed  iu  the  study  of  the  development  of 
organisms;  and,  second,  we  have  the  theories  that  have 
been  advanced  to  explain  these  facts. 

In  no  existing  form  of  life  is  there  an  entire  ab.sence  of 
the  state  of  differentiation  in  any  stage  of  development 
of  the  individual.  In  the  protoplasm  of  the  amoeba  one 
may  distinguish  endosarc  and  ectosarc,  nucleus,  and  con- 
tractile vacuole.  The  protoplasm  of  bacteria  was  sup- 
posed for  a  long  time  to  be  homogeneous;  but  Butschli 
has  demonstrated  that  by  proper  methods  of  staining  two 
distinct  substances  may  be  observed.  In  the  germ  cells 
of  all  the  higher  animals  and  plants  it  is  always  possible 
to  distinguish  nucleus  and  cytoplasm.  In  the  ova  of 
many  animals  the  cytoplasm  is  differentiated  into  two 


parts:  one  wliicli  contains  nutrient  material  in  the  form 
of  j'olk  granules,  aud  the  other  which  is  free  from  yolk, 
and  in  which  the  process  of  development  begins; — not 
to  mention  vari<jus  differentiations  in  minute  structure 
which  cannot  be  entei'cd  into  bei'e.  ^flie  ovum,  however, 
is  vastly  less  dillVi-cntiated  than  Hk;  adult  form,  even  iu 
the  siuqilest  of  nudlieellidar  (ii'ganisnis. 

The  process  by  which  the  diffei'cnliated  condition  of 
the  advdt  arises  is  essentially  a  cellular  phenomenon.  In 
general,  development  may  be  divided  into  three  stages: 

first,  cell  division;  .secoud,  growlli  Ijy  (lie  absi)r]iti( !' 

water  and  other  maleiial;  and,  thiid.  diffeientiatinn. 
These  stages  arc  shown  in  their  simidest  forms  iu  thr 
growing  ends  of  the  roots  or  stems  of  i)lants.  At  tlicti[) 
there  is  a  grou[)  of  small  cells  with  thin  walls  and  i-ela- 
tively  dense  proto|dasm,  in  which  the  nuclei  nuiy  l)e  seen 
to  be  in  various  stages  cd'  cell  division.  Sepai'ated  from 
these  by  cells  iu  various  intermedialc  stages,  thei'c  is  a 
zone  of  cells  still  having  thin  walls,  liiil  \n  liich  are  much 
elongated  and  have;  luimerous  large  vacuoles  in  the  cyto- 
plasm. In  this  zone  cell  division  is  i:omparatively  rare. 
It  is  the  zone  of  growth,  and  on  its  ])roximal  side  grades 
off  into  the  next  zone,  where  cell  division  entirely  ceases, 
the  cell  walls  become  thickened,  and  the  cells  become 
differentiated  into  e|iillielium,  bast,  wood  fibre,  ducts,  etc. 

In  animals  the  pr(]cess  is  not  so  simple,  nor  is  it  always 
so  in  plants;  for  in  reality  there  are  two  forms  of  differ- 
entiation occurring  more  or  less  at  the  same  time.  One 
we  may  call  anatomieal  diffei'cnliatinn,  and  the  other, 
histological  diff'erenliation. 

During  the  periods  of  cell  divi.sion  aud  growth  the 
cells  do  not  all  divide  with  equal  frequency,  nor  do  they 
all  enlarge  to  the  same  extent.  When  the  cells  tend  to 
arrange  themselves  in  layers,  as  they  d(j  in  animals,  this 
ineipiality  of  growth  causes  foldings,  the  folds  may  fuse 
together,  and  cUl  connections  may  dissolve.  In  this  way 
unequal  division  and  growth  of  the  cells,  resulting  in 
folding,  fusions,  and  separations,  cause  a  differentiation 
of  the  mass  of  the  ovum,  wdiercby  the  areas  are  deter- 
mined which  shall  include  the  rudiments  of  the  various 
organs.  In  the  embryo  chick,  for  example,  one  may  see 
the  boundaries  of  the  central  nervous  system,  the  noto- 
choi'd,  the  heart,  etc.,  while  the  cells  composing  these 
rudiments  are  still  iu  the  most  embryonic  condition  and 
cell  division  is  going  on  rapidly.  Thus,  anatomieal  dif- 
ferentiation begins  in  very  early  stages  of  development, 
and  precedes  the  process  of  histological  differentiation, 
which  results  in  the  modification  of  the  cells  so  that  they 
may  form  the  tissues  appropriate  to  (he  organs  or  parts 
of  organs  in  wdiieh  they  lie.  (Further  details  in  regard 
to  the  facts  of  differentiation  ma}'  be  found  in  the  articles 
Area,  Endjrfionalis,  Fatus,  Gastrula,  (Jerni  Layers,  Seg- 
mentation of  t/w  Bodji,  etc.) 

When  we  come  to  consider  the  conditions  under  which 
individual  differentiation  takes  place,  we  see  at  once  that 
these  may  be  divided  into  two  categories.  For  example, 
we  may  take  an  egg  of  a  sea  urchin  and  an  egg  of  a  .star- 
llsh,  small  ti-ansparent  eggs  not  -^-cry  different  in  size  or 
general  appearance  and  yet  sufficiently  unlike  to  be  easily 
recognized.  These,  placed  together  in  a  bowl  of  clean  sea 
water  of  the  necessary  temperatui-e,  and  containing  suf- 
ficient oxygen,  will  proceed  to  develop  into  larv* ;  and, 
although  the  conditions  of  the  environment  are  exactly 
alike  for  both  eggs,  one  will  become  the  larva  of  a.  sea 
urchin  and  the  (kber  the  larva  of  a  star-fish,  according  to 
the  .source  of  the  egg.  Or,  again,  consider  a  new-born 
litter  of  puppies,  they  are  out  of  the  same  bitch,  have 
been  .sired  by  the  same  dog,  have  undergone  development 
at  the  same  time  iu  the  same  uterus.  Yet  these  puppies 
will  be  sufficiently  different  so  that  each  one  may  be 
recognized  easily."  On  the  other  baud,  any  puppy  in 
this  litter  will  re'semlile  the  others  and  both  parents  more 
closely  than  will  any  puppy  out  of  a  similar  litter  dro])ped 
by  any  other  bitch"  and  sired  by  another  dog.  It  is  evi- 
dent that  there  is  something  inherent  in  the  germ  cell  that 
causes  diilerentiatiou  to  proceetl  in  a  certain  way  more 
or  less  independently  of  suri-ounding  conditions.  jMore- 
over,  the  resulting  peculiarities  of  the  offspring  are  cor- 
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related  with  the  peculiarities  of  the  parents  at  the  corre- 
sponding stages  of  development;  but  the  correlation  is 
not  perfect. 

That  the  course  of  differentiation  is  not  entirely  inde- 
pendent of  external  conditions,  hut,  on  the  contrary,  is 
strongly  influenced  by  them,  may  bo  shown  by  a  number 
of  experiments.  For  example,  take  seeds  of  two  kinds 
of  plants,  say  a  bean  and  a  petunia,  and  plant  them  side 
by  side  under  the  same  conditions  of  soil,  tempei'ature, 
and  moisture,  and  exclude  all  light.  The  seedlings  will 
develop  with  long,  slender  stems,  and  small,  yellow 
leaves.  Seedlings  of  the  same  plants  grown  in  full  sun- 
light, other  conditions  being  the  same,  will  have  shorter 
ami  thicker  stems,  and  larger  dark-green  leaves.  Here 
we  see  that  seedlings  of  two  kinds  of  plant  have  certain 
characteristics  in  common  which  are  correlated  with  the 
presence  or  absence  of  light  while  differentiation  is  in 
l)iogress.  Nevertheless  iu  each  case  one  plant  is  always 
a  bean  and  the  other  a  petunia,  according  to  the  seed 
from  which  it  has  arisen. 

^\'e  see,  then,  that  differentiation  is  influenced  by  two 
sets  of  factors, — an  internal  and  an  external.  The  cor- 
relation between  parent  and  offspring  that  is  associated 
with  the  internal  factor  is  what  is  ordinarily  meant  by 
hereditjf,  and  as  various  theories  of  heredity  involve  a 
consideration  of  the  internal  factors  of  differentiation,  the}' 
will  be  most  conveniently  discussed  under  that  title  (see 
article  Heredity). 

The  study  of  the  externnl  factors  which  affect  the 
com-se  of  growth  and  differentiation  is  a  new  branch  of 
biological  science,  called  experimental  morphologj',  de- 
velopmental mechanics,  or  the  physiology  of  develop- 
ment. Investigation  in  tliisline  hasonlv  .just  begun,  and 
therefore  but  little  is  known  in  regard  to  the  influence 
of  the  external  conditions  and  as  to  their  importance  rela- 
tively to  the  internal  factors.  Enough  is  known,  how- 
ever, to  show  that  their  importance  is  verj'  great. 

A  few  experiments  may  be  mentioned  to  illustrate 
the  methods  that  have  been  employed  in  attempts  to 
solve  this  problem.  The  experiments  will  be  classified 
according  to  the  external  condition  that  has  been  in- 
vestigated. 

Ornmtj). — A  number  of  experiments  have  been  made 
which  show  that  in  some  animals  the  planes  of  cleavage 
in  the  early  stages  of  the  division  of  the  egg  are  deter- 
mined by  the  direction  of  the  force  of  gravity.  For  ex- 
ample, Pfliiger  found  that  if  the  egg  of  a  frog  be  fixed  so 
as  to  prevent  rotation,  the  first  two  cleavage  planes  would 
be  vertical  in  whatever  position  the  egg  might  be  placed, 
and  the  third  cleavage  is  generall}'  at  right  angles  to 
these  and  nearer  the  pole  of  the  egg  which  is  held  up- 
permost. In  order  to  obtain  perfect  eml3r3'0S,  however, 
it  is  necessary  to  have  some  part  of  the  black  liemisphcre 
on  the  upper  side. 

It  is  inipos.sible,  of  course,  to  increase  the  force  of 
gravity.  But  the  same  effect  may  be  obtained  \ty  plac- 
ing an  object  in  a  centrifugal  machine.  Hertwig  found 
that  by  rotating  frog's  eggs  in  a  centrifugal  machine  he 
was  able  to  change  the  style  of  cleavage  from  a  holoblastic 
to  a  more  or  less  mcsoblastic  type  (see  article  Segmenta- 
tion of  the  Egg),  so  that  at  the  end  of  twenty-fom'  hours 
the  egg  would  resemble  a  hen's  egg  in  having  a  blasto- 
derm consisting  of  small  cells  enclosing  a  blastocopl  and 
a  large  undivided  yolk  containing  a  few  nuclei  which  lie 
close  under  the  blastoderm. 

Loeb  found  that  the  direction  of  gravity  is  a  factor  in 
determining  the  differentiation  of  parts  in  certain  hy- 
droiils.  Thus,  part  of  a  stem  of  Antennularia  being  sus- 
jicnded  in  its  normal  position  in  sea  water,  a  new  stem 
will  f,rn>w  out  from  the  upper  end  and  new  stolons  will 
appear  at  the  lower  end.  But  let  the  po,sition  be  reversed. 
Then  the  base,  which  is  now  uppermost,  will  produce 
tlie^  new  stem,  and  stolons  will  grow  from  the  apex, 
which  is  pointing  downward.  The  effect  of  gravity  is 
still  further  shown  by  placing  a  piece  of  the  ^lydroid  in 
a  horizontal  position.  Then  the  ends  of  the  lateral 
branches  on  the  lower  side  grow  out  in  the  form  of  stolons, 
while  new  stems  appear  on  the  upper  side. 


Contact. — Contact  with  foreign  bodies  has  been  found 
to  influence  the  differentiation  of  tissues  in  the  hydroids. 

Experimenting  Avith  Mai'geliss  and  Pennaria,  Loeb 
found  that  parts  of  the  stem  in  contact  with  the  glass  of 
the  aquarium,  even  the  apical  end,  would  produce  stolons ; 
while  all  parts  freely  surrounded  by  sea  water  would  pro- 
duce hydranths.  Similarly,  Miss  Peebles  discovered  that 
pieces  of  the  stalk  of  Hydractinia  and  Podocoryne  form 
stolons  instead  of  hydranths  if  left  undisturbed  in  contact 
with  .some  hard  sul)stance. 

When  the  cut  surfaces  of  hydroid  stems,  either  of  the 
same  individual,  or  of  different  individuals  of  the  same 
species,  or  of  different  species,  are  held  in  contact,  they 
may  unite  and  form  a  graft,  as  in  plants;  and  Crampton 
has  shown  that  the  same  thing  may  be  done  with  the 
pup;e  of  moths. 

StreKS  and  i<triiin.  —  M\irih\ti\\&s  shown  that  a  certain 
amount  of  pressure  and  strain  is  necessary  for  the  proper 
development  of  bone.  Hermann  von  Meyer  and  Culmann 
discovered  that  the  lamelhe  in  the  spongy  portions  of  the 
long  bones  of  manuuals  are  arranged  Avith  definite  relation 
to  the  direction  of  the  stresses  to  which  the  bones  are 
normally  subjected;  and  Julius  Wolff  found  that,  when 
the  direction  of  stress  is  changed  as  the  result  of  disloca- 
tion or  disease,  the  lamella;  that  are  no  longer  in  the  lines 
of  pressure  or  strain  will  dwindle  and  new  ones  will  be 
formed  in  the  positions  where  they  are  needed. 

Light. — On  tlie  higher  green  plants  prolonged  darkness 
induces  abnormal  growth.  The  stems  are  not  only  greatly 
elongated,  but  the  supporting  tissues  are  imperfectl}'  de- 
veloped, so  that  the  stems  are  soft  and  tender.  The 
leaves  are  small  and  narrow  and  not  fully  extended. 
Even  partial  shading  may  result  iu  alterati(m  of  the  his- 
tological structure  of  leaves,  as  Stahl  found  from  the 
study  of  the  leaves  of  beech  trees.  A  leaf  that  is  fully 
exposed  to  the  sunlight  has  under  the  epidermis  on  the 
upper  side  a  layer  of  very  high  and  narrow  palisade  cells 
closel}'  packed  together ;  below  this  there  are  one  or  two 
layers  of  similar  cells,  and  the  lower  third  of  the  leaf  is 
occu])ied  by  a  rather  compact  spongy  parenchyma.  In 
a  leaf  that  has  grown  in  deep  shade,  on  the  other  hand, 
there  is  but  a  single  layer  of  short  conical  palisade  cells 
separated  by  wide  interstitial  spaces ;  and  more  than  half 
the  thickness  of  the  leaf  is  due  to  a  layer  of  loosely  con- 
nected star-shaped  parenchj'ma  cells.  Between  these 
two  extremes  various  intermediate  grades  may  be  found 
according  to  the  amount  of  light  received  by  the  leaf. 

There  is  not  much  known  about  the  effect  of  light  upon 
differentiation  in  animals;  but  Poulton  found  that  the 
color  of  the  pupa;  of  certain  butterflies  depends  upon 
the  amount  of  light  reflected  from  surrounding  objects 
at  the  time  that  the  caterpillar  becomes  fixed;  and  Loeb 
and  Miss  Peel)les  f(jund  that  the  presence  or  absence  of 
light  has  a  certain  amount  of  effect  upon  the  regeneration 
of  the  hydranths  upon  the  cut  stems  of  hydroiils. 

Temperature.— "WvaX.  heat  has  a  marked  effect  upon  the 
rate  of  growth  is  well  known,  but  little  has  been  ascer- 
tained as  to  what  effect  it  may  have  upon  differentiation. 
We  have,  liowever,  the  interesting  experiments  of  Weis- 
mann  and  of  Edwards,  who  have  shown  that  iu  several 
species  of  butterflies,  where  there  are  several  broods  in 
the  course  of  the  year  with  different  markings,  the  differ- 
ences of  color  depend  upon  the  temperature  to  which  the 
pupa  has  been  subjected. 

Chemical. — For  normal  development  a  normal  chemical 
environment  is  of  the  greatest  importance.  A  mere  trace 
of  some  substance  may  be  all  that  is  necessary  for  normal 
develoi)nient  that  will  not  occur  in  its  absence.  And,  on 
th(^  other  hand,  the  presence  of  some  substance  not 
normally  present  may  so  disarrange  the  processes  of  de- 
velopment as  materially  to  alter  the  character  of  the  or- 
ganism. Thus  a  trace  of  a  soluble  iron  salt  is  necessary 
for  the  development  of  a  green  plant.  Without  it,  not 
only  is  the  green  coloring  matter  absent,  but  the  proto- 
plasmic chlorophyll  bodies  also  fail  to  appear.  Knop 
experimented  with  Indian  corn,  treating  it  with  sulphite 
of  magnesium,  and  he  obtained  plants  so  modified  that 
they  had  lost  the  distinctive  characters  of  the  genus  Zea. 
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Wagner,  Gies,  and  Kassowitz,  by  feeding  young 
animals  with  minute  doses  of  jjliosphorus  (O.OUir)  gni. )  and 
arseuio(0.000oto(J.U01  gm.),  produced  striking  alterations 
in  tlie  formations  of  tlie  bones.  Tlie  normal  fusion  of  the 
cartilage  "vvith  the  young  bone  was  hindered,  and  in  the 
epiphyses,  instead  of  spongy  bone,  thei'e  was  produeed 
a  very  peculiar  compact  bone.  In  the  shafts  of  the  long 
bones  the  formation  of  the  medullary  space  was  Idndereil 
so  that  the  walls  of  the  bone  became  very  thick  and 
heavy. 

The  Pluteus  larva  of  a  sea  urchin  is  normally  provitled 
with  eight  arms,  which  cai'ry  a  baud  of  cilia  aiid  serve  as 
locomotor  organs,  and  these  arms  are  supported  by  a 
calcareous  skeleton.  Herbst  found  that  a  trace  of  potas- 
sium nitrate  adiled  to  the  sea  water  in  which  the  larva? 
are  reared  will  prevent  the  formation  of  both  skeleton  and 
arms.  Pouchet  and  Chabi'y  obtained  the  same  result  by 
the  more  obvious  method  of  rearing  the  larva^  in  sea 
water  from  which  the  calcium  salts  had  been  removed. 
Of  course",  in  this  case  the  skeleton  could  not  form  from 
lack  of  material,  but  it  is  interesting  to  note  that  where 
the  skeleton  failed  the  arms  failed  also. 

Another  and  more  remarkable  modification  of  the 
Pluteus  was  obtained  by  Herbst  by  adding  a  trace  of 
lithium  chloride  to  the  sea  water.  In  this  case,  the  so- 
called  lithium  larva,  the  endoderm  turned  outward,  in- 
stead of  being  invaginated  in  the  normal  way.  Loeb 
obtained  the  same  result  by  simply  tliluting  the  sea 
water,  which  would  seem  to  indicate  that  the  action  of 
the  lithium  salt  in  some  way  interferes  with  the  normal 
osmotic  properties  of  the  cells. 

Finally  we  may  mention  the  remarkable  experiments 
made  many  years  ago  by  Schmankewitsch  upon  Artemia, 
a  small  crustacean  inhabiting  the  brine  of  salt  works. 
By  rearing  these  creatures  for  a  number  of  generations 
in  water  of  dilTerent  degrees  of  salinity  be  was  able  to 
obtain  diverse  forms  which  had  been  regarded  formerly 
as  three  distinct  species,  and  one  of  them  had  been  given 
a  separate  generic  name. 

Mixed  Conditions. — There  are  cases  in  which  it  can  be 
shown  that  change  of  environment  induces  a  change  in  the 
organism,  but  the  nature  of  the  former  change  is  so  com- 
plex that  the  exact  factors  cannot  be  determined.  For  ex- 
ample, aquatic  plants  have  certain  characteristics  of  struct- 
ure that  distinguish  them  at  once  from  land  plants.  Now 
there  are  certain  plants  that  live  wdth  their  stems  partly 
in  water  and  partlj'  in  air.  In  such  plants  the  submerged 
portions  have  the  character  of  aquatic  plants,  while  the 
aerial  portions  have  that  of  land  plants.  Here  it  is  im- 
possible to  tell  how  much  of  the  difference  is  due  to  the 
chemical  or  mechanical  effect  of  the  water,  the  freer  ac- 
cess of  oxygen,  differences  in  light,  temperature,  etc. 

Food. — Finally,  it  should  be  noted  that  the  relative 
abundance  of  food  has  been  shown  in  some  cases  to  have 
an  effect  upon  the  differentiation  of  .sex  (see  article  8e.x). 

These  experiments  taken  as  a  whole  are  of  great  inter- 
est because  they  make  it  evident  that  external  conditions 
play  a  very  important  part  in  the  normal  differentiation 
of  organisms,  and  they  give  us  some  idea,  although  a 
very  imperfect  one,  as"  to  what  these  conditions  are  and 
as  to  how  they  act.  Little  progress  lias  been  made  in 
experimentation  in  this  directiori  upon  the  higher  mam- 
mals; but  we  do  know  that  in  these  forms  the  presence 
of  certain  internal  secretions,  such  as  those  derived  from 
the  thyroid  gland,  the  suprarenal  bodies,  and  the  testes, 
are  necessary  in  the  later  stages  of  development  in  order 
that  normal  differentiation  may  take  place ;  and  we  may 
infer  that  the  various  factors,  such  as  gravity,  pressure, 
contact,  light,  heat,  and  various  chemical  substances, 
which  have  been  found  in  the  lower  aniinals  and  plants 
to  aid  or  to  hinder  the  normal  course  of  differentiation, 
may  have  a  similar  influence  upon  the  life  history  of  the 
higher  mammals,  mankind  included. 

Robert  Payne  Bigelow. 
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DIGESTANTS  are  defined  as  "  remedies  that  aid  diges- 
tion. "  The  purpo.ses  of  this  article  will  probably  be  best 
subserved  if  in  treating  the  subject  we  keep  clo.se  to  the 
terms  of  the  definition,  for  it  might  lead  us  too  far  afield 
if  we  should  undertake  to  discuss  all  the  various  appli- 
ances or  agencies  wliich  exert  a  favorable  influence  on 
digestion.  For  instance,  exercise  in  one  form  or  another 
distinctly  aids  digestion;  the  use  of  the  thyroid  extract 
immensely  improves  the  nutrition  of  the  cretin,  or  some- 
times a  brisk  emetic,  by  relieving  the  stomach  of  a  task 
that  it  is  unequal  to,  will  presently  enable  it  to  resume 
its  proper  function ;  but  no  one  of  these  three  would 
properly  be  called  a  digestant. 

The  principal  remedies,  then,  that  we  must  consider  are 
those  which  act  in  the  stomach  and  intestines,  and  we 
shall  tiy  to  group  them  according  to  their  supposed  ac- 
tion and  the  faults  of  digestion  they  are  severally  believed 
to  meet. 

Bitters  form  a  numerous  class,  many  of  which,  such  as 
cinchona  and  its  salts,  and  hydrastis,  possess  other  prop- 
erties besides  their  bitterness,  which  do  not  concern  us 
here.  Among  the  best  known  are  calumba,  quassia, 
gentian,  orange,  cincliona,  nux  vomica  (with  its  alkaloid 
strychnine),  hydrastis,  hops,  condurango,  and  salicin. 
AVhen  taken  into  the  mouth  tliey,  especially  if  adminis- 
tered in  the  form  of  a  tincture,  increase  the  flow  of  saliva, 
but  their  special  use  is  in  promoting  the  appetite  or  relish 
for  food,  which  is  essential  to  normal  digestion.  Conse- 
quently it  is  customaiy  to  give  them  before  eating,  and 
they  are  the  efficient  ingredients  of  the  various  "bitters," 
technically  so  called,  often  used  in  clubs  and  barrooms 
as  a  fillip  to  the  stomach.  The  effect  of  these  drugs  is 
increased  b,y  various  aromatics,  as  in  the  case  of  the  com- 
pound tincture  of  cinchona.  Strychnine,  while  acting 
like  the  other  bitters,  is  believed  to  be  absorbed  chiefly 
from  the  intestine. 

Ciirminiitives. — In  this  class  belong  many  spices,  such 
as  cinnamon,  cloves,  ginger,  cardamom,  also  black  pep- 
per and  capsicum,  mint,  anise,  witli  hydrocj'anic  acid, 
chloroform  and  its  preparations.  All  of  these  liave  a  de- 
cidedly aromatic  flavor  with,  in  some  instances,  a  sharp 
or  stinging  taste.  Manj-  of  them  have  long  been  used  as 
domestic  remedies  in  the  shape  of  teas,  in  which  the  hot 
water  probably  did  the  most  good,  while  the  aromatic 
flavor  made  it  possible  to  take  and  retain  a  large  quantitj'. 
The  ingestion  of  them  is  usuall_y  followed  by  eructations 
of  gas.  They  are  used  in  cases  of  flatulent  distention 
without  inflammation  and  when  there  is  no  marked  irrita- 
tion of  the  stomach  and  bowels. 

Alcoholics  include  the  different  wines  in  common  use, 
spirits  such  as  whiskey,  brandy,  and  gin,  as  well  as  those 
strongly  alcoholic  and  aromatic  syrups  called  cordials, 
among  which  are  curac;ao,  maraschino,  Kumniel,  and 
others.  They  are  most  widely  recognized  and  popularly 
used  botli  as  direct  aids  to  digestion  wdien  it  is  not  seri- 
ousl}'  at  fault  and  as  a  ready  help  in  time  of  great  trouble 
from  conditions  similar  to  those  in  which  carminatives 
are  indicated.  Their  heating  and  stimulating  properties 
on  such  occasions  relax  the  spasmodic  contraction  of  the 
muscular  fibres  of  the  intestinal  walls  so  that  regular 
peristaltic  movements  can  again  take  place,  the  painful 
distention  is  removed  and  the  confined  gases  are  dispersed 
or  expelled.  The  value  of  small  quantities  of  diluted 
alcoholics  in  promoting  or  dimiufshing  the  activity  of 
digestive  processes,  especially  in  the  stomach,  is  not  yet 
apparently  definitely  determined,  and  probably  varies 
according  to  individual  conditions  or  peculiarities,  for 
the  observations  and  experiments  of  physiologists  of 
equally  good  standing  are  mutually  contradictory 
(Cushny). 

C'rt^/ww^jcscertainly  come  within  the  terms  of  our  defini- 
tion, for  imperfect  and  irregular  actipn  of  the  bowels  is 
one  of  the  most  fertile  causes  leading  to  indigestion, 
albeit  the  ways  in  which  cathartics  act  as  aids  to  diges- 
tion are  various  and  often  remote.     Their  number  is  so 
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great  that  it  will  be  impossible  to  do  more  than  name  a 
few  classes  or  individual  drugs,  tlie  action  of  which  is 
most  directly  connected  with  the  best-known  digestive 
functions,  leaving  out  of  consideration  such  as,  e.g.,  the 
drastics  and  hydragogues.     True,  so  practical  a  writer 
as  Fothergill  tells  of  a  pill  of  the  following  composition 
given  to  a  man  twice  daily  for  two  months  with  benefit 
to  his  digestion,  viz, :  01.  croton.,  Vi\\. ;  gamboge,  gr.  iss.  ; 
pulv.  capsici,  gr.  i. ;  strychnia,  gr.  ,,,*[,;  Ext.  aloes  acjuos., 
q.  s.  ;  but  most  patients  are  more  helped  by  milder  doses. 
He  also  (juotcs  Lauder  Bnmton  to  this  effect:  "Pui'ga- 
tives  prove  useful  in  many  -waj'S.     They  hurrj'  the  food 
out  of  the  alimentary  canal,  an(i  thus  lessen  the  injurious 
effects  of  over-eating.     By  e.xjielling  irritating  substances 
from  the  intestine  tljcy  arrest  diarilifjea  and  remove  liead- 
aches  and  other  pains,  caused  eitlier  Ijy  the  abdominal 
irritation  or  by  the  absorption  of  poisonous  matters  jiro- 
duced  by  imperfect  digestion  and  decomposition  of  food." 
Thus  it  is  enforced  that  cathartics  are  impoitant  aids  to 
digestion  alike  when  the  disturbance  is  evidenced  by  con- 
stipation and  by  diarrhwa.     Another  condition  in  which 
the  catliartic  aids  digestion  is  when  the  walls  of  the  atonic 
or  dilated  stomach  arc  covered  by  a  coating  of  thick  te- 
nacious mucus,  wliich  also  covers  the  bolus  of  food.     The 
familiar  morning  draught  of  hot  water,  or  the  liot  saline 
draught  before  breakfast,  helps  to  liijuefy  and  sweep  away 
this  mucus  and  leave  tlie  way  unobstructed  for  the  gas- 
tric secretions  to  reach  the  food.     The  natural  saline  min- 
eral waters  in  all  countries  are  immensely  popular  both 
with  the  profession  and  with  people  at  large,  and  are  per- 
haps the  most  largely  used  of  all  cathartics,  whether  taken 
hal)itually  to  secure  a  daily  movement  of  the  bowels  or 
as  a  principal  feature  of  occasional  or  periodic  visits  to 
the  spas.     No  doubt,  on  the  latter  occasions  the  mineral 
waters  themselves  receive  more  credit  tlian  they  deserve 
for  the  improved  digestion,  much  being  undoubtedly  due 
to  the  influence  of  change  of  air,  to  regulated  exercise 
and  diet,  to  rest  from  customary  labors" or  indulgences, 
and  in  some  degree  to  the  various  external  applications 
of  the  waters.     Salines,  other  than  as  ingredients  of  the 
natural  mineral  waters,  belong  among  the  purges.     The 
most   important  of   them   are   sulphate   and   citrate   of 
magnesia  and  sulphate  and  jihosphate  of  sodium  and,  like 
castor   oil,    rhubarb,    mercury,    aloe.s,    and   senna,    they 
promptly  unload  the  bowel.  "  The  less  active  remedies, 
the  effects  of  whicli  are  chiefly  manifested  on  the  lower 
bowel,  include  such  as  manna,  sulphur,  and  cascara,  and 
are  classed  as  laxatives  (Wood).     It  would  be  in  vain  to 
enter  on  a  discussion  of  the  many  other  cathartics,  for 
the  theories  both  of  their  many  desirable  combinations 
and  of  the  ways  in  which  they  do  good  in  the  digestive 
system  alone  would  fill  volumes.     One  other  method  of 
treatment  de.scrves  attention  at  this  point  and  that  is 
lai'df/e.     Although   it  is  essentially  an  evacuant,  yet  so 
good  an  authority  as  Hemmeter  saj's :  "  Lavage,  with  solu- 
tions of  sodium  chloride,  or  of  0.04  per  thousand  of  HCl, 
is  most  effective  in  starting  the  sensation  of  hunger." 
He  specifies  the  following  indications  for  its  use:   "(ir) 
When  the  exit  of  the  chyme  from  the  stomach  is  liindercd 
by  a  mechanical  obstruction  giving  rise  to  decomposition, 
as  in  most  forms  of  dilatation  of  the  stomach;  (b)  where 
foreign  or  irritating  collections  are  mixed  with  the  gastifc 
contents  which  sooner  or  later  interfere  with  diy-estion. 
These  may  be  of  mucus  or  bile  or  abnormally  increased 
gastric  juice."     For  these  purposes  he  u.ses  warm  alkaline 
and  saline  .solutions,  and  sulwequently  solutions  of  bis- 
muth or  silver  nitrate.     Careful  details  for  carrving  out 
this  mode  of  treatment,  the  introduction  of  the  tube.'etc, 
may  be  found  in  Ilemmeter's  treati.se  or  in  Foster's  "Ref- 
erence Book  of  Practical  Therapeutics."  xnh  rcrh,,.     In 
the  treatment  of  acute  indigestion  lavaire  is  often  to  be 
preferred  to  the  administration  of  an  emetic      Tln^  kUdii- 
ach  (huclie  is  a  more  recent  addition  to  the  armamentum 
medicum  of  the  same  class. 

DisinferMnU  include  drug.s  of  which  the  following  arc 
among  those  best  known  and  which  have  been  fimnd 
most  efficacious,  viz.:  Na,,hthalene,  the  sulpho-carbo- 
lates,  the  salts  of  bismuth,  carbon  finely  divided,   salol 
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and  its  congeners,  and  probably  tlie  bichloride  of  mer- 
cury. The}'  are  believed  to  prevent  putrefaction  and 
abnormal  fermentative  processes  in  the  contents  of  the 
bowels.  As  a  result  they  often  relieve  pain,  check  diar- 
rhcea,  and  prevent  such  auto-intoxication  as  may  lead  to 
irregular  and  persistent  fever  and  to  acute  rlieumatic 
affections  of  the  joints.  Salol,  creosotal,  and  their  kind 
have  the  recommendation  that  they  pass  through  the 
stomach  unchanged,  to  be  di.ssolved  only  by  the  intestinal 
secretions,  where  they  become  active.  The  search  for 
the  ideal  disinfectant  "for  internal  administration  has  not 
yet  been  crowned  with  success,  owing  to  the  difficulty 
of  finding  a  drug  which  is  sufficiently  soluble  and  which 
will  retain  its  disinfectant  properties  after  meeting  the 
intestinal  fluids  and  yet  not  develop  irritating  or  poison- 
ous properties. 

Tlie  Diijestim  Fennents  arc  interesting  phy.siologically 
as  well  as  therapeutically,  though  when  we  confine  our- 
selves to  "remedies  that  aid  digestion  "  there  arc  but  few 
of  them  that  come  within  our  purview.     Thus  the  saliva 
contains  an  enzyme,  ptyalin,  the  function  of   which  is 
to  change  starch  to  sugar  and  to  the  products  intermediate 
between  starch  and  sugar.     Its  direct  bearing  upon  our 
subject  is  to  show  the  importance  of  mastication  in  sali- 
vaiy  digestion,  for  it  breaks  open  the  starch-cellulose  en- 
velopes and  thus  expo.ses  a  larger  surface  to  the  action 
of   the  enzyme;    but   ptyalin   itself  is   little  used   as  a 
medicinal  remedy.     The  most  important  of  the  amylolv- 
tic    or   starch-digesting   class  is  diastase,  which   is  ob- 
tained from  germinating  grain,  and  is  familiar  under  the 
names  of  malt  extract,  Maltine,  or  Maltzyme,  and  with 
it  belongs  taka  diastase,  which  is  obtained  from  a  funsus 
called  Eurotium  oryzse,  and  is  much  more  powerful  than 
the   malt  extracts.     Like   the   other  digestive  ferments 
diastase  is  much  used  to  strengthen  the  weakened  diges- 
tive secretions,  but  its  province  is  less  well  defined  than 
in  the  case  of  some  others,  for  the  existence  of  a  condition 
deserving  the  name  of  "amylaceous  dyspepsia  "  is   cer- 
tainly questionable.     According  to  Osier,  "Ptyalin  and 
diastase  are  particularly  indicated  when  the  acid  is  ex- 
cessive, and  the  malt  d"iastase  is  often  very  serviceable 
when  given  with  alkalies. ".     Many  of  the  prepararions  of 
malt  diastase  contain  some  percentage  of  alcohol,  making 
them  equivalent  to  a  mild  stout  or  beer  (Cushny).     Com- 
ing now  to  the  proteolytic  digestive  ferments'  the  most 
familiar  one  is  jiepsin.     This  is  usuallv  obtained  from  the 
stomach  of  the  pig.     It  acts  in  an  "acid  solution  only, 
preferably  one  containing  0.3  per  cent,  of  hvdrochlorio 
acid,  which  is  nearly  the  same  as  the  proportion  of  that 
acid  in  the  gastric  juice.     Ewald  is  quoted  to  the  effect 
that  "the  use  of  pepsin  may  be  limited  to  the  cases  of 
advanced  mucous  catarrii  aud  the  instances  of  atrophy 
of  the  stomach. "     It  has.  however,  been  largely  used  witii 
the  view  of  reinforcing  the   digestive  capacitv  of  the 
stomach  for  proteids  in  other  conditions,  and  doubtless 
Its  administration  has  often  been  superfluous,  for  it  is 
found  that  "the  gastric  juice  is  almost  always  capable 
of  digesting  proteids  if  it  is  acid  in  reaction  "'  (Cushny) 
Pepsin  IS  best  administered  in  powder  or  in  solution  witli 
acid      Pancreatin  is  an  extract  of  the  pancreatic  gland 
ot  the  pig  and  should  represent  the  various  enzymes 
tound   in   the   pancreatic  juice.      These   are  amylopsin. 
which  IS  amylolytic:   tn/psui.   proteoh-tic,  but  requires 
an  alkaline  medium  for  its  action  :  .iteapiiii   which  causes 
emulsitication  of  fats  in  the  alkaline  .solution  (Hall)      It 
IS  thus  apparent  that  an  efficient  digestive  aid  can  be  ex- 
pected Iromthis  pieparati(m  oiilv  when  it  can  be  brought 
to  act  upon  the  intestinal  contents  where  their  reaction  is 
aikahne.     It  is  thcrclore  customarv  to  combine  it  in  tab- 
lets with  bicarbonate  of  soda,  to  neutralize  the  destructive 
acKityot  the  gastric  juice,  or  to  enclose  the  drug  in  a 
coating  of  keratin  to  pr.itect  it  from  the  gastric  juice 
while   i.assmg  through  the  stomach.     Among  the  pro- 
teolytic  Icrmcnts  should   also  be  mentioned  papain  or 
paponl  derived  Iroin  the  carica  papaya  or  pawpaw.     It 
IS  used  to  .some  extent  as  a  substitute  for  pepsin  or  pan- 
creatin, but  has  the  i.eculiarity  of  acting  either  in  warm 
or  cold,  in  moderately  acid,  alkaline,  or  neutral  solutions. 
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Upon  milk  it  exerts  tlie  double  action  of  curdling  and 
then  peptonizing.  In  this  couuection  the  following 
quotation  from  Henujieter  may  not  be  inappro]iriate. 
"Predigested  foods,  sucli  as  somatose,  MoM(|uera's  beef 
meat  and  such  others  as  are  tasteless,  when  mixed  with 
food  so  as  not  to  be  detected,  are  useful  when  the  diges- 
tion of  albumen  in  the  food  becomes  iusufticient,  or  when 
as  in  some  eases  of  carcinoma  or  tuberculosis  there  is  in- 
adequate absorption  of  nitrogenous  food." 

The  indication  for  alkitlies  as  digestants  is  the  pres- 
ence or  secretion  of  an  excess  of  hydrochloric  acid  in  the 
stomach.  For  this  purpose  they  are  used  as  ingredients 
of  the  fluid  of  lavage,  as  well  as  to  liipiefy  tenacious 
mucus.  While  there  is  no  doubt  of  the  value  of  alkalies 
given  half  an  hour  td  an  hoiu'  after  meals  in  cases  of  ex- 
cessive acidity,  on  the  other  hand  the  nnist  contradictory 
views  are  held  by  good  authors  as  to  the  result  upon  the 
secretion  of  acid  from  giving  alkalies  before  eating. 
Magnesia,  carbonate  of  magnesia,  and  lime  are  commonly 
classed  as  antackh.  They  also  are  used  in  excessive 
acidit}'  of  the  stomach  and  in  acid  putrefaction  in  the 
bowels,  and  it  is  believed  that  the  magnesia  salts  produced 
in  the  intestinal  canal  under  these  conditions  are  less  irri- 
tating than  the  lime  salts  and  may  have  the  additional 
advantage  of  acting  as  mild  purgatives.  Of  acids  liy  far 
the  most  important  as  an  aid  to  digestion  is  hydrochloric, 
as  the  ingredient  in  which  the  gastric  juice  is  most  often 
lacking.  Nitric  acid  is  also  used  by  itself  and  in  com- 
bination with  hydrochloric,  and  so  is  to  some  extent  jilion- 
phoric  acid.  A  consideration  of  the  physiology  of  stomach 
digestion  as  alread_v  referred  to  in  this  article  furnishes 
the  explanation  of  "their  use.  They  are  often  given  with 
the  bitters,  as  strychnine  or  gentian,  with  pepsin  and 
with  carminatives  such  as  cardamom,  one  enhancing  the 
effect  of  the  other  in  the  combination.  Dilute  hydrochlo- 
ric acid  may  be  given  in  doses  of  trixv.  to  xx.  after 
eating,  although  as  much  as  a  drachm  or  a  drachm  and 
a  half  has  been  recommended  by  some  of  the  best 
authorities. 

xV vailing  ourselves  of  the  anaesthetic  action  of  eocitine, 
we  may  sometimes  employ  that  drug  to  check  vomiting 
when  threatened  in  irritation  of  the  stomach.  Arsenic 
has  a  specific  action  in  causing  fatty  degeneration  of  the 
epithelium  of  the  stomach  and  intestines,  and  the  effects 
attributed  to  it  of  increasing  appetite  and  promoting 
digestion  may  perhaps  be  due  to  a  mild  degree  of  the 
same  action  on-  the  epithelium  (Cushny).  Be  that  as  it 
may,  we  often  see  nutrition  improve  under  the  use  of  the 
drug,  especially  when  given  with  iron.  The  sedative 
action  of  the  bromides  is  also  made  use  of  to  diminish  the 
irritability  of  the  stomach  which  prevents  the  retention 
of  an  adequate  quantity  of  food.       /.  Hacen  Emerson. 
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DIGESTION.— The  purpose  of  digestion  is  to  prepare 
the  food  for  absorption  and  assimilation,  so  that  it  may 
form  a  suitable  nutriment  for  the  tissues  of  the  body. 

During  the  process  of  digestion  the  food  lies  within  the 
alimentary  canal,  along  which  it  is  gradually  moved  by 
appropriate  contractions  of  the  muscular  walls. 

Here  the  food-stuffs,  through  the  agency  of  the  diges- 
tive juices,  undergo  chemical  and  physical  modifications 
which  render  the  various  constituents  in  the  end  more 
soluble  and  capable  of  easy  absorption  by  the  columnar 
cells  of  the  intestine. 


A  complete  account  of  digestion  would  accordingly 
deal  with  the  movements  of  the  various  parts  of  the  ali- 
mentary canal  and  with  the  mode  of  secretion  and  chemical 
prcjiierliesof  the  digestive  lluids,  in  addition  to  describing 
the  action  of  these  digestive  secretions  upon  the  food- 
stuffs. 

It  is,  however,  more  appropriate,  for  facility  of  refer- 
ence, to  treat  of  the  mechanics  of  digestion  under  the 
various  headings  of  mastication,  deglutition,  intestinal 
movements,  and  defecation ;  while  the  properties  of  the 
various  digestive  juices  will  be  found  under  their  names 
ami  those  of  the  ferments  which  they  contain. 

In  this  article  we  shall,  therefore,  chiefly  consiiler  the 
action  of  the  digestive  juices  upon  the  food  in  the  differ- 
ent parts  of  the  alimentary  canal. 

Buccal  Digestion. — The  chief  function  of  the  saliva  un- 
doubtedly is  that  of  facilitating  the  swallowing  of  solid 
food.  This  is  shown  by  the  fact  that  mucin,  the  most 
important  of  the  organic  constituents  and  one  wdiich  is 
invariably  present,  has  no  chemical  action  whatever  on 
any  of  the  food-stuffs.  On  the  other  hand,  ptyalin,  which 
is  the  only  chemically  active  sub.stance,  is  absent  in  cer- 
tain classes  of  animals,  such  as  all  the  typical  carnivora. 
The  water  of  the  saliva,  which  is  intimately  mixed  with 
the  food  in  the  process  of  mastication,  makes  the  mass  of 
much  softer  consistence,  while  the  mucin  at  the  same 
time  coats  it  over  with  a  slippery  envelope,  so  that  the 
subsequent  passage  along  the  oesophagus  is  for  both  these 
reasons  rendered  easier. 

The  more  important  effects  exerted  upon  the  food  in  the 
mouth  are  hence  phj'sical  in  chaiacter,  viz.,  a  comminu- 
tion by  the  teeth,  a  softening  bj-  imbibition  and  mixing 
with  the  water  of  the  food,  and  a  slippery  surface  con- 
ferred by  the  mucin  of  the  saliva.  In  addition  to  these, 
however,  a  chemical  action  is  initiated  in  man  and  most 
mammals  upon  any  staiches  i^resent  in  the  food,  which 
is  of  .some  importance  because  of  the  rapidity  of  the  ac- 
tion, and  of  the  fact  that  the  activity  is  continued  for  a 
considerable  time  after  the  food  passes  into  the  stomach. 

This  action  on  the  starches  is  due  to  a  diastatic  enzyme, 
which  has  been  named  fityctlin  ;  although  like  all  other 
enzymes  it  has  not  yet  been  Isolated  as  a  chemical  indi- 
vidual. The  chemical  action  is  typical  of  that  of  the 
entire  class  of  diastatic  enzymes,  such  as  malt  diastase  or 
amylopsin  of  the  pancreatic  juice,  and  hence  merits  a 
short  description. 

In  the  reaction,  the  ptyalin  is  not  itself  chemically  in- 
volved, but  it  sets  up  a  catalytic  change  in  which  the  ele- 
ments of  water  are  taken  up  by  the  complex  starch  mole- 
cule, which  at  the  same  time  becomes  resolved  into  simpler 
bodies.  The  first  evidence  of  this  hydmlysis  and  accom- 
panying degradation  of  the  starch  molecule  is  physical 
in  character  and  consists  in  the  formation  of  soluble  starch, 
or  amididiH.  Starch  paste  to  which  saliva  has  been 
added  loses  at  this  stage  its  viscid  character,  the  common 
property  of  colloidal  solutions  containing  giant  molecules, 
and  becomes  limpid  and  more  like  a  true  solution.  The 
solution  still  retains,  however,  the  chemical  properties  of 
starch,  as  is  shown  by  its  giving  the  usual  deep  blue 
coloration  on  the  addition  of  iodine.  This  first  stage  of 
the  action  of  ptyalin  u]5on  starch  takes  place  very  rapidly, 
especially  when  the  starch  granules  have  been  burst  by 
previous" cooking,  as  short  a  time  as  thirty  seconds  being 
sufficient  to  render  a  stiff'  starch  paste  completely  fluid, 
when  a  few  drops  of  saliva  are  added  at  body  tempera- 
ture. This  first  action  is  hence  of  considerable  impor- 
tance, for  under  proper  conditions  of  mastication  prac- 
tically all  the  boiled  starch  of  the  food  ought  to  enter  the 
stomach  as  soluhle  starch.  When  the  starch  has  not  been 
previously  boiled  the  action  is  infinitely  slower,  since 
there  is  a  thin  membrane  of  starch  cellulose  surrounding 
each  starch  granule,  and  this  membrane  retards  the  ac- 
tion of  the  ptyalin  upon  the  enclosed  starch  granvlose. 

The  further  stages  in  the  action  of  ptyalin  upon  starch 
consist  in  a  gradual  advance  of  the  process  of  hydrolysis. 
As  a  result  there  is  formed  a  variable  mixture  of  maltose 
and  iso-maltose,  with  dextrins,  of  which  the  constituent 
individuals  have  never  been  satisfactorily  isolated.     The 
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liydrolysis  never  becomes  complete  no  matter  how  pro- 
longed be  the  interval  of  time  allowed.  There  is  indeed 
no  complete  conversion  of  dextrins  into  sugars,  not  even 
wlien  the  dextrins  finally  formed  are  precipitated  from 
solution  and  treated  anew  in  fresh  solution  with  saliva. 

The  blue  coloration  with  iodine  ceases  to  be  obtainable 
when  tlie  starch  has  all  been  converted,  and  is  replaced 
by  a  red  color  which  is  said  to  be  given  by  a  hypothetical 
substance,  called  from  the  red  c'olor,  erythrode-rtrin,  al- 
though no  chemical  substance  corresponding  to  this  name 
has  ever  been  isolated.  At  a  later  stage  no  coloration 
is  obtained  with  iodine,  and  for  this  reason  the  dextrins 
then  in  solution  are  spoken  of  as  achrovde.vtrins.  There 
are  probably  several  dextrins  at  this  final  stage,  as  is 
indicated  by  the  fact  that  fractional  precipitation  with 
alcohol  yields  products  of  varying  rotatory  power  for 
polarized  light.  No  sufficient  isolation  of  these  bodies 
has  yet  been  accomplished,  although  the  names  of  a,  ft, 
and  y  achroodextrin  have  been  applied  to  products  of 
different  physical  properties  obtained  from  the  mixture. 

The  sugars  formed  are  maltose  and  a  closely  allied 
sugar  named  iso-maltose ;  inversion  of  these  disaccharides 
into  monosaccharides  by  ptyalin  does  not  take  place  to 
any  appreciable  extent,  but  various  observers  describe  the 
presence  of  a  small  percentage  of  dextrose. 

From  the  fact  that  maltose  appears  early  in  the  process 
of  hydrolysis,  even  at  the  stage  of  erythrodextrin,  and 
increases  in  amount  as  achroodextrin  is  formed,  it  has 
been  concluded  that  a  certain  percentage  of  maltose  is 
formed  early  in  the  decomposition  of  the  starch  molecule, 
and  the  process  is  hence  usually  represented  schematically 
thus: 

Starch. 

Soluble  starch. 


Erythrodextrin. 

I 


Maltose  and  iso-maltose. 


Achroodextrins. 


Maltose  and  iso-maltose. 


There  is,  however,  as  has  been  pointed  out  by  Lintner 
and  Dull,*  no  logical  basis  for  such  an  assumption,  for  in 
such  a  chemical  reaction,  of  considerable  time  duration, 
there  is  absolutely  no  reason  to  believe  that  the  starch 
molecules  are  all  attacked  at  the  same  rate  by  the  ferment 
and  at  any  given  moment  are  all  equally  advanced  in 
hydrolytic  cleavage.  There  is  no  reason  why  the  maltose 
simultaneously  present  with  the  erythrodextrin  should 
not  be  the  product  of  more  advanced  hydrolysis  of  other 
starch  molecules,  rather  than  split  off  in  the  formation  of 
erythrodextrin  in  the  beginning.  It  is  in  fact  more  prob- 
able that  there  is  formed  a  series  of  more  and  more  simple 
dextrins  which  give  rise  in  the  end  to  the  di.saccharides, 
than  that  such  simple  molecules  should  be  split  off  in  the 
early  stages  of  cleavage  as  congeners  to  much  more  com- 
plex bodies. 

No  particular  effect  is  exerted  on  proteids  and  fats  in 
the  mouth,  since  the  saliva  contains  no  ferments  which 
act  upon  either  of  these  cla.sses  of  food-stuflfs. 

Gastric  Bi(/estion. — The  primary  office  of  the  stomach, 
and  that  which  undoubtedly  led  to  the  development  of 
that  organ,  is  to  afford  storage  for  the  food  until  it  can  be 
taken  up  for  digestion  and  absorption  by  the  intestine. 
That  fraction  of  the  food  taken  in  at  a  fufl  meal  which  is 
capable  of  being  accommodated  and  acted  upon  in  the 
mtestine  is  a  .small  one;  the  chief  part  of  the  meal  must 
accordingly  be  temporarily  stored  in  some  receptacle  and 
pa.ssed  on  through  the  pylorus  from  time  to  time  as  in- 
testuial  digestion  and  absorption  proceed.  This  iui])or- 
tant  use  of  the  stomach  is  illustrated  by  the  fact  that  the 
stomach  can  l)c  comjiletely  removed  in  the  dog,  provided 
the  animal  when  it  has  recovered  from  the  operation  be 
frequently  fed  with  very  small  portions  of  food      At 
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first  only  a  ver}^  little  food  at  a  time  can  be  retained,  and 
the  animal  requires  to  eat  almost  continuously,  but  after 
a  time  a  distention  foi'ms  in  the  alimentarj'  canal  at  the 
former  situation  of  the  stomach,  and  the  animal  can  re- 
tain a  meal  for  almost  as  long  a  time  as  before  the  opera- 
tion. The  stomach  has  also  been  practically  completely 
removed  in  man,  as  a  consequence  of  malignant  disease, 
with  similar  results.  By  these  cases  it  is  demonstrated 
that  the  chemical  activity  of  the  stomach  is  not  essential 
to  digestion;  while  the  tendency  to  the  formation  of  a 
distended  portion  and  the  fact  that  small  quantities  of 
food  can  only  be  borne  at  first  after  complete  gastrectomy 
indicate  the  primary  use  of  the  stomach  as  a  storehouse 
for  the  food  after  a  meal. 

As  soon  as  the  food  passes  the  cardiac  orifice  the  sphinc- 
ter closes,  and  as  the  pyloric  sphincter  is  also  normally 
closed,  the  stomach  thus  forms  during  the  greater  part 
of  file  time  a  clo.sed  sac  which  is  completely  occluded 
from  the  remainder  of  the  alimentary  canal.  In  this  re- 
ceptacle the  food  is  churned  about  by  very  active  con- 
tractions of  the  muscular  coats,  which  movements  serve 
to  intimately  mix  the  food  into  a  more  or  less  homogene- 
ous, semifluid  mass. 

The  mixed  mass  produced  by  this  churning  action  is 
termed  chyme.  Its  character,  both  in  physical  appear- 
ance and  chemical  composition,  naturally  varies  widely 
with  the  extent  of  previous  mastication  and  the  nature 
of  the  food,  and  hence  the  usual  description  of  a  semifluid 
mass  of  the  consistence  and  appearance  of  pea  soup  is 
often  very  wide  of  the  mark.     (See  article  on  Cfiyme.) 

From  time  to  time,  and  alwaj's  at  the  close  of  a  con- 
traction of  the  mu.scular  coats,  a  portion  of  the  chyme  is 
passed  into  the  duodenum  by  a  temporary  relaxation  of 
the  pyloric  sphincter.  The  rale  of  passage  of  food  from 
the  stomach  to  tlie  duodenum  is  regulated  reflexly,  and 
the  afferent  impulses  appear  to  be  controlled  by  tlie  con- 
dition of  the  intestine  as  regards  the  presence  of  food 
undergoing  digestion. 

Thus,  a  primary  function  of  the  stomach  is  to  act  as  a 
normally  closed  temporary  reservoir  for  the  food,  from 
which  it  is  doled  out  into  the  intestine  as  the  progress 
of  intestinal  digestion  and  absorption  warrants.  Other 
functions  than  this  have,  however,  developed  in  connec- 
tion with  the  stomach,  and  these  may  be  brieflv  enumer- 
ated as  follows: 

1.  The  hydrochloric  acid  of  the  gastric  juice  neutralizes 
the  alkali  of  the  saliva,  and  in  the  end  the  chyme  acquires 
a  strongly  acid  reaction.  As  a  res\ilt  of  this  the  conver- 
.sion  of  starch  into  sugars  and  dextrin,  as  described  above, 
is  brought  to  a  standstill  by  the  complete  destruction  of 
the  ptyalin. 

3.  The  hydrochloric  acid  acts  at  bodv  temperature  as 
a  strong  inverting  agent,  thus  changing  practically  the 
whole  of  any  cane  sugar  which  may  be  present  into  invert 
sugar,  i.e. ,  a  mixture  in  eipial  proportions  of  dextrose  and 
lasvulose. 

8.  The  hydrochloric  acid  acts  as  a  powerful  disinfect- 
ant, arresting  putrefaction  if  that  has alreadv  commenced 
in  the  proteid  food,  preventing  or  minimiz'inn-  acetic  or 
lactic  fermentation  of  carbohydi'ates,  and  destroying 
many  pathogenic  bacteria  or  their  spores,  thus  reducing 
the  danger  of  infection  of  the  intestine  and  hence  of  the 
organism  as  a  whole  by  manv  classes  of  bacteria 

4.  The  pepsin  (r/.  (■.)of  the  gastric  juice  hasa  powerful 
digestive  action  uptm  all  forms  of  ju-oteid. 

5.  The  reniiin,  or  milk-curdling  ferment,  also  present, 
luHueuces  specially  tlie  digestion  of  milk  by  previously 
coagulatuig  it ;  as  a  result  it  is  i-etained  for  a  longer  period 
in  llie  stomach  and  intestine  and  hence  undergoes  a  more 
complete  digestion. 

The  exact  period  of  time  after  a  meal  at  which  tlie  re- 
action ot  the  chyme  changes  to  acid,  has  been  the  subject 
of  much  debate.  ^  It  is  probably  a  very  variable  period,- 
oiie  that  alters  with  tlie  character  of  a  meal,  the  amount  of 
mastica  ion  and  accompanying  insalivation,  and  the  vigor 
of  secretion  of  the  hydrochloric  acid  of  the  gastric  juice. 
A  meal  rich  m  carbohydrate  increases  the  length  of  this 
period,  and  one  rich  in  flesh  meat  diminishes  It.     As  an 
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average  the  time  until  free  liydrocliloiic  acid  is  present 
may  be  placed  at  from  twenty  nnnutes  to  half  an  hour. 
During  this  period  conversion  of  starches  into  dextrius 
and  sugars  proceeds  with  unabated  rapitlity,  for  i.ityaliu 
is  still  more  active  in  a  neutral  or  nearly  neutral  reaction 
than  in  a  strongly  alkaline  one.  As  soon  as  any  free 
hydrochloric  acid  is  present  the  ptyalin  is  rapidly  de- 
stroyed. 

It  is  not  improbable,  however,  that  a  certain  amount  of 
conversion  of  starch  goes  on  by  means  of  the  hydrochloric 
acid,  for,  after  feeding  dogs  on  starch,  a  considerable 
amount  of  maltose  and  de.xtrin  is  found  in  tlie  stomach 
contents,  although  dog's  saliva  contains  no  ptyalin.  This 
subject  still  requires  investigation. 

The  inversion  of  cane  sugar  proceeds  nuich  more  slowly 
in  the  presence  of  the  products  of  proteid  digestion,  and 
if  all  the  acid  present  be  combined  with  such  products  it 
comes  practically  to  a  standstill.  In  the  absence  of  proteid 
products  the  inversion  proceeds  so  rapidly  as  to  render  it 
probable  that  almost  complete  inversion  takes  place  dur- 
ing the  stay  of  food  in  the  stomach  (Lusk). 

It  has  been  stated  by  various  authors  that  a  very  con- 
siderable conversion  of  neutral  fats  into  free  fatty  acids 
and  glycerin  takes  place  in  the  stomach.  Experiments 
by  the  writer  have  given  the  result  that  practically  no 
such  hydrolysis  takes  place  at  the  temperature  of  the 
body,  under  the  action  of  pure  solutions  of  hydrochloric 
acid"  alone  of  a  strength  comparable  to  that  of  the  gastric 
juice.  Since  the  gastric  juice  contains  no  fat-splitting 
ferment  it  is  indeed  difficult  to  understand  the  above- 
mentioned  experimental  results. 

The  important  use  of  the  hydrochloric  acid  as  a  disin- 
fectant is  illustrated  bj'  the  evils  attendant  upon  sub- 
aeiilit}'  of  the  stomach,  or  still  more  by  entire  absence  of 
hydrochloric  acid  secretion.  Under  these  conditions  the 
interrupted  gastric  digestion  of  proteids  produces  far  less 
baneful  effects  than  does  the  infection  of  the  stomach  by 
bacteria,  which  flourish  upon  the  carbohydrate  food,  set- 
ting free  gas  which  causes  distention  of  the  stomach  and 
intestine,  and  also  free  organic  acids  such  as  acetic,  lactic, 
and  butyric,  which  vitiate  intestinal  digestion  and  set  up 
chronic  gastric  and  intestinal  catarrh.  The  value  of  hy- 
drochloric acid  as  a  germicide  is  also  considerable ;  and 
undoubtedly  sub-normal  acidity  is  a  powerful  predispos- 
ing cause  to  those  diseases  in  which  the  intestine  becomes 
a  prey  to  specilic  bacteiial  infection,  such  as  typhoid  and 
cholera.  It  has  been  shown  that  certain  spores  are  more 
resistant  to  the  action  of  the  gastric  hydrochloric  acid 
than  are  the  bacteria  themselves;  this  lias  been  found, 
for  example,  in  the  cases  of  the  spores  of  cholera  and 
anthrax. 

The  first  stage  in  the  action  of  pepsin  upon  proteid  is 
the  formation  of  acid  albumin ;  tlie  proteid  being  dis- 
solved dmiug  this  first  stage  if  it  is  not  initially  in  a  state 
of  solution.  Since  acid  is  present  it  might  be  supposed 
that  in  this  stage  the  pepsin  takes  no  part,  and  that  the 
action  is  a  conversion  of  native  proteid  into  acid  albumin 
by  the  hydrochloric  acid  alone  acting  at  body  tempera- 
ture. This,  however,  is  not  the  case,  for  although  pepsin 
is  inactive  in  the  absence  of  the  acid,  the  latter  merely 
confers  a  favorable  medium  upon  the  pepsin  which  then 
acts  upon  the  proteid  and  causes  or  at  least  initiates  the 
transformation.  This  is  shown  experimentally  by  the 
fact  that  a  coagulated  proteid,  such  as  fibrin,  is  only  in- 
finitely slowly  converted  into  acid  albumin  at  body  tem- 
perature by  hydrochloric  acid  alone  when  it  is  of  the 
same  degree  of  concentration  as  the  gastric  j  nice,  whereas 
on  the  addition  of  pepsin  the  transformation  is  a  rapid 
one.  It  is  possible  that  the  change  to  acid  albumin  takes 
place  in  two  stages,  viz.  :  first,  an  action  of  the  pepsin 
upon  the  proteid,  giving  a  soluble  modified  proteid;  and, 
secondly,  a  conversion  of  the  product  of  this  first  action 
into  acid  albumin  by  the  acid  as  it  is  formed  in  the  na.scent 
condition  in  the  presence  of  the  acid.  This  view  is  ren- 
.  dered  probable  by  the  fact  that  in  the  action  of  trypsin 
upon  proteid  which  takes  place  in  an  alkaline  medium, 
alkali  albumin  is  similarly  formed ;  and  the  fact  indicates, 
further,  that  most  probably  the  proteid  is  subjected  to 


an  initial  modification  by  the  action  of  tlie  trypsin  which 
IS  acted  upon  as  it  is  formed  by  the  alkali  present  and 
converted  mto  alkali  albumin. 

The  stage  of  formation  of  acid  albumin  can  be  demon- 
strated just  as  the  proteid  has  disappeared  into  solution 
or  at  any  tune  before  this  stage,  by  filtering  and  neutraliz- 
mg,  when  a  precipitate  is  obtained.  With  a  very  active 
pepsin  solution,  the  amount  of  acid  albumin  so  precipi- 
table  at  any  period  is  very  small,  for  the  acid  albumin  is 
attacked  further  by  the  pepsin  and  hydrochloric  aciil,  and 
changed  into  albumoses  which  are  not  precipitable  on 
neutralizaUon.  With  weaker  solutions  of  pepsin  also, 
after  all  the  proteid  has  passed  into  solution,  the  amount 
of  acid  albumin,  as  demonstrated  by  the  amount  of  neu- 
tralization precipitate,  gradually  diminishes,  and,  if  the 
pepsin  solurion  has  not  been  too  weak,  finally  disappears. 
If,  however,  the  pepsin  solution  is  very  weak,  the  action 
becomes  identical  with  that  of  very  dilute  acids  acting 
alone  for  a  prolonged  time,  and  there  is  produced  a  very 
stable  form  of  acid  alliuniin  which  undergoes  no  futher 
change.  In  the  normal  action  of  pepsin  and  hydiochloric 
acid  this  does  not  take  place  and  all  the  ac'id  albumin 
first  formed  is  afterward  changed  into  albumoses.  This 
change  takes  place  by  action  upon  the  portions  of  acid 
albumin  first  formed,  simultaneously  with  the  production 
of  further  acid  albumin,  so  that,  even  before  complete 
solution  has  taken  place,  both  acid  albumin  and  albu- 
moses are  present  together  in  solution. 

The  albumoses  are  formed,  according  to  Neumeister,  in 
two  successive  stages:  first,  proto-  and  hetero-albumose 
are  formed,  and  accordingly  these  are  termed  primary  al- 
bumoses; at  a  later  stage  these  become  converted  into 
deutero-albumoses,  which  are  therefore  called  secondary 
albumoses.  Tlie  primary  albumoses  are  precipitated  from 
solution  on  saturation  w'ith  sodium  chloride;  to  precipi- 
tate the  deutero-albumoses  a  further  addition  of  acetic 
acid  is  required. 

Finally,  a  certain  percentage  of  deutero-albumose  be- 
comes changed  into  peptone,  which  is  distinguished  by 
not  being  precipitated  on  complete  saturation  with  am- 
monium sulphate. 

The  process,  like  the  action  (described  above)  of  ptyalin 
upon  the  starches,  never  becomes  complete,  but  the  final 
result  is  always  a  mixture  of  albumose  and  peptone  which 
cannot  be  further  peptonized  by  pepsin.  The  albumoses, 
in  so  far  as  they  are  not  absorbed  as  such,  are,  however, 
cf)nverted  into  peptones  and  amido-acids  Iiy  the  trypsin 
of  the  pancreatic  juice  in  the  course  of  intestinal  diges- 
tion. 

There  is  a  considerable  variation  in  the  length  of  time 
occupied  by  the  stomach,  after  a  meal,  in  discharging 
its  contents,  the  period  varying  with  the  character  of  the 
meal,  the  previous  state  of  nutrition,  and  most  of  all 
with  the  character  of  the  animal.  In  herbivora,  for  ex- 
ample, the  stomach,  except  in  very  prolonged  inanition, 
is  never  empty  of  food,  while  in  a  carnivorous  animal 
(especially  after  a  previous  period  of  starvation)  the  stom- 
ach may  be  found  empty  one  or  two  hours  after  a  meal. 
A  fatty  meal  is  retained  longest  in  the  stomach ;  a  light 
meal,  "such  as  bread  or  rice,  passes  on  to  the  intestine 
rapidly ;  while  lean  meat  remains  in  the  stomach  for  a 
period  of  time  intermediate  betAveen  these  two.  The 
mean  period  in  man  may  be  approximately  stated  at  from 
four  to  six  hours.  A  distended  or  relaxed  condition  of 
tlie  stomach  increases  the  interval,  and  under  pathologi- 
cal conditions  the  stomach  may  never  become  completely 
cleared  of  food.  Diminished  acidity  of  the  gastric  mu- 
cous membrane  also  tends  to  increase  the  period  of  gas- 
tric digestion. 

Intestinal  Digestion. — The  chyme,  as  it  is  passed  out  at 
intervals  through  the  pylorus  into  the  duodenum,  has  al- 
ways under  normal  conditions  a  strongly  acid  reaction, 
due  to  hydrochloric  acid,  but  becomes  at  once  immersed 
in  a  strongly  alkaline  bath  which  has  been  prepared  for 
it  in  advance  by  the  secretion  into  the  duodenum  of  bile, 
pancreatic  juice,  and  succvs  entericus.  Asaresult  of  this 
the  free  hydrochloric  acid  is  almost  at  once  neutralized, 
and  usually  the  intestinal  chyme  acquires  an  alkaline  re- 
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action  t(jall  stal)le  indicators  witliin  an  inch  or  two  of  tlie 

The  older  view  tliat  an  acid  reaction  due  to  li.ydroclilonc 
acid  persists  for  some  distance  down  the  small  mtestinc, 
and  that  the  acid  is  only  gradually  neutralized,  is  accord - 
iuf  to  the  experience  of  the  writer,  erroneous  and  founded 
on  a  misconception— viz.,  that  a  considerable  amount  of 
chyme  is  expelled  at  once  from  tlie  stomach  and  is  gradu- 
ally mixed  with  the  alkaline  secretions  as  these  are 
secreted,  so  that  in  the  end  the  hydrochloric  acid  is  neu- 
tralized. As  a  matter  of  fact,  the  amount  discharged  at  any 
one  opening  of  the  pylorus  is  small,  and  the  mass  is  shot 
out,  not  into  an  empty  duodenum,  but  into  one  charged 
already  with  alkaline  secretion.  In  a  large  number  of  ex- 
periments in  which  free  liydrochlorie  or  strong  organic 
acids  such  as  acetic  or  lactic  were  tested  for  by  methyl 
orange,  1  have  scarcely  ever  obtained  an  aci<l  reaction, 
even" within  two  inches  of  the  pylorus,  either  in  carmvora 
or  in  herbivora. 

It  is  interesting  to  oliscrve  the  economy  ot  the  diges- 
tive enzj-mes  of  the  pancreatic  secretion  which  is  attained 
by  such  an  arrangement  of  previous  secretion  into  the 
duodenum  of  alkatine  fluids  and  the  discharge  of  the  acid 
gastric  chyme  into  a  quantity  of  such  secretion.  On  the 
old  view,  since  all  three  pancreatic  enzymes  are  extremely 
susceptible  to  mere  traces  of  free  hydrochloric  acid  and 
are  almost  instantly  destroyed  thereby,  all  the  pancreatic 
juice  secreted  for  "the  considerable  period  of  time  which 
elapses  until  the  hydrochloric  acid  has  been  neutrahzed 
would  be  destroyed.  In  fact,  nearly  all  the  pancreatic 
activity  would  he  thus  removed,  for  this  secretion  is 
poured  only  into  the  duodenum,  and  according  to  the 
older  views,  the  acidity  persists  beyond  this  portion  of 
the  intestine.  On  the  view  that  tlie  chyme  is  discharged 
into  an  alkaline  bath  and  almost  instantly  neutralized, 
practically  no  such  destruction  would  occur. 

According  to  other  authors,  who  admit  that  the  hydro- 
chloric acid  is  rapidly  neutralized,  there  is,  nevertheless, 
no  alkaline  reaction 'in  tlie  small  intestine;  but,  on  the 
other  hand,  there  is  a  markedly  acid  reaction  due  chiefly 
to  acetic  acid  set  free  by  the  energetic  action  of  bacteria 
upon  carbohydrates.  This  acidity  is  further  said  to  in- 
crease in  degree  as  the  intestine  is  descended  even  until 
the  ileo-oa:'cal  valve  is  reached.  This  view  is  supported 
chiefly  by  a  few  observations  upon  clinical  cases  of  fis- 
tnlx  near  the  ileo-cfecal  valve. 

In  a  large  number  of  experiments  upon  various  classes 
of  animals,  I  have  never  found  an  acid  reaction  due  to 
any  stronger  acids  than  those  of  the  fats  of  the  foods. 
After  a  fatty  meal,  and  in  the  carnivora  only,  a  faintly 
acid  reaction  to  litmus  is  obtained;  this  is,  however,  due 
to  the  weak  organic  acids  set  free  from  the  fats  b_y  the 
lij'drolytic  action  of  the  steapsin,  as  is  shown  by  the  fact 
that  no  acid  reaction,  but  instead  a  strongly  alkaline  one, 
is  obtained  with  methyl  orange.  This  acid  reaction  is  too 
weak  to  effect  the  activity  of  any  of  the  intestinal  enzymes, 
and  usually  persists  for  from  one-third  to  one-half  the 
length  of  the  intestine.  An  acid  reaction  due  to  acetic 
and  lactic  acids  was  obtained  in  one  case  only,  but  hero 
the  small  intestine  was  also  distended  with  gas,  and  diges- 
tion was  obviously  not  proceeding  in  a  normal  fashion. 
From  these  experiments  it  is  obvious  that  in  animals  of 
widely  different  species,  and  therefore  most  probably  in 
man  also,  there  is  no  appreciable  destruction  or  digestion 
of  carbohydrates  in  the  small  intestine  by  the  agency  of 
bacteria.  Since  in  a  mixed  food  carbohydrates  are  at- 
tacked before  proteids,  it  is  probable  that  bacterial  ac- 
tion upon  the  mixed  food  in  the  intestine  is  inconsider- 
able in  amount.  The  degree  of  alkalinity  varies  with  the 
food,  being  greatest  on  carbohydrates  aiid  least  on  fattv 
food. 

The  chief  digestive  secretions  which  affect  the  food 
in  the  intestine  are  the  pancreatic  juice  and  the  bile,  flu- 
succus  entericus  possessing,  so  far  as  we  know,  but  a 
subordinate  value  as  an  aid  to  digestion. 

The  pancreatic  juice  contains  three  important  enzymes 
each  of  which  has  a  digestive  action  upon  a  different  one 
of  the  three  great  classes  of  food-stuffs ;  as  a  result,  all  the 
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important  elements  of  the  food  are  attacked  m  the  small 
intestine  by  the  pancreatic  juice.  Thus,  carbohydrates 
are  subjected  to  the  action  of  the  diastatic  enzyme,  amy- 
lopsin;'fats  are  hydrolyzed  by  the  steatolytic  enzj'me, 
steapsin ;  while  proteids  are  peptonized  by  the  proteolytic 
enzyme,  trypsin. 

The  action  of  amvlojisin  resembles  in  every  respect 
that  already  described  in  the  case  of  ptyalin.  So  close 
is  the  resemblance  that  certain  writers  state  that  the  two 
ferments  are  identical;  of  this,  however,  there  is  no  ex- 
perimental evidence,  since  neither  body  has  been  isolated. 
Pancreatic  juice  acts  more  energetically  than  saliva  upon 
starches,  bi'it  this  may  merely  mean  a  difference  of  con- 
centration. 

Pancreatic  juice  contains,  so  far  as  is  at  present  known, 
the  only  enzyme  possessing  a  specific  chemical  action 
upon  tlie  neutral  fats.  This  action  consists  in  decompos- 
ing the  fats  into  free  fatty  acids  and  glycerin.  Until 
quite  recently  it  was  held  that  only  a  small  percentage 
of  fat  underwent  this  change,  and  that  the  fatty  acids  so 
set  free  combined  with  the  alkali  of  the  intestinal  contents 
to  form  soaps.  In  the  process  of  combination  it  was 
supposed  that  the  soaps  converted  the  remaining  larger 
portion  of  undecomposed  fat  into  a  fine  emuLsion  which 
was  then  absorbed  in  this  chemically  unaltered  form  by 
the  columnar  cells. 

Recent  experimental  observations  have  tended  to  in- 
validate this  emulsion  theory  of  absorption,  and  it  is  now 
held  by  many  that  all  the  fat  of  the  food  is  abscjrbed  in 
soluble  form.  The  chief  facts  in  favor  of  this  view  may 
be  summarized  as  follows: 

1.  The  rapidity  of  action  of  steapsin  is  such  as  to  admit 
of  the  saponification  of  all  the  fat  of  a  full  fatty  meal 
within  the  ordinary  period  of  digestion. 

2.  It  has  never  been  shown  by  histological  examination 
that  fat  particles  pass  into  the  columnar  cell;  on  the  con- 
trary, the  broad  striated  border  of  the  cell  is  invariably 
free  from  fat  gi-anules. 

3.  Examination  of  the  columnar  cells  at  varying  periods 
after  a  fatt}'  meal  sliows  that  the  fat  globules  seen  in 
these  cells  continuously  grow  larger  as  the  period  of  ab- 
sorption Increases,  indicating  that  the  globules  are  de- 
posited from  solution. 

4.  Although  fatty  acids  are  insoluble  in  water  they  are 
fairly  easily  soluble  in  bile  solutions  and  exist  in  solution 
in  the  intestinal  contents  of  some  classes  of  animals  dur- 
ing fat  digestion.  The  solubility  of  the  different  soaps 
is  also  greatl}'  increased  by  the  presence  of  bile  in  the  in- 
testinal contents,  and  soaps  are  also  found  in  the  intestinal 
contents  during  fat  digestion. 

It  is  probable  from  these  various  observations  that  the 
entire  fat  of  the  food  is  hydrolyzed  in  the  intestine  to 
fatty  acids  and  glycerin,  that  the  fatty  acids  are  entirely 
or  in  part  neutralized  to  soaps  of  the  alkaline  metals  by 
the  alkali  of  the  intestinal  ccmtents.  and  that  these  soaps, 
or  the  mixture  of  soaps  and  free  fatty  acids,  are  absorbed 
in  solution  by  the  columnar  cells. 

In  the  columnar  cells  the  ccmstituents  of  the  fats  are 
recombinedto  form  neutral  fats,  and  here  it  is  interesting 
to  note  that  the  columnar  cells  appear  to  lie  capable  of 
fuinishing  glycerin  for  the  synthesis  to  neutral  fat,  for 
even  Avhen  free  fatty  acids  are  fed,  only  neutral  fats  are 
to  be  found  tliereaftcr  in  the  tluiracic  duct. 

It  has  been  stated  above  that  the  action  of  pepsin  upon 
proteid  never  amounts  to  complete  peptonization;  in  ad- 
dition to  this  a  considerable  amount  of  proteid  matter 
passes  through  the  pylorus  which  has  not  been  chemi- 
cally altered  at  all  by  the  gastric  juice.  An  examination 
of  the  contents  of  tlie  uiijicr  part  of  the  small  intestine, 
after  a  meal  containing  fiesli,  usually  demonstrates  un- 
digested fragments  and  often  pieces  of  considerable  size 
tloating  in  the  thin  fluid  contents  of  the  intestine.  Such 
macroscopic  fragments  become  less  frequent  and  smaller 
as  tlie  intestine  is  descended,  evidently  because  of  ad- 
vancing solution,  while  at  the  same  time  the  fluid  por- 
tion becomes  thicker,  so  giving  rise  to  a  more  homogene- 
ous mass  of  ever-increasing  thickness  as  the  ileo-cacal 
valve  is  approached.     The  action  of  trypsin  upon  pro- 
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teids  is  both  more  compk'li.'  and  more  rapid  tliau  that  of 
pepsin.  Tlie  preliminary  stages  are  rushed  througli  more 
rapidly.  The  tirst  stage,  as  mentioned  above,  is  that  ol' 
alkali  albumin,  but  this  substance  is  rapidly  converted 
into  deutero-albumose,  this  in  turn  into  peptone,  and 
the  peptone  in  great  part  into  amido-aeids  and  oi-ganic 
nitrogenous  bases.  It  is  doubtful  wlicllier  any  primary 
albumoses  are  formed  in  the  course  of  tryptio  digestion; 
if  they  are,  the  stage  is  an  exceedingly  unstable  "one  ancl 
they  are  ciuickly  changed  into  deuter()-albumoses.  The 
deutero-albumoses  are  easily  demonstrated  in  the  earlier 
stages  of  tryptie  digestion,  but  are  converted  later  into 
peptone.  The  conversion  of  peptone  into  simpler  bodies 
proceeds  more  slowly,  and  only  about  half  the  pejitone 
gets  so  completely  ilccomposed  as  not  to  give  most  of 
the  reactions  of  the  proteids.  The  more  stable  portion  is 
usually  termed  antipeptone,  but  it  is  imkno\Yn  whether 
this  term  represents  a  complex  of  various  bodies  or  a 
single  chemical  substance.  Recent  experiments  have 
tended  to  show  that  it  is  a  mixture  of  several  substances 
of  much  simpler  constitution  than  anything  deserving 
the  name  of  proteid  or  pejitone. 

The  above  description  apjilies  to  the  complete  process 
of  tryptie  digestion  of  proteid,  but  the  partially  digested 
proteid  resulting  from  pre\'ious  peptic  digestion,  in  so  far 
as  it  has  not  been  previously  absorbect  undergoes  the 
later  stages  of  tryptie  digestion. 

We  have  at  present  no  means  of  knowing  \\ha.l  frac- 
tions of  the  proteid  are  absorbed  in  the  various  interme- 
diate forms,  but  we  do  know  that  even  native  proteid  is 
capable  of  absiirption  from  the  intestine,  and  that  diges 
tion  merely  serves  to  increase  the  ease  of  absorption."  It 
has  been  shown  that  the  rate  of  absorption  is  greater  for 
alkali  albumin  than  for  albumins  or  globulins,  and  that 
there  is  a  still  greater  incaease  for  albumoses  and  pep- 
tones. It  is  hence  probable  that  a  certain  fraction  of 
proteid  is  absorbed  as  alkali  albumin  and  a  still  greater 
portion  as  albumose,  and  it  is  exceedingly  unlikely,  ex- 
cept when  the  proteid  consumption  is  largely  in  excess 
of  the  demands  of  the  animal,  that  any  considerable 
amount  passes  the  stage  of  peptone.  Such  a  deep-seated 
chemical  change  would  mean  a  useless  expenditure  of 
energy  intended  for  the  tissues  in  the  intestine,  where  it 
could  merely  directly  increase  the  heat  production  of  the 
animal. 

It  Is  similarly  probable  that  a  certain  amount  of  the 
carbohydrate  food  is  absorbed  as  dextrins,  although  no 
dextrin  is  to  be  found  in  the  blood  of  the  portal  vein. 
Rohmanu  finds  that  even  starch  disappears  from  a  Thiry- 
Vella  fistida  with  considerable  rapidity,  and,  since  the 
succus  entericus  possesses  no  diastatic  action,  this  must 
be  taken  as  indicating  that  the  columnar  cells  are  capable 
of  taking  up  starch  molecules.  In  the  entire  absence  of 
the  pancreatic  secretion,  also,  from  one-half  to  three- 
fourths  of  the  starch  ingested  has  been  found  to  disappear 
(Minkowski  and  Abelmann).  Under  normal  conditions 
it  is,  however,  probable  that  practically  all  the  starch  of 
the  food  is  converted  into  a  mixture  of  dextrin  and  malt- 
ose before  absorption. 

The  only  ferment  contained  in  the  nucciis  entericus  is 
one  which  has  an  inverting  action  upon  cane  sugar  and 
maltose,  and  has  aceordingiy  been  termed  umertin.  This 
enzyme  has  a  rapid  action  upon  cane  sugar  and  maltose, 
but  is  stated  to  be  without  action  upon  lactose.  The 
latter  sugar  is  therefore  in  all  probability  absorbed  as 
such,  except  in  so  far  as  it  is  hydrolyzed  in  the  stom- 
ach. 

The  bile  contains  no  enzymes  which  po.ssess  a  chemical 
action  upon  any  of  the  food-stuffs.  It  has  recently  been 
shown  by  the  writer  that  the  most  important  uses  of  the 
bile  lie  in  its  properties  as  a  solvent  for  certain  substances 
which  are  insoluble  in  water.  In  this  capacity  it  acts  as 
auexcretoryagent  by  dissolving  lecithin  and  cholestcrin, 
both  of  which  are  completely" insoluble  in  water;  thus 
rendering  possible  the  removal  of  these  waste  products, 
chiefly  of  the  metabolism  of  the  nervous  tissues  from  the 
body.  Further,  the  bile,  as  has  been  pointed  out  above, 
acts  as  a  powerful  ally  to  the  pancreatic  juice  in  fat  ab 


sorption  by  conferring  increased  .solubilil  y  upon  the  .soaps 
and  rendering  soluble  the  free  fatty  acids. 

'I'hese solvent  propertiesof  the  hiledepend  cliiefly  upon 
the  bile  salts;  the  practical  service  of  «  liich  to  the  econ- 
omy is  shown  by  their  eoniplele  alisoriilion,  constituring 
the  .so-called  circulation  of  the  bile.  All  the  other  liiliary 
constituents— except  lecithin,  which  is  decomposed  and 
in  part  reabsorlied  in  altei'ed  condition— are  exeietoiy  in 
character  and  are  thrown  out  in  tlie  fitces. 

It  is  noteworthy,  in  view  of  the  fact  that  human  biliary 
caleidi  consist  chiefly  of  cholestcrin,  that  this  substance, 
which  is  (inite  insoluble  in  water,  only  possesses  a  feeble 
solubility  in  solutions  of  bile  salts,  amounting  to  from 
one-  to  two-tenths  per  cent.  ;  it  is,  therefore,  that  con- 
stituent of  the  bile  which  is  most  likely  to  lie  thrown  out 
of  solution  by  any  circumstance  which  either  increases 
the  amount  of  cholestcrin  to  be  excreted  bv  the  liver,  or 
diminishes  the  solvent  power  of  the  bile,  such  as  a  dim- 
inution of  bile  salts.  Lecithin  is  much  more  soluble  and 
hence  is  never  found  in  biliary  calculi.  A  five-per-cent. 
solution  of  bile  salts  at  body  temperature  is  capable  of 
taking  up  as  much  as  seven  per  cent,  of  lecithin. 

The  reabsoiption  of  bile  salts  is  practically  complete 
at  the  ileo-ca'cal  valve,  as  is  shown  by  the  fact  that  the 
reaction  from  Pettenkofer's  test  cannot  be  obtained  with 
the  intestinal  contents  as  they  escape  from  a  fistula  of 
the  small  intestine  situated  immediately  above  the  ileo- 
ctecal  valve. 

The  fate  of  the  intestinal  enzymes  during  the  process 
of  digestion  has  been  much  debated.  It  is  certain  that 
ptyalin  is  completely  destroyed  by  the  hydrochloric  acid 
of  the  gastric  juice,  and  pepsin  in  turn  by  the  alkali  of 
the  intestine;  tiut  much  doubt  exists  as  to  the  fate  of 
trypsin,  amylopsin,  and  steapsin.  It  has  been  known  for 
some  time  that  the  blood  plasma  possesses  feeble  amy- 
lolytic  and  proteolytic  powers,  and  it  has  been  inferred 
that  these  properties  were  due  to  absorption  of  the  fer- 
ments from  the  intestine.  It  has,  however,  been  shown 
that  the  blood  plasma  is  richest  in  these  traces  of  enzymes 
during  inanition  and  poorest  in  them  during  the  period 
of  digestion,  which  would  indicate  that  the  enzymes  are 
taken  up  by  the  blood  from  the  cells  of  the  overcharged 
digestive  .glands  and  not  absorbed  during  digestion  from 
the  intestine.  It  is  quite  certain  that  all  the  digestive 
enzymes  are  not  absorbed  before  the  large  intestine  is 
reached,  becau.se  the  contents  of  the  small  intestine  escap- 
ing from  a  fistula  immediately  above  the  ileo-ca^cal  valve 
are  very  rich  in  both  amylolytic  and  proteolytic  ferments, 
as  is  .sliown  by  their  rapid  digestive  action  on  both  starch 
and  fibrin,  jfui'ther,  it  is  from  the  economic  point  of 
view  exceedingly  undesirable  that  the  enzj-mes  should 
be  absorbed  by  the  columnar  cells,  since  they  would  then, 
by  their  activity,  interfere  with  the  reverse  processes  of 
synthesis  of  digestion  products  which  goes  on  in  the  cell. 
Hence  it  is  highly  probable  that  the  process  of  selective 
absorption  which  reaches  its  acme  in  the  columnar  cells, 
has  so  developed  in  them  as  entirely  to  prevent  the  ab- 
sorption of  these  enzymes,  which  in  all  probability  under- 
go decomposition  in  the  large  intestine. 

The  absorption  of  the  soluble  portions  of  the  food,  ex- 
cept in  herbivora,  is  practically  completed  under  normal 
conditions  in  the  small  intestine,  for  the  intestinal  con- 
tents at  the  level  of  the  ileo-ctecal  valve  usually  contain 
neither  soluble  proteid  nor  carbohydrate. 

In  the  upper  part  of  the  small  intestine  the  secretion 
of  water  into  the  intestine  by  the  digestive  glands  more 
than  counterbalances  the  absorption  of  water  by  the  col- 
umnar cells,  so  that  the  intestinal  contents  are  fluid, 
mixed  with  lumps  of  undigested  food.  In  the  lower 
third,  the  absorption  of  water  outbalances  secretion  so 
that  the  contents  become  thicker,  and  at  the  ileo-ciecal 
valve  they  usually  constitute  a  thin,  semi-solid  mass.  In 
the  large  intestine,  the  absorption  of  water  still  proceeds 
and  the  contents  gradually  take  on  the  consistence  of 
ftcces.  The  degree  of  dryness  of  the  fa?ces  varies  chiefly 
with  the  rapidity  with  which  they  pass  through  the  large 
intestine  and  the  avidity  of  its  mucous  membrane  for  the 
water  contained  therein.     In  addition  to  this  continued 

4Y5 


Digestion. 
Digitalis. 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


absorption  of  water,  the  chief  changes  in  the  contents  of 
the  large  intestine  are  due  to  bacterial  action.  In_  the 
large  intestine  bactei'ia  flourish  abundantly.  The  ileo- 
coBcal  valve  possesses  a  peculiar  function  as  a  barrier 
against  bacteria,  the  modus  operandi  of  which  is  entirely 
unknown  to  us.  As  an  experimental  fact  it  is  well 
knOAvn,  however,  that  the  large  intestine  swarms  with 
bacteria,  while  they  are  absent  on  the  upper  surface  of 
the  ileo-CKcal  value.  The  proteid  matter  is  attacked  be- 
low the  valve  by  putrefactive  bacteria ;  these  set  free  those 
volatile  bodies  which  give  the  ftncal  odor  to  the  contents, 
and  they  also  form  stable  organic  sulphates,  which  are 
absorbed  and  excreted  practically  unchanged  in  the 
urine.  Cellulose  and  other  in.soluble  forms  of  carbo- 
hydrate are  also  attacked  here  by  bacteria,  giving  rise  to 
marsh  gas  and  hydrogen  which  escape  by  the  rectum. 

The  fseces  constitute  a  very  complex  residue,  which 
consists  in  part  of  undigested  debris  of  food,  such  as 
shreds  of  cellulose,  connective  tissue,  and  elastic  tissue, 
and,  when  the  food  has  been  excessive  or  mastication 
imperfect,  there  will  be  lumps  of  unattacked  food  which 
have  escaped  the  digestive  action  of  the  secretions.  In 
addition  to  this  tliere  is  a  considerable  amount  of  matter 
not  derived  from  the  food,  such  as  detritus  from  the  col- 
umnar epithelium,  mucin  secreted  from  the  intestine,  and 
excretory  matter  from  the  bile.  The  color  of  the  faeces 
varies  greatly  and  is  derived  from  many  sources;  it 
changes  with  the  character  of  the  food,  being  black  or 
brown,  in  the  ease  of  a  flesh  diet,  from  sulphide  of  iron 
formed  from  the  litemoglobiu  by  reduction  in  the  intes- 
tine, and  light  yellow  in  color,  in  the  case  of  a  vegetable 
diet,  in  which  the  color  is  due  chiefly  to  bile  pigments 

T)ie  gases  of  the  intestine  indicate  that  strongly  marked 
reduction  processes  go  on  therein;  thus,  for  example, 
oxygen  is  entirely  absent,  and  the  usual  gases  are  marsh 
gas,  hydrogen,  and  sulphureted  hydrogen.  The  reducing 
processes  going  on  are  further  evidenced  b)'  the  forma- 
tion of  suphide  of  iron,  as  mentioned  above,  and  by  the 
reduction  of  the  bile  pigments  to  hydrobilirubin. 

Benjamin  Moore. 

DIGESTION,  DISORDERS  OF.  See  Stomach,  Dimases 
of,  and  Entirilis. 

DIGITALIS.— Foxglove.  The  leaves  of  Digitalis pur- 
pitrea  L.  (fam,  Scrophvlariacem)  collected  from  plants  of 
the  second  year's  growtli  "  (U.  S.  P.).  The  British  Phar- 
maeop(pia  specifies  "from  plants  beginning  to  flower." 
The  German  Pliarmacopoeia  requires  them  to  be  collected 
from  wild  plants  in  bloom.  Other  definitions  have 
s])ecifled  "in  full  bloom  "  or  even  the  entire  herb  in  some 
specified  stage  of  maturity.  At  present,  all  these  defini- 
tions agree  in  the  one  important  point  that  the  leaves 
only  are  employed,  the  constituents  of  tlie  floAvers  and 
seeds  differing  in  character  and  properties,  and  being  thus 
properly  excluded.  They  all  agree,  moreover,  in  re(iuir- 
ing  leaves  of  the  second  year's  growth,  inasmuch  as  the 
plant  does  not  flower  during  the  first  year.  All  things 
considered,  the  specification  of  the  flowering  stage  as  the 
time  for  collection  is  wise,  as  the  allowance  of  a  very 
nmcli  earlier  or  very  much  later  jieriod  gives  no  guaran- 
tee of  the  desired  quality.  Tliere  is  also  little  doubt  that 
the  wild-grown  leaves  are  usually  more  active  than  those 
of  cultivation,  though  the  difference  is  commonly  over- 
estimated. 
The  plant  is  very  abundant,  except  in  the  coldest  paits 

In-oughoutEuiope,  besides  which  it  is  largely  cultivated' 
It  reaches  its  greatest  physical  peifection  in  our  north- 
western coast  States,  where  it  is  extensively  naturalized 
along  roadsides,  attaining  a  height  of  ten  and  even  twelve 

eet.  (Mlinarily  it  reaches  a  height  of  from  two  and  one- 
halt  to  tour  feet,  on(^  or  more  usiiallv  simjih!,  erect  stems 
arising  from  a  rosette  of  radical  leaVes  wliieh  replace  a 
similar  rosette  |iro,luced,  with  the  st<,ut  conical  or  fusi 
form  root,  during  the  first  year.  Upon  the  stems  he 
leaves  become  smaller  toward  the  top  and  are  1  na  Iv  i 
;lnced  to  large  floral  bracts.  The  handsoi  u'  o,  i,  / 
bell-shaped,  purple  flowers,  spotted  within  with  darker 

4Y6 


purple,  are  racemcd  along  one  side  of  their  stems,  gener- 
ally for  more  than  half  their  length. 

The  drug  usually  comes  in  bales,  sometimes  pressed 
into  hard  cakes  or  blocks  of  dift'erent  sizes.  Some  very 
finely  selected  leaves  are  powdered  abroad  and  are  im- 
ported in  small  expen.sive  packages,  specially  for  admin- 
istration in  powdered  form.  The  drug  is  thus  described 
hy  the  Pharmacopoeia: 

From  10  to  yO  cm.  long ;  ovate  or  ovate-oblong,  nar- 
rowed into  a  petiole;  crenate;  dull  green,  densely  and 
finely  pubescent;  wrinkled  above;  paler  and  reticulate 
beneath;  midrib  near  the  base  broad;  odor  slight,  some- 
what tea-like;  taste  bitter,  nauseous. 

An  infusion  prepared  with  1  part  of  digitalis  and  10 
parts  of  boiling  water,  and  allowed  to  cool,  has  a  peculiar 


Fig.  1.596.— Digitalis  Purpurea  Linn.,  Fo.xglove.  Plant  In  blossom, 
flower  slightly  reduced  in  size,  and  section  of  flower  natural  size. 
(BaillOQ.) 

odor,  turns  blue  litmus  paper  red,  and,  upon  the  addition 
of  a  few  drops  of  ferric  chloride  T.  S.,  acquires  a  darker 
tint,  a  brown  precipitate  appearing  after  a  few  hours. 

The  infusion  diluted  with  3  parts  of  water  becomes 
turbid  on  the  addition  of  a  few  drops  of  tannic  acid  T.  S. 

No  other  leaf  probably  offers  greater  difficulties  in  the 
matter  of  quality  selection,  aiuf  little  as.sistance  can  be 
gained  from  written  instructions,  success  coming  only 
from  long  experience.  This  is  the  more  unfortunate,  as 
there  is  no  satisfactory  method  of  assay. 

Composition.— The  active  constitueiits  of  digitalis  are 
crystalline  glucosides.  With  them,  there  occur  resin, 
tannin,  gum,  pectin,  a  little  sugar  and  digitaleic  acid. 
Concerning  the  nature  and  occurrence  of  the  glucosides, 
the  disere|iaiicy  between  the  statements  made  by  differ- 
ent in\i'stigators  is  so  great  as  to  preclude  instructive 
discussion  here. 

"/>/;///((////,"  as  dispensed,  is  very  uncertain.  Not  only 
is  it  usually  a  mixture,  but  the  supposedly  chemical  body, 
so  called,  is  not  of  a  uniform  character,  as'  supplied  by  dif- 
ferent manufacturers;  hence,  the  only  successful  way  of 
eni|iloying  if  is  to  use  exclusively  the  product  of  the  same 
manufacturer,  and  learn  its  the'rapeutic  limitations.  It 
is  said  by  some  investigators  that  true  digitalin  does  not 
occur  in  the  leaves,  but  onlv  in  the  seeds;  however,  a 
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substance  practically  identical  with  it  does  occur,  and  we 
need  not  consider  this  point.  Of  tlie  fornuda,  Merck  says 
"  (CoH,02)N  ( ?), "  and  lie  lists  a  "  German  "  and  a  "  French  " 
prodvict,  both  from  Dif/i'tnlis  jnirpiimt,  but  the  part  ot 
the  plant  not  stated.  The  former  is  a  yellowish-white 
powder,  .soluble  in  water  and  alcohol.  The  dose  is  given 
as  0. 001  to  0.002  gm.  (gr.  -^}f-f.^),  three  or  four  times  a 
day,  and  not  to  exceed  gr.  ^  daily.  The  Prencli  article  is 
similar,  soluble  in  alcohol,  but  only  in  3,000  parts  of 
water.  The  dose  is  gr.  t,],^,  which  may  be  increase<l  to 
a  maximum  of  gr.  ^f'jj  daily.  Both  these  sohilious  have 
the  characteristic  action  of  digitalis  upon  the  heait. 

Bigitoxm  (CaiHaaOTV)  is  the  most  abunilant,  as  well  as 
the  most  active  constituent.  It  is  a  white  cryslallinu 
powder,  soluble  in  alcohol,  but  not  in  water,  aithoiigii, 
by  virtue  of  the  associated  bodies  in  the  leaves,  it  is  ex- 


tracted bv  the  infusion.     The  dose  is  gr.   -1, 


thi'ee 


times  a  day,  and  it  is  recommended  that  chloroform  'Ui.i.. 
alcohol  11.  Ji.,  and  water  3iss.,be  taken  v.ith  it.  The 
maximum  amount  for  the  day  is  gr.  J-^.  As  an  unema,  gr. 
g'^,  with  alcohol  ti|_x.  and  water  tl.  3  iv.,  is  reconunrnded. 

Dijjitonin  (C3iH5.2(-)nV)-  The  presence  of  this  in  the 
leaves  is  denied.  However,  it  is  similar  to  saponin,  and 
in  the  doses  of  digitalis  its  action  is  not  appreciable.  The 
same  is  true  of  digitin  (CiHgO^jN.    Digitdlein  is  a  mixtvire. 

In  accordance  with,  ox  in  spite  of  any,  recognized  facts 
regarding  the  constituents  of  digitalis,  it  is  true  that  an 
alcoholic  preparation,  while  markedly  diuretic,  does  not 
exert  so  great  a  direct  stimulant  or  irritant  action  upon 
the  kidney  as  does  the  infusion. 

Action. — The  different  ways  in  which  digitalis  acts 
upon  the  organs  may  first  be  considered. 

1.  It  stimulates  the  muscular  fibres  in  the  cardiac  and 
arterial  walls,  thus  increasing  cardiac  force  and  in  a 
double  way  raising  blood  pressure. 

2.  It  stimulates  the  nerve  tissues  in  the  heart  (at  least 
the  nerve  endings,  the  action  upon  the  ganglia  being 
doubtful)  and  in  the  arteries,  thus  increasing  the  above- 
mentioned  effects,  but  at  the  same  time  beginning  to 
slow  the  heart  by  stimulating  the  ends  of  the  vagus. 

3.  It  stimulates  the  centres  in  tlie  brain  and  cord,  thus 
greatly  increasing  the  slowing  of  the  heart  and  still 
further  increasing  its  force. 

As  the  effects  of  the  drug  are  such  as  I  have  just  enu- 
merated, it  follows  that  well-regulated  doses  will  restore 
rhythm  to  an  irregular  heart.  It  is  probably  due  to  this 
stimulation  of  the  vagus  that  digitalis  relieves  cardiac 
irritability  resulting  from  over-exertion.  When  high  fever 
exists,  this  slowing  of  the  heart  is  less  apt  to  take  place. 
The  effects  of  the  above-described  actions  have  to  be  very 
carefully  considered  in  determining  the  use  of  the  drug. 
Its  action  is  characteristically  slow  in  coming  on,  reciuir- 
ing  usually  several  hours,  and  the  effects  are  similarly 
slo'w  in  pa.ssing  off,  so  that  when  great  promptness  is  re- 
quired, digitalis  is  not  available.  One  feature  of  the  slow 
heart  beat  produced  by  this  drug  is  an  extension  of  the 
space  required  in  the"  diastolic  condition ;  hence  when 
there  are  great  accumulations  of  fluid  encroacliing  upon 
the  heart  space,  we  must  be  cautious  in  our  use  of 
digitalis. 

A  more  important  consideration  is  the  difference  of 
digitalis  from  other  cardiants  in  its  powerful  stimulation 
of  the  arterial  walls.  This  prevents  the  heart  strength- 
ening from  resulting  in  a  clear  gain  (especially  in  view  of 
its  slowness),  for  resistance  Is  at  the  same  time  increased. 
Since  the  increased  heart  action  depends  upon  the  mus- 
cular cardiac  walls,  it  cannot  so  well  take  place  when 
these  are  weakened  by  dilatation  or  fatty  degeneration, 
or  when  there  is  aortic  regurgitation,  for  here  we  simply 
increase  resistance  more  than  we  do  heart  strength  and 
thus  favor  backing  up  of  the  blood  into  the  heart.  Un- 
less we  can  then  relax  the  vessels  in  some  way,  it  is 
better  to  substitute  some  other  cardiant.  Recent  ex- 
periments made  on  pigs  by  Hare  go  to  show  that  by  ad- 
ministering digitalis  carefully,  increasing  the  dose  grad- 
ually until  large  amounts  are  taken,  we  may  firing  about 
a  great  and  permanent  increase  in  the  size  and  quality 
of  the  muscle  of  the  healthy  heart.     If  it  shall  be  found, 


upon  further  trial,  that  this  .same  effect  can  be  produced 
in  the  case  of  a  dilated  heart,  it  can  readily  be  appreciated 
how  far  this  result  will  exceed  all  our  i)ast  anticipations 
Willi  regard  to  the  usefulness  of  digitalis.  The  next 
most  iiniiortant  elfect  of  the  drug  is  upon  the  kidney. 
It  is  a  recogiu/.ed  principle  that  increased  blood  press- 
ure favors  increased  renal  .secretion,  which  alone  would 
account  for  the  diuretic  properties  of  digitalis;  but  in 
addition,  there  is  a  direct  ri'nal  stimulation  ellected  by 
irritation  and  by  locally  contracting  tlie  vessels,  thus  in- 
ducing an  even  greater  local  increase  of  blood  pressure. 
This  occurs  the  more  easily  because  the  substance  is  al- 
most wholly  excreted  through  the  kidney.  This  pres- 
entaticm  of  tlie  modus  operandi  of  the  ding  is  snb.iect 
to  certain  moditications.  Tlie  exce.s.sively  stimulating  ef- 
fect upon  the  kidney  often  i-esults  in  an  over-contraction 
of  the  renal  vessels,  which  checks  secretion.  As  this 
state  passes  off,  a  profuse  secretion  comes  on  very  sud- 
denly. If  this  change  does  not  promjitly  take  place, 
the  digitalis  checks  its  own  excretion  and  continues  in 
the  circulation,  becoming  cumulative  in  a  way  very  dif- 
ferent from  its  cumulative  action  upon  the  heart  muscle 
alreailv  considered,  and  is  liable  to  become  poisonous. 
In  a  state  of  health,  the  diuretic  effect  of  digitalis  is  not 
usually  pronounced,  unless  the  blood  pressure  is  unusu- 
ally low  (Brunton). 

.  The  other  actions  of  digitalis  are  not  important,  except 
that  it  is  very  likely  to  irritate  the  stomach  and  intestines; 
this  is  especially  true  when  the  drug  is  given  in  the  form 
of  the  infusion.  Such  irritation  may  add  to  the  nausea 
or  vomiting  which  is  often  caused  by  disturbance  of  the 
cerebral  circulation ;  it  may  also  produce  a  laxative,  or 
even  a  purging  effect.  The  cerebral  disturbance  may 
also  cause  dizziness,  headache,  disordered  sight,  and  hear- 
ing. The  uterus  is  stimulated.  The  slight  antipyretic 
effects  which  digitalis  produces  are  probably  dependent 
upon  the  lessened  circulation  induced  by  slowing  of  the 
heart. 

Uses. — We  cannot  do  better  than  to  reprint  Beaumont 
Small's  account  of  the  u.ses  of  digitalis,  as  given  in  the 
supplement  to  the  last  edition  of  this  work. 

"  Digitalis  maintains  its  position  at  the  head  of  heart 
tonics.  In  England  and  America  authorities  are  as  one 
on  this  point.  On  the  continent  they  are  the  same. 
Dujardin-Beaumetz  assigns  it  the  first  rank  and  calls  it 
'  the  type  of  heart  tonics  ' ;  Professor  Nothuagel  places 
it  above  all  other  heart  tonics,  and  Herr  Fiirbringer  says, 
'the  sovereign  diuretic  in  cardiac  disease  has  been,  and 
still  is,  digitalis.'  Continued  use  has  confirmed  the  con- 
fidence placed  in  it,  and  the  innumerable  rivals  that  ap- 
pear serve  only  to  bring  its  superior  quaUties  into  bolder 
relief.  Not  much  has  been  added  to  the  uses  of  this 
remedy,  but  we  know  more  definitely  its  proper  spliere, 
and  apply  it  with  more  precision  to  the  conditions  in 
wdiich  it  will  prove  of  value. 

"  In  organic  disease  of  the  heart  the  guide  for  its  use  is 
the  state  of  the  compensatory  action  of  that  organ. '  It  is 
not  given  as  a  remedy  for  the  defective  valves,  nor  with 
the  expectation  of  benefiting  any  diseased  condition  of 
the  organ;  it  is  simply  a  stimulant  and  tonic  to  the  mus- 
cular tissue.  So  long  as  the  heart  is  able  to  overcome  the 
ini]iediment  to  the  circulation  and  maintain  a  free  flow 
of  blood,  nothing  is  to  be  gained  by  the  use  of  the  drug, 
but  with  the  earliest  symptoms  of  failing  power,  its  ad- 
ministration must  be  commenced.  The  system  responds 
quickly  to  the  first  indication  of  this  loss  of  compensa- 
tion the  heart  beats  more  feebly  and  quicker,  the  pulse 
becomes  irregular,  a  slight  degree  of  dyspnaa  is  noticed, 
and  a?dema  of  the  feet  and  ankles  begins.  In  such  con- 
ditions the  beneficial  action  of  digitalis  is  most  marked. 
Th<-  heart  beats  more  slowly  and  forcibly  and  propels 
the  Vilood  onward,  the  arteries  become  filled,  the  engorged 
veins  relieved,  and  the  equilibrium  of  the  circulation  is 
re-establi.shed.  This  slower  action  of  the  heart  allows  of 
a  prolonged  period  of  diastole,  during  which  it  is  at  rest 
and  recuperating;  the  succeeding  contraction  is  rapid 
and  strong,  duelo  the  renewed  strength  and  stimulating 
action  of  the  remedy. 
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"  No  form  of  organic  disease  contraindicates  tlie  use  of 
digitalis  when  the  compensatory  action  is  failing.  Its 
t3'pical  action  is  produced  in  mitral  disease,  in  wliich  it 
acts  rapidly  and  for  a  prolonged  period.  In  mitral  ste- 
nosis it  has  been  thought  to  produce  a  peculiarly  impor- 
tant clVect,  as  the  prolonged  dilatation  of  the  ventricle 
permits  a  greater  flow  of  blood  from  the  auricle  through 
the  narrowed  channel.  In  aortic  disease  it  may  also  be 
given  with  confidence.  The  old  idea  that  the  prolonged 
diastole  would  allow  the  venlricle  to  become  overfilled 
appears  to  be  but  little  regarded  now,  as  its  beneficial 
effect  outweighs  any  sucli  danger.  The  following  con- 
clusions furnish  the  indications  in  accordance  with  whicli 
digitalis  may  be  used  not  only  in  aoiHc,  but  in  all  foiius 
of'valvular  disease:  (1)  In  all  cases  of  valvular  disease 
the  most  Important  matter  for  consi<leration  in  regard  to 
the  heart  itself  is  the  condition  of  its  walls  in  respect  to 
dilataUon  and  hypertrophy;  (3)  it  must  ))e  reraenib('red 
that  the  presence,  in  cardiac  disease,  of  symptoms  indi- 
cating a  disturbance  of  the  circulation  always  means  fail- 
ure of  compensation;  (3)  it  is  important  to  ascerlidn, 
before  administering  the  drug,  that  the  condition  of  over- 
hypertrophjf  or  over-compensation  does  not  exist;  (4)  it 
must  not  be  forgotten  that  the  dangers  in  aortic  disease 
arise  from  the  same  cause  as  the  dangers  in  mitral  disease, 
— that  is,  from  a  failure  of  the  ventricular  muscle  to  per- 
form the  ever-increasing  work  put  upon  it;  (5)  it  must 
be  admitted  that  it  digitalis  is  safe  and  beneficial  in  mitral 
disease  it  is  equally  S(.)  in  aortic  disease. 

"  The  one  condition  in  winch  digitalis  is  contraindicated 
is  fatty  degeneration  of  the  heart.  In  advanced  stages 
of  this  disease,  where  the  walls  are  thin  and  the  cavities 
are  much  dilated,  it  must  be  used  with  extreme  caution, 
as  its  action  may  be  too  violent  for  the  feeble  organ,  and 
paralysis  or  rupture  may  follow.  In  the  lesser  degrees  of 
degeneration,  where  the  evidences  of  such  a  condition  are 
indistinct,  a  want  of  action  on  the  part  of  the  remedy  is 
a  sign  that  must  not  be  disregarded.  Dujardin-Beaumetz 
furnishes  the  following  rule:  'When  in  a  patient,  digi- 
talis, administered  methodically,  managed  with  care, 
produces  no  amelioration  on  the  part  of  the  heart  and 
pulse;  when,  above  all,  the  quantity  of  urine  is  not  aug- 
mented, be  persuaded  that  there  is  a  fatty  degeneration 
of  the  heart  and  immediately  cease  the  employment  of 
the  remedy. ' 

"A  ciun\dative  action,  in  the  sense  of  an  accumulation 
of  the  drug  in  the  system  followed  by  an  outburst  of  in- 
creased action,  is  no  longer  feared.  No  such  condition 
occurs.  Toxic  symptoms  arise  only  from  an  overdose 
or  from  its  prolonged  administration,  and  the  condition 
of  poisoning  is  preceded  by  its  regular  train  of  symptoms. 
The  first  effect  of  digitahs  is  to  stimulate  the  vag\is  and 
the  vasomotor  centres,  which  improves  the  action  of  the 
heart  and  increases  the  blood  pressure;  this  is  followed 
by  a  relaxation  of  the  vaso-motor  apparatus,  whieli  is 
first  evident  in  the  renal  vessels.  Up  to  this  point  the 
drug  produces  its  therapeutic  action,  the  relaxed  vessels 
in  the  kiduej's,  with  a  high  arterial  tension  and  powerful 
heart,  furnishing  all  the  conditions  re(|uisite  for  a  free 
secretion  of  fluid.  When  the  drug  is  pushed  beyond  this 
it  produces  the  toxic  symptoms;  the  renal  vessels  are  re- 
laxed, the  reduced  blood  pressure  extends  to  the  geno'al 
circulation,  the  heait  becomes  wea];er,  and  the  circulation 
fails.  When  a  fatal  termination  ensues  it  follows  a  con- 
tinuance of  this  condition  and  ends  with  a  failure  of  the 
heart,  which  is  arrested  in  diastole.  To  avoid  any  ill 
effeits  it  is  safer  to  discontinue  the  drug  for  a  few  days, 
as  soon  as  its  action  has  been  established;  it  may  "be 
adniinisteied  again  when  required.  Where  the  projjer 
conditions  for  itsu.se  are  observed  there  shoidd  be  no 
danger  of  any  toxic  action  ;  it  is  only  when  it  is  employed 
indiscriminately  that  any  such  effect  arises.  A  case  is 
reported  where  no  bad  result  followed  its  use  for  nearly 
three  years,  thirty-five  dro|is  being  given  thi-e(^  times  a 
day. 

^  "The  infusion  ajipeais  to  remain  the  i)opular  prepara- 
tion, particularly  when  its  diuretic  aclion  is  re(iuire(l 
Among  the  French,  a  maceration  in  cold   water  is  the 
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favorite  form  in  which  the  drug  is  administered,  and  it 
is  cousidered  superior  to  the  infusion.  Five  grains  of 
powdered  digitalis  are  macerated  in  four  ounces  of  cold 
water  for  from  eight  to  twelve  hours,  and  then  filtered. 
The  dose  is  one  tablespoon! ul  every  two  hours.  The  tinc- 
ture is  preferred  by  some  as  a  diuretic;  it  is  probably  the 
most  useful  preparation  when  a  simple  tonic  action  is  re- 
quiied.  Osier  ccm.siders  that  either  preparation  is  efficient 
if  the  drug  is  of  good  quality  and  given  in  fidl  do.ses — 
fifteen  nunims  of  the  tincture,  or  half  an  ounce  of  the 
infusion,  every  three  hours  for  two  days,  and  then  in 
reduced  quantities.  The  subcutaneous  employment  of 
the  infu.sion  has  been  recommended.  In  this  way  it  has 
been  found  that  veiy  small  doses  will  act  when  larger 
doses,  given  in  the  ordinary  mannei',  have  failed.  The 
advantage  of  this  method  over  the  administration  by  the 
stomach  is  that  usually  the  gastro-intestinal  mucous 
monbrane  is  iji  a  catarhal  and  a'dematous  state  and  con- 
sequently absorption  is  prevented.  It  is  also  thought 
that  the  action  is  retarded  and  altci'cd  by  the  passage  of 
the  remedy  through  the  liver.  An  infu.sion  of  three 
parts  of  the  leaf  in  one  hundi'cdof  water  is  prepared,  and 
fifteen  nunims  of  this  infusion  are  to  be  injected  twice 
or  three  times  a  day.  Good  results,  it  is  said,  have  fol- 
lowed this  method  of  administering  the  drug. 

"Digitalis,  to  be  given  early  and  in  large  doses,  has 
l)een  recommended  as  a  means  of  aborting  pneumonia. 
This  treatment  lias  been  followeil  by  Professor  Petresco, 
of  Bucharest,  in  a  large  number  of  cases.  He  uses  an 
infusion  of  from  one  to  three  drachms  of  the  leaves  in 
eight  ounces  of  water,  and  gives  a  tablespoonful  every 
hour.  As  much  as  gr.  cxx.  of  the  leaves  has  been 
given  in  twenty-four  hours.  lie  states  that  these  large 
(U)ses  abort  the  pulmonary  process,  shoi'ten  the  attack, 
and  hasten  convalescence.  The  temperature  in  some  in- 
stances drops  fronr  lOo'  to  9(3'  F. ,  and  the  pulse  from 
120  to  3.")  per  minute.  He  thinks  that  this  treatment 
would  act  almost  as  a  specific  if  it  could  be  commenced 
with  the  attack.  In  no  instance  were  there  any  bad  re- 
sults, and  the  more  severe  the  attack  the  better  the  action 
of  the  large  do.ses.  The  good  effects  are  due  to  the  in- 
creased force  of  the  circulati(in  in  the  pulmonary  tissue 
and  the  prevention  of  stasis  and  congestion.  This  can 
follow  only  when  lai-ge  doses  are  administered  as  early 
and  as  energeticallj^  as  possible. 

"Piofessor  R.  Lepiue  has  also  empl(.)yed  digitalin  in 
pneumonia  with  success;  gr.  ^V  "^vas  given  in  the  morn- 
ing and  often  gr.  Jj  or  -g\  iu'the  evening.  He  docs  not 
think  that  it  has  any  specific  action,  but  finds  it  of  great 
value  in  supporting  the  action  of  a  weak  and  feeble  heart 
during  the  course  of  the  disease." 

The  following  are  the  official  prcparati(ms,  and  their 
doses:— The  powdered  leaves  are  given  in  doses  of  0.03 
to  0.2  gm.  (gr.  ss.-iij.),  and  the  fluid  extract  in  the  same 
number  of  minims;  the  extract,  dose  0  02  toO.OO  gm.  (gr. 
;i-ij);  the  fifteen-per-cent.  tinctiu'e.  dose  0.03  to"2.0  c"c. 
(TTlv.  to  XXX.);  the  one-and  (ine-lialt-per-cent.  infusion, 
dose  4  to  l.-j  c.c.  (tt  3  i.  to  iv.t.  Urtin/  11.  n>,s/,i/. 

DIGITALIS.  (TOXICOLOGICAL  )— In  the  following 
brief  account  1  sliall  use  ihe  term  </'/f/(Yf///.y  as  siy-nifying 
the  leavesof  the  plant  or  ilsUnited  States  Pharmacoiiad'a 
prepai-ations. 

I  find  ri'cords  of  but  two  cases  of  ciiminal  iioisoning 
by  digitalis:  one.  that  of  a  (piack  who  caused  the  death 
ol  a  boy  by  administering  seven  ounces  of  a  strong  decoc- 
tion of  digitalis;  theother,  the  celebrated  case  (d'  a'honwo- 
patluc  physician.  La  Pomerais,  who  was  convicted  of  the 
murder  of  Madame  de  Pauw  in  Paris  in  1H64. 

Fatal  and  non-fatal  medicinal  jioi.soniugs  are  more  fre-   ' 
quent  ;  they  are  due  to  the  cumulative  action  of  the  drug, 
to  file  great  variations  in  the  strenmh  of  its  preparations, 
and  to  the  fact  that  slight  circumstances,  such  as  risir 


from  a  bed. 


may  iu-o\-()ke  a  fatal  terminali(ni  in  person's 


wh,,  are  under  its  inlluence.     For  these  reasons  it  is  im- 
possible to  name  the  minimum  lelhal  dose 

The  duration  of  fatal  cas<.s  is  usualh-  sever;d  days. 
1  wo  cases  are  reiiorted  in  Avhich  death  occurred  in  less 
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than  twenty -foui'  hours,  and  iu  one  case  death  took  place 
in  forty-live  minutes. 

Symptoms. — Within  lialf  an  liour  after  a  to.xic  dose 
lias  l)een  taken  there  is  a  feeling  of  stilfness,  fatigue, 
sleepiness,  and  pain  in  the  head,  followed  by  violent, 
vomiting,  with  pain  in  the  stomach,  nausea,  vertigo,  and 
syncope,  the  headache  beconnng  more  intense.  The 
heart  heats  rapidlj^  and  violently  and  a  sense  of  suffoca- 
tion is  felt.  The  pulse  diminishes  in  frequency,  and  be- 
comes irregular  and  dillicult  to  coruit.  V^isual  disturb- 
ances accompany  the  other  symptoms;  among  them 
may  be  mentioned  dimness,  oscillation  and  inclination  of 
surrounding  objects,  and  even  color  blin<lness.  The 
pupils  are  usually  dilated,  especially  if  the  preparation 
contained  much  digitoxin.  Sometimes  thereare  delirium 
and  convidsions.  Although  the  drug  generally  acts  as 
a  diuretic,  suppression  of  tlie  urine  has  been  ol)served. 
Death  may  occur  in  coma  or  convulsions,  but  it  usually 
takes  place  suddenly  from  syncope  provoked  by  some 
shght  movement. 

Tkbatment. — If  the  patient  is  seen  in  the  early  stages 
induce  vomiting  by  large  draughts  of  tepid  water.  In 
a  more  advanced  stage,  if  vomiting  is  persistent,  avoid 
ttiving  too  much  drink,  and  administer  ice  fi-agments, 
opium,  or  cocaine.  Whiskey  or  nitroglycerin  internally, 
and  inhalation  of  amyl  nitrite  are  to  be  resorted  to  for 
the  purpose  of  checking  the  tendency  to  syncope.  It  is 
very  impoi'taut  that  the  patient  Ije  kept  quiet  in  bed, 
avoiding  all  movements. 
Post-mortem  appearances  are  negati\e  in  character. 
Detection. — In  several  cases  the  glucosides  of  digitalis 
have  been  recovered  from  mixtures  with  animal  mattei' 
which  had  been  undergoing;  putrefaction  for  fo\u-  months. 
Digitalis  can  be  extracted  from  an  acid  aque(nis  sohitiou 
liy  benzene  and  chloroform. 
" The  various  substances,  digitalin,  digitoxin,  digitonin, 
etc.,  extracted  from  digitalis  gi\e  different  color  reac- 
tions. The  French  "digitalines,"  which  appear  to  be 
largely  digitoxin,  and  the  leaves  of  the  plant  itself  when 
extracted  by  benzene  or  chloroform,  yield  a  substance 
which  responds  to  the  following  test; 

1.  The  substance  dissolves  in  concentrated  sulphuric 
acid,  formingagreen  solutiim,  which  turns  i>urple-red  on 
the  addition  of  bromine  water,  and  upon  diluticm  with 
water  becomes  emerald  or  dull  green. 

2.  When  French  "  digitalines "  or  digitoxin  are  added 
to  a  mixture  of  e(pial  parts  concentrated  sulphuric  acid 
and  ethylic  alcohol,  and  heated  until  the  mixture  turns 
yehow,  'the  latter  will  assume  a  bluish-green  color  upon 
the  addition  of  a  drop  of  dilute  ferric  chloride  solution. 

3.  The  phvsiological  reaction  should  be  tried  with 
frogs— or,  if  the  quantity  be  sutlicient,  a  small  dog  may 
be  utilized,  but  not  rabbits.  W'hen  frogs  are  used,  the 
heart  is  exposed  and  the  solution  injected.  If  digitalis 
be  present,  the  frequency  of  the  heart  beats  will  be 
much  diminished.  Three  frogs  of  about  equal  size  should 
be  prepared  for  purposes  of  comparison,  one  to  receive 
an  injection  of  known  digitalis,  the  second  the  substance 
to  be'tested,  and  the  third  no  injection. 

In  dogs  digitalis  produces  vomiting,  purging,  dilata- 
tion of  the  pupils,  slowness  and  irregularity  of  the  heart  s 
action,  and,  when  given  in  sufficient  quantity,  death. 
(Resume.)  Louia  V^'urner  Ihm. 

DI-HYDRO-RESORCIN  is  prepared  by  the  action  of 
carbon  dioxide  and  sodium  amalgam  on  resorcin  dissolved 
in  boiling  water.  It  congeals  on  standing,  and  on  re- 
crystallization  forms  glossy  prisms.  It  is  very  solulile 
in  water,  alcohol,  or  chloroform,  and  is  recommended  as 
an  efficient  antiseptic.  T''-  A.  Bastedo. 

Dl-IODO-BETA-NAPHTOL.  —  Ci„H„LO,  —  mviMol- 
aristol.  This  is  manufactured  in  the  same  way  as  anstol , 
beta-naphtol  being  substituted  for  thymol.  The  beta- 
naphtol  is  dissolved  in  a  solution  (jf  sodium  carbonate 
and  sodium  hypochlorite,  and  added  to  a  solution  ot 
iodine  and  potassium  iodide.  The  resulting  precipitate 
is  a  yellowish-green  powder  without  odor  or  taste,  m- 


soluble  in  water,  .slightly  soluble  in  alcohol  and  ether, 
and  freely  soluble  in  chloroform.  It  is  decomposed  by 
heat  with  violet  fumes.  It  contains  6f  ..5  per  cent,  of 
iodine  and  is  used  like  aristol  as  a  substitute  for  iodoform. 

F.  A.  Bastedo. 

Dl-IODO-CARBAZOL  (C,.JI„I,;N1I)  is  prepared  by 
adding  iodine  to  a  hot  solution  of  carbazol  (dijiljeiiyl- 
iniide).  It  occurs  in  yellow  plates  without  odor,  and'  is 
readily  soluble  in  alcohol  and  chloroform  but  not  in  water. 
It  is  used  as  an  antiseptic.  IF.  A.  BiinU:(l<i. 

DI-IODOFORM.—CJi— Ethylene  tetra-iodide  or  per- 
iodide.  1'liis  is  obtained  in  tine,  bright-yellow  needles  bj' 
acting  with  excess  of  iodine  on  a  .solution  of  acetylene 
iodide  in  carbon  bisulphide.  It  is  odorless,  insoluble  in 
water,  very  slightly  soluble  in  alcohol  and  ether,  and 
readily  so  in  chloroform  or  benzol.  It  contains  a  very 
large  amount  of  iodine  (9.5.28  per  cent.),  part  of  which  is 
.set  free  on  exposure  to  light,  giving  a  characteristic  odor 
and  color  to  the  drug.  It  is  a  succedaneum  for  iodoform, 
which  contains  96. 5i  per  cent,  of  iodine. 

ir.  .4.  Basicdo. 

DI-IODO-SALICYLIC  ACID.— (CcHJ., Oil, COOH)  is 
a  while  crystalline  powder  of  sweet  taste  prepared  from 
salicylic  acid  by  the  action  of  iodine  and  iodic  acid.  It 
is  almost  insoluble  in  cold  water,  slightly  soluble  in  hot 
water,  and  very  soluble  in  alcohol  and  ether;  its  salts  are 
siiluVilein  water.  Used  in  the  same  way  as  the  s:iliey- 
lates,  this  acid  and  its  sodium  salt  act  as  analgesics  and 
antipyretics,  especially  in  rheumatic  conditions.  The 
dose  isU.5-1  gni.  (gr.  viij.-xv.)three  or  four  times  a  day. 

IF.  A.  Ba.itedo. 

Dl  -  lODO-SALOL.  —  C  JI.Jo.OH.COOCcII.s— Di  iodo- 
phenyl  salicylate.  This  salt  is  obtained  by  the  action  of 
iodine  on  salol  in  alcoholic  solution.  It  occurs  in  acicu- 
lar  crystals  which  are  colorless,  odorless,  tasteless,  and 
solubl'e  in  alcohol.  It  contains  sixty-flve  per  cent,  of 
iodine  and  externally  is  used  to  replace  iodoform.  In- 
ternally it  issaid  to'be  an  efficient  intestinal  antiseptic, 
and  is  'used  for  the  same  purpose  and  in  the  same  dose  as 
g.,li,]  II'.  A.  Boxicdo. 

DILL  OR  DILL  FRUIT. —-'iHfC/t'/wi..  "Dill-seed".  The 
fruit  of  Aiutliitiii  f/raceuleus  L.  (fam.  Umhellifem),  a  Euro- 
iiean  annual,  with  a  slender,  low,  branching  stem  and 
dissected  leaves,  and  with  flowers  and  fruits  in  compound 
nou-iuvolucrate  umbels.  Dill  is  raised  in  gardens  as  a 
household  aroirratic,  and  is  oflicial  in  Great  Britain  as  the 
source  of  Aqua  Anethi  and  Oleum  Aneihi  of  that  Phar- 
macopceia.  The  description  of  its  fruit  is  as  follows: 
"Broadly  oval,  about  one-sixth  of  an  inch  long,  flat,  and 
surrounded  by  a  broad  membranous  border.  It  has  a 
brown  color,  'the  membranous  border  being  paler.  Ihe 
lialf  fruits  or  mericarps,  are  usually  distinct  m  the  fruits 
of  commerce.     Odor  and  taste  agreeably  aromatic. 

Dill  contains  an  agreeable  essential  oil,  composed  ot  a 
hydrocarbon  and  carvol  (Nietzki).  Its  action  and  use 
are  exactly  those  of  anise,  caraway,  and  the  other  um- 
belliferous carminatives,  from  ^^  hich  it  diflers  only  very 
slightly  in  taste  and  odor.  H  •  -P-  holies. 

Dl  -  METHYL  -  ACETAL.  -  CH.,CH(OCH,).  -  Ethyl- 
iden.Mli-methyl  ether.  This  is  a  colorless,  inflammable 
ethereal  liqui'd  prepared  by  acting  on  methyl  alcohol 
with  alacial  acet  c  acid  and  aldehyde.  Its  specific  grav- 
y  SO  867  it  boils  at  62.7^'  to  64"  C.  (14,5;-f47.2"  F.),  ancl 
is  a  local  anesthetic.  Mixed  with  half  its  volume  of 
chloroform  it  has  been  used  as  a  general  anesthetic,  but 
clinical  reports  are  wanting.  H  .  A.  Bastedo. 

Dl-0XYNAPHTHALENE.-C,.H,3(OPI)=-Hydro-naph- 
tho-quinone.  The  alpha,  and  beta  modificatrons  of  this 
chemical  in  amounts  up  to  0.2  gm.  (gr  n^)  a  day  have 
been  found  by  Lepine  to  act  as  powerful  tonics  increas- 
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ing  muscular  energy.  In  overdose  tliey  cause  in  dogs 
and  guinea-pigs  convulsions,  reduction  of  the  lia^moglobin, 
and  blackish  luinc.  W.  A.  Busfcdo. 

DIPHTHERIA.— History.— Tlic  specific  contagious 
di.scase  which  we  now  call  diplitheria,  and,  therefoi'e, 
according  to  our  present  belief,  the  bacilli  which  cause 
it,  can  be  traced  back  to  almost  the  Homeric  period  of 
Grecian  history.  The  Greeks  believed  that  it  had  been 
communicated  to  tljeir  countrjr  from  Egypt.  The  de- 
scription of  the  |)haryngeal  aiul  laryngeal  nianifestation.s 
of  this  disease  left  by  Aretans  leaves  no  doubt  that  it 
was  of  diphtheria  that  he  wrote.  Galen,  in  his  remarks 
on  the  Chironian  ulcer,  tells  us  that  the  pseudo-membrane 
was  gotten  rid  of  by  coughing  in  the  laryngeal  form  of 
the  disease,  and  by  hawking  in  the  pharyngeal  type. 
From  time  to  time"  during  the  next  one  thou.sand  years 
we  hear  of  epidemics  botli  in  Italy  and  in  other  portions 
of  the  civilized  world.  In  1517  we  read  of  a  malignant 
form  of  the  di.sease  raging  in  Switzerland,  along  the 
Rhine,  and  in  the  Netherlands.  The  disease  now  crossed 
to  America,  and  in  the  New  England  States  we  get  clear 
accounts  of  its  ravages.  Thus,  Samuel  Danfortb,  in 
1659,  lost  four  of  his  eleven  children  within  a  fortnight 
b.y  a  "  maladjr  of  the  bladders  in  the  windpipe. "  In  1765, 
I-iome,  a  Scotchman,  tried  to  show  that  "croup"  and 
pharyngeal  diphtheria  were  different  diseases,  or,  in  bac- 
teriological terms,  due  to  different  micro-organi.sms,  and 
this  subject  remained  under  controversy  until  it  was 
recently  settled  that  while  most  cases  were  undoubtedly 
true  diphtheria,  a  few  wei'e  not. 

Bard,  an  American,  supported,  in  1771,  the  opposite 
theorj'  from  Home,  considering  the  p]-ocess  the  same 
wherever  located.  In  this  ground  he  was  much  nearer 
to  the  facts  than  Home.  His  observations  upon  diphtheria 
were  very  important  and  accurate. 

In  ly31,  Bretonneau  published  his  first  essay  on  diph- 
theria in  Paris  and  gave  to  the  disease  its  present  name. 
His  observations  were  so  extensive  and  so  correct  that 
little  advance  in  knowledge  took  place  until  the  causal 
relations  of  the  diphtheria  bacilli  and  their  associated 
micro-organisms  to  the  di.sease  began  to  be  recognized. 
Since  then  the  combined  clinical,  bacteriological,  and 
pathological  studies  have  sufficed  to  make  diphtheria  one 
of  the  best  understood  of  diseases. 

B.vCTERiOLOGY.  —  I'/ie  BacUlus  of  Diphtlievia. — In  the 
year  1883  bacilli  which  were  very  peculiar  and  striking 
in  appearance  were  shown  by  Klebs  to  be  of  constant 
occurrence  in  the  pseudo-membranes  from  the  throats  of 
those  dying  of  true  epidemic  diphtheria.  One  year  later. 
Loftier  published  the  results  of  a  very  thorough  and 
extensive  series  of  investigations  on  this  subject.  He 
found  the  bacillus  described  by  Kle))S  in  many  cases  of 
throat  inflammations  which  had  been  diagnasticated  as 
diphtheria.  When  he  inoculated  the  bacilli  upon  the 
abraded  mucous  membrane  of  susceptible  animals,  more 
or  less  characteristic  pseudo-memberranes  we  produced, 
and  fre(|uently  death  or  paralysis  followed,  with  charac- 
teristic lesions. 

All  the  conditions  have  since  then  been  fulfilled  for 
diphtheria  whicli  are  necessary  to  the  most  rigid  proof  of 
the  dependence  of  au  infective  disease  upon  a  given  micro- 
organism— viz.,  the  constant  presence  of  thisorganism  in 
the  lesions  of  the  di.sea.sc,  the  isolation  of  the  organism  in 
pure  culture,  the  reproduction  of  the  es.sential  lesions  of 
the  disease  in  animals  and  in  man  by  inoculation  with 
pure  cultures,  the  failure  to  i)roduce  all  the  characteristic 
lesions  of  tlii.s  disease  by  any  other  bacteria,  and  the  ad- 
ditional proof  of  the  immunizing  value  of  the  specific 
substances  developed  in  animals  subjected  to  injections 
of  diphtheria  toxin.  In  view  of  these  facts  we  are  now 
justified  in  saying  that  the  name  diphtheria,  or  at  least 
primary  diphtheria,  should  be  applied,  and  exclusively 
applied,  to  that  acute  infecrious  disease  usually  associated 
with  pseudo-membranous  affection  of  the  mvicous  mem- 
branes which  is  primarily  caused  by  the  Bacillus  diph- 
theri;o  of  Loffier.  Other  bacteria  do,  indeed,  occasionally 
produce  local  lesions  which  simulate  in  one  way  or  an- 
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other  those  caused  by  the  diphtheria  bacillus,  but  none 
of  them  ever  produce  lesions  similar  in  their  totality  to 
those  of  a  characteristic  case  of  diphtheria.  As  the  diph- 
theria bacilli  have  been  quite  fully  described  in  Vol.  I., 
p.  694,  only  those  points  will  be  given  here  which  need  to 
be  more  fully  stated,  on  account  of  their  important  rela- 
tions to  diagnosis  and  treatment. 

The  Klebs-Liifller  bacilli  .itain  readily  with  ordinary 
aniline  dyes,  and  retain  fairly  well  their  color  after  stain- 
ing by  Gram's  method.  Wlien  LofHer's  alkaline  solution 
of  methylene  blue  is  applied  cold  for  five  minutes  or 
warm  for  one  minute  the  bacilli  from  blood-.serum  cul- 
tures especially,  and  from  otiier  media  less  constantly, 
stain  in  an  irregular  and  extremely  characteristic  way. 
Many  of  the  bacilli  do  not  stain  uniformly.  In  many 
cultures  round  or  oval  bodies  situated  at  the  ends  or  in 
the  central  portions  stain  much  more  intensely  than  the 
rest  of  the  bacillus.  These  bodies  have  been  .shown  by 
Williams  to  bear  much  the  same  relations  to  the  bacilli 
as  nuclei  do  to  cells.  In  old  cultui-es  the  bacilli  stain 
poorly  and  not  at  all  in  a  characteristic  way.  The  same 
ro\ind  oroval  bodies  which  take  the  methylene  blue  more 
inten.sely  than  the  remainder  of  the  bacillus  are  brought 
out  still  more  distinctly  by  the  Neisser  stain.  (See  Vol. 
I.,  Plate  X..  Fig.  4,  and  page  695.) 

The  Neisser  stain  has  been  advocated  in  order  to  sepa- 
rate the  virulent  from  the  non-virulent  bacilli  without 
the  delay  of  inoculating  animals;  but  in  our  hands,  with 
a  very  large  experience,  neither  the  Nei.sser  stain  nor  any 
other  stain  is  capable  of  doing  this,  and  none  appear  to 
me  to  give  any  more  information  as  to  the  virulence  of 
the  bacilli  than  the  usual  rnethylene-blue  solution  of 
Loffier.  A  small  percentage  of  virulent  bacilli  fail  to 
take  the  Neisser  stain,  and  quite  a  few  non-virulent 
pseudo-diphtheria  bacilli  show  the  dark  bodies.  In  New 
York  there  are  also  a  large  number  of  bacilli  which  seem 
to  have  all  the  staining  and  cultural  characteristics  of  the 
virulent  bacilli,  and  j'ct  are  non-virulent  in  the  sense  that 
they  produce  no  specific  toxin.  The  Neisser  stain  will 
undoubtedly  cause  the  examiner  to  suspect  more  strongly 
some  bacilli  of  being  virulent  than  the  Loffier  stain,  but 
with  the  varieties  met  with  in  New  York  this  suspicion 
is  as  apt  to  be  wrong  as  right.  Nothing  but  the  animal 
inoculations  with  control  injections  of  antitoxin  will 
separate  specifically  virulent  from  non-virulent  bacilli. 

Biology. — The  Klebs-Loffler  bacillus  does  not  form 
spores.  Its  thermal  death  point  with  ten  minutes'  ex- 
posure is  about  58°  C,  and  with  longer  exposure  a  lower 
temperature;  it  is  more  easily  destroyed  by  disinfectants 
than  are  many  other  bacteria.  In  the  dr_v  state  and  ex- 
posed to  diffuse  light  diphtheria  bacilli  usually  die  in  a 
few  days  but  occasionally  may  live  for  weeks  or  months; 
when  in  the  dark,  or  protected  by  a  film  of  mucus  or  al- 
bumin, they  may  live  for  even  longer  periods.  The 
bacillus  is  not  sensitive  to  cold,  for  I'found  it  to  retain 
its  virulence  after  exposure  for  two  hours  to  several 
hundred  degrees  below  zero.  It  begins  to  develop,  but 
grows  slowly,  at  a  temperature  of  30°  C,  or  even  less. 
It  grows  more  rapidly  as  the  temiieiatin-c  rises,  and  at- 
tains its  maximum  development  at  37°  C. 

The  growth  of  the  diphtheila  bacillus  upon  agar  pre- 
sents certain  peculiarities  which  are  of  iiraeticat  impor- 
tance in  connection  with  cultures  for  diagnosis.  If  a  large 
number  of  the  bacilli  from  a  recent  eultui'e  arc  implanted 
upon  a  property  prepared  anar  plate,  a  certain  and  fairly 
vigorous  growth  will  always  take  place.  If,  however, 
the  agar  is  inoculated  with'  an  exudate  from  the  throat 
which  contains  but  few  bacilli,  no  growth  whatever  may 
occur,  while  the  tubes  of  coagulated  blood  serum  inocu- 
lated with  the  same  exudate'  contain  the  bacilli  abun- 
dantly. Because  of  the  uncertainty,  therefore,  agar  is  a 
far  less  relia.lile  medium  than  blood  serum  for  use'in  pri- 
mary cultures  for  diagnostic  purposes. 

GmiMh  in.  A.vili,.^  Bouillon :  Diphtheria  bacilli  can 
almost  be  divided  into  two  great  groups;  one  growing 
readily  in  bouillon,  while  the''other  scarcely  grows  at  all 
when  first  removed  from  the  throat.  All  varieties,  how- 
ever, develop  luxuriantly  when  to  the  bouillon  twenty- 
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five  per  cent,  ascitic  fluid  or  blood  serum  is  added. 
Lately  tins  fact  has  been  made  use  of  with  great  success 
in  getting  pure  cultures  of  diphtheria  bacilli  from  throat 
cultures  when  virulence  tests  are  desiied.  The  ascitic 
bouillon  is  inoculated  with  the  mixed  tiacteria  from  the 
original  culture  from  the  throat;  after  twenty-four  or 
forty-eight  hours  a  pellicle  will  develop  if  any  diphtheria 
bacilli  were  present  in  the  material  inoculated.  This 
pellicle  will  be  found  to  bo  composed  almost  wholly  of 
diphtheria  bacilli.  Plate  cultures  are  then  made  and"  the 
bacilli  readily  isolated. 

Ormrt/i  ill  Milk  :  The  diphtheria  bacillus  grows  readily 
in  min<,  beginning  to  develop  at  a  comparatively  low 
temperature  (20"  C).  Thus  milk  having  lieeomc  inocu- 
lated with  the  bacillus  from  some  cases  of  diphtheria  may 
under  certain  conditions  be  the  means  of  conyeying  infcc 
tion  to  previously  healthy  persons.  Though  this  growth 
takes  place,  the  milk  remains  unchanged  in  appear- 
ance. 

Pathogenesis. — The  diphtheria  bacillus  is  pathogenic 
for  guinea-pigs,  rabbits,  chickens,  pigeons,  small  birds, 
and  eats;  also  in  a  lesser  degree  for  dogs,  goats,  cattle, 
and  horses,  but  hardly  at  all  for  rats  and  mice.  In  spite 
of  its  pathogenic  qualities  for  these  animals  true  diph- 
theria occurs  in  them  with  extreme  rarity.  I  have  met 
with  one  cat  which  had  typical  diphtheria  and  from  A\diich 
the  diphtheria  bacilli  were  isolated  and  proved  virulent. 
As  a  rule,  supposed  diphtheritic  inflammations  in  them 
are  due  to  other  bacteria  which  cannot  jiroduce  the  dis- 
ease in  man. 

The  virulence  fif  dijihtheria  bacilli  from  different 
sources,  as  measured  by  their  toxin  production,  maj'  vary 
enormously.  Thus  0.002  c.c.  of  a  forty-hour  bouillon 
culture  of  one  bacillus  will  kill  a  guinea-]iig,  while  it 
would  require  1  c.c.  of  the  culture  of  another  bacillus  to 
kill.  From  well-marked  ca.ses  in  New  York,  however, 
the  bacilli  have  as  a  rule  about  the  same  virulence,  nor 
did  they  lose  in  virulence  to  any  great  extent  when  they 
persisted  in  the  throat  secretions  aftei'  convalescence. 
The  same  marked  variation  occurs  in  the  amount  of 
toxin  produced  by  different  bacilli  in  their  growth 
in  media  outside  of  the  body.  There  are  also  bacilli 
which  produce  no  specific  'toxin  whatever  and  yet 
appear  to  have  all  the  other  characteristics  of  virulent 
bacilli. 

Diphtheria  Toxin. — It  is  evident  that  a  micro-organism 
which,  when  injected  subcutaneously,  destroys  the  life 
of  susceptible  animals  and  produces  such  marked  ana- 
tomical changes  in  the  internal  organs,  while  it  is  found 
only  at  or  near  the  point  of  inoculation,  must  owe  its 
pathogenic  power  to  the  formation  of  a  poison  whicli, 
being  absorbed,  gives  rise  to  toxajmia  and  death.  This 
poison  or  toxin  has  been  partially  isolated  by  Roux  and 
Yersin,  and  others,  by  filtration  through  porous  porcelain 
from  cultures  of  the  living  bacilli.  It  has  not  yet  been 
successfully  analyzed,  so  that  its  chemical  composition 
is  unknown,  but  it  has  many  of  the  properties  of  proteid 
substances,  and  can  well  be  designated  by  the  term  active 
proteid. 

Non-Virulent  Diphtheria  BaciHi.— In  the  very  large 
number  of  tests  for  virulence  of  the  bacilli  obtained  frcjm 
hundreds  of  cases  of  suspected  diplitheria  which  have 
been  carried  out  during  the  past  six  years  in  the  labora- 
tories of  the  Health  Department  of  New  York  City,  m 
over  ninety -five  per  cent,  of  cases  thebacilU  derived  from 
exudates  or  pseudo-membranes  and  possessing  the  char- 
acteristics of  the  Loftier  bacilli  have  l.)een  found  to  be 
virulent,  that  is,  producers  of  diphtheria  toxin.  But  there 
are,  however,  in  inflamed  throats  as  well  as  in  healthy 
throats,  either  alone  or  associated  with  the  virulent  bacdli 
occasionally  bacilli,  which,  though  morphologically  and 
in  their  behavior  on  culture  media  identical  with  the 
Ivlebs-Loffler  bacillus,  are  yet  producers,  at  least  in  arti- 
ficial culture  media  and  the  usual  test  animals,  of  no  ap- 
preciable diphtheria  toxin.  Between  bacilli  which  produce 
a  great  deal  of  toxin  and  those  which  apparently  produce 
none  we  find  all  grades  of  virulence.  So  far  as  we  know, 
bacilli  which  produce  no  specific  toxin  have  never  later 
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been  found  to  develop  it.  Bacilli  are  also  found  which 
resemble  diphtheria  bacilli  very  closely  (exec] it  in  toxin 
production),  but  differ  in  one  of  more  particulars.  B(rtli 
these  and  thecliaracferisiic  non-vir\ilent  bacilli  aic  found 
occasionally  upon  all  the  muc(nis  membranes,  both  when 
inflamed  and  when  apparently  normal. 

Virulent  bacilli  produce  a'nd  are  found  not  only  in 
pseudo-membranous  intlamniations  of  the  fauces,  larynx, 
and  nasal  cavities,  but  also  occasionally  in  nienibrauou,3 
atlections  of  the  skin,  vagina,  rectum,  conjunctiva,  nose, 
and  ear  (simple  membranous  rhinitis  and  otitis  media). 
Prom  the  severity  of  an  isolated  case  the  yirulence  of  the 
bacilli  cannot  be  determined.     Tlie  most  virulent  bacillus 

1  have  ever  foimd  was  obtained  from  a  mild  case  of  diph- 
theria simulating  tonsillitis.  Another  ca,se,  however,  in- 
fected by  this  bacillus  proved  to  be  very  .severe.  In 
localized  epidemics  the  average  .severity  of  the  cases 
probably  indicates  roughly  the' virulence  of  the  bacillus 
causing  the  infection,  as  here  the  individual  susceptibility 
of  the  different  persons  infected  would,  in  all  likelihood, 
Avhen  taken  together,  be  similar  to  that  of  other  groups; 
but  even  in  this  instance  special  conditions  of  climate, 
food,  race,  or  concurrent  infections  may  influence  certain 
localities.  Moreover,  the  bacteria  associated  with  the 
diphtheria  bacilli,  and  which  are  liable  to  be  transmitted 
with  them,  may  influence  the  severity  of  and  the  com- 
plications arising  in  the  cases. 

Vinileiit  Bacilli  in  IleaWiy  Throats. — Fully  virulent 
Ijacilli  have  frequently  been  found  in  healthy  throats  of 
persons  who  have  been  brought  in  direct  contact  with 
diphtheria  patients  or  infected  clothing  without  contract- 
ing the  disease.  It  is  therefore  apparent  that  infection 
in  diphtheria,  as  in  other  infectious  diseases,  recpiires  not 
only  the  presence  of  virulent  bacilli,  but  also  a  suscep- 
tibility to  the  disease,  which  may  be  inherited  or  acquired, 
xlmong  the  predisposing  influences  which  contribute  to 
the  production  of  diphtheritic  infection  may  be  men- 
tioned the  breathing  of  fold  air  and  living  in  overcrowded 
and  ill-ventilated  rooms,  poor  food,  certain  diseases,  more 
particularly  catarrhal  inflammations  of  the  mucous 
membranes,  and  depressing  conditions  generally.  Under 
these  conditions  an  infected  mucous  membrane  may  be- 
c(mie  susceptible  to  disease.  In  connection  with  Becbe 
(1894)  Ima(le  an  examination  of  the  throats  of  330  healthy 
persons  who  had  not  come  in  contact,  so  far  as  known, 
witli  diphtheria,  and  we  found  virulent  bacilli  in  8  only, 

2  of  whom  later  developed  the  disease.  In  24  of  the  330 
healthy  throats  non-virulent  bacilli  or  attenuated  forms 
of  the  "diphtheria  bacillus  were  found.  Very  similar  ob- 
servations have  been  made  by  others  in  many  widely 
separated  countries. 

The  Persistence  of  Diphtheria  Bacilli  in  the  Throat. — 
The  continued  presence  of  virulent  diphtheria  bacilli  in 
the  throats  of  patients  who  have  recovered  from  the  dis- 
ease, and  after  the  disaj^pearance  of  the  exudate,  has 
been  repeatedly  demonstrated.  Beebe  and  I  found  that 
in  304  of  605  consecutive  cases  the  bacilli  dLsappeared 
within  three  days  after  the  disappearance  of  the  pseudo- 
membrane;  in  176  cases  they  persisted  for  seven  days,  in 
64  cases  for  twelve  days,  iii  36  cases  for  fifteen  days,  in 
12  cases  for  three  weeks,  in  4  cases  for  four  weeks,  and 
in  3  cases  for  nine  weeks.  Since  then  I  have  met  with  a 
case  in  which  they  persisted  for  six  months. 

Mixed  Infection  in  Diphtheria. — Virulent  diphtheria 
bacilli,  however,  are  not  the  only  bacteria  present  in  hu- 
man diphtheria.  Various  cocci, "more  particularly  strep- 
tococci, staphylococci,  and  pneumococci.  are  almost  al- 
ways found  associated  with  Loftier  bacilli  in  diplitheria, 
playing  an  important  part  in  the  disease  and  leading  often 
to  serious  comphcations  (sepsis  and  broncho-pneumonia). 
Indeed,  the  prognosis  in  a  case  of  diphtheria  is  now 
judged  to  bo  graver,  other  things  being  equal,  according 
to  the  degree  in  which  other  pathogenic  bacteria  influ- 
ence the  course  of  the  disease.  These  cases  of  so-cafled 
mixed  infection  in  diphtheria  have  within  recent  years 
attracted  considerable  attention,  and  have  been  the  sub- 
ject of  a  number  of  animal  experiments.  Though  the 
results  of  these  investigations  so  far  have  been  somewhat 
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indefinite,  they  would  seem  to  indicate  that  when  other 
bacteria  are  associated  with  the  diplitheria  bacilli  they 
mutually  assist  one  another  in  their  attacks  upon  the 
mucous  membrane,  the  streptococcus  being  particularly 
active  in  this  respect,  often  opening  the  way  for  the  in- 
vasion of  the  Loffler  bacillus  into  the  deeper  tissues  or 
supplying  needed  conditions  for  the  development  of  its 
toxin."  Thus  diphtheria  is  not  always  a  primary,  but 
often  a  secondary  disease,  following  some  other  infection, 
as  measles  or  scarlet  fever.  In  most  fatal  cases  of  bron- 
cho-pneumonia following  laryngeal  diphtheria  we  find 
not  only  abundant  pneumocoeci  or  streptococci  in  the  in- 
flamed "lung  areas,  but  also  in  the  blood  and  tissues  of 
the  organs.  As  these  septic  infections  due  to  the  pyo- 
genic cocci  are  in  no  way  influenced  by  the  diphtheria 
antitoxin,  the.y  frequently  are  the  cause  of  the  fatal 
termination.  Other  bacteria  cause  putrefactive  changes 
in  the  exudate,  producing  alterations  in  color  and  offen- 
sive odors. 

Pseudo-membranous  Exii datim  InflmmnrUions  due  to  Bac- 
teria other  than  the  Diphtlieria  Bacilli. — The  diphtheria 
bacillus,  though  the  most  usual,  is  not  the  only  micro- 
organism that  is  capable  of  producing  pseudo-mem- 
branous inflammations.  There  are  numerous  bacteria 
present  almost  constantly  in  the  throat  secretions  which, 
under  certain  conditions,  can  cause  local  lesions  very 
similar  to  those  in  the  less  marked  cases  of  true  diph- 
theria. The  streptococcus  and  pneumococcus  arc  the  two 
forms  most  frequently  found  in  these  cases,  but  there  are 
also  others  which,  under  suitable  conditions,  take  an  ac- 
tive part  in  producing  this  form  of  inflammation.  Some 
of  these  bacteria  do  not  develop  on  artificial  media,  so 
that  we  know  little  of  their  characteristics.  Among 
these  is  a  long,  slender  bacillus  which  is  occasionally 
found  in  great  abundance  in  the  middle  layers  of  pseu- 
do-membranes when  the  diphtheria  bacillus  is  absent. 
This,  or  one  similar  to  it,  has  been  described  by  Vincent.* 
It  does  not  grow  on  artificial  media  and  is  not  pathogenic 
in  animals.  From  its  presence  in  the  false  membrane  of 
a  number  of  cases,  it  is  believed  to  have  some  causal 
relation  to  them. 

These  cases  show  most  of  the  local  appearances  of  true 
diphtheria:  the  superficial  necrosis  of  the  epithelium,  the 
membrane,  and  the  glandular  swellings.  The  pseudo- 
membranes  may  persist  for  from  one  to  two  weeks,  or 
even,  in  exceptional  cases,  longer.  This  bacillus  is  ap- 
parently frequently  present  in  the  normal  throat,  and  is 
probably  only  under  certain  favoring  conditions,  such 
as  syphilis,  able  to  produce  lesions.  Nerve  degeneration 
and  paralysis  do  not  follow  an  attack. 

The  pseudo-membranous  angina  accompanying  scarlet 
fever,  and  to  a  less  extent  oilier  diseases,  may  show  the 
presence  not  of  diphtheria  bacilli,  but  only  of  the  pyogenic 
cocci,  especially  streptococi,  or,  more  rarely,  some  varie- 
ties of  little  known  bacilli.  The  deposit  covering  the 
inflamed  ti.ssue  in  these  non-specific  cases  is,  it  is  true, 
usually  but  not  always,  rather  an  exudate  than  a  true 
pseudo-membrane.  The  majority  of  these  cases,  how- 
ever, are  mild  affections,  being  of  importance  only  in 
adding  to  the  severity  of  the  disease  which  they  cornpli- 
eate.  An  exception  should  be  made  when  the  "larynx  is 
affected,  as  here  the  lungs  are  often  secondarily  involved. 
The  bacteria  which  occur  in  false  diphtheria,  are  strepto- 
cocci, staphylococci,  diplococci,  and  sometimes  pseudo- 
diphtheria  bacilli  or  bacilli  which  are  morphologically 
and  culturally  distinct  from  tljc  LOffler  bacilli.  These 
will  be  referred  to  further  under  their  respective  organ- 
isms. 

Tlie  Trnnsmission  of  Diphtheria.— The.  possiliihty  of 
the  transmission  of  diphtheria  from  animals  to  man  'can- 
not be  disputed,  for  cats  and  many  animals  can  be  in- 
fected, but,  so  far  as  I  know,  there  are  no  authentic  cases 
ot  such  transmission  on  record.  So-called  diphtheritic 
di.sease  in  animals  and  birds  is  usually  due  to  other  micro- 
organisms than  the  diphtheria  baci'lli.  Diphtheritic  in- 
fection, however,  can  generally  be   traced,  directly  or 

*  Annates  de  I'Instltut  Paslrur,  August,  IHilO. 
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indirectly,  to  its  source;  though  there  are  undoubtedly 
some  cases  of  diphtheria  in  which  we  cannot  determine 
the  source  of  the  infection,  for  we  have  no  reason  to  lie- 
lieve  that  diphtheria  Is  ever  spontaneous. 

Let  us  consider  some  of  the  means  by  which  the  disease 
may  be  communicated.  In  actual  experiment  the  bacilli 
have  been  observed  to  remain  virulent  in  bits  of  dried 
membrane  by  LiJfHer  for  fourteen  weeks,  by  us  for  seven- 
teen weeks,  and  by  Roux  and  Yersin  for  twenty  weeks. 
Dried  on  silk  threads  Abel  reports  that  they  may  some- 
times live  one  hundred  and  seventy-two  days,  and  upon 
a  child's  plaything  which  had  been  kept  in  a  dark  place 
they  lived  for  five  months.  The  virulent  bacilli  have 
been  found  on  soiled  bedding  or  clothing  of  a  diphtheria 
patient,  on  drinking-cups,  shoes,  hair,  slate  pencils,  etc. 
Beside  these  sources  of  infection  by  which  the  disease 
may  be  indirectly  transmitted,  virulent  bacilli  may  be 
directly  received  from  the  pseudo-membrane,  exudate,  or 
discharges  of  diphtheria  patients;  from  the  secretions  of 
the  nose  and  throat  of  convalescent  cases  of  diphtheria 
in  which  the  virulent  bacilli  persist ;  and  from  the  healthy 
throats  of  individuals  who  acquired  the  bacilli  from  being 
in  contact  with  others  having  virulent  germs  on  their 
jjersons  or  clothing.  In  such  cases  the  bacilli  may  some- 
times live  and  develop  for  days  or  weeks  in  the  throat 
without  causing  any  lesion.  When  we  consider  that  it 
is  only  the  severe  types  of  diphtheria  that  remain  isolated 
during  their  actual  illness,  the  w'onder  is  not  that  so 
many,  but  that  so  few,  persons  contract  the  disease.  It 
indicates  that  veiy  frequently  virulent  bacilli  are  received 
into  the  mouth,  and  then  either  find  no  conditions  there 
suitable  for  their  growth  or  are  swept  away  by  food  or 
drink  before  they  could  effect  a  lodgment. 

Susceptibility  to  and,  hmnunity  against  Diphtheria. — An 
individual  susceptibility,  both  general  and  local,  to  diph- 
theria, as  in  all  infectious  diseases,  is  necessary  for  the 
contraction  of  this  disease.  Moreover,  the  diphtheria 
poison  does  not  produce  the  same  effect  on  the  mucous 
membranes  of  all  persons.  Age  has  long  been  recognized 
to  be  an  important  factor  in  diphtheria.  Children  within 
the  first  six  months  of  hfe  are  but  little  susceptible,  the 
greatest  degree  of  susceptibility  being  between  the  third 
and  the  tenth  years,  while  ad'ults  are  almost  immune. 
An  inherited  susceptibility  or  "family  predisposition"  to 
the  disease  has  also  been  observed. 

Long  before  the  discovery  of  the  Klebs-Loflier  bacillus 
it  was  a  well-known  fact  t'hat  two  attacks  of  diphtheria 
seldom  occurred  in  the  same  individual  within  short 
periods  of  time,  and  none  of  us  would  fear  to  leave  a 
convalescent  case  in  the  same  room  with  one  still  suffer- 
ing from  the  disease.  To  what  this  natural  suscepribil- 
ity  or  immunity  is  due  is  still  only  parriallv  understood, 
hut,  as  the  result  of  animal  experiments,  it  is  now  known 
that  an  artificial  immunity  against  diphtheria  can  be 
produced,  at  least  for  a  considerable  length  of  time  by 
the  development  of  substances  directly  ajitidotal  to  the 
diphtheria  toxin.  By  the  inoculation  of  virulent  or  some- 
what attenuated  cultures  or  of  diphtheria  toxin,  Fraenkel 
Behring,  Wernicke,  Aronson,  Roux,  and  since  then  many 
others,  have  succeeded  in  immunizing  animals;  but  the 
most  important  and  valuable  results  are  those  which  have 
been  obtained  by  Behring,  in  conjunction  with  others 
who  showed  that  the  Ijlood  of  immune  animals  contains 
a  substance  which  neutralizes  the  diphtheria  toxin  The 
blood  serum  of  persons  who  have  recovered  from  diph- 
theria has  been  found  also  to  possess  this  protective  prop- 
erty which  It  acquires  about  a  week  after  the  beginning 
of  the  disease,  and  loses  again  in  a  few  weeks  or  months 
Moreover  the  blood  serum  of  many  individuals,  usually 
adults,  who  have  never  had  diphtheria  often  has  a  sligli't 
general  antitoxic  property 

Anti^oxiii  ,%/■„,;*. -The  knowledge  derived  from  these 

emarkable  investigations  into  the  protective  powers  of 

he  blood  serum  of  immunized  animals  has  been  employed 
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V\TUOi.OG\.— Location  of  Bacilli  in  the  McDihniiic  *^ 
We  have  never  found  the  diphtheria  bacilli  growing,-  in 
the  hving  tissue,  or  in  connection  with  those  degenera- 
tive lesions  in  (he  epitlicliuin  which  can  be  regarded  as 
the  primary  lesions  of  the  disease.  They  were  found  in 
the  necrotic  tissue  and  in  tiu;  exudation,  usually  only  in 
the  latter.  In  a  very  few  cases  the  bacilli  were  found 
enclosed  in  pus  and  in  necrotic  epithelial  cells.  They 
were  nearly  always  found  in  chuups  and  masses.  The 
masses  found  deep  down  in  the  membrane  |irobal)ly  do 
not  represent  a  downward  growth  in  this,  but  have  been 
covered  up  by  a  further  formation  of  membrane  on  the 
surface.  The  diphtheria  bacillus  shows  in  its  growth  an 
affinity  for  solid  structures,  and  is  foiuid  latlier  on  the 
reticulum  than  in  the  spaces  between. 

Usually  other  organisms,  particidarlv  1he  pyogenic 
cocci,  are  found  associated  with  it,  though  not  intimateh- 
Tlie  membrane  and  necrotic  tissue  ma\'  also  be  invaded 
by  fungi. 

Meiiibraiic  Fonnatioii.—TIM  is  iluc  to  acombinati(m  of 
processes.  It  seems  probable  that  the  first  step  in  its 
production  is  degeneration  and  necrosis  of  the  epithelium, 
often  preceded  by  active  proliferation  of  the  nuclei  of  tlie 
cells  by  direct  division.  The  cells  may  either  break  up 
into  detritus,  with  fragmentation  of  the  nuclei,  or  they 
may  become  changed  into  refractive  hyaline  masses.  An 
inflammatory  exudation  rich  in  fibrin 'factors  comes  from 
the  tissue  l)elow,  and  fibrin  is  formed  when  this  comes  in 
contact  with  the  necrotic  epithelium.  The  fibrin  in  part 
is  formed  into  a  reticulum  around  exudation  cells  and 
degenerated  epithelium,  in  part  it  combines  with  the 
hyahne  degenerated  cells  to  form  a  hyaline  membrane. 
The  hyahne  membrane  is  most  often"  formed  on  those 
surfaces  which  are  covered  with  epithelium  having  .sev- 
eral layers  of  cells.  It  may  be  formed  by  a  hyaline  de- 
generation of  exudation  cells ;  in  this  case  I  he  "spaces  in 
the  meshwork  are  smaller.  It  is  prol.)able  that  the  fibri- 
nous membrane  is  formed  both  on  the  surfaces  and  in  the 
tissue.  The  fibrin  is  first  formed  around  cells  which  after- 
ward disappear.  In  the  tiachea  the  fibrinous  membrane 
often  has  a  definite  structure.  The  membrane  may  dis- 
integrate and  bo  broken  up  into  a  mass  of  detritus  (the 
process  commences  on  the  surface),  or  it  may  be  cast  off 
as  a  whole  by  being  elevated  by  an  exudation  beneath. 
Very  thick  masses  of  membrane  may  be  formed  hy  the 
constant  addition  of  flhriuous  exudation.  The  membrane 
is  never  formed  primarily  on  an  intact  epithelial  surface, 
hut  it  may  extend  over  it.  Nothing  is  to  be  gained  by 
making  an  anatomical  distinction  between  a  croupous 
and  a  diphtheritic  membrane.  There  is  nothing  specific 
in  the  membrane  formation  in  diphtheria.  We  have  found 
typical  hjraline  and  fibrinous  memliranes  in  cysts  of  the 
ovary  in  the  formation  of  which  bacteria  plaj^ed  no  jiart. 

The  membrane  formation  is  accompanied  by  changes 
in  the  tissue  beneath,  which  re))resent  a  cf)mbination  of 
degeneration  and  exudation.  The  connective  tissue  and 
blood-vessels  undergo  a  hj'aline,  fibrinoid  degeneration 
very  similar  to  the  degeneration  of  the  epithelium.  Ne- 
crosis may  extend  deeply  into  the  tissue,  but  there  is  little 
tendency  to  deep  ulceration  or  abscess  formatifin.  The 
degeneration  in  the  mucous  glands  of  the  tissue  is  so  pro- 
nounced as  to  be  almost  specific.  Marked  degeneration 
of  the  epithelium  of  the  glands  may  be  found  without 
any  change  in  the  surrounding  tissue.  The  changes  in 
the  blood-ves.sels,  though  so  pronounced  in  di|ihtheria, 
are  not  specific.  We  have  fre((uen11y  found  changes  in 
all  respects  similar  in  tlie  walls  of  abscesses  and  ulcers. 
The  extent  of  the  necrosis  in  the  primary  le.sions  is  greater 
than  is  found  in  the  action  of  any  other  bacteria. 

Heart. — Degeneration  of  the  myocardium  is  one  of  the 
most  common  conditions  found  in  diphtheria.  The 
simplest  form  of  this  is  fatty  degeneration,  which  is 
found  in  the  majority  of  all  cases.  This  varies  in  extent,  at 
times  affecting  the  myocardium  generally,  at  other  times 
occurring  in  foci.     The  fatty  degeneration  accompanies 

*  The  section  on  Patholog.y  is  larffely  a  summary  of  the  recent  and 
excellent  monograph  by  Councilman,  Mallory,  and  Pearce  (Journal  of 
the  Bosttm  Soc.  of  Med.  Sciences,  December,  1900) . 
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and  seems  to  pn-cede  the  more  advanced  forms  (,f  degen- 
eratmn  w  neh  lead  to  the  complete  destruction  of  the 
nui.scle.  In  this  lliere  is  destruction  of  the  sarcous  ele- 
ments, which  become  swollen,  broken  up,  and  converted 
mio  hyahne  masses.  Simj)!,..  latt.y  degeneration  is  found 
in  tlie  severe  cases  of  short  duration,  (he  more  extensive 
de.generations  in  the  more  prolonged  cases.  The  de 
(■rations  may  be  so  extensive  as  to 
impairment  of  the  heart  action. 


egen- 
iccount  fully  for  the 
No  bacteria  are  found 
m  connection  with  the  degeneration,  hut  like  most  of  the 
lesions  ol  the  disease  it  is  due  to  the  intluences  of  the 
toxic  substances  in  the  blood. 

Acute  interstitial  lesions  of  two  sorts  are  found  In 
one  there  are  focal  collections  of  plasma  and  lymphoid 
cells  in  the  tissue,  Avliich  may  be  accompanied  by  degen- 
eration of  the  myocardium,  but  are  not  dependent  upon 
it.  In  the  other  condition  the  interstitial  change  con.si.sts 
of  a  proliferation  of  the  cells  of  the  tissue  andls  second- 
ary to  the  degeneration  of  the  mu.scle. 

Thrombosis  is  not  an  uncommon  condition  and  is  due 
to  primary  necrosis  of  the  endocardium.  Lesions  of  the 
ve.ssels  of  the  heart  play  Init  little  part;  the  only  lesion 
of  interest  is  proliferation  of  the  intima,  the  sanie  lesion 
which  is  frequently  found  in  the  vessels  in  other  organs. 

Lungs.— There  is  no  organ  in  the  body  in  which  lesions 
accompanying  dijihtheritie  infection  are  so  generally 
found  or  ,so  serious  as  in  the  lung.  In  very  many  cases 
they  are  so  extensive  that  death  may  be  legarded'as  due 
rather  to  the^  condition  of  the  lungs  than  to  the  throat 
affection.  We  have  frequently  found  extensive  lesions 
on  microscopical  examination  even  when  the  lungs  pre- 
sented little  or  no  change  to  the  naked  eye.  It  seems 
probable  that  the  frequency  of  these  lesions  may  be  due 
to  tlie  fact  that  most  or  all  of  our  cases  were  treated  with 
antitoxin,  and  that  those  in  which  the  lung  complica- 
tions were  not  present,  or  at  least  not  severe,  recovered. 

The  most  common  lesion  is  broncho- pneumonia.  The 
term  implies  both  the  manner  in  which  infecticjn  takes 
place  and  the  relation  of  the  foci  to  the  bronchi.  The 
process  begins  as  an  infection  of  the  atria  and  from  here 
extends.  It  may  be  limited  to  single  acini,  to  lobules,  or 
to  groups  of  lobules.  There  is  but'little  lateral  extension 
of  the  infection  through  the  walls  of  the  alveoli  or  the 
bronchi  into  the  surrounding  air  spaces.  Acute  inflam- 
mation of  the  larger  bronchi  usually  accompanies  the 
broncho-pneumonia,  but  is  not  constant.  Atelectasis 
varying  in  extent  from  one  to  several  lobules,  or  even 
confined  to  a  few  air  spaces,  is  very  commonly  present. 
The  same  is  true  of  emph3rsema.  True  acute  lobar  pneu- 
monia was  never  found.  The  cases  resembling  this  were 
found  on  closer  examination  to  be  cases  of  extensive  con- 
fluent bnmcho-pneumonia.  General  a'denia  of  the  lung 
comparable  to  the  circulatory  (edema  of  adults  was  never 
found,  although  inflammatory  (edema  was  common.  The 
character  of  the  exudation  varies  greatly.  It  may  be 
fibrinous,  hemorrhagic,  serous,  or  almost  entirely  cellular. 
The  cells  in  the  exudation  are  partly  leucocytes,  partly 
cells  derived  from  proliferation  of  the  lining  epithehum. 
Lymphoid  and  plasma  cells  also  are  found  in  the  exuda- 
tion. Cellular  infiltration  of  the  interstitial  tissue  and 
productive  changes  in  it  are  common,  both  in  connection 
with  the  acute  exudative  lesions  and  apart  frfim  them. 
In  some  cases  organization  of  the  exudation  and  the  for- 
inati(JU  of  connective  tissue  within  the  air  spaces  were 
found.  Proliferation  of  the  lining  epithelium  of  the  air 
sjiaces  is  frequent,  and  is  always  more  pronounced  in  the 
vicinity  of  the  pleura  and  the  connective-tissue  septa. 

Thrombi  are  occasionally  found  in  the  larger  vessels. 
Dilatation  of  the  lymphatics  is  very  conunon.  They  ma}' 
contain  coagulated  albumen,  fibrin,  or  cells.  They  are 
often  found  packed  with  lymphoid  and  plasma  cells,  and 
large  cells  similar  to  the  large  cells  in  the  air  spaces. 

Nothing  has  shown  so  well  how  little  the  character  of 
a  pathological  process  is  influenced  by  the  character  of 
the  micro-organism  as  ha,s  the  examination  of  these  lungs. 
Pneumococci,  streptococci,  and  diphtheria  bacilli  have 
been  found  in  connection  with  serous,  purulent,  fibrinous, 
and  hemorrhagic  exudations,  necrosis,  and  abscess  forma- 
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tion.  Contrary  to  the  results  obtained  from  cultures,  the 
pneumococcus  must  be  considereil  the  pi'iucipal  agent  in 
producing  the  lung  infection.  The  diphtheria  bacilli  are 
frequently  found  and  may  be  the  cause  of  bronchitis 
witli  membrane  formation,  of  purulent  exudation,  of 
broncho-pneumonia,  necrosis,  and  abscess.  They  are 
often  found  in  the  lung  in  much  greater  numbers  than 
in  any  other  situation,  and  there  may  be  but  little  change 
in  the  tissue  around  them. 

^;^,te„,._Lesions  of  the  spleen  play  but  a  slight  part 
in  the  pathological  anatomy  of  diphtheria.  The  spleen 
macroscopicall'y  does  not  differ  from  the  normal,  except 
that  the  lymph  nodules  usually  ai'e  more  prominent.  The 
most  obvious  lesion  microscopicallj' consists  of  the  foi'- 
mation,  in  the  lymph  nodules,  of  foci  of  epithehoid  cells 
which  are  of  the  same  character  and  formed  in  the  same 
way  as  those  in  tlie  lymph  nodes. 

iiitcslhu'S. — The  lesions  of  the  small  and  large  intestine 
in  diphtheria  in  man  are  relati^'cly  unimportant.  They 
consist  of  hyperjilasiaof  the  lymphoid  apparatus  and  the 
same  other  changes  found  in  the  lyjnph  nodules  elsewhere. 
The  slight  extent  of  the  lesions  does  not  indicate  the  ac- 
tion of  toxins  absorbed  from  the  alimentarjr  canal ;  thej' 
are  probably  due  to  the  action  of  toxins  from  the  blood 
current.  There  is  nothing  in  the  character  of  the  lesions 
to  indicate  the  elimination  of  the  toxins  by  the  alimentary 
canal. 

Liver. — The  lesions  produced  in  the  liver  in  diphtheria 
are  not  characteristic,  and  do  not  differ  from  those  found 
in  other  acute  infectious  diseases.  They  are  due  to  the 
effect  of  soluble  toxic  substances,  and  not  to  the  presence 
of  diphtheria  bacilli.  The  most  common  lesions  are  a 
general  degeneration  of  the  liver  cells,  and  necroses  which 
are  chiefly  found  in  the  centres  of  the  lobules. 

Kidney. — Lesions  of  the  kidney  varying  from  simple 
degeneration  to  the  more  serious  conditions  of  acute 
nephritis  are  found  in  all  fatal  cases  of  diphtheria.  Some 
of  the  lesions  are  somewliat  more  common  in  the  mixed 
infections  of  diphtheria  combined  with  scarlet  fever  than 
in  pure  diphtheria.  The  more  severe  forms  of  degenera- 
tion are  found  in  those  cases  of  diphtheria  of  great  in- 
tensity which  are  fatal  shortly  after  the  onset. 

The  interstitial  and  glomerular  lesions  are  more  com- 
mon in  older  children  and  in  eases  of  longer  duration  of 
the  disease,  though  these  conditions  usually  are  combined. 
There  is  no  type  of  lesion  peculiar  to  diphtheria.  The 
lesions  in  the  kidneys  are  not  due  to  tlie  presence  of  bac- 
teria in  the  blood,  hijt  to  the  action  of  injurious  sub- 
stances in  solution  in  the  blood. 

Nervous  System. —Ml  of  the  nerves  in  the  twenty -eight 
cases  examined  showed  various  degrees  of  fatty  degen- 
eration, from  slight  to  extreme.  Tlje  degeneration  seems 
almost  invariably  to  begin  in  the  myelin  .sheath. 

As  a  rule  the  change  in  the  myelin  which  causes  it  to 
stain  with  osmic  acid  in  the  Marchi  method,  begins  at 
some  point  close  to  the  axis  cylinder  and  gradually 
spreads  around  and  along  it.  The  myehn  breaks  up  into 
granules,  droplets,  and  very  irregular  bizarre  ligures  of 
wdiich  the  peripheries  usua"lly  are  more  refractive  than 
the  centres  and  often  doubly  contoured.  As  a  rule  the 
centres  of  the  masses  stain  more  deeply  than  the  periph- 
eries, but  sometimes  small  black  globules  with  pale  cen- 
tres appear. 

The  change  in  the  axis  cylinder  seems  to  consist  chiefly 
of  swelling  which  is  often  irregular,  so  that  the  axis 
cyhnder  presents  a  beaded  appearance.  As  it  swells  it 
stams  very  faintly,  so  that  it  is  often  difficult  and  some- 
tuues  unpossible  to  make  it  out.  When  the  myelin 
sheaths  have  undergone  marked  fatty  degeneration"  the 
axis  cylmders  usually  cannot  be  distinnuished  Whether 
they  have  simply  swelled  up  and  disappeared  or  have 
undergone  fatty  degeneration,  is  difficult  to  determine- 
l)ut  m  no  axis  cylinder  which  could  be  positively  denum- 
strated  was  there  any  evidence  of  fatty  degeneration 

Examination  of  the  cerebrum  Ave  times,  cereliellum 
twice,  pons  three  limes,  medulla  four  times,  and  Cord 
seven  times,  showed  everywhere  a  slight  to  marked  dif- 
fuse fatty  degeneration  .,t  the  ^^dlite  substance.      The 
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same  cliang(^  was  present  in  the  anterior  and  posterior 
nerve  roots. 

The  results  of  the  investigation  of  the  nervous  system 
maybe  summed  up  as  follows:  There  occurs  in  certain 
cases  of  diphtheria  a  slight  to  marked  diffu.se  fatty  de- 
generation of  the  nerve  tibres  of  the  central  nervous  sys- 
tem and  of  its  peripheral  extensions. 

Symptoms.  —  l']t<iryiirjeal  Diphtheria.  — Mild  Cases: 
Those  in  which  the  local  lesions  are  moderate  in  degree 
and  in  which  the  con.stitutional  .symptoms  are  not  serious. 
These  may  be  divided  into  two  classes.  In  the  first  the 
onset  is  sudden;  the  temperature  rises  possibly  to  103° 
V.  in  the  first  twelve  hours  and  then  rapidly  falls,  so  as 
to  reach  the  normal  one  or  two  days  later.  With  the  rise 
of  the  temperature  the  throat  symptoms  develop.  The 
mucous  membranes  appear  liypei'Kmic  and  congested,  and 
after  a  few  hours  more  or  less  extensive  patches  appear 
on  tlie  swollen  tonsils,  soft  palate,  pharynx,  or  uvula. 
The  l(jcal  symi)toms  increase  for  twenty-four  hours  and 
then  remain  stationary.  With  the  rise  in  temperature 
and  the  local  signs  of  inflammation  there  are  rapid  pulse, 
loss  of  appetite,  and  some  prostration.  At  the  end  of 
fortjr-eight  hours  the  con.stitutional  symptoms  abate. 
The  temperature  is  rarelj'  above  101"  F.  The  pulse  maj^ 
still  be  rapid,  but  is  regular  and  of  good  force.  The 
local  inflammation  subsides  in  from  three  to  seven  daj's, 
and  the  patient  is  fairly  well  except  for  a  slight  anseraia. 
Even  in  these  mild  cases  feebleness  of  pulse  and  heart 
beat  nui}'  develop  and  danger fd'  heart  failure  be  present. 

In  the  second  class  the  throat  inflammation  develops 
slowly.  There  is  a  little  pain  on  swallowing.  The  glands 
at  the  angle  of  the  jaw  are  usually  a  little  swollen  and 
the  throat  feels  sore.  Inspection  will  show  slightly 
swollen  tonsils,  with  follicular  deposits  of  exudate  or 
small  patches  of  pseudo-membrane.  The  temperature  is 
not  elevated  more  than  one  or  two  degrees  or  it  ma}'  be 
normal.  Except  for  slight  loss  of  appetite,  restless  sleep, 
and  slight  prostration  the  symptoms  are  mainly  those  of 
a  subacute  throat  inflammation.  The  exudate  may  be 
strongly  adherent,  so  that  it  can  be  removed  b}'  force  only, 
or  it  may  be  loosely  attached.  The  diphtheria  deposit 
remains  for  from  two  to  seven  days,  and  then  recovery  is 
established.  A  moderate  amount  of  anaemia  persists'for 
some  weeks.  Some  cases  in  either  of  these  two  types 
may,  instead  of  recovering,  suddenly  begin  to  extend 
and  develop  into  the  most  severe  tj'pe.  Even  in  these 
mild  cases  slight  paralysis  may  oc'cur  as  late  as  three 
weeks  after  apparent  recover}-. 

Severe  Cases :  Here,  again,  two  extreme  types  of  inva- 
sion are  noted:  the  local  and  constitutional  symptoms 
may  slowly  develop,  or  they  may  become  fully  developed 
within  the  first  twenty-four  to"  forty -eight  hours,  either 
with  or  without  high  temperatures.  "  In  exceptional  cases 
a  chill  is  the  first  symptom  noticed. 

The  mind  is  usually  clear,  although  in  the  worst  cases 
mild  delirium  or  stupor  may  develop.  The  mucous 
membrane  of  the  pharynx  and  tonsils  is  reddened  and 
swollen.  The  uvula  may  be  (edematous,  elongated,  and 
greatly  swollen.  Portions  or  all  of  the  muc'ous  mem- 
brane of  the  tonsils,  the  pharynx,  and  the  soft  palate  arc 
covered  with  more  or  less  thick  and  fibrinous  pseudo- 
membrane  of  a  grayish  e(  dor.  The  glands  of  the  neck  and 
their  adjacent  tissues  may  be  slightly  or  markedly  sw(.)l- 
len.  It  the  nasal  cavitiesare  inv'olve"d,  the  breathing  and 
voice  are  affected.  From  the  nose  flows  a  discharije 
which  may  be  of  an  intenselv  irritant  character.  Tfie 
nasal  obstruction  may  be  parfial,  in  which  case  the  irri- 
gating fluid  passes  ca.sil}-,  or  it  may  be  total,  so  tliat  it  is 
possible  to  force  fluid  through  the"  nose  only  under  hi'di 
pressure.  "  "  '^ 

After  from  forty-eight  to  seventy-two  hours  the  fever, 
if  present,  commonly  sidisides.  In  favorable  cases  the 
pulse  be(-onies  less  frcipient,  and  remains  of  fair  force 
and  regularity.  The  apiietite  improves  and  the  intellect 
remains  clear.  After  forty-eight  hours  the  local  svmp- 
toms  remain  stationary  up  to  the  fifth  day.  and 'then 
the  swelling  subsides;  the  membrane  begi"ns  to  loosen 
at  the  edges,  and  soon  peels  off,  leaving  a  supei-flcially 
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ulcerated  surface,  or  it  ma,y  more  g'railuall>'  uielt  away. 
The  glands  of  the  ueck  decrease  in  size,  and  the  patieiit 
is  convalescent  and  certain  to  recover  unless  dangerous 
pai'alysis  develops. 

In  oilier  cases  tlie  course  of  the  disease  is  unfavorable. 
The  teniperatui-e  may  fall  nearly  to  the  nonual,  but 
the  pulse  becomes  more  rapid,  feeble,  and  irregular,  or  it 
may  in  certain  toxic  cases  suddenly  for  a  time  beconu^ 
very  slow— 40  to  50  to  the  minute.  Before  death  the 
heart's  action  usually  becomes  more  irregular  and  rapid. 
Otlier  patients  grow  apatlietic.  The  urine  is  apt  t(.)  be 
scanty  and  contain  albumin  aiul  casts.  These  patients  may 
suddenly  develop  urannic  convulsions  and  die,  or  may 
gradually  waste  away.  Some  develop  a  persistent  nausea 
and  vomit  all  food.  Others  suffer  from  jiaralysisof  deg- 
lutition and  of  the  muscles  of  resiiiratiou.  Still  others 
seem  to  be  recovering  from  the  diphtheria  when  the 
symptoms  and  physical  signs  of  pneumonia  develop. 
The  temperature  then  rises  to  103    or  lt)4'  or  e\'en  106    F. 

In  other  cases  the  false  membrane  does  not  limit  itself 
to  the  pharynx  but  spreads  to  the  larynx.  These  patients 
then  have,  in  addition,  the  s]iecial  symptoms  due  to  ob- 
struction to  the  breathing.  Finally,  there  is  a  group  t)f 
cases  that  seem  to  be  fatal  as  if  from  gradual  s^ystemic 
poisoning  by  toxin.  The  patients  lose  weight,  become 
pale  and  anamiic,  have  no  appetite,  the  tongue  is  dry  and 
coated,  and  they  gradually  sink  away. 

JIalignant  Cases :  There  are  certain  cases  of  diphtheria, 
both  in  children  and  in  adults,  which  run  an  especially 
malignant  course.  Within  twenty-fotu'  hours  the  tonsils, 
jialate,  and  lateral  portions  of  the  pharynx  are  covered 
with  thick  mendjranc  and  are  euormouslj-  swollen,  the 
breath  is  sweetish,  the  saliva  dribbles  from  the  mouth, 
the  glands  of  the  ueck  and  their  surroundings  tissues  are 
greatly  swollen.  The  temperature  is  frequently  but 
slightly  elevated  or  it  ma}'  be  subnormal.  The  heart's 
action  is  rapid  and  feeble  or  it  maj'  be  very  slow  and 
irregular.  Danger  of  heart  failure  is  always  present. 
The  intellect,  at  first  clear,  becomes  cloudy.  Within 
from  three  to  five  days  the  most  robust  die. 

Another  class  of  malignant  cases  are  the  so-called  .septic 
cases.  The  amount  of  local  swelling  and  exudate  on  the 
tonsils  and  palate  may  not  be  very  extensive,  but  it  is  ()f 
a  dirty,  gangrenous  appearance.  If  the  no.strils  are  in- 
vaded", there  is  a  bad-smelling,  thin  discharge. 

The  temperature  runs  a  liigh,  irrt'gidar  course,  from 
103°  to  106°  F.  The  tongue  is  diy  and  coated  and  the 
appetite  is  poor.  The  glands  of  the  neck  are  moderately 
or  greatly  swollen.  The  extremities  are  cool,  the  pulse 
is  rapid  and  feeble.  Pneumonia  or  suppuration  of  the 
middle  ear  frequently  develops!  With  an  irregular  high 
temperature  the  children  become  more  and  more  apathetic 
until  death  usually  supervenes. 

Liiriiiii/oil  Dip/i/hena.— The  symptoms  in  laryngeal 
diphtheria  difter  somewhat  according  as  to  whether  tli(.; 
process  is  a  primary  one  or  is  an  extension  of  a  pharyn- 
geal diphtheria  to  the  larynx.  In  the  latter  case  laryn- 
geal symptoms  are  added  to  those  already  present. 

In  laryngeal  diphtheria  the  symptoms  ai-e  those  due 
both  to  the  absorption  of  the  poison  of  diphtheria  and  to 
the  mechanical  obstruction  of  the  larynx.  TIk.'  obstruc- 
tion oceiu-s  more  quickly  in  children  than  in  adults. 

The  symptoms  may  develop  slowly ;  the  clnld  com- 
plains of  a  sore  throat,  of  a  little  hoarseness,  has  loss  of  ap- 
petite and  slight  fever.  There  may  be  a  dry,  hard  cough. 
In  some,  within  from  tweh-e  to  twenty-four  hours  the 
hoarseness  becomes  marked,  the  breathing  is  soniewhat 
obstructed,  the  temperature  reaches  100°  to  10:3°  F.,  ami 
the  child  is  restless.  Soon,  unless  relief  is  given  or  tiie 
process  sub.sides,  the  symptoms  of  laryngeal  obstruction 
are  fully  developed.  The  respiration  is  noi-sy ;  mspira- 
tion  and"  expiration  are  labored  and  prolonged.  Cyanosis 
is  developed,  and  there  is  marked  recession  of  the  soft 
parts  of  the  chest  in  the  epigastric  and  jugular  regions. 
The  accessory  mu.seles  of  respiration  are  called  mto  ac- 
tion and  the  chest  is  held  expanded.  In  spite  of  every 
exertion  inspiration  and  expiration  are  msuffieient. 

At  short  intervals  the  child  will  .sink  back  as  it  ex- 


hausted, the  breathing  is  feel)lei-,  and  for  a  moment  or 
two  the  child  dozes,  only  to  awaken  again  to  struggle 
for  air.  It  throws  itself  about  the  bed,  lies  first  on  one 
side,  then  on  the  other.  Until  cyanosis  is  marked  the  in- 
tellect may  be  clear.  Frequent  desire  to  urinate  is  mani- 
fested, which  adds  to  the  distress  of  the  child.  As  the 
obstruction  increases  attacks  of  almost  complete  suffo- 
cation take  place;  the  child  struggles  violently  for  air, 
•sitting  up  and  using  all  its  powers".  After  a  time  respira- 
tion may  become  freer,  and  the  child  .sinks  back  only  to 
have  renewed  sjiasins  later.  Sooner  or  later  it  becomes 
exhausted;  the  breathing  becomes  more  and  more  feeble; 
the  extremities  are  cold  and  the  skin  is  of  cadaveric  hue. 
Death  follows  from  an  attack  of  suffocation  or  slowly  by 
asthenia.  The  duration  of  life  in  fatal  cases  is  usually 
from  two  to  Seven  days  when  operative  relief  is  not  given. 

In  jiurel)'  laryngeal  cases,  when  operative  relief  is  not 
given  and  death  i-esiiKseaity.  the  temperature  frequently 
remains  Ijut  little  ele\"ated,  although  in  a  few  it  may 
reach  103°-10-1°  F.  If,  on  the  other'hand,  the  lungs  are 
involved,  the  temperature  is,  as  a  rule,  elevated  to  103° 
or  104°,  or  exceptionally  to  106°  F. 

After  intubation  or  tracheotomy  the  tenqierature  fre- 
quently rises,  in  the  more  severe  cases,  within  twelve 
houis  to  102°-104°  F.  When  operative  relief  is  attained 
the  breathing  becomes  natural,  mucus  and  slu'cds  of 
membrane  are  coughed  out,  and  the  child  sinks  liaek  to 
sleep.  In  a  portion  of  the  cases  the  relief  is  perinamiit, 
and  the  patient  progresses  uninterruptedly  to  recovei'y. 
In  others  the  symptoms  of  obstruction  again  appear, 
while  in  still  others  a  secondary  pneumonia  develops  to 
delay  convalescence  or  cau.se  death. 

Si//ii]ifoms  iif  Diplitlici-iii'  ill,  Dftiiil. — Gencnd  Coiulitinn. 
There  are  a  moderate  number  of  cases  having  very  limited 
patches  of  pseudo-meinln'ane  in  which  no  appreciable 
symptoms  of  constitutional  poiscaiing  show  themselves. 
They  are  mostly  discovered  because  of  their  association 
witl'i  more  marked  cases.  Even  mild  cases  show  loss  of 
appetite  and  of  the  desire  for  work  or  play.  They  be- 
come more  or  less  pale  and  ana-mic.  The  more  grave 
cases  soon  exhibit  severe  constitutional  effects.  They 
soon  have  marked  prostration,  are  restless  or  apathetic, 
or  both  by  turns.  If  they  live  long  enough,  they  become 
emaciated.  The  sleep  is  uneasy.  In  septic  cases  mild 
delirium  or  stupor  may  develop.  These  cases  give  the 
imjiression  of  being  very  dangerously  ill.. 

Temperature.  The  cases  differ  greatly.  Many,  both 
mild  and  severe,  begin  with  a  temperature  of  from  103° 
t(j  104°  F.  In  the  great  majority  the  fever  subsides,  and 
even  in  the  most  severe  uncomplicated  cases  the  tem- 
perature is  apt  to  range  from  9«°  to  101°  after  the  first 
forty -eight  hours.  Some,  severe  from  the  start,  have  a 
normal  or  even  subnormal  temperature. 

A  certain  proportion  of  septic  cases,  and  all  having  a 
complicating  pneumonia,  develop  a  high  temperature. 
Other  complications,  such  as  otitis  or  the  development 
of  an  abscess,  will  cause  elevation  of  temperature. 

A  rise  of  temperature  to  103  -104°  F.,  in  a  case  of 
lai-yngeal  diphtheria,  indicates  usually  a  beginning  Ijron- 
chitis  or  pneumonia. 

Nervous  Si/siciii.  In  the  mild  cases,  except  for  a  certain 
amount  of  apathy,  no  symptoms  are  present;  in  the  more 
severe,  there  may  be  also  observed  the  general  symptoms 
of  mild  deliriuin,  restlessness,  and  rarely  convulsions; 
also  apathy  and  stupor  in  the  severest  cases. 

Circiiliiiori/  Appfinitiisi.  In  mild  cases  the  pulse  is  fre- 
quent and  periiaps  slin'htlv  irregular.  In  bad  cases  it 
may  Ik;  very  fre(iuent,  130  to  160,  and  weak.  The  force  of 
th(;'  heart  ajiex  beat  is  diminished  and  the  sounds  are  indis- 
tinct. After  the  third  or  fourth  day  the  rapid  pulse  may 
suddenly  become  markedly  shnveil.  From  120  it  may 
fall  as  low  as  from  45  to  50".  It  is  irregular  and  varies  in 
force.  This  is  an  extremely  grave  symptom.  After  from 
twenty -four  to  forty -eight  hours,  if  the  patient  lives,  the 
pulse  is  apt  again  to  become  rapid  and  feeble,  and  so 
remain  until  death.  After  the  first  days  there  is  present 
the  danger  of  sudden  heart  failure.  The  pulse  may  be- 
come weak  or  rapid  or  more  rarely  slow  while  the  ex- 
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tremities  become  cold  uud  there  supervene  in  a  lew  hours 
all  the  signs  of  collapse.  . 

DiqcKtire  t^i/stetit.  In  the  uiilflest  cases  there  is  little 
digestive  disturbance,  but  in  those  of  any  severity  loss 
of  appetite  is  noted.  In  the  worst  toxic  cases  no  food 
at  all  may  bo  retained.  The  bowels  are  not,  as  a  rule, 
afl'i'cted. 

The  Kkhio/s.  In  the  mildest  eases,  usually,  no  al- 
bumin is  found  in  the  urine,  but  exceptionally,  after  the 
third  or  fourth  day,  it  may  aiipear.  In  the  more  severe 
cases  casts,  kidney  detritus,  and  large  quantities  of  al- 
bumin are  usually  present.  In  the  worst  cases  partial  or 
total  suppression' of  urine  is  apt  to  occur.  These  may 
later  develop  ura-mic  symptoms.  Dropsy  is  not  a|)t  to 
occur  and  the  prognosis  is  better  than  in  nephritis  fol- 
lowing scarlet  fever. 

Lymph  Oliincb.  The  lymphatic  glands  in  the  neck  are 
usually  somewhat  enlarged.  In  the  more  septic  cases 
they  may  become  enormously  swollen.  Suppuration  is 
rather  infrequent. 

,s7,;/ft.  A  small  percentage  of  eases  develop  a  general 
erythema,  which  may  resemble  scarlet  fever  or  measles. 
All  urticaria  may  also  appear.  In  severe  and  septic  cases 
hemorrhages  occur  in  the  skin  as  Avell  as  in  the  mucous 
membranes. 

Joints.  The  joints,  except  in  septic  cases,  are  very 
seldom  affected  in  di])hthei-ia. 

Complications. — I'lieiiiiniiiia. — The  most  feared  com- 
plication of  laryngeal  diphtheiia  is  broncho-pneumonia. 
In  pharyngeal  diphtheria  it  occurs  but  seldom.  It  may 
develop'within  lwent3'-four  hours  or  it  may  not  occur  till 
convalescence  is  established.  In  these  a  little  fever  re- 
mains, and  the  lungs  give  the  signs  of  a  moderate  bron- 
chitis. The  temperature  then  slowly  or  quickly  rises 
and  the  respirations  become  more  rajiid.  Physical  exami- 
natiim  shows  beginning  broncho-pneumonia,  perhaps  in 
one  or  both  lower  lobes  behind,  or,  again,  in  disseminated 
areas  throughout  both  lungs.  In  these  cases  the  pneu- 
monia is  apt  to  run  a  subacute  but  progressive  course. 
After  from  one  to  three  weeks  the  child  succumbs  to  ex- 
haustion. 

Jlenrt  Fnilinv. — From  the  beginning  of  the  sejiaration 
of  the  membrane  until  well  into  the  fifth  week  all  severe 
cases  are  in  danger  of  heart  failure.  When  this  sj^mptom 
is  threatening,  the  patient  is  pale  and  the  pulse  is  small 
and  irregular.  It  is  usually  rapid  and  weak  or  very  slow 
and  irregular,  40  to  .50.  The  extremities  are  cold.  The 
mind  remains  clear  and  anxious.  The  attack  may  pass 
off  or  the  pulse  may  be  lost;  the  patient  loses  conscious- 
ness and  death  comes  gradually.  Others,  apparently 
well,  suddenly  become  unconscious,  and  die  almost  in- 
stantaneously of  heart  failure. 

PandyHis. — This  is  one  of  the  most  characteristic  symp- 
toms of  diphtheria.  Frequently  with  the  final  separa- 
tion of  the  membrane,  but  also  often  after  the  lapse  of 
weeks,  paralysis  develops  in  the  musclesof  the  soft  palate, 
less  freciuently  in  those  of  deglutition,  of  the  eye,  of  the 
respiratory  organs,  or  linally  of  groups  of  mu.scles 
throughout  the  body.  When  the  palate  is  affected  speech 
is  nasal  and  fluids  regurgitate  into  the  nostrils.  When 
the  muscles  of  accommodation  are  affected,  the  child 
cannot  read  and  the  pupils  do  not  react.  When  the  vol- 
untary muscles  in  general  are  affected  the  patient  may 
bo  completely  helpless.  As  a  rule,  complete  recovery 
takes  place  within  from  three  to  eight  weeks,  but  in  the 
.worst  cases  marked  atrophy  occurs  and  months  elapse 
before  recovery  takes  place. 

IMapses.—lxi  a.  fimnW  number  of  cases,  after  ])artial  or 
complete  disappearanc'e  of  tin;  membrane,  a  slight  recur- 
rence results.  With  the  exudates  ar>pearance  the  tem- 
perature may  rise  and  the  glands  uf  tla;  neck  become 
sjvollcn.  As  a  rule,  the  lesions  clear  up  in  a  few  days. 
The  lymphatic  glands  may  remain  slightly  enlarged  for 
weeks  or  nuaitljs.  The  only  cases  in  which  a  relapse  is 
serious  aie  the  laryngeal  ones.  A  relapse  may  occur  as 
late  as  during  the  fourth  week. 

Di.\CiNosis.— In  deciding  whether  a  doubtful  case  is  one 
of  diphthena  or  not  it  is  necessary  to  take  into  account 


whether  the  patient  has  been  exposed  to  diphtheria,  to 
scarlet  fever,  or  to  other  infectious  diseases. 

If  in  any  case  exposure  to  diphtheria  is  known  to  have 
occurred,  even  a  slightly  suspicious  sore  throat  must  be 
regarded  as  probably  a  mild  diphtheria.  If,  on  the  other 
hand,  no  cases  of  diphtheria  have  been  known  to  exist  in 
the  neighborhood,  even  cases  of  a  very  suspicious  nature 
would  probablj'  not  be  diphtheria. 

In  judging  from  the  appearance  and  symptoms  of  a 
case  one  must  first  acknowledge  that  there  are  certain 
mild  exudative  inliammations  of^the  throat  belonging  both 
to  diphtheria  and  to  p.seudo-diphtheria  which  appear  ex- 
actly alike,  and  have  similar  .symptoms  and  similar  dura- 
tion. It  is  even  possible  to  examine  two  cases,  knowing 
that  one  is  surely  diphtheria  and  the  other  surely  is  not. 
and  yet  be  unable  to  determine  which  is  true  diphtheria 
and  which  is  p.seudo-diphtheria.  It  is  not  meant  to  im- 
lily  that  a  case  is  one  of  true  diphtheria  simply  because 
the  diphtheria  bacilli  are  present,  but  rather  that  the 
doubtful  cases  not  only  have  the  bacilli  present  in  the 
exudate,  but  are  capable  of  giving  true  characteristic 
diphtheria  to  others,  or  later  developing  it  themselves; 
and  that  those  in  whose  throats  no  diphtheria  bacilli  ex- 
ist can  under  no  conditions  give  true  characteristic  diph- 
theria to  others  or  develop  it  themselves.  It  is  indeed 
true,  as  a  rule,  that  cases  presenting  the  appearance  of 
ordinary  follicular  tonsillitis  in  adults  are  not  diphtheria. 
It  is  also  true  that  now  and  then  a  case  having  this  ap- 
pearance is  one  of  diphtheria,  and  almost  every  physician 
has  seen  such  cases  from  time  to  time  in  households  in- 
fected with  diphtheria.  On  the  other  hand,  in  small 
children  mild  diphtheria  very  frequently  occurs  with 
the  semblance  of  ordinary  follicular  tonsillitis,  and  in 
large  cities  where  diphtheria  is  prevalent  all  such  cases 
must  be  regarded  as  more  or  less  suspicious. 

Apjyeara nces  Characteristic  of  Dijihtheria. — The  pres- 
ence of  irregular-shaped  patches  of  adherent  graj'ish  or 
yellowish-gray  pseudo-membrane  on  some  other  portions 
than  the  tonsils  is,  as  a  rule,  an  indication  of  the  activity 
of  the  diphtheria  bacilli.  Restricted  to  the  tonsils  alone 
their  presence  is  less  certain. 

Occasionally,  in  scarlatinal  angina  or  in  severe  phleg- 
monous sore  throats,  patches  of  exudate  may  appear  on 
the  uvula  or  borders  of  the  faucial  pillars,  and  still  the 
case  may  not  be  due  to  the  diphtheria  bacilli;  these  are, 
however,  exceptional.  Thick,  grayish  pseudo-membranes 
wdiich  cover  large  portions  of  the  tonsils,  soft  palate,  and 
no.strils  are  almost  invariably  the  lesions  produced  by 
diphtheria  bacilli. 

The  very  great  majority  of  cases  of  ].iseudo-membranous 
or  exudative  laiyngitis,  in  the  coast  cities  at  least,  whether 
an  exudate  is  present  in  the  pharynx  or  not,  are  due  to 
the  diphtheria  bacilli.  Cases  in  which  no  exudate  is  ap- 
parent and  those  in  which  the  laryngeal  obstruction  is 
sudden  and  the  spasmodic  element  is  marked,  are,  how- 
ever, freiiuently  due  to  the  activit}'  of  other  bacteria. 
Nearly  all  membranous  affections  of  the  nose  are  true 
diphtheria.  When  the  membrane  is  limited  to  the  nose 
the  symptoms  are,  as  a  rule,  very  slight ;  but  when  the 
naso-phaiynx  is  involved  the  symiitoms  are  usually  grave. 
Usually  a  small  area  of  inflammation  indicates  a  slight  or 
moderate  severity,  and  an  cxti'usive  area  a  severe  infection. 

]\[ost  cases  of  pseudo-membranes  and  exudates  entirely 
confined  to  pcu'tions  of  the  t(Uisils  in  adults  are  not  due 
to  the  diiihlheria  bacilli,  although  a  few  cases  presenting 
these  symploms  are.  The  more  complete  the  involve- 
ment of  the  tonsils  the  more  apt  the  case  is  to  be  due  to 
them.  Cases  presenting  the  aiipearances found  in  scarlet 
fever,  in  which  a  thin,  grayish  membrane  lines  the  bor- 
ders of  the  uvula  and  faiieial  pillars,  are  rarely  diphther- 
itic. As  a  rule,  pseudo-membranous  inflammations  com- 
plicating scarlet  fever,  syphilis,  and  other  infectious 
diseases  are  due  to  the  activity  of  the  pathogenic  cocci 
and  other  bacteria  induced  by  the  inflamed  ccmditicm  of 
the  nuicous  membranes  due  to  the  scarlatinal'  or  other 
poison.  But  from  time  to  time  such  cases,  if  they  have 
been  exposed  to  tliphtheria,  maybe  complicated"  by  it, 
and  in  some  epidemics  mixed  infection  is  common. 
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The  Exvdiite  due  to  the  Dijihtheria  B<tHlli  ContnmteO 
■icith  that  due  to  Othev  Bacteria. — As  a  rule,  the  exudate 
iu  diphtheria  is  linnly  incorporated  with  the  underlying 
mucous  membrane,  and  canuot — except  ]ierhaps  durino; 
convalescence — he  removed  \vith()ut  leaving  a  bleeding 
surface.  The  tissues  surrounding  the  exudate  are  more  m 
less  inflamed  and  swollen.  Where  other  bacteria  proiluee 
the  irritant  the  exudate,  except  in  the  cases  due  to  the  ba- 
cillus described  by  Vincent,  is  usually  loosely  attached .  col- 
lectedinsmall  masses,  and  easily  removable.  Excejitions, 
however,  occur  in  both  these  diseases,  so  that  in  frui'  diph- 
theria the  exudate  may  be  easily  removed,  and  in  lesions 
due  to  other  bacteria  the  exudate  may  be  If  I'mly  adherent. 

Pavalyds. — Paralysis  following  a  pse\ul(j-inemhranous 
inflammation  is  an  almost  positive  indication  that  the 
case  was  one  of  diphtheria,  although  slight  ])aralysis  has 
followed  in  a  very  few  cases  in  A\iiich  careful  cultures 
revealed  no  diphtheria  bacilli.  These,  if  not  true  diph- 
theria, must  be  consiileretl  very  exceptional  eases. 

BacteridhHiieiil  Didgnosix. — From  the  above  it  is  appar- 
ent that  fully  developed  characteristic  cases  of  diphtheria 
are  readily  diagnosticated,  but  that  many  of  the  less 
marked,  or  at  an  early  period  undeveloped,  cases  are 
diflienlt  to  differentiate  the  one  from  the  other.  In  these 
eases  cultures  are  of  the  utmost  value,  since  the}'  eual;)le 
us  to  isolate  those  in  which  the  bacilli  are  found,  and  to 
give  preventive  injections  of  antitoxin  to  both  the  sick 
and  those  in  contact  with  them,  if  this  has  not  already 
been  done.  As  a  rule,  cultures  do  not  give  us  as  much 
information  as  to  the  gravity  of  the  case  as  do  the  clinical 
appearances,  for  by  the  end  of  from  twenty-four  to  forty- 
eight  hours  the  extent  of  the  disease  is  usually  easy  of  de- 
,  termination.  The  reported  absence  of  bacilli  in  a  culture 
must  be  given  weight  in  proportion  to  the  skill  with 
which  the  culture  was  made,  the  suitableness  of  the 
media,  and  the  knowledge  and  experience  of  the  one  who 
examined  it. 

Diphtheria  does  not  occur  without  the  presence  of  the 
diphtheria  bacilli;  but  there  have  been  many  cases  of 
diphtheria  in  which  for  one  or  another  reason  no  bacilli 
were  found  in  the  cultures  by  the  examiner.  In  many 
of  these  cases  later  cultures  revealed  them.  In  a  con- 
valescent case  the  absence  of  bacilli  in  any  one  culture 
indicates  that  there  are  certainly  not  many  bacilli  left  in 
the  throat.  Only  repeated  cultures  can  prove  their  total 
absence. 

Prognosis. — Diphtheria  is  one  of  the  most  difficult  of 
diseases  in  which  to  make  a  progncsis.  A  case  which  in 
the  first  twenty-four  hours  seems  mild  may  steadily 
increase  in  extent  and  severitj'  until  it  ends  fatally.  A 
case  seemingly  convalescent  may  suddenly  develop  heart 
paralysis.  Laryngeal  diphtheria  is  especially  apt  to  be 
complicated  by  pneumonia. 

In  the  smaller  cities  epidemics  vary  greatly  in  their 
severity  from  year  to  year.  In  the  largest  cities,  how- 
ever, tiiere  are'practically  always  a  number  of  epidemics 
going  on  all  the  time,  and  the  average  severity  of  the 
whole  city  does  not  vary  so  much.  Age  has  a  very 
marked  influence  on  mortality. 

The  special  dangers  to  be  feared  in  diphtheria  are  the 
invasion  of  the  larynx,  the  development  of  broncho- 
pneumonia, serious  paralysis,  especially  of  the  heart  and 
respiratory  muscles,  sepsis,  and  nephritis. 

The  following  division  of  the  cases  of  true  diphtheria, 
based  on  the  extent,  character,  and  location  of  the  pseudo- 
membrane  or  exudate,  after  sufficient  time  has  elapsed  for 
the  development  of  the  local  lesions,  has  seemed  to  me  to 
be  of  considerable  value  in  prognosis: 

1.  Cases  in  which  the  pseudo-membranes  are  very  ex- 
tensive, thick,  and  firmly  incorporated  with  the  underly- 
ing swollen  mucous  membrane.  In  these  the  constitu- 
tional symptoms  are  marked,  the  mortality  at  all  ages  is 
large,  and  the  danger  of  paralysis  great. 

3.  Cases  iu  which  the  development  of  the  pseudo- 
membranes  is  largely  confined  to  the  larynx  and  bronchi. 
This  form  occurs  mostly  in  young  children,  is  very  fatal 
at  all  ages,  and  apt  to  be  complicated  by  bronchitis  or 
pneumonia. 


a.  Ceases  in  which  the  psendo  niembrane  is  moderate  in 
amount,  involving  the  tonsils  and  irregular  portions  of 
the  uvula  and  soft  palate.  These  often  have  marked 
constitutional  and  local  symptoms  for  a  few  days,  but 
nearly  always  recover,  except  in  very  young  children. 

4.C'ascs  in  which  the  iiscudo-menibrane  or  exiuUite  is 
confined  to  t,he  tonsils.  These  resemble  those  in  the  tliird 
ilivision,  hut  the  symi)toms  aic  less  marked.  They  all 
recover  unless  complieatidns  exist. 

C.  Cases  in  which  very  little  or  no  exudate  is  ever 
present,  the  nuicous  membrane  being  simply  shghtly 
swollen  and  hypera-mic.  These  have  usually  slight 
symptoms  and  recover,  but  are  important  to  diagnose,  as 
they  may  infect  others. 

ti.  Cases  of  pseudo-membranes  confined  throughout 
their  course  to  the  nose.  These  occur  chiefly  in  young 
children.  The  constitutional  symptoms  are  sliglit,  and 
all  so  far  recorded  have  recovered.  These  cases  are  seldom 
met  with. 

7.  Exudates  or  pseudo-membranes  confined  to  the  eye- 
lids, skin,  rectal  and  vaginal  mucous  mendjranes.  The 
cases  confined  to  the  first  two  locations,  as  a  rule,  present 
few  constitutional  symptoms  if  the  throat  is  unaffected. 
When  the  rectum  and  vagina  are  attacked,  the  severity 
of  the  symptoms  will  dei)cud  on  the  extent  of  the  lesions. 

Treatment.— 7-'/v>j)//?//«.r(',<i.— The  patient  ill  with  diph- 
theria is  to  be  isolated,  so  far  as  circumstances  permit. 
Wherever  possible  a  separate  room  should  be  provided. 
Those  who  care  for  the  sick  should  wear  a  special  outer 
garment.  Before  leaving  the  room  this  gown  should  be 
removed  and  the  hands  carefully  washed  and  rinsed  with 
an  antiseptic  solution. 

The  patient  should,  when  old  enough,  expectorate  into 
some  receptacle  containing  a  disinfectant.  Everything 
soiled  by  the  mouth  discharges  should  be  disinfected  by 
soaking  in  some  disinfectant  solution,  by  boiling,  or  by 
burning.  The  throat  secretions  are  probably  dangerous 
until  at  least  three  weeks  after  the  beginning  of  the  at- 
tack and  possibly  for  longer  periods. 

Wherever  possible  the  probable  disappearance  of  the 
diphtheria  bacilli  should  be  established  by  the  bacterio- 
logical examination  of  cultures.  At  the  conclusion  of 
the  illness  the  bedding  and,  where  possible,  the  carpets 
should  be  disinfected  by  steam,  and  the  furniture,  floor, 
and  walls  wiped  oti  with  a  1  to  .500  solution  of  bichloride 
of  mercury.  Finall)^,  it  is  well  to  disinfect  the  surfaces 
of  the  walls,  furniture,  and  hangings  in  the  patient's  room 
by  means  of  formaldeh3'de  gas. 

The  disposal  of  the  healthy  members  of  an  infected 
family  is  a  matter  of  great  importance.  They  frequently 
have  already  become  infected  before  the  fir,st  case  is  diag- 
nosticated, and,  if  sent  away,  they  may  carry  the  dis- 
ease to  the  children  of  the  families  which  they  visit.  It 
is  wise,  therefore,  to  keep  them  at  home  if  they  have 
been  exposed  to  the  one  taken  sick.  All  those  who  have 
been  exposed  or  expect  to  be  exposed  to  the  contagion 
should  receive  a  moderate  injection  of  antitoxin  as  a  pre- 
ventive, 300  to  500  units  according  to  age.  As  a  proph- 
ylactic it  is  well  to  gargle  the  throat  frequently  and 
cleanse  the  nostrils  with  some  mild  cleansing  solution, 
such  as  Dobell's,  or  a  weak  disiufcetant,  such  as  1  to 
10,000  aqueous  solution  of  bichloride  of  mercury.  An 
immunization  dose  of  antitoxin,  together  with  the  fre- 
quent cleansing  of  the  throat,  will  practically  insure  im- 
munity from  diphtheria  for  at  least  two  weeks.  If  the 
danger  srill  persists  a  second  inj  ection  of  antitoxin  is  given. 

Local  Treatment.— li  one  could  destroy  all  the  diph- 
theria bacilli  in  the  parts  infected  by  local  disinfection, 
the  disease  might  theoretically  at  least  be  at  once  aborted 
and  its  extension  to  distant  parts  prevented. 

Many  clinicians  of  great  experience  in  the  treatment  of 
diphtheria  have  advised  various  methods  to  accomplish 
this  desired  result,  such  as  the  direct  application  of  nitrate 
of  silver  or  carbolic  acid ;  but  personally  I  believe  that 
their  success  must  always  be  limited,  and  for  the  follow- 
in  o-  reasons:  The  diphtheria  bacilli  are  not  limited  to  the 
exact  spot  where  the  pseudo-membrane  has  developed. 
They  are  present  in  the  throat  secretions,  bathing  all 
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parts  of  the  pliarynx  and  tousils  before  even  the  local 
lesions  are  manifest.  Lying  tluis  in  the  crypts  ami  re- 
cesses of  the  parts,  they  cannot  all  be  ix-aclied  ami  killed 
by  such  antiseptic  fluids  as  we  attempt  to  apply  to  them. 
It  is  also  true  that  only  in  the  mildest  cases  are  the  lesions 
wholly  accessible  to  local  treatnu^nt,  ^ 

Some  ycai'S  ago  a  series  of  experiments  were  carried 
out  under  my  supervision  by  Drs,  White  and  Somerset, 
the  resident  physicians  of  the  New  York  Hospital  for 
Contagious  Diseases,  to  test  the  comparative  value  of 
irri"-atino-  the  nose  and  throat  with  simple  cleansing  solu- 
tions and  with  disinfectants  (1  to  4,000  bichloride  of  mer- 
cury and  five-  to  ten-volume  solutions  of  peroxide  of 
hydrogen).  After  a,  fairly  thorough  trial  it  was  very 
diflicult  to  see  more  than  a  ti'ifling  advantage  in  the  use 
of  antiseptic  solutions. 

If  we  attempt  to  kill  the  bacteria  in  the  accessible  lesions 
by  caustics  or  the  actual  cautery,  Ave  are  apt  to  injure 
the  tissues  without  killing  all  of  the  bacteria,  thus  doing 
jirobably  more  hai'in  than  gtiod.  1  lieli(/ve,  therefore,  that 
we  should  not  use  any  treatment  whif'h  will  irritate  or 
lacerate  the  mucous  membrane.  I  believe  that  no  swab 
should  be  used  in  making  applications  to  the  mucous  mem- 
brane unless  it  is  done  by  the  physician  or  by  a  trained 
nurse,  and  only  then  with  the  greatest  care.  Personally 
I  prefer  to  tru'st  to  irrigation.  For  tlie  nostrils  I  prefer 
a  solution  of  one  teaspoonful  of  Siilt  to  one  pint  of  tepid 
water.  This  is  best  applied  by  means  of  a  fountain 
S3'ringe,  but  a  small  glass  syringe  with  a  rubber  tip  an- 
swers quite  well.  If  the  nostrils  are  so  firmly  plugged 
that  great  pressure  is  needed,  then  an  ordinary  hard-rub- 
ber syringe  can  be  used.  To  its  point  is  attached  a  short 
rubber  tube,  ending  in  a  bulb  to  fit  the  nostrils.  The 
force  needed  ma}'  be  great,  liut  the  shock  is  of  less  harm 
than  the  continued  total  occlusion  of  the  nostrils  with 
the  accompanj'ing  absorption  of  toxin  ami  the  probable 
production  of  sepsis. 

When  the  local  lesions  of  diphtheria  are  limited  to  the 
tonsils,  irrigation  of  the  nostrils  is  unnecessary,  but  when 
the  posterior  nares  are  involved,  the  nostrils  should  be 
irrigated  from  three  to  twelve  times  a  day.  Even  weak 
solutions  of  peroxide  of  hydrogen  are  often  very  irritating 
to  the  nasal  mucous  membrane.  For  the  irrigation  of  the 
mouth  and  pharynx  either  a  normal  salt  solution  or  a  1 
to  10,000  bichloride  of  nrercury  or  a  neutral  five-volume 
peroxide  of  hydrogen  solution  may  be  employed.  In 
older  children  and  adults  gargles  may  be  used  when  the 
tonsils  only  are  attacked.  The  solutions  are  simply  held 
in  the  throat  as  far  back  as  possible  and  then  ejected.  It 
is  impossible  for  most  persons  through  gargles  to  reach 
more  than  the  tissues  anterior  to  the  faucial  pillars. 

Local  treatment  majr  he  combined  with  general  medi- 
cation; thus  the  giving  internally  of  the  diluted  tincture 
of  the  chlin-ide  of  iron  or  of  the  bichloride  of  mercury  in 
small  frec|ueut  doses  has  considerable  local  effect  upon 
the  mucous  membranes  of  the  throatand  pharynx.  Lime 
water  and  solutions  of  boric  acid  may  also  be  given  fre- 
quently in  small  amounts  by  the  mouth  for  their  local 
effect. 

The  irrigation  of  the  nostrils  with  salt  water  or  one- 
per-cent.  boric-acid  .solution  has  not  appeared  to  cause  ear 
troulile. 

Gaieriil  Tredtmi'uf.— The  air  in  the  patient's  room 
■should  be  pure  and  kept  if  possible  at  a  temperature  of 
'ro--72'  F. 

Tlie  drugs  suggested  for  tlie  treatimait  of  diphtheria 
have  been  numberless,  but  few  of  them  have  proved 
themselves  as  of  use  generally.  With  the  exception  of 
tlie  antitoxin  none  of  them  are  siiecitie.  At  the  New 
lork  Hospital  for  Contagious  Disejises  mild  cases  are 
given  an  jdjumlance  of  light  diet,  milk,  broth  e;';'H  etc 
and  a  dose  of  1,000  to  2,000  units  of  antiloxin.'  tIus  ami 
the  local  treatment  are  all  they  receive.  More  severe  cases 
are  given  brandy,  from  half  an  ounce  to  twelve  ounces  in 
the  twenty-four  hours,  according  td  the  ,severity  of  I  be 
disease  and  the  amount  of  prostration  and  tlie  weakness 
of  the  heart  actio,,.  I„  ,h,.s,.  severe  cases  and  in  any  in 
winch  paralysis  threatens,  strychnine  is  given  three  times 


a  day  in  doses  of  gr.  y^^  to  ^\.  Where  necessary,  cardiac 
tonics  such  as  caffeine  and  digitalis  are  employed.  As 
the  patients  begin  to  convalesce  they  are  given  some 
preparation  of  iron  as  a  tonic  if  they  show  much  anamia. 

The  antipyretics  are  to  be  avoided,  because  of  their  de- 
pressant effect,  and  also  because  the  temperature  is,  as  a 
rule,  not  seriousl}'  high  in  diphtheria. 

The  tincture  of  the  chloride  of  iron  in  moderate  and 
frequent  doses  is  thought  by  many  to  be  of  great  benefit, 
both  locally  and  for  its  tonic  effect,  though  if  it  causes 
nausea  or  vomiting  it  should  be  stopped.  Jacobi  advi.ses 
up  to  Z  i.  each  day  for  an  infant,  and  for  a  child  three 
years  old  twice  that  amount.  Large  doses  do  not  appear 
to  have  any  more  beneficial  effect  than  small,  and  are 
more  a]pt  to  cause;  irritation  of  the  stomach.  The  internal 
administration  of  bichloride  of  mercury,  gr.  ^^  to  -^^  dsL\\y, 
in  divided  iloses,  has  not  .seemed  to  me  to  be  of  any  other 
than  local  value,  though  thought  highly  of  by  some. 
Good  observers  advocate  small  to  moderate  doses  of 
quinine,  I  myself  have  had  but  little  experience  with 
its  use. 

Whenever  paralysis  of  the  muscles  of  deglutition  has 
become  sufficiently  marked  to  prevent  the  swallowing  of 
food,  it  is  necessary  to  feed  through  a  soft-rubber  tube 
passeil  through  the  nose  into  the  pharynx  and  a'sophagus. 
All  having  serious  disease  should  remain  as  absolutely 
quiet  as  possible  and  should  take  their  food  and  evacu- 
ate their  bowels  in  a  recumbent  position.  Bronchitis, 
pneumonia,  otitis,  nephritis,  and  other  diseases  complicat- 
ing diphtheria  are  treated  as  if  they  were  primary  diseases. 

Treatment  of  Laryiifjenl  Diphtlierin. — For  the  relief  of 
obstruction  in  laryngeal  diphtheria  there  are  the  inhalation 
of  the  fumes  of  subliming  calomel,  the  inhalation  of  warm 
steam  with  or  without  lime  or  other  additions,  the  ap- 
plication of  Avarmth  or  cold  over  the  larynx,  and  the  use 
of  medicines  internally,  especially  those  causing  nausea 
or  vomiting. 

The  first  two  arc  the  most  important  means  of  combat- 
ing the  beginning  laryngeal  obstruction, 

Cnlrifiiel  Fiimigiition.  This  was  first  advocated  by  Cor- 
bin  in  1881,  and  has  since  been  extensively  used.  The 
inhalation  of  subliming  calomel  does  not,  as  some  claim, 
destroy  the  diphtheria  bacilli,  but  it  does  often  greatly 
relieve  the  obstruction  with  its  accompan_vingsj'm])toms. 
This  so  often  folloAvs  each  employment  of  it  that  there 
seems  to  be  no  doubt  of  its  action.  It  does  not,  however, 
afford  relief  in  all  cases,  even  when  used  very  early. 

The  method  of  using  calomel  fumigation  varies  with 
the  apparatus  at  hand.  The  child  should  lie  put  in  an 
improvised  tent  so  as  to  confine  the  fumes  sufficiently  to 
fill  the  tent  with  a  rather  dense  white  smoke.  From  ten 
to  twenty  grains  can  be  th,-own  cm  a  few  live  coals  placed 
on  a  shovel  and  held  under  the  tent  while  it  sublimes,  or 
a  lump  of  live  coal  may  be  put  in  an  iron  or  earthenware 
vessel  and  over  it  a  strip  of  iron  or  an  iron  spoon  upon 
which  the  calomel  is  placed.  In  the  larger  cities  a  suit- 
able apparatus  can  be  bought  ready  for  use,  which  is,  of 
course,  more  convenient. 

Steam.  The  inhalation  of  warm  steam  is  certainly  at 
times  of  great  benefit.  To  the  water  may  be  added  equal 
paits  of  li,,ie  wiiter.  or  to  each  ]iint  (me  or  two  teaspoon- 
fulsof  conipcumd  tincture  of  benzoin.  The  warm,  damp 
vapor  is  the  chief  thing.  The  steam  should  be  inhaled 
as  warm  as  ]iossible.  and  the  patient  should  be  piotected 
from  the  dampness  by  a  covering  of  oil-muslin,  or  a  thin 
blanket . 

If  in  a  strong  child  the  laryngeal  symptoms  increase 
so  that  it  seems  as  if  intubation  will  soon  become  neces- 
sary, the  effect  of  \-omitiug  may  be  tried.  For  this  pur- 
pose a  dose  of  fl,  3  ss.-i,  of  syrup  of  ipecac  should  be 
given  every  ten  minutes  until  effccrive.  Instead  of 
ipecac,  tartar  emetic  or  the  yellow  subsulpbate  of  mer- 
cury, gr,  ij,-v,  to  a  child  of  two  years,  and  repeated, 
may  be  given.  If  an  attack  of  vorniting  does  not  give 
appreciable  relief,  it  is  not  well  to  repeat  it,  as  it  ex- 
hausts the  child  and  offers  but  slight  hojie  of  benefit.  If 
a  child  is  much  prostrated,  it  is  unwise  to  resort  to 
emetics  at  all. 
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lutuhiitioii  and  Tmclieotomy.  If  in  spite  of  treatment 
the  laryngeal  stenosis  advanees  so  far  tliatactual  obstruc- 
tion to  breathing  is  niarkeil  and  increasing,  we  nuist  re- 
sort to  intubation  or  tracheotonij'. 

By  one  or  the  other  of  tlie  means  we  overcome  the  ob 
struction  to  the  entrance  of  air  tlirougli  tlie  larynx,  and 
thus  prevent  suffocation,  ludcss  thcr  membrane  is  too 
extensive  lielow  the  end  of  the  tul)e  We  also  aid  the 
expulsion  of  mucus  and  jiortions  of  membrane  through 
the  opening  formed  by  the  tube.  The  in.sertion  of  the 
tube  does  not,  of  course,  limit  the  extension  of  the  dis- 
ease or  prevent  complications.  The  apparent  improve- 
ment due  to  the  removal  of  the  obsUiele  to  respiration 
will  therefore  only  be  permanent  when  the  disease  itself 
yields  to  treatment. 

The  time  at  which  inttibation  should  be  performed  is  a 
question  of  the  greatest  importance. 

The  insertion  of  a  tube  into  the  larynx  is  not  wholly 
a  matter  of  indifference  even  in  trained  hands.  More  (ir 
less  abrasion  of  the  swollen  and  inflamed  laryngeal 
mucous  men«brane  may  be  caused  l.iy  its  insertion,  and 
its  presence  for  several  days  is  \'ery  likely  to  cause  a 
superficial  tdeeration,  either  where  its  lower  end  impinges 
on  the  trachea  (u-  where  its  sides  cause  pressure. 

On  the  oilier  hand,  so  soon  as  the  laryngeal  stenosis 
'jecomes  so  marked  that  the  person  struggles  for  air,  and 
n  spite  of  the  struggle  sufficient  aeration  of  the  blood 
does  not  take  place,  that  condition  is  a  great  detriment  to 
the  condition  of  the  child  long  lieftire  any  actual  suffoca- 
tion is  impending. 

In  spite,  then,  of  the  possible  injiu-y  to  the  larynx  of 
the  insertion  and  retention  of  the  tube,  we  sliould  not 
wait  too  long  and  thus  allo\N'  a  greater  injurj^  to  occur. 

If,  therefore,  the  stenosis  stcatlily  increases  and  the  re- 
traction of  the  epigastric  and  jugular  regions  becomes 
decided,  and  cyanosis  is  evident,  it  is  better  not  to  wait 
longer.      (See  article  on  Intuhatian.) 

Treatment  of  tlie  Patient  while  Iiitiih/ited.  It  is  fre- 
quently the  custom  to  raise  slightly  the  foot  of  tlie  bed 
on  which  the  child  lies,  and  it  is  always  well  to  keep  the 
child  prostrate  if  possible. 

Amatterof  vital  importance  is  the  feedingof  thechilil, 
so  that  food  will  not  pa.ss  down  the  tube.  This  is  first 
attempted  with  the  child  lying  down,  with  the  head  de- 
pressed below  the  rest  of  the  body.  If  the  child  does  not 
take  fluid  nourishment  in  this  way,  it  is  allowed  to  drink 
in  the  natural  manner.  If  it  is  impossible  to  feed  the 
child  by  cither  of  these  means,  it  must  be  fed  by  a  stomach 
tube  passed  through  the  nose  into  the  stomach.  For  a 
child  of  one  or  two  years  the  tube  should  be  the  size  of 
a  No.  6  catheter;  for  a  child  of  three  to  four  years,  a  No. 
8  catlieter.  Some  physicians  prefer,  instead  of  a  fluid 
diet,  food  which  is  of  greater  consistence  or  even  entirely 
solid.  At  the  Willard  Parker  Hospital  for  Contagious 
Diseases,  however,  fluid  diet  is,  as  a  rule,  preferred. 

Extraction  erf  the  Tube.  At  any  time  after  the  insertion 
of  the  tube  it  may  be  coughed  up,  or  it  may  become  ob- 
structed by  membrane  either  blocking  the  tube  or  filling 
up  the  trachea  below.  Whenever  the.  tube  becomes  ob- 
structed it  must  be  instantly  removed.  In  those  cases, 
however,  in  which  the  tube  is  neither  coughed  up  nor 
obstructed  it  is  found  best  t(.i  leave  it  in  for  such  a  period 
that  five  to  seven  days  liave  elapsed  from  the  time  of  the 
beginning  steno.sis.  '  If  the  tube  is  removed  earlier,  it 
will  usually  have  to  be  replaced,  with  the  danger  always 
of  creating  slight  abrasions  or  inpuies  of  the  larynx. 

Senim  Therapy.  The  use  of  diphtheria  antitoxin  has 
passed  the  experimental  stage  and  its  use  is  now  as  firmly 
established  as  is  that  of  vaccine  as  a  preventive  of  small- 
pox. Its  action  seems  to  be  to  neutralize  the  diphtheria 
poison  produced  by  the  diphtheria  bacillus  and  thus  to 
render  it  inert  and  powerless  to  do  injury.  Whether  this 
is  the  entire  explanation  of  its  action  or  not,  it  is  most  im- 
portant to  realize  that  both  in  animals  purposely  infected 
with  diphtheria  and  in  human  beings  ill  with  the  disease 
the  beneficial  effects  of  antitoxin  are  most  evident  \yhen 
itis  given  very  early  in  the  disease,  before  marked  tissue 
degeneration  has  occurred. 


Statistics  gathered  from  all  over  the  world  are  in  ac- 
cord, that  the  cases  injeeteil  on  the  first  day  show  the 
least,  those  on  thc^  second  somewhat  more,  aiid  those  on 
the  later  days  the  greatest  mortality.  The  chemic.'al 
nature  of  antitoxin  has  already  been" considered  under 
Antitoxiiu  in  Vol.  I.  As  llu;  resulls  oblaiiied  with  the 
iintito.\in  treatment  have  been  so  much  in  evidence  in  the 
journals,  I  will  give  heie  only  a  few  figures  from  Krijn- 
lein  (Zurich),  (pioted  from  the  article  on  dii)htheria  by 
Jacobi  in  the  "Twentieth  Century  Practice  of  ]\Ie<licine." 
These  are  in  accord  with  my  personal  observations  in 
])rivate  pi'actice,  but  rather  more  favorable  than  in  hos- 
]iital  practice. 


Preantitoxin  perind,  total  f-ases 

Operative  case.s 

Antitoxin  ijci'idcl,  total  ca^es 

Operative  cases 


Mortality, 

per  c-ent. 

X.Vfi  .39.3 

lilB  filj.l 

4:57  13.,5 

17  3C.0 


When  antitoxin  is  given  in  sufficient  amount  shortly 
after  the  onset  of  the  first  symptoms  the  mortality  is  less 
than  four  ]>er  cent.  It  is  rare  for  an  uneonii>licated 
ease  of  diphtheria  thus  treated  to  die. 

The  immediate  results  which  follow  an  injection  of 
antitoxin  in  a  case  of  diphtheria  differ  according  to  the 
perioil  of  the  disease  at  which  it  was  given  and  the 
characteristics  of  the  ease.  This  is  due  to  the  fact  that 
while  injection  of  sufheient  antitoxin  prevents  any  further 
clTect  of  I  he  diphtheria  toxin,  it  will  not  lessen  the  toxic 
elfec^ts  of  the  poisons  produced  by  the  other  bacteria  nor 
will  it  stop  the  progressive  degeneration  of  cells  already 
so  injured  that  recuperation  is  impos.sii)le. 

Wlien  antiloxin  is  administered  early  in  iiliaryngcal, 
tonsillar,  and  nasal  diphtheria  the  results  are  usually 
striking;  improvement  sets  in  quickly,  the  temperature 
drops  within  from  three  to  twelve  hours,  the  local  in- 
flammation abates,  and  the  membranes  and  exudate  soon 
loosen.  The  local  disease  does  not  spread  to  adjacent  or 
distant  portions  of  the  mucous  membranes.  Except  for 
slight  prostration  and  anamia  the  patient  is  frequently 
well  in  from  two  to  three  ilays. 

When  antitoxin  is  administered  after  the  full  develop- 
ment of  the  diphtheria  the  results  are  much  less  striking, 
so  that  we  often  are  in  doubt  as  to  whether  anj'  actual 
results  have  been  obtained.  I"ndoubtedl_y  many  of  these 
eases  run  a  milder  cotirse  than  without  antitoxin. 

l\\  laryngeal  diphtheria  it  is  diihcult  to  lie  certain  of 
the  imm'ediiite  effects  in  individual  cases.  When  we  ex- 
amine a  case  we  cannot  as  a  rule  tell  theamountof  larynx, 
trachea,  and  lung  involved,  and  .so  are  ignorant  of  the  real 
severity  and  extent  of  the  disease. 

More  cases  of  those  receiving  antitoxin  early  recover 
without  iiaving  needed  intubation  than  formerly,  and 
those  needing  intubation  are  on  the  average  able  to  have 
the  tube  removed  earlier  than  before.  Upon  the  bron- 
chitis and  bronchopneumonia  which  develop  in  some, 
antitoxin  has  little  or  no  effect. 

Ill  Efferis  of  Aiititii.rin  .Scniin.—X  small  percentage  of 
the  cases  have  a  slight  rise  of  temperature  immediately 
after  an  itijeetion.  In  a  very  few  cases  abscesses  develop 
at  the  seat  of  the  injection,    this  is  a  preventable  accident. 

7j„,5./„,s. —These  are  peculiar  to  the  serum  injections. 
They  are  undoubtedly  partly  due  to  the  horse  serum,  not 
altogether  to  the  antitoxin.  They  occur  in  from  five  to 
twenty  ]>('r  etait.  of  the  cases,  according  to  the  character- 
isties  of  the  serum.  The  eruption  may  be  limited  to  the 
point  of  injection,  or  may  more  or  less  completely  cover 
the  whole  bodv.  It  most  often  appears  as  an  urticaria, 
but  may  very  closely  resemble  scarlet  fever  or  more  rarely 
mciisli-s.  It  usually  develops  between  the  seventh  and 
fifteenth  days,  but  may  occur  as  early  as  on  the  second 
da>'.  In  so'me  cases  all  the  forms  may  be  united  in  one 
person  Following  the  eruption,  desquamation  may  oc- 
cur In  about  one-fifth  of  the  cases  there  is  a  rise  in  tem- 
perature of  2°-4'  F.  This  lasts  for  from  one  to  three  days. 
In  a  small  percentage  of  cases  there  is  accompanying 
the  rash  tenderness  over  the  joints  of  the  extremities. 
These  pains  last,  as  a  rule,  for  from  one  to  four  days. 
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There  liuvc  been  a  few  eases  reported  in  whicli  the  joint 
lesions  persisteil  for  several  weeks.  The  urticaria  and 
erythema  which  at  times  accompan}^  the  rise  in  tempei'a- 
ture  are  in  certain  cases  very  distressing,  and  in  a  person 
already  prostrated  might  no"t  lie  wholly  witliont  danger 
to  the  patient. 

I  have  seen,  in  watching  over  fifteen  hundred  cases,  no 
serious  effects  upon  the  heart,  kidney,  or  nervous  system 
which  I  attribute  to  aniito.xin,  with  the  possible  excep- 
tion of  two  cases  of  scarlatina  complicated  with  diph- 
theria. In  these  two  there  was  an  almost  complete  sup- 
pression of  the  urine.  This  was  proljably  due  to  the 
scarlet  fever  and  diphtheria,  and  not  to  the  antitoxin. 

Losfifje  of  A)itito.riit. — From  my  observation  of  cases  in 
both  hospital  and  private  pracliee,  1  have  been  led  to 
adopt  the  following  dosage: 

Units. 

Very  mild  cases 1,(i(hi-1,.')IKI  fur  tbe  first  dose. 

Moderately  severe  eases 2,()(iii-;i,iHH)  "        "       " 

Very  severe  cases 4,OI)iHj,OUO 

Laryngeal    cases,    according?    to 

tbeir  severity 2,000-5, 00(.) 

For  children  under  one  3'ear  I  should  give  about  one- 
third  less  than  for  older  children  and  adidts.  I  believe 
the  condition  of  the  throat  as  to  swelling,  extent  and 
nature  of  the  membrane,  etc.,  to  be  a  better  guide  to 
antitoxin  dosage  than  the  general  condition  of  the  patient. 
The  duration  of  the  disease,  rather  than  the  dosage,  in- 
fluences the  curative  power  of  tlie  antitoxin. 

If,  at  the  end  of  twelve  hours  after  the  injection,  the 
inflammation  Is  advancing,  or  if  at  the  end  of  eighteen 
hours  the  inflammation  ha"s  not  clearly  begun  to  subside, 
as  shown  by  lessened  congestion  and  swelling,  I  believe 
a  second  dose  of  antitoxin  should  be  injected.  In  a  very 
few  cases  a  third  dose  is  required  at  the  end  of  from  twenty- 
four  to  thirty  six  hours.  For  the  broncho-pneumonia  and 
sep.sis  complicatmg  some  of  the  worst  cases  antitoxin  is 
generally  of  no  avail.  Although  I  cannot  agree  with 
Dr.  McCollom  in  regard  to  the  necessity  of  from  40,000 
to  60,000  units  in  tlie  very  bad  cases, 'nevertheless  his 
residts  certainly  encourage  us  to  give  all  the  antitoxin 
that  we  think  indicated.  It  is  better  to  give  too  much 
ratiier  than  too  little.  I  think  I  am  correct  in  saying  that 
it  is  the  opinion  of  the  visiting  physicians  at  the  hospital 
that  moderate  doses  accomplish  as  good  results  as  very 
large  ones.  ^William  H.  Park. 

DIPLOPIA  (from  6m'A6n^,  double,  and  inp,  eye)  is  the 
douljle  vision  resulting  from  the  formation  of  two  images 
of  the  .same  object  upon  non  corresponding  paits  of  the 
retin;e  of  the  two  eyes.  Strictly  speaking,  in  every  act 
of  bmocular  vision  this  condition  obtains  in  the  case  of 
all  objects  w  hich  are  either  nearer  or  more  distant  than 
the  pomt  of  intersection  of  the  visual  axes,  althouo-b  in 
those  ea.ses,  the  incongruity  of  the  two  images  is  ordi- 
naruy  recognized  as  the  expression  of  a  difference  in  dis- 
tance (stereo.scopic  vision)  rather  than  as  double  vision 
In  viewmg  near  objects  against  a  distant  background 
the  details  of  the  background,  as  seen  by  cither  eye  sin- 
gly, are  in  a  measure  efl'aced  as  a  result  of  the  exercise  of 
the  accommodation  required  for  distinct  vision  at  the 
.shorter  distance;  and,  in  binocular  vision,  the  incongru- 
ity ot  the  two  retinal  images  of  the  background  operates 
sti  1  further  to  prevent  tiieir  special  recognition.  Again 
m  looking  at  distant  objects,  as  at  the  details  of  a  faud- 
scape  through  a  window  screen  of  gauze,  we  may  be 
scrooM  '''■,P''^";i""e  unconscious  of  the  presence  of  the 
scieeri  although,  by  a  voluntary  exercise  of  tlie  accom- 
modation and  the  convergence,  we  mav  see  ils  mesZs 
listinetly,  and  may  then  become  conscious  of  the  f'  t 
ha  t ,,  ,,er  details  of  the  landscape,  as  sen  tlir  gh  U 
have  become  indistinct,  and  that  some  of  its  morc^con 

Z,T  ^"'*"r  ^'PP'^'"  ^'"•"^'^■<'-     I"  foct   we     nco  - 
c  10     ly  conc'entrat..  the  attention  upon  objects  at  about 

an  1  for  whie ftl^  r''  ''''  ''''  '^"^  "«  uccommodZ 
ana  lor  winch  their  axes  are  converged  and  so  eonic  tn 
disregard  the  less  perfectly  deflned  and  i,  c  n 'mo  s  im 
ages  ot  nearer  or  of  more  distant  objects.  ""'°'''"°""  "^>- 
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The  fact  of  the  formation  of  incongruous  retinal  images 
of  objects  either  nearer  or  more  distant  than  the  point  of 
intersection  of  the  visual  axes,  may  be  demonstrated  by 
holding  a  small  object,  such  as  a  pencil,  in  a  vertical 
[lositiou  at  a  distance  of  a  foot  or  two  from  the  face  and 
at  about  the  same  distance  from  a  vertical  liar  of  the 
window  sash;  if  we  look  with  the  two  eyes  at  the  pencil, 
it  will  be  seen  single  between  two  images  of  the  sash  bar; 
if  we  look  with  the  two  eyes  at  the  sash  bar,  it  will  be 
seen  single  between  two  images  of  the  pencil.  That 
this  seeing  of  one  or  the  other  of  the  objects  doubled  is 


yprf 


a  result  of  simultaneous  vision  with  the  two  eyes  is 
shown  by  the  fact  that  one  of  the  images  disappears  on 
covering  either  ejo. 

^  If,  dii-ecfing  the  eyes  upon  the  nearer  object  (the  pen- 
cil), so  that  the  more  distant  object  (the  sash  bar)  is  seen 
doubled,  we  cover  the  rigid  eye,  we  find  that  we  shut  off 
the  right-hand  image  of  the  more  distant  object-  simi- 
larly, covering  tlie  left  eye,  we  shut  off  the  left-hand 
image.  The  double  vision  (diplopia!  is  then,  in  this  case 
lwmonymoii!<—i.e.,  the  image  to  the  right  is  seen  by  the 
right  eye,  and  the  image  to  the  left  by  the  left  eye  If 
now,  directing  the  eyes  upon  the  more  di.stant' object 
(the  sash  bar),  so  that  the  nearer  object  (the  pencil)  is 
seen  doubled,  we  cover  the  rigiit  eye,  we  shut  off  the 
left-liand  image  of  I  he  pencil,  and,  covering  the  left  eve 
we  shut  off  the  right-hand  image;  the  diplopia  is,  in  this 
case,  heteroin/moiif:.  or  crofised. 

Let  I)  and  *'  (Fig.  irm)  represent  the  right  and  the 
left  eye,  respectively,  and  suppose  that  the  t"wo  eves  are 
directed  to  converge  upon  a  small  near  object  at  P  ■  the 
two  retinal  images,  Pd  and  Ps,  will  then  be  formed  each 
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at  the  fovea  centralis  of  ilsdwn  eyi.',  aii<l  (lie  olijcet /'will 
be  seen  single  with  the  two  eyes.  If  we  su]ipose  now  a 
secoud  and  juore  distant  objeet  at  H,  two  images  of  7,'  will 
he  formed,  at  lid  and  7?s  respectively,  each  to  llie  inner 
or  nasal  side  of  the  fovea.  The  more  distant  ohj(  ct  Ji 
will  then  be  seen  by  the  right  eye  in  the  direction  'j,',/  /,', 
to  the  right  of  Pd  P,  and  by  the  left  eye  in  the  direction 
Ps  P.  to  the  left  of  Ps  P;  therefore  donbled,  and  the 
doubling  (diplopia)  will  be  /iiiiiiiiiri/iiioiifi. 

If  we  supjHise  the  two  eyes  to  lie  directed  to  eon  verge 
upon  the  moredislant  otiject  i\tP,  the  two  retinal  images, 
Ed  nnd  Ps,  will  be  formed  each  at  the  fovea  centralis  oi' 
its  own  eye,  and  Ji  will  be  seen  single  wilh  the  I  wo  eyes; 
but  the  two  images  of  Pwill  be'formed,  at  7'r/ anil  iV 
respectively,  each  to  the  outer  or  temporal  side  of  the 
fovea.  The  nearer  object  Pwill  then  be  seen  by  the 
right  eye  in  the  direction  Pd  P.  to  the  left  of  Pd  P.  and 
by  the  left  eye  in  the  direction  J'n  P,  to  the  right  of  Px 
B;  therefore  donbled,  and  the  doubling  (diplopia)  will  be 
crosned. 

The  apparent  direction  of  any  visible  object  from  the 
observer  is  ordinarily  determined  by  the  direction  in 
which  the  two  eyes  are  turned  in  order  to  see  it  single. 
AVhen,  however,  only  one  of  the  eyes  is  directed  accu- 
rately upon  the  object,  its  apparent  direction  is  deter- 
mined by  that  of  the  accurately  directed  eye,  and  the 
image  formed  on  the  retina  of  the  misdirected  eye  is  pro- 
jected eccentrically,  ou  the  visual  field,  in  a  direction 
opposite  to  that  in  which  this  eye  is  turned.  Thus  in 
the  case  of  an  eye  which  deviates  inward,  the  retinal 
image  of  the  object  upon  which  the  other  eye  is  directed 
is  formed  to  the  inner  side  of  the  fovea,  and  is  projected, 
on  the  visual  field,  to  the  outer  side  of  the  object  as  seen 
by  the  accurately  directed  eye.  A  diplopia  which  is  the 
result  of  crossirifj  of  the  eyes  is  therefore  liomtinymoiw. 
Again,  when  one  of  the  eyes  deviates  outward,  the  reti- 
nal image  is  formed  to  the  outer  side  of  the  fovea,  and 
is  projected  to  the  inner  side  of  the  object  as  seen  by  the 
accurately  directed  eye.  A  diplopia  which  is  the  result 
of  divergence  of  the  ej'cs  is  tlierefore  crossed.  In  the  case 
of  a  vertical  diplopia,  the  higher  jjosition  of  the  false 
image  indicates  that  the  misdirected  eye  is  turned  down- 
ward, and  vice  versa.  So.  too,  in  the  case  of  a  diplopia  in 
which  a  line  drawn  through  the  tw'O  images  is  interme- 
diate between  the  horizontal  and  the  vertical,  the  dis- 
placement of  the  false  image  on  this  oblique  line  is  in  the 
direction  opposite  to  that  in  which  the  misdirected  eye 
is  turned. 

Referring  again  to  Fig.  1597,  suppose  the  eye  D  to  be 
directed  upon  an  object  at  P,  and  the  eye  .S  to  be  turned 
toward  a  second  object  at  P',  on  the  line  Ps  P  produced. 
Two  diffefent  I'etinal  images,  Pd  and  Ps,  will  then  be 
formed,  each  at  the  fovea  of  its  ow^n  eye,  from  which  it 
might  be  expected  that  the  two  objects,  P  and  P',  would 
be  seen  simultaneously  as  a  composite  picture.  This  is, 
however,  not  ordinarily  the  case.  Either  the  attention 
is  concentrated  upon  the  object  P,  which  is  then  seen 
centrally  and  distinctly  with  the  eye  P  and  also  eccen- 
trically and  less  distinctly  with  the  eye  8,  or  upon  the 
object  P'  which  is  then  seen  centrally  and  distinctly 
with  the  eye  8,  and  also  eccentrically  and  less  distinctly 
with  the  eye  D.  In  the  one  case  the  object  P  is  seen 
homonymously  doubled,  and  the  two  images  of  P' are 
disregarded;  in  the  other  case  the  object  P'  is  seen  ho- 
monymously doubled,  and  the  two  images  of  P  are  disre- 
garded. 

Again,  suppose  the  e.ye  Dto  be  directed  upon  an  object 
at  P,  and  the  eye  8  to  be  turned  toward  R',  in  the  direc- 
tion of  P.  In'this'case  two  different  retinal  images,  Pd 
and  Ps,  are  formed,  each  at  the  fovea  of  its  own  eye,  but 
the  attention  is  concentrated  either  upon  the  object  P  or 
upon  the  object  P'.  one  of  which  is  seen  heteronymously 
doubled  (crossed  diplopia),  and  the  two  images  of  the 
other  object  are  disregarded. 

Diplopia  may  be  evoked  experimentally  by  slightly 
changing  the  direction  of  one  of  the  eyes  by  making 
moderate  traction  upon  the  eyeball  through  the  eyelid ; 
the  second  image  then  appearing  to  the  side  of  the  object 


opposite  to  that  toward  which  the  axis  of  the  eye  has 
been  turned.  Diplopia  may  also  be  evoked  byartiiiciallv 
a  ternig  the  direction  in  which  the  raysof  light  fi-om  any 
object  enter  one  of  the  eves,  as  in  looking  through  a  thiii 
pri.sm  held  in  front  of  one  eye.  If,  while  looking  at  any 
small  object  with  the  two  eyes,  we  interposea  thin  prism 
m  front  of  either  eye,  so  as  to  cover  uliout  half  of  the 
pupil,  the  objeet  will  he  seen  single  with  the  two  eyes 
through  the  uncovered  half  of  the  pupil,  and  doubled 
through  the  half  of  the  pupil  covered  by  the  prism;  or, 
by  slightly  varying  the  dii-ection  of  the  two  eyes,  so  as 
to  look  either  past  the  prism  or  thiough  it,  the  object 
may  be  seen  single  or  doubled,  at  will.  When  the  prism 
is  turned  «-ith  its  ivtraeting  edge  either  toward  the  nose 
or  toward  the  tem])le,  the  resultant  horizontal  dijilopia, 
whether  crossed  or  homonymous,  may  be  observed  to 
drift  almost  inunediately  into  single  vision  with  the  two 
eyes,  through  an  unconscious  change  in  the  convergence ; 
in  other  positions  of  the  prism  the  diplopia  persists.  The 
apparent  displacement  of  the  object,  as  seen  through  the 
piism,  is  in  the  direction  of  the  edge  of  the  prism. 

Dijilopia,  as  an  anomaly  of  vision,  may  result  from  any 
deviation  from  the  normal  relative  direction  of  the  axes 
of  the  two  eyes.  Such  deviation  may  be  the  effect  of  a 
purely  mechanical  cause,  as  when  the  range  of  move- 
inent  of  one  of  the  eyes,  in  .some  particular  direction,  is 
limited  by  a  cicatrix  of  the  conjimctiva,  by  a  symbleph- 
aron,  etc.  ;  or  it  may  be  dependent  on  a  displacement 
of  one  of  the  eyeballs  from  an  orbital  hemorrhage  or 
tumor;  or  upon  a  fractru'e  of  the  bony  wall  of  the  orbit 
impairing  the  lateral  support  of  the  globe,  or  perhaps 
injuring  one  or  more  of  the  nuiscles  of  the  eye.  Diplopia 
from  such  causes  may  be  either  transient  or  permanent; 
and  it  may  be  present,  often  in  varying  degree,  in  all 
positions  of  the  eyes,  or,  in  cases  in  which  certain  move- 
ments of  the  affected  eye  are  restricted  only  in  their  ex- 
treme range,  it  may  appear  only  on  looking  in  some  par- 
ticular direction,  and  may  then  be  prevented  hj' avoiding 
such  movements  of  the  eyes  by  substituting  for  them  a 
movement  of  tlie  entire  head. 

Diplopia  is  sometimes  a  predominating  symptom  in 
cases  of  slight  preponderance  of  either  the  recti  interni 
or  the  recti  externi  muscles  over  their  antagonists,  and  is 
then  either  homonj'mous  or  crossed.  As  the  normal  range 
of  convergence  of  the  optic  axes  is  .somewhat  increased 
when  the  eyes  are  directed  downward,  and  diminished 
when  they  are  directed  up^vard,  a  person  suffering  from 
slight  insufficiency  of  the  interni  will  sometimes  correct 
the  tendency^  to  crossed  diplopia  by  habitually  carrying 
the  head  tipped  a  little  backward;  and,  similarly,  in  the 
case  of  slight  insufficiency  of  the  externi,  he  may  correct 
the  tendency^  to  homonymous  diplopia  by  habitually  bow- 
ing the  head.  In  such  cases  the  wearing  of  prismatic 
spectacles,  with  the  bases  of  the  prisms  turned  inward 
or  outward  according  as  the  interni  or  the  externi  are  in 
need  of  assistance,  may  afford  perfect  relief,  and  enable 
the  patient  to  cari-y  his  head  in  the  normal  position.  So, 
also,  a  .slight  deviation  of  one  of  the  optic  axes  upward 
or  downward  may  give  rise  to  a  vertical  diplopia  which 
may  be  corrected  by  wearing  spectacles  of  which  one  of 
the  glasses  is  a  pri'sm  set  with  its  base  downward  or 
upward,  as  maybe  indicated  ;  or  a  pair  of  prisms  may  be 
given,  with  their  bases  in  opposite  directions,  so  as  to  di- 
vide the  correction  between  the  two  eyes. 

As  in  normal  binocular  vision,  both  eyes  are  directed 
upon  the  object,  with  the  result  that  the  two  nearly 
identical  images,  falling  centrally  upon  the  two  retina-, 
are  mentally  "combined  in  a  single  composite  impression, 
,go  in  diplopia  dependent  on  a  faulty  direction  of  the 
axes  of  the  two  eves,  one  to  the  other,  the  object  is  al- 
ways fixed  by  one  eye,  the  image  falling  centrally  upon 
its  retina  and  eccentrically  upon  the  retina  of  the  devi- 
ated eye.  Of  these  two  images,  the  central  image,  in  the 
fixingeye,  is  recognized  as  tlie  "true  "  image  and  is  util- 
ized m  seeing  the  object  and  in  estimating  its  direction; 
at  the  same'  time,  the  eccentric  image,  in  the  deviated 
eye,  is  recognized  as  a  "false"  image,  obtruding  itself 
more  or  less  persistently  on  the  vision  to  the  confusion 
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of  the  ufueral  impression.  Simultaneous  vision  with  the 
two  eyes  beeomes  tlien  a  liindrance  ratlier  than  a  help, 
and  the  sufferer  learns  to  suppress  the  eonfusing  second 
imao-e  at  tirst  by  covering  or  closing  the  deviated  eye 
andla'ter,  in  many  cases,  by  ceasing  to  take  cognizance 
of  the  confusing  visual  impression.  Confused  vision 
with  the  two  eyes  then  gives  place  to  single  vision  with 
the  fixing  eye,  the  deviated  eye  no  longer  coiitnbutuig 
anythin"-  to  the  psychical  impression,  and  this  wholly 
independently  of  tlie  actual  acuteness  of  vision  in  either 

Instances  of  this  psychical  suppression  of  one  of  the 
two  retinal  images  occur  iu  different  types  of  strabismus. 
Thus  in  strabi.smus,  whether  convergent  or  divergent, 
the  patient  sees,  as  a  rule,  exclusively  with  the  straight 
eye  although  on  covering  this  eye  he  may  see  perfectly 
witii  the  fellow  eye,  the  previously  straight  eye  then 
assuming  the  position  of  deviation.  In  the  alternating 
type  of  straliismus,  the  jiatient  is  able  to  fix  the  object 
and  .see  it  distinctly  with  cither  eye.  but  receives  no 
siniiiltanei)us  iin|M'essioii  througii  the  other  eye.  In  peri^ 
odic  strabismus  there  is  (nxlinarily  good  bino(ailar  vision 
so  long  as  the  two  eyes  are  properly  directed  upon  the 
object,"  but  this  gives  place  to  vision  with  a  single  eye 
whenever  the  second  eye  wanders  from  the  truedire(.'tion. 

In  true  (concomitant)  strabismus  the  angle  of  deviation 
of  the  misdirected  eye  is  approximately  constant,  what- 
ever may  be  the  direction  in  which  the  fixing  eye  is 
turned.  "  The  positi(m  of  the  false  image,  as  regards  its 
direction  and  distance  from  the  ti-ue  image,  remains, 
therefore,  practically  unchanged  in  all  movements  of  the 
eyes.  To  suppress  the  false  image,  it  would  then  appear 
to  be  necessary  to  disregard  (5nly  such  part  of  the  retiual 
picture  in  the  deviated  eye  as  is  formed  on  a  definite  and 
rather  small  eccentric  area  of  the  retina.  That  this  is 
what  actually  occurs,  in  many  cases  of  strabismus,  is 
shown  by  the'fact  that  the  suppressed  diplopia  may  often 
be  made"  manifest  by  changing  the  relative  position  of 
the  two  images  by  looking  through  a  prism  or  prisms 
placed  before  one  eye  or  both  eyes.  So,  also,  a  previ- 
ously suppressed  diplopia  not  infrecpiently  reasserts  itself 
as  the  result  of  the  change  in  the  position  of  the  false 
image  following  an  incomplete  correction  of  strabismus 
by  an  operation. 

The  suppression  of  simultaneous  recognition  of  the 
two  images  in  strabismus,  although  complete  under 
ordinary  conditions,  may,  nevertheless,  often  be  shown 
to  be  iiicoin[ilete  by  artificially  varying  the  conditions 
under  which  the  object  is  viewed.  Thus,  in  looking  at 
the  rtame  of  a  lamp,  at  a  distance  of  say  ten  to  twenty 
feet,  the  flame  will  ordinarily  be  seen  single  with  the 
fixing  eye;  but  on  placing  a  colored  glass  before  one  of 
the  eyes,  so  as  to  change  the  appiarent  color  and  bright- 
ness of  the  flame  as  seen  by  this  eye,  two  ilifl'erently  col- 
ored images  of  the  flame  may  ap|iear. 

By  the  use  of  the  "glass-rod"  test  of  Maddox,  which 
consists  in  looking  transversely  through  a  cylindrical 
glass  rod  of  4  mm.  or  5  mm.  diameter  held  in  front  of  one 
eye,  the  flame  of  a  lamp,  as  seen  with  this  eye,  is  drawn 
out  into  a  very  long  bright  streak  at  right  angles  to  the 
axis  of  the  rod.  This  linear  streak,  which  is  wholly  un- 
like the  image  of  the  flame  as  seen  by  the  other  eye,  and 
which  also  extends  across  an  ai'ea  of  the  retina  many 
times  larger  than  that  occupied  by  the  untransformed 
image,  is  often  ])ei'ceived  simultaneously  with  the  flame 
in  eases  in  whicli  iirismsor  colored  glasses,  whether  used 
aloni!  or  in  combination,  give  onh-  a  ncii-ative  result.  As 
improvi'd  liy  its  iin'eiitui',  ],y  1lie  subsiitutioii  of  .several 
somewhat  smaller  ]]ii|-a,llel  r.'.ils  (\s'liich  may  be  of  edlnri.d 
glass)  toi-  llie  single  rod,  nr  i'ei)laeing  the  sysb'm  iif  rods 
by  a  disc  (,r  phiin  ,,i-  e,,],,!-,.,!  gluss'crossec'l  by  |iarallel 
flutiii-s,  this  test  alfords  Ihc  most  effectives  known  means 
lor  bringing  lo  light  a  diplopia  which  has  become  lalrnt 
through  lhesu])|iivssionof  one  of  the  two  retinal  imauvs, 
as  well  ;is  f(,i'  investigaliii-  the  ivlalion  of  I  be  I  wo  images' 
one  to  tlie  oilier. 

In  paralysis  or  paresis  of  one  <ir  more  of  the  <'xt,eriial 
muscles  of  the  eyeball,  from  suspended  or  impaired  func- 


tion of  one  of  the  motor  nerves  (third,  fourth,  or  sixth), 
diplopia  is  from  the  beginning  a  prominent  and  gener- 
ally a  persistent  symptom.  In  uncomplicated  paralysis 
(or  paresis)  of  a  single  muscle,  deviation  of  tlie  axis  of  the 
affected  eye  occurs  only  in  looking  in  the  particular  di- 
rection in  which  the  muscle  is  unable  fully  to  perform 
its  proper  work,  while  in  looking  in  other  directions  the 
normal  relative  direction  of  the  axes  of  the  two  eyes  is 
preserved.  Binocular  vision  is,  therefore,  only  occasion- 
ally disturbed  by  the  iierceplion  of  double  images,  and 
the  diplopia  evoked  by  an  unsuccessful  attempt  to  turn 
the  eye  in  the  directi(m  of  the  paralyzed  muscle  may  be 
corrected  by  turning  the  head  in  the  same  direction,  and 
so  fusing  again  the  momentarily  sejiarated  images.  Fur- 
thermore, the  distance  by  which  the  two  images  are  seen 
separated  fiom  each  other  is  dependent  wdiolly  upon  tlie 
direction  in  which  the  eyes  are  turned,  and  is,  therefore, 
a  varying  ipiantity;  so  tliat  the  false  image,  which  is 
piojeetedat  different  times  upon  dilferent  portions  of  the 
retina  of  the  deviated  eye,  is  constantly  reasserting  itself 
in  a  new  jiosition,  and  is,  therefore,  less  easily  disregarded 
than  in  the  case  (as  in  strabismus)  in  which  the  relation 
of  the  two  images  to  each  other  is  practically  constant. 
In  a  later  stage  of  the  affection,  however,  the  unopposed 
antagonist  of  the  paralyzed  muscle  usually  becomes 
shortened,  so  that  some  degree  of  doubling  appears 
even  in  the  most  favoralile  positions  of  the  eyes;  but 
even  tlien  the  diplopia  lemains  variable  in  degree,  and  is 
apt  to  persist  as  an  cver-rccurring  source  of  visual  dis- 
turbance. 

In  diplopia,  whether  de|>i'ndent  on  an  impediment  to 
the  free  mobihty  of  one  of  the  eyes,  or  upon  perverted 
action  of  one  of  the  ocular  muscles,  it  is  ordinarilj-  the 
affected  eye  which  deviates;  exceptional  cases  occur, 
however,  in  wdiich  this  eye  is  so  much  the  better  eye,  as 
regards  acuteness  of  vision,  that  it  continues  to  be  used, 
and  is  consequently  accurately  directed  upon  the  object, 
while  the  deviation  is  transferred  to  the  eye  whose  motil- 
ity remains  unimpaired.  Hence,  it  is  sometimes  possible 
to  fall  into  the  error  of  attributing  a  defect  in  motility 
to  the  wrong  eye,  as,  for  instance,  in  a  case  of  vertical 
diplopia,  in  which  it  may  be  difficult  to  decide  whether 
one  of  the  eyes  is  turned  a  little  upward  or  the  other  a 
little  downward,  or  in  a  case  of  honionymous  or  crossed 
diplopia,  where  we  may  be  in  doubt  whether  the  exces- 
sive or  insufficient  convergence  lias  its  seat  in  one  or  the 
other  fif  the  eyes,  or  in  lioth  eyes.  From  a  practical 
standpoint,  however,  these  nicer  points  of  diagnosis  are 
ordinarily  of  minor  importance,  for  the  reason  that,  if 
the  deviation  is  of  such  a  nature  and  degree  as  to  bring 
it  within  the  power  of  prisms  to  correct  it,  the  prisms 
must  usually  be  applied  to  both  eyes  in  order'to  obtain  a 
sulfieient  refractive  effect  with  the  least  disturbance  from 
dis])ersion  ;  and,  similarly,  in  a  large  proportion  of  cases 
of  deviation  f(u-  which  tenotomy  may  be  the  appropriate 
remedy,  the  requisite  correction  is  often  best  attained  by 
operating  upon  both  eyes. 

We  have  thus  far  considered  diplopia  as  simply  a 
doubling  of  the  visual  impression:  but,  iu  fact,  the  axis 
of  I  he  deviated  eye  is  often  not  only  misdirected,  but  also 
more  or  less  rotated  or  twisted.  Of  the  six  muscles 
which  move  the  eyeball  in  dilferent  directions,  only  two, 
the  rectus  intcrnus  and  the  rectus  cxternus.  effect  a  sim- 
ple change  iu  itsdirection.  Theotherfour  muscles,  viz., 
the  reclus  superior,  the  rectus  inferior,  the  obliquus  su- 
perior, aiul  the  oblitpius  inferior,  when  they  act  singly, 
I'ause  also  some  degree  of  rotation  of  the  axis  of  the  eye- 
liall,  and  thus  give  rise  not  only  to  a  displacement,  but 
also  t(i  a  notable  rotation  of  the  image.  Under  ncu'iual 
ciHiditions,  the  tendency  to  rotation  from  the  action  of 
the  suiicrior  rectus  is  neutralized  by  an  equal  tendency 
to  rotation  in  au  op]iositc  direction  through  the  action  of 
the  inb'iiin-  oblique;  and,  similarly,  the  rotating  effect 
of  the  inferior  rectus  is  neutralized  by  an  oiiposite  rotat- 
ing action  of  the  superior  oblique.  But  when  any  one 
of  these  muscles  is  paralyzed,  this  correcting  power  is 
lost,  and  the  correlated  muscle  is  left  free  to  exert  its 
function  of  rotation.     Tliis  rotation  of  the  false  image  is 
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best  studied  by  directing  tbe  ]_ialieiit  to  look  at  afoot- 
rule  held  verticall}'  or  borizoiitally  at  a  distance  of  from 
one  foot  to  three  or  four  feet  from  the  face;  the  relation  of 
the  two  images,  one  lo  the  otlier,  may  t  hen  he  noted  for  dif- 
ferent positions  of  tlie  rule.  Tlie  false  imase  will  be  seen 
turned  in  a  direction  oblique  to  that  in  whicli  Hie  rule  is 
held  and  in  which  it  is  seen  by  the  non-deviated  eye. 
Diplopia  with  marked  rotalion  of  the  false  imaue  is  often 
a  source  of  especially  annoying  and  jicrsistcnt  visual  dis- 
turbances; the  rotation  cannot  be  overcome  by  wearing 
prisms;  an  operation  on  the  weakened  muscle'(a(hane(.^ 
meut  of  its  insertion)  proves,  at  the  liest,  only  pallialive 
iu  most  cases;  and  the  division  of  the  tendon  of  tlic  mus- 
cle which  is  the  active  cause  of  the  combined  deviation 
and  rotation,  wlien  the  eyes  are  turned  in  certain  direc- 
tions, will  often  only  aggravate  tlie  trouble  by  giving 
rise  to  new  and  disturbing  limitations  of  the  movements 
of  the  eyeball  iu  looking  in  other  directions.  The  spe- 
cial consideration  of  the  dilferent  positions  and  rotations 
which  the  false  image  raaj'  assume,  in  connection  with 
paraly.sis  of  a  particular  muscle  or  of  particular  muscles, 
belongs  properly  to  the  subject  of  the  disorders  of  the 
motor  apparatus  of  the  eyes. 

An  anomalous  type  of  diplopia  has  been  occasionally 
observed  in  which  a  false  image,  evoked  by  coloi-ed 
glasses  or  by  the  Maddox  test,  is'seen  at  the  side  of  the 
object  opposite  to  that  at  which  it  should  appear  iu  ac- 
cordance with  the  law  of  optical  projection.  The  few 
instances  of  this  anomaly  which  have  come  under  the  ob- 
servation of  the  writer  have  been  iu  cases  of  convergent 
strabismus  which  had  been  appi-oximately  corrected  by 
operation,  but  in  which  some  residual  crossing  was  still 
to  be  detected  by  inspection  of  the  eyes  and  by  their 
change  of  direction  in  alternate  distant  fixation.  '  With 
perfect  central  fixation  and  visual  acuity  .scarcely  below 
the  normal,  in  either  eye,  it  was  impossible  to  elicit  any 
evidence  of  simultaneous  central  vision  with  the  two 
eyes ;  but  on  bringing  a  colored  glass  before  one  eye  or 
differently  colored  glasses  before  the  two  eyes,  or  apply- 
ing the  Maddox  test,  a  crossed  diplopia,  equivalent  in 
degree  to  that  which  is  ordinarily  associated  with  nota- 
ble ocular  divergence,  became  manifest.  In  a  case  of 
convergent  straliisnius  in  a  young  man  twenty-three 
years  of  age,  with  convergence  in  distant  vision  of  about 
6°,  persisting  after  division  of  both  recti  interni  about 
seven  years  ago,  a  crossed  diplopia  of  about  15°  can  still 
be  demonstrated  by  colored  glasses  and  by  the  Maddox 
test.  This  reference  of  a  retinal  impre.ssion,  made  actu- 
ally at  the  nasal  side  of  the  fovea,  to  a  different  position, 
at  the  temporal  side  of  the  fovea,  has  been  conjecturally 
explained  on  the  assumption  of  a  possible  anomaly  of 
distribution,  in  the  retina,  of  special  nerve  fibres  directly 
concerned  with  the  function  of  binocular  vision. 

Diplopia  Miinoplitliiihnicii ,  or  double  vision  with  a  single 
eye,  is  a  result  of  the  formation  of  two  images  of  the 
same  object  on  different  parts  of  the  same  retina.  If  we 
look  at  a  candle  flame  through  two  pinholes,  about  3  mm. 
apart,  pricked  in  a  card,  the  images  formed  by  the  re- 
fracting media  of  the  eye  in  the  two  uncovered  small 
areas  will  fall  together  on  the  retina  only  under  the  con- 
dition of  the  accurate  adjustment  of  the  ej^e  for  the  dis- 
tance of  the  object.  In  all  other  cases  the  two  images 
will  fall  on  different  parts  of  the  retina,  and  the  object 
will  be  seen  doubled.  Similarly,  in  the  somewiiat  rare 
cases  of  a  supernumerary  pujiil  resulting  from  trauma- 
tism, or  perhaps  from  an  imperfectly  executed  surgical 
operation  involving  the  iris,  the  rays  traversing  the  two 
pupils  may  cither  fall  together,  to  form  a  single  retinal 
image,  when  the  eye  is  accurately  adjusted  for  the  dis- 
tance of  the  object,  or  separatelj',  on  different  parts  of 
the  retina,  to  form  twf)  images,  wdien  the  eye  is  not  so 
adjusted.  The  correction  of  the  eye  by  an  appropriate 
lens  suffices  to  effect  the  fusion  of  the  two  images  in  a 
single  image. 

Double  vision  in  a  single  eye  may  occur  as  a  particular 
case  of  polyopia  monophthalmica,  in  wdiich  a  bright  point 
appears  broken  up  into  a  star  of  small  bright  spots,  as 
an  effect  of  Incongruous  refraction  through  different  sec- 


tors of  the  crystalline  lens  (,seo  Fig.  376,  ^•ol  i  i,  rm) 
In  the  early  stages  of  cataract  this  refractive  incongruity 
IS  often  both  notably  increased  and  accompanied  by  some 
degree  of  ametropia,  so  that  the  disc  of  the  mocai  may 
appear  as  a  cluster  of  overlapping  moons.  In  astigma- 
tisin  the  more  or  less  completely  separated  images  of  a 
hright  ob.iect  may  appear  conqu-essed  into  a  row  of 
I  images  coiTcsponding  in  direction  to  the  ocular  meridian 
of  greatest  ametropia;  or  a  row  of  lights  concsiionding 
m  direction  to  the  ocular  meridian  of  least  anietiopia  may 
lie  seen  as  two  or  more  parallel  rows  of  lights.  In  myo- 
pic asdgniatism,  when  the  meridian  of  greatest  refraction 
IS  vertical,  the  moon  is  often  described  as  appearing  like 
two  overlapping  moons,  one  above  the  other,  and  a  tele- 
graph wire  or  a  clothes  line  may  appear  not  only  blurred 
but  doubled  at  the  two  margins  of  the  diffuse  image. 

A  local  deformation  of  the  cornea  may  give  rise  to  a 
second  image  sejiarated  more  or  less  widely  from  that 
formed  by  refraction  at  (he  general  corneal  surface. 
When  a  diplopia  from  this  cause  is  very  troublesome,  a 
considerable  measure  of  relief  may  sometimes  be  afforded 
by  tattooing  the  disturbing  area  of  the  cornea  with  India 
^■il^-  John  Green. 

DIPPEL'S  ANIMAL  OIL.— (^HM«<^«Oa;  Ethennl Ani- 
mal Oil.)  By  the  diy  distillation  of  bone,  horn,  and  ani- 
mal substances  geuerally,  an  oily  liquid  is  produced, 
which  was  formerly  used  in  medicine  under  the  common 
name  of  DipipeVs  oil  or  Dippd's  animal  oil.  The  oil, 
when  purified,  is  a  thin,  colorless,  or  yellowish  fluid,  of 
a  pungent,  ethereal,  and  smoky  flavor.  It  is  a  very  com- 
posite body,  containing  among  other  things  quite  a  num- 
ber of  organic  bases.  Physiologically  it'is  neurotic  and 
irritant,  and  has  proved  fatally  poisonous  in  doses  of 
a  tablespoonful.  It  was  formerly  prescribed  internally 
in  doses  of  a  few  drops,  or  used  externally  as  an  irritant 
embrocation,  clear  or  as  an  ingredient  of  composite  lini- 
ments. Edioard  Curtis. 

DIPTHERYX.     S(e  Tonka. 

DIRECTION,  JUDGMENT  OF.— It  is  proposed  to  con- 
sider here  the  judgment  of  direction  of  such  objects  only 
as  are  outside  the  body  and  not  in  contact  with  it. 

Heat  akd  Cold. — The  direction  of  an  object  capable 
of  producing  either  of  these  sen,sations  can  be  roughly 
estimated  by  inference  from  tlie  part  of  the  skin  affected, 
but  the  judgments  thus  made  are  of  little  importance  iu 
normal  persons.  In  the  blind,  however,  these  sensations 
are  much  used,  forming  an  important  portion  of  those 
involved  in  "facial  perception." 

SouxD. — Soundwaves  also  offer  some  data  for  judging 
direction.  The  following  account  of  the  phenomena  is 
taken  from  Wundt.  The  concha  acts  as  a  condenser, 
speciallj-  collecting  those  waves  which  come  from  in 
front.  The  same  sound  is  therefore  heard  more  intensely 
when  coming  from  that  direction.  This  fact  is  brought 
out  by  an  experiment  where  the  conchas  are  bound  down 
and  some  apparatus  representing  them  is  attached  to  the 
sides  of  the  head,  with  the  concavity  directed  backward. 
B}^  this  device  the  natural  conditions  are  reversed,  and 
sounds  coming  from  behind  are  thus  heard  more  dis- 
tinctly and  are  then  wrongly  judged  to  come  from  iu 
front.  It  has  been  suggested  that  the  tactile  seusibility 
of  the  concha,  re-enforced  by  the  hairs  on  it,  may,  in  the 
case  of  loud  sounds,  be  a  means  of  indicating  the  direc- 
tion. But  this  explanation  is  not  sufficient,  for  in  the 
case  of  faint  sounds  discriminations  between  "right"  and 
"left"  can  be  more  easily  made  than  between  "iu  front" 
and  "behind,"  while  with  sounds  coming  from  in  front 
it  is  possible,  to  a  certain  extent,  to  determine  the  angle 
formed  by  the  line  of  the  sound  waves  with  the  median 
vertical  plane  of  the  body.  Since  the  closing  of  one  ear 
destroys  this  locahzation 'of  direction,  the  latter  must  be 
considered  as  a  function  of  binaural  audition.  When 
certain  partial  tones  are  intensified  by  the  resonance  in 
the  external  meatus,  then  the  relative  intensity  of  the 
sensation  in  the  two  ears  has  an  influence.     It  is  proba- 


493 


Dlreclloii. 
Disinfectants. 


REFERENCK   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


biy  due  to  tlie  latter  cause  that  ndises  in  wbicli,  as  a  rule, 
lii'"h  resonating  overtones  exist,  arc  more  exactly  local- 
ized than  simple  notes.  In  the  studies  on  the  monaural 
localization  of  sound  made  by  Angell  and  P'lte,  it  was 
found  that  the  judgment  of  direction  was  very  accurate 
in  persons  depending  on  one  ear  only,  and  depcn(hxl 
largely  on  the  quality  of  the  sound  commg  from  dilfer- 
ent  directions.  It  is  possible  that  certiiin  muscular  and 
tactile  sensations  should  also  be  here  included.  Ed. 
Weber  conjectured  tliat  the  tympanum  felt  its  own  vi- 
brations, it  better  accords  with  the  results^  of  other 
experiments,  however,  to  consider  that  the  action  of  the 
tensor  tymp'aui  muscle,  by  its  involuntary  accommoda- 
tion to  sounds  of  different  intensities,  thus  accompanies 
auditory  impressions  with  muscle  sensations  of  varying 
strengtiis.  In  cases  of  auditoiy  hypcra'sthesia,  affecting 
one  ear  alone,  errors  of  judgment  may  arise,  owing  to 
the  fact  that  a  sound  coming  from  the  side  opposite  to  the 
hypera;sthesia  may  nevertheless  cause  a  so  much  stronger 
sensation  that  the  patient  completely  misjudges  its  di- 
rection. 

Light.— Sight  is  the  sense  through  which  the  chief 
judgments  of  direction  are  made.  In  all  cases  the  direc- 
tion of  an  object  is  represented  by  a  line  joining  the  body 
with  the  object,  and  objects  on  that  line  or  its  continua- 
tion are  considered  to  have  identical  directions.  Tlie 
phenomena  are  first  to  be  considered  for  one  ej-e  alone, 
the  field  of  vision  being  stationary.  When  the  image 
falls  on  a  part  of  the  retina  other  than  the  fovea,  the  eye 
must  be  turned  in  order  to  bring  the  image  on  that  point, 
and  for  this  purpose  it  must  be  moved  by  its  muscles. 
In  performing  such  a  muscular  movement  there  are  at 
least  two  sensations  which  maybe  recognized:  the  in- 
nervation feeling  and  the  tension  of  the  muscles.  When 
the  eyeball  is  pulled  to  one  side  by  the  hand,  objects  in 
the  field  of  vision  appear  to  move,  and  the  eye  to  remain 
quiet;  at  tlie  same  time,  pulling  the  eye  changes  the  ten- 
sion of  the  muscles;  nevertheless,  neither  the  movement 
of  the  eye  by  a  means  other  than  the  contraction  of  its 
own  muscles,  nor  the  tension  of  the  mu.seles  due  to  the 
same  cause  is  recognized  as  a  motion  of  the  eye,  and  so 
objects  appear  to  move  in  a  direction  opposite  to  that  in 
which  the  eye  is  pulled. 

In  patients  having  the  museuli  recti  paralj'zed,  an 
attempt  to  contract  a  rectus  is  followed  by  an  apparent 
motion  of  objects  in  a  direction  opposite  to  that  in  which 
it  is  willed  to  move  the  e_ye.  In  this  case  there  is  present 
neither  the  contraction  of  the  muscle  nor  any  result  of 
the  exertion,  but  merely  the  innervation  feeling ;  yet, 
from  this  arises  a  subjective  sensation  of  motion.  Since 
the  innervation  feeling  can  produce  this  result,  it  is 
argued  that  our  judgment  of  the  direction  of  an  object 
seen  is  based  on  the  remembrance  of  the  innervation  feel- 
ing necessary  to  bring  the  ej'e  into  such  a  position  that 
the  image  shall  fall  on  the  fovea. 

The  only  result  of  the  innervation  impulse  which  we 
plainly  recognize  in  the  eye  is  the  altered  position  of  ob- 
jects in  the  field  of  vision.  This  alteration,  bringing 
Avith  it  a  variation  in  the  position  of  tlie  image,  can  be 
.shown  to  act  as  a  conti'ol  on  innervation  efforts. 

If  a  prism  be  put  before  the  eye  so  as  to  cause  the  rays 
from  a  given  object  to  fall  on  a  new  part  of  the  retina— 
the  object,  for  example,  having  thus  been  apparently 
moved  lo  the  left— and  then,  the  eyes  being  closed,  i'f 
the  hand  is  stretched  in  the  supposed  direction,  it  will 
fail  to  touch  the  object,  passing  by  it  to  the  left.  On 
touching  the  object,  however,  with  the  eyes  open,  and 
associating  thus  the  new  position  of  tin;  image  with  fresh 
tactile  sensations,  a  new  combination  is  dev(!l(>ped  by 
which  it  can  be  iuferreil  from  the  position  of  the  reliuiil 
imagewherethe  haudnmst  lieiilaced  to  touch  lln'object. 

When  two  eyes  ai-e  used  the  conditions  are  somewhat 
eomplicaled,  for  one  eye  inlluciices  the  judgments  ile- 
rived  houi  the  other.  Ilclmholtz  gives  the  following 
illustration;  Wlien  one  eye  is  closed,  both  axes  being 
kept  parallel,  and  first  a  distant  then  a  very  near  object 
IS  fixated,  both  having  identical  direclions,  no  change 
occurs  in  their  apparent  position  in  the  field  so  long  as 
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the  eye  is  simply  focu.ssed  from  one  to  the  other.  If, 
however,  the  near  object  be  fixated  and  the  closed  eye  be 
now  converged  so  as  to  occupy  the  position  neces.sary  to 
fixate  it  if  it  were  open,  a  marked  apparent  motion  takes 
lilace  in  the  distant  object  in  such  a  way  that,  if  wo  con- 
sider the  left  eve  as  the  one  open  during  the  experiment, 
the  distant  object  moves  from  right  to  left.  On  again 
making  the  axes  parallel,  it  resumes  its  former  position. 
The  sense  of  direction,  as  derived  from  one  eye,  must 
accordingly  be  considered  modifiable  by  the  otlier  eye, 
even  though  (fie  latter  remains  clo.sed.  In  an  analogous 
way  the  judgment  of  horizontal  and  vertical  lines  is 
found  to  be  influenced  by  the  motions  of  the  closed  eye. 
For  instance,  with  the  axes  parallel,  one  eye  being  closed, 
a  thread  forming  the  diameter  of  a  short  circular  tube, 
when  judged  to  be  vertical  or  horizontal,  is  found  to  be 
really  so,  though  by  putting  the  head  indifferent  posi- 
tions during  the  experiment  the  retinal  horizon  of  the 
olj.serving  eye  may,  in  certain  of  these  positions,  make 
an  angle  of  even  ten  degrees  with  the  true  horizon. 
When,  however,  the  previou.sly  parallel  axes  are  con- 
verged, and  the  individual  fixates  a  point  on  the  thread, 
the  line  which  was  previously  horizontal  is  now  seen  to 
undeigo  apparent  rotation  of  such  a  nature  that  it  cor- 
responds with  the  rotation  of  the  retinal  horizon  of  the 
clo.sed  eye.  Suppose  in  this  case  the  right  ej'C  to  be 
open,  then  on  converging  the  left  (closed)  eye  the  right 
end  of  the  thread  apparently  sinks  while  the  left  rises. 
The  position  of  the  eyeballs  is  found  to  be  in  part  under 
the  reflex  control  of  impulses  from  the  semicircular 
canals,  and  for  this  reason  all  judgments  modified  by  the 
po.sition  of  the  eyeballs  tend  to  be  also  modified  by 
changes  in  the  pcsition  of  the  head. 

In  the  section  on  judgment  of  direction  Helmholtz 
treats  of  a  number  of  cases  in  wdiich  the  objects  viewed 
are  in  motion,  for  example,  falling  water.  One  who  has 
watched  a  waterfall  for  a  time  notices,  on  looking  at  the 
bank,  that  objects  there  appear  to  move  in  a  direction 
opposite  to  that  of  the  water.  The  explanation  offered 
bj'  Helmholtz  is  that  the  eye,  in  order  to  view  the  falling 
water,  continued  to  follow  it  downward  for  a  time,  then 
twitched  up  only  again  to  follow  it  down,  and  so  on. 
On  now  directing  the  gaze  to  the  bank,  the  objects  there 
apparently  move  in  the  opposite  direction  because  the 
observer  is  unconsciouslj' still  continuing  the  same  move- 
ments of  the  eyes  as  when  gazing  at  the  waterfall,  and 
because  this  motion  is  unconscious  the  objects  on  the 
bank  are  consequently  judged  to  move.  The  objection 
to  this  explanation  of  these  illusions  of  motion  is  that 
they  can  be  obtained  in  the  after-image  witli  the  eyes 
closed,  and,  further,  that  two  opposite  motions  can  be 
simultaneously  produced  in  the  same  retina.  These  facts, 
which  with  others  were  brought  out  by  Bowditch  and 
Hall,  conclusively  show  that  the  explanation  of  Helm- 
holtz will  not  applj'  in  these  cases.  No  other  explana- 
tion of  the  phenomena  is,  however,  at  present  formulated. 

In  considering  the  centre  to  which  these  lines  of  direc- 
tion are  referred,  E.  Hering  drew  attention  to  the  fact 
that  we  perceive  the  direction  of  objects  seen  as  if  Ixrtli 
eyes  were  fused  into  one,  and  that  one  was  located  in  the 
median  plane  of  the  head.  This  cyclopean  eye  is  con- 
sidered as  so  constructed  that  the  retinal  images  are  pro- 
jected outward  in  the  line  of  vision  of  that  eye. 

The  habit  of  thus  attending  only  to  the  mean  direction 
of  the  lines  of  sight  is  considered  by  Helmholtz  to  de- 
pend on  the  fact  that  the  median  vertical  plane  of  the 
body  is  the  one  to  which  all  objects  are  referred,  so  that 
an  object  neither  right  nor  left  lies  in  that  plane,  which 
also  passes  midway  between  the  two  eyes.  Further,  an 
oliject  may  lie  to  the  right  or  left  of  tliis  plane  and  bear 
the  reverse  relation  to  the  vertical  plane  (parallel  to  the 
median  vertical  plane)  of  the  homonymous  eye.  In  prac- 
tice, we  llius  fuse  the  directions  of  both  the  optic  axes 
and  refer  the  lines  of  sight  to  a  point  in  the  head  midway 
between  the  two  eyes.  That  this  process  results  from 
habit  is  indicated  by  the  fact  that  variations  occur  in  the 
location  of  the  cyclopean  eye,  and  that  fixation  of  the 
attention  on  the  impressions  from  one  eye  alone  serves  to 
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make  that  fur  the  time  being  the  i-cfercnce  point.     Other 
observations  indicate  the  same  conclusion. 

Tlie  above  statements  are  mainly  from  Helraholtz's 
"  Physiologische  Optik,"  where  they  are  elaborated. 

Henry  Herbert  DoiniMson. 
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DISEASE,  FATALITY  OF.— (Ratio(,f  Deaths toCases.) 
The  question  is  often  asked,  Out  of  a  given  number  of 
cases,  how  many  die?  The  answer  to' this  question  is 
derived  from  the  observations  of  jdiysicians  in  active 
practice,  both  in  hospitals  and  in  private  practice.  The 
fatality  in  hospitals,  as  a  general  rule,  is  usually  greater 
than  that  of  private  practice,  since  the  milder  'cases  are 
not  usually  sent  to  hospital  for  treatment. 

The  enactment  of  laws  requiring  the  notificatiou  of 
infectious  diseases  has  enabled  the  health  otticers  of  cities 
to  contribute  a  considerable  amount  of  information  upon 
this  subject,  so  far  as  the  fatality  of  the  principal  infec- 
tious diseases  is  concerned. 

The  following  figures  arc  the  results  of  observations 
collected  from  six  States  (Connecticut,  Massachusetts, 
Michigan,  Indiana,  Rhode  Island,  and  Vermont),  and 
from  nineteen  of  the  principal  cities  in  tlie  United  States, 
during  the  five  years,  1894-98. 

In  these  States  and  cities  there  were  reported  to  the 
sanitary  authorities  619,765  cases  of  smallpox,  typhoid 
fever,  scarlet  fever,  diphtheria,  and  measles  in  the  period 
mentioned,  and  there  were  in  the  same  States  and  cities 
75,715  registered  deaths  from  the  same  causes  during  the 
same  time. 

These  cases  and  deaths  were  distributed  as  follows : 


Direction. 
Disiufertants. 


Diseases. 


Smallpox 

Typhoid  fever 

Dlphtlieria  and  croup 

Scarlet  fever 

Measles 


Reported 
cases. 


69,7.58 
19.5,7&3 

127,847 
217,7.55 


Registered 
deatbs. 


13,284 

44,411 

9,211 

ti,424 


Fatality, 
per  cent. 


25.8 
19.0 

'22.7 
7.2 
2.8 


In  the  compilation  of  these  figures  it  was  found  neces- 
sary to  reject  the  returns  of  several  entire  States  and 
cities,  in  consequence  of  manifest  deficiency  in  the  num- 
ber of  reported  cases. 

The  use  of  antitoxin  for  the  treatment  of  diphtheria 
became  general  in  the  early  months  of  1895  throughout 
the  country.  If,  therefore,  the  returns  for  the  year  1894 
be  treated  separately  it  appears  that  there  were  25,844 
reported  cases,  and  7,654  deaths  in  that  j'ear,  the  fatality 
being  29.6  per  cent.,  while  the  fatality  of  the  remaining 
years  was  only  21.6  per  cent. 

Treating  the  year  1898  in  the  same  manner,  the  fatality 
was  onljr  20.5  per  cent.,  or  the  ratio  of  31,494  cases  to 
6,471  deaths.  In  two  States  and  seven  cities  combined, 
having  a  total  population  of  4,250,000,  the  fatality  from 
diphtheiia  in  1894  was  29.7,  and  in  the  same  places  in 
1898  it  was  only  14.6,  confirming  the  statement  that  the 
diphtheria  fatality  has  been  cut  in  twain  since  the  gen- 
eral introduction  of  antitoxin  treatment.  It  is  also  quite 
noteworthy  that  in  several  large  cities,  situated  a  thou- 
sand miles  apart,  the  diphtheria  fatality  before  1895  was 
quite  uniformly  from  29  to  30  per  cent.* 

The  following  figures  are  the  result  of  observation  in 
England  during  the  eight  years,  1891-98,  under  the  oper- 
ation of  tlie  English  Notification  Act.  The  diseases 
quoted  are  smallpox,  scarlet  fever,  diphtheria  and  croup 
(considered  together),  typhus  fever,  typhoid  fever,  and 
erysipelas.  The  number  of  reported  cases  of  these  was 
974,907,  and  the  deaths  from  the  same  cau.ses  were  89,864: 

*"  Public  Hygiene  and  State  Medicine  in  the  United  States,"  a 
monograpli  contributed  to  the  Paris  Exposition  of  1900,  p.  22. 


Fatality  of  certain  Diseases  i.n  Exglaxo  (1891-1898).* 


Diseases. 

Smallpox 

Scarlet  fever ..'.'. 

Diphtheria  and  croup  . 

Typhus  fever 

Typhoid  fever 

Erysipelas 


Reported 

cases. 


27,1)13 
538,828 
1(37,4.52 
2,441 
12«,9(;7 
lll,UO(i 


ReRlstered 
deaths. 


2,(i;!9 
23,034 
37,304 

22,208 
4,1,57 


Fatality, 
per  cent. 


9.6 
4.3 

17.5 
3.7 


i-.l'i'.'.^Pi'"'',,^™"'  "'L/,'^'^"'''*  "f  "1*^  Local  (iovernmcnt  Board  of 
England  for  the  years  1891-1898  inclusive. 

The  fatality  in  different  years  varied  for  the  different 
diseases  as  follows  (1891  being  excepted,  as  notification 
was  at  that  time  comparatively  incomplete):  Smallpox 
a  maximum  of  17.2  per  cent,  in  1896,  and  a  minimum  of 
6.8  per  cent,  in  1895;  scarlet  fever,  a  maximum  of  4.8 
per  cent,  in  1894,  and  a  minimum  ol  3.7  per  cent,  in  1898; 
diphtheria  and  croup,  a  maximum  of  25.1  per  cent,  in 

1894,  and  a  minimum  of  18.6  per  cent,  in  1898;  typlius 
fever,  a  maximum  of  26.9  per  cent,  in  1893,  and  a  mini- 
mum of  19. 5  per  cent,  in  1895 ;  typhoid  fever,  a  maximum 
of  17.8  per  cent,  in  1892,  and  a  minimum  of  16.8  per  cent, 
in  1898;  erysipelas,  a  maximum  of  4.7  per  cent,  in  1892, 
and  a  minimum  of  3.1  per  cent,  in  1898. 

The  fatality  of  smallpox  showed  a  wide  variation  in 
different  years,  the  variation  being  undoubtedly  depend- 
ent upon  the  relative  protection  afforded  by  vaccination 
in  the  community  attacked.  In  some  parts  of  England 
vaccination  has  been  neglected  to  a  much  greater  degree 
than  in  others.  (For  the  comparative  fatality  of  small- 
pox in  the  vaccinated  and  unvaccinated,  see  Vaccination 
in  a  later  volume.) 

The  fatality  of  diphtheria  in  recent  years  appears  to 
liave  undergone  decided  modification  under  the  use  of 
antitoxin,  as  already  shown. 

If  the  figures  for  the  four  years,  1891-94,  previous  to 
the  inti-oduction  of  antitoxin  in  England,  are  compared 
witli  those  of  the  four  years,  1895-98,  succeeding  the  in- 
troduction, a  marked  decrease  is  shown,  the  fatality  of  the 
previous  period  having  been  24.3  per  cent.,  while  those 
of  the  latter  period  were  20.8  per  cent.  The  fatality  in 
the  last  year  of  record,  1899,  had  fallen  to  17.3  per  cent. 

In  Massachusetts  where  free  distribution  of  antitoxin 
has  been  made  throughout  the  entire  State  since  March, 

1895,  the  fatalit}'  for  diphtheria  had  fallen  from  28.8  per 
cent,  in  the  four  years  (1891-94)  to  14.9  per  cent,  in  the 
succeeding  six  years  (1895-1900)  and  to  10.2  per  cent,  for 
1900. 

Observations  in  the  same  State  also  show  that  the 
fatalitj'  among  those  ^N'ho  were  treated  with  antitoxin 
was  11.2  per  cent.,  or  657deathsout  of  5,888  cases.  The 
number  treated  was  much  larger  than  this,  but  this  num- 
ber 5,888  represents  those  in  relation  to  whom  returns 
were  made  to  the  State  Board  of  Health  by  attending 
physicians.  This  includes  cases  in  private  practice  and 
in  hospitals.* 

The  probabilitjr  that  an}^  one  will  die  when  attacked 
with  a  given  disease  differs  very  much  in  degree  with 
the  character  of  the  disease.  For  example,  compare  the 
fatality  of  chickenpox  with  that  of  smallpox,  or  that  of 
hydrophobia  or  of  tetanus  with  that  of  mea.sles  or  mumps. 

Fatality  differs  also  with  age  and  to  some  degree  with 
sex.  It  also  is  modified  by  artificial  conditions  intro- 
duced for  the  purpose  of  limiting  its  severity,  such  as 
vaccination  and  the  use  of  antitoxin. 

The  general  degree  of  resistance  to  the  fatal  result  from 
all  causes  is  greatest  at  about  eleven  or  twelve  years  of 
ao-e.  Samuel  W.  Ahhutt. 

DISINFECTANTS.— Littr(5,  in  his  "Dictionary  of  the 
French  Language,"  defines  disinfectants  as  follows: 
'' I)hi)ifectanU,  substances  qui  detruisent  chimiquement 
les  mauvaises  odeurs. "     This  is  the  popular  sense  in  wdiich 


*  "  Thlrty-flrst  Annual  Report  of  State  Board  ot  Health  ot  Massachu- 
setts," 1899,  p.  667. 
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the  word  is  used  in  tliis  country  and  in  Europe.  Vallin, 
inl)is"Traite  des  Dtsinfectants  et  de  la  Desinfection," 
says  tliat  it  is  impossible  to  accept  this  delinitioii,  for  the 
reason  that  it  is  not  sulticiently  comprehensive.  He  says : 
"We  may  say  with  reason  that  every  bad  odor  renders 
disinfection  necessary,  but  it  does  not  follow  that  disin- 
fection is  useless  when  there  is  n(j  emanation  appreciable 
to  the  sense  of  smell"  (Inc.  cil.,  p.  3).  After  discussing 
the  subject  at  some  length,  Vallin  gives  the  following 
detinition  as  that  preferred  by  him:  "Disinfectants  are 
substances  capable  of  neutralizing  morbific  principles, 
virus,  germs,  miasms,  or  of  decomposing  the  fetid  par- 
ticles and  gases  which  are  disengaged  by  organic  malter 
undergoing  putrefaction"  (loc.  cit.,  p.  6).  On  another 
page  (2)  Vallin  admits  that  it  is,  perhaps,  unstdentilic 
"  to  introduce  into  tlu;  idea  of  disinfection  the  suppression 
of  odors  which  olfend  the  sense  of  smell";  for,  he  says, 
"the  bad  odor  is  not  injurious  in  itself ;  it  is  an  cpiphe- 
nomenon  which  does  not  necessarily  give  the  measure  of 
the  injurious  properties  of  the  air,  or  of  any  substance 
whatever."  Nevertheless  the  popular  sense  in  which  the 
word  is  used  is  included  in  his  detinition,  because,  as  he 
says,  "it  is  necessary  to  avoid  doing  violence  to  the  ordi- 
nary sense  of  words"  (p.  2). 

When  the  ordinary  sense  in  which  a  word  is  used  leads 
to  confusion,  we  thiidv  it  better  to  insist  upon  its  being 
used  in  a  more  limited  and  scientific  sense,  and  to  instruct 
thepublicas  totheexact  meaning  which  we  wouldattach 
to  it.  We,  therefore,  prefer  the  detinition  which  has  been 
given  })y  the  Committee  on  Disinfectants  of  the  Ameri- 
can Pnbbc  Health  Association:  "The  Committee  would 
define  a  disinfectant  as  an  agent  capable  of  destroying 
the  infective  power  of  infectious  material."  This  does 
not  commit  us  to  any  theorj^as  to  the  exact  nature  of  the 
agent  which  gives  to  infectious  material  its  infecting 
power,  but  it  draws  a  line  between  the  morbific  agents 
which  ]iroduce  that  class  of  diseases  known  as  infectious 
— which  it  is  the  object  of  disinfectants  to  destro3' — and 
other  substances  which  may  injuriousljr  affect  man,  such 
as  the  gases  of  putrefaction  and  other  toxic  agents.  From 
our  point  of  view  we  do  not  disinfect  a  privy  vault  bj' 
destroying  the  sulphureted  hydrogen  given  off  from  its 
contents,  any  more  than  we  would  disinfect  the  atmos- 
phere of  a  laboratory  by  neutralizing  the  fumes  of  chlo- 
rine or  of  sulphur  dioxide  given  off  diu-ing  an  experi- 
ment. To  make  our  position  entirely  clear  we  cannot  do 
better  than  to  quote  further  from  the  "Preliminary  Re- 
port of  tlie  Committee  on  Disinfectants  "  ; 

"The  object  of  cUdiiferfion  is  to  prevent  tlie  extension 
of  infections  diseases  by  destroying  the  specific  infectious 
material  which  gives  rise  to  them.  This  is  accomplished 
by  the  use  of  rlisiiifectants. 

^  "  Thei-e  can  be  no  partial  disinfection  of  such  material ; 
cither  its  infecting  power  is  destroyed  or  it  is  not.  In 
the  latter  case  there  is  a  failure  to  disinfect.  Nor  can 
there  be  any  disinfection  in  the  absence  of  infectious 
material. 

"  Popularly,  the  term  di.sinfection  is  used  in  a  much 
broader  sense.  Any  chemical  agent  which  destroys  or 
masks  bad  odors,  or  whieji  arrests  jiutrefacti  ve  decomposi- 
tion, is  spoken  of  as  a  disinfectant.  And  iji  the  al.)sence 
of  any  infections  disease  it  is  common  fo  sjieak  of  disin 
fecting  afoul  cesspool,  or  bad-smelling  stable,  or  piivv 
vault. 

"This  popular  use  of  the  term  has  led  to  much  misajv 
preheiision,  and  the  agents  which  have  been  found  to 
destroy  bad  (>(]i>Tfi~dmdori:;ers~or  to  ari'cst  putrefactive 
decom|>oKition—</HZiV;//<V,v— have  been  Cdnfidenllv  recom- 
mended and  extensivelv  used  for  the  destructio'n  of  dis- 
ease germsm  thrcxcretaof  patients  with  cholera  tviihoid 
fever,  elc.  ■ 

"The  injurious  conse(piences  which  are  likely  to  result 
trom  such  misa,|ipieliension  and  misuse  of  the  wend  dis- 
mtectant  will  be  ai.preciated  when  it  is  known  that  ■ 

i-;eeent  researches  have  demonstrated  that  many  of 
tlie  agents  which  have  b(«n  found  useful  as  deodorizers 
oi  as  antrsepties.un;  entirely  without  value  for  the  de- 
stiuction  of  disease  genus." 
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If  it  were  demonstrated  that  every  kind  of  infectious 
material  owes  its  specific  infecting  power  to  the  presence 
of  known  micro-organisms,  we  might  bring  this  article 
to  a  close  by  referring  the  reader  to  the  titli^  Germicides, 
under  which  a  full  account  will  be  found  of  the  present 
state  of  knowledge  Avitli  reference  to  the  germicide  power 
of  the  chemical  agents  known  as  disinfectants,  as  deter- 
mined ])y  biological  tests. 

But  this  is  not  yet  demonstrated,  and  our  knowledge 
relating  to  the  comparative  value  of  disinfectants  is  to  a 
coiisj<lerablc  extent  empirical,  being  based  upon  the  prac- 
tical experience  of  .sanitarians.  This  experience,  how- 
ever, is  not  in  confiict  with  the  view  that  the  infectious 
agent  in  those  diseases  which  have  not  been  proved  to  be 
germ  diseases — smallpox,  yellow  fever,  scarlet  fever, 
etc. — is  in  truth  a  living  organism.  On  the  other  hand, 
the  disinfectants  which,  independently  of  theory,  have 
gainetl  the  confidence  of  sanitarians,  are  for  the  most 
part  potent  germicides,  e.g.,  chlorine,  sulphur  dioxid, 
etc. ;  or  they  are  at  least  antiseptics  of  greater  or  less 
value,  e.g.,  the  metallic  chlorids  and  sulphates. 

The  same  is  true  as  regards  the  disinfectants  which 
have  been  tested  experimentally  upon  various  kinds  of 
infectious  material,  such  as  vaccine  virus,  anthrax  blood, 
.septic;emic  blood,  etc.,  without  reference  to  the  nature 
of  the  infectious  agent  contained  in  the  material  disin- 
fected, the  test  of  disinfection  being  made  by  inoculation 
into  su.sceptible  animals.  The  writer,  in  1881,  made  an 
extended  series  of  experiments  of  this  kind,  in  which  the 
blood  of  a  rabbit  just  dead  from  an  infectious  form  of 
septicaemia  was  the  material  to  be  di.sinfected.  The  com- 
parative value,  as  disinfectants,  of  the  agents  tested  cor- 
responded, in  general,  with  the  germicide  power  of  the 
same  agents  as  subsequently  determined  in  another  series 
of  experiments  (1883).  In  the  last-mentioned  experiments 
the  destruction  of  the  test  organisms  in  culture  solutions 
was  demonstrated  by  the  failure  of  these  organisms  to 
grow  in  a  suitable  medium  after  having  been  exposed  for 
a  given  time  to  the  action  of  the  germicide  agent  in  a 
certain  proportion.  As  the  infectious  character  of  the 
septicemic  blood  in  the  first  series  of  experiments  had 
been  demonstrated  to  be  due  to  the  presence  of  a  micro- 
coccus, this  correspondence  iu  the  results  obtained  by  the 
two  methods  was,  a  priori,  to  have  been  expected. 

In  the  experiments  which  have  been  made  ujion  vaccine 
virus,  results  have  also  been  obtained  which,  iu  the  main, 
correspond  with  the  germicide  value  of  the  agents  tested, 
as  established  by  the  biological  method.  As  we  have  no 
direct  evidence  that  in  this  case  disinfection  consists  in 
the  destruction  of  germs,  a  brief  account  of  these  experi- 
ments, and  of  others  made  directly  upon  different  kinds 
of  virus,  will  be  given  in  the  present  article.  For  the 
experimental  data  relating  to  the  germicidal  power  of 
various  chemical  agents,  the  reader  is  referred  to  the 
article  under  the  title  Gcrtuicidiv. 

Heat. — As  longago  as  1831,  Dr.  Henry,  of  Jlanchester, 
tested  the  action  of  dry  heat  upon  vaccine  virus,  and 
found  that  the  virus  no  longer  produced  any  result  upon 
inoculation  when  it  had  been  exposed  to  a"  temperature 
of  GO  ('.  (140'  F.)  for  four  hours.  In  similar  experiments 
made  by  Baxter  (187.^),  in  which  the  time  of  exposure 
was  reduced  to  twenty-five  minutes,  it  was  found  that  a 
lempeiatureof  90'  toi).)°  C.  (11»4'  to 203'  F.)  was  required 
to  insure  complete  destruction  of  infecting  power  of  virus 
dried  upon  ivory  points.  The  virulence  of  /;w7/  vaccine 
virus  is  destroyed  at  a  considerably  lower  temperature. 
In  a  report  made  to  the  Congress  of  Amsterdam  in  1879, 
Carsten  and  Coert,  as  the  result  of  a  large  number  of  ex- 
periineiits,  arrived  at  the  conclusion  that  "animal  vaccine 
healed  to  04..')  C.  (148.1°  F.)  for  thirty  minutes  loses  its 
virulence." 

Sin.piruR  Dioxid.— The  power  of  sulphurous  acid 
gas  to  destroy  the  virulence  of  vaccine  virus  has  lieen 
demonstrated  by  several  experimenters.  Ten  minutes' 
exposure  in  an  atmosphere  ".saturated  with  sulphurous 
vapor  "  was  found,  both  by  Dougall  and  by  Baxter,  to 
neutralize  the  virulence  of  vaccine  dried  "upon  ivory 
points  (Vallin).     In  these  experiments  the  exact  amount 
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of  sulphur  dioxid  iu  the  air  of  the  disinfectiou  chamber 
is  not  stated.  Experiments  made  by  the  writer  in  1878 
showed  that  liquid  vaccine  is  reudeVed  inactive  by  ex- 
posure for  tour  lioursto  sulphur  dioxid  in  the  propor- 
tion of  live  volumes  per  (me  thousand  ol  air.  In  ex])eri- 
raents  with  dried  virus  upon  ivory  points,  made  in  1880 
it  was  fovmd  that  virulence  was  destroyed  by  six  hours' 
exposure  in  an  atmosphere  containing  one  per  cent,  of 
this  gas. 

Baxter  and  Vallin  have  tested  the  disinfecting  power 
of  sulphur  dioxid  upon  the  virus  of  glanders.  The 
first-named  experimenter  found  that  four  parts  to  one 
tliousand  by  weight,  in  solution,  destroyed  tlie  virulence 
of  material  obtained  from  nodules  (rubbed  up  in  wafer) 
from  the  lung  of  an  animal  with  glanders.  Vallin  ex- 
perimented with  virulent  pus  from  an  abscess,  obtained 
from  a  patient  with  glanders  in  the  hospital  of  Val  de 
Grace.  This  pus  was  proved,  by  inoculations  into  guinea- 
pigs  and  other  animals,  to  produce  the  characteristic 
lesions  of  glanders.  Some  of  this  pus  placed  in  a  watch 
glass  was  exposed  for  twelve  hours  to  sulphur  dioxid, 
generated  by  burning  2  gm.  of  sulphur  in  a  box  having 
a  capacity  of  100  litres  (=:  14  volumes  of  SOs  to  1,000 
volumes  of  air).  Disinfection  was  complete,  as  prcjved 
by  inoculation. 

Chlokine. — Experiments  made  by  Dougall,  and  by 
Baxter,  upon  liquid  vaccine  show  that  to  insure  the  dis- 
infection of  this  material,  chlorine  must  be  absorbed  in 
sufficient  quantity  to  give  the  liquid  virus  an  acid  reac- 
tion. Baxter  found  that  0.14  of  one  per  cent,  was  in- 
sufQcient,  while  the  presence  of  0.163  per  cent,  of  chlorine 
in  the  lymph  neutrahzed  its  virulence.  In  experiments 
with  dried  vaccine  upon  ivory  points,  Baxter  found  that 
exposure  for  thirty  minutes  in  an  atmosphere  "saturated 
with  chlorine  "  was  necessary  in  order  to  accomplish  dis- 
infection. In  experiments  made  by  the  writer  in  1880, 
it  was  found  that  the  virulence  of  dried  virus  upon  ivory 
points  was  destroyed  by  exposure  for  six  hours  in  an 
atmosphere  containing  one  volume  per  cent,  of  chlo- 
rine gas. 

Ca"rbolic  Acid. — The  power  of  carbolic  acid  to  destroy 
the  virulence  of  vaccine  virus  has  been  estabhshed  by 
the  experiments  of  Braidwood  and  Vacher,  of  Baxter,  and 
of  Ploppe-Seyler.  But  to  accomplish  this  result,  the  pure 
acid  must  be  mixed  with  the  lymph  in  a  proportion  of 
two  per  cent.,  and  a  certain  time  must  be  allowed  for  its 
disinfecting  action.  Both  Hoppe-Seyler  and  Baxter 
found  that  two  per  cent,  destroys  the  virulence  of  liquid 
vaccine,  while  one  per  cent,  fails  to  do  so.  On  the 
other  hand,  in  Braidwood  and  Vacher's  expieriments  2.5 
per  cent,  failed  when  vaccination  was  practised  immedi- 
ately after  mixing  the  disinfectant  with  the  liquid  virus. 

Baxter  has  also  experimented  upon  the  virus  of  gland- 
ers, and  found  that  two  per  cent,  was  successful  in  de- 
stroying its  infecting  power,  while  0.5  per  cent,  failed  to 
act  as  a  disinfectant  (Smart).  In  the  writer's  experi- 
ments (1881),  with  the  blood  of  septiciiemio  rabbits,  in- 
fective virulence  was  destroyed  by  1.35  per  cent.,  while 
0.5  per  cent,  failed. 

It  is  impos.sible  in  an  article  of  this  character  to  give  a 
complete  account  of  the  experimental  evidence  on  record 
relating  to  the  comparative  value  of  disinfectants.  But 
a  careful  consideration  of  this  evidence,  as  obtained  in 
practice  by  sanitarians,  and  in  laboratorj'  experiments 
made  directly  upon  infectious  material  (test  by  inocula- 
tion), or  upon  pure  cultures  of  various  micro-organisms 
(test  by  cultivation),  shows  that  many  agents  commonlj'' 
used  are  quite  unreliable,  as  used,  and  that  for  practical 
purposes  the  agents  which  can  be  safely  recommended 
as  disinfectants  are  few  in  number. 

The  following  list  embraces  those  which  we  believe  to 
be  the  most  generally  useful  and  available  for  disinfecting 
purpo-ses:  Dry  and  moist  lieat;  formaldehyd,  sulphur 
dioxid;  the  hypochlorites  of  lime  and  of  soda  (chlorid 
of  lime,  and  Labarraque's  solution);  caustic  lime,  mer- 
curic chlorid ;  cupric  sulphate ;  carbolic  acid. 

We  shall  briefly  indicate  the  special  purposes  for  which 
one  or  the  other  of  the  agents  named  seems  best  adapted. 
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Disinfection  op  Excketa,  etc-Succcss  in  restrict- 
mg  the  extension  of  mfeetious  diseases  will  depend  largelv 
upon  the  proper  use  of  disinfectants  in  the  sick-room 
i<  or  the  disuif  ection  of  excreta  the  most  available  chemical 
agents  are:  1.  Chlorid  of  lime.  Dissolve  in  water  in  the 
proportion  of  four  ounces  to  the  gallon  of  water  (Standard 
Solution  No.  1  of  the  Conuiiittee  on  Disinfectants  of  the 
A.  l'.  H.  A.);  use  one  quart  of  this  solution  for  the  dis- 
mtection  of  each  liquid  di.scharge  in  choleraor  in  tyjihoid 
fever.  For  solid  fascal  matter  a  stronger  solution  oi-  a 
larger  quantity  will  be  required,  and  it  will  be  prudent 
to  use  a  larger  quantity  of  the  standard  solution  recom- 
mended for  a  very  copious  liquid  discharge.  3.  Carbolic 
iicid,  a  five-pcr-cent.  .solution  to  be  used  in  quantity  at 
least  equal  to  the  amount  of  material  to  be  disinfected 
».  Caustic  lime,  in  the  form  of  freshly  prepared  milk  of 
lime— this  should  contain  about  one  part  by  weight  of 
hydrate  of  lime  mixed  with  eight  parts  of  water.  To  be 
used  in  amount  equal  to  that  of  the  excreta  to  be  disin- 
fected.    4.   Cvpri.c  sulphate,  a  four-per-cent.  solution 

Disinfection  of  the  Person.— The  hands  of  those 
who  wait  upon  persons  sick  with  infectious  diseases 
should  be  washed  in  an  aqueous  solution  of  mercuric 
chlorid  of  the  strength  of  1  to  1,000;  or  of  carbolic  acid, 
1  to  50;  or  of  chlorid  of  hme,  1  to  100;  or  of  Labar- 
raque's solution,  1  to  10.  The  same  solutions  may  be 
used  for  washing  soiled  surfaces  upon  the  body  of  the 
patient,  and  for  instruments  and  utensils  which  have 
been  exposed  in  the  sick-room. 

For  a  complete  bath,  carbolic  acid,  1  to  100;  mercuric 
chlorid,  1  to  5,000;  or  Labarraque's  solution,  1  to  30, 
may  be  used.  The  dead  should  be  wrapped  in  a  sheet 
saturated  with  a  solution  of  mercuric  clilorid  of  1  to  500; 
or  of  carbolic  acid,  1  to  20 ;  or  of  chlorid  of  lime,  1  to  25. 

Disinfection  of  Clothing. — "Boiling  for  half  an 
hour  will  destroy  the  vitality  of  all  known  disease  germs, 
and  there  is  no  better  way  of  disinfecting  clothing  which 
can  be  washed  than  to  put  it  through  the  ordinary  opera- 
tions of  the  laundry  "  (Prelim.  Rep.  of  Com.  on  Disin- 
fectants). Clothing  may  be  disinfected  by  immersion 
for  two  hours  in  a  solution  of  mercuric  chlorid  of  the 
strengthof  1  to  1,000;  or  of  cupric  sulphate,  1  to  100;  or 
of  carbolic  acid,  1  to  50 ;  or  of  chlorid  of  lime,  1  to  100 
(the  bleaching  properties  of  chlorid  of  lime  must  be 
remembered).  Clothing  wdiich  would  be  injured  by  wash- 
ing or  immersion  in  a  disinfecting  solution  may  be  disin- 
fected by  steam,  by  formaldehyd,  by  sidphur  fumiga- 
tion, or  by  dry  heat,  in  a  properly  constructed  "oven." 
In  the  absence  of  spores,  a  temperature  of  330"  F. ,  main- 
tained for  three  hours,  will  be  sufficient.  The  clothing 
must  be  freely  expcsed,  for  the  penetrating  power  of  dry 
heat  is  very  slight.  The  spores  of  bacilli  require  a  tem- 
perature of  284'  F.,  maintained  for  three  hours,  for  their 
complete  destruction.  This  temperature  injures  woollen 
fabrics  (Koch). 

Fumigation  with  sulphur  dioxid  has  been  largely  re- 
lied upon  for  the  disinfection  of  clothing.  To  be  effectual, 
the  articles  to  be  disinfected  must  be  freely  exposed  to  its 
action,  in  a  well-closed  chamber,  for  a  period  of  at  least 
twelve  hours.  Burn  three  pounds  of  sulphur  for  each 
thousand  cubic  feet  of  air  space  in  the  room.  Since  it 
has  been  demonstrated  that  formaldehyd  gas  is  much 
supei-ior  to  sulphur  dioxid  as  a  germicide,  this  gas  has 
to  a  considerable  extent  taken  the  place  of  SO2  for  the 
disinfection  of  clothing  and  other  articles  which  would 
be  injured  by  immersion  in  boiling  water  or  in  a  disin- 
fecting solution.  But  disinfection  by  steam  is  to  be 
recommended  whenever  a  suitable  steam  disinfecting 
apparatus  is  available.  It  must  be  remembered,  how- 
ever, that  neither  steam  nor  the  gases  above  mentioned 
(formaldehyd,  SO.>)  can  be  relied  upon  to  penetrate  to 
the  interior  of  mattresses,  bundles  of  clothing,  etc.  To 
accomplish  this  it  will  be  necessary  to  have  a  steam  dis- 
infecting chamber  in  which  a  vacuum  can  be  produced 
prior  to  the  admission  of  steam. 

Disinfection  of  the  Sick-Room. — "In  the  sick-room 
no  disinfectant  can  take  the  place  of  free  ventilation  and 
cleanliness.     It  is  an  axiom  in  sanitary  science  that  it  is 
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impnietimbk  in  disinfect  an  occupied  apartment  "  (Prelim. 
Rep  of  Com.  on  Disinfectants).  The  most  reliable 
gaseous  disinfectants  are  formaldebyd  gas,  sulphur  di- 
oxid,  and  chlorine.  .  . 

"The  object  of  disinfection  in  the  sick-room  is,  mainly, 
the  destruction  of  infectious  material  attached  to  surfaces 
or  deposited  as  dust  upon  window  ledges,  in  crevices, 
etc  If  the  room  has  been  pi'operly  cleansed  and  ven- 
tilated while  still  occupied  by  the  sick  person,  and  espe- 
cially if  it  was  stripped  of  carpets  and  unnecessary 
furniture  at  the  outset  of  his  attack,  the  difficulties  of  dis- 
infection will  be  greatly  reduced"  (Prelim.  Rep.  of 
Com.  on  Disinfectants).  Formaldehyd  must  be  given 
the  tirst  place  among  volatile  or  gaseous  disinfectants 
because  of  its  high  germicidal  value  and  its  non-toxic 
properties;  also  because  it  does  not  injure  gilt  work  or 
articles  made  of  wool,  silk,  cotton,  linen,  or  leather.  Iron 
and  steel  are  attacked  by  the  gas,  but  copjier,  brass,  nickel, 
and  zinc  are  not,  and  pohshed  steel  resists  its  corro.sive 
action.  Formaldehyd  gas  is  obtained  for  practical  use 
(«)  by  the  o.xidation  of  methyl  alcohol  by  means  of  a 
lamp'  specially  constructed  for  this  purpose;  (b)  by  the 
volatilization  of  paraform ;  (c)  by  the  volatilization  of  an 
aqueous  solution  of  the  gas.  A  forty-per-cent.  solution 
put  up  by  German  manufacturers  under  the  name  of 
formahn  has  been  largely  used.  (A  si.\ty-per-cent.  solu- 
tion of  formaldehyd  gas  in  methyl  alcohol  is  sold  in  Ger- 
many under  the  name  of  "  Volzin.") 

In  practice  the  last-mentioned  method  (c)  appears  to 
be  the  most  useful  A  suitable  apparatus  for  rapidly 
boiling  the  formahn  will  be  required.  Calcium  chlorid 
is  usually  added  to  the  solution  of  formaldehyd  to  pre- 
vent polymerization.  The  "  formol  gas  generator"  of 
the  Kny-Seheerer  Company,  of  New  York,  has  been  used 
with  success  in  the  United  Sta.tes  army ;  also  the  smaller 
and  less  expensive  "formaldehyd  gas  generator"  of 
Lentz — manufactured  by  Charles  Lentz  &  Sons  of 
Philadelphia.  Experiments  made  under  the  direction  of 
the  Cliieago  Board  of  Health  show  that  apartments  may 
be  disinfected  by  hanging  up  in  them  sheets  wet  with 
formalin.  All  experimenters  agree  that  the  penetrating 
power  of  formaldehyd  gas  is  slight,  unless  the  vacuum 
process  is  employed,  and  that  it  can  be  relied  upon  only 
for  the  disinfection  of  surfaces  and  of  clothing  freely  ex- 
posed to  its  action  by  being  suspended  in  a  disinfecting 
chamber  or  apartment  requiring  disinfection.  According 
to  Professor  Robinson,  surface  disinfection  of  the  sick- 
room and  of  articles  suspended  in  it  requires  the  use  of 
two  litres  of  wood  alcohol,  oxidized  by  the  use  of  a  suit- 
able lamp,  for  a  room  having  a  capacity  of  three  thou- 
sand cubic  feet,  or  the  volatilization  of  2.50  c.c.  of  forma- 
lin for  every  one  thousand  cubic  feet  of  air  space.  The 
rooms  .should  be  kept  closed  for  twelve  hours. 

Fumigation  of  the  sick-room  and  of  infected  clothing 
by  sulphur  dioxid  is  still  practised  to  a  considerable  ex"- 
tent,  and  the  value  of  this  agent  as  a  disinfectant  has  been 
demonstrated  by  numeious  carefully  conducted  experi- 
ments. Dry  sulphur  dioxid  has  but  little  germicidal  ac- 
tion when  brought  in  contact  with  dried  infectious  ma- 
terial, and  none  at  all  upon  the  spores  of  bacteria.  But 
when  the  material  to  be  disinfected  is  moist,  or  the  at- 
mosphere of  a  room  is  charged  with  vapor,  the  disinfecting 
power  of  this  gas  is  considerable,  and  it  should  not  be  re- 
jected because  it  does  not  destroy  the  spores  of  the  an- 
thrax bacillus,  which  have  been  largely  used  as  the  test 
in  experiments  relating  to  the  germicidal  value  of  this 
and  other  eliemieal  agents.  We  now  know  that  the 
typhoid  bacilbLS,  the  diphtheria  bacillus,  the  bacillus  of 
glanders, the  choleraspirillum,  and  the  various  pathogenic 
mieroeocei  do  not  form  resistant  spores,  and  we  "have 
satisfactory  evidence  that  the  specific  infectious  agent  of 
smallpox  may  be  destroyed  by  the  proper  use  of  sulphur 
dioxid.  As  in  the  case  of  formaldehvd  gas,  only  super- 
ticia  disinfection  can  be  effected  by  the  usual  mithod  of 
sulphur  fumigation.  This  consists  in  carefully  closing 
the  room  to  be  disinfected,  after  lianging  up  articles 
ot  clothing,  curtains,  etc.,  so  that  they  may  be  freely 
exposed  to  the  action  of  the  gas.     Three  pounds  of  sul- 
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phur  should  be  burned  in  the  room  for  every  one  thou- 
sand cubic  feet  of  air  space,  and  at  least  twelve  hours 
should  be  allowed  for  the  action  of  the  disinfectant  be- 
fore the  room  is  opened.  After  the  disinfection  of  an 
apartment  and  its  contents  by  a  gaseous  disinfectant  and 
free  ventilation  for  the  escapV.  of  the  gas,  it  will  be  well 
to  wash  all  exposed  surfaces  with  a  solution  of  mercuric 
chlorid  of  the  strength  of  one  part  to  one  thousand,  or 
with  a  two-per-ccnt.  solution  of  carbolic  acid,  and  to 
whitewash  plastered  walls. 

Disinfection  of  Ships.— Sulphur  dioxid  has  been 
largely  used  in  the  disinfection  of  .ships  and  apparently 
with  success,  when  properly  done  at  a  quarantine  station 
by  experienced  officials.  In  the  case  of  ships  infected 
with  yellow  fever,  it  acts  upon  infected  mosquitoes, 
which  are  promptly  destroyed  by  this  gas.^  The  direc- 
tions given  with  reference  to  the  disinfection  of  apart- 
ments on  shore  are  those  that  apply  as  well  to  the  dis- 
infection of  the  various  compartments  of  a  ship. 

Oeorge  M.  Sieniberg. 

DISINFECTION.— The  important  part  which  disinfec- 
tion plays  in  tlie  ]irevention  of  infectious  diseases  de- 
mauds  for  it  the  most  careful  consideration.  Prior. to 
1880  but  little  was  known  of  this  subject  which  was  of 
any  definite  scientific  value.  However,  during  the  past 
twenty  years  exhaustive  bacteriological  research  has 
demonstrated  the  great  value  of  some  of  the  agents 
known  as  disinfectants  and  the  utter  worthlessness  of 
others.  It  may  be  said  that  we  have  entered  upon 
a  new  era  in  sanitation  and  are  now  scientifically  fa- 
miliar with  this  subject.  This  advance  is  largely  due 
to  the  stimulus  given  to  bacteriological  investigation  by 
the  work  of  Pasteur  and  Koch,  who  for  the  first  time 
gave  to  us  conclusive  evidence  of  the  germ  origin  of 
many  of  the  infectious  disea.ses.  Before  the  period  re- 
ferred to,  the  character  of  the  disinfection  employed  was 
influenced  largely  by  theory.  This  can  liardly  be  a  sub- 
ject for  criticism,  as  at  that  time  but  few  data  existed 
upon  which  could  be  based  a  truthful  estimate  of  the 
germicidal  value  of  alleged  di.sinfectants. 

Much  confusion  exists  as  to  the  proper  meaning  of  the 
term  disinfectant.  It  is  commonly  confounded  with  an- 
tiseptics v\-hicli  do  not  necessarily  destroj'  pathogenic 
organisms  but  simply  inhibit  or  hold  in  check  their  ac- 
tivity or  propagation,  and  with  deodorants  which  neu- 
tralize or  destroy  offensive  odors  and  may  have  no  ger- 
micidal action.  Strictly  speaking,  therefore,  no  agent  is 
a  disinfectant  unless  it  destroys  all  germs  with  which 
it  comes  in  contact.  Custom,  however,  permits  of  con- 
siderable latitude  in  the  use  of  this  term,  which  is  fre- 
quently improperly  and  loosely  applied  to  many  articles, 
both  jn'oprietary  and  otherwise,  which  are  advertised  and 
recommended  for  use  in  disease  and  to  prevent  infection, 
without  the  slightest  evidence  that  they  are  germicides. 
That  the  value  of  disinfection  in  the  prevention  of  infec- 
tious diseases,  and  the  necessity  for  discrimination  in  the 
selection  of  agents  for  this  purpose,  are  not  more  clearly 
and  fully  appreciated  is  largely  due  to  the  fact  that  suffi- 
cient instruction  on  this  subject  is  not  included  in  the 
curriculum  of  me<lical  colleges.  The  recent  action  on 
the  part  of  the  faculties  of  these  institutions  in  New 
York  City  in  establishing  a  special  course  of  instruction 
in  practical  sanitation  deserves  the  highest  commenda- 
tion. 

It  is  only  necessary  to  observe  carefull)'  the  various 
methods  of  disinfection  now  employed  to  appreciate  that 
there  is  yet  much  to  learn  regarding  this  important  branch 
of  sanitary  science.  We  still  find  the  saucer  of  carbolic 
placed  under  the  bed,  the  spraying  of  the  sick-room 
with  a  pi-oju-ietary  solution,  and  occasionally  the  burn- 
ing of  a  small  piece  of  sulphur  in  the  apartment  still  oc- 
cupied by  the  patient.  It  seems  hardly  necessary  to  say 
that  these  measures,  which  bear  the  marks  of  antiquity, 
are  absolutely  worthless;  unfortunately,  however,  they 
are  still  relied  upon  as  effective  germicidal  agents.  Bac- 
teriological research  has  proven  that  enough  sulphur 
dioxide  to  disinfect  an  apartment  would  arrest  respira- 
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tion  in  both  man  and  animals,  and  altliough  formaldehyde 
in  sufficient  ([uantity  to  disinfect  does  not  always  kill 
insects,  vermin,  and  the  lower  order  of  animals,  it  would 
undoubtedly  prove  fatal  to  man.  This  will  also  aii])ly  to 
the  use  of  sprays,  etc.  There- 
fore an  apartment  cannot  be 
disinfected  until  the  termina- 
tion of  the  case.  Disinfection 
is  only  too  often  performed  in 
a  perfunctory  and  careless  way 
and  left  in  the  hands  of  those 
who  are  not  familiar  with  mod- 
ern scientitic  methods. 

In  order  propeily  to  perform 
disinfection  we  must  be  able  to 
distinguish  true  disinfectants 
from  agents  which  have  no 
germicidal  value.  We  must 
also  know  when  disinfecticjn  is 
required,  and  the  means  of 
performing  the  same.  This  in- 
volves a  careful  study  of  the 
material  liable  to  transnnt  dis- 
ease. Without  a  clear  percep- 
tion of  the  law  governing 
modern  disinfection,  and  the 
agents  by  wdiich  this  worlv  is 
accomplished,  we  are  in  the 
position  of  using  tools  with 
which    we    are    not    familiar. 

The  literatiu-e  of  disinfection  at  the  present  time  em- 
braces so  much  definite  information  that  there  can  he  no 
vahd  or  reasonable  excuse  for  the  employment  of  in- 
efficient or  improper  metliods. 

In  the  consideration  of  this  subject  we  must  tirst  real- 
ize the  value  of  nature's  disinfectants— fresh  air  and  sun- 
Hght.  Not  to  understand  or  utilize  their  power  means 
that  our  efforts  to  prevent  or  control  infectious  diseases 
will  frequently  meet  with  doubtful  success.  Of  all  that 
bacteriological  research  has  taught  us,  nothing  has  been 
of  more  importance  than  the  knowledge  we  now  possess 
of  the  wonderful  germicidal  power  of  the  agents  to  which 
I  have  just  referred.  The  disappearance  of  infectious 
diseases  in  communities  where  there  are  no  modern  or 
organized  means  of  combating  this  danger  is  largely  due 
to  sunlight  and  fresh  air,  which  are  always  available  and 
therefore  can  be  brought  in  contact  with  specific  germs. 
It  has  been  proven  that  most  of  the  pathogenic  organ- 
isms are  quickly  destroyed  when  exposed  to  sunlight  and 
air,  whereas  they  frequently  resist  the  action  of  chemical 
and  other  agents.  This  fact  carries  with  it  great  signifi- 
cance, as  it  places  in  our  hands  at  all  times  a  germicidal 
power  which,  if  properly  used,  contributes  largely  tow 
ard  protecting  a  community  against  infectious  disease, 
and  is  particularly  valuable  when  other  means  of  disin- 
fection, such  as  steam,  sulphur,  etc.,  are  not  at  hand. 
When  we  fully  appreciate  the  great  value  of  air,  sunlight, 
and  cleanliness  we  have  taken  the  tirst  step  in  modern 
sanitation. 

In  speaking  of  the  different  disinfectants,  Ishallreter 
only  to  those  in  general  use  and  which  are  scientifically 
known  to  be  true  germicidal  agents. 

Steam.— Oi  the  disinfectants  which  it  is  within  our 
power  to  create  steam  is  by  far  the  most  valuable,  inas- 
much as  absolute  dependence  can  be  placed  upon  it  it 
properly  employed.  Its  action  is  quick  and  deep  penetra- 
tion is  assured— the  latter  being  a  most  important  consid- 
eration. These  invaluable  qualifications  are  not  possessed 
by  other  disinfectants.  The  experiments  made  with  steam 
at  the  New  York  State  Quarantine  laboratory,  m  1897, 
■  showed  that  a  moist  temperature  of  230'  F. ,  if  kept  up  tor 
a  period  of  fifteen  minutes,  killed  the  bacilli  of  anthrax, 
bubonic  plague,  diphtheria,  etc.— both  those  near  the  sur- 
face and  those  which  were  lodged  deep  down  in  the  centre 
of  unopened  bundles;  i.e.,  it  killed  them  under  conditions 
similar  to  those  which  would  be  eneounted  m  any  work 
of  general  disinfection.  Moreover,  it  was  found  that  a 
moist  temperature   of  185°  to  150°  F.,  with  an  exposure 


of  fifteen  minutes,  generally  killed  all  the  organisms  em- 
ployed in  the  test  except  anthra.x,  when  they  were  more 
directly  exposed  as  in  superficial  disinfection,  hut  not 
when  deep  penetration  was   reipiired.     In  the  experi- 
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nients  in  which  a  temperature  of  230°  F.  was  employed, 
the  self -registering  thermometers  placed  with  the  infected 
discs  in  the  centre  of  large  bundles  of  clothing,  bedding, 
and  blankets  showed  but  little  or  no  diminution  in  the 
temperature  at  that  point,  whereas  in  tightly  rolled  and 
closed  packages  of  newspapers,  weighing  three  pounds 
or  more,  the  inside  temperature  sometimes  showed  a  re- 
duction of  thirty  or  forty  degrees ;  repeated  tests  showed 
that  this  result  was  uniform  ^nd  that  material  usually 
presented  for  disinfection,  such  as  clothing,  bedding,  etc., 
is  easily  penetrated  by  steam.     The  importance  of  this 
is  evidc'nt,  as  in  public  or  general  disinfection  it  is  im- 
practicable to  open  and  spread  out  all  material  received 
for  disinfection,  which  requires  great  expenditure  of  time. 
The  results  of  the  experiments  above  referred  to  are  in 
accord  with  those  of  other  investigators,  and  it  may  be 
accepted  that  a  temperature  of  230°  F.,  with  an  exposure 
of  fifteen  minutes,  is  destructive  to  all  pathogenic  or- 
ganisms even  in  the  spore  forms.     Although  the  ordi- 
nary cotton  and  woollen  materials  generally  used  in  the 
manufacture  of  clothing,  bedding,  carpets,  etc.,  are  not 
injured  by  steam,  it  destroys  articles  made  of  rubber, 
leather,  fiir,  material  stiffened  with   glue,  etc.,  and   is 
apt  to  injure  silks  and  satins  and  other  delicate  fabrics. 
In  the  modern  method  of  steam  disinfection,  ordinary 
mail  composed  of  letters  and  papers  can  be  subjected  to 
steam  without  injury  or  defacement  of  writing.     Fortu- 
nately, however,  modern  sanitation  does  not  regard  this 
material  as  a  menace  to  the  public  health,  and  the  disin- 
fection of  mail   has  been   practically  abandoned.     The 
potency  of  steam  as  a  disinfectant,  its  reliability  for  deep 
as  well  as  for  superficial  disinfection,  and  its  rapidity  of 
action  make  it  imperative  that  every  community  should 
be  prepared  to  employ  this  agent  when  necessary.     There 
can  be  no  reasonable  excuse  for  not  complying  with  this 
modern  sanitary  requirement,  as  a  simple  and  effective 
apparatus  can  now  be  purchased  of  the  makers  at  a  very 
reasonable  price.     A  steam  chamber  into  which  can  be 
squeezed  a  mattress  is  sulliciently  large  for  disinfection 
in  a  small  town.     The  purchase  of  an  apparatus  ot  this 
character  is  really  a  matter  of  economy,  inasmuch  as  many 
articles  such  as  presumably  infected  mattresses,  etc.,  can 
be  saved   when  otherwise  it  would  be  deemed  necessary 
to  burn  tiiem.     It  would  be  of  comparatively  little  inter- 
est to  enter  into  a  detailed  account  of  the  evolution  of  the 
steam  disinfecting  chamber,  which  has  passed  through 
manv  changes  until  it  has  now  reached  a  stage  where  it 
seems  to  comply  with  modern  scientific  requirements. 
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To  describe  this  brieiiy  I  will  cite  from  an  article  pub- 
lished iu  the  Ainericdit  Journal  vf  the  Medind  Sciences,  of 
August,  1897,  iu  which  I  have  referred  to  the  construc- 
tion of  such  au  apparatus. 

"  I  can,  perhaps,  give  no  better  idea  of  the  modern  per- 
fected steam  chamber  than  by  describing  the  apparatus 
for  disinfection  by  steam,  now  in  use  on  the  disinfecting 
steamer  Jamen  IF.  Waclswvrih  iit  the  New  York  quaran- 
tine station  (Fig.  1597  A).  Tliis  apparatus  consists  of  a 
rectaugidar-shaped  chaml)er  having  a  double  shell  with  a 
space  of  two  inches  between  its  walls.  The  inside  di- 
mensions of  the  chamber  are  Ihirty-nine  by  foity-eight 
inches  by  seven  feet  two  inches  long.  Tlie  shells  are 
made  of  -,=15  inch  opeu-heartli  flange  steel,  riveti'd  at  the 
ends  to  heavy  cast-iron  rings,  the  outer  surfaces  of  which 
areindented  and  contain  1.5-inch  T-sliaped  rubljcr  joints, 
for  the  purpose  of  making  the  doors  air-tight.  The 
latter  are  of  a  heavy  convex  type,  are  swung  on  cranes, 
and  fastened  to  the  chamber  with  turn-buckles.  A  car 
for  the  reception  of  material  to  be  disinfected  easily 
traverses  the  chamber.  It  is  made  of  1.5-inch  angle  iron 
and  No.  6  galvanized  iron  netting.  A  movable  ti'ack 
is  so  arranged  that  the  car  can  be  entirely  withdrawn 
from  either  end  of  tlie  chamber.  The  steam  is  supplied 
from  the  boiler  of  the  steamer,  where  a  pressure  of  sixty- 
five  pounds  to  the  square  inch  is  maintained.  Both 
moist  and  dry  .steam  outlets  have  been  constructed, 
which,  by  a  system  of  valves,  allow  the  operator  to  get 
almost  any  quality  of  steam  desired.  The  steam  enti'rs 
througli  a  2.5-inch  pipe  to  a  reducing  valve,  which  lim- 
its the  pressure  of  the  steam  entering  the  chamber  of  the 
apparatus  to  the  desired  amount;  at  the  present  time  it 
is  set  for  fifteen  pounds  to  the  square  inch.  The  press- 
ure used  in  the  chamber  is  in  accordance  with  the  tem- 
perature required.  If  a  temperature  of  230°  to  250°  P.  is 
desired,  steam  at  about  ten  pounds  pressure  is  employed. 

"For  obtaining  a  vacuum  in  the  chamber  a  steam  ex- 
hauster is  used.  By  means  of  valves  this  is  readily 
changed  to  draAv  either  from  the  space  between  the  shells 
forming  the  walls  or  from  the  interior  of  the  chamber. 
It  acts  on  tlie  principle  of  a  siphon ;  a  current  of  steam 
rushing  by  the  mouth  of  a  pipe  opening  from  the  cham- 
ber exhausts  the  air  therein  contained. 

"A  vacuum  of  twenty  inches,  which  answers  the  pur- 
pose, can  be  obtained  with  the  steam  exhauster  in  one 
minute,  while  in  tlie  old  method,  by  the  use  of  an  air 
pump,  about  ten  or  fifteen  minutes  were  necessary  to  se- 
cure this  result;  besides,  the  air  removed  from  the  cham- 
ber is  carried  out  witli  the  steam  in  the  exhaust,  so  that 
if  micro-organisms  are  withdrawn  in  this  way  from  the 
materials  in  the  chamber  they  are  acted  upon  by  the  steam 
iu  transit.    This  does  not  occur  where  an  air  pump  is  used. 

"  The  advantages  of  the  double  jacket  or  shell  over  coils 
of  steam  pipes  are  numerous.  There  is  a  more  equal  dif 
fusion  of  heat  in  the  walls  of  the  apparatus,  inasmuch  as 
the  steam  enters  between  the  shells  at  all  points,  and  not 
at  the  lower  part  of  the  apparatus,  as  in  the  case  in  wliicli 
the  steam  is  introduced  by  pipes  laid  in  tlie  floor  of  the 
chamber.  The  shell  is  thus  evenly  heated  and  materially 
aids  the  steam  which  is  introduced  in  the  chamber  for 
disinfection.  Leaks  are  frequently  found  where  the  pipe 
system  is  employed;  these  do  not  occur  when  the  double 
shell  is  used;  there  is  no  formation  of  air-bound  spaces 
in  the  double  shell,  which  frequently  interfere  with  .se- 
curing the  temperatures  needed ;  and,' finally,  in  the  mat- 
ter of  cleanhncss,  the  double  jacket  is  very  superior  to 
the  coils  of  pipes. 

"The  fresh-air  inlet— which,  as  far  as  I  am  able  to 
learn,  was  first  used  at  this  station,  and  which  has  i)roved 
ot  great  i)raetical  value— consists  of  a  1.5-inch  [lipe  con- 
neetmg  llic  interior  of  the  chamber  with  the  external 
air  It  IS  fitted  to  the  top  ot  the  apparatus.  TIk^  exter 
ual  opening  of  the  inlet  is  covered  with  a  strainer  ot 
fine  brass  netting  to  prevent  the  entrance  of  forei"n  mal- 
■f  ■  ^rf  '"^''  '^  supplied  with  a  valve  to  open  and  clo.se 
It  1  he  entire  chamber  is  encased  in  a  1.5-incli  l;iyer  of 
asbestos  magnesia,  which  relains  the  heat  in  the  chamber 
and  prevents  outside  radiation.     This  it  does  iu  a  very 
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effective  manner,  the  temperature  of  that  portion  of  the 
boat  in  which  the  apparatus  is  placed  being  very  little 
raised  above  that  of  adjoining  apartments.  Tlie  ends  of 
the  chamber  open  into  rooms  having  absolutely  no  com- 
munication with  each  other,  the  infected  end  receiving 
the  clothing  removed  from  the  disrobing  room  adjoining. 
The  disinfected  end  opens  into  an  apartment  from  which 
tlie  clothing  is  given  directly  to  the  owners,  who  have 
passed  througli  tlie  bathrooms. 

"The  operation  of  disinfecting  clothing,  bedding, 
etc.,  with  the  steam  chamber  is  as  follows:  The  materi- 
als to  be  treated  are  placed  in  the  cradle  or  car  in 
the  infected  end  (both  ends  of  the  chamber  are  never 
open  at  the  same  time),  the  door  is  then  bolted,  and 
a  vacuum  of  about  twenty  inches  is  obtained  by  the 
steam  exhauster.  This  is  secured  in  about  one  minute. 
The  object  is  not  only  to  remove  the  air  from  the  cham- 
ber, but  also  the  air  and  moisture  from  the  material  to  be 
treated,  which,  forming  a  cushion,  prevents  tlie  proper 
entrance  of  the  steam.  Steam  is  now  allowed  to  enter 
the  chamber,  which  it  does  rapidly,  producing  a  tem- 
perature of  230'  to  240°  F.  within  three  or  four  min- 
utes. My  experience  has  been  that  230°  is  the  tempera- 
ture that  is  needed  for  di.sinfectiou.  This  is  unquestion- 
ably safe  and  can  be  depended  upon  to  kill  all  known 
micro-organisms  which  may  be  iu  clothing  and  other 
articles  presented  for  treatment,  provided  there  is  an 
exposure  of  fifteen  minutes  to  this  degree  of  heat.  At 
the  expiration  of  this  time,  i.e..  after  an  exposure  of  fif- 
teen minutes  to  a  temperature  of  230°,  the  steam  ex- 
hauster is  again  used,  securing  the  same  degree  of 
vacuum  (twenty  inches).  This  uow  removes  the  steam 
from  the  chamber  and  from  the  texture.of  the  clothing, 
etc.,  undergoing  disinfection,  the  latter  being  a  most  im- 
portant consideration,  as  will  be  shortly  shown.  As  soon 
as  a  vacuum  of  twenty  inches  has  been  obtained  the 
fresh-air  inlet  is  opened  and  a  current  of  fresh  air  is 
drawn  through  the  chamber  and  its  contents  by  the 
steam  exhauster.  After  an  exposure  of  eight  or  ten  min- 
utes to  this  treatment  the  door  of  the  disinfected  end  is 
opened  and  the  clothing,  etc.,  after  being  unrolled  and 
exposed  for  three  or  four  minutes,  becomes  dry  and  can 
be  at  once  worn. 

"The  degree  of  improvement  in  the  drying  process, 
which  is  the  result  of  the  combined  action  of  the  steam 
exhauster  and  the  fresh-air  inlet,  can  be  appreciated 
only  b}'  one  who  has  waited  two  or  three  hours  or  more 
for  this  same  result.  When  it  involves  the  detention  of 
a  ship  at  a  quarantine  station,  its  value  is  at  once  appar- 
ent. The  importance  of  the  rapidity  with  which  this 
work  is  now  performed  and  the  materials  dried  is  espe- 
cially appreciated  in  the  treatment  of  mail.  Letters  and 
papers  treated  with  steam  by  the  slower  or  older  process 
were  frequently  injured  by  the  disflgurement  of  the  ad- 
dress and  the  unsealing  of  the  letters.  During  the  past 
three  months  the  British  India  mail  has  been  disinfected 
weekly  at  this  station.  The  few  letters  which  are  sealed 
with  wax.  and  packages  containing  books  or  other  mate- 
rials injured  by  heat,  are  set  apart  for  disinfection  by 
other  methods  and  the  remainder  subjected  to  the  proc- 
ess indicated  above.  So  far,  I  have  yet  to  see  a  letter 
llie  superscription  of  which  has  been  affected,  and  very 
rarely  have  I  found  a  letter  unsealed  or  partly  unsealed. 
This  satisfactory  result,  I  am  certain,  is  due  to  the  rapid- 
ity of  action  of  the  heat,  and  the  use  of  the  exhauster  and 
fresh  air  inlet  afterward,  which  rapidly  dries  and  pre- 
vents the  spreading  of  the  ink  and  the  unsealing  of  the 
jiackage. 

"The  still  more  iiuportant  and  valuable  effect  of  the 
vacuum  is  shown  in  the  rapid  and  pronounced  penetra- 
tion which  it  insures.     It  gives  a  higher  degree  of  tem-   ■ 
perature  inside  the  packages,  with  a  comparatively  short 
exposure. 

"The  tirst  series  of  tests  presented  for  consideration 
show  the  influence  of  the  vacuum  in  steam  di.sinfection. 
In  all  the  experiments  which  I  have  made  I  constantly 
u.sed  packages  of  newspapers,  inasmuch  as  this  material 
probably  offers  as  much  (if  not  more)  opposition  to  pene- 
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tration  as  any  with  which  we  have  to  deal.  In  tiie  tests 
made  without  vacuum,  although  the  steam  exhauster  is 
not  used,  tlio  outlet  which  leads  from  the  bottom  of  the 
apparatus  and  which  allows  the  escape  of  water,  the  re- 
sult of  condensation,  is  opened  for  a  moment  after  the 
chamber  is  closed,  to  allow  a  certain  amount  of  the  air 
contained  in  the  chamber  to  be  forced  out  by  the  incom- 
ing steam.  This  vent  is  imperative  in  carrying  out  the 
disinfection,  as  in  an  absolutely  tight  chamber  the  pres- 
ence of  all  the  confined  air  oll'ers  so  much  resistance  that 
it  is  practically  impossible  to  raise  the  tempei-ature  to  the 
proper  degree  for  disinfection.  When  the  chamber  is 
perfectly  closed,  it  frequently  reciuircs  half  an  hour  or 
more  to  get  a  tem- 
perature of  210=  F,, 
whereas  when  the 
steam  exhauster  is 
used  240°  F.  can  be 
reached  in  three  or 
four  minutes,  and 
when  the  air  in  the 
chamber  is  simply  re- 
leased by  opening  the 
conductor  on  the  floor 
of  the  chamber  above 
referred  to,  the  same 
temperatm-e  (240°  F. ) 
is  attained  'in  about 
eight  or  ten  miniitcs. 
This,  however,  does 
not  answer  the  same 
purpose  as  the  vac- 
uum which  forcibly 
draws  out  the  air 
contained  in  the 
chamber  and  its  con- 
tents. ..." 

Since  the  above 
was  written,  there 
has  been  but  little 
change  in  the  char- 
acter of  this  class  of 
apparatus.  Improve- 
ment in  the  method 
of  closing  or  attach- 
ing the  door  and 
changes  in  some  mi- 
nor details  have  been  made.  Otherwise,  the 
principle  of  construction  remains  the  same. 

Pig.  1.597  B  shows  one  end  of  tlie  New  York  Quar- 
antine disinfecting  station  at  Hoffman  Island,  present- 
ing three  very  large  steel  chambers  twenty  feet  in  length, 
of  the  same  construction  as  the  one  already  described. 
One  of  them  at  the  extreme  left  has  recently  been 
reconstructed  for  disinfection  with  formaldehyde  gas. 
These  chambers  are  sometimes  used  to  their  full  capacity, 
as  it  is  frequently  necessary  to  disinfect  as  rapidly  as 
possible  the  effects  of  five  hundred  or  more  steerage  pas- 
sengers. The  cut  shows  only  a  part  of  tire  apparatus, 
the  remainder  being  in  the  discharging  room  on  the  op- 
posite side  of  the  partition. 

SuLPHDK  Dioxide  and  Formaldehyde  Gases.— Al- 
though both  of  these  are  known  to  be  disinfectants  of 
great  value  and  power,  they  are  inferior  to  steam,  jirin- 
cipally  because  they  cannot  be  depended  upon  to  pene- 
trate, and  therefore  can  safely  be  used  only  for  superti- 
eial  disinfection;  furthermore,  their  action  is  compara- 
tively slow  and  their  full  power  cannot  be  secured  unless 
they  are  used  in  an  air-tight  apai-tment.  It  is  impossible 
to  secure  this  in  house  or  ordinary  disinfection,  where 
more  or  less  gas  will  escape  even  when  great  care  is 
used  to  close  all  openings.  In  some  of  the  less  important 
details  both  formaldehyde  and  sulphur  dioxide  have  spe- 
cial advantages.  For  instance,  their  employment  does 
not  involve  an  expensive  "or  complicated  apparatus,  and 
so  far  as  sulphur.dioxide  is  concerned,  a  means  by  which 
the  gas  can  be  generated  is  available  wherever  a  wash- 
tub  or  large  bucket  and  pan  can  be  found. 


Hvlphitr  Dioxide  Oan  is  the  oldest  known  disinfectant 
and  has  long  been  regarded  as  a  very  valuable  germicidal 
agent.  However,  until  recent  years  it  has  received  but 
comparatively  little  investigation.  In  this  country  ex- 
periments were  made  by  Di-.s.  Dunham  and  Beebe  at  the 
Carnegie  Laboratory,  New  York  City,  in  1892.  Re- 
cently an  investigation  regarding  the 'germicidal  value 
of  sulphur  dioxide  was  made  by  Dr.  H.  D.  Geddings,  of 
the  Marine  Hospital  Service,  Washington,  and  during 
the  past  two  years  similar  work  has  been  carried  on  in 
the  New  York  State  Quarantine  Laboratory,  and  is  yet 
in  progress.  It  may  be  said  in  a  general  way  that  the 
results  which  liavi'  tluis  far  been  obtained  are  practically 


Fig.  1.597  B.— Disinfi'cting  Plant  at  HoUiuan  Island,  New  York  guarantine  station. 
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the  same,  and  show  that  sulphur  dioxide  is  a  valuable 
germicidal  agent  in  the  presence  of  moisture  and  when 
used  for  superficial  disinfection,  but  that  it  cannot  be  de- 
pended upon  to  penetrate.  In  the  experiments  made  in 
the  Quarantine  Laboratory  it  has  been  conclusively  shown 
that  when  great  liumidity  exists,  or  where  steam  has 
been  introduced  into  the  apartment,  the  germicidal  action 
of  this  gas  is  notably  increased.  Sulphur  dioxide  is  more 
or  less  erratic  in  its" action.  This  undoubtedly  is  largely 
due  to  the  difference  in  the  amount  of  moisture  present,  al- 
though it  would  a]3pear  that  there  are  other  factors  which 
influence  its  effect  on  pathogenic  organisms  with  which 
we  are  not  yet  fully  familiar.  How  far  the  moisture 
needed  to  insure  the 'full  germicidal  effect  of  the  sulphur 
dioxide  used  is  supplied  by  the  air  is  not  yet  fully  set- 
tled. However,  as  the  result  of  bacteriological  research 
we  are  justified  in  assuming  that  on  days  when  much 
moisture  is  present  its  action  is  decidedly  more  effective 
than  at  other  times.  It  is  when  the  air  is  very  dry  that 
the  generation  of  steam  in  the  apartment  adds  much  to 
the  thoroughness  of  the  disinfection.  On  shipboard  this 
is  easily  accompli.shed  by  carrying  the  steam  through 
pipes  or  hose  from  the  lioiler  to  the  apartment  to  be 
treated,  where  it  should  be  introduced  before  the  sul- 
phur is  ignited  and  distributed  as  evenly  as  possible;  it 
is  only  necessary  that  the  apartment  .should  be  rendered 
moist.  In  a  dwelling-house  this  method  cannot  very  well 
he  carried  out.  However,  some  simple  way  can  almost 
always  be  improvised  by  which  moisture  can  be  gener- 
ated "in  the  room.  A  simple  and  effective  portable  steam 
apparatus  for  this  purpose  is  now  in  use  at  the  New 
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York  Quarantine  Station  consisting  of  a  Swedisli  lamp 
set  in  a  metal  framy,  over  which  is  an  attached  receptacle 
for  water.  Above  this  is  a  handle  by  which  the  appara- 
tus can  easily  be  carried.  Tlie  receptacle  containing  the 
water  is  supplied  with  four  or  tivo  openings  or  spouts 
allowing  the  free  escape  of  steam,  which  is  rapidly  gen- 
erated by  the  intense  heat  produced  by  this  peculiar  lamp. 
It  cannot  be  too  firmly  impressed  that  sulphur  dioxide 
must  not  be  relied  upon  to  penetrate  to  any  depth,  and 
that  it  is  effective  as  a  disinfectant  only  wlicn  there  is 
free  and  open  exposure  of  the  material  to  be  treated.  I 
am  aware  that  there  are  those  who  believe  that  deep 
penetration  can  be  secured  by  sulphur  dioxide,  but  I  am 
satisfied  that  this  cannot  be  attained. 

In  comparing  sulphur  dioxide  witli  other  di.siufectants, 
we  find  that  it  is  very  cheap  and  can  almost  always  be 
secured  even  in  small  towns;  this  makes  it  available  for 
immediate  use ;  and  thou,  besides,  tempoiary  means  for 
the  generation  of  the  gas  can  quickly  be  prepared.  I 
have  used  for  some  time  a  metal  apparatus  specially  de- 
vised for  sulphur  disinfection;  it  consists  of  a  heavj^  cop- 
per pan  placed  in  an  iron  frame  having  a  stationary  re- 
ceptacle for  water  underneath  to  protect  the  floor  of  the 
apartment.  The  apparatus  is  supplied  w- ith  a  handle  and 
is  comparatively  light  and  easily  carried  (Fig.  1597  C). 
This  principle  is  carried  out  by  the  use  of  an  ordinary 
washtub  or  large  bucket  containing  two  or  three  bricks 
upon  which  is  placed  a  galvanized  iron  pan  or  any  metal- 
lic receptacle  to  hold  the  sulphur.  The  tub  or  bucket 
should  contain  water  to  a  height  sufficient  to  cover  the 
bricks  and  the  bottom  of  the  sulphur  receptacle.  If  the 
tub  or  bucket  is  not  available,  a  metallic  pail  containing 
the  sulphur  can  be  placed  in  another  parti}'  filled  with 
water,  the  latter  in  both  instances  not  only  protects  the 
floor  but  the  bottom  of  the  metallic  receptacle  holding 
the  sulphur,  which  is  commonly  a  milk  pan  or  something 
of  this  character.     In  the  special  sulphur  apparatus  to 


FIG.  iri9Tr.-A|ipiiriituM  for  the  (;encr-aXii>ri  (,f  Sulphur  Dlii.xlde. 

whieli  I  liuve  just  referred,  the  water  is  not  directiv  ap- 
plied to  the  sulphur  pan  as  the  copper  is  very  thick  and 
resists  the  action  of  the  heat  for  a  lotig  time 

mrn^t  ,■  I'^'P,'-"'''""-^''^",''^'  "'  advantages,  its  employ- 
ment IS  sometimes  attended  with  unpleasant  results  •  for 
instance,  it  bleaches  and  in  other  ways  injures  cei'taiu 
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material,  such  as  tinted  and  gilded  papers,  silks,  satins, 
etc. ,  and  when  used  in  a  room  covered  Avith  richly  tinted 
or  gilded  paper,  it  is  quite  sure  to  change  the  color  or 
blacken  the  gilt. 

Formnldeliydi  Gas.— Probably  no  disinfectant  has  ever 
received  more  careful  and  thorough  investigation  than 
formaldehyde  gas.  This  has  been  to  a  great  extent  due 
to  the  fact  that  it  was  brought  to  the  notice  of  the 
profession  during  a  period  of  great  activity  in  bacterio- 
logical research.  Formaldehyde  was  probably  first  dis- 
covered in  1S68  by  Hoffman,  a  German  chemist,  who  ac- 
cidently  found  that  a  gas  was  produced  b}'  heating  a 
platinum  spiral  over  a  common  laboratory  lamp  burn- 
ing wood  or  methyl  alcohol.  This  observation  excited 
but  little  attention  at  the  time,  and  practically  nothing 
was  done  toward  determining  its  germicidal  qualities. 
Twenty  years  afterward  it  was  again  brought  to  the 
notice  of  the  profession  by  A.  Trillat,  a  French  investi- 
gator. Since  that  time,  particularly  during  the  past  six 
or  seven  j'cars,  its  germicidal  qualities  have  been  exhaus- 
tively treated.  In  reporting  a  series  of  experiments  in 
the  New,  York  Medical  Journal  of  October,  1897,  I  gave 
the  following  conclusion  regarding  formaldehj'de. 

"A  careful  analysis  of  the  results  obtained  in  the  ex- 
perimental investigation  to  determine  the  value  of  for- 
maldehj'de  as  a  disinfectant  will  show  that  this  agent 
cannot  be  depended  upon  for  disinfection  where  deep 
penetration  is  required.  ...  In  packages  made  of  blan- 
kets, clothing,  etc.,  the  action  of  formaldehvde  upon  in- 
fected discs  jilaced  inside  is  uncertain  and  not  always  the 
same.  As  a  rule  penetration  does  not  occur;  at  least, 
organisms  are  not  generally  killed.  This  uncertainty 
would  seem  to  decide  the  inefficiency  of  formaldehyde 
for  deep  penetration.  For  superficial  disinfection,  i.e., 
of  hangings,  furniture,  clothing,  furs,  silks,  and  other 
articles,  which  can  be  spread  out  and  the  surfaces  ex- 
po-sed,  formaldehyde  is  an  agent  of  undoubted  value, 
particularly  as  it  does  not  as  a  rule  injure  the  finest  fab- 
rics, and  therefore  may  be  safely  used  in  an  ajjartment 
furnished  with  delicate  paper,  hangings,  and  furniture. 

"In  the  selection  of  the  method  for  disinfection  with 
formaldehyde,  it  is  evident  that  the  u.se  of  a  formaldehyde 
solution  simply  exposed  on  pans  is  not  to  be  considered 
provided  other  methods  are  available.  The  heating  of 
pastils  of  paraformaldehyde  is  a  simple,  effective,  and 
neat  method  of  generating  the  gas,  although  at  present  it 
is  a  comparatively  ex)xmsive  o'ne.  It  is  necessary,  how- 
ever, that  the  apparatus  for  heating  the  pastils  should 
remain  in  the  apartment  until  the  dnie  for  disinfection 
has  expired.  The  gas  is  evolved  slowly,  and  its  release 
depends  upon  the  proper  performance  of  a  lamp,  which 
cannot  be  kept  under  observation,  and  which  may  not 
burn  sufficiently  long  to  reduce  the  pastils  to  ashes,  or 
an  accident  may  happen.  I  only  refer  to  these  as  pos- 
sibilities. 

"  The  lamp  for  the  generation  of  formaldehyde  by  the 
oxidation  of  methyl  alcohol,  which  has  already  been  de- 
scrilicd,  is  also  an  effective  method  as  the  experiments 
above  shown  will  prove.  This  method  of  securing  the 
gas  is  considerably  cheaper  than  the  preceding  one,  a  pint 
and  a  half  of  wood  or  methyl  alcohol,  valuecl  at  twenty 
cents,  being  sufficient  for  the  disinfection  of  a  room  hav- 
ing a  space  of  one  thousand  cubic  feet,  whereas  the  ex- 
jiense  of  the  pastils  for  this  purpose  is  about  seventy- 
five  cents.  Like  the  apparatus  just  described,  the  lamp 
ciui  be  ]iurchased  for  a  comparatively  small  sum,  is  easily 
manipulated,  and  is  very  satisfactory  for  house  disinfec- 
tion. However,  it  is  practically  subject  to  the  same 
criticism,  i.e.. {hat  the  process  is  comparatively  slow  and 
the  lam]i  remains  in  the  ajiartment  and  not  under  obser- 
vati<ui  until  the  disinfection  is  completed.  In  a  structure 
subject  to  change  in  ixisition,  as  a  ship,  it  is  not  improb- 
able that  an  accident  may  occur. 

"  In  the  use  of  the  autoclave  and  the  new  apparatus 
above  referred  to  (the  so-called  regenerator)  we  have  a 
method  by  which  the  formaldehyde  is  rapidly  released 
and  conveyed  to  the  apartment  to  be  treated,  and  when 
this  is  finished  the  instrument,  which  is  operated  from 
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the  outside,  can  be  removed.  In  this  way  the  material 
to  be  treated  is  subjected  to  almost  the  entire  volume  of 
gas  before  any  considerable  leakage  from  the  room  may 
occur,  whereas  in  the  slower  methods,  if  the  room  is  not 
made  tight,  at  no  time  is  the  material  in  tlie  room  acted 
on  by  all  or  nearly  all  the  gas  generated.  Short  exposun.'s 
are  therefore  only  justified  in  cases  iu  which  the  gas  is 
rapidly  released  in  the  apartment  by  the  autoclave  or  a 
similar  apparatus.  Further,  this  method  does  not  re(|uire 
that  the  apparatus  be  left  in  this  apartment.  Tluis  is 
avoided  the  possibility  of  faulty  action  of  the  instrument 
or  a  change  in  its  position.  For  general  use,  therefore, 
particularly  for  ship 
disinfection,  I  am  in 
favor  of  this  method 
of  disinfection." 

A  continued  experi- 
ence with  formalde- 
hyde since  the  above 
was  written  has  re- 
vealed no  reason  why 
I  should  change  my 
opinion  regarding  tlie 
manner  in  which  form- 
aldehyde should  be 
used,  and  that  is  by 
means  of  an  apparatus 
which  can  be  operated 
outside  of  the  apart- 
ment, and  which  trans- 
mits the  gas  through 
a  keyhole  or  other 
opening;  in  this  way 
it  is  rapidly  intro- 
duced; the  process  re- 
quires only  a  short 
time  and  is  constantly 
under  observation,  and 
unsatisfactory  results 
or  danger  which  may 
follow  the  use  of  an 
apparatus  acting 
slowly  within  the  room 
and  out  of  sight,  are 
avoided ;  however,  I  do 
not  mean  to  infer  that 
the  best  results  may 
not  be  obtained  bj- 
many  other  forms  of 
apparatus  now  in  use. 
During  the  past  three 
years  numerous  efforts 
have  been  made  to 
show     that    formalde- 

hyde  gas  can  be  relied  upon  for  deep  penetration.  From 
the  experimental  work  which  has  come  under  my  per- 
sonal observation  I  am  satisfied  that  this  agent  can  be 
depended  upon  only  for  superficial  disinfection,  t_e., 
where  the  material  to  be  treated  is  fully  exposed.  The 
fact  that  bacteriological  experiments  have  shown  that 
deep  penetration  is  occasionally  secured  does  not  by 
any  means  justify  the  indiscriminate  use  of  this  agent 
for  all  forms  of  disinfection,  and  it  must  not^  be  tor- 
gotten  that  instrument  makers  are  not  bacteriological 
experts  and  are  generally  enthusiastic  regarding  the 
merits  of  their  apparatus.  There  are  so  many  ditterent 
ways  of  using  formaldehyde,  each  having  its  own  special 
merit,  that  it  would  be  impossible  to  give  a  detailed  ac- 
count of  them  in  this  article ;  however,  I  have  referred  to 
the  advantage  of  an  apparatus  which  is  operated  outside 
of  the  apartment  and  under  full  observation.  Descrip- 
tion of  these  apparatus,  as  well  as  all  others,  their  method 
of  use,  etc.,  can  be  procured  from  the  makers  through 
dealers  in  medical  and  surgical  supplies. 

In  addition  to  steam,  sulphur  dioxide,  and  formalde- 
hyde there  are  two  other  disinfectants  which  as  germi- 
cidal agents  deserve  the  most  careful  consideration 
These  are  bichloride  of  mercury  and  carbolic  acid,  both 


Fig    1.597  D.— Showing  Air-tlglat  Chamber, 
Attached. 


of  which  are  well  known  and  in  common  use.  It  is  well 
to  bear  in  mind  that  many  fatal  results  have  followed  the 
careless  use  of  tliese  agents,  particularly  the  former.  A 
solution  of  bichloride  of  mercnry  is  colorless  and  odor- 
less and  may  be  mistaken  for  many  other  things.  For 
general  disinfection,  therefore,  a  twenty-five  per-cent. 
solution  of  tliis  agent,  colored  with  a  small  amount  of 
fuchsiu  fur  identification,  should  be  kept  in  stock,  with 
a  conspicuous  label  and  instructions  as  to  the  amount  to 
be  used  in  making  solutions  of  different  strength.  As 
the  odor  of  carbolic  acid  is  so  distinctly  characteristic, 
mistakes  are  not  so  liable  to  occur  as  with  bichloride  of 

mercury.  Carbolic 
acid  is  only  sparingly 
soluble  and  not  more 
than  a  flve-per  cent, 
solution  can  be  made. 
Therefore  it  is  ju.st  as 
well  to  make  fresh  so- 
lutions as  it  is  needed 
for  disinfection. 

As  a  resume,  I  may 
saj''  that  steam,  sulphur 
dioxide,  formaldehyde, 
bichloride  of  mercnry, 
and  carbolic  acid  are 
true  disinfectants  upon 
which  full  reliance  can 
be  placed.  In  this 
group  will  be  found 
agents  suitable  for  any 
form  of  disinfection. 
It  is  proper  to  add 
that  boiling  water  is 
sometimes  used  for  the 
disinfection  of  linen, 
bedding,  etc.,  when  no 
better  means  of  treat- 
ment is  available.  It 
must  be  borne  in  mind, 
however,  that  the  ma- 
terial to  be  treated 
must  be  subjected  to 
boiling  (not  warm)  wa- 
ter for  at  least  one 
hour,  in  order  to  insure 
germicidal  action. 

Chloride  of  lime  and 
quicklime  are  common- 
ly used  for  the  disin- 
fection of  privy  vaults, 
cesspools,  etc.,  and  are 
valuable  for  this  pur- 
pose. Salts  of  zinc 
and  copper  are  now  but  little  employed,  and  their  value 
as  disinfectants  is  somewhat  questionable,  wliile  their 
power  as  dedorants  is  much  inferior  to  that  of  bromine 

No  agent  is  more  uniformly  destructive  to  germ  life 
than  bichloride  of  mercury,  and  it  is  very  generally  used 
for  disinfection ;  it  also  constitutes  the  basis  of  many  pro- 
prietary preparations;  however,  the  statement  that  a  cer- 
tain solution  contains  corrosive  sublimate  justifies  no 
public  oflicial  in  using  it  as  a  disinfecting  agent,  princi- 
pally for  the  reason  that  he  does  not  know  from  his  own 
knowledge  the  amount  of  this  agent  in  the  mixture. 
Furthermore,  no  proprietary  article  recommended  as  a 
disinfectant  can  be  sold  as  cheaply  as  a  solutum  ot  bi- 
chloride of  mercury  can  be  prepared.  The  use  ot  a  pro- 
prietarv  mixture  by  a  public  health  official  means  that 
he  practically  ignores  the  principles  upon  which  modern 
disinfection  is  founded. 

I  have  referred  separately  to  the  above  agents  as  we 
must  be  familiar  with  them  in  order  scientifically  and 
intelligently  to  treat  material  presented  for  disintection 

The  means  by  wliieh  infection  is  transmitted  should 
next  be  considered.  Sanitarians  now  more  fully  and 
clearly  recognize  that  infectious  diseases  are  frequently 
propagated  by  unrecognized,  mild,  ambulant,  or  conva- 
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Icsceiit  cases,  and  that  these  are  responsible  for  many 
outl)reaks  which  are  iisnally  attributed  to  infected  cloth- 
in"-  etc  Upon  the  appearance  of  smallpox  or  other 
infectious  disease,  it  is  the  first  duty  of  a  pubhc  liealth 
official  to  ascertain  if  other  cases  of  the  same  character 
exist  in  the  community,  particularly  those  of  a  mild 
type  Success  in  this  direction  will  be  secured  only  by 
a  most  careful  and  thorough  inspection.  By  this  means 
centres  of  infection  are  identified,  and  disinfection  is 
performed  not  only  where  it  is  urgently  needed,  but 
where  it  will  be  followed  by  the  most  satisfactory  re- 
sults Than  what  I  have  just  stated,  nothing  more 
clearly  shows  the  transition  from  old  to  new  methods  in 
public  sanitation.  While  it  is  accepted  by  all  tliat  the 
clothing  and  effects  of  the  sick  constitute  a  medium  of 
infection,  considerable  doubt  now  exists  as  to  the  dan- 
ger from  clothing  actually  worn  by  Avell  persons,  wdio 
have  been  in  contact  with  cases  of  infectious  disease 
which,  until  recentlv,  has  been  generally  regarded  as  a 
frequent  source  of  infection.  AVithin  the  past  few  years, 
careful  investigation  and  practical  experience  have  de- 
monstrated that  this  is  a  medium  of  infection  only  in 
comparatively  rare  instances.  It  may  occur  when  there 
is  close  and  prolonged  contact,  particularly  in  the  case 
of  such  diseases  as  smallpox  and  scarlet  fever,  and  where 
the  person  exposed  goes  immediately  to  another  apart- 
ment. While  this  .should  receive  proper  consideration 
and  reasonable  efforts  should  be  made  to  prevent  the 
transmission  of  disease  in  this  ^ya.y,  it  should  be  borne 
in  mind  that  it  is  not  a  common  medium  of  infection. 
The  value  of  this  knowledge  which  has  come  to  us  slowly 
cannot  be  overestimated,  as  it  teaches  us  that  an  out- 
break of  an  infectious  disease  calls  for  a  most  rigid  in- 
spection to  discover  the  presence  of  mild  and  hitherto 
unrecognized  cases.  These  constitute  a  greater  menace 
to  the  public  health  than  well-marked  ones,  which  are 
more  ea.sily  identified  and  cared  for.  In  other  words,  we 
must  understand  that  infectious  diseases  are  usually  trans- 
mitted by  persons  rather  than  by  clothing  and  other  ma- 
terial, and  this  knowledge  justifies  us  in  removing  many 
restrictions  which  in  the  past  have  done  much  to  hamper 
both  the  public  and  commerce. 

Unreasonable  and  unscientifio  theories  regarding  the 
transmission  of  infection  are  unquestionably  encouraged 
by  worthless  disinfection,  which  is  more  apt  to  be  found 
in  small  communities  where  modern  sanitary  regulations 
are  not  enforced.  It  is  in  such  places  that  little  effort 
is  made  to  ascertain  the  location  of  mild  or  ambulant 
cases. 

If  we  are  familiar  with  the  principles  which  govern 
modern  disinfection,  but  few  specific  rules  are  necessary 
in  the  performance  of  the  important  work. 

The  promptness  with  which  a  house  or  apartment  can 
be  disinfected  depends  largely  upon  the  manner  in  which 
it  is  furnished.  Hangings,  and  numerous  articles  of  up- 
holstered furniture,  offer  a  very  decided  complication 
Therefore,  if  an  opportunity  is  given  to  prepare  a  room 
for  the  reception  of  a  person  suffering  from  infectious 
disease,  every  effort  should  be  made  to  remove  all  un- 
ncces.sary  furniture,  hangings,  carpets,  etc.  In  this  way 
the  amount  of  material  to  be  afterward  disinfected  is  re- 
duced to  the  minimum. 

During  the  progress  of  the  disease;  no  opporl unity 
should  be  lost  to  ventilate  thorouglily  the  sick-a])artment, 
as  in  no  other  way  can  the  effect  of  a  general  disinfection 
be  secured  prior  to  the  termination  of  the  case.  Not  only 
is  fresh  air  destructive  to  pathogenic  organisms,  but  it  i's 
of  inestimable  value  to  the  patient.  Neither  steam,  nor 
formaldehyde,  nor  sulphur  dioxide  can  be  effectively  em- 
ployed while  the  patient  is  confined  to  the  room,  as'tlieir 
use  in  sufficient  quantity  to  act  as  disinfectants  woul.l 
be  destructive  to  human  life.  This  knowledge  should  do 
a\yay  with  old  and  farcical  methods  of  spi'aying  the  room 
witfi  so-called  disinfecting  solutions,  placing  saucers  of 
carbolic  acid  under  the  bed  and  other  methods  of  a  like 
character,  wlucli  are  worse  than  useless,  inasmuch  as 
they  inspire  a  sense  of  .seeurity  which  is  not  real  There- 
tore,  durmg  the  existence  of  the  disease,  tbi;  use  of  germi- 
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cides  should  be  confined  to  the  disinfection  of  discharges, 
bed-linen,  dressings,  etc. 

At  the  termination  of  a  case  of  infectious  disease  the 
patient  should  be  thoroughly  washed  with  soap  and 
warm  water,  the  scalp  and  hair  included.  After  this  the 
body  may  be  sponged  with  a  1  to  3,000  solution  of  bi- 
chloride of  mercury,  particularly  if  desquamation  has 
occurred.  It  is  a  practice  also  to  place  the  patient  at 
this  time  in  a  1  to  5,000  bichloride  of  mercury  bath. 
However,  I  am  dispo.sed  to  believe  that  the  use  of  the 
sponge  is  equally  satisfactory  and  safe.  There  is  not  a 
unanimity  of  opinion  regarding  the  danger  from  the  skin 
at  this  period,  but  it  is  safe  to  assume  that  when  the 
acute  symptoms  have  entirely  subsided  and  convalescence 
is  well  along,  and  when  desquamation  is  fully  completed, 
there  is  but  little  if  any  danger,  and  the  use  of  soap  and 
water  and  bichloride  may  be  relied  upon  to  render  the 
patient  in  no  way  a  menace  to  the  public  health. 

During  the  course  of  the  illness  bed-linen,  dressings, 
etc.,  should  bo  placed  in  a  1  to  2,000  solution  of  bichlor- 
ide of  meicury,  oi'afive-per-cent.  solutionof  carbolic  acid 
for  at  least  two  hours,  whenever  soiled  or  when  a  fresh 
change  is  made,  and  under  no  circumstances  should  this 
material,  which  is  frequently  soaked  with  discharges  or 
in  other  ways  infected,  be  allowed  to  accumulate  for  the 
final  disinfection.  There  is  no  doubt  that  attention  to 
this  important  detail  very  materially  diminishes  the  dan- 
ger of  infection  in  the  sick-chamber. 

In  preparing  a  room  for  disinfection  attention  should 
flr.st  be  given  to  the  bedding,  mattress,  clothing,  and  other 
effects  of  the  patient.  These  should  be  covered  and  tied 
up  in  clean  sheets.  If,  unfortunately,  a  carpet  has  been 
left  on  the  floor,  it  should  be  rolled  up ;  by  this  means  it 
will  present  a  previously  unexposed  surface  which  is  the 
equivalent  of  a  fresh  covering.  These  articles  should  be 
at  once  removed  to  a  steam  disinfecting  plant. 

The  woodwork,  bedsteads,  etc..  contained  in  the  apart- 
ment should  be  washed  with  a  1  to  1,000  solution  of 
bichloride  of  mercury.  Afterward  all  windows  and  doors, 
— excepting  one  of  the  latter  to  be  used  for  entrance  and 
exit  during  the  preparation  for  disinfection  (which  is 
sub.sequently  sealed  in  the  same  way) — should  be  tightly 
closed  and  the  cracks  sealed  by  pasting  over  thin  narrow 
strips  of  paper  by  means  of  ordinary  flour  paste,  which 
can  afterward  be  easily  I'cmoved  with  water.  The  room 
.should  now  be  subjected  to  the  fumes  of  sulphur  dioxide, 
or  formaldehyde  gas,  and  not  opened  for  at  least  twelve 
hours.  Before  closing  the  room  it  is  well  to  know  the  situ- 
ation of  a  window  which  can  be  easily  opened  to  admit 
fresh  air,  as  upon  entering  the  apartment  for  the  first  time 
after  disinfection  there  may  be  sufficient  gas  present  to 
prove  irritating  to  the  respiratory  tract.  A  wet  sponge 
or  towel  applied  to  the  face  on  entering  the  room  will 
greatly  diminish  this  annoyance.  It  is  believed  by  some 
that  a  second  fumigation  should  be  performed,  but  if  all 
linen,  liedding,  and  discharges  have  been  promptly  dis- 
infected during  the  progress  of  the  disease  and  the  room 
has  been  well  aired,  (me  fumigation  properl}'  peiformed 
will  be  suflicient,  although  the  safety  of  this  work  de- 
pends largely  on  strict  attention  to  details,  suchasspread- 
ing  out  of  the  material  to  be  disinfected,  sealing  the 
room,  and  the  proper  use  of  disinfectants.  In  small 
towns  where  steam  disinfection  is  not  available,  mat- 
tresses, comforlables,  etc.,  should  be  burned,  if  there  is 
evidence  that  they  have  been  wet  with  discharges  or 
otherwise  soiled.  There  is  no  doubt  that  the  danger  from 
mattresses  used  by  persons  suffering  from  iu^fectious 
diseases  is  very  much  over-estimated,  particularly  where 
they  aie  covered  with  a  rubber  cloth  or  other  good  dress- 
ings, and  in  the  majority  of  cases  the  use  of  sulphur  or 
formaldehyde  will  destroy  whatever  infection  may  be 
present.  However,  such  care  is  not  always  taken,  and 
mattresses  are  frequently  soiled.  For  this"reas<m  an  un- 
written law  exi.sts  calling  for  their  destruction  by  fire, 
provided  they  cannot  be  treated  with  steam. 

The  good  results  derived  from  a  strict  attention  to  de- 
tails in  the  use  of  sulphur  dioxide,  as  well  as  formalde- 
hyde gas,  has  been  strikingly  shown  in  laboratory  expcri- 
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ments.  While  the  use  of  steam  is  almost  ahvays  under 
the  observation  of  tliose  skilletl  in  this  worli,  (lisinfcetion 
by  sulpluir  or  by  formaldeliydo  is  commonly  perfoi'med 
in  houses  or  apartments  by  members  of  the  family, 
and  not  under  tlie  observation  of  the  attending  pliy- 
sician.  In  these  cases  a  sulplmr  candle,  or  a  few  small 
pieces  of  sulphur  are  burned  without  the  sUghtest  linowl- 
edge  of  the  amount  of  cubic  air  space  present.  The 
sutphur  is  ignited  by  the  use  of  a  live  coal,  and  little 
or  no  attention  is  paid  to  the  sealing  of  windows  and 
doors.  Disinfection  should  always  be  under  the  direction 
of  the  attending  physician  or  a  sanitary  officer.  If  the 
use  of  sulphur  has  been  decided  upon,  after  ascertaining 
the  cubic  air  space  of  the  apartment,  four  pounds  of  suT- 
phur  should  be  supplied  for  each  one  thousand  cubic  feet 
of  space.  This  should  be  broken  in  small  pieces  and  spread 
out  in  the  receptacle.  If  the  room  is  unusually  large,  it 
is  better  to  have  a  number  of  receptacles,  as  in  this  way 
the  pieces  of  sulphur  are  not  too  closely  packed  together, 
and  the  gas  is  more  freely  generated  and  more  equally 
diffused.  The  use  of  the  live  coal  as  the  means  of  ignit- 
ing the  svilphur  should  be  discouraged,  as  when  de- 
pended upon  the  combustion  is  very  frequently  imperfect. 
The  sulphur  should  be  liberally  covered  with  alcohol  and 
ignited  by  dropping  a  lighted  match  into  the  receptacle, 
the  operator  being  as  far  away  as  possible.  In  this  way 
the  sulphur  is  almost  always  all  consumed. 

I  have  already  referred  to  the  importance  of  disinfect- 
ing sheets,  linen,  dressings,  etc.,  as  soon  as  they  are 
soiled  or  removed  from  the  bed.  Discharges  which  con- 
stitute a  most  potent  cause  of  infection  should  be  received 
in  receptacles  containing  a  disinfecting  solution,  bichlo- 
ride of  mercury  1 ;  1000,  or  a  five-per-cent.  solution  of 
carbolic.  Many  physicians,  nurses,  and  others  in  attend- 
ance on  the  sick  are  prevailed  upon,  principally  on  ac- 
count of  pleasant  odors  and  strong  recommendations,  to 
use  proprietary  solutions  for  this  purpose.  I  cannot  too 
strongly  condemn  this  practice,  and  desire  to  emphasize 
what  I  liave  already  said  in  regaid  to  this  part  of  the 
subject,  that  disinfecting  solutions  should  be  freshly  pre- 
pared and  their  composition  and  strength  known  to 
those  in  charge  of  the  jjatient.  It  should  be  remembered 
that  typhoid  lever,  diphtheria,  etc.,  are  often  transmitted 
by  the  hands  of  the  attendants.  Therefore  great  care 
should  be  taken  to  prevent  infection  by  this  means. 

While  the  value  of  carbolic  acid  as  a  disinfecting  agent 
is  indisputable,  I  believe  it  to  be  inferior  to  corrosive  sub- 
limate for  the  purpose  to  which  I  have  just  referred. 

It  is  a  common  belief  that  theatres,  churches,  school 
rooms,  etc.,  are  frequently  infected  and  require  disinfec- 
tion. This  is  erroneous.  The  presence  for  a  short  time 
of  a  person  alfected  with  smallpox  or  other  infectious  dis- 
ease in  a  church  or  theatre,  does  not  infect  the  building 
and  does  not  call  for  a  disinfection  beyond  the  treatment 
of  the  seat  occupied  by  him  and  of  the  objects  in  its  im- 
mediate vicinity.  Disinfection  of  a  large  structure,  such 
as  a  public  hall,  is  a  most  formidable  proceeding,  and  if 
properly  carried  out,  requires  an  almost  endless  amount 
of  work,  and  is  justified  only  under  the  most  extreme 
conditions  and  the  most  pi-olonged  exposure.  The  proper 
and  continuous  ventilation  of  these  buildings  combined 
with  cleanliness  offers  the  best  ]u-otection  against  infec- 
tious disease.  In  .schoolrooms  the  danger  is  not  so  much 
from  the  apartment  itself  as  from  contact  with  unrecog- 
nized cases.  In  these  places  children  are  frequently  found 
who  are  apparently  well,  but  in  reality  are  suffering  from 
diphtheria,  scarlet  fever,  etc.,  in  a  mild  form.  Tliis  is 
so  commonly  a  factor  in  the  transmission  of  disease  among 
school  children  that  the  New  York  City  Department  of 
Healthsome  time  ago  appointed  a  number  of  medical  in- 
spectors, known  as  the  "  Scliool  Corps,"  who  visit  the 
public  schools  daily  for  the  specific  purpose  of  detecting 
mild  or  ambulant  cases  of  infectious  disease.  The  reports 
presented  by  these  officers  fully  confirm  the  statement  I 
have  made  regarding  the  danger  from  the  latter  class  of 
cases.  There  are  times  when  the  disinfection  of  a  school- 
room may  be  called  for.  In  these  instances  the  woodwork 
should  be  scrubbed  with  soap  and  water,  or  washed  with 


a  1  to  1,000  solution  of  bichloride,  and  afterward  sub- 
jected to  sulplmr  dioxide  or  formaldehyde  disinfection 
followed  by  thorough  ventilation.  It  is  my  belief  that 
a  careful  scrubbing  of  th<^  woodwork,  desks,  chairs,  etc.. 
with  soap  and  water  prior  totlie  fumigation,  will  answer 
all  requirements.  We  know  I  hat  soap  has  strong  anti- 
septic properties,  and  I  a]u  quit(;  sure  that  the  future  will 
show  that  free  scrubbing  with  this  agent  combined  with 
thorough  fumigation  can  be  depended  upon  for  disinfec- 
tion not  only  in  .schoolrooms  but  elsewheie. 

In  ship  disinfection  the  general  principles  to  which 
I^have  already  referred  can  be  successfully  applied. 
Experience  has  shown  that  infectious  diseases,  when  pres- 
ent on  shipboard,  are  found  in  the  forecastle  and  steerage 
quarters,  and  raiely  in  tlie  cabin  or  salon.  Furthermore, 
modern  investigation  and  practical  experience  have  shown 
that  we  have  little  to  fear  from  a  ship's  cargo,  and  un- 
less there  is  reliable  evidence  that  danger  exists  in  this 
direction,  we  are  not  justified  in  attempting  to  disinfect 
the  merchandise  found  in  tlie  hold  of  a  ship.  Tlie  disin- 
fection of  a  vessel's  cargo  is  the  most  formidable  and 
difficult  task  that  a  quarantine  officer  is  called  upon  to 
perform,  and  if  properly  done  means  tlie  removal  of  al 
most  ever}'  article  of  the  cargo.  Furthermore,  it  must 
not  be  forgotten  that  conmierce  is  entitled  to  considera 
tion,  and  that  sensible  quarantine  regulations  cannot  in 
sure  complete  protection  against  infectious  diseases. 

It  is  in  marine  sanitation  that  the  danger  from  unrec 
ognized  mild,  ambulant,  and  convalescent  cases  of  infec 
tious  disease  is  fully  appreciated .  Sailors  as  a  rule  receive 
but  little  consideration,  so  far  as  their  health  is  concerned, 
and  are  not  released  from  work  on  account  of  trivial  com- 
plaints, and  it  frequently  occurs  that  they  are  aff'ected  with 
a  mild  tj'pe,  or  pass  through  the  initial  stage,  of  an  infec- 
tious disease  without  any  external  evidence  of  it  or  refer 
eneo  to  it  on  their  j)art.  Therefore  it  is  imperative  that 
this  class  of  people  shall  lie  sulijected  to  a  most  critical 
examination,  which  at  times  should  involve  the  use  of  the 
clinical  thermometer,  to  detect  an  elevation  of  tempera- 
ture. A  vessel  may  arrive  at  a  port  having  on  board  one 
or  more  imrecognized  or  mild  cases  of  an  infectious  dis- 
ease either  in  acute  or  convalescent  form.  These  persons 
apparently  in  good  health  ma}',  upon  entering  the  town, 
transmit  infection,  but,  as  they  are  not  recognized  as  a 
menace  to  the  public,  a  subsequent  outbreak  of  the  dis- 
ease is  very  apt  to  be  attributed  to  infection  transmitted 
by  the  ship's  cargo  or  the  clothing  of  those  on  board  or 
from  some  otlier  place. 

The  disinfection  of  ships  may  be  discussed  under  two 
heads:  First,  vessels  arriving  with  infectious  disease  on 
board;  second,  vessels  which  come  from  infected  ports 
but  with  all  on  board  well  both  at  the  time  of  embarka- 
tion, in  tran.sit,  and  on  arrival.  It  is  a  significant  fact 
that  the  number  of  ships  treated  under  the  second  class 
is  gradually  diminishing.  This  is  in  full  accord  with  the 
knowledge  we  now  possess,  which  goes  far  to  prove  that 
infection  is,  as  a  rule,  transmitted  by  persons,  and  that 
the  danger  of  infection  through  cargoes,  clothing,  mail, 
etc.,  is  com].iaratively  small.  Tlie  experiments  which 
have  been  recently  concluded  in  Havana  by  Dr.  Walter 
Reed  of  the  United  States  army,  and  which  have  furnished 
conclusive  evidence  that  yellow  fever  is  transmitted  by 
mosquitoes,  have  also  gone  far  to  demonstrate  that  the 
clothing  and  bedding  actually  used  by  persons  sick  with 
yellow  fever  do  not  transmit  infection.  However,  this 
cannot  be  accepted  as  proof  that  smallpox,  scarlet  fever, 
etc.,  are  not  transmitted  in  this  way. 

It  sometimes  happens  that  a  serious  outbreak  of  infec- 
tious disease  occurs  in  a  seaport  town  with  which  we  are 
in  direct  communication,  and  where  we  have  reason  to 
believe  the  inspection  of  departing  vessels  cannot  be  de- 
pended upon.  Under  these  conditions  we  may  be  justi- 
fied in  performing  some  disinfection  on  the  ships  arriving 
from  the  said  place,  even  when  no  infectious  disease  ex- 
ists on  board.  However,  I  believe  that  the  good  which 
comes  from  this  extra  precaution  may  lightly  be  attrib- 
uted to  the  possible  treatment  of  the  clothing  and  effects 
of  unrecognized  or  mild  eases  which  may  have  developed 
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in  transit  unknown  to  tlie  ship's  officer.  It  must  be 
borne  in  mind  tliut  the  master  of  a  vessel  is  not  a  physi- 
cian and  that  his  statement  regarding  the  cliaracter  of 
the  sickness  which  may  exi,st  on  board,  or  his  opinion  as 
to  the  health  of  the  crew,  should  be  accepted  only  as  cor- 
roborative evidence.  Furthermore,  the  certificate  of  the 
ship's  surgeon,  although  given  in  all  sincerity,  must  not 
be  taken  in  lieu  of  an  inspection.  It  has  occurred  in  my 
experience  that,  after  the  captain  and  surgeon  have  stated 
that  no  sickness  existed  on  board,  a  careful  inspection 
with  the  use  of  the  clinical  thermometer  has  detected  the 
presence  of  either  mild  cases,  or  cases  in  the  early  stages 
of  some  infectious  disease. 

The  treatment  and  disinfection  of  a  ship  having  one  or 
more  cases  of  infectious  disease  on  board  depends  largely 
on  the  manner  in  which  the  patient  has  been  cared  for  in 
transit,  the  character  of  the  disease,  etc.  In  a  general 
way,  it  may  be  said  that  the  patient  must  first  be  removed 
from  the  vessel,  and  those  who  have  been  exposed  should 
also  be  transferred  to  some  jilaee  where  necessary  disin- 
fection can  be  performed,  and  wliere  these  people  can  be 
divided  into  groups  and  separated  from  each  other,  par- 
ticularly while  indoors,  and  kept  under  careful  oliserva- 
tion  until  the  expiration  of  the  period  of  incubation. 
Modern  sanitation  does  not  sanction  the  retention  and 
treatment  of  either  the  patient  or  those  exposed  on 
board  the  vessel,  if  it  is  possible  to  remove  them  to  some 
other  place.  While  they  remain  on  board  proper  disin- 
fection cannot  be  performed.  After  the  removal  of  tlie 
persons  referred  to,  all  bedding,  hangings,  etc.,  should 
be  taken  from  the  section  of  the  ship  occupied  by  the 
patient  or  patients,  and  if  possilile  subjected  to  steam. 
If  this  is  not  available,  it  will  be  necessary  for  the 
sanitary  officer  in  charge  to  use  the  best  means  in  his 
power  to  destroy  whatever  infection  may  presumably 
exist.  If  the  disease  has  occurred  in  the  steerage  quar- 
ters which  are  u.sually  large  and  hold  mauj'  people, 
either  the  berth  occupied  by  the  patient  and  those  in  its 
immediate  vicinity,  or  the  entire  apartment,  may  be 
scrubbed  with  water  and  soap  or  washed  with  bichloiide, 
1  to  1,000.  To  what  extent  this  shall  be  done  depends 
upon  the  exposure,  etc.  However,  in  such  instances 
we  depend  principally  upon  proper  fumigation.  The 
treatment  of  a  forecastle,  which  is  usually  quite  small 
and  generally  overcrowded  and  filthy,  should  be  particu- 
larly searching,  as  it  frequently  occurs  that  sailors  suffer 
from  mild  attacks  of  infectious  disease  which  are  not  rec- 
ognized. Therefore  the  appearance  of  a  case  of  this 
character  among  tliem  should  be  followed  by  thorough 
disinfection  of  the  clothing  and  effects  of  all  who  oc- 
cupy these  quarters.  \Yhether  or  not  the  disinfection 
shall  extend  to  the  cabin  is  a  matter  which  depends  en- 
tirely on  the  amount  of  exposure  in  each  ease,  although 
in  ships  of  large  size,  where  strict  discipline  exists,  there 
is  but  little  eomraunieation  between  different  sections  of 
the  vessel.  If  smallpox  should  occur  in  the  steerage  or 
forecastle,  the  disinfection  of  the  cabin  or  saloon  would 
under  ordinary  circumstances  not  l)e  called  for.  If,  how- 
ever, cholera  should  appear  on  shipboard,  wc  are  justitied 
in  disinfecting  the  living  apartments,  clothing,  bedding, 
water-tanks,  etc.,  and  the  destruction  of  such  provisions 
as  may  possibly  have  been  contaminated,  as  in  this  di.sease 
there  are  many  avenues  by  which  its  specific  organism 
may  reaelithe  system,  whereas  smallpox  is  generally  con- 
tracted Ijy  actual  contact,  or  in  some  cases  by  infected 
clothing  or  bedding.  In  the  fumigation  of  a  ship  great 
care  should  be  observed  in  preparing  receptacles  feu-  the 
generation  of  sulphur  dioxide  in  order  to  prevent  danger 
trom  hre.  The  immense  size  of  the  steerage  quarters  in 
some  of  the  large  ships  would  seem  to  make  it  more 
practical  to  use  sulphur  dioxide  than  formaldehyde 

A  question  which  has  recently  been  presented'  for  seri- 
ous consideration  is  the  possible  transmission  of  buboni,' 

fpcwi",  ^'  "''!'  ^°'\°"«','-  ^e™™-  It  is  l"'lieve,l  that  in- 
tected    ats  steal  aboard  vessels  lying  at  do.'ks  in  ports 

he'd  sea^'  o  T'""''  ?'^^'T  and'subsequently  trai'ismit 
the  disease  to  those  on  board.  Dnring  the  prevalence  of 
bubonic  plague  at  Santos  and  Rio  de  Ja     -■""'"""'''•" 


aneiro  many  ves- 


sels from  these  ports  arrived  at  New  York  laden  with 
coffee.  On  one  of  these  vessels  three  cases  of  bubonic 
plague  occurred,  and  it  was  deemed  proper  at  that  time 
by  both  the  Federal  and  State  Quarantine  authorities  to 
have  the  cargoes  of  all  vessels  from  the  said  ports  un- 
loaded on  lighters  at  quarantine  in  order  to  prevent  the 
possible  escape  of  rats  to  the  mainland.  During  this 
period  of  four  or  five  months,  I  was  able  to  collect  con- 
siderable of  this  vermin,  which  were  all  examined  bacte- 
riologically,  but  in  no  instance  was  the  specific  organism 
of  bubonic  plague  found.  The  cases  of  bubonic  plague 
occuiTiug  on  shipboard  which  have  come  under  my  per- 
sonal observation  have  been  clearly  traced  to  infection 
occurring  prior  to  the  departure  of  the  vessel,  and  I  be- 
lieve that  thorough  investigation  will  prove  this  to  be  the 
case  in  almost  every  instance  when  cases  of  this  character 
are  found  on  incoming  vessel.  Too  little  attention,  how- 
ever, is  given  to  the  frequency  of  the  mild  or  unrecognized 
type  of  bubonic  plague,  and  I  feel  quite  certain  that  the 
danger  from  rat  infection  on  shipboard  is  exaggerated. 

VVc  have  yet  much  to  learn  regarding  disinfection,  but 
the  more  it  receives  careful  and  scientific  investigation, 
the  more  we  find  that  has  been  improperly  performed. 

Ah-iik  H.  Doty. 

DISLOCATIONS.— The  term  dislocation  or  luxation 
is  used  to  indicate  the  displacement  of  the  articular  sur- 
faces of  the  bones  composing  a  joint  from  their  normal 
position.  This  disjjlacement  may  be  complete  or  incom- 
plete. In  a  complete  dislocation  no  part  of  one  articular 
surface  remains  in  contact  with  an}'  part  of  the  other, 
and  in  an  incomplete  or  jjartial  dislocation  the  opposite 
surfaces  are  not  entirely  separated  from  each  other. 

Further  divisions,  commonly  made  use  of,  are  these: — 

1.  Traumatic  or  accidental — due  to  force  or  violence. 

2.  Pathological  or  spontaneous — the  result  of  morbid 
changes  in  the  bones  forming,  or  the  soft  piarts  surround- 
ing, a  joint.  Such  changes  are:  erosion,  necrosis,  soft- 
ening, etc.,  in  the  one  case,  or  paralysis  of  muscles  or 
relaxation  of  ligaments  in  the  other. 

'A.  Congenital — the  result  of  a  malformation  that  has 
taken  place  prior  to  birth.  It  ma}'  also  occur  during 
parturition,  and  will  then  not  be  strictly  congenital,  but 
traumatic  or  accidental ;  although  this  distinction  can 
clearly  be  made  out  only  b}'  close  observation  during  the 
development  of  the  condition. 

The  first  division  may  be  further  divided,  for  practical 
purposes,  into: 

(.1)  Recent  —  when  the  dislocation  has  taken  place 
within  a  few  daj'S  or  a  few  weeks,  a  sufficient  time  not 
having  elapsed  to  produce  material  changes,  such  as  re- 
sult from  inflammatory,  exudative,  or  other  processes, 
and  which  are  likely  seriously  to  impede  reduction.  Re- 
cent dislocations,  it  is  clear,  are  usuallj'  reducible. 

(B)  Ancient  or  old — when  several  weeks  or  months 
have  elapsed  since  the  occurrence  of  the  dislocation.  The 
time  which  must  elapse  before  a  dislocation  becomes  old 
varies  for  different  localities  of  the  bod.y  and  under  dif- 
ferent circumstances,  but  in  any  ease  it  must  be  sufficient 
for  such  changes  to  have  taken  place  as  are  likely  seri- 
ously to  interfere  with  the  return  of  the  bone  to  its  proper 
position,  or  to  render  dangerous  (to  life  or  limb)  any 
efforts  that  may  be  made  to  "effect  a  rcdiicti<in,  or,  finally, 
to  render  such  reduction  or  restoration  impossible — an 
irreducible  dislocation. 

A  dislocation  is  regarded  as  (n)  simple,  when  the  sepa- 
ration of  the  bones  is  attended  by  only  a  limited  or  rea- 
sonable degree  of  injury  to  the  soft  parts,  the  skin  retain- 
ing its  conrinuity ;  as  (A)  compoinid.  when  the  head  of  the 
bone,  or  a  fragment  thereof,  has  been  forced  through 
the  soft  parts  and  skin,  or  when  in  some  other  way  an 
external  wound  communicates  with  the  joint ;  as  (c) 
nmiplirnted.  when  there  is  an  extra  complication,  which 
may  attend  either  a  simjile  or  a  compound  dislocation. 
A  fracture  of  one  or  more  of  the  bones  entering  a  joint; 
laceration  of  important  blood-vessels,  nerves, "muscles, 
integument,  etc.,  although  the  wound  may  possibly  not 
communicate  with  the  joint;  an  extensive 'or  serious  vis- 
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ceral  or  organic  lesion  elsewliere  in  the  body— all  these 
are  examples  of  such  a  complication. 

Dislocations  may  be  single,  involving  one  joint;  mul- 
tiple, involving  two  or  more  joints;  unilateral  or  bilat- 
eral; and  entire,  as  when  both  extremities  of  a  single 
bone,  as  the  clavicle,  or  all  the  articular  surfaces  of  one 
or  more  bones  of  the  carpus  or  tarsus,  aie  displaced. 
A  bone  may  be  at  first  lodged  in  one  position— a  primary 
or  primitive  dislocation;  or  by  accident,  or  through  the 
efforts  made  to  effect  a  reduction,  it  may  Ijc  removed  to 
another  position,  when  it  is  said  to  be  a  secondary  or  con- 
secutive dislocation.  H  after  a  dislocation  is  reduced  it 
slips  back  into  the  abnormal  position  formerly  occupied 
by  it,  the  term  recurring  is  used.  In  regular  dislocations 
certain  tissues  of  special  joints  are  involved;  but  when 
other  than  these  are  involved,  either  exclusively  or  in 
addition  to  those  ordinarily  affected,  the  dislocations  are 
known  as  irregular. 

Special  dislocations  are  sometimes  designated  by  the 
name  of  the  joint  involved,  as  dislocations  of  the  shoul- 
der, hip,  elbow,  etc.  ;  more  properly,  however,  the  prox- 
imal end  or  ends  of  the  di.stal  bone  or  bones  involved 
give  the  designation;  and  yet,  in  the  case  of  the  clavicle, 
it  is  not  unusual  to  speak  of  a  dislocation  of  the  sternal 
or  of  the  acromial  extremity,  and  not  of  a  dislocation  of 
the  clavicle  alone  in  the  one  instance,  and  of  the  scapula 
in  the  other. 

Etiology. — In  our  discussion  of  the  predisposing 
causes  of  dislocations,  we  must  consider,  first,  the  forms 
of  the  various  joints.  Thus,  for  example,  the  shallow 
glenoid  cavity — if  such  it  can  be  called,  at  the  shoulder- 
joint — is  quite  different  from  the  deep  cup-shaped  ace- 
tabulum, although  both  are  known  as  ball-and-socket 
joints.  Under  normal  conditions,  the  ligaments  which 
enter  into  the  formation  of  the  shoulder-joint — viz.,  the 
capsular,  the  coraco-humeral,  and  the  glenoid — are  con- 
spicuously weaker  than  those  which  form  a  part  of  the 
hip-joint — viz.,  the  capsular,  ilio-femoral,  cotyloid,  and 
transverse  ligaments,  and  the  ligamentum  teres;  and  con- 
sequently luxation  can  much  more  readily  occur  in  the 
former  than  in  the  latter.  Ball-and-socket  joints,  from 
their  greater  range  of  mobility,  are,  as  a  nde.  more  liable 
to  luxation  than  ginglymoid  or  hinge  joints.  In  the 
next  place  we  must  consider  how  the  different  compo- 
nent parts  of  a  joint  are  altered  under  almornial  condi- 
tions. Thus,  for  example,  by  overstretching  of  the 
ligaments  in  early  life  undue  relaxation  of  the  latter  majr 
be  produced.  Such  overstretching  may  be  brought  about 
h}' the  abuse  of  the  natural  functions  of  the  joint,  as  well 
as  by  the  normal  growth  of  the  bones  themselves.  Re- 
laxation of  the  ligaments  may  be  congenital  or  it  may  be 
the  result  of  disease,  which  may  also  produce  softening 
of  the  capsule  as  well  as  of  the  bones.  Excessive  action 
of  antagonizing  muscles,  and  defective  contractility,  from 
paralysis  or  impaired  nerve  function,  are  not  only  to  be 
classed  as  predisposing  factors,  but  may  be  the  direct 
cause.  Age  is  unquestionably  a  predisposing  factor,  and 
sex  has  its  influence.  Habit,  occupation,  etc.,  also  have 
bearings  upon  the  question  of  predisposition.  I  quote 
the  following  from  the  article  of  Dr.  E.  M.  Moore,  in 
Vol.  II.  (p.  485)  of  the  former  edition  of  this  H.^ndbook: 
"The  following  statistics  of  dislocations  (Avi.  Jinir.  Med. 
Sciences,  October,  1842)  are  so  complete  that  we  make  no 
apology  for  inserting  them  here : 

"  From  an  examination  of  the  register  of  the  Hotel-Dieu 
of  Paris,  M.  Malgaigne  found  that,  during  a  period  of 
sixteen  years,  530  dislocations  were  admitted  into  that  in- 
stitution, of  which  there  were : 

Below  .5  years  old 1  ease. 

Between   5  and  10  years    4  cases. 


10 

'    15 

1.5 

•    Ml 

•M 

'    Si5 

Hh 

•  ;io 

HO 

'  ;« 

H5 

'    40 

40 

'    45 

4.5 

'    .5(1 

(id 

'    ,55 

55 

'    60 

8 
29 
;33 
40 
48 
38 
45 


Between  60  and  65  years  . 


65 

'   711 

70 

75 

'    80 

m 

'    90 

At  9(1  years.. . 

51  cases 
4:3  " 
19  ■' 
115  " 
4  " 
1  case. 


Of  these  530  eases,  395  occurred  in  males  and  185  in 
females.  Of  497  cases  in  which  the  seat  of  injury  was 
particularized,  there  were,  of  the  humerus,  831 ;  clavicle 
33;  elt)ow,  26;  radius,  4;  wrist,  18;  thumb,  17;  lingers' 
7;  femur,  34;  knee,  6;  patella,  2;  f(jot,  30;  jaw  7- 
spine.  7.  .       •      < 

"The  frequency  of  luxations  of  the  .slioulder  in  elderly 
persons  is  well  shown  by  the  fact  that  of  164 dislocations 
observed  in  patients  above  the  age  of  sixty,  when  tlie 
seat  of  injury  was  mentioned,  131  occurred  in  this  part. 

"The  dislocations  of  the  clavicle  were  principally  eon- 
fined  to  adult  life;  tho.se  of  the  el))0w,  on  the  contrary, 
were  mostly  in  young  persons ;  one-third  of  all  cases  ob- 
served being  in  subjects  between  ten  and  twenty;  beyond 
fifty-four  no  example  of  it  was  met  with.  Of  tlie  84 
dislocations  of  the  femur,  26  were  in  males  and  8  in 
females. " 

Finally,  the  position  of  the  joint  at  the  time  of  dislo- 
cation is  to  be  considered.  From  their  position  and  use 
some  joints,  although  stronger,  are  more  liable  to  dislo- 
cation than  others.  Thus,  for  example,  the  ginglymoid 
jdint  of  the  elbow  is  more  often  dislocated  than  that  of 
the  hip. 

■  Of  the  direct  causes,  we  consider  of  first  importance 
violence  or  force,  whether  external  or  internal.  In  most 
cases  the  dislocation  results  from  a  combination  of  forces, 
being  ]jartly  the  result  of  a  blow  and  partly  that  of  mus- 
cular action  ;  yet  either  will  sutHce  in  some  cases.  Prof. 
Frank  H.  Hamilton*  says- 

"The  action  of  certain  ligaments  m  determining  the 
direction  of  some  dislocations,  is  also  a  direct  cause,  but 
only  subsidiaiy  to  the  other  causes  named. 

"External  violence  operates  either  directly  or  indi- 
rectly. "When  a  person  falls  upon  the  knee  and  dislo- 
cates the  head  of  the  femur,  the  force  is  said  to  have 
acted  indirectly,  and  this  is  by  far  the  most  frequent 
mode  of  dislocation  ;  hut  when  the  blow  is  received  upon 
the  upper  end  of  the  humerus,  and  the  head  is  sent  into 
the  axilla,  it  is  said  to  have  been  dislocated  by  direct  vio- 
lence. 

"  Muscular  action  produces  dislocation  slowly,  as  in 
severe  cases  of  chronic  rheumatism,  and  then  it  is  termed 
a  spontaneous  or  pathological  dislocation;  or  suddenly', 
as  in  the  violent  spasmodic  contractions  which  accom- 
pany convulsions;  or  .sometimes  by  the  mere  voluntary 
effort  of  the  muscles ;  and  both  of  these  latter  are  true 
acciilental  dislocations. 

" It  is  very  probable  that  external  foice  can  seldom  be 
regarded  as  the  .sole  cause  of  a  dislocation,  but  that,  in  a 
large  majority  of  cases,  muscular  action  consenting  with 
shock,  performs  an  important  role  in  the  history  of  the 
accident.  The  limb,  being  driven  obliquely  across  its 
socket  by  the  external  violence,  is  seized  by  the  excited 
and  stretched  muscles  with  such  vigor  as  to  contribute 
not  a  little  to  the  unfortunate  result.  Thus  it  will  be 
found  that  the  same  force  which  is  adequate  to  the  pro- 
duction of  a  dislocation  in  the  hving  subject  is  wholly 
insufficient  to  accomplish  the  same  in  the  dead ;  and  a 
man  wdio  is  fully  intoxicated  seldom  suffers  from  a  dislo- 
cation." 

General  Symptoms  and  Diagnosis.— The  most  prom- 
inent symptoms  are  pain  and  deformity;  loss  of  normal 
function,  as  shown  by  impaired  mobiUty,  though  in  some 
instances  we  may  have  increased  mobility ;  change  in  the 
length  and  direction  of  the  limb;  change  in  the  natural 
axis  of  the  limb  with  its  socket ;  the  fact  that  when  the 
dislocation  is  reduced,  tlie  parts,  if  undisturbed,  remain, 
as  a  rule,  in  position  ;  and  possibly  crepitus.  In  some  of 
the  joints  the  peculiar  appearance  of  the  one  injvu-ed 
suffices  to  indicate  the  lesion,  yet  the  swelling  from  in- 


*  "  Practical  Treatise  on  Fractures  and  Dislocations,"  7tli  American 
edition,  1884;  H.  C.  Lea's  Son  &  Co.,  Philadelphia. 
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jury  to  the  tissues,  which  soon  arises,  may  alter  not  only 
these  appearances  but  also  the  conditions  ascertained  by 
palpation.  Immobility  or  other  impairment  of  function, 
and  pain  on  motion,  may  be  marked  features  of  certain 
fractures,  yet  when  the  patient  is  under  the  influence  of 
auKSthesia,  we  shall  often  be  able  to  discover  certain 
peculiar  differences  between  tliese  cases.  These  differ- 
ences will  be  noted  when  we  come  to  consider  the  special 
dislocations.  While  there  is  usually  lengthening  of  the 
limb,  especially  in  downward  dislocations  of  the  slioulder 
and  hip,  yet  iii  other  instances  to  be  mentioned  there  may 
be  marked  shortening:  and  as  to  the  changes  in  direc- 
tion, as  well  as  to  the  retention  of  the  parts  in  position 
after  they  have  once  been  reduced,  tliese  matters  require 
only  to  "be  mentioned  at  the  present  moment.  True 
crepitus  cannot  be  elicited  in  a  simple  recent  dislocation; 
but  what  is  known  as  moist  crepitus,  similar  to  the  phe- 
nomenon produced  by  fiiction  of  a  cartilaginous  surface 
on  bone,  or  to  that  produced  in  a  case  of  inflamed  bursaj 
and  tendons,  may  often  be  observed.  In  dislocations  of 
some  days'  or  weeks'  standing,  inflammatory  exudations 
may  so  roughen  opposed  surfaces  as  to  produce  a  sensa- 
tion not  imlike  that  of  crepitus;  yet  it  ought  to  be  pos- 
sible under  careful  examination,  and  especially  if  the 
patient  is  put  under  the  influence  of  an  anaesthetic,  to 
distingufsh  this  sensation  from  tlie  sharp,  grating  sound 
which  is  pathognomonic  of  a  fracture.  We  nuist  remem- 
ber, however,  that  some  fractures  are  not  accompanied 
by  crepitus,  and  these  are  mostly  found  in  the  vicinity 
of  a  joint;  that  epiphy.seal  fractures  are  attended  by  a' 
more  muffled  or  indistinct  crepitus  than  others ;  and  tliat 
occasionally  the  dislocation  may  be  accompanied  by  a  frac- 
ture of  the  head  of  the  bone  or  in  its  immediate  vicinity. 
It  is  under  conditions  like  these  that  the  revelations  of 
the  Roentgen  or  .i-ray  apparatus  are  of  especial  value.  I 
desire  to  state,  however,  that  in  my  experience — altliough 
in  .some  dislocations,  especially  those  which  have  existed 
for  some  length  of  time,  I  have  derived  great  satisfaction 
from  the  use  of  the  a;-ray — it  has  signally  disappointed 
me  in  those  oeeuriing  at  the  hip.  In  the  case  of  the 
more  superficial  joints,  such  as  the  elbow  and  wrist,  or 
even  in  those  in  which  tliere  is  a  smaller  amount  of  bony 
structure  (the  shoulder,  for  example),  it  has  been  of  the 
greatest  service.  While  in  some  cases  we  may  liave  one 
or  more  symptoms  tliat  are  really  pathogno'monic,  we 
often  encounter  eases  in  wliicli  it  is  a  very  difficult  mat- 
ter to  make  a  correct  diagnosis.  However,  if  the  surgeon 
possesses  a  thorough  knowledge  of  the  structures  which 
enter  into  the  formation  of  the  various  joints,  if  lie  knows 
what  was  the  condition  of  the  limb  prior  to  the  injury, 
and  if  he  makes  a  careful  collation  of  the  facts  rela't- 
ing  to  the  manner  in  which  the  injury  was  produced, 
he  .should  be  able,  in  recent  cases,  to  decide  upon  the 
measures  that  are  best  adapted  to  afford  tlie  needed 
relief. 

General  Pathological  Considerations.— The  first 
results  of  au  accidental  or  traumatic  dislocation  are  the 
rupture  and  tearing  of  the  capsular  and  other  ligamen- 
tous structures;  contusion  or  laceration  of  muscles,  ten- 
dons, and  other  adjacent  tissues;  and  injury  to  blood- 
vessels and  nerves.  If  an  early  reduction  is  effected,  and 
if  the  joint  is  allowed  to  rest  for  from  ten  to  twenty  days, 
or  even  longer  in  .some  cases,  the  recuperative  powers"  of 
nature  will  usually  prove  sufficient  for  the  repair  or  res- 
toration of  all  tlie.se  pathological  lesions.  Under  certain 
circumstances,  however,  a  wounded  blood-vessel  may 
demand  immediate  ligation,  or  a  torn  nerve  or  ligamciit 
require  suturing,  either  at  once  or  at  some  later  iierin,! 
the  laceration  of  ligaments  and  other  soft  parts  tierothcr 
witli  the  rupture  of  even  iinim])ortant  l)lood- vessels  will 
cause  more  or  less  immaliale  elfusif.ii  of  blood,  and  sub- 
sequently of  serum.  This  alone,  independently  of  the 
pressure  of  the  mis|,luced  bone  and  overstretched  \W-a- 
mcnts  and  tendons  that  are  not  torn,  will,  through  pix^ss- 
ure  on  sen.sitivc  nerves,  occasion  pain,  of  varying  sever- 
mnvbliZ"  ■  '?•  V^o  .contractility  of  certain  muscles 
may  become  impaired,  either  immediately  after  the  aeci 
dent  or  at  some  later  date,  through  the  ' 


injury  inflicted 


upon  the  motor  nerves  in  the  vicinity  of  the  luxation. 
As  time  goes  on,  if  the  dislocation  is  not  reduced,  other 
changes  of  a  far  more  serious  character  will  occur.  The 
inflammatory  exudation  may  become  organized,  and  in 
this  way  the  laceration  in  the  torn  capsule  may  possibly 
be  closed.  At  the  same  time  natural  bony  cavities,  such 
as  that  of  a  ball-and-socket  joint,  are  likely  to  become 
filled,  to  a  greater  or  less  extent,  with  exudative  material. 
Torn  ligaments  and  tissues  become  reunited  in  abnormal 
positions.  Some  muscles  kept  in  too  high  a  state  of 
tension,  and  others  from  want  of  use,  undergo  atrophy 
and  become  impaired  in  their  contractility.  Some  blood- 
vessels and  nerves  are  unduly  stretched,  while  others  be- 
come contracted  in  their  length — a  matter  of  serious 
moment  in  the  aged.  Gradually  changes  in  the  bones 
occur,  and  the  dislocation  passes  from  the  condition  of  a 
recent  lesi(m  to  that  of  one  which  occurred  a  long  time 
previously — in  brief,  to  that  of  a  permanent  or  irreduci- 
ble dislocation.  As  to  these  later  changes,  I  cannot  do 
better  than  to  give  here  the  following  quotation  from 
Professor  Hamilton,*  which  I  regard  as  graphic  and  in- 
structive: 

"If  the  dislocation  remains  unreduced,  the  margins  of 
the  old  socket,  in  the  case  of  enarthrodial  articulations, 
become  gradually  depressed,  while  the  concavity  of  the 
socket  is  tilling  in  with  a  fibrous  or  bony  tis.sue,  until  at 
lengtli  the  whole  of  this  portion  of  the  joint  apparatus  is 
nearly  or  entirely  obliterated.  This  process  is  generally 
very  slow,  and  may  not  be  consummated  until  after  the 
lapse  of  many  years. 

"At  the  same  time,  but  with  much  greater  rapidity, 
the  head  of  the  bone  in  its  new  position,  and  the  soft  or 
hard  parts  on  which  it  rests,  are  undergoing  certain 
changes  to  adapt  them  to  their  new  relations,  and  calcu- 
lated in  some  measure  to  restore  the  limb  to  its  normal 
functions.  If  the  head  of  the  bone  rests  upon  muscle, 
the  cellular  and  fibrous  tissues  which  enter  into  the  com- 
position of  the  mu,scle  become  condensed  and  thickened, 
forming  a  shallow  or  elongated  cup,  whose  margins  are 
attached  to  the  neck  or  sliaft  of  the  bone,  and  whose 
walls  are  lubricated  with  synovia.  If  it  rests  upon  bone, 
by  a  process  of  interstitial  absorption  a  true  socket  is 
formed,  sometimes  deep,  and  sometimes  shallow,  whose 
edges,  receiving  additional  ossific  depositions,  become 
lifted  so  as  to  form  a  rim.  At  the  same  time  the  head  of 
the  bone  is  undergoing  corresponding  changes,  to  adapt 
itself  to  the  newl}'  formed  socket:  it  is  flattened  or 
otlierwise  changed  in  form,  and  in  the  progress  of  this 
cliange  its  natural  secreting  and  cartilaginous  surfaces 
are  gradually  removed,  a  ]ioreelaineous  deposit  taking  its 
place.  The  same  kind  of  hard,  polished,  ivory-like  de- 
jiosit  is  found  also  in  those  portions  of  the  new  socket 
which  have  been  especially  ex]iosed  to  pressure  and  fric- 
tion. Instead  of  the  eburnation,  an  imperfect  fibro-serous 
surface  or  synovial  capsule  may  be  formed." 

"I  liave  in  my  cabinet,"  he  says,  "an  example  of  an- 
cient luxation  of  the  hip-joint  in  which  the  head  of  the 
fenuir,  liaving  rested  upon  the  dor.?um  ilii,  has  formed  a 
nearly  flat  but  smooth  surface — a  kind  of  elevated  pla- 
teau; in  other  cases  I  have  seen  the  margins  of  the  new 
socket  so  elevated  as  to  rest  against  tlie  neck  of  the 
femur,  and  completely  lock  it  in. 

"Coincident  with  these  changes,  and  in  consequence 
partly  of  the  disuse  of  the  limb,  the  muscles,  and  even 
the  bones  sometimes,  suffer  a  gradual  atrophy.  In  some 
measure  these  alterations  maybe  due  also  to  the  pressure 
of  the  dislocated  bone  upon  arterial  and  nervous  trunks, 
by  which  their  funetidiis  become  parliallv  or  completely 
annihilated,  and  their  structure  may  be"wdiolly  obliter- , 
atcd.  In  consequence  also  of  the  'inflammation  which' 
immediately  results,  we  ought  not  to  omit  to  notice  that 
the  trunk  of  a  large  artery  sometimes  becomes  firmly  ad- 
herent to  the  capsule  or  periosteum  of  a  displaced  bone, 
and  its  reiluction  is  attended  with  imminent  danger  of 
laceration  and  of  a  fatal  hemorrhage.  Numerous  in- 
stances of  this  grave  accident,  especially  in  attempts  to 
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reduce  old  dislocations  of  the  slioiikler-joint,  arc  upon 
record." 

This  quotation  from  a  master  in  this  special  lino  of 
work  is  so  in  consonance  with  my  own  views  and  ol)ser- 
vations,  and  has  such  an  important  bearing  on  the  proi'- 
nosis  and  treatment  of  luxations,  that  1  feel  no  hesitation 
in  reproducing  it  in  this  place. 

In  those  cases  in  which  a  dislocation  of  a  ginnlymoid 
or  hinge  joint  is  not  early  reduced,  the  bones  may  accom- 
modate themselves  more  or  less  satisfactorily  to  the 
changed  relations,  and  motion  more  or  less  practical  may 
be  regained,  but  the  comparative  restoration  of  fimetion 
is  never,  or  at  least  very  rarely,  so  satisfactory  as  that  of 
the  ball-and-socket  joint. 

The  degree  of  disturbance  is  not  so  marked  in  sponta- 
neous or  pathological  dislocations  as  it  is  in  those  of  the 
traumatic  variety  ;  the  capsule  and  other  ligaments  may 
be  stretched  only,  and  not  torn;  the  lesions  ol'  otlier  struc- 
tures are  not  necessaiily  present;  and  if  the  material 
changes  above-mentioned  do  result,  they  are  later  in  de- 
veloping. In  compound  dislocations,  all  those  additional 
lesions  which  may  characterize  a  compound  fracture — the 
result  of  s\ippuration  or  otlicr  action  caused  by  contam- 
ination from  without — are,  as  a  rule,  intensified.  If  com- 
plications exist,  their  nature,  and  the  possibility  that  they 
may  produce  features  of  greater  importance  tlian  the  dis- 
location itself,  or  perhaps  even  a  fatal  termination,  must 
be  carefully  and  thoroughly  considered. 

Gekekai,  Proc^nosis. — As  in  dislocations  so  nmch  de- 
pends on  the  chai-acter  of  the  particular  joint  involved, 
this  subject  will  to  a  great  extent  be  left'for  subsequent 
consideration.  I  may  state,  however,  that  in  recent  dis- 
locations restoration  of  function,  more  or  less  complete, 
maybe  confidently  expected  when  the  reduction  has  been 
successfully  effected,  and  when  the  proper  after-treat- 
ment has  been  carried  out;  yet  it  is  but  proper  to  state 
that  very  few  joints,  after  they  have  once  been  com- 
pletely displaced,  are  ever  perfectly  restored.  They  are 
not  onl}'  more  prone  to  undergo  sub.sequent  dislocation 
when  subjected  to  a  smaller  degree  of  force,  but  they  are 
apt,  for  a  period  of  many  years  or  even  during  the  life 
of  the  individual,  to  manifest  other  sequelae  of  the  origi- 
nal accident — such,  for  example,  as  a  partial  defect  of 
mobility,  diminished  size  and  power  of  the  muscles,  and 
more  or  less  pain.  This  latter  symptom  may  be  persist- 
ent in  character  or  it  may  recur  from  time  to  time,  these 
characteristics  depending  to  some  extent  on  the  joint 
injured,  on  the  nature  of  the  injur}',  on  the  length  of 
time  which  has  elapsed  between  the  receipt  of  the  injury 
and  the  reduction  of  the  dislocation,  on  the  means  em- 
ployed in  effecting  the  latter,  on  the  subsequent  condi- 
tion of  the  patient,  and  on  various  other  conditions  pecul- 
iar to  the  joint  involved.  As  a  rule,  we  can  never 
promise  as  satisfactory  a  result  as  we  can  in  a  case  of 
fracture  of  like  character. 

The  possibility  of  malpractice  suits  must  not  be  lost 
sight  of.  Dislocations  are  almost  as  fruitful  a  source  of 
such  annoj'ance  as  fractures ;  possibly  they  ai'c  even  more 
so.  We  have  the  usual  history  of  a  dislocation  with 
swelling  either  before  or  after  reduction.  The  patient  is 
possibly  informed  that  an  early  recovery  may  be  looked 
for,  with  perfect  usefulness  of  the  limb.  After  the  pain 
and  swelling  subside,  there  is  much  surprise,  on  the  part 
of  the  patient,  at  his  increasing  inability  to  use  the  limb 
— e.g.,  the  hand  and  forearm  in  shoulder  luxations,  and 
the  foot  and  leg  in  those  of  the  hip, — and  soon  well- 
marked  symptoms  of  muscular  atrophy  may  develop. 
Accompanying  the  injury  there  has  perhaps  been  a  con- 
tusion of  one  or  more  nerves  or  plexuses,  and  in  conse- 
quence of  this  a  peripheral  neuritis  develops,  the  synip- 
toms  of  which  are  obscured  by  those  necessarily  attending 
the  dislocation  itself.  The  prognosis  which  was  given 
by  the  surgeon  is  not  fulfilled,  and  the  early  recovery 
promised  does  not  take  place.  As  a  result,  the  patient, 
naturally  disappointed  after  months  of  invalidism,  and 
possibly  in  more  or  less  suffering,  eventually  becomes 
convinced  by  some  means  or  other  that  he  is  permanently 
disabled.     The  idea  takes  possession  of  him  that  a  sur- 


geon who  has  been  so  incorrect  in  liis  prognosis  must 
have  been  dehcient  in  the  matter  of  treatment  and  a  suit 
lor  malpractice  is  regularly  instituted. 

The  possibility  of  nerve  injury  should  never  be  lost 
sight  of  in  any  important  dtslocafion.  In  some  ca.ses  it 
maybe  accompanied  by  a  paralysis  which  manifests  itself 
nnmediately  after  the  inception  of  the  injuiy.  In  other 
cases  the  paralysis  does  not  develop  until'  later.  At  fir,st 
there  may  be  only  a  slight  numbness  or  tingling,  the 
paralysis  due  to  the  neuiitis  coming  on  .several  days,  or 
one  or  two  weeks,  or  even  a  longer  period,  after  the  bone 
has  been  replaced.  Before  giving  a  definite  prognosis 
the  nerve  supply  should  be  carefully  studied— if  neces- 
sary, for  a  period  of  several  days,  or  even  for  a  week  or 
more.  During  this  time  botii  sensation  and  motion 
should  be  carefully  tested,  and  some  form  of  electric 
stimulus  sliould  be  employed  if  the  least  doubt  or  uncer- 
tainty remains. 

Drs.  Keen  and  White*  say  that:  "In  uncomplicated 
cases  reduction  is  habitually  followed  by  repair  of  the 
torn  capsule  and  ligaments,  but  complete  restitution  to 
the  normal  condition  may  be  prevented  by  faulty  repair 
of  .some  of  the  lesions,  by  peri-articular  thickening,  by 
subperiosteal  formation  of  bone;  in  the  young,  or  liy  more 
or  less  thickening  of  the  joint.  Thu.s,  at  the  shoulder, 
the  ruptured  tentlou  of  the  supraspinatus  and  the  upper 
part  of  tlie  capsule  may  fail  to  reunite,  and  the  patient 
be  thereby  exposed  to  frequent  recurrence  of  the  disloca- 
tion. ...  At  the  elbow,  the  stripping  up  of  the  perios- 
teum from  the  posterior  aspect  of  the  external  condyle 
may  lead  to  such  thickening  of  the  bone  as  will  limit  ex- 
ten.sion. "  These,  with  other  features  of  special  prognostic 
importance,  will  receive  due  attention  further  along  in 
this  article. 

Genekal  Tre.\tment. — It  is  now  the  accepted  rule 
that  recent  dislocations  should  be  reduced,  or  the  parts 
restored  to  their  normal  position,  at  the  earliest  possible 
moment.  Ea,se  of  reduction  and  diminution  of  patho- 
logical factors  demand  this.  However,  contingencies 
may  arise,  such  as  great  inflammatory  reaction  and  swell- 
ing, extreme  .shock,  etc.,  that  may  justify  a  delay  for  a 
few  hours  or  days.  Shock,  if  not  too  profound,  may  aid 
in  the  immediate  reduction  by  causing  relaxation  of  op- 
posing tis.suesand  freedom  from  pain;  yet  extreme  shock 
demands  consideration  just  as  much  as  do  the  associated 
injuries. 

At  the  present  day,  manipulations  made  by  the  sur- 
geon, either  alone  or  aided  by  assistants,  usually  suffice 
tor  the  reduction  of  a  recent  dislocation.  These  manipu- 
lations consist  in  a  succession  of  gentle  but  firm  move- 
ments communicated  to  the  limb,  by  means  of  which 
the  head  of  the  bone  is  enabled,  with  the  aid  of  the  untorn 
ligaments,  to  re-enter  the  torn  capsule  and  be  rolled  or 
slipped  back  into  its  position.  In  the  carrying  out  of  this 
procedure  the  tension  of  oppo.sing  muscles  is  relaxed  and 
the  contraction  of  others  is  increased.  In  rare  instances 
it  will  be  found  necessary  to  resort  to  mechanical  appli- 
ances and  to  employ  an  an«sthetic,  the  necessity  for  their 
use  becoming  more  urgent,  or  possibly  even  imperative, 
the  longer  the  dislocation  remains  unreduced.  Manipu- 
lation is  regarded  by  some  as  only  applicable  to  typical 
or  regular  dislocations,  but  by  the  exercise  of  care  irreg- 
ular luxations  can  first  be  converted  into  regular,  and 
then  they  may  be  reduced  by  the  method  Just  mentioned. 
Kocher's  method  of  reducing  anterior  dislocations  of  the 
shoulder,  and  that  employed  by  Prof.  Nathan  Smith 
in  dor.sal  dislocations  of  the  hip— both  of  them  now  re- 
garded as  clas.sical— are  typical  illustrations  of  manipula- 
tive methods. 

Occasionally,  spontaneous  or  pathological  dislocations 
are  restored  by  the  unaided  movements  of  the  patient, 
and  even  accidental  or  traumatic  dislocations  have  been 
reduced  by  another  accident.  In  quite  a  number  of  re- 
cent American  medical  journals  of  recognized  trustworth- 
iness a  case  was  reported  in  which  a  man  received  a  dis- 


*  "  American  Text-hook  of  Surgery,"  p.  435 ;  W.  B.  Saunders,  pub- 
lisber,  Pblladelpliia,  1900. 
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location  of  the  shoulder.  He  was  placed  in  an  ambulance 
for  removal  to  a  hospital,  by  an  interne  who  recognized 
the  true  character  of  the  injury.  On  tlie  way  the  horse 
became  frightened  and  ran  away,  turning  the  vehicle 
over  When  the  patient  was  examined  after  this  last 
accident  it  was  found  that  the  dislocation  had  been  re- 
duced by  the  fall.  ,    r  .1  •       i-  1 

I  have  already  stated,  in  an  earher  part  of  this  article, 
that  it  is  important  for  the  surgeon  topo.ssess  a  complete 
and  thorough  knowledge  of  the  structures  entering  into 
the  formation  of  a  joint.  I  deem  this  matter,  liowever, 
to  be  of  such  importance  that  I  now  repeat  the  statement. 
Any  one  may,  in  certain  instances,  have  the  good  fortune 
to  succeed  in  reducing  a  dislocation,  but  if  the  medical 
man,  after  the  emplovment  of  firm  but  gentle  movements, 
with  a  strict  avoidance  of  force  or  of  anything  like  vio- 
lent tugging  at  or  twisting  of  the  limb,  fails  to  reduce 
tlie  dislocation,  it  is  far  better  that  he  should  desist  from 
further  attempts  until  skilled  technical  aid  can  be  ob- 
tained; and  the  same  advice  maybe  given  with  equal 
propriety  to  the  physician  or  surgeon  who  does  not  pos- 
sess a  satisfactory  knowledge  of  the  joint  involved.  It 
is  far  better,  both  for  him  and  for  the  patient,  that  other 
than  the  simplest  efforts  be  deferred  until  such  skilled 
assistance  can  be  secured. 

As  regards  the  preliminary  steps  needed  for  the  reduc- 
tion of  a  dislocated  joint,  they  may  be  stated  as  follows: 
The  joint  and  the  limb  should  be  properly  exposed  and 
the  patient  should  be  placed  on  a  good,  firm  table,  with 
one  or  two  cotton  quilts,  or  comforters,  or  blankets  under 
him ;  these  being  preferable  even  to  a  mattress,  unless  it 
should  be  a  thin  or  somewhat  firm  one.  Even  the  floor 
or  the  ground  prepared  as  above  is  preferable  to  the 
yielding  surface  and  other  inconveniences  of  a  bed. 

If  the  injury  involves  one  of  the  larger  joints,  or  if  the 
patient's  muscular  development  is  far  in  excess  of  that 
of  the  surgeon,  or  if  he  is  extremely  nervous  and  is  suf- 
fering from  acute  pain — the  first  slight  shock  which  to 
some  extent  not  only  temporarily  paralyzes  the  muscular 
structures  but  alsoobtunds  the  pain,  having  passed  off — 
the  use  of  an  anesthetic  will  be  found  of  great  service  in 
establishing  a  correct  diagnosis  as  well  as  in  effecting  the 
reduction  of  the  dislocation.  From  the  greater  safety  of 
ether,  I  rely  upon  it,  as  a  rule,  rather  than  upon  chloro- 
form; yet  if  the  patient  is  either  very  young  or  of  ad- 
vanced age,  or  if  there  is  any  history  of  pulmonary  or 
renal  disease — which  .should  always,  if  possible,  be  ascer- 
tained before  the  use  of  any  anssthetio — I  prefer  the  lat- 
ter more  powerful  agent.  In  a  simple  case,  in  which  the 
diagnosis  is  free  from  all  doubt,  if  nervousness  and  acute 
pain  are  the  only  factors  to  be  overcome,  the  primary 
anaesthesia  with  ether,  as  first  suggested  by  Dr.  Addinell 
Hewson,  may  be  all  that  is  necessary;  but  if  it  be  found 
that  tlie  local  conditions  are  not  so  favorable  as  they  often 
are,  or  if  the  patient  is  extremely  nervous,  feeble,  or  dis- 
eased, and  especially  if  he  be  suffering  greatly  from 
shock,  the  anesthesia  should  be  pushed  beyond  the  pri- 
mary stage  in  order  that  complete  relaxation  may  be  se- 
cured before  efforts  at  reduction 
are  made. 

If  the  reduction  is  essayed  with- 
out an  aiuestlietic,  it  is  a  good 
plan  to  keep  up  conversation  on 
irrelevant  to|iics  during  the  ex- 
amination and  preparatory  move- 
ments for  reduction,  thus  divert- 
ing the  patient's  thoughts  from 
the  injury  and  from  the  prepara- 
tions that  are  being  made  to  re- 
lieve It.  A  short,  sharp  interrogatory  or  exclamation, 
made  at  the  moment  of  greatest  effort,  has  in  many  in- 
stances been  of  material  aid  in  preventing  or  diminishing 
tlie  contraction  of  antagonizing  muscles." 


Fig.  l.')9S.-Clove  Hitali.' 


I-This  and  several  otlier  Illustrations  which  appear  in  the  nresi-ni 
Monl'  Z'L^r'T'^J™'  '"■»"'"»?■''  furnished'^by  Dr  IWw'i  cf  M 
wmte'n?,  t^r'"'"*"''  ^u.  ^' '  f'""  Publication  with  the  trxt  "hi  ■     he 
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Fig.  1599.— Clove  Hitch  as  Applied  to  the 
Humerus,  with  Bandage  Underneath. 


While  a  certain  degree  of  force  is  required  in  many  in- 
stances, and  the  movements  must  sometimes  be  made  in 
a  quick  or  sudden  manner,  we  should  bear  in  mind  that 
violence  is  never  to  be  resorted  to  in  recent  dislocations. 
Relatively,  the  foi-ce  exerted  should  not  be  more  than 
the  weight  of  the  limb  if  separated  from  the  body.  The 
untorn  part  of  the  capsule  and  the  other  ligaments  being 
already  under  a  marked  degree  of  tension,  and  certain 
muscles  being  in  a  state  of  contraction,  our  aim  should 
be  to  slip  the  head  of  the  bone  over  bony  prominences 
and  back  through  the 
rent  in  the  capsule  in 
much  the  same  man- 
ner as  we  would  slip 
a  button  into  a  but- 
ton hole.  Beyond 
this  our  efforts  should 
not  go;  and  while 
they  ma}'  be  exerted 
with  firmness  and  at 
times  with  rapidity, 
they  should  be  gen- 
tle and  not  violent. 

In  cases  in  which 
reduction  is  prevent- 
ed by  the  interposi- 
tion of  a  part  of  the 
capsule,  or  by  the 
presence  of  other  tis- 
sues, such  as  a  mus- 
cle or  a  tendon,  an 
open  arthrotomy  may 
be  required;  and  this 
step  may  be  neces- 
sary even  in  the  case 

of  larger  joints.  When  proper  aseptic  precautions  are 
taken,  the  operation  is  reasonably  safe,  provided  it  is 
undertaken  on  or  before  the  second  day  after  the  in- 
jury; but  after  this  date  we  should  wait  until  the  third 
or  the  fourth  week — i.e.,  until  after  reaction  and  inflam- 
matory fever  have  subsided,  and  until  the  extravasated 
blood  and  serum  have  to  some  extent  been  reabsorbed — 
before  we  attempt  so  serious  a  procedure. 

In  the  event  of  failure  by  manipulation,  and  in  the 
case  of  ancient  or  old  dislocations,  it  will  be  found  neces- 
sary to  resort  to  extension  and  counter-extension,  to  be 
made  by  our  hands  and  b_y  those  of  assistants;  and,  in  a 
few  cases,  mechanical  appliances  will  be  required.  In 
the  first  instance  the  surgeon,  taking  hold  of  the  limb 
firmly  with  his  hands,  makes  the  extension,  while  the 
counter-extension  is  maintained  by  his  assistants;  or,  in 
some  cases,  both  are  made  b}'  assistants,  and  the  surgeon 
simply  manipulates  the  parts  with  his  hands  or  fingers, 
or  makes  direct  pressure  on  the  bone  in  a  proper  direc- 
tion. Finally,  by  employing  his  knee  or  his  foot,  as  well 
as  his  hands,  the  surgeon  can  carry  out  both  extension 
and  counter-extension  without  the  aid  of  an  assistant. 
In  oriler  to  make  exten,sion  various  contrivances  maj'  be 
required.  Such  are:  a  folded  bandage  or  handkerchief 
forming  a  clove  hitch  (Fig.  l.'iilQ)  around  the  limb;  the 
toy  made  of  braided  ash  splittings  known  as  the  Indian 
puzzle;  Levis'  splint;  Luer's  or  Charriere's  forceps  for 
the  finger,  etc.  In  order  to  applj'  the  extending  force 
elfcctivel,y,  broad  strips  of  strong  adhesive  pliister  should 
be  attached  along  the  anterior,  posterior,  and  lateral  sur- 
faces of  the  previously  shaved  limb.  They  should  be 
carefully  adjusted  and  then  they  should  be  covered  with 
a  roller  bandage,  drawn  moderately  tight  and  forming 
loops  which,  in  the  case  of  shoulder,  elbow,  and  hip  dis- 
locations, should  extend  beyond  the  extremity.  Counter 
extension  should  be  made  by  means  of  a  folded  sheet  or 
towel  placed  in  the  axilla  or  perineum  and  firmly  fixed 
or  held  there;  or  the  shoulders  or  the  pelvis  may  be  kept 
immovable  by  means  of  properly  padded  straps  that  are 
fastened  to  the  table  or  floor. 

In  ancient  or  old  dislocations  it  is  necessary  first  to 
break  up  those  adhesions  which  keep  the  bone  bound  down 
in  its  abnormal  position.     This  may  be  accomplished  by 
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simple  manipulations,  or  it  may  be  necessary  in  some 
cases  to  resort  to  subcutaneous  section  or  even  to  arthrot- 
omy.  In  all  these  cases  the  employment  of  a  general 
anesthetic  is  imperative.     If  the  manipulative  efl'orts  of 


Fig.  180(1.— Triple  Pulley. 

the  physician  or  attendants  do  not  sullice,  extension  may 
be  made  bj'  means  either  of  the  compound  pulleys  or  of 
the  Spanish  windlass.  The  latter  is  made  by  taking  a 
piece  of  strong  cord  or  light  rope  of  sufficient  length, 
securing  the  ends  (one  to  tlie  limb  and  the  other  to  some 
immovable  object),  forming  a  loop  of  two  or  of  four 
thicknesses,  placing  a  stick  between  the  two  single  por- 
tions or  two  portions  of  two  each,  as  the  case  may  be, 
and  then  twisting  the  bundle  of  these  portions  of  rope 
until  the  necessary  degree  of  shortening  is  obtained.     An 


FKi.  leoi.— Jan'is'  Adjuster. 

ordinary  Petit's  tourniquet  may  supply  the  extending 
force,  and  Jarvis'  adjuster  is  an  old  mechanical  device 
that  has  its  advantages  for  certain  cases.  A  continuous 
extending  force,  which  tends  to  overcome  the  contraction 
of  the  muscles  and  tendons,  may  be  obtained  by  means 
of  the  weight  and  pulley,  or  by  an  elastic  cord,  or  even 
by  the  mere  weight  of  the  limb  alone,  that  of  the  body 
serving  for  counter  extension. 

An  easy  method  of  reducing  dislocations  of  the  shoxil- 
der  and  liip  has  been  suggested  by  Dr.  Lewis  A.  Stimson 
in  the  New  York  Mediml  Record,  of  March  3d,  1900.  It 
is  described  by  him  as  follows : 

"The  patient  upon  a  canvas  cot,  with  the  injured  arm 
hanging  through  a  round  hole  made  in  the  middle  and 
about  eighteen  inches  from  the  end.  The  cot  is  raised  to 
a  sufficient  height  from  the  floor,  and  a  ten-pound  weight 
is  fastened  to  the  wrist  of  the  dependent  arm.  Reduction 
is  accomplished  in  a  few  minutes  and  without  pain.  It 
has  been  tried  in  ten  cases,  and  has  never  failed,  six  min- 
utes being  the  longest  time  required. 

"In  dorsal  dislocations  of  the  hip  the  patient  is  placed 
prone  upon  a  table,  with  thighs  extending  beyond  its 
end.     The  uninjured  thigh  is  held  horizontal,  to  prevent 


tilting  of  the  pelvis.  With  the  injured  thigh  vertical, 
and  leg  at  a  right  angle  to  it,  tlie  surgeon  grasps  the 
ankle  and  gently  moves  it  from  side  to  side,  perhaps 
making  gentle  pressure  downAvard  at  the  knee.  If  re- 
laxation is  slow  to  appear  a  sand-bag  weigh- 
ing five  or  ten  pounds  may  be  placed  in  the 
popliteal  space  to  produce  more  traction. 
This  simple  procedure  has  succeeded  in  re- 
ducing the  dislocation  in  more  than  four- 
fifths  of  the  cases,  and  often  with(mt  an- 
sesthesia.  In  the  two  cases  failing  by  this 
method,  reduction  was  accompUshed  by 
traction  in  a  line  midway  between  right- 
angled  flexion  and  full  extension.  In  these 
cases  the  bone  had  probably  left  the  socket 
at  a  higher  point," 

When  it  is  necessary  to  iesf>rt  to  mechani- 
cal force  or  even  to  manipulations,  in  dis- 
locations either  recent  or  old,  the  surgeon 
must  not  lose  sight  of  the  fact  of  the  pos- 
sibility of  injuring  the  patient  by  fractur- 
ing the  bone  or  by  lacerating  or  bruising  the  .soft  parts, 
especially  the  arteries  and  nerves.  As  a  rule,  the  amount 
of  force  is  to  bo  determined  by  the  surgeon  in  accord- 
ance with  both  the  local  and  the  general  conditions  ob- 
served in  each  individual  case;  good  common  sense  and 
correct  judgment  must  be  his  guide.  While  the  serious 
accidents  mentioned  above  have  happened  in  the  hands 
of  some  of  the  ablest  surgeons,  they  are  to  be  avoided 
rather  than  excused. 

In  simple  dislocations  the  after-treatment  consists  in 
keeping  the  joint  at  rest  for  a  variable  length  of  time 
according  to  the  joint  involved,  from  ten  days  to  two  or 
three  weeks  usually  sufficing;  at  the  end  of  which  time 
passive  movements  are  carefully  to  be  re-sorted  to  for  sev- 
eral days,  and  then  the  patient  may  be  permitted  grad- 
ually and  cautiously  to  resume  the  use  of  the  joint.  In 
some  joints,  as  the  clavicular,  special  dressings  are  essen- 


1603.  —  Stimsou's  Method  of   Rertudng  a  Dislocation  of   the 
Shoulder. 


tial  but  ordinarily  a  sling  for  the  arm,  or  a  carefully  ad- 
justed bandage  or  other  temporary  support  for  a  few 
days  is  all  that  will  be  required.  Compound  and  com- 
plicated dislocations  require  not  only  a  longer  tmie  for 
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recovery,  but,  in  addition,  tlie  special  treatment  indicated 
by  correct  surgical  teclinique  for  tlie  particular  condition 
that  may  be  present, 

Si'EcrAL  Dislocations. 

DulocaUovK  of  the  Spine. — As  tliese  occur  so  rarely  un- 
accompanied by  fracture  of  some  portion  of  a  vertebra 


Fig,  1603,- 


-Stimson's  Method  of  Reducing  Dislocations  ol  tlie  Hip, 


that  enters  into  the  formation  of  the  joint,  tlieir  consider- 
ation will  be  fotmd  in  the  article  entitled  Spine  Surrjenj 
of  the.  •     -   J    .< 

Dislocations  of  the  Ribs,  always  the  result  of  direct  vio- 
lence, may  take  place  at  their  junctions  with  the  verte- 
brae, the  sternum,  or  the  cartilaginous  e.xtensious,  A 
fracture,  liowever,  is  the  more  common  occurrence;  the 
differential  diagnosis  between  the  two  conditions  b'eiu"- 
m  many  cases,  very  difficult  to  establish,  if  not  actual'h' 
unattainable.  If  the  vertebral  extremity  is  involved 
but  little  can  be  done  toward  reduction.  We  may  apply 
to  the  neighboring  skin  strips  of  adhesive  plaster  (per- 
forated in  the  same  manner  as  is  a  porous  plaster),  and 
then  furnish  the  additional  support  of  a  well-applied  and 
carefully  adjusted  bandage,  to  keep  the  parts  at  rest  as 
much  as  po,ssible.  This  is  about  all  that  can  be  done 
It  the  displacement  is  outward,  a  compress  may  be  needed 
in  addition.  Persistent  pain  more  frequent  ly  iesultsafter 
a  dislocation  than  after  a  fracture!,  and  theVossibility  of 
resection  of  the  head  of  the  bone  for  its  relief  may  havi^ 
,  to  be  considered.  In  inward  dislocation  of  the  sternal 
;end,  keeping  tlie  shoulders  well  thrown  back  b^•  an  ordi- 
nary shoulder  brace,  pn.perly  litted  with  adliesiVe  iilaster 
placed  over  tlie  rib  in  the  manner  describ<'d  above  will 
accomplish  the  most  satisfactory  rc'sidts.      I  f  t  he  disloca- 

n.?t';,™r'"''"'^'  "'•'^  "'■^■'^  °f  a  compress  and  bandage  w  1 
naturally  suggest  itself.  ^ 

rare^^'Thfv"!  "^ rf',  ^'T'  ^""'^"  '"''^   '•"■nparatively 

cations  bX^"'^'"''^^""^  ^°"^  P'^'-'*"t-  '•'  «"  'li«l'>- 
cations,  being  most  common  in  males  and  most  rare  in 
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childhood.  They  may  be  complete  or  partial,  unilateral 
or  bilateral,  the  former  being  by  far  the  most  frequent. 
Congenital  dislocations  are  almost  unknown.  A  predis- 
position may  be  furni.shed  by  a  shallow  glenoid  cavity, 
the  eminences  being  unusually  low,  or  by  relaxation  of 
the  ligaments,  the  result  of  disease  or  of  fatigue.  Inde- 
pendentl}'  of  any  such  predisposition,  the  direct  causes 
are  violence  by  blows  or  falls  upon  the  chin,  the  mouth 
being  open ;  over-wide  opening  of  the  mouth  in  gaping 
or  hallooing;  biting  upon  hard  substances,  etc.  In  the 
over-fatigue  and  relaxation  of  the  muscles  of  the  jaw  in- 
cident to  prolonged  dental  operations,  a  .sudden  move- 
ment on  the  part  of  the  operator  or  patient,  and  even  the 
spasmodic  contraction  of  the  muscles  of  the  jaw,  have 
occasionally  produced  this  form  of  dislocation.  When 
the  jaw  is  greatly  depressed,  the  condyles  move  forward, 
carrying  with  them  the  interarticular  cartilages;  then 
they  break  through  the  capsular  ligament  and,  gliding 
over  the  eminences,  are  drawn  away  from  their  articular 
surfaces  by  tlie  action  of  the  external  pterygoid,  the 
temporal,  and  the  masseter  muscles. 

Symptoms. — In  bilateral  dislocation  the  mouth  will  be 
found  open  and  fixed,  the  lower  teeth  projecting  beyond 
the  upper,  the  chin  prominent,  and  the  patient  in  great 
pain.  The  glenoid  cavity  is  emjity,  and  the  locality  is 
marked  by  a  depression ;  the  coronoid  process  and  the 
tendon  of  the  temporal  muscle  cau.sing  a  prominence 
just  behind  the  malar  bone.  In  unilateral  dislocation, 
the  jaw  is  drawn  to  the  sound  side,  giving  the  lower  part 
of  the  face  a  twisted  appearance;  the  jaws  are  some- 
what separated  and  fixed;  the  mouth  is  partially  open; 
and  a  depression  is  found  in  front  of  the  ear  on  the  in- 
jured side,  with  a  prominence  at  the  corresponding  point 
on  the  op])Osite  .side.     The  lower  molars  project  beyond 


Pi(i.  1604.— Action  of  External  Pterygoid  Muscle  (n,  h.  a,)  In  Dislo- 
cation oI  Lower  Jaw ;  the  Dotted  Line  Shows  Position  ot  Bona 
when  Displaced. 

the  upper  ones  on  the  .sound  side,  while  on  the  other  side 
the  upper  ones  are  external  to  the  lower;  the  incisor  teeth 
of  the  lower  jaw  project  beyond  those  of  the  upper  jaw 
and  are  carried  towaixl  the  sound  side.  Dislocation  is 
differentiated  from  fracture  by  the  absence  of  crepitus 
by  the  immobility  of  tlie  jaw' in  the  former  condition, 
and  by  the  prominence  which  a  fragment  of  bone  would 
cause  below  the  zygomatic  line  in  the  latter.     Further- 
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moru,  the  chin  is  drawn  toward  the  injured  side  in  uni- 
lateral fracture. 

Treatment. — If  the  dislocation  is  of  recent  occurreuce, 
the  patient  should  he  seated  in  a  chair  while  the  surgeon 
stands  in  front  of  him.     Having  protected  his  thumbs 


Fig.  lOOT).— Method  of  Reduction  ol  Dislocation  ol  tiiu  Lowi^r  Jaw 
(Hellericll.) 

by  several  thicknesses  of  bandage,  by  stout  leather 
thumb  stalls,  or  by  leather  gloves,  to  prevent  injury  to 
them  by  the  involuntary  closure  of  the  jaws  while  reduc- 
tion is  being  accomplished,  the  surgeon  should  pass  them 
well  back  over  the  molar  teeth  of  both  sides,  the  jaw 
being  firmly  grasped  hy  the  fingers  \mdcr  tlie  chin  as  it 
rests  in  the  palms  of  the  hands.  Using  the  thuml)s  as  a 
fulcrum,  he  should  press  firmly  first  downward  and  then 
slightly  backward  on  the  molars,  tlie  chin  at  the  same 
time  being  elevated  as  a  lever.  In  this  manner,  and  witli 
the  aid  afforded  by  the  temporal  and  masseter  muscles, 
he  will  probably  be  able  to  restore  tlie  condj'le  or  cou- 
dj'les  to  their  natural  position.  When  these  slip  into  posi- 
tion, usually  with  an  audible  sound,  the  surgeon  removes 
his  thumbs  laterally  to  prevent  their  being  bitten.  Dis- 
locations of  some  weeks'  standing  have  been  reduced 
by  manipulation  and  without  an  anaesthetic.  If  the  pa- 
tient is  compelled  to  occupy  a  recumbent  position,  the 
surgeon  will  find  his  most  suitable  position  to  be  on  his 
knees,  astride  the  patient's  chest,  or  on  his  knees  at  the 
patient's  head,  the  position  of  his  hands  being  reversed. 
The  head  should,  in  all  cases,  be  firmly  fixed  by  a  strong 
assistant.  The  drscomforts  and  inconveniences  of  a  dis- 
location of  the  jaw  are  so  great  that  they  are  rarely  per- 
mitted to  become  ancient;  but  in  such  event,  or  if  reduc- 
tion is  found  difficult  or  apparently  impossibh;  by  reason 
of  muscular  rigidity  and  contractions,  or  on  account  of 
the  patient's  timidity  or  for  other  valid  reasons,  I  do  not 
hesitate  to  use  the  proper  amesthetic,  the  patient  being 
placed  in  the  recumbent  position  and  proper  precautions 
being  taken.  In  some  instances  wooden  levers,  or  a 
strong-bladed  knife,  or  a  thin  chisel  may  be  needed  to 
depress  the  condyles  while  the  chin  is  being  elevated. 

In  partial  dislocations  or  subluxations,  whicli  are  some- 
times habitual  and  which  are  iudicated  by  sudden  immo- 
bility of  the  jaw,  by  a  slight  separation  of  tlie  incisors, 
and  by  inability  to  "approximate  the  teeth,  the  accident 
usually  comes  on  while  the  patient  is  chewing  or  biting 
some  hard  substance.  In  this  form  of  dislocation  the 
articular  surfaces  do  not  leave  the  glenoid  cavity ;  the 
interarticular  cartilages  merely  shp  behind  the  condyles 
and  become  fixed  on  the  articular  eminences.  Under 
such  conditions,  therefore,  it  is  usually  an  easy  matter  to 
efEect  a  reduction  by  pressing  with  the  fingers  downward 
and  backward  on  the  coronoid  processes,  or  by  introduc- 
ing a  narrow  wooden  wedge  or  the  blade  of  a  dull  table 
knife  between  the  teeth  and  prying  them  open. 

The  after-treatment  consists  in  applying  a  roller  band- 
age. Barton's,  a  four-tailed  bandage,  or  a  mento-cervico- 
occipital  cravat  or  bandage  to  prevent  or  somewhat 
restrict  the  movements  of  the  lower  jaw  for  about  ten 
■days  or  two  weeks,  by  which  time  the  rent  in  the  capsule 
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will  be  closed.  At  the  same  time  it  is  well  to  restrict  the 
jiatient  to  fluid  or  semi-fluid  diet,  and  he  should  be  cau- 
tioned as  to  the  movements  of  the  jaw  during  this  time 
iuid  for  some  weeks  after  the  dressii'ig  has  been  removed. 
Recurrence  is  by  no  means  uneommon  in  luxation  of  the 
jaw.  In  one  case,  a  hysterical  female,  I  was  required  to 
reduce  a  bilateral  dislocation  seven  times  in  thirty-three 
days. 

Occasional!)',  from  too  great  laxity  of  tlie  ligaments  of 
the  lower  jaw,  during  ordinary  movements,  the  condyles 
slip  forward  on  the  articular  eminences  when  the  mouth 
is  (ipened,  and  then  as  suddenly  slip  back,  producing  a 
slight  noise  as  the  mouth  is  closed.  Drs.  Wliarton  and 
Curtis  in  their  recent  Avork*  mention  the  injection  of 
a  few  drops  of  absolute  alcoliol  into  the  ligaments  as  hav- 
ing been  practised  with  success. 

-Dislocations  of  the  Hyoid  Bom  are  so  rare  that  nearly 
all  surgical  works  ignore  them.  Hamilton,  in  his  very 
complete  work,  limits  himself  to  quoting  the  two  cases 
from  Holmes'  "Surgery  "  and  the  summary  of  the  papers 
of  Dr.  Ripley  of  South  C^arolina  and  of  Dr.  Gibbs  of 
London.  Stimson's  monogi-aph  on  dislocations  does  not 
mention  this  bone,  and  Dr.  Moore's  article,  in  the  pre- 
ceding edition  of  this  Handbook,  gives  the  report  of  a 
single  case  which  came  under  his  observation.  It  also 
quotes  the  cases  that  are  referred  to  in  Holmes'  "  Surgei'y. " 
In  the  case  of  the  young  man  who  was  seen  by  Dr. 
Moore,  it  appears  that  he  had  always  been  able  to  restore 
the  position  of  the  bone  except  on  one  occasion.  Ordi- 
narily, lie  accomplished  the  reduction  by  bending  the 
head  forward  and  in  the  opposite  direction  from  that  in 
which  the  dislocation  had  occurred,  and  then  rubbing  the 
part.  On  the  exceptional  occasion  referred  to,  it  was 
found  necessary  to  employ  the  suspension  apparatus 
ordinarily  used  for  applying  a  plaster-of-Paris  jacket. 
When  the  suspension  had  been  pushed  so  far  that  the 
l^atient  was  obliged  to  rest  upon  the  tips  of  his  toes,  the 
bone  suddenly  snapped  back  into  place. 

Dislocations  of  the  Sternum,  although  considered  as  such 
b_v  many  authors,  scarcely  deserve  the  name.  While  the 
union  between  the  ensiform  process  and  the  middle  portion 
or  meso-sternum  docs  not  take  place  until  old  age,  and 
that  between  the  meso-sternum  and  presternum  or  manu- 
brium notuntil  after  the  fortieth  year,  the  points  of  junc- 
tion present  scarcely  an}'  of  the  characteristics  of  a  joint 
at  any  time,  the  movements  being  limited  to  the  resiliency 
of  the  cartilaginous  junction.  However,  we  do  in  rare 
instances  have  displacements  of  the  upper  and  lower  por- 
tions from  tlie  middle.  As  a  rule,  these  are  the  results  of 
direct  violence,  and  the  injurj'  partakes  more  of  the 
nature  of  a  fracture  (resembling  an  epiphyseal  fracture) 
than  of  a  true  luxation. 

The  displacement  of  the  manubrium  may  be  either 
forward  or  backward,  the  costal  cartilages  retaining  their 
attachments;  and  with  the  displacement  may  be  asso- 
ciated a  fracture  of  the  upper  ribs  or  their  cartilages. 

The  Symptoms  are,  projection  of  the  lower  portion  of 
the  manubrium  upon  the  anterior  surface  of  the  chest  in 
a  forward  displacement,  and  of  the  upper  portion  of  the 
meso-sternum  if  the  manubrium  is  displaced  backward ; 
either  of  wdiich  alterations  will  be  quite  apparent  from 
the  limited  amount  of  the  tissues  which  cover  the  sternum 
at  these  points.  Usually,  the  respiration  is  somewhat 
embarrassed,  and  there  is  "pain,  especially  with  the  respira- 
tory movements. 

Treatment. — After  the  patient  has  been  aniEsthetized — 
if  there  are  no  contraindications  to  the  use  of  an  anaes- 
thetic— the  trunk  should  be  flexed  or  extended  and  at  the 
same  time  direct  pressure  should  be  made  over  the  pro- 
jecting portion  of  the  sternum.  In  some  cases  a  success- 
ful reduction  may  be  obtained  by  these  measures.  No 
violent  attempts,' however,  should  be  made,  as  the  pain 
will  in  a  few  days  disappear  under  rest,  and  recovery 
may  be  expected,  altliough  some  deformity  will  remain. 

The  ensiform  portion  is  occasionally   displaced  back- 


*  '■  Practice  of  Surgery,"  by  flenry  R.  Wliarton,  M.D.,  and  B.  Far- 
quhar  Curtis,  M.D.,  p.  5BII,  reyised  edition,  1900;  J.  B.  Lipplncott  &  Co., 
Philadelphia. 
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ward  by  a  direct  and  sudden  force  applied  over  the  epigas- 
trium. Ocular  inspection  witli  palpation  sufHces  to  in- 
dicate the  displacement,  which  may  be  accompanied  by 

pain  iu  tlie  stomach, 
and  occasionally  by 
vomiting  and  labored 
or  painful  respira- 
tion. If  reduction 
cannot  be  accom- 
plished by  passing 
the  fingers  below  the 
ensif orm  cartilage 
and  pushing  it  for- 
ward, an  incision 
may  be  made  under 
rigid  asepsis,  and 
the  process  drawn 
into  position  with  one 
or  two  tenacula.  The 
suggestion  of  Drs. 
AVbarton  and  Cur- 
tis,* to  e.\cise  the 
process,  if  the  fail- 
ure to  effect  a  reduction  should  be  followed  by  trouble- 
some S3'mptoms,  is  worthy  of  consideration. 

Dislocations  of  the  GlavicU  may  occur  at  either  end,  the 
sternal  or  the  acromial.  If  the  usual  custom  as  to  dis- 
locations in  general  were  followed,  a  dislocation  of  the 
acromial  end  of  the  clavicle  would  more  properly  be 
designated  as  a  dislocation  of  the  scapula,  but  the  term 
now  used  is  so  well  established  as  to  make  it  difficult  to 
change  it.  These  dislocations  are  usually  single,  yet 
Hamilton  f  cites  a  very  interesting  case  of  a  doutjle  dis- 
location ;  and  while  it  may  be  "  entire  " — both  ends  of  one 
bone  being  displaced.at  the  same  time — this  is  so  very 
rare  as  not  to  necessitate  consideration  here. 

"Of  57  dislocations  of  the  clavicle" — says  Professor 
Hamilton,  in  his  introductory  paragraph  to  this  subject 
— "observed  and  recorded  by  me,  13  belonged  to  the 
sternal  end  and  44  to  the  acromial.     Of  those  belonging 


Fig 


1BI36.— Luxation  o(  Sternal  Extremity 
of  the  Clavicle. 


Fig.  IBIJi.-Furward  Dislotuuou  .jf  bieiual  eud  oi  Uavlcle 
(Helferlcb.) 

to  the  sternal  end,  11  were  dislocations  forward  for- 
ward and  upward,  or  forward  and  downward,  and  3 
were  upward.     I  have  never  met  with  a  dislocathin  back- 


ward.    Of  the  acromial  dislocations  the  whole  number 
were  dislocations  upward,  or  upward  and  outward." 

The  sternal  end  is  usually  thrown  forward  by  a  fall  on 
the  outer  surface  of  the  shoulder,  in  which  event,  as  the 
force  comes  upon  the  anterior  and  outer  surface  of  the 
shoulder,  the  clavicle  is  driven  inward  toward  the  median 
line  and  glides  up  on  to  the  face  of  the  manubrium,  while 
the  leverage  exerted  backward  upon  the  acromial  end 
tears  loose  the  attachments  of  the  opposite  extremity. 
A  direct  force  sufficient  to  drive  the  sternal  end  back- 
ward is  more  likely  to  result  in  fracture  at  or  near  the 
point  of  irajjact. 

In  dislocation  of  the  sternal  end  forward,  even  in  fleshy 
individuals,  the  head  of  the  bone  can  be  distinctly  felt 
and  seen  lying  on  the  front  of  the  sternum,  the  shoulder 
on  that  side  falling  slightly  back,  and  the  head  inclining 
slightly  to  that  side,  through  traction  on  the  muscles 
attached  to  the  clavicle.  The  attachment  of  the  sterno- 
cleido-mastoid  muscle  to  the  clavicle  is  sharply  defined, 
and  by  measurement  the  acromion  can  be  shown  to  be 
nearer  to  the  median  line  of  the  sternum.  At  the  same 
time  the  movements  of  the  arm  are  emiiarrassed,  and 
there  is  acute  pain  at  the  site  of  the  luxation.  If  the 
shoulder  is  elevated  the  head  of  the  Ijone  overl3'ing  the 
sternum  will  descend;  if,  on  the  other  hand,  it  is  de- 
pressed, the  head  of  the  bone  will  rise,  and  by  drawing 
the  shoulder  Ijack,  the  deformity  maj'  be  made  to  disap- 
pear or  at  least  to  become  less  noticeable.     A  tumor  of 


'  Op.  cit.,  p.  661. 


t  Op.  cit.,  p.  061. 


FIG.  1608.— Sir  Astley  Cooper's  Apparatus  for  Dislocated  Clavicle. 

the  head  of  the  bone  or  the  presence  of  some  other  hyper- 
pla.sia  may  mislead,  and  we  must  be  on  our  guard  not  to 
overlook  a  fracture  near  the  sternal  end  of  the  bone. 

This  variety  of  dislocation  of  the  clavicle,  though  easy 
of  reduction,  is  difiicult  if  not  impossible  to  maintain  in 
the  ]iosition  of  reduction.  Hamilton  says  that  in  not  a 
single  one  of  the  eleven  forward  dislocations  seen  by  him 
was  the  treatment  successful.  Stinison  is  equally  un- 
favorable as  to  complete  correction  of  the  deformity:  and 
Wharton  and  Curtis*  say:  "The  prognosis  is  unfavor- 
able as  regards  complete  correction  of  the  deformity,  but 
favorable  in  respect  to  the  restoration  of  function." 

Reiluction  is  effected  by  drawing  the  shoulder  outward 
and  slightly  backward,  pressure  being  made  at  the  same 
time  directly  backward  on  the  head  of  the  bone  as  it  is 
brought  opposite  the  joint.  For  maiutaining  it  in  this 
position  for  the  five  or  six  weeks  required  for  complete 
repair  of  the  injured  tissues,  a  variety  of  expedients  have 
been  suggested.  A  figure-of-8  bandage  with  a  firm  com- 
press over  the  head  of  the  bono:  Recamier's  dressing  for 
fractured  clavicle;  Sir  Astley  Cooper's  apparatus  aided 
by  dn-ect  pressure  over  the  head  of  the  bone ;  the  applica- 
tion of  a  plaster-of- Paris  dressing  according  to  the  prin- 
ciples advised  for  reduction;  and  even  keeping  the  pa- 
tient in  the  horizontal  decubitus  for  the  necessary  period 
of  six  or  eight  weeks— all  these  have  been  tried  and  have 


*  Op.  cit.,  p.  176. 
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proven  ineffectual.  My  preference  is  for  n  ciirefully  ap- 
plied flgurc-of-8  bandage,  with  compression  over  tlieheail 
of  tlic  iDone,  to  be  maintained  for  si.x  oi-  seven  weeks,  and 
with  the  elbow  secured  in  pi-oper  position  Ijy  means  of  a 
sling  and  bandage  confining  the  arm  to  tlie  eliest.  I  be- 
lieve that  this  plan  of  treatment  will  afford  tlie  greatest 
certainty  of  restoring  a  fair  degree  of  functional  activity 
wliile  at  the  same  time  fulfilling  the  other  indications 
and  contraindications.  In  the  case  of  a  j'oung  female, 
we  might  be  justified,  for  the  sake  of  preventing  any  de- 
formity, in  keeping  the  patient  on  her  back  for  tlie  neces- 
sary length  of  time,  her  general  condition  being  carefullj^ 
watched  during  this  period. 

Backward  dislocations  may  be  produced  by  a  direct 
force  acting  near  the  sternal  end,  but  not  of  sufficient 
strength  to  produce  a  fracture ;  or  tliey  may  result  from 
a  force  acting  indirectly  upon  the  posterior  and  outer 
surface  of  tlie  shoulder.  In  tliis  form  of  dislocation  the 
end  of  tlie  clavicle  may  be  found  below  and  behind  the 
sternum  or  slightly  above  it ;  the  shoulder  may  drop  for- 
ward, and  the  displaced  end  of  the  bone  may  press 
upon  the  trachea  or  upon  the  oesophagus,  thus  producing 
dyspniea  or  dysphagia,  together  with  pain  more  or  less 
severe  in  the  locality.  In  some  instances  tliere  may  also 
be  a  partial  arrest  of  the  circulation  in  the  arm,  due  to 
pressure  on  the  subclavian  arter}'. 

In  ortler  to  effect  a  reduction  the  shoulder  must  be  car- 
ried upward,  outward,  and  backward,  and  the  parts  may 
then  best  be  maintained  in  this  position  by  keeping  tlie 
patient  on  the  back  with  a  firm  cushion  lieneath  the 
shoulders;  or  a  bandage  may  be  applied  in  the  manner 
suggested  for  the  relief  of  a  dislocation  of  the  clavicle 
forward — no  compress,  however,  being  needed.  This 
form  of  dislocation  is  not  only  readily  reduced,  but  the 
parts  can  more  easilj'  be  maintained  in  tlie  desired  posi- 
tion than  in  the  case  of  the  other  variety.  The  restora- 
tion of  function  may  be  complete,  although  some  de- 
formity is  likely  to  remain. 

Dislocation  upward  of  the  sternal  end  of  the  clavicle 
is  almost  universally  produced  by  a  force  operating  on 
the  end  and  top  of  the  shoulder,  throwing  it  inward  and 
downward  and  causing  the  inner  extremity  of  the  clavicle 
to  be  torn  from  its  attachments  by  the  leverage  exerted 
from  the  acromial  end.  When  such  an  accident  happens, 
not  only  the  capsule  with  the  ligaments  closely  investing 
it,  but  in  some  instances  the  costo-clavicular  ligament 
and  some  fibres  of  the  subclavian  muscle  are  ruptured. 
In  this  form  of  dislocation  the  shoulder  appears  to  be 
depressed,  and  the  sternal  end  of  the  clavicle  is  so  lifted 
as  markeclly  to  increase  the  space  bet-ween  it  and  the  first 
rib.  The  suprasternal  fossa  is  encroached  upon,  there  is 
a  diminution  of  the  acromio-sternal  distance,  and  the  liead 
of  the  bone,  protruding  between  the  sternal  attachments 
of  the  sterno-cleido-mastoid  and  the  sterno-hyoid  mus- 
cles, may  pass  beyond  the  middle  of  the  sternum  and 
may  overlie  the'sterno-clavicular  junction  of  the  opposite 
side.  The  sternal  portions  of  the  sterno-cleido-mastoid 
muscles  on  both  sides  may  be  raised  and  rendered  tense 
by  the  pressure  of  the  boiie  from  behind. 

"Reduction  may  be  found  easy,"  says  Hamilton,  "but 
Malgaigne  thinks"a  perfect  result  is  impossible— at  least 
it  does  not  seem  to  have  been  accomplished  in  any  of  the 
cases  reported."  Yet  farther  on  he  says;  "In  no  case 
did  the  displacement  seriously  impair  the  functions  of 
the  arm. " 

In  the  Treatment  of  this  variety  of  dislocation  the  arm 
should  be  drawn  upward  and  outward,  while  at  the  same 
time  the  head  of  the  clavicle  is  pressed  down  into  tiie 
articular  cavity.  JIaintenance  is  secured  by  drawing 
the  shoulder  back  with  a  figure-of-8  bandage,  placing  a 
heavy  compress  in  the  axilla,  and  securing  the  elbow  to 
the  chest.  As  a  further  aid,  a  compress  should  be  placed 
over  the  head  of  the  bone,  and  upon  this  there  should  be 
brought  to  bear  a  force  acting  in  a  downward  direction. 
If  these  measures  fail,  and  if  the  necessities  of  the  case 
demand  it,  from  either  a  functional  or  a  cosmetic  stand- 
point, the  joint  may  be  opened  and  the  head  of  the  bone 
strongly  wired  to  the  sternum. 


^  An  important  point  to  be  considered  in  these  disloca- 
tions is  the  strong  necessity  of  preventing  movement  of 
the  dislocated  end  of  the  bone, — a  task  which  is  rendered 
specially  difticull  by  the  nature  and  position  of  the  joint 
and  by  the  constant  movements  of  the  body  and  arm. 
Furthermore,  if  the  case  is  one  in  which  the  question  of 
deformity  may  be  set  aside,  it  is  better  to  aim  at  securing 
the  restoration  of  a  reasonable  degree  of  functional  ac- 
tivity and  not  to  undertake  too  lieroic  or  violent  measures 
for  relief.  As  a  rule,  all  efforts  to  secure  reduction  of 
the  dislocation  .should  be  limited  to  a  quite  early  period, 
and  the  danger  of  injuring  important  subjacent  tissues 
and  vessels  must  be  kept  constantly  in  view. 

In  dislocations  of  the  acromial  eiid  of  the  clavicle,  it  is 
deemed  necessary  to  con.sider  only  three  varieties,  viz., 
one  in  which  the  end  of  the  clavicle  is  lodged  above  the 
acromion,  or  upward;  another  below  it,  or  downward; 
and  the  third,  below  the  acromion  and  coracoid  processes 
— the  subcoracoid  variety  of  dislocation  of  the  clavicle. 

In  upward  dislocation  wo  find  drooping  of  the  shoulder 
and  a  prominence  produced  by  the  end  of  the  clavicle 
projecting  above  the  acromion.  With  these  conditions 
are  associated  pain  and  a  greater  or  less  degree  of  diffi- 
culty in  using  the  arm.  The  dislocation  may  result  from 
"  force  acting  directly  upon  either  the  scapula  or  tlie 
clavicle,"  as  happens  very  frequently. 

The  reduction  is  usually  effected  quite  readily  by 
pushing  the  head  of  the  humerus  upAvard,  and  at  the 
same  time  making  downward  and  slightly  lateral  pressure 
on  the  end  of  the  clavicle.  If  the  dislocation  has  taken 
place  in  an  outward  direction,  the  shoulder  should  be 
carried  well  backward,  or  outward  and  backward;  or  a 
pad  should  be  placed  in  the  axilla  and  the  arm  sliould  be 
used  as  a  lever,  proper  pressure  being  made  at  the  same 
time  upon  the  displaced  end  of  the  clavicle. 

The  maintenance  of  the  joint  in  its  natural  position, 
after  reduction,  is  a  more  difhcult  task  to  accomplish, 
owing  to  the  fact  that  the  weight  of  the  arm,  acting  in 
conjunction  with  the  contraction  of  muscles,  drags  the 
shoulder  down,  while  at  the  same  time  the  contraction  of 


j.,Q    1(509— Upward    Dislocation  of    Acromial   End  of   the  Clavicle. 
(Helferich.) 

the  trapezius  lifts  the  clavicle  up.  A  variety  of  sugges- 
tions have  been  made  as  to  how  the  purpose  desired  may 
be  accomplished.  Among  them  may  be  mentioned  the 
following ;  most  of  the  dressings  used  to  correct  fracture 
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of  the  clavicle :  simple  baudnses  passed  over  the  shoulder 
and  uuder  the  elbow ;  immoNable  plaster  or  other  dress- 
ings; pads,  straps,  etc.,  in  varying  combinations;  the 
ordinary  Petit's  tourniquet  (well  padded)  placed  over  the 
end  of  the  clavicle  with  the  strap  passing  under  the  elbow ; 
and  Mayor's  apparatus.  All  these  have  been  tried,  each 
one  giving  good  results  in  some  ca,ses  and  failing  in  others. 
Sayre's  dressing  for  fractured  clavicle  is  about  the  simplest 
and  most  reliable.  Many  surgeons,  however,  advocate 
warmly  Stimsou's  method  of  treating  this  dislocation. 
This  is" accomplished  by  means  of  a  long  strip  of  adhesive 
plaster,  three  inches  wide,  the  middle  point  of  which  is 
placed  over  the  front  of  the  tlcxed  elbow,  and  the  ends 
carried  up  in  front  of  and,  behind  the  arm,  crossing  over 
the  distal  end  of  the  clavicle  and  then  being  tixed  to  the 
front  and  back  of  the  chest,  while  the  bone  is  held  in 
place  by  pressure  over  the  elbow  and  clavicle.  The  fore- 
arm is  supported  by  a  sling  and  the  arm  is  bound  to  the 
chest.  The  readiness  with  which  an  inspection  can  be 
made  from  time  to  time,  so  that  a  recurrence  of  the  dis- 
location may  be  quickly  detected,  is  a  good  feature  of 
this  method.  On  the  other  hand,  the  possibility  of 
sloughing  at  any  time  at  the  point  of  the  elbow  must  be 
watched  for  and  prevented.  Gross  first  suggested  wiring 
with  strong  silver  wire,  and  this  was  tried  bj'  Cooper,  of 
San  Francisco,  and  l)y  Dr.  Hodgen,  of  St.  Louis,  in  two 
cases.  Although  in  these  two  cases  the  procedure  proved 
successful,  Hodgen  said  that  he  would  not  repeat  the 
operation  except  in  cases  of  vo-y  a  real  displacement.* 
Mayor's  apparatus  consists  of  a  sling  or  casing  for  the 
forearm,  with  straps  and  buckles  attached  to  the  cover- 
ing over  the  point  of  the  elbow  posteriorly;  one  of  the 
straps  passing  over  a  compress  placed  over  the  distal  end 
of  the  clavicle  and  attached  to  the  casing  in  front  of  the 
elbow,  the  other  passing  over  the  sound  shoulder  and 
attached  to  the  casing  midway  between  the  elbow  and 
wrist. 

Dislocation  of  the  acromial  end  downward  is  exceed- 
inglj'  rare,  only  five  cases  having  been  cited  by  Hamilton ; 
while  Stimson  f  gives  a  total  of  twelve.  So  far  as  known, 
this  dislocation  is  produced  by  direct  violence,  forcing 
the  end  of  the  clavicle  downward.  At  the  same  time  the 
lower  angle  of  the  scapula  moves  slightlj'  outward,  and 
the  coracoid  process  is  depressed, — thus  saving  it  from 
being  snapped  off.  The  acromio-clavicular,  coraco-ela- 
vicular,  and  coraco-ac.romial  ligaments  are  ruptured, 
and  the  head  of  the  clavicle  rests  on  the  capsule  of  the 

shoulder     joint    and 
;'  beneath   the   acromi- 

on. The  alterations 
and  symptoms  pro- 
duced are  the  follow- 
ing:  There  is  a 
marked  depression  at 
the  point  of  disloca- 
tion ;  the  acromion  is 
usualljr  prominent, 
and  a  groove  or  gut- 
ter may  be  felt  along 
its  inner  border;  the 
ilisplaced  clavicle  can 
be  detected  beneath 
the  acromion ;  while 
the  arm  may  be 
moved  by  the  sur- 
geon pretty  freely 
backward  or  for- 
ward, the  iiatient  is 
unable  to  lift  the 
arm  voluntarily; 
and.  linally,  there  'is 
more  or  less  sharp 
pain,  increased  on  movement  of  the  limb. 

The  reduction  is  readily  accomplished  by  drawing  the 

the  position   being 


Fig.  1610.— Flguic-of-H  IdindaKe  Irom  the 
Elbow.    Sld«  view. 


slioulders  outward   and  backward; 


*  Op.  Hi.,  p.  tiSl. 
+  "  Treatise  on  Dislocations,' 
Lea  Brothers,  publishers,  1888. 
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maintained  by  securing  the  base  and  lower  angle  of  the 
scapula  snugly  and  firmly  to  the  body  by  a  broad  band- 
age and  compress,  while  a  sling  is  employed  for  support- 
ing the  arm  in  the  desired  position.     These  dressings  are 


ri«.  1611.— Figure-of-S    Bandage    frr)in    the    Elbow.      Front    View. 

to  be  worn  for  six  or  seven  weeks.  The  coracoid  proc- 
ess prevents  the  bone  from  slipping  out  of  its  place  as 
long  as  the  scapula  is  maintained  in  the  position  suggested. 

Subcoracoid  dislocation  is  yet  more  rare  than  any  of 
the  other  varieties ;  the  single  case  reported  by  Pinjon, 
and  the  five  cases  by  Godemer  of  Mayenne.  being  all  that 
so  far  have  been  cited.  Hamilton  is  sceptical  as  to  the 
existence  of  this  form  of  dislocation.  I  quote  the  follow- 
ing from  Wharton  and  Curtis  ;*  "  It  is  said  to  result  from 
the  shoulder  being  forced  upward,  outward,  and  back- 
ward, while  at  the  same  time  the  acromial  end  of  the 
clavicle  is  driven  downward.  The  most  marked  symp- 
toms are :  unusual  prominence  of  the  acromion  and  cora- 
coid processes,  pain  and  restricted  motion  of  the  arm,  and 
an  increase  of  the  distance  between  the  sternum  and  the 
summit  of  the  shoulder.  Treatment:  To  reduce  this  dis- 
placement the  arm  should  be  Hexed  and  brought  to  the 
side  and  carried  forcibly  upward,  inward,  and  backward, 
to  relax  the  clavicular  portion  of  the  pectoralis  major 
muscle.  The  clavicle  should  be  grasped  and  dfsengaged 
from  its  position  below  the  coracoid  process  and  pressed 
back  into  its  proper  position.  After  reduction  a  Velpean's 
bandage  should  be  applied  and  the  dressing  retained  for 
si.x  or  eight  weeks." 

Dislocation  of  the  inferior  angle  of  the  scapula,  though 
somewhat  rare,  may  occur.  The  latissimus  dorsi,  or  a 
portion  of  it,  may  slip  beneath  the  lower  end  of  the  hone, 
— an  accident  which  generall}'  occurs  in  children  as  a  re- 
sult of  lifting  them  by  one  arm.  The  effects  produced  are : 
Pain  and  difficulty  in  moving  the  arm,  and  a  marked  pro- 
jection of  the  lower  end  of'the  bone,  which  is  increased 
if  the  arm  is  drawn  forward.  Reduction,  under  these 
conditions,  may  be  impossible. 

Dr.  E.  M.  Moore,  in  his  article  in  the  former  edition  of 
this  work,  places  great  confidence  in  his  method  of  dress- 
ing a  dislocated  clavicle,  and  bases  this  confidence  on  the 
results  obtained  in  sixteen  cases  which  occurred  partly  in 
his  own  practice  and  partly  in  that  of  his  friends,  two  of 
these  cases  being  luxations  at  the  sternal  end.  I  quote 
from  his  article  as  follows :  "  The  simple  bandage  which  is 
here  illustrated  subserves  the  purpose  with  great  assurance 
of  success.  This,  as  will  he  shown  by  the  cuts,  consists 
of  the  application  of  a  shawl,  or,  what  is  better,  a  piece  of 
common  cotton  cloth,  about  two  and  one-fourth  yards 
in  length,  and  a  yard  or  so  in  width,  folded  like  a  cravat 


*  Op.  cit.,  p.  .564. 
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until  it  is  about  eight  inches  in  breadth  at  tin;  centre. 
The  application  of  this  bandage  is  conducted  in  the  fol- 
lowing manner:  Place  the  bandage,  thus  prepared,  iqion 
the  palm  of  the  outstretched  hand,  with  the  linger  and 
thumb  in  the  line  of  its  length  and  at  its  centre.  Tliis 
enables  the  surgeon,  while  placing  it  under  the  elbow  of 
the  patient  on  the  affected  side,  to  gras])  it  fiiinly,  and  so 
to  adjust  it  that  the  border  reaches  about  two  inches  up  on 
the  humerus,  and  about  six  inches  down  on  the-foreaini. 
The  grasp  of  the  surgeon's  hand  retains  the  bandage  in 
position  during  the  succeeding  manipulations.  The  first 
movement  is  to  place  the  inner  tail  up  over  the  shoulder, 
smoothing  it  out  over  its  rounded  surface,  and  then  com 
mitting  it  to  an  assistant.  The  outer  tail  is  now  carried 
over  the  forearm,  up  behind  the  back  to  tlie  top  of  tin.' 
opposite  shoulder.  Traction  is  now  made  upon  this  tail 
so  as  to  draw  the  elbow  backward  and  toward  thethora.x, 
after  which  its  end  is  brought  over  the  shouhler  and 
under  the  axilla  of  the  unaffected  side.  The  other  tail 
is  now  seized,  and  when  made  tense  it  draws  the  shovdder 
backward.  This  is  carried  under  the  armpit,  and  over 
the  point  of  the  unaffected  shoulder.  The  two  ends  are 
now  secured  bj^  pins  at  the  points  where  they  overlap 
the  bandage.  This,  as  will  l.)e  observed,  produces  the 
peculiar  form  upon  the  imalfected  side  known  as  the 
figure-of-8  bandage.  The  special  twist  around  the 
elbow  of  the  affected  side  is  similar  in  form,  although  one 
end  runs  up  over  the  shoulder.  For  these  reasons  the 
writer  has  called  the  bandage  "the  ligure-of-8  from 
the  elbow."  The  bandage,  however,  is  not  complete 
without  a  sling  to  hold  the  forearm  slightly  above  the 
horizontal  position  while  the  patient  is  erect.  If  the  fore- 
arm droops,  the  bandage  becomes  disengaged  from  the 
elbow,  and  the  arm  has  a  tendency  to  swing  forward. 
But  if  it  be  placed  in  the  position  already  indicated,  its 
weight  has  a  tendency  to  carry  it  backward.  Tliis  sling 
is  best  constructed  by  placing  a  strij)  of  cotton  cloth, 
three  or  four  inches  wide,  around  the  wrist,  and  pinning 
the  two  ends  together  upon  the  larger  bandage  as  it  passes 
over  the  shoulder.  It  is  desirable,  also,  to  fold  the  end 
that  projects  behind  the  elbow  and  secure  it  with  a  pin, 
so  as  to  make  a  sort  of  cup  which  will  hold  the  elbow  in 
its  place.  This  bandage  is  usually  worn  with  great  com- 
fort  to  the  patient,  the  points  most  complained  of  being 
the  axillary  border  of  the  unaffected  side  and  the  ex- 
tremities of  the  olecranon  and  condyles  of  the  elbow  held 
by  the  bandage. 

"Protection  against  this  pressure  can  Ih;  afforded  by 
Httle  compressesT  placed  alongside  the  suffering  points. 


View  from  behind. 


Pig.  1612.— Figure-oI-8  Bandage  from  the  Elbow. 

and  can  be  left  entirely  to  the  management  of  the  patient. 
It  is  wise,  however,  to  watch  him  daily  for  the  period  of 
a  week,  loosening  the  tails  of  the  bandage  and  then  tight- 


ening them  a,  little.  At  th<;  end  of  this  time  the  capacity 
of  stretching  Avill  have  ceased. "  Di-.  Moore  f mther  states 
that  the  dressing  will  have  to  he  kept  on  for  about  two 


Fio.  Ifil3.— Subglenoid    Dislocation.      (Trai/ed    from    a    photograph 
taken  twenty-three  hours  after  the  injury  had  been  received.) 

weeks,  and  he  claims  for  it  "  better  results  than  by  any 
other  method,  as  meeting  more  definitely  and  more  prac- 
tically the  exigencies  of  this  condition." 

Dislocations  of  the  SJiovlder  Joint  cfimprise  fully  one- 
half  of  all  dislocations;  some  observers  even  placing  the 
pi-oportion  a  little  beyond  this.  On  this  account  alone 
they  constitute  the  most  important  class.  Quite  a  num- 
ber of  varieties  have  been  described,  but  the  following 
table  gives  all  that  it  is  necessaiy  to  consider ;  others  being 
but  moditications  of  these,  or  secondarily  assuming  one 
of  these  forms,  either  accidentally  or  by  manipulation. 
Viii-ii'tiex  of  Didocdtions  of  tie.  ShoiiWvi'  Joint. 

j  Subglenoid  (comm(jn). 

t  Erecta  (very  rare). 

j  Subcoracoid  (common). 

"i  Subclavicular  (rare). 

(  Subspinous  (rare). 

{  Subacromial  (rare). 
-Supraglenoid  (rare) 


1. 


Dowuwaril 

Forw"aid 

Backward 


4.  Upward.-    .    , 

In  the  subglenoid  dislocation  wetind  the  capsular  liga- 
ment extensively  torn  on  its  under  surface,  permitting 
the  head  of  the  humerus  to  leave  the  glenoid  cavity  and 
take  a  position  on  the  anterior  edge  of  the  scapula  im- 
mediately below  the  glenoid  cavity.  The  tendon  of  the 
long  head  of  the  biceps  may  be  ruptured  or  completely 
iletached  from  its  insertion ;  the  supraspinatus  is  stretched 
or  lacerated;  the  infraspinatus,  coraco  bracliialis,  and 
subscapularis  are  put  upon  the  stretch,  the  latter  some- 
times torn  from  its  attachment  to  the  head  of  the  humerus ; 
the  deltoid  is  placed  in  a  condition  of  extreme  tension, 
and  paralysis  of  this  muscle  may  be  among  the  unpleas- 
ant sequela-.  The  artery  and  vein  may  be  injured,  and 
the  circumflex  and  other  nerves  may  be  seriously  impaired. 

Amono-the  more  frequent  causes  the  following  may  be 
cited  iulhe  order  of  their  frequency:  («)  a  force  applied 
to  the  upper  end  and  outer  surface  of  the  humerus ;  (6) 
a  fall  upon  the  extended  hand ;  (c)  a  fall  upon  the  elbow. 
Sudden  contraction  of  the  muscles  while  the  arm  is 
strouKly  abducted  may  produce  this  luxation.  It  is  per- 
haps one  of  the  most  frequent  dislocations  produced 
spontaneously,  abduction  of  the  arm  favoring  its  pro- 
duction. ,.  .  _  , 

Anion"-  the  most  prominent  conditions  and  symptoms 
that  result  from  this  dislocation  may  be  mentioned  the 
following:  the  presence  of  a  depression  under  the  end  of 
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the  acromion ;  the  elbow  is  carried  out  fi-om  the  body  a 
distance  of  three  or  four  inches  and  a  little  backward ;  it 
cannot  be  made  to  touch  the  lateral  sui-face  of  the  bodjf ; 
the  line  of  the  axis  of  the  liml)  is  directed  to  the  axilla, 
and  decidedly  below  the  glenoid  fossa,  which  will  be 
found  empty ;  the  head  of  the  humerus  can  usually  be 
felt  in  the  axilla,  especially  when  the  limb  is  carried  away 
from  the  body — Dugas'  sign;  inability  to  touch  the  op- 
posite shouldi?r  on  top  witli  the  palm  of  the  hand  while 
keeping  the  elbow  in  contact  with  the  chest;  tlie  outer 
surface  of  the  arm  presents  two  planes  which  are  inclined 
toward  each  other  and  which  meet  at  the  insertion  of  the 
deltoid  muscle;  numbness  of  the  arm  and  generally  pain, 
especially  when  the  attempt  is  made  to  bring  the  elbow 
to  the  side ;  possibly  free  passive  motion,  yet  the  elbow 
cannot  be  brought  int<i  contact  with  the  side  without 


Fig.  1614.— Subglenoid  Dlslofatlon  of  the  Humerus,  Showing  Flat- 
ness Beneath  the  Acromion,  n,  a'.  Tips  of  acromion  processes. 
The  ruled  lines  indicate  the  test  for  dislocation  by  means  of  a 
straight-edge  line  on  the  arm. 

great  pain,  which  is  doubtless  due  to  pressui'e  of  the 
humerus  on  the  axillary  plexus.  The  existence  of  these 
symptoms,  or  of  a  majority  of  them,  immediately  after 
luxation,  or  after  inflammation  has  subsided,  should  make 
It  possible  to  arrive  at  a  correct  diagnosis;  yet  this  may 
be  rendered  a  difticult  matter  by  the  presence  of  a  slight 
degree  of  crepitus~due  to  conditions  which  were  men- 
tioned m  the  earlier  part  of  this  article,— by  1  lie  exist- 
ence, during  the  intermediary  jteriod,  of  a  farg,.  amount 
ot  intlammatory  exudation,  and  finally  by  flie"  presence 
m  fleshy  persons,  of  a  good  deal  of  adipose  tissue  in  tlie 
region  of  the  shoulder.  And  here  h't  me  add  that  a  fail- 
ure to  make  a  diagnosis  is  not  due,  in  all  cases,  to  want 

,°n.  eZr*  '  '^'^'■•''  "^  *"'•  """'  *"  ''  l«'l^  "f  I'Hinstak- 
mg  efforts  to  ascertain  the  true  condition  of  the  parts 

be™  ext'i-en^"  "i"  f',"-^-«.I»''""'^'=i"g  tl^e  luxation  has  not 
been  ext  eme,  and  reduction  has  been  accomi.lisbed  at  a 
reasonably  early  period  without  a  resort  I'o  exc  s.  ve 
force  or  violence,  which  should  ever  be  guarded  agttinst! 
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complete   recovery   may   confidently   be   expected   iu  a 
comparatively  short  period  of  time.     Yet  the  character  of 
the  injury  producing  the  dislocation,  and  the  absence  of 
swelling,  or  the  presence  of  only  a  slight  degree  of  swell- 
ing, are  not  alwaj's  indicative  of  the  amount  of  damage 
sustained  by  important  tissues  in  the  immediate  vicinity 
of  this  joint.     The  extensiveness  of  the  swelling  may  be 
the  result  of  grave  injury  to  important  blood-vessels,  or, 
on  the  cither  hand,  it  may  be  due  to  the  fact  that  the  in- 
dividual ispredisposed  to  serous,  fibrinous,  or  hemorrhagic 
effusion.     In  the  case  of  a  slight  injury  to  the  main  trunk 
of  the  nerves  or  to  some  terminal  branch,  the  pain  may 
not  only  be  great  but  it  may  appear  at  an  early  stage, 
and  we  may  have  in  addition  temporary  loss  of  muscle 
functions.     On  the  other  hand,  luore  serious  nerve  lesions 
may  manifest  themselves  at  quite  a  late  stage,  and,  be- 
sides, they  may  be  slow  iu  attaining  any  marked  degree 
of  prominence.     It  is  extremely  difficult  to  say  exactly 
how  much  injury  muscles,  nerves,  tendons,  or  ve.s.sels  have 
sustained,   or   to  predict  to  what  extent  restoration  of 
function  may  take  place.     I  have  gone  somewhat  fully 
into  these  points  as  affecting  this  particular  variety  of 
dislocation  of  the  shoulder,  yet  they  play  a  more  or  less 
important  part  in  all  forms  of  dislocation,  and  especially 
so  in  all  the  forms  of  dislocation  of  this  important  joint. 
The  time  at  which  dislocations  of  the  shoulder  become 
ancient,  or  even  irreducible,  will  vary  to  a  great  extent 
in  each  particular  case.     In  a  young  per.son,  and  espe- 
ciall3'  in  one  who  is  dependent  on  the  use  of  the  limb  for 
a  livelihood,  six  months  might  not  be  at  all  too  long  a 
period  in  which  efforts  more  or  less  stienuous,  though 
guarded  and  cautious  in  the  extreme,  could  be 
justly  essayed   for    reduction.      On    the    other 
hand,  in  an  elderly  individual,  or  one  whose  cir- 
cumstances did  not  imperatively  demand  thor- 
ough u.se  of  the  limb,  so  great  a  degree  of  risk 
would  not  be  justifiable.     The  time  when  these 
dislocations,  or  in  fact  any  dislocations,  become 
ancient,  or  even  irreducil>le,  is  not  to  be  meas- 
ured in  days,  weeks,  or  months;  each  particular 
case,  and  each  and  every  phase  and  characteris- 
tic bearing  thereon,  must  be  carefullv  weighed 
and  thoroughly  considered  under  a  rigid  obser- 
vance of  the  rules  of  good  common  sense  and 
judgment. 

Although  it  is  most  important  to  inspire  the 
patient  with  the  greatest  possible  degree  of  confidence 
and  hope,  yet  it  is  best  to  promise  nothing  more  than  to 
do  the  best  you  possibly  can ;  and  if  this  is  not  entirely 
satisfactory,  it  will  as  a  rule  be  far  better  to  surrendeV 
the  case  or  to  demand  additional  advice  and  counsel. 

A  shoulder-joint  once  dislocated  is  more  liable  than 
any  other  joint  to  undergo  luxation  a  second  tune  under 
the  application  of  a  different  force  or  of  one  of  the  same 
character  but  of  lighter  degree;  and  that  too  even  if  the 
original  reduction  htid  been  performed  in  the  most  perfect 
and  satisfactory  manner  possible.  This  lialiility  to  a  fresh 
luxation  increases  with  the  age  of  the  patient." 

In  the  case  of  a  very  muscular  person  who  has  dis- 
located his  shoulder-joint,  it  is  best,  as  a  rule,  not  to  at- 
tempt reduction  until  after  an  antiesthctic  has  been  ad- 
ministered. But  if  the  patient  is  seen  immediately  after 
the  injury,  and  especially  if  sensation  and  muscular  con- 
traction are  to  some  extent  held  in  abeyance  by  the  effects 
of  primary  shock,  an  anaesthetic  luay  be  dispensed  with. 
Occasionally  it  will  only  be  necessary  to  elevate  the  arm 
to  an  acute  angle,  or  to  a  right  angle  to  the  body,  when, 
the  resistance  of  the  deltoid  and  supraspinatus  muscles 
being  overcome,  the  bone  returns  to  its  place.  At  other 
times,  slight  extension  and  counter-extension,  at  the 
hands  of  the  surgeon  alone,  in  connection  with  manipula- 
tion, will  suffice. 

The  late  Prof.  Moses  Gunn,  M.D.,  of  Chicago,  in  a 
paper  read  before  the  American  Surgical  Association  in 
1HH4,  i-egarded  the  upper  and  unlorn  portion  of  the  cap- 
sule to  be  the  chief  obstacle  in  the  way  of  reduction  and 
he  suggested  the  following:  "The  patient  sitting  on  the 
floor,  the  arm  is  carried  to  an  angle  of  45°,  and  entrusted 
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to  an  assistant,  the  surgeon  placing  bis  hands  on  shoulder 
with  the  tips  of  the  fingers  resting  on  the  head  of  the  hu- 
merus in  the  axilla.     The  assistant  making  \ipward  and 

outward  traction, 
the  head  glides  into 
place  guided  and 
toUow'ed  by  the  fin- 
gers of  the  surgeon ; 
and  the  arm  is  low- 
ered to  the  side, 
tension  being  kept 
up  during  this 
movement." 

Sir  Astley  Coop- 
er's method  of  plac- 
ing the  heel  (di- 
vested of  boot  or 
shoe)  in  the  axilla, 
where  it  acts  partlj' 
as  a  wedge,  forcing 
tlie  liead  of  the  lione 
f  I'om  the  edge  of  the 
scapula,  and  partly 
as  a  fulcrum  as  well 
as  a  counter-extending  force,  will  in  many  instances  prove 
effective.  In  this  procedure  the  forearm  of  the  patient 
is  to  be  flexed  at  a  right  angle  with  the  arm,  and  both 
traction  and  a  slight  rotary  movement  are  to  be  exerted 
upon  the  limb  hy  the  surgeon,  who  must  be  seated  by 
the  side  of  the  recumbent  patient.  Sir  Astley  Cooper 
also  in  some  cases  substituted  the  knee  for  the  heel  in  tlie 
axilla.  With  tlie  patient  seated  in  a  low  chair,  the  sur- 
geon, having  placed  his  foot  in  the  chair  beside  the  pa- 
tient, brings  the  axilla  over  the  knee;  then,  steadying 
the  acromion  and  scapula  with  one  hand,  he  presses  the 
lower  end  of  the  humerus  downward  with  the  other. 

In  Prof.  Nathan  R.  Smith's  method  counter-extension 
is  made  from  the  wrist  of  the  opposite  side  ;  the  patient 
being  seated  in  a  chair,  while  the  surgeon,  with  his  foot 
on  the  chair  and  knee  in  the  patient's  axilla,  employs 
manipulation  and  exten?ion  by  means  of  the  injured  arm, 
the  extension  being  aided  by  traction  on  the  wrist  on  this 
side  (the  affected  side)  by  an  assistant. 

La  Motlie's  method  consists  in  pulling  the  arm  di- 
rectly upward,  while  at  the  same  time  pressure  is  made 

downward  over  the 
slioulder- joint.  Ac- 
cording to  Hamilton* 
Jobert  succeeded,  by 
means  of  this  method, 
after  twenty  -  three 
days,  "  when  all  the 
usual  methods  had 
failed." 

Skey's  method  is 
by  the  application  of 
a  padded  knob  of 
iron  in  the  axilla, 
with  two  strong, 
straight  branches  ex- 
tending laterally,  and 
terminating  in  a  bulb 
or  ring  by  means  of 
which  counter  -  ex- 
tension may  bo  main- 
tained. Extension  is 
effected  by  com- 
pound pulleys. 

I  regard  Kocher's 
method  as  the  best, 
not  only  for  this  dis- 
location, but  also  for 
the  subcoracoid  va- 
riety,   whch    occurs 


Fio.  1616.— Reduction  of  Dislocated  Hu- 
merus, with  Knee  in  Axilla.  (Cooper's 
method.) 


next  in  frequency.     He  flexes  the  forearm  upon  the  arm ; 
carries  the  elbow  against  the  side  of  the  body ;  abducts 


'  Op.  at.,  p.  703. 


Fig.  1617.— Simple  Apparatus 
for  Kt^'M'inL"  the  Arms  at 
Best  After  iteductinn  of  a 
Dislocation  of  the  Humerus. 
(Helterlch.) 


the  hand,  in  order  to  rotate  the  liead  of  tlie  humerus  out- 
ward until  resistance  is  experienced  ;  tlieu  he  carries  the 
elbow  forward,  upward,  and 
sliglitly  inward,  wliile  the  arm 
is  still  flexed  at  a  right  angle 
and  the  hand  maintained  in  a 
position  of  forced  abduction; 
and  finally  he  rotates  the  arm 
inward  and  carries  the  hand  up 
on  to  the  sound  shoulder.  All 
of  these  movements  are  to  be 
executed  slowly  and  as  gently 
as  possible.  According  to  this 
method,  while  the  elliow  is 
flexed  at  a  right  angle  and 
pressed  closely  to  the  side  of 
the  chest,  the  forearm  is  turned 
as  far  as  possible  away  from 
the  chest,  thus  causing  the  arm 
to  rotate  externally.  If,  dur- 
ing the  movement  just  de- 
scribed, the  head  of  the  hu- 
merus does  not  roll  outward 
and  in  fi-out  of  and  below  the 
acromion,  the  attempted  re- 
duction will  fail.  While  ex- 
ternal rotation  is  being  accom- 
plished  the   elbow   sliould    be 

carried  well  forward  and  upward,  the  arm  next  rotated 
inward,  and  finally  the  elbow  lowered.  During  the  latter 
part  of  these  manipulations  an  assistant  may  render  good 
service  by  pressing  the  head  of  the 
bone  outward  with  his  fingers  or 
by  pulling  it  outward  by  means  of 
a  hand  introduced  in  the  axilla. 

The  after-treatment  of  this,  as  of 
the  other  dislocations  of  the  shoul- 
der, consists  in  bandaging  the  arm 
closely  to  the  side  of  the  body  for 
about  ten  daj'S  or  two  weeks,  while 
the  arm  itself  is  to  be  carried  in  a 
sling.  At  the  end  of  this  time  pass- 
ive motion  may  be  commenced,  and 
the  patient  may  be  allowed  grad- 
ually to  resume  the  use  of  tlie  arm, 
which  must  still  be  carried  in  a 
sling  for  a  week  or  two  longer. 
Violent  movements  must  carefully 
he  guarded  against. 

Dislocatio  erecta  is  among  the 
rare  dislocations  at  the  shoulder. 
In  this  condition  we  have  the  arm  held  vertically  with 
tiie  hand  on  top  of  the  head,  in  order  to  avoid  the  in- 
tense pain  which  arises  when  it  is  held  in  any  other 
position.  The  mechanism  of  this  dislocation  seems  to  be 
this:  while  the  arm  is  extended  forcibly  and  is  also  ele- 
vated, a  blow  descend- 
ing on  or  near  the 
proximal  end  of  the 
humerus  drives  the 
head  of  the  bone  down- 
ward. It  is  usually 
readily  reduced  by 
luakiug  firm  traction 
upward,  with  manipu- 
lation on  the  head  of 
the  humerus,  and  then 
liringing  the  arm  down 
to  the  side  as  the  bone 
glides  into  position. 
This  variety  of  disloca- 
tion occuiTcd  in  a  case 
which  came  under  my 
observation.  A  boy, 
falling  from  a  tree, 
with  his  right  hand  ex- 
tended, caught  hold  of 
a    lower    branch    and 


Fig.  1618.— Typical  Sub- 
coracoid Dislocation 
of  the  Humerus.  (Hel- 
ferlch.) 


Fic.  1619.— Subcoracoid  Dislocation  of 
the  Right  Arm.  The  axis  of  the  hu- 
merus is  shown  on  both  sides  by  the 
black  lines.    (Helferich.) 
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thus  to  sonu'  extent  broke  the  force  of  the  fall ;  Init  by 
this  act  he  threw  the  head  of  the  bono  down  liclow  the 

■rlenoid  cavity.  ,       ,  .    ^, 

In  subcoracoid  dislocation,  which  is  nicntioneil  in  the 
recent  work  of  Wharton  and  Curtis*  as  the  most  fre- 
quent variety,  the  capsular  ligament  is  lacerated  anteriorly 
and  the  head  of  the  bone  slips  forward  on  the  inner  sur 
face  of  the  neck  of  the  scapula.  It  is  produced  most  fre 
quently  by  direct  violence  aetin.n'on  the  posteiior  surface 
of  the  shcmlder,  althounh  fallin.a:  on  tlie  elbow  or  hand, 
with  the  arm  extended  anil  directed  slightly  backward, 
has  occasionally  been  the  cause  of  the  dislocation.  In 
some  instauces'it  has  been  attributed  to  muscular  action 
alone. 

Subclavicular  dislocation  is  closely  allied  to  the  above 
variety.  In  it  the  head  of  the  bone  passes  l)eyond  the 
coracfiid  process  and  lodges  just  beneath  the  edge  of  the 
clavicle,  being  covered  by  the  pcctoralis  major  and  minoi- 
muscles.  If  the  force  ai')plieil  jiroduces  a  fracture  of  the 
coracoid  process  this  form  of  dislocation  is  most  certain 
to  occur.  It  pri  iduces  more  se\erc  pressure  on  the  axilUiry 
vessels  and  nerves  than  does  the  other  variety.  In  eithei- 
of  the  above  dislocations  the  head  of  the  bone  can  usually 
be  readily  made  out  in  the  almormal  position.  In  sub- 
clavicular dislocation  there  will  be  a  marked  depression 
under  the  outer  edge  of  the  acromion,  extending  beneath 
its  posterior  margin.  The  elbow  hangs  away  from  the 
body,  a  little  backward,  and  the  axis  of  the  limb  is 
directed  toward  some  portion  of  the  clavicle  rather  than 
toward  the  glenoid  cavity.  The  supraspinatus  and  infra- 
spinatus muscles  and  that  portion  of  the  deltoid  which 
arises  from  the  acromion  are  greatly  stretched,  if  not  torn. 
The  measures  required  for  retlueing  this  dislocation  are 
similar  to  those  resorted  to  in  subglenoid  dislocations. 
Less  extension,  however,  will  be  required  and  greater  at- 
tention will  have  to  be  paid  to  manipulation  of  the  heail 
of  the  bone,  which  needs  to  be  pu.slied  more  in  a  back- 
ward direction.  Koclier's  method  will  give  by  far  the 
most  uniformly  gratifying  results. 

Backward  dislocations  are  quite  rare.  The  head  of 
^he  bone  may  lodge  just  beneath  the  acromion  or  be  cai' 
ried  farther  back  upon  the  dorsum  of  the  scapula  and 
beneath  the  spinous  process.  These  dislocations  are  pro- 
duced most  generally  by  a  force  acting  directly  (ai  the 
anterior  surface  of  the  shoulder.  In  the  first  of  the  two 
forms  named  above,  the  head  of  the  bone  will  be  observed 
beneath  the  acromion,  and  in  both  there  will  be  a  sjiace 
more  or  less  wide  between  the  head  of  the  bone  and  the 
coracoid  process,  into  which  space  the  fingers  can  be 
pushed  more  or  less  deeply.  The  axis  of  Ihe  bone  is 
directed  upward  and  backward,  in  a  direction  posterior 
to  the  glenoid  cavity,  and  the  arm  comes  across  the  front 
of  the  chest  with  the  humerus  rotated  inward,  unless  the 
subscapularis  is  ruptured.  The  patient  may  hold  the 
hand  to  the  head,  with  the  arm  lying  horizontally  across 
the  body,  and  it  may  be  carried'vertically.  If  the  sub- 
scapularis is  not  toi-n  the  humerus  cannot  be  rotated  out- 
ward. 

For  the  reduction  of  this  dislocation  the  following 
plans  have  been  suggested:— Slight  forward  traction 
(I)uplay);  direct  pressure  on  the  head  of  the  bone,  with 
slight  extension  (MoUiere) ;  traction  at  a  right  angle 
with  the  body,  with  moderate  rotation  (Despres);  raising 
the  hand  and  arm  and  turning  the  h.anil  backward  beliiud 
the  head  (Sir  Astley  Cooper);  moderate  tracticai  down- 
ward and  outward,  with  pressure  directly  on  the  head  of 
the  bone  (Hamilton);  and,  finally,  traction  outward 
downward,  and  slightly  forwaid  (Parker),  the  slioulder 
being  fixed  by  the  hands  of  an  assistant  or  by  other  means 
The  plan  of  Dr.  Moses  Gunn,  of  Chicago,  was  to  have 
the  shoulder  prop,.rly  fixed  by  an  as.sistant,  while  the 
surgeon,  taking  the  arm  by  the  elbow  and  forearm  raises 
It  to  a  horizontal  position,  carries  it  to  the  front  rotates 
It  inwardly,  and  draws  it  into  place. 

Without  fracture  of  the  acromion  or  coracoid  process 
upward  dislocation  of  the  humerus  .seems  wellniifh  im- 
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possible,  yet  it  has  occurred  in  very  rare  instances.  The 
symptoms  consist  in  the  absence  of  the  humerus  from  the 
glenoid  cavity  and  its  being  found  in  the  interspace  be- 
tween the  coracoid  and  acromion  processes,  in  front  of 
and  above  the  level  of  the  clavicle.  In  Albert's  case, 
cited  by  Stimson,*  both  shoulders  were  dislocated.  The 
patient,  a  full-grown  man,  while  holding  on  to  the  reins 
of  a  jiair  of  runaway  hoi.ses,  was  dragged  at  full  length 
on  tlie  ground.  The  deformity,  which  consisted  of  a 
lirominence  on  the  front  and  upper  part  of  the  shoulder, 
was  more  conspicuous  on  the  left  .side  than  on  the  right. 
Stimson  gi  ve.s  the  following  points  in  the  symptomatology 
of  this  form  of  dislocation;  "The  limb  hangs  by  the  side, 
perhaps  slightly  abducted,  and  rotated  outward;  its  axis 
is  directed  from  lielow  upward  and  forward,  passing  in 
front  of  the  normal  position  of  the  head."  "Voluntary 
movements,"  he  says  farther  on,  "are  almost  or  quite  im- 
possible, and  passive  movements  are  greatly  restricted, 
in  old  as  well  as  recent  cases." 

The  following  methods  of  reduction  have  been  sug- 
gested; Traction  downward,  under ana'stliesia,  combined 
with  a  tilting  motion  which  brings  the  head  of  the  bone 
back  toward  the  glenoid  cavity  (Verneuil);  carrying  the 
arm  away  from  the  bodj'  until  the  head  passes  under  the 
coracoid  process,  and  then  at  the  same  time  raising  the 
elbow  and  rotating  the  humerus  inward  (Panas);  ab- 
duction, extension  backward,  and  rotation  inward 
(Albert), 

According  to  .some  observers  there  have  been  cases  of 
partial  dislocation  of  the  shoulder  in  which,  after  rup- 
ture of  the  long  head  of  the  biceps,  the  contraction  of  the 
supraspinatus  muscle  has  drawn  the  head  of  the  bone 
almost,  Ijut  not  entirely,  out  of  its  normal  position.  Such 
a  partial  dislocation  is  marked  by  the  presence  of  a  de- 
pression on  the  posterior  asjiect  of  the  joint,  beneath  the 
acromion,  and  by  the  existence  of  an  unnatural  rounded 
prominence  formed  by  the  head  of  the  bone  in  contact 
with  the  coracoid  process.  Hamilton,!  and  Gcrster,}; 
however,  entertain  strong  doubts  in  regard  to  the  occur- 
rence of  such  a  partial  dislocation. 

Dislocation  of  the  shoulder  complicated  with  fracture 
is  not  unfrequentl}' met  with;  the  break  usually  oceur- 
rin.g  at  the  surgical  neck.  As  preternatural  mobility, 
crepitus,  etc.,  accompany  the  signs  occasioned  bj'  the 
presence  of  the  head  of  the  bone  in  its  abnormal  site,  the 
diagnosis  is  not  difficult.  When  the  fracture  occurs  at 
the  anatomical  neck  it  is  not  always  possible  to  make  the 
diagnosis  certain  unless  a  very  careful  and  thorough  in- 
vestigation is  made.  If  the  head  of  the  bone  cannot  be 
restored  to  the  glenoid  cavity  by  reasonable  manipulation 
of  this  fragment  alone — the  arm  affording  no  assistance 
— it  will  probably  be  best  to  wait  four  or  five  weeks 
until  union  has  taken  place,  and  then  to  make  efforts  at 
reduction.  It  must  be  remembered,  however,  that  under 
these  circumstances  there  is  ver_y  great  danger  of  re- 
fracturing  the  bone,  and  consequently  proper  precau- 
tions, such  as  flrndy  but  temporarily  applying  sphuls, 
bandages,  etc.,  must  not  be  neglected.  JIcBurneys? 
effected  reduction  in  one  case  by  cutting  down  through 
the  deltoid  upon  the  lower  end  of  the  fragment,  drilling 
a  hole  into  it,  and  inserting  into  this  bole  a  right-angled 
hook,  by  means  of  which  he  made  forcible  traction  and 
I'otuliou  of  (he  fragment.  The  propriety  of  removing  the 
head  of  the  bone  will  in  some  instances  reipiire  considera- 
tion, and  the  operation  may  be  necessitated  in  irreducible 
cases,  if  great  sud'ering  and  inconvenience  exist. 

Didofdtioiiii  iif  tlie  llndiiis  may  occur  forward,  back- 
ward, or  outward.  In  all  cases  "the  lateral  and  annular 
ligaments  are  torn  and  the  head  of  the  bone  will  be  found 
in  front  (d',  behind,  or  external  to,  the  external  condyle 
of  the  humerus. 

Forward  dislocation  is  the  most  common  variety  and 
is  generally  produced  by  falling  upon  the  hand  while  it 
is  in  a  state  of  pronation,  though  direct  force  applied  to 

*  Op.  tit.,  p.  249,  t  Op.  nt.,  p.  7.19. 

tN.  Y.  Merl.  Jnnrn.,  May,  ISVS,  p.  487. 

9  "Amerlean  Text-Hook  of  Surgerv,"  3d  edition,  1899,  p.  443.  W.  B. 
Saunders  &  Co.,  publishers,  Philadelphia. 
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the  side  of  the  elbow  may  pi-oduce  it.  Tlie  syiiiptorns 
and  alterations  are:  The  radial  side  of  tlie  foreanu  is 
shortened  and  inclined  outward;  a  depression  will  l)c 
found  below  the  external  condyle  of  the  humerus;  dur- 
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FJI5.  1630.— Forwaril  Iiislocalion  ot  the  lleail  of  the  Radius:  Foreanii  SiiplnatHCl  and  Ext(^nd(^(1 

ing  moTcments  of  pronation  and  supinatif)n  the  head  of 
the  radius  can  be  felt  rotating  in  front  of  the  elbow ;  and 
flexion  as  well  as  complete  exten,sion  is  prevented. 

To  efl:'ect  a  reduction,  the  surgeon  must  tlex  the  pa- 
tient's arm  upon  the  forearm  with  one  hand,  and  with 
the  fingers  of  the  other  he  must  make  pressure  upon  the 
head  of  the  ladius  in  a  downwai'd  and  outward  ilirection, 
the  hand  of  the  injured  arm  being  at  the  same  time 
sharply  pronated.  A  well-padded  right-angled  splint, 
with  a  compress  over  the  head  of  the  radius,  sliould  be 
worn  for  .several  weeks,  and  after  thetirst  week  it  sliould 
be  taken  off  at  intervals  of  two  or  three  daj's  and  passive 
movements  of  the  limb  should  be 
cautiously  executed. 

More  rarely,  the  head  of  the  radius 
passes  through  tlie  posterior  part  of 
the  capsular  ligament,  and  rests  be- 
hind the  ccmdyie  of  the  humerus. 
This  dislocation  is  caused  by  direct 
violence,  or  by  falling  upon  the  hand 
when  it  is  in  a  state  of  extreme  pro- 
nation. The  head  of  the  bone  will 
be  found  behind  the  condyle  of  the 
humerus,  with  a  depression  below  it, 
the  forearm  being  slightly  flexed  and 
the  hand  pnmated.  Supination,  wa- 
der  these  conditi(jns,  is  impossible, 
and  flexion  and  extension  are  dimin- 
ished. 

AVitli  the  aid  of  an  assistant  who  is 
to  make   counter-extension,  the   sur- 
geon should   first    extend  and   then 
supinate  the   flexed   forearm,  at  the 
same  time  pressing  the  head  of  the 
hone    forward.     An    obtuse  -  angled 
splint,  well  padded,  should  be  woi'u  on  the  forearm  for 
several  weeks.     As  was  suggested  in  the  paragraph  re- 
lating to  dislocations  of  the  radius  forward  the  splint 
should  be  removed  from  time  to  time  and  passive  motion 
should  be  carried  out. 

Dislocation  of  the  radius  outward,  in  which  the  head 
of  this  bone  rests  on  the  epicondyloid  ridge,  is  still  more 
rare.  The  conditions  which  indicate  the  existence  of  tliis 
variety  of  dislocation  are:  prominence  of  the  radial  In-ad 
above  and  in  front  of  tlie  external  condyle  of  the  humerus ; 
the  arm  flexed  and  held  in  a  ]iosition  midway  between 
pronation  and  supination;  and  impairment  of  flexion  and 
extension. 

For  the  reduction  of  this  dislocation  it  is  necessary  that, 
while  counter-extension  is  being  made,  the  arm,  moder- 
ately flexed,  should  be  extended,  and  that,  at  (he  sanie 
time,  pressure  should  be  made  on  the  head  of  the  radius 
in  a  downward  and  forward  direction.  A  right-angled 
splint  should  be  worn  as  in  the  first  variety. 

Tlw  ulna  may  be  dislocated  directly  backward,  the 
radius  being  left  in  dtii,  and  the  coronoid  process  drop- 
ping into  the  olecranon  fossa  or  resting  on  the  posterior 
inner  surface  of  the  inner  condyle.  There  will  be  some 
shortening  of  the  forearm  but  not  as  much  as  in  disloca- 
tion backward  of  both  radius  and  ulna.  The  latter 
variety  is  doubtless  one  of  the  most  frequent  dislocations 
at  the  elbow;  and  as  practically  the  same  treatment  is 
required  for  both  of  these  forms,  the  subject  will  be  con- 


no.  1621.  —  Disloca- 
tion of  the  Ulna 
Backward,  without 
the  Radius. 


siderecl  in  a  single  paragraph  a  short  distance  farther 
along. 

Tlie   symiitoms  of  dislocations  ot   bdth   bones  of  the 
forearm  backward  at  the  elbow  are:  .shortening  of  the 
anterior  surface  of  the  forearm;  the 
presence  (d'  a  marked   prominence  in 
front  of  the   elbow  (due  to   the  jiro- 
jection  of  tlie  lower  end  of  the  hu- 
merus); and  the   presence  of  a   still 
greater  prominence  posteriorly  (pro- 
duced liy  the  olecranon  and  the  ten- 
don of  the  triceps).    The  arm  is  slight- 
ly  flexed,    the   elbow   rigid,  and  all 
movements   are   diflicult.     The  con- 
dition is  likely  to  be  confounded  with 
condyloid  or  supraeondyloid  fracture   ot  the  humerus. 
The  relations  of  the  olecranon  with  the  condyles,  in  a 
dislocation  at  the  elbow,  are  altered;  in  a  fracture  they 
are  unchanged.     In  dislocation  the  prominence  posteri- 
orly is  increased  liy  fl<>xion  and  diminished  by  exten.sion, 
while  the  o])p(isite  holds  good  in  fracture.     In  fracture 
the  deformity  disappears  on  firm  exten.sion  and  counter- 
extension,  but  reappears  when  it  is  removed ;  in  disloca- 
tion, if  we  can  remove  the  deformity  by  this  means  it 
does  not  return. 

When  the  parts  are  comiiletely  relaxed  reduction  is 
easily  aeeomplisheil  by  two  opposite  movements:  Fix 
the  arm,  flex  the  foi-earm,  and  make  traction  at  the  same 
time;  or  fix  the  arm,  extend  the  forearm,  and,  while 
making  traction,  suddenly  flex  the  forearm.  An  anterior 
angular  splint,  well  padded,  .should  be  worn  for  two  or 
three  weeks,  and  there  should  be  occasional  passive 
movements  and  massage.  Sir  Astley  Cooper,  in  reducing 
a  dislocation  at  the  elbow,  caused  the  patient  to  sit  in  a 
chair,  and  placing  his  knee  on  the  inner  side  of  the  elbow- 
joint,  in  the  bend  of  the  arm,  he  took  hold  of  his  wrist 
and  bent  the  arm ;  at  the  same  time  he  pressed  on  the 
radius  and  ulna  with  the  knee,  so  as  to  separate  them  from 
the  humerus,  the  coronoid  process  being  thus  lifted  out  of 
the  humeral  fossa :  and  wdiilc  the  pressure  was  being  kept 
up  by  the  knee,  the  arm  was  forcibly  but  slowly  bent, 
until  the  ends  of  the  bones  resumed  their  natural  relations. 
Dislocation  of  the  ulna  and  radius  forward,  both  bones 
l}dng  in  front  of  the  condyles,  is  rare.  The  broad  sur- 
face of  the  humerus  can  be  felt  posteriorly,  and  the  olec- 
ranon and  head  of  the  radius  in  front.  If  the  dislocation 
is  complete,  the  forearm  is  apparently  shortened  and 
flexed  U|ion  the  arm ;  if  it  is  incomplete,  the  forearm  will 
be  extended  upon  the  arm.  It  is  reduced  by  extension 
aliiue,  fir,  if  this  does 
not  suftice,  by  exten- 
sion and  forced  flexion. 
Complete  lateral  dis- 
location of  both  bones 
is  quite  rare,  and  in- 
complete dislocations 
are  possibly  less  so; 
they  are  produced  by 
violence  acting  in  op- 
posite directions  on  the 
arm  and  forearm.  The 
arm  will  be  found  flex- 
ed and  inclined  either 
inward  or  outward ; 
the  olecranon  will  pro- 
ject beyond  the  inter- 
nal condyle  in  the  one 
instance,  and  the  head 
of  the  radius  beyond 
the  external  condyle  in 
the  other.  In  disloca- 
tions outward  the  ex- 
ternal condyle  is  quite 

prominent  owing  to  the  absence  of  the  head  of  the 
radius.  The  hand  will  be  pronated.  In  reducing  such 
a  dislocation,  while  extension  and  counter-extension  are 
being  carried  out,  the  bones  of  the  arm  and  forearm 
should  be  pushed  in  opposite  directions. 
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Fig.  1622.  —  Bactward  Dislocalion  of 
Botb  Bones  of  Left  Forearm.  Showing 
Prominence  ot  Olecranon  and  Sborlen- 
iug  of  Forearm.     (Helferich.) 
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Fio.  1623.— Backward  Dislocation  of  Both  Bones  of  Foreann  In  a  Child 
picture,  copied  from  David  Walsh's  work,  Edinburgh,  1899.) 


In  compound  dislocations  at  the  elbow,  the  propriety  of 
removing — under  strict  aseptic  precautions — the  oilend- 
ing  fragments  is  to  be  considered.  In  such  cases  a  partial 
resection  offers  better  chances  of  success  than  does  re- 
duction with  a  reunion  of  the  fragments. 

In  DidoaitioiLS  at  ilie  TT^mC  we  may 
have  the  ulna  detached  from  the 
semilunar  surface  of  the  radius  and 
displaced  forward  or  backward.  If 
forward,  it  is  the  result  of  violent 
supination  of  the  hand, 
and  is  accompanied  by 
I'upture  of  the  anterior 
ligaments  of  the  joint. 
Somewhat  to  the  radial 
side  and  on  the  palmar 
surface  of  the  wrist  a 
prominence  will  lie  ap- 
jtarent,  and  that  of  the 
lower  end  of  tlie  ulua 
at  the  back  of  the  wrist 
will  be  wanting;  the 
hand  will  be  supinated. 
With  the  f(jrearni  ticxed, 
counter -extension 
should  be  made  from 
the  arm,  and  extension 
should  be  applied  to  the 
hand.  At  the  same  time  pressure 
backward  should  be  made  over  tlie 
head  of  the  ulna,  whereui)on  firm 
pronation  will  enable  the  uliui  to  slip 
back  into  position.      Two   well-pad- 


ded splints,  such  as  are  used  in  fracture  of 
both  bones  of  the  forearm,  should  be  worn 
for  at  least  four  weeks. 

Backward  displacement  of  the  ulna  is  the 
result  of  extreme  pronation  of  the  hand. 
The  ordinary  ulnar  prominence  at  the  back 
of  the  wrist  will  be 
found,  in  this  disloca- 
tion, to  be  much  more 
conspicuous,  and  the 
styloid  process  will  no 
longer  be  in  line  with 
the  fifth  metacarpal 
bone ;  the  hand  will  be 
supinated  and  the  fin- 
gers flexed.  AVhen  the 
hand  Is  extended,  the 
bone  is  pushed  back  un- 
til it  Ijeeomes  re-engaged 
in  the  semilunar  cavity 
of  the  radius.  The  af- 
ter-dressiug  consists  in 
applying  to  the  bone  a 
firm  compress  and  a 
straight  posterior  splint 
for  a  period  of  three  or 
four  weeks;  and  then, 
after  these  have  been 
r  e  m  o  V  e  d,  the  wrist 
should  be  strapped  with 
rubber  plaster,  or  a 
bandage  and  compress 
should  be  applied. 
These  dressings  should 
be  worn  for  some  time. 

Dislocation  of  Botli  Bunes  at  the  Wrist  may 
take  place  in  either  an  anterior  or  a  pos- 
terior direction.  The  lesion  is  quite  rare. 
When  the  wrist  is  extended  violently  and 
to  an  extreme  degree,  the  anterior  carpal 
and  lateral  ligaments  are  ruptured  and  the 
Ijones  of  the  carpus  forced  back  on  the  an- 
terior surface  of  the  radius.  The  hand  will 
be  fixed  in  an  extended  position,  the  lower 
end  of  the  radius  and  ulna  forming  a  prom- 
inence on  the  posterior  surface  of  the  wrist.  By  making 
extension  from  the  hand  aud  counter-extension  from  the 
arm,  and  by  extending  the  carpus  on  the  forearm  while 
at  the  same  time  pressing  the  ends  of  the  radius  and 
ulna  forward,  the  luxation  maybe  reduced.  The  hand 
aud  forearm  should  Ix-  placed  on  a  well-padded  anterior 
splint,  and  secured  by  a  roller  bandage.  These  dress- 
ings should  be  worn  for  several  weeks. 

The  application  of  force  to  the  back  of  the  hand  in 
such  a  manner  as  to  produce  extreme  flexion  may  cause 


Fig.  1625.— Dlsloca- 
of  Both  the  Radius 
and  the  Ulna  Out- 
ward. 


(.r-Ray 


Fir,.  1624.-Disloca- 
tlon  of  Both  the 
Radius  and  the  Ulna 
Inward. 


1626.— Forward  Dislocation  of  Carpus. 


rupture  of  the  posteriiu-  radio-carpal  and  lateral  liga- 
ments, and  force  the  carpus  back  on  the  posterior  surface 
of  tlie  radius  aud  ulna.  The  def(Hiiiiti|-  consists  in  marked 
increase  in  the  antero-posterior  diameter  of  the  wrist,  the 
band  being  slightly  extended,  the  fingers  flexed,  and  the 
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joint  immobile.  With  the  forearm  fixed,  extension  from 
tlie  hand  combined  with  slight  flexion,  abduction,  and 
adduction,  will  effect  a  reduction  of  the  dislocation. 
A  straight  splint,  applied  to  the  anterior  surface  of  the 
forearm  and  hand,  should  be  worn  for  several  weeks. 

In  discriminating  between  a  fracture  of  the  wrist  and 
a  dislocation  at  this  point  we  are  aided  by  the  following 


drawn  downward, 
one  of  tlie  heads  of 


and  s\id- 
the  .short 


Fig.  1627.— Backward  Disloeatiun  of  Carpus. 


with 
been 


facts:   in  a    fractiire  there   is   increased    mobility 
■crepitus,  and  the  deformity  reappears  after  it  has 
reduced,  provided  no  dressings  are  applied  to  keep  the 
parts  in  place. 

In  compound  dislocation  at  the  wrist,  the  fragments  of 
hone  should  be  removed  under  rigid  asepsis,   all  torn 
nerves,   tendons,   etc.,    should   be 
sutured,  bleeding   vessels   should 
be  ligated,  and  a  well-padded  pal- 
mar splint  should  be  applied. 

Didoeritions  of  the  Carpal  and 
Metacarpal  Bones  are  rare,  and  no 
specific  instructions  are  likely  to 
meet  the  indications  in  anj'  par- 
ticular case.  A  knowledge  of  the 
anatomical  relations,  comparison 
with  the  uninjured  hand,  and  gen- 
eral attention  to  practical  surgical 
measures  are  the  only  things  that 
■displaced  bones  should  be  moulded 


the  metacarpal  bone  should  first  be  fixed,  and  then  the 
thumb  is  to  be  extended 
denly  flexed.  If  this  fails 
flexor  may  be  di- 
vided subcutane- 
ously.  A  dressing 
similar  to  the  one 
just  cited  will 
be  appropri- 
ate. Not  y  * 
suggests  the 
following  plan 
as  having  suc- 
ceeded in  back- 
ward disloca- 
tion  of    the 

thumb  after  other  efforts  have  failed:  "The  hand 
flexed   and    forcibly  pronated;    the  surgeon's  two 
fore-fingers  placed  beneath  the  head  of  the  meta- 
•  carpus,  and  the  thumbs  applied  to  the  dorsum  of 
the  phalanx  at  its  base,  pressure  is  made  in  oppo- 
site directions  as  the   thumb   is  raised   to  a  right 
angle." 
Reduction  of  Dislocation,  of  the  Phalanges  is  not  ditficult, 
antl  is  usually  accomplished  by  firm  extension  and  man- 
ipulation.    In  compound  dislocations  of  the  phalanges 
ett'orts   to  secure  perfect  asepsis  are   essential.     If  the 
bones  are  extensively  comminuted,  the  removal  of  frag- 
ments, excision,  etc.,  may  be  needed,  and  as  in  simple 


rifi.  1630.  —  Dlsloc-atlon  ol  Phalanx,  -n-ith 
Rupture  of  Muscle:  Head  of  Metacarpal 
Bone  Covered  Only  liy  skin. 


FIG.  1631.— Keduction  of  Backward  Dislocation  of  First  Phalanx  with  Clove-Hitch. 


are  necessary.     The 
into  position  with 
the'^fingers  of  the  operator  and  properly  secured  in  this 
position  by  a  splint  and  bandage. 

The  metacarpal  bone  of  the  thumb  may  be  dislocated 
backward  or  forward  by  extreme  extension  or  flexion ; 


FIG.  1628.— Dislocation  of  Phalanx  of  the  Thumb  Backward. 

the  reduction  is  to  be  effected  by  making  extension  from 
the  proximal  phalanx  and  by  pressing  the  displaced  bone 
hack  into  position.  As  a  dressing  a  moulded  bmder  s 
toard  or  a  leather  or  gutta-percha  splint,  shoidd  be  fitted 
to  the  thumb;  it  should  extend  well  back  over  the  wrist, 
and  should  be  secured  bv  a  narrow  roller. 

The  Thmnb  is  dislocatf?d  most  commonly  by  a  backward 
or  forward  displacement  of  the  proximal  phalanx  the 
proximal  end  passing  in  front  or  back  of  the  head  ot  tne 

metacarpus.       As    a 
rule,    the    backward 
dislocation     is     ren- 
dered  more   ditHcult 
of    replacement    by 
reason  of  the  head  of 
the  bone  being  grasp- 
ed between  the  two 
heads  ot    the   flexor 
...     pollicis    brevis.      In 
riG.  1629.-Dlslooation  of  Phalanx,  with-    ig     .jq^  ^  reduction 
out  Rupture  of  the  Flexor  Brevis.  eiiccuua  a  icu 


dislocations,  a  moulded  binder's  board,  or  a  leather  or 
gutta-percha  splint,  should  be  applied. 

Dislocations  of  the  Pelvic  Bones  partake  more  of  the 
nature  of  a  fracture,  and  for  their  diagnosis  a  careful 
study  of  the  relations  of  the  various  prominences  and  of 
the  degree  of  mobility  at  the  point  of  separation,  usually 
sutflces.  In  order  to  secure  a  satisfactory  examination 
the  patient  should  be  placed  on  a  firm,  well-padded  table 
or  mattress.  The  treatment  consists  in  manipulating  the 
bones  into  position  and  in  applying  broad  strips  of  ad- 
hesive plaster  and  a  well-adjusted  muslin  roller;  or  a 
plaster-of -Paris  dressing  may  be  applied,  and  this  should 
be  worn  for  a  month  or  six  weeks. 

The  displacements  of  the  coccyx,  whether  from  fracture 
or  from  dislocation,  present  similar  indications;  and  if, 
after  they  have  been  reduced,  a  redisplacement  occurs, 
fivingrise  to  discomfort  or  inconvenience,  removal  of  the 
bone  is  the  proper  recourse.  Replacement  is  accomplished 
by  means  of  the  fingers  of  one  hand  placed  in  the  rectum, 
while  the  other  hand  makes  pressure  from  without. 

Dislocations  of  the  Ilip,  or   Co.co-Fe moral  Dislocations. 


Fig 


16;K.-Forward  Dislocation  of  Second  Phalanx  of  Finger. 


are  liable  to  occur  most  frequently  in  four  directions. 
(1)  upward  and  backward  on  the  dorsum  ihi,  (3)  upward 
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and  farther  l.arkward  into  the  iscbiatic  notch,  (3)  down- 
^^■ard  and  forward  into  the  thyroid  foramen,  and  (4) 
downward  and  forward  upon  tlie  pubes.  In  addition, 
what  are  I<nownas  irregular  dislocations  are  occasionally 
met  with,  as  diagonally  between  any  of  the  above,  and 
in  some  rare  instances  going  beyond  the  thyroid  foramen 
and  lodging  upon  the  tuberosity  of  the  ischium,  blight 
manipulation,  however,  readily  firings  the  head  of  the 
bone  into  one  or  the  other  of  the  four  positions  known  as 
regular  dislocations.  Irregular  dislocations  are  found  only 
in  cases  in  which  the  ilio-femoral  or  "  Y  "  ligament  is  com- 
pletely ruptured.  If  this  ligament  remains  intact  the 
head  of  the  bone  should  be  forced  to  take  its  position  in 
one  of  the  regular  forms. 

"In  regard  to  freqnencv,"  says  Hamilton,*  ■  ot  104  dis- 
locations"(regular),  5.5  -we're  upon  the  dorsum  ilii,  2H  into 
the  great  ischiatic  notch,  13  upon  the  foramen  tliyroideum, 
anil  8  upon  the  pubes."  They  may  occur  at  any  period 
of  life,  but  are  found  most  frequently  in  the  most  active 
period,  viz.,  from  1-5  to  ir>:  and  in  regard  to  this  matter 
I  wilf  quote  the  following  tabular  arrangement  from 
Hamilton.     On  page  810  I  find  : 


Uniier  15  years. , 
1.5  to  30  years  . . 
30  "  4.5  '■  ... 
45  "  60  "  ... 
66  "  So      "      ... 


1.5  ( 
2'.  I 


The  above  is  his  analysis  of  84  cases. 

The  injury  is  more  common  in  males  than  in  females, 
Aguew  giving  78  out  of  89  cases,  and  ILiniilton  104  out 
ot"ll,i.  Continued  fevers  possibly  predispose  t<j  disloca- 
tions of  the  hip,  especially  in  the  young.  Double  dis- 
locations have  been  reported  by  numerous  observers. 

In  dislocation  upon  the  dorsum  ilii,  the  limb  is  short- 
ened from  one  and  one-half  to  two  and  one-half  or  three 
inches,  rotated  inward,  adducted,  and  slightly  flexed 
upon  the  pelvis.     During  the  e-\aminatiou  the  patient 

should  Stan  d 
erect,  and  should 
tlirow  the  weight 
of  his  body  upon 
the  sound  foot, 
the  knee  touching 
the  opposite  thigh 
above  or  near  the 
upper  margin  of 
the  patella.  The 
thigh  can  be  flex- 
ed, but  adduction 
is  difficult,  and  ab- 
duction is  impos- 
sible except  to  a 
very  limited  ex- 
tent; the  liody  is 
bent  slightly  for- 
ward; the  round- 
ness  of  the  hip  is 
\\',\\\il„  diminished  by  re- 
laxation of  the 
gluteal  muscles; 
t  h  e  trochanter 
major  is  brought 
down  so  as  to  ap- 
proach the  level 
of  the  anterior  su- 
perior sjiinous 
process;  and  the 
head  of  the  bone 
may  be  felt  on 
the  dorsum  ilii. 
_  In    dillerentiat 

—  iiig    this    disloca- 

Fifi.  1(;;B.- Dorsal  iJislocaUon  of  the  Hip.  ''""  '''""1  fracture 
(  ,    ,,  of  the  neck  of  the 

femur,  we  shall  find   absence  of  crepitus  (unless  frac- 
ture coexists),  immobility,  the  toes  turned  in 


greater 


degree  of  shortening,  and  inability  to  stand  upon  the 
limb.  In  fracture,  on  the  otlier  hand,  there  is  mobility 
—possibly  preternatural;  the  toes  are   generally  turned 


Fig.  1(>j4.- 


-DisloratioQ  on  Doisu 
Internus. 


1  Ilii  Bel..\y  Tendon  ot  Obturator 
(Biyelow.) 


'  (Jp.  fit.,  p.  K0«. 


out;  the  shortening  is  limited  if  at  all  apparent;  and  the 
patient  can  bear  some  weight  on  the  limb,  and  may  even 
be  able  to  walk  a  short  distance.  It  must  also  be  borne 
in  mind  that  a  fracture  is  more  liable  to  occur  in  advanced 
life;  indeed  it  is  quite  rare  in  early  life  or  prior  to  middle 
age.  Separation  of  the  epiphysis  must  lie  looked  out 
for  in  early  life,  and  the  possibility  of  hip-joint  disease 
must  not  be  forgotten. 

If  the  outer  fibres  of  the  ilio-femoral  ligament  are 
ruptured,  the  rare  form  of  everted  dorsal  dislocation  may 
occur,  in  which  "we  have  the  principal  signs  of  a  dorsal 
dislocation  with  the  limb  everted;  the  limb  maybe  found 
inverted,  but  it  is  easily  everted ;  and  the  foot  may  be 
slightly  everted,  lying  flat  upon  the  bed,  or  it  maj'  point 
liackward.  By  flexion,  rotation  inward,  and  adduction 
this  dislocation  is  readily  converted  into  the  regular  form 
on  the  dorsum  ilii. 

In  this  dislocation,  as  -with  the  others,  the  ligamentum 
teres  is  ruptured  or  torn  from  its  attachment;  the  cap- 
sular ligament  is  torn  at  its  lower  posterior  portion,  and 
generally  also  on  its  under  part;  the  quadratus  femoiis, 
the  gemelli,  the  obturator  internus,  the  pyriformis  and 
obturator  externus  muscles,  all  or  at  least  some  of  them 
are  torn  or  parlially  lacerated.  The  glutasi,  on  the  other 
hand,  I'itber  escape  altogether  or  are  only  slightly  injured. 

The  head  ai  the  bone  may  lie  close  to  the  acetabulum, 
even  overlapping  its  cavity,  or  it  may  be  lodged  far 
back\var<l,  or  backward  and  upward;  it  maj^  be  so  low 
as  tt)  overlap  both  sciatic  notches,  its  centre  resting  on 
the  basi'  of  the  ischiatic  sjiine  or  opposite  the  apex  of  the 
great  sciatic  notch. 

When  the  head  of  the  bone  leaves  the  acetabulum  at 
its  lower  jiart  it  usually  passes  below  the  obturator 
internus  and  then  rises  liehind  it,  this  muscle  being  inter- 
iwsed  between  it  and  the  ca\ity  ;  or  lodging  beneath  this, 
muscle  it  may  press  it  forcibly  upward  ;"or  finally,  it 
may  slip  above  the  obturator  internus,  passing  between 
it  and  the  pyriformis,  in  which  case  it  will  be  covered 
only  by  the  glutaMis  maximus  and  the  integument.  In 
the  latter  event,  the  head  of  the  bone  can  be  felt  in  its 
new  position,  moving  with  the  movements  of  the  thigh; 
the  normal  outline  of  the  buttock,  which  becomes  broad- 
ened and  prominent,  is  lost,  and  the  great  trochanter  is 
apiiroximated  to  the  anterior  superior  spine,  lying  above 
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a  line  drawn  from  that  point  to  the  tuber  ischii  (Nelaton's 
line).  If  the  liead  of  the  bone  is  below  the  tendon  the 
symptoms  will  be  practically  the  same,  yet  there  is  less 
shortening,  and  the  flexion,  adduction,  and  inversion  are 
more  marked. 

Reduction  is  accomplished,  in  all  recent  cases,  bv 
manipulation.  The  studies  of  Dr.  Bigelow  have  thrown 
great  light  upon  dislocations  at  the  hip,  and  he  very  cor- 
rectly gives  priority  of  invention  of  the  method  now  so 
commonly  in  use  to  tlu^  late  Prof.  Nathan  Smith,  of  New 
Haven,  who  formulated  it  in  1831.  Despres,*  in  ISo"), 
independently  formulated  the  method  of  flexion  and  out- 
ward rotation,  and  Reid,f  in  1851,  did  the  same.  In  his 
method,  however,  marked  adduction  preceded  the  flexion, 
and  the  obstacles  encountered  Avcre  incorrectly  attributed 
by  him  to  the  resistance  of  the  muscles. 

"in  reducing  this  dislocation  by  the  classical  method  of 
Professor  Smith,  the  patient  is  placed  on  a  firm  mattress 
and  anesthetized  (if  deemed  necessary);  the  surgeon 
grasps  the  ankle  of  the  injured  limb  with  one  hand  and 
the  knee  with  the  other;  the  leg  is  flexed  im  the  thigh 
and  the  thigh  on  the  abdomen  ;''it  is  then  adducted  and 
carried  to  the  sound  side,  and  rotated  slightly  outward ; 
and  finally,  by  circumducting  externally,  it  is  swept 
across  the  abdomen  and  brought  down  in  a  straight  posi 
tion  beside  the  other  limb. 

AllisJ  recommends  the  following  steps:  The  surgeon, 
kneeling  beside  the  recumbent  patient,  in  the  case  of  the 
right  hip,  should  grasp  the  ankle  with  the  right  hand 
and  place  the  bent  elbow  of  the  left  arm  in  the  popliteal 
space;  then  he  should  turn  the  leg  outward,  bj'  means  of 
the  ankle,  and  should  lift  it  upward  with  the  left  arm; 
finally,  he  should  turn  the  leg  inward  and  should  bring 
the  femur  down  into  the  position  of  extension. 

Hamilton  s^  gives  the  following :  "  The  patient  being 
laid  upon  his  back  upon  a  mattress,  the  surgeon,  assum- 
ing that  it  is  a  dislocation  upon  the  dorsum  ilii,  should 
seize  the  foot  with  one  hand,  and  the  other  he  should 
place  under  the  knee;  then  flexing  the  leg  upon  the 
thigh,  the  knee  is  to  be  lifted  carefully  toward  the  face 
of  the  patient  until  it  meets  with  some  resistance;  it 
must  then  be  moved  outward  and  slightly  rotated  in  the 
same  direction  until  resistance  again  is  encountered,  when 
it  must  be  gradually  brought  downward  again  to  the  bed. " 

I  also  ciuote  the  following  from  Stonham]j :  "  In  all  forms 
•of  dislocations  the  patient  is  most  conveniently  placed 


Fig.  1635.— Manipulation  Method  tor  Reduction  of  Dislocation  of  the 
Thigh,  First  Stage,  Showing  Flexion  of  Knee  and  Hip  to  a  Right 
Angle.    (Helferich.) 

upon  a  hard  mattress  on  the  floor,  the  surgeon  thus  hav- 
ing full  command  of  the  limb.  He  must  be  fully  anaes- 
thetized.    In  the  dorsal  dislocations  the  surgeon,  flexing 


*Bull.  de  la  Soc.  Anatomique,  September,  1835,  p.  4. 
t  Buffalo  Med.  Journal,  18.51. 

i  Whartou  and  Curtis ;  "  Practice  of  Surgery."  op-  cit..  p.  5«5. 
§  Op.  eft.,  p.  835.  ,„^    ^^ 

("Manual  of  Surgery,"  by  Cbarles  Stonham,  vol.  n.,  p.  195,  Ihe 
Macmillan  Co.,  1900. 


the  knee  to  a  right  angle,  gi-asps  the  leg  above  the  ankle 
and  just  below  the  knee.  The  thigh  is  now  Hexed  upon 
the  abdomen  to  a  right  angle,  and  tlie  patient  is  slightly 
raised  from  the  mattress  so  that  his  body  becomes  a 
counter-extending  force;  if  this  be  insufiicie'nt  his  pelvis 
may  be  fixed  by  an  assistant,  or  the  surgeon  may  exert 
pressure  on  the  anteii(n-  superior  iliac  spine  witli  his  un- 


Fl(i.  lt)3li.-E.\tensi(in.    Sir  A.stley  Cou|ier'.s  Method. 

booted  foot.  The  femur  is  now  abducted  and  lotated  out, 
and  thus  the  liead  is  brought  nearer  the  acetabulum; 
finally  the  limb  is  extended  and  the  head  slips  into  the 
socket.  The  formula  for  reduction  is  '  lift  up,  bend  up, 
roll  out,  and  extend.'  If  any  difficulty  is  experienced 
it  will  most  likely  lie  due,  not  only  in  the  dorsal,  but  in 
all  regular  dislocations,  to  the  smallness  of  the  aperture 
in  the  capsule ;  this  is  to  be  made  larger,  without  fear  of 
inflicting  much  additional  damage,  liy  circumduction  in 
the  dii-ection  opposite  to  that  which  the  head  of  the  bone 
mu.st  subsequently  travel.  In  the  other  cases  adduction 
and  inversion  may  be  .slightly  increased  in  order  to  dis- 
engage the  head  of  the  bone." 

"In  the  everted  dorsal  dislocation  it  may  be  converted 
into  the  ordinary  dorsal  b,y  flexion,  adduction,  and  in- 
ward rotation  of  the  limb,"  says  Mr.  Stonham;  and  ac- 
cording to  him  "Bigelow  recommends  that  the  head 
should  be  disengaged  by  circumduction  of  the  extended 
limb  inward,  coupled  with  eversion  to  free  it  from  the 
edge  of  the  pelvis  in  the  supraspinous  form."  "The 
anterior  obli((ue  majf  be  converted  into  the  ordinary 
dorsal  form  by  inward  circumduction  and  internal  rota- 
tion . " 

Charles  A.  Sturrock*  has  advised  the  following  method 
of  reducing  dislocations  of  the  hip:  "The  patient  is  laid 
upon  the  back  and  anaesthetized.  The  surgeon  kneels 
upon  the  left  knee  and  at  the  left  side  of  the  patient  in  a 
dislocation  of  the  left  hip.  The  patient's  thigh  is  then 
carefully  flexed  to  a  right  angle,  and  while  this  is  being 
done  the  leg  is  also  flexed  to  a  right  angle  and  laid  with 
tlie  most  prominent  part  of  the  calf  on  the  right  knee  of 
the  surgeon.  The  ankle  is  then  firmly  gi-asped  with  the 
left  hand,  and  the  condyles  of  the  femur  with  the  right. 
The  thigh  is  abducted  for  thyroid  dislocations,  adducted 
fiirdt>rsal  and  pubic,  androtated  inward  forall,  by  draw- 
ing the  foot  away  from  the  middle  line  and  keeping  the 
knee  steady.  Traction  is  now  made  by  steadily  depress- 
ing the  ankle,  the  surgeon  using  his  knee  for  a  fulcrum; 
the  patient's  leg  makes  a  most  powerful  lever,  and  the 
pelvis  can  be  easily  raised  from  the  ground  if  necessary, 
the  body  acting  as  a  counteraction;  finally  the  thigh  is 
i-otatcd  out,  and  while  this  is  being  done  the  head  of  the 
femur  slips  into  place. " 

These  methods  all  act  in  the  manner  suggested  by  Prof. 
Nathan  Smith,  and  the  points  brought  out  in  regard  to 
the  ilio-femoral  or  "  Y  "  ligament,  so  philosophically  con- 
sidered by  Dr.  Bigelow,  are  the  important  factors  in  the 
pathology  and  reduction  of  this  dislocation,— the  "Y" 
ligament'being  a  re-inforcementof  the  capsular  ligament. 
The  method  of  AUis  and  that  of  Sturrock  give  the  sur- 
"■eon  greater  power  in  making  extension  and  counter- 
extension  during  the  manipulation.  Sir  Astley  Cooper's 
method  of  employing  the  compound  pulleys,  and  other 
devices,  mechanical  in  their  character,  for  extension  and 


*  British  Medical  Journal,  April  8th,  1899. 
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counter-extension,  are  now  abandoned  as  being  very  liable 
to  produce  injury  (through  the  employment  of  excessive 
force)  in  all  recent  dislocations;  and, with  the  means  sug- 
gested above,  they  are  needed  only  as  adjuvants  to  man- 
ipulation, if  at  all.  Manipulation  is  to  some  extent  im- 
peded by  mechanical  devices,  for  they  interfere  with  the 


Fig.  lH-37.— Luxation  in  Ischiatic  Notch.     (Froiu  a  Photoerapli.) 

freedom  of  movement ;  I  never  resort  to  them  unless  I 
am  absolutely  forced  to  do  so,  through  the  failure  of  other 
means,  and  then  I  rely  upon  them  only  as  aids  to  the 
proper  movements  of  the  limb.  I  am  convinced  that  I 
can  accomplish  more— while  at  the  same  time  incurring 
a  smaller  risk— by  a  careful  study  of  the  mechanism  of 
the  dislocation  and  by  employing  dexterity,  than  by  re- 
sorting to  violent  force. 

When  reduction  has  been  accomplished  the  limlj  may 
be  kept  in  position  by  .sand  bags,  or  by  the  use  of  a  long 
fixed  sphnt,  the  patient  being  kept  in  bed  for  about  two 


Fig.  W38.-Drawn  from  a  Pli,.tnKrai)l,.    The  same  ,-as, 
In  FlK.  I(vj7. 


a.s  that  shown 
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on  crutches,  but  he  should  not  actually  use  the  limb  un- 
til after  the  expiration  of  a  month.  At  the  end  of  five 
or  six  weeks  all  support 
may  be  dispensed  with. 

As  before  stated,  in  con- 
nection with  other  disloca- 
tions, it  is  not  time  alone 
that  determines  when  a  dis- 
location at  the  hip-joint  be- 
comes ancient.  However, 
if  two  months  have  elap.sed, 
forcible  attempts  are  likely 
to  be  dangerous  and  failure 
to  effect  a  reduction  is  com 
mon,  the  danger  becoming 
greater  and  the  failure  more 
certain  witli  the  advance 
of  time.  Nevertheless,  at- 
temjits  are  justifiable  and 
may  jirove  successful  and 
safe  in  one  individual  at 
the  end  of  a  certain  p(;riod, 
while  the  obverse  is  the  ca.se 
in  another  individual,  after 
the  lapse  of  the  same  or 
even  a  shorter  period  of 
time. 
Dislocation  backward  into 

the   great  sciatic    notch   is 

usually  produced  by  a  force 

acting  on  the  knee,  foot,  or 

pelvis   when   the   tliigh    is 

flexed  on  the  pelvis."  The 

limb  is  slightly  flexed,  in- 
verted and  adrtucted,  with 

tlie  knee  turned  toward  and 

touching  the  inner  margin 

of  the  patella  of  the  other 

leg.       The     shortening     is 

rarely  more  than  half  an  inch,  the  hip  is  less  prominent, 

the  trochanter  is  farther  from  the  anterior  superior  spi- 


li>39.— Thyroid  Dislocations. 


FIG.    164U.- 


-Reduction  of  Thyroid  Dislocation  hy  Manipulation. 
(Blgelow.) 


nous  process  of  the  ilium,  and  the  head  of  the  femur  is 
lower  and  less  movable  than  when  it  rests  on  the  dorsum 
ilu. 

Flexingthe  thigh,  in  iliac  dislocations,  relaxes  the  "Y" 
ligament,  and  in  ischiatic  dislocations  it  releases  the  head 
ot  the  femur  from  the  obturator  intemus  muscle.     The 
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Fig.  1641.  —  Mechanism  of  Dislocation  Into 
Thyroid  roramen,  Sliowing  the  Y-llgament 
Suspending  the  Trochanter.     (Bigelow.) 


surgeon,  grasping  the  ankle  in  one  hand  and  tlie  front  of 
the  knee  in  the  other,  shouUl  fle.x  the  k>g  on  the  thigh 
and  the  thigli  on  the  abdomen ;  lie  should  then  adduet 
the  limb  and  carry  it  over  to  the  sound  side,  rotating  it 
slightly  outward;  and  finally,  by  a  sweep  of  extreme 
circumduction,  he  should  carry  'it  across  the  abdomen 

a  n  d  bring  i  t 
d  o  w  n  parallel 
with  the  other 
limb.  Reduc- 
tion by  exten- 
sion and  counter- 
extension  is  now 
rarely  resorted 
to,  and  only  in 
old  dislocations, 
and  as  an  adju- 
vant to  manipu- 
lation. 

A  iitvce  acting 
upon  the  limb 
while  in  a  state 
of  abduction  will 
throw  the  head 
of  the  bone 
(1  o  w  n  w  a  r  d, 
lodging  it  on  the 
thyroid  foramen 
and  upon  the 
obturator  exter- 
n  u  s  m  u  s  c  1  e. 
The  limb  will 
be  lengthened 
about  an  inch 
and  a  half,  the 
heel  raised,  the 
hip  flattened,  the 
body  inclined 
forward  on  the 
pelvis  and  tow- 
ard the  injured  side,  and  the  foot  may  be  everted. 
The  head  of  the  bone  may  be  felt  below  the  horizontal 
ramus  of  the  pubis. 

With  the  leg  flexed  on  the 
thigh,  the  limb  is  to  be  car- 
ried up  to  a  right  angle  with 
the  pelvis;  then,  being  held 
as  before  directed,  it  is  first 
to  be  abducted  and  rotated 
inward,  next  carried  across 
the  abdomen  toward  the  op- 
posite side,  and  then  finally 
tjrought  down  into  a  position 
of  adduction,  alongside  the 
other  leg.  The  head  of  the 
bone,  during  these  manipu- 
lations, may  pass  below  the 
acetabulum  and  slip  by  it, 
thus  establishing  the  condi 
tions  of  an  ischiatic  or  iliac 
luxation.  This  may  be 
guarded  against  by  the  aid 
of  an  assistant,  who,  with  his 
fingers,  shall  press  the  head 
of  the  bone  upAvard  as  the 
limb  is  being  carried  across 
the  abdomen,  or  the  same  re- 
sult may  be  accomplished  by 
placing  a  folded  towel  be- 
neath the  upper  end  of  the 
femur  and  exerting  upward 
traction  upon  it  while  the 
manipulations  just  described 
are  in  progress.  If  the  ac- 
cident in  question  should  oc- 
cur, then  the  proper  proced- 
ure will  be  to  resort  to  the 
Fia.  1643.-Pubic  Dislocation,     manipulations   recommended 


neck  of  the  femur. 


Fig.  1644. 


for  either  of  the  cases  previously 

described. 

Falling  upon  the  foot  or  knee, 

when    the    thigh   is  drawn    back- 
ward   from   a    ])erpendicular,   or 

violent  twi.sts  of   the   limb,  may 

dislocate  the   head  of  the   femur 

foiward  and  upwanl  on  the  pubes, 

causing  it  to  lodge  internally  to 

the  pubic  eminence.       The   liml> 

will  be  shortened  and   abducted 

the  thigh  flexed, 

the  foot  evei'ted, 

and    the    tro- 
chanter  less 

prominent,    and 

the  head  of   the 

bone  will  be  ap- 
parent  in    front 

of     the     pubis. 

This  di.sloeation 

is    liable    to   be 

confounded  with 

fracture  of  the 
In  pubic  disloca- 
tion there  will  be  absence  of  crepitus, 
immobility,  aliduction  and  flexion  of 
the  thigh;  whereas  in  fracture  there 
will  be  crejiitus,  increased  mobility, 
and  the  thigh  neither  flexed  nor  ab- 
ducted. 

For  the  reduction  of  this  dislocation 
the  leg  must  be  flexed  upon  the  thigh,  and  the  tliigh 
carried  forcibly  up  to  the  abdomen  until  it  rests  in  eon- 
tact  with  it,  thus  relaxing  the  "  Y  "  ligament  and  lifting 
the  head  of  the  bone  off  the  pubis.  As  the  next  step  the 
thigh  must  be  rotated  inwardly,  and  then,  during  adduc- 
tion, the  limb  must  be  brought  down  toward  and  par- 
allel with  its  fellow.  If  the  luxation  is  suprapubic,  in 
carrying  the  limb  from  its  abnormal  position  of  abduc- 
tion to  that  of  adduction  it  is  not 
necesssary  to  carry  it  so  far  across 
the  body  as  in  thyroid  dislocation. 

The  suggestions  as  to  after-treat- 
ment and  in  regard  to  ancient  luxa- 
tions, which  were  made  in  connec- 
tion   with    the    subject    of    dorsal 

dislocations, 

_. ' '"■     — -^.         are     e<pially 

F     .disflPtefc  A        appropi'iate 
for    this     as 

well    as    the 

other     forms 

of  dishjcation 

of  the  thigh. 
Didorift/ous 

of  tJie  Patella 

are    so  m e- 

wh  at  rare, 

and  are  due 

to   sudden 

m  II  s  c  u  1  a  r 

C(mtraclion, 

to    forcible 

torsion  of  the 

joint,    or    to 

the  action  of 

a  force  opei'- 

ating  against 

one  or  the 
other  side,  the  dislocations  then  be- 
ing lateral.  Separation  of  the  tu- 
bercle of  the  tibia,  or  of  the  apex 
of  the  patella,  may  permit  the  bone 
to  be  displaced  upward— a  variety 
of  displacement  which  partakes 
more  of  the  nature  of  a  fracture 
and  requires  the  same  treatment. 


FIG.  1646. 
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Fig.  ItUT.  — Forward 
Dislnfation  of  the  Leg. 
(Helferich.) 


In  outward  dislocation  of  tlie  bone,  which  is  the  more 
frequent  form,  tlie  breadth  of  the  knee  is  increased,  the 
internal  condyle  is  prominent,  the 
limb  a  little  flexed,  the  joint  fixed, 
and  the  borders  of  the  bone  maj'  be 
felt  as  it  lies  in  an  antero-posterior 
direction  toward  tlie  outer  side  of 
the  joint.  Reduction  is  usually 
easy,  the  bone  sometimes  slipping 
hack  unaided.  If  interference  is 
needed,  it  will  be  found  sufficient 
to  tlcx  the  tliigh  to  a  right  angle— 
the  ]iatient  lying  on  the  back,  with 
the  leg  extended  to  relax  the  cjuad- 
rici'ps"  tendon — and  then  to  exert 
lateral  pressure  upon  tlie  joint. 

In  some  cases  the  dislocation  may 
consist  in  a  partial  or  even  com. 
plete  rotation  of  the  bone  on  its 
perpendicular  axis.  Under  these 
circumstances  the  limb  will  be 
found  in  a  position  of  complete  ex- 
tension, and  tliere  will  be  no  difti- 
culty  in  making  out  the  position  of 
the  bone  on  account  of  its  nearness 
to  the  surface  of  the  skin.  It  may  lie  to  either  side 
or  in  front  of  its  proper  site.  Rotary  dislocations,  as 
they  are  termed,  require  forced  flexion  of  tlie  thigh 
upon  the  abdomen,  the  leg  being  in  an  extended  po- 
sition; and  if  manipulation,  on  the  part  of  the  surgeon 
alone,  fails  to  restore  the  patella  to  its  natural  posi- 
tion, the  addition  of  alternate  flexion  and  extension, 
to  be  carried  out  by  an  assistant,  will  aid  tlie  surgeon  in 
his  eiforts  to  manipulate  the  bone  back  into  its  place 
with  his  fingers.  After  the  patella  has  been  reduced,  the 
limb  should  be  placed  on  a  double-inclined  plane  for  a 
week  or  ten  days,  or  the  knee  should  be  fixed  by  means 
of  a  posterior  splint  or  by  a  plaster-of -Paris  dressing. 
For  a  week  or  ten  days  after  the  occurrence  of  the  dis- 
location cold  applications,  in  the  form  of  an  ice-bag,  cold 
cloths,  etc.,  should  be  made  to  the  knee,  or  lead  and 
laudanum  should  be  applied,  and  then,  after  the  tempo- 
rary dressings  are  removed,  a  stout  knee-cap  should  be 
worn  for  some  time,  the  patient  being  cautioned  as  to  the 
liability  of  a  recurrence  of  the  dislocation. 

The  Knee  may  be  dislocated  forward,  backward,  or 
laterally  to  either  side.  Forward  dislocation  ma}'  lie 
complete  or  incomplete,  and  is  tlie  result  of  over-exten- 
,sion  of  the  knee.  In  complete  dislocation  the  leg  will  be 
shortened  to  an  extent  of  from  one 
to  three  inches,  and  may  be  ex- 
tended or  slightly  flexed.  The 
head  of  the  tibia  will  be  found  to 
project  in  front,  with  the  i)atella 
resting  on  it  or  in  the  depression 
above  it,  while  the  lower  end  of 
the  femur  will  project  backward. 
For  the  reduction  of  tliis  di.sloca- 
tion  anatsthesia  may  be  required. 
Extension  having  been  applied  to 
the  leg  and  counter-extension  to 
the  thigh,  the  patient  lying  on  the 
hack,  the  surgeon  graduallj'  flexes 
the  leg  over  his  arm  and  at  the 
same  time  makes  pressure  forward 
in  the  popliteal  space.  For  a 
period  of  a  week  or  ten  days,  after 
the  dislocation  has  been  reduced, 
tlie  limb  should  be  placed  on  a 
well-padded  posterior  splint,  and 
local  applications  of  cold  or  of 
anodynes  should  be  resorted  U)  for 

the  purpose  of  subduing  inflammation.     Then,  for  about 
tliree  weeks,  a  plaster-of-Paris  dressing  slKudd  be  cm 
ployed;   after  which  the   patient   should  be  allowed  to 
use  the    limb  cautiously,   the   joint   being   guarded   or 
protected  by  some  form  of  splint  or  brace 
In  backward  dislocation,  which  may  be  complete  or 
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incomplete,  and  is  due  to  force  applied  to  the  front  of 
the  leg  or  to  the  back  of  the  thigh,  the  patella  is  gener- 
ally displaced  in  an  outward  direction,  and  the  leg  is  in  a 
condition  of  extreme  extension,  shortened,  and  it  may  be 
bent  forward.  The  femur  wdll  be  felt  anteriorly,  and  the 
head  of  the  tibia  posteriorly.  Extension  and  counter- 
extension  with  manipulation,  at  the  hands  of  the  surgeon, 
should  suffice  for  reduction;  the  after-treatment  being 
the  same  as  in  the  former  variety. 

Lateral  dislocations  are  generally  incomplete,  and  if 
complete  they  are  very  apt  to  be  compound.  The  patella 
is  displaced  and  there  is  a  lac- 
eration of  the  lateral  as  well  as 
the  crucial  ligaments.  There 
is  no  shortening  of  the  limb, 
which  is  generally  extended. 
Reduction  is  u.sually  accom- 
plished without  difliculty  by 
extension  and  counter-exten- 
sion, combined  with  manipu- 
lation of  the  bone  in  the  proper 
direction.  The  after-treatment 
is  the  same  as  in  the  other 
forms  of  dislocation  of  the 
knee. 

In  order  to  overcome  the 
contraction  of  the  powerful 
muscles  of  the  limb,  anaesthesia 
may  be  required  in  all  dislo- 
cations of  the  knee.  Exten- 
sion and  counter:extension  by 
means  of  mechanical  devices, 
as  well  as  forced  flexion  and 
slight  rotary  movements  of  the 
tibia,  may  also  be  needed;  5'et 
we  must  bear  well  in  mind  at 
all  times,  in  carrying  out  these 
]irocedures,  the  possible  danger 
of  seriously  injuring  t)ie  popli- 
teal vessels.  As  a  matter  of 
fact  this  very  injury  may  have 
already  occurred  at  the  time  of 
the  accident. 

In  rare  instances  the  head  of 
the  tibia  may  be  twisted  out- 
ward or  inward,  and  when  the 
attempt  is  made  to  reduce  the 
drslocation  it  will  be  found 
neces.sary  to  rotate  in  the  op- 
posite direction  while  cxten- 
,sion  and  counter-extension  are 
made. 

Compound  dislocations  of 
the  knee  reqviire  the  most  thor- 
ough attention  to  aseptic  details  and  possibh'  also  to 
drainage.  After  reduction  has  been  effected  it  will  be 
necessary  to  apply  an  immovable  straight  dressing.  In 
some  cases  it  may  even  be  necessary  to  resort  to  partial 
(u-  complete  excision  of  the  joint.  If  ankylosis  develops, 
the  limb  may  be  permitted  to  assume  a  position  of  slight 
tlexicm. 

As  a  result  of  a  sudden  twisting  of  the  leg,  when  senii- 
llexed,  the  si'iuiluuar  cartilages  may  be  forced  from  their 
natui-al  position.  Twisting  the  leg  outAvard  will  displace 
tin'  internal  cartilage,  while  torsion  inward  disjilaces  the 
external.  The  first  indication  of  the  fact  that  this  has  oc- 
curred will  be  a  sharp,  sickening  pain  in  the  knee,  imme- 
diately following,  in  some  cases,"a  perceptible  snap.  The 
knee  remains  fixed  in  its  semi-flexed  condition,  and  the 
cartilage  may  present  an  elevation  on  the  outer  or  inner 
aspect  of  the  knee — except  in  those  cases  in  which  the  an- 
terior edge  is  torn  away  and  undergoes  displacement  in- 
wardly toward  I  he  middle  liiu-,  when  there  will  be  a  slight 
depre.ssi(ui  o|iposite  it.  Recurrence  is  common.  Reduc- 
tion is  eflected  by  increasing  the  flexion  and  rotating  the 
leg  to  the  side  of  the  dis])laced  cartilage.  If  this  does  not 
succeed,  flexion  may  alternate  with  slight  extension  and 
rotation.     Synovitis,  mild  or  severe,  will  follow,  and  rest 
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of  the  joiut,  with  local  measures  to  combat  inflammation, 
m\ist  be  resorted  to.  If  a  well-made  knee-cap  fails  to 
secure  the  retention  of  tbe  cartilage  in  its  proper  place, 
and  if  in  consequence  much  in- 
convenience results,  it  must  be 
removed  under  strict  asepsis.  At- 
tempts at  fi.xing  it  by  other  opera- 
tive procedures  will  prove  only 
annoying  and  futile. 

The  upper  end  of  tlie  fihiild  may  be 
displaced  forward  or  backward,"  the 
anterior  and  posterior  tibio-fibular 
ligaments  being  torn.  This  dis- 
placement is  indicated  by  nioliihty 
of  the  head  of  the  bone,  and  by  the 
fact  that  the  affected  limb  is  un- 
able to  bear  the  weight  of  the 
body.  By  flex- 
N,  ing  the  leg  upon 

the  thigli  and 
t  h  u  s  relaxing 
the  biceps,  the 
head  of  the  bone 
may  be  pushed 
into  plac(.'.  A 
moulded  leath- 
er, gutta  -  per- 
clia,  or  binder's-boavd  splint  with  a  compress  placed 
over  the  head  of  tbe  Ijone,  or  a  plaster-of-Paris  dress- 
ing, .should  be  applied ;  and  in  some  cases  it  will  be 
found  necessary  for  tbe  patient  to  wear  such  a  dressing 
permanentl}'. 

The  lower  end  of  thefbula  may  be  torn  from  its  attach- 
ments and  the  foot  displaced  backward.  By  extension 
of  the  foot  and  jnanipulation  the  bone  maj-  be  replaced, 
and  maintained  in  its  proper  place  by  a  fixed  dressing  of 
plaster  of  Paris  or  other  material. 

Didoeatioa  of  the  AnMe,  unaccompanied  by  fracture, 
is  extremely  rare,  and  is  caused  l)y  a  violent  movement 
of  the  limb  when  the  foot  is  fixed.  It  niaj^  occur  in  a 
direction  forward,  backward,  or  laterally. — In  forward 
dislocation  the  foot  will  be  lengthened  and  the  heel  short- 
ened, while  the  tendo  Achillis,  resting  against  the  tibia, 
will  have  lost  its  prominence.  (Figs.  1652  and  1653.)  For 
the  reduction  of  this  dislocation  the  leg  should  be  flexed 
iipon  the  thigh,  in  order  to  relax  the  soleus  and  the  gastro- 
cnemius ;  then  extension  should  be  applied  to  the  foot  and 
counter-extension  I  o  the  knee.  In  some  cases  an  ana>sthetic 
may  be  needed,  and  possilily  also  subcutaneous  section  of 
the  tendo  Achillis.  The  foot  should  be  kept  at  rest,  with 
temporary  splints,  until  the  swelling  has  subsided;  after 
which  a  plaster-of-Paris  dressing  may  be  applied. — In 
backward  dislocation  the  foot,  while  in  an  extended  posi- 
tion, may,  through  the  action 
of  some  violent  force,  be  drawn 
backward,  until  the  tibia  rests 
upon  the  neck  or  head  of  the  as- 
tragalus, or  upon  the  scaphoid 
or  even  as  far  forward  as  the 
cuneiform  bones.  (Figs.  1654 
and  1655. )  The  foot  will  then 
ajipear  shortened  fromtheankle 
forward,  and  the  heel  will  be 
extended  and  elevated.  At 
tbe  same  time  the  tendo  Achil- 
lis will  be  unusually  promi- 
nent and  the  toes  will  point 
downward.  For  the  reduction 
of  this  dislocation  counter-ex- 
tension must  be  made  from 
above  the  knee  by  an  assistant, 
while  tbe  surgeon  makes  trac- 
tion upon  the  foot  and  ex- 
tends it  with  one  hand,  and 
with  the  other  pushes  tbe 
lower  end  of  the  tibia  back. 
The  after-treatment  is  tbe  same 
as    that    advised    for  forward 


Dislocatious, 
Dlsloeatlous. 


displacements.     Section  of  the  tendo  Achillis  facilitates 
the  reduction  and  lessens  the  tendency  to  subsequent  dis- 

jJlclCcilldltJ. 

In  outwanl  dislocation  at  tbe  aidde  we  have  marked 
eversion  of  the  foot  and  prominence  of  the  interna)  mal- 
leolus, the  foot  resting  on  its  outer  border  Tlie  deform- 
ity IS  the  same  as  that  ,.f  P„trs  fracture,  with  which  it  is 
usually  associatetl. 

In  inward  dLslocation,  which  occurs  more  rarely  the 
f(>otis  inverted  and  the  external  malleolus  is  more  promi- 
nent. In  reducing  it  the  surgeon  must  make  extension 
rrom  tbe  foot  and  counter-extension  from    the  leg    in 
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Fios.  Iil."i3  AND  KB!.— Forward  Dislcicatiuii  of  tlie  Foot,  tbe  Front 
I'art  Appi^arliiK  to  he  Lengtbened  Whilst  the  Heel  Does  Not  Project 
to  the  N(.)r'miil  E-xtent. 

ciimbinalion  with  such  mauipulatidns  as  may  be  found 
necessary. 

If  fracture  accompanies  the  dislocation,  which  is  the 
rule,  we  shall  have  crepitus,  immediate  recurrence  after 
reduction,  and  the  other  signs  of  fracture  accompanying 
thi'  deformity  of  the  peculiar  dislocation.  The  after- 
treatment  in  all  cases  is  .similar  to  that  needed  for  fracture. 
Temporaiy  dressings  are  to  be  applied  until  all  .swelling 
and  intlammatioii  liave  subsided,  and  then  the  plaster-of- 
Paris  or  other  dressing  of  a  permanent  character  may  be 
used. 

In  compound  dislocations  the  following  measures  are 
of  importance:  thorough  asepsis,  free  drainage,  and  ex- 


FlG.  1H54. 


FIGS  1K:)4  ANP  lfi."».— Ba<'liward  Displaf-ehient  of  the  Foot,  the  Per- 
oneal Tendons  BeinK  Placed  Between  tlie  Astrairahis  and  the  Mal- 
leolus, and  the  Foot  Apparently  Shortened  Whilst  tbe  Heel  Pro- 
jects Abnornialty. 

cisi(m,  ]iaitial  or  complete;  and  if  there  is  much  suppura- 
tion, which  must  be  carefully  watched  for,  irrigation 
will  be  required.  ,    ,      ,  , 

The  Astragalus  may  be  dislocated  forward,  backward, 
or  laterally,  or  it  may  be  rotated  on  its  axis.  In  forward 
dislocation,  which  may  be  complete  or  incomplete,  the 
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f,,ot  is  trenerally  iuvertcd  witli  the  external  malleolus 
prominent,  and  with  an  irregularly  shaped  prommence 
in  front  of  the  ankle.  By  flexing  the  leg  upon  the  thigh 
and  then  resorting  to  extension  and  counter-extension 
from  the  foot  and  leg,  the  surgeon  may  be  able  to  pu.sh 
the  bone  back  into  place.  In  some  cases  it  may  be  neces- 
sary to  divide  the  tendo  Acbillis  or  to  resect  the  bone. 

In  posterior  displacement  the  foot  is  shortened,  the 
heel  is  prominent,  and  the  tendo  Aehillis  is  stretched  over 
the  projecting  end  of  the  bone.  Reduction  may  be  ac 
complisiied  by  extension  and  counter-extension  from  the 
foot  and  leg.  The  latter,  however,  must  first  be  Hexed 
on  the  thigh,  and  in  his  manipidations  tlie  surgeon  must 
push  the  bones  of  the  leg  backward  and  pull  the  foot 
forward.  Anaesthesia  may  be  required,  and  even  with 
this  assistance  all  efforts  may  prove  ineffectual.  In  some 
of  these  cases,  however,  the  foot  may  prove  to  be  com- 
paratively useful  despite  the  deformity;  in  others  it  will 
be  found  necessary  to  resort  to  excision. 

Lateral  dislocations  are,  as  a  rule,  associated  with  frac- 
ture of  one  or  the  other  malleolus,  and  efforts  at  redue 
tion,  similar  to  those  alrea<ly  cited,  may  lie  tried. 

Dislocation  by  rotation  is  extremely  rare.  The 
astragalus,  which  occupies  a  position  between  the  mal- 
leoli, may  be  turned  vertically  or  transversely.  Theie 
will  be  fixation  of  the  ankle  with  change  in  its  shape. 
Extension  and  counter-extension,  with  manipulation  and 
even  section  of  the  tendo  Aehillis,  may  fail  to  restore  the 
bone  to  its  place,  and  excision  may  then  be  required. 

The  after-treatment,  in  these  luxations,  should  be  the 
same  as  that  advised  in  the  paragraph  relating  to  the 
after-treatment  of  compound  dislocations. 

In  snliastragaloid  dislocations  we  have  the  astragalus 
separated  fiom  its  articulations  with  the  scaphoid  and  os 
calcis,  while  yet  retaining  its  connections  with  the  bones 
of  the  leg.  These  dislocations  result  from  the  same  causes 
as  those  which  produce  true  dislocations  of  the  astragalus ; 
they  may  also  occur  in  the  same  directif)ns  as  the  latter. 
As  regards  the  diagnosis  and  treatment  nothing  additional 
needs  to  be  said.  If  the  injury  is  compound,  arapntatif)n 
may  be  essential,  either  by  Syme's  or  by  the  subastraga- 
loid  plan. 

The  Os  Cdlcix  becomes  separated  from  the  astragalus 
above  and  the  cuboid  in  front  only  in  rare  cases.  The 
heel  will  be  distorted,  and  there  will  be  inability  to  ab- 
duct or  adduct  the  foot.  This  dislocation,  which  is  easily 
recognized,  will  require  anfesthesia  and  manipulation 
and  pressure  for  its  replacement. 

DislDcation  of  the  Scaphoid  is  also  a  I'are  accident  and 
will  be  recognized  by  its  projection  on  the  anterior  sur- 
face of  the  foot.  By  making  traction  on  the  metatarsus 
the  bone  may  be  pressed  back  into  place. 

The  Cvboid  may  be  dislocated  in  connection  with  the 
other  tarsal  bones,  but  an  independent  luxation  of  this 
bone  has  not  been  reported. 

TIte  Cuneiform  Bones  may  be  dislocated  separately  or  as 
a  whole.  By  exerting  force  upon  the  metatarsal  bones  in 
an  outward  direction,  they  may  be  pushed  into  place. 
All  these  injuries  require  a  temporary  fixed  dressing  un- 
til swelling  subsides,  and  then  the  foot  may  he  put  up  in 
a  permanent  fixed  dressing,  which  should  be  worn  fcir 
four  or  five  weeks. 

Dislocation  of  the  yfetatnrsidsdiid  Phaliinges  of  the  Font 
occurs  much  more  rarely  than  it  does  in  the  case  of  the 
corresponding  bones  of  the  hand.  The  diagnosis  is  easy, 
and  reduction  is  to  be  accompli.shed  by  the  ordinary 
measures  of  manipulation  and  extension,  though  the  task 
is  more  difficult  in  the  ease  of  the  foot  than  in' that  of  the 
hand.  After  the  dislocation  has  been  reduced  a  fixed 
dressing  of  plaster-of-Paris  or  a  moulded  sjilint  of  leather, 
gutta  percha,  or  l)inilcr's  board,  slioidd  lie  worn  Un-  sev- 
eral weeks,  to  secure  apposition  and  rest. 

Diincnn  Kre. 

DISSECTION    AND    OPERATION    WOUNDS -The 

class  of  wounds  tu  be  e<,nsi<leivd  under  the  title  are  those 
wounds  received  in  the  course  of  surgical  operations,  or 
of  post-mortem  or  other  anatoniicaldi.ssections,  which 
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induce  in  the  wounded  .subject  a  more  or  less  grave  con- 
dition of  local  or  general  sepsis.  Such  wounds  are  gen- 
erallv  received  upon  the  hands  or  forearms,  but,  except 
in  unimportant  particulars,  the  seat  of  the  original  infec- 
tion has  no  special  bearing  upon  the  course  or  the  char- 
acter of  the  ensuing  tlisease,  which,  when  it  pas.9es  be- 
vond  the  status  of  a  local  inflammation,  is  essentially  a 
pyemia,  a  septico-pya?mia,  or  a  septiciEmia,  differing  in 
no  essential  respect  from  these  diseases  occurring  as  the 
result  of  infection  received  in  divers  parts  of  the  body, 
and  in  the  pursuit  of  the  most  varied  occupations. 

A.  Etiolooy.— In  investigating  the  etiology  of  dissec- 
tion anil  operation  wounds,  a  microbial  origin  will  he 
taken  for  granted  without  further  discussion,  and  we 
shall  proceed  to  consider,  first,  the  nature  of  the  infecting 
microbe;  secondly,  the  effect  upon  its  virulence  of  the 
source  from  whence  it  comes;  and  thirdlj',  the  different 
types  of  flisease  the  various  infecting  germs  are  prone  to 
engender. 

(ii)  The  Natureof  the  Infecting  Microbe. — Thatthe fore- 
most place  as  an  infecting  agent  is  to  be  assigned  to  the 
.Streptococcus  pyogenes,  is  to  be  inferred  from  our  knowl- 
edge of  septicemic  and  pya.'mic  processes  in  general,  in- 
duced through  other  means  than  by  the  performing  of 
surgical  operations  and  anatomical  dissections,  rather 
than  to  be  gathered  directly  from  the  somewhat  sparse 
records  in  medical  literature  of  cases  in  whicli  a  bacterio- 
logical examination  "  en  regie  "  has  been  reported.  One 
decisive  case  of  streptococcus  infection  is  recorded  by 
Harrington, '  and  is  reported  lielow. 

The  Staphylococcus  pyogenes  aureus  is,  probably,  the 
next  most  frequent  organism  which  can  give  rise  to  the 
septic  processes  we  are  considering.  Though  sometimes 
found  in  pure  culture,  it  is  perhaps  still  more  frequently 
found  in  association  with  the  preceding. 

It  is  hardljf  to  be  doubted  that  any  and  all  of  the  well- 
recognized  "  pyogenic  "  germs  may,  under  favoiable  cir- 
cumstances, give  I'ise  to  a  more  or  less  virulent  septic 
process,  if  inoculated  on  the  hands  of  the  surgeon  or  the 
pathologist,  but  the  literary  sources  are  not  at  hand  to 
enable  me  to  verify  this  at  the  present  writing.  Further- 
more, the  minor  pyogenic  germs,  Staph_vlococcus  albus, 
citreus,  cereus  flavus.  epidermidis  albus,  etc.,  do  not 
ordinarily  manifest  a  suflicient  degree  of  virulence  to  oc- 
casion severe  dissection  or  operation  wciunds,  even  though 
they  may  sometimes  cau.se  some  local  inflammation. 

Outside  of  the  germs  more  fref|uently  included  under 
the  head  of  "pyogenic,"  the  anthrax  bacillus  may  be 
mentioned  as  one  apt  to  occasion  a  condition  which  would 
properly  come  under  our  title.  I  have  no  record  of  a 
case  in  which  anthrax  infection  has  occurred  either  dur- 
ing a  surgical  operation  or  iluring  a  post-mortem  exami- 
nation, 3'et  Gaston  alludes,  rather  indefinitely,  to  a  ease  in 
which  inoculation  with  anthrax  occurred  as  the  result  of 
the  breaking  of  a  culture  tube  containing  the  bacilli. - 

The  bacillus  of  malignant  O'dema,  which  in  many  re- 
spects closely  reseml)les  that  of  anthrax,  would  likewise 
seem  peculiarly  apt  to  cause  infection  of  operation 
wounds;  yet  Ave  liave  the  authoritative  statement  of 
Welch  (IS!),"))  that  "no  instance  is  recorded  of  infection  of 
a  previously  healthy  person  with  this  bacillus.""  One 
of  the  French  names  for  thedisea.se  it  induces,  "gangrene 
foudroyante, "  describes  a  condition  occasionally  char- 
acterizing dissection  and  operation  wounds. 

The  Bacillus  tuberculosis  is  notoriously  the  occasion 
of  infectiim  in  the  so-called  "anatomical  tubercle,"  or 
"necrogenic  wart,"Avhich  isproneto  appiear  on  the  hands 
of  those  frecjucntly  employed  in  the  dissecting-room. 
The  occurrence  of  a  local  or  general  tuberculous  process 
us  the  result  of  an  infection  during  a  surgical  operation 
I  have  not  been  able  to  find  recorded,  but'both  local  and 
general  tuberculosis,  arising  from  accidents  to  the  fingers 
and  hands  in  the  liacteriological  laboratory,  are  believed 
to  be  not  uncommon. 

The  Bacillus  coli,  the  Diplococcus  pneumonia\  the 
gonococcus,  the  bacillus  of  Eberth,  have  been  known  to 
cause  pya-mic  abscesses  and  have  been  found  in  the  blood 
in  some  forms  of  septicifmia;  that  they  should,  however, 
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gain  access  to  the  tissues  duviug  operations  or  post  -mortem 
examinations,  and  be  able  to  multiply  there  in  svicli  a 
way  as  to  occasion  sepsis,  seems,  ou  the  whole,  unlikely. 
The  Klcbs-Loffler  bacillus,  or  Bacillus  diphtheria',  has 
fretjuontly  been  the  occasion  of  more  or  less  severe  diph- 
theritic processes  following-  inocndatious  aecjuired  durinu: 
professional  attendance  upon  diiihtlicritic  patients.  In 
one  instance  under  the  writer's  observation,  a  sluggi.sh 
and  painful  ulcer  of  the  eyelid,  which  yielded  a  pure  cul- 
ture of  this  organism,  followed  an  examination  of  a 
child's  fauces,  in  which  the  patient  had  couched  in  the 
face  of  the  physician  at  tht;  moment  of  the  examination. 
The  virus  of  syphilis  has  repeatedly  evoked  a  primary 
chancre  on  the  hands  and  fingers  of  surgeons. 

In  many  cases,  as  notaljly^in  that  ol^  Professor  Park, 
detailed  below,  it  has  not  been  possil)le  to  identify  tlie 
infecting  agent,  and  in  many  cases  also  a  mixed  infection 
lias  been  passed  on  from  the  patient  to  his  physician,  or 
has  been  aciiuired  during  the  performance  of  autopsies. 

(*)  The  Effect  upon  the  Vinilenee  of  the  Infertiiig  Germ 
of  the  >Soiirce  from  Whence  it  is  Deriird. — Accurate  statis- 
tical information  on  this  particular  branch  of  our  investi- 
gations I  have  not  had  the  opportunity  to  collect;  in- 
deed, the  sparse  records  of  dissection  and  operation 
wounds  to  be  found  in  medical  literature,  of  sufficiently 
recent  date  to  throw  any  valuable  light  on  this  question, 
are  remarkably  deficient  in  their  reports  as  to  this  phase 
of  the  problem.  In  considering  the  enormously  enhanced 
virulence  of  the  pathogenic  organisms  which  w"e  occasion- 
ally encounter  in  dissection  and  operation  wounds,  we 
are  again  driven  to  inferences  derived  from  observations 
of  the  broad  and  complicated  subject  of  the  virulence  of 
pathogenic  bacteria  in  general,  and  I  nuist  content  my- 
self with  some  suggestions  as  to  possilile  conditions  which 
may  enhance  the  virulence  of  the  germs  in  question,  rather 
than  proceed  to  report  a  categorical  list  of  recorded  cases. 
I  would  call  attention,  in  the  first  place,  to  the  means 
commonly  made  use  of  in  the  bacteriological  laboi-atory 
to  exalt  at  will  the  virulence  of  anj^  given  form  of  p<itho- 
genic  germ,  namely,  the  expedient  of  passing  the  organ- 
ism througli  the  bod}'  of  a  susceptible  host.  Particidai-ly 
are  the  streptococci  thus  susceptible  of  manijudations 
ealwdated  to  enhance  their  virulence.  To  cite  but  a 
single  instance  of  a  well-known  procedure,  Denys  and 
Marchand,  in  studying  the  Streptococcus  pyogenes,''  pro- 
cured samples  of  these  germs  from  four  different  sources, 
all  four  of  very  slight  virulence,  and  for  the  purpose  of 
comparing  the  effects  of  the  inoculation  of  mild  cultmes 
with  those  of  virulent  cultures,  multiplied  the  viruleuee 
of  the  original  cultures  b}'  this  means,  until  the  increase 
in  virulence,  as  measured  by  the  size  of  the  minimum 
fatal  dose,  wasexpres,sed  by  a  factor  not  less  than  10,000. 
Nothing,  however,  is  ordinarilj'  more  ditficult  than  to 
maintain  this  condition  of  exalted  virulence  in  cultures 
grown  in  artificial  media;  each  successive  generation 
grown  '"in  vitro"  showing  a  great  and  progressive 
diminution  in  virulence. 

Now  it  is  this  well-known  attribute  of  the  pyogenic 
bacteria  which  affords  us  a  key  to  the  enormously  exag- 
gerated virulence  sometimes  evident  in  the  infecting 
agents  of  dissection  and  operation  iN'ounds. 

We  are  daily  made  familiar  with  the  occurrence  of 
sepsis,  more  or  less  profound,  occasioned  by  the  infection 
of  slight  abrasions  and  minute  wounds  of  the  fingers  and 
hands  with  pj'ogcnic  cocci  inoculated  upon  these  wounds 
from  contact  vvith  inanimate  objects;  this  "filth  infec- 
tion "  may  be  very  severe,  and  is  occasionally  fatal. 

Let  us  once  consider  a  case  in  which  pyogenic  bac- 
teria, streptococci,  if  you  choose,  growing  upon  a  splinter 
of  wood,  constitute  a  source  of  infection  which  we 
will  call  A;  let  us  suppose  that  a  mechanic  infects  his 
hand  from  this  splinter  of  wood,  and  becomes  himself, 
through  the  means  of  a  "cellulitis"  induced  by  these 
streptococci,  a  second  source  of  infection,  B.  Let  us 
further  suppose  that  a  culture  is  made  from  the  mechanic's 
W'ound;  after  this  culture  has  grown  a  certain  length  of 
time  in  a  test  tube,  this  becomes  a  third  source  of  infec- 
tion, C. 


Now  let  us  examine  the  comparative  virulence  of  the 
three  sources  of  infection:  A,  tlie  "filth  infection  "  •  B 
tlie  "direct  infection";  and  C,  the  "test-tube  infeetiin  " 
the  virulence  of  A  we  know,  for  we  have  just  supposed 
It  to  have  produced  a  more  or  less  severe  cellulitis  on  tlie 
hand  of  the  mechanic.  Let  us  suppose  now,  furtlier 
that  the  surgeon  wdio  dresses  the  mechanic's  hand  him- 
selt  receives  a  minute  scratch  in  the  operation,  and  that 
this  scratch  is  directly  infected  fi-om  the  source  B  ■  the 
presumption  is  tliat  a  severe,  po.ssibly  a  fatal,  septic  proc- 
ess would  develop  in  the  person  of  the  surgeon.  Again 
let  us  supiiose  that  the  bacteriologist  (he,  the  surgeon! 
and  the  mechanic  being  equally  robust  men,  with  normal 
powers  of  resisting  infection)  breaks  his  test  tube  and 
cuts  himself  with  the  glass,  infecting  himself  with  the 
same  germs,  but  from  source  C;  the  presumption,  in  this 
ea.se,  is  that  he  would  suffer  from  a  septic  process  ajiprox- 
iinately  equal  in  severity  to  the  cellulitis  on  the  hand  of 
tlie  mechanic;  i.e.,  in  undergoing  culture  on  an  artificial 
medium,  the  septic  germs  would  be  liable  to  lose  again 
the  increment  of  virulence  which  they  may  be  supposed 
to  have  acquired  in  pa.ssing  through  the  human  body; 
but,  as  we  lun'c  seen  in  the  ease  of  the  surgeon,  direct 
inoculation  from  the  septic  focus  on  the  hand  of  the 
mechanic  manifests  a  very  decided  increase  in  the  viru- 
lence of  the  germs,  an  increase  acquired  by  their  passage 
through  a  susceptible  host. 

This  is  what  I  conceive  to  be  the  essential  difference, 
as  far  as  an  essential  difference  may  be  conceived  to  exist, 
between  an  ordinary  case  of  septic  infection  and  a  "dis- 
section or  operation  wound." 

When  we  dwell  upon  the  numerical  size  of  the  factors 
by  which  the  virulence  of  a  given  germ  may,  under  some 
circumstances,  be  multiplied — 10,(100;  lOO'OOO;  or  even 
1,000,000, — we  can  form  a  conception  of  the  extreme  de- 
gree of  virulence  which  some  cases  of  direct  infection, 
from  man  to  man,  may  present. 

The  cruder  ideas  of  wound  infection,  as  being  analogous 
to  the  simple  process  by  which  a  sterilized  infusion  un- 
dergoes putrefaction  when  a  single  suitable  germ  is  intro- 
duced, have  been  superseded,  now  that  fuller  investiga- 
tion has  shown  the  elaborate  means  of  defence  with  which 
our  bodies  are  provided  to  enable  them  to  ward  off  the 

and  we  can  now 


deleterious  effects  of  pathogenic  germs 
better  appreciate  wdiat  powers  of  noxious  influence  a  germ 
must  possess  which  succeeds  in  overcoming  all  these  bar- 
riers, and  in  accomplishing  the  undoing  of  a  man  or  an 
animal. 

It  is  a  well-known  biological  law  that  exaltation  of 
functions  conies  from  their  successful  exercise.  We 
speak  of  the  acquired  immunity  of  a  man  or  of  an  ani- 
mal to  the  noxious  powers  of  certain  germs,  and  we  un- 
derstand thereby  that  his  defensive  proteids  either  are 
present  in  greater  quantity,  or  have  acquired  a  higher 
potency.  It  is  just  as  logical,  however,  to  speak  of  the 
acquired  immunity  of  a  germ  to  the  (to  it)  noxious 
powers  of  the  human  or  the  animal  cells,  and  we  may 
properly  understand  thereby  that  the  analogous  proteids 
of  the  bacteria,  what  we  may  call  the  "  offensive  proteids," 
cither  are  formed  in  greater  relative  quantity,  or  have 
acquired  a  higher  degree  of  virulence.  Just  as  a  man 
who  has  successfully  struggled  with  the  germ  of  typhoid 
fever  is  generally  immune  to  attacks  of  the  bacilli  typhosri 
in  the  future,  so  a  streptococcus  which  has  succeeded  in 
vanquishing  the  opposition  to  its  development  offered  by 
the  cells  and  the  alexins  in  the  serum  of  a  human  body 
may  be  conceived  to  carry  with  it  an  "acquired  immu- 
nity "  to  the  influence  of  such  cells  and  such  serum,  if  it 
pass  directly  from  one  human  subject  to  another.  And 
the  more  complete  the  victory  of  the  germ  over  the  hu- 
man body  cell,  the  more  complete  the  "  immunity  "  ac- 
quired by  the  germ  against  the  defences  of  the  human 
organism;  and,  ergo,  the  more  apt  is  the  germ  to  in- 
duce a  grave  typo  of  infection,  always  provided  the 
transmission  is  direct  from  one  human  host  to  another. 
Now,  by  way  of  illustration,  bone  marrow  has  been  as- 
certained, by  Wauters,  to  contain  larger  proportions  of 
bactericidal  substance  than  any  other  tissue  of  the  body  f 
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we  may  thence  infer  tliat  bacteiia  v.-liich  liave  succeeded 
in  gaining  a  foothold  in  tlie  l)one  marrow  itself  will  be 
found  to  be  possessed  of  a  high  degree  of  virulence,  and 
we  may  accordingly  expect  to  find,  as  indeed  we  do,  that 
diiect  infection  from  a  case  of  acute  osteomyelitis  will  be 
apt  to  be  very  grave.  Again,  the  highest  stage  of  the 
triumph  of  pyogenic  germs  over  the  animal  body  is  seen 
in  the  conditions  known  as  septicemia  and  pysemia,  and 
it  is  in  just  these  cases  tliat  we  And  the  danger  of  direct 
inoculation  at  a  maxiinuni. 

In  further  support  of  this  argument,  as  tending  to  show 
its  converse,  we  may  mention  the  fact  that  often,  in  cases 
in  which  the  human  or  tlic  animal  organism  is  ultimately 
victorious  over  the  germ  infection,  it  is  found  that  cul- 
tures taken  at  the  beginning  of  the  struggle  ai'e  more 
virulent  than  those  taken  from  the  same  case  later  on  in 
its  course,  when  a  portion  of  tlie  virulence  of  the  infect- 
ing organisms  seems  to  be  overcome;  c.;!..  a  beginning 
carbuncle  may  afford  germs  of  far  greater  virulence  than 
one  over  which  the  defences  of  the  organism  have  in  a 
measure  successfully  asserted  tlieir  power. 

We  can  now  understand  why  it  should  have  been  uni- 
A-ersally  observed  that  inoculations  from  severe  septic 
cases  are  more  ]U'one,  than  those  from  the  lighter  forms 
of  sepsis,  to  give  rise  to  the  type  of  surgical  disease  which 
is  the  subject  of  this  article.  Puerperal  fever,  pyiemia, 
scptica?mia,  carliuncles  in  their  acute  stage,  malignant 
erysipelas,  acute  oste(miyclitis,  phlegmonous  celiulilis, 
and  suppurative  peritonitis  are  most  frequently  named 
as  the  origin  of  dissection  and  operation  wounds,  whether 
from  surgical  operations  propiM,  from  surgical  dressing, 
or  from  post-mortem  (^xaniinations.  These  germs,  when 
inoculated  directly  from  man  to  man.  occasionally,  even 
if  rarely,  acquire  an  enormously  enlianccd  virulence,  ex- 
hibited at  its  maximum,  however,  onlv  in  cases  of  direct 
inoculation.  Infected  knives,  sponges,  dressings,  or 
other  objects  may  indeed  carry  th<'  infection  for  some 
days,  or  even  weeks,  if  not  properly  disinfected,  but  it 
is  probable  tliat  the  full  degree  of  virulence  that  attends 
direct  inoculation  at  the  time  of  operation,  or  at  the  mo- 
ment of  a  post-mortem  examination,  would  not  be  mani- 
fest in  an  infection  conveyed  by  the  same  germs  at  a  later 
period,  after  the  lapse,  tliat  is,  of  an  interval  during  which 
the  germs,  even  if  surviving,  were  expo.sed  to  influences, 
such  as  desiccation  or  chilling,  comparatively  unfavorable 
to  their  existence,  or  at  least  to  the  maintenance  of  one 
of  their  more  unstable  characteiistics,  their  virulence. 

On  this  same  basis,  likewise,  is  to  be  explained  the 
notable  difference  in  the  comparative  danger  of  a  wound 
received  at  a  recent,  with  one  received  at  a  dela)'ed  au- 
topsy. In  the  first  case,  the  remaining  bodily  warmth, 
and  the  absence  of  the  further  development  of 'the  defen- 
sive proteids  on  the  part  of  the  dead  subject,  allow  the 
bacteria  to  develop  under  conditions  most  favoral)le  for 
their  growth ;  in  the  second  ease,  the  chilling  of  the  1  lody , 
and,  likely  enough,  the  beginning  deeonqiosition  of  the 
tissues,  and  the  struggle  for  existence  ^\\a\  saproi)hytic 
bacteria,  so  affect  the  environment  as  to  \ield  a  less  s'uit- 
alile  culture  medium  fortiie  pyogenic  germs,  which,  con- 
tinuing indeed  to  grow,  yet  develop  under  less  favorable 
circumstances,  and  consequently  lose  that  acme  of  viru- 
lence wliich  manifests  itself  only  under  peculiaily  favor- 
able conditions  of  growth. 

A  phenomenon  analogous  to  the  greater  danger  of 
direct,  man-to-maii  infection  as  ciunpared  to  indirect, 
filth  inf(>etion,  lies  in  the  well-known  occasional  virulence 
of  the  bites  of  animals.  Here,  too,  septic  conditidiis  are 
sometimes  communicated  in  which  germs  are  dirccDv 
tran,sferred  from  one  host  to  another,  in  a  condition  o'f 

exa  ted  virulence";  indeed,  the  bite  of  anian  is  not  h^ss 
dreaded  than  that  of  some  of  the  lower  animals 

teases  of  exalted  virulence  of  llie  iid'eeling  germs  due 
to  direct  transference,  were  not  infiv(|uen(lv  seen  when 

arm-to-arm"  vaccination  was  still  ii,  \-,,;r„;.,  where  ap- 
t^r^fS  ■''  '■'''''''■""  '■"""'>'""'<"'tt''l   «''vcrc  <lisease 

soJw  n^"™?",""^  Fehleisen  tend  to  show  another  rea- 
son for  the  greater  danger  of  "  direct  inoculation  "  as  com- 
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pared  with  "  tilth  infection. "  This  observer «  showed  that 
a  minimal  quantity  of  an  artificial  culture  of  staphylo-, 
coccus  aureus  added  to  a  little  of  the  clear  serum  obtained 
from  the  germ-free  zoue  of  inflammatory  oedema  around 
a  spreading  cellulitis,  was  capable  of  producing  extensive 
abscesses,  whereas  the  mixture  of  the  same  organism 
with  water  had  no  effect.  The  inference  is  that  the  bac- 
teria, in  the  first  case,  were  accompanied  by  their  toxins, 
and  entered  the  contest  armed,  as  it  were,  for  the  fray ; 
while  in  the  second  case,  the  bacteria  were  washed  free 
from  their  toxins,  and  were  unable  to  gain  a  foothold  in 
the  tissues  until  their  toxins  were  again  secreted  in  suffi- 
cient quantity  to  weaken  the  defence  of  the  tissue  cells; 
in  the  case  of  these  particular  experiments,  the  staphy- 
lococci employed  were  unable  to  do  this  in  time  to  pre- 
vent their  destruction  by  phagocytosis.  Now,  in  cases 
of  direct  inoculation,  the  bacteria  will  be  more  likely, 
than  in  ca.ses  of  filth  infection,  to  be  accompanied  each 
with  its  minute  quantum  (jf  toxins,  which  will  enable 
them  to  increase  and  multipl}',  where  similar  germs,  with- 
out the  accompanj'ing  toxins,  would  be  exterminated. 

In  conclusion  let  me  say  that  to  a.scribe,  as  some  were 
inclined  to  do,  when  the  germ  theory  of  disease  was 
younger,  a  special  and  peculiar  infecting  agent  to  dissec- 
tion and  operation  wounds,  on  account  of  their  occasional 
extreme  virulence,  is  entirely  gratuitous  and  uncalled  for. 
Ample  explanation  can  be  given  for  all  the  phenomena 
observed,  if  we  distinguish  clearly  between  the  differing 
possibilities  of  gravity  in  cases  of  direct  inoculation,  as 
compared  with  ordinary  filtli  infection. 

Having  now  considered  the  nature  of  the  germs  which 
give  rise  to  di.ssection  and  operation  wounds,  and  the 
effect  upon  the  virulence  of  the  infecting  germs  of  the 
source  from  which  they  are  derived,  it  now  behooves  us 
to  consider; 

ic)  Tlie  Types  of  hiseme  Tliese  Infecting  Germs  are 
Prone  to  Engender. — Of  the  germs  which  were  mentioned 
under  (n).  as  possible  causes  of  dissection  and  operation 
wounds,  it  is  unnecessary  to  describe  the  type  of  disease 
which  would  be  likely  to  follow  the  inoculation  of  the 
more  specific  forms;  the  anthrax  bacillus,  the  bacillus  (if 
malignant  oedema,  the  tubercle  bacillus,  and  the  Bacillus 
(liphtheri;e  would  all  of  them  be  likely  to  give  rtse  to 
more  or  less  characteristic  lesions,  whose  description  may 
be  sought  under  the  appropriate  headings  elsewhere  in 
this  work.  The  virus  of  syphilis  would  give  rise  to  a 
hard  chancre.  Indeed  it  is  doubtful  Avhetiier  the  lesions 
which  these  germs  proiluce  are  properly  classed  under 
ciur  heading,  and  the_v  are  mentioned  rather  for  the  sake 
of  rounding  out  the  subject  than  for  their  actual  impor- 
tance as  frequent  cairses  of  dissection  and  operation 
wounds;  and  we  shall  not  have  further  occasion  to  con- 
sider them  here,  as  we  shall  confine  our  future  discussion 
to  lesions  caused  by  the  "  iiyfigenic "  germs  proper, 
whether  in  pure  or  in  mixed  infection. 

Now  the  name  "iiyogenic"  implies  that  the  most  char- 
acteristic result  of  infection  with  these  germs  is  the 
formation  of  pus;  yet  though  this  is  the  characteristic 
outcome  of  such  infections,  this  result  does  not  always 
follow,  nor  yet  is  its  appearance,  in  any  true  sense,  a 
a  measure  of  the  virulence  or  of  the  gravity  of  the  infec- 
tion. Suppuration,  indeed,  represents  the  most  intense 
and  eomjiletc  }<ieiil  action  of  these  bacteria,  but  the  less 
advanced  forms  of  inflammation  arc  always  precedent 
stages  of  suiipui'ativc  action,  and  very  extensive  and 
dangerous  lesions  may  fatally  compromise  the  vitality  of 
the  patient  without  the  luescncc  of  pus  in  any  one  focus; 
this,  too,  with  staidiylococcus  infection,  with  streirto- 
coocus  infection,  and  with  mixed  infections  of  the  two 
.germs.  Says  Welch:  "All  of  the  affections  caused  by 
one  species  of  the  pyogenic  cocci  mav  be  caused  by  any 
of  the  others.  For  example,  the  Staphvlococcus  aureus 
may  produce  spreading  phlegmons,  inflammations  of 
scrolls  membranes,  puerperal  "infections,  general  septi- 
("cmia,  as  well  as  the  Streptococcus  jiyogcnes,  and  the 
Streptococcus  pyogenes  may  cause  circumscribed  ab- 
cesses  and  osteomyelitis,  as  \\ell  as  the  yellow  or  Avhite 
staphylococcus,     Jordan  claims  that  the  Staph\lococcus 
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jiurevis  may  cause  erysipelas,  but  Petruschky  does  not 
regard  bis  observations  on  tliis  point  as  conclusive. " 

"Furtbermore,  tbese  pyogenic  stapbylococci  and  strep- 
tococci may  cause  all  kinds  of  inflammation  besides  tbe 
suppurative.  Tbey  may,  and  often  do  cause  serous, 
sero-flbriuous,  and  fibrinous  inflammations  of  serous 
membranes.  The  Streptococcus  pyogenes  may  cause 
catarrhal  and  fibrinous  inflanunations  of  mucous  mem- 
branes. Pyogenic  cocci  may  be  tbe  sole  cause  of  simple 
inflammatory  a>dema  or  serous  infiltration  of  tbe  tissues. 
Tbey  are  sometimes  found  in  cutaneous  vesicles  and 
blebs  containing  clear  seriuu.  Tbey  may  be  the  sole  or- 
ganisms pi-esent  when  tbe  inflammatory  exudate  is 
iiemorrbagic.  They  may  produce  extensive  neci'osis  of 
the  tissues  with  scarcely  any  inflammatory  exudate.  We 
lind  the  same  stapbylococci  and  streptococci  in  those 
rarer  forms  of  osteomyelitis  wbicb  do  not  suppurate,  as 
in  the  ordinary  suppurati\'e  form.  They  are  tbe  usual 
cause  of  periostitis  and  ostitis  albuminosa,  in  which  the 
exudate  is  serous.  A  serous  or  serofibrinous  inflamma- 
tion caused  by  pyogenic  cocci  may  be  transformed  into 
a  purulent  one  without  tbe  appearance  of  any  new  species 
of  micro-organism." ' 

While  we  recognize,  as  above  related,  tbe  great  variety 
of  lesions  to  wbicb  tbe  pyogenic  cocci  may  give  rise,  and 
also  the  fact  that  any  of  these  protean  forms  of  disease 
may,  with  the  possible  exception  of  erysiiselas,  be  occa- 
sioned either  by  the  Staphylococcus  aureus,  or  by  the 
Streptococcus  pyogenes,  or  by  a  mixed  infection  of  both 
germs,  yet,  nevertheless,  tbe  more  typical  cliaracteristics 
of  infection  by  one  of  tbese  germs,  as  distinguished  fr<.)m 
the  other,  can  very  often  be  made  out.  It  is  tbe  general 
tendency  of  the  staphylococcus  to  form  circumscribed  ab- 
scesses, surrounded  by  a  distiuctl^y  marked  zone  of  dense 
inflammatory  exudate ;  while  it  is  equally  the  tendency 
of  the  streptococcus  to  excite  spreading  phlegmonous 
processes  along  the  connective-tissue  planes,  and  to  in- 
vade the  lymphatic  vessels  and  glands. 

Mixed  infections  of  the  two  cocci  maj'  take  on  the 
cliaracteristics  of  both,  or  may  follow  tbe  type  of  either 
one  Mixed  infections,  when  either  tbe  staphylococcus 
or  tlie  streptococcus  is  in  combination  with  some  otlier 
nonpyogeuic  form  of  bacteria,  may  follow  either  tbe 
stapliylococcic  or  tbe  streptococcic  type,  or  may  present  a 
more  confused  type  of  intlanmuition.  Tbe  importance  of 
distinguishing,  if  possible,  tlie  cause  of  the  infection  lies 
in  its  bearing  on  the  prognosis,  wbicli  becomes  most  grave 
in  the  presence  of  the  streptococcus. 

B.  Pathogenesis.— We  shall  consider  under  this  bead, 
first,  the  type  of  wound  by  which  infection  is  prone  to 
occur;  secondly,  the  condition  of  tbe  constitution  wliicli 
favors  snreading  of  tbe  infection;  thirdly,  the  various 
forms  of  internal  resistance  offered  to  tbe  advancement 
and  multiplication  of  tbe  microbes;  and,  fourthly,  tlie 
means  of  eliminating  the  microbes  and  their  products 
from  the  system. 

{«)  The  Type  of  "Wound  tliroiirih  ii-liirh  InfcdioiiiH  Vmue 
to  Ofcwr.— Asamatterof  fact,  tbe  wounds  through  which 
septic  infection  has  been  received  during  the  performance 
of  surgical  operations  and  post-mortem  examinations, 
have  been,  for  tbe  most  part,  in  themselves  most  trifling ; 
generally  slight  scratches  or  abrasions,  superficial  cuts, 
punctures  from  needles,  and,  in  a  not  inconsiderable  pro- 
portion of  cases,  lesions  either  literally  microscopic,  or  so 
small  as  to  defy  discovery  after  minute  examination. 

Inasmuch  as  other  types  of  wounds,  as  a  matter  rif 
fact,  do  not  occur  under  tbe  circumstances,  we  are  not 
able  to  institute  comparisons  between  tbe  behavior  of  one 
type  or  of  another  type  of  operation  wounds,  but  there 
are  some  reasons  which  lead  us  to  suppose  that  the  type 
of  wound  ordinarily  received  during  surgical  operations 
and  post-mortem  examinations  is  not  without  influence 
upon  the  subsequent  development  of  sepsis  in  their  re- 
cipients. Two  reasons  would  lead  one  «  prjori  to  sup- 
pose that  the  class  of  wounds  described  above  would 
be  more  prone  to  permit  the  development  of  severe  sepsis 
than  deeper  or  more  extensive  traumata,  and  of  these 
the  first  has  reference  to  their  superficial  ■pontioii. 


Especially  in  cases  of  sliglit  abrasion  of  tbe  skin  the 
infecting  bacteria  are  apt  t(j  be  implanted  directly'into 
the  cutaneous  lymph  channels.  Now  three  several  cir- 
cumstances combine  to  make  sucli  a  lodgment  of  the  bac- 
teria one  i)articularly  favorable  to  tlieir  subsequent  de- 
velopment. First,  the  most  dreaded  type  of  infecting 
germ,  the  Streptococcus  pyogenes,  has  notoriously  its 
favorite  habitat  just  here,  as  it  will  be  remembered  that 
not  only  does  the  streptococcus  tend  in  general  to  ac- 
cumulate particularly,  and  sometimes  almost  exclusively, 
in  the  lymph  spaces,  but  that  the  invasion  of  the  cutane- 
ous lymph  sj.iaces  is  pm-  excellence  the  attribute  of  this 
streptococcus,  which  is  now  generally  conceded  to  be 
identical  with  the  Streptococcus  erysipelatis  of  Fehleisen. 

Secondly,  aside  from  tbe  specific  type  of  the  infect- 
ing germ,  experiment  has  indicated,  with  other  forms  of 
bacteria  also  besides  the  streptococci,  that  actual  infec- 
tion of  the  organism  occurs  via  the  lymph  channels. 
The  following  experiments  have  been  instituted  to  de- 
mon,strate  this  conclusion':  Rabbits  were  first  inoculated 
on  tbe  tip  of  cme  extremity  with  anthrax  cultures,  and 
observations  were  made  as  to  the  length  of  time  necessary 
for  the  bacilli  to  reach  the  lympli  glands;  a  certain  num- 
ber of  observations  established  more  or  less  exactly  the 
time  necessary  for  this  to  occur.  The  extremities  of 
other  rabbits,  similarly  inoculated,  were  amputated  be- 
fore the  lapse  of  tbe  minimum  time  necessary  for  tbe  an- 
thrax bacilli  to  reach  the  lymph  glands;  tbese  animals 
survived,  while  those  whose  extreniilies  were  amputated 
after  tbe  critical  time  perished.  The  inference  drawn  is 
that  infection  must  occur  througli  the  Ij'mph  channels 
and  not  through  tbe  .sanguineous  circulation,  else  ampu- 
tation of  the  extremity  had  not  rescued  the  inoculated 
animals.  Though  this  can  hardly  be  said  to  constitute 
rigid  proof  that  pyogenic  infection  con.stantly  occurs  in 
this  wa}',  yet  it  gives  ground  for  the  suggestion  that  a 
slight  abrasion  opening  the  lymph  channels  without 
affecting  directly  the  deeper  tissues  might  afford  an  ex- 
ceptionally favorable  portal  of  entrjr  to  septic  germs.  The 
experience  of  public  vaccinators  in  general  would  seem 
to  support  this  same  idea,  inasmuch  as  they  assure  us  that 
vaccination  is  far  more  likely  to  "  take  "  if  the  scarification 
of  the  skin,  for  the  purpose  of  introducing  the  vaccine, 
is  not  made  sutliciently  deep  to  occasion  actual  bleeding. 

The  third  circumstance,  whicli  makes  a  superficial 
w(rtind  or  abrasiiai  one  which  is  prone  to  septic  involve- 
ment, is  the  circumstance  that,  from  the  mere  fact  of 
its  superficiality,  it  is  in  a  measure  removed  from  the 
defensive  apparatus  of  the  animal  economy,  and  germs 
there  entering  are  less  freely  exposed,  tlian  those  deeper 
ensconced,  to  tbe  protective  influences  of  cliemotaxis  and 
phagocytosis.  Germs  implanted  in  the  connective  tissue 
proper  have  far  less  chance  of  survival  than  those  intro- 
duced directly  into  the  cutaneous  or  fither  lymphatic 
clianneis.  Not  only  the  observations  of  Wauters,  already 
referred  to  abo-\'e,"but  those  also  of  Marmorek  and  of 
others,  have  established  the  fact  that  the  connective 
tissue  is  the  most  eflScient  defender  against  bacterial  in- 
vasion, owing  largely  to  the  fact  that  tliis  tissue  contains 
in  itself  a  comparatively  high  proportion  of  actively  bac- 
tericidal substance.  But  Marmorek  further  asserts  that 
the  observed  fact  of  the  unstable  foothold  obtained,  as  a 
rule,  by  patbosenic  germs  in  many  parts  of  the  body, 
depends  not  tmlv  on  a  special  antibacterial  force,  but  is 
also  in  close  relationship  with  strictly  anatomical  condi- 
tions. When  the  bacteria  have  once  succeeded,  owing 
to  the  prevalence  of  their  virulence  or  of  their  number, 
in  overpassing  tbe  zone  of  protective  infiltration  in  the 
connective  tissue,  they  have,  ipso  facto,  overcome  the 
"first  .system  of  defence"  at  that  point.  They  then,  at 
length,  obtain  a  foothold  in  a  lymph  vessel,  and  thence 
extend  themselves  to  the  Ijmipb  glands;  the  lymphatic 
system  be  regards  as  the  organ  of  the  "  second  line  of  de- 
fence "  "  Thus,  pyogenic  germs  inoculated  immediately 
into  the  cutaneous  lymphatics  are  introduced  within,  or 
we  may  say  behind,  the  outer  defences  of  the  body,  and 
so  are,  in  a  measure,  relieved  of  a  portion  of  the  combat 
for  supremacy  with  the  cells  of  the  animal  microcosm. 
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The  second  reason  which  should  render  wounds  of  the 
type  ordinarily  received  during  surgical  operations  and 
post-mortem  examinations  specially  prone  to  septic  in- 
volvement, is  the  fact  that  they  arc  likely  to  present  a 
maximum  of  vindence,  in  conjunction  with  the  important 
condition  of  a  mininuim  of  mechanical  or  chemical  trauma. 
Trauma  elicits  inflammation,  which  is  substantially  the 
sum  of  those  actions  by  which  the  animal  organism 
brine:s  into  play  its  defensive  apparatus  against  microbial 
or  other  harmful  invasion.  Diapedesis,  serous  effusion, 
fever,  and  pain  (inducing  immobilization  of  the  affected 
part)  are  defensive  means  spontaneously  brought  into 
]ilay  in  the  presence  of  any  extensive  trauma;  all  these 
are  far  less  active  in  tlie  case  of  minute  wounds,  than  in 
that  of  injuries  of  greater  magnitude.  The  relation  be- 
tween the'  extent  of  the  local  reaction  at  the  point  of  in- 
oculation on  the  one  hand,  and  the  duration  of  life  and 
number  of  organisms  present  in  the  blood  on  the  other, 
have  long  been  recognized  in  the  experimental  septice- 
mias of  the  lower  animals.'"  Just  as  we  find  that  many 
of  the  defensive  proteids,  the  so-called  "  phylaxins  "  (the 
mycophylaxins  and  the  toxophylaxins)  are  not  manu- 
factured by  the  animal  organism  exeeiit  in  the  presence 
of  bacterial  onslaughts,  ,so  it  is  not  unreasonable  to  sup- 
pose that  certain  of  the  "  offensive  proteids  "  of  the  in- 
vading microbes  may  not  be  manufactured  by  them, 
except  in  the  face  of  opposition  to  their  growth  ex- 
hibited by  the  defensive  activity  of  the  animal  cells,  and 
that  when  these  "offensive  proteids  "  are  not  thrown  out, 
a  defensive  chemotaxis  is  less  actively  evoked  and  the 
virulent  bacteria,  insidiously  implanted,  may  continue  to 
multiply  unopposed,  until  they  have  acquired  a  reserve 
]iowcr  for  attack  which  they  might  never  have  attained 
had  their  inoculation  been  attended  with  more  extensive 
traumatism. 

(b)  The  Condition  of  the  Gunstitiition  rohich  Farors 
Spreading  of  the  Infection. — The  question  of  the  condition 
of  the  constitution  which  favors  the  spreading  of  the  in- 
fection in  dissection  and  operation  wounds  is  most  inti- 
matelj'  connected  with  the  doctrine  of  mixed  infections. 
Aside  from  the  well-known  fact  that  a  generally  debili- 
tated condition  of  the  body,  such  as  is  produced  by  in- 
suflicieucy  in  food  and  rest,  protracted  anxiety  and  ner- 
vous strain,  and  prolonged  exposure  to  cold  and  other 
influences  more  or  less  powerfully  depressing  to  the  re- 
sisting forces,  and  the  coexistence  of  such  disease  as  dia- 
betes, syphilis,  alcoholism,  anoeraia,  obesitj',  typhoid  and 
other  fevers,  Bright's  disease,  etc.,  some  of  which  have 
been  shown,  upon  most  conchisivc  (dinical  evidence,  to 
be  predisposing  causes  of  infection  with  the  pyogenic 
cocci,  we  must  give  proper  weight  to  the  conditions  of 
enhanced  virulence  that  may  develop  as  the  result  of  the 
concurrent  development  in  the  tissues  of  two  distinct 
forms  of  bacteria.  Whereas  this  association  may  be 
without  special  influence  as  regards  infection,  yet  more 
frequently  the  concurrent  inoculation  of  two  species 
of  bacteria  increases  tlie  danger  fi'om  one  or  both.  "A 
combination  of  two  species,  each  in  itself  harmless,  may 
prove  fatal"  (Roger).  A  bacterium  of  attenuated  vini 
lence  may  become  augmented  in  virulence  by  inoculation 
in  combination  with  another  species,  which  need  not  nec- 
essarily be  itself  pathogenic,  or  .sometimes  simply  in  com- 
bination with  the  chemical  prodmtH  of  another  species." 
Nor  is  it  essential  to  the  appearance  of  enhanced  evil 
efl'ects  that  the  inoculation  of  .such  independent  growths 
be  simultaneous.  There  is  no  lack  of  clinical  cases  to 
illustrate  the  occurrence  of  severe  pyogenic  mixed  infec- 
tions, in  which,  in  one  set  of  cases,  the  iiyogenic  ]irocess 
was  latent  or  in  abeyance,  and  was  roused  to  extreme  or 
even  fatal  activity  by  the  admixture  of  a  fresh,  non-pvo- 
genic  infection;  and  in  another  set  of  cases,  a  previcm'sly 
latent  non-pyogenic  infection,  when  later  mingled  with 
an  mtection  of  pyogenic  tvpe,  gave  rise  to  the  gravest 
manifestations  of  sepsis.  The  influence,  in  this  'regard 
of  epidemic  intluenzn  has  been  recorded  by  ]5,"nnett  in 
tour  cases,  which  we  can  but  briefly  glance'at   ''^ 

Case  I.  Simple  synovitis  of  the  knee,  almost  well  in- 
fluenza, suppuration,  pya-mia,  amputation. 
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Case  II.  Cystitis,  improved,  urine  suddenly  exceS' 
sively  fojtid,  after  forty-eight  hours  of  influenza,  obstinate 
cystitis,  pysemia. 

Case  III.  Patient  apparently  convalescent  from  influ- 
enza noticed  swelling  and  redness  about  a  small  crack  in 
lower  lip.  Erysipelatous  inflammation  followed,  with 
abscess  over  right  side  of  face  and  throat.  A  few  days 
later,  pneumonia  and  secondary  pyemic  depo.sits  over 
right  knee  and  left  thigh,  followed  by  sudden  filling  of 
left  knee  joint. 

Case  IV.  Urethral  stricture,  facial  herpes  followed  by 
influenza,  ery.sipelatous  inflammation,  pyaemia. 

The  influence,  on  the  other  hand,  of  a  pre-existing  ster- 
corasmia,  a  "bad  cold,"  or  other  mild,  non-pyogenic  in- 
fection, as  a  cau.se  predisposing  to  pyogenic  infection,  is 
so  generally  recognized  as  to  make  an}'  more  specific 
citation  of  cases  superfluous. 

Now  how  frequently  is  the  surgeon  or  the  pathologist 
obliged  to  continue  his  work  when  himself  sutferingfrom 
many  such  mild  ailments,  j'ct  liow  considerable  a  bearing 
they  may  have  on  the  outcome  of  an  accidental  inocula- 
tion with  pyogenic  germs  during  operation  or  autopsy 
is  scarcely  appreciated  until  the  unexpected  happens, 
and  a  trifling  injury  is  seen  to  take  on  all  the  aspects  of 
a  virulent  local,  or  even  general,  infection. 

(c)  The  Various  Forms  of  Internal  Resistance  Offered  to 
the  Advancement  of  the  Microbes. — It  is  not  within  the 
scope  of  this  article  to  elucidate  the  whole  pathogenesis 
of  pj'Ogenic  infection,  3'et  a  proper  understanding  of  the 
dire  results  which  may  follow  upon  a  slight  dissection  or 
operation  wound  demands  tliat  we  should  at  least  briefly 
follow  the  history  of  the  microbes  which  have  been  in- 
oculated with  the  receipt  of  the  wound. 

The  "cytomachia  "  which  follows  the  introduction  of 
pathogenic  bacteria  among  the  constituent  cells  of  the 
animal  or  liuman  economy,  is  but  a  single,  limited,  yet 
intensely  interesting  phase  of  the  general  biologic  phe- 
nomenon of  the  struggle  for  existence.  In  one  sense, 
indeed,  it  is  the  struggle  of  the  individual  animal,  as  a 
whole,  against  an  opposing  entit}-,  the  invading  disease; 
yet  in  a  sense  equally  true,  but  only  appreciable  to  us 
since  the  recent  advances  of  scientific  investigation,  it  is 
the  struggle  of  a  countless  number  of  individuals  of  an 
invading  host,  against  countless  numbers  of  individual 
cells  acting  on  the  defensive.  Looked  at  from  this  latter 
point  of  view,  it  is  a  struggle  of  cell  against  cell  and  a 
crossing  of  cell  weapon  with  cell  weapon.  The  invading 
liosts  are  the  pathogenic  bacteria,  and  their  weapons  are, 
what  I  have  ventured  to  call,  the  "offensive  proteids." 
These  "oft'ensive  proteids '"  have  been  ascertained  to  lie 
of  two  kinds,  the  toxins,  and  certain  proteolytic  sub- 
stances (ferments?),  capable  of  causing  the  death  and  dis- 
integration of  the  body  cells,  but  yielded  up  only  at  the 
death  of  the  individual  bacteria.  The  defending  hosts 
are  the  militant  cells  of  the  animal  body,  chiefly  the 
leucocytes  and  certain  comparatively  undifferentiated 
connective-tissue  cells,  the  so-called  "  Schlummerzellen." 
and  the  defensive  proteids  are  of  two  kinds,  the  antitoxic 
proteids,  directed  against  the  "offensive  proteids."  ?'.f., 
against  the  toxins  (antitoxins);  and  the  proteolytic  (au- 
timycotic)  proteids  (bactcriolysius),  directed  against  the 
opposing  bacteria,  and  capalde,  under  favorable  circum- 
stances, of  causing  their  death  and  disintegration.  Be- 
sides this  "  long-distance "  comliat,  the  analogy  with 
human  warfare  is  still  further  borne  out  by  the  actual 
grappling  of  individual  cell  with  individual  bacterium. 
In  some  cast's  this  rejireseuts  the  attack  of  the  bacterium 
on  the  leucocyte  ((■.,</.,  the  gonococcus) ;  more  often  it 
represents  the  attack  of  the  leucocyte  on  the  bacterium, 
and  the  phenomenon  is  then  known  as  phagocytosis. 

In  the  conflict  between  animal  cells  antl  bacteria  all 
these  factors  are  simultaneously  or  successively  brought 
into  jilay,  and  certain  forces  prevail  and  predominate 
over  other  forces,  until  victory,  at  least  temporarily,  rests 
with  one  party  or  witli  the  other. 

According  to  the  relative  iiredominance  of  one  or  more 
of  the  embattled  forces  we  have  one  or  another  patho- 
logical picture  before  us.     One  of  the  earliest  and  the 
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commonest  pathological  plieuomena  which  are  observed 
to  follow  the  invasion  of  the  animal  body  by  pathogenic 
germs,  is  active  or  inflammatory  wdema.  This  is  the 
result  of  what  is  known  as  chemotaxis,  the  marshalling 
of  the  forces  of  the  defence:  the  leucocytes  in  vast 
numbers  assemble  on  the  field  of  battle  to  engage  the  in- 
vading bacteria. 

Another  common  phenomenon  is  localized  suppuration 
and  abscess  formation.  Here  the  leucocytes  have  not 
only  assembletl  but  have  actually  engaged  the  bacteria, 
and  with  the  death  of  their  foemen,  or  of  members  of 
their  own  forces,  there  have  been  liberated  the  proteo 
lytic  substances  which  have  caused  the  liquefaction  of 
the  siuTounding  tissues. 

Though  the  pus  within  an  abscess  cavity  may  swarm 
with  bacteria,  yet  not  infi-equently  bacteria  in  such  pus 
are  few,  or  may  be  altogether  absent,  i.e.,  the  pus  is 
"sterile"  (suppurating  buboes,  tuberculous  abscesses, 
gonorrhanxl  salpingitis,  empyemic  exudates).  In  the 
first  case  the  abscess  has  been  more  or  less  immediately 
caused  by  the  bacteria,  and  they  have  "slain  their  thou- 
sands "  among  the  leucocytes,  the  botlies  of  the  defunct 
leucocytes  have  become  dissolved  through  the  action  of 
the  proteolytic  ferments,  and  only  sparse,  disembodied 
nuclei,  but  faintly  dyed  by  staining  reagents,  are  to  be 
found  in  the  fluid;  such  ]ius  is  thin  and  waterjf,  it  is 
spoken  of  as  "ichorous"  pus,  and  has  long  been  recog- 
nized as  "acrid,"  "erosive,"  and  "virulent,"  i.e.,  it  con- 
tains many  victorious  bacteria.  In  the  second  case,  on 
the  other  hand,  the  suppuration  has  been  evoked  more  or 
less  immediately  by  the  leucoc\'tes,  which  by  an  exag- 
gerated chemotaxis  have  crowded  about  the  invading 
bacteria  and  have  overcome  them,  some  by  phagocytosis, 
some  doubtless  by  means  of  the  antimycotic  proteids 
{mycosozins,  niycophylaxins,  bacteriol3'sins) :  such  pus 
is  thick  and  creamy,  contains  plump,  distinctly  nucleated 
"  pus  cells "  (polynuclear  leucocytes)  and  is  known  as 
"  laudable  pus, "  and  recognized  as  far  less  virulent  and 
acrid,  i.e.,  it  contains  few  (sometimes  ncme  at  all)  de- 
bilitated and  attenuated  bacteria. 

Another  phenomenon  occasioned  by  the  invasion  of  the 
tissues  with  pathogenic  bacteria  is  more  or  less  extensive 
necrobiosis  and  sloughing.  Here  is  a  case  in  which  the 
toxic  influences  of  the  bacteria  have  been  locally  exer- 
cised to  a  more  extensive  degree  than  the  leucoc3'tes  im- 
mediately engaged  have  been  able  to  cope  with,  and 
larger  or  smaller  masses  of  the  less  euergeticallj'  vitalized 
tissues,  in  the  neighborhood  of  the  focus  of  invasion, 
have  been  literally  poisoned  to  death  by  the  concentrated 
toxins.  This  is  generally,  but  not  always,  accompanied 
by  more  or  less  suppuration  of  either  the  first  or  the 
second  type;  we  deem  it  to  be  of  the  first  tj'pe  when  the 
sloughing  is  progressive  (necrosis  progrediens);  of  the 
second  more  benign  type  when  the  sloughing  is  not  pro- 
gressive, but  is  rather  the  benign  effort  of  nature  to  ex- 
pel useless  tissue  by  a  process,  as  it  were,  of  spontaneous 
amputation. 

Again,  in  another  case,  the  best  efforts  of  the  defending 
leucocytes  are  barely  equal  to  the  task  of  holding  in  check 
the  local  development  of  the  bacteria,  but  the  latter 
nevertheless  produce  their  toxins  in  such  quantity  that 
the  antitoxins  of  the  animal  cells  (the  toxosozins  and 
toxophylaxins)  are  no  longer  sufficient  completely  to 
neutralize  them,  the  unueutralized  excess  of  bacterial 
toxins  circulates  in  the  blood  serum,  and  the  profuuud 
intoxication,  which  we  saw  involve  the  death  of  vidner- 
able  tissues  in  the  immediate  neighborhood  of  the  focus 
of  invasion,  exerts  a  similar,  but  happily  generally  a  less 
intense,  effect  upon  all  the  tissues  of  the  organism ;  toxai- 
raia  is  the  result,  with  headache,  vomiting,  general  mal- 
aise, and  the  system  generally  reacts  jigainst  the  whole- 
sale poisoning  of  its  tissues,  with  fever;  yet  in  the  more 
malignant  intoxications  such  widespread  and  profound 
intoxication  of  the  tissues  may  be  produced  that  the  in- 
dividual succumbs  at  once,  without  any  reactionary  fever, 
without  suppuration,  sometimes  even  before  marshalling 
of  the  forces  of  the  defence  by  chemotaxis,  "  septicemic 
foudroyante  " ;  the  whole  drama  is  ended  in  a  few  days 


or  even  a  few  hours,  with  n  normal  or  even  a  subnormal 
temperature,  and  without  reaction  to  the  overwhelmin"- 
dose  of  the  toxins.  " 

A  still  liigher  triumph  of  the  invading  bacteria  over 
the  defences  of  the  body  is  manifested  when  the  former 
not  only  send  their  unueutralized  toxins  coursing  through 
the  veins,  but  themselves  escape  bodily  through  the 
second  barrier  of  defence  constituted  by  the  lymph  chan- 
nels and  lymph  glands,  and,  mingling  with  the  blood 
corpuscles  in  the  blood-stream,  continue  to  grow  there, 
and  in  the  very  bosom  of  the  life  fluid  itself  multiply 
their  numbers  and  evolve  their  noxious  products.  This 
condition,  tliat  of  septicajmia  xtriciion  senm,  is  most 
typically  developed  in  the  specific  experimental  septice- 
mias of  the  lower  animals,  in  which,  after  the  inoculation 
of  the  specific  virulent  germs,  these  are  presently  found 
swarming  in  countless  numbers  in  the  blood  of  "the  vic- 
tims. In  this  aggravated  form  this  inva.sion  of  the  blood 
with  pyogcmic  bacteria  is  rarely,  though  indeed  occasion- 
ally, seen  in  man  (vide  infra,  Case  IV.  )^  but  in  the  human 
subject  analogous  symptoms  are  developed  when  even  a 
few  pyogenic  cocci  are  discernible  in  the  blood  after 
careful  examination.  It  would  seem  that  bacteria  hav- 
ing sufficient  vitality  to  establish  themselves  and  midtiply 
within  the  blood  are  nearly  beyond  the  reach  of  effec- 
tive attack  by  the  animal  defences,  and  cases  in  which 
pyogenic  cocci,  especially  streptococci,  have  been  de- 
monstrated in  the  circulating  blood  must  be  regarded  as 
having  a  very  grave  prognosis,  unless  extraordinary  aid 
can  be  afforded  to  the  defensive  apparatus  of  the  patient. 
Nevertheless,  battle  is  sometimes  offered  the  pyogenic 
bacteria  even  within  the  blood-vessels,  and  the  severe 
chills  and  enormous  excursus  of  the  temperature  curve 
indicate  the  desperate  character  of  the  conflict  waged  by 
the  defensive  cells.  The  cells  die  in  multitudes  and  in 
expiring  bring  into  play  their  most  powerful  weapon,  tlic 
antimycotic  proteids  (the  mycosozins  and  the  nij'co- 
phylaxins  and  bacteriolysins).  Now  along  with  the 
leucocytes  (the  militant  cells  of  the  blood)  uuml)ers  of 
the  red  blood  corpuscles  also  undoubtedly  .succumb  in 
conditions  of  severe  sepsis,  and  a  tibrinogenous  substance, 
metaglobulin,''  is  developed,  a  product  of  the  disintegra- 
tion of  cell  protoplasm,  whicli  has  the  attribute  of  induc- 
ing coagulation  of  the  blood  and  thrombus  formation. 
In  these  thrombi  the  battle  is  renewed  much  as  it  was 
first  fought  in  the  connective  tissues,  and  each  separate 
thrombus  becomes  immediately  invaded  with  septic 
germs,  and  becomes  converted  into  a  suppurating  focus, 
a  pya'mic  abscess.  As  the  invading  bacteria  successively 
invade  each  new  thrombus,  and  casta  fresh  load  of  toxins 
upon  the  staggering  forces  of  the  patient,  the  event  is 
heralded  with  a  chill,  the  characteristic  phenomenon  of  a 
pronounced  pyauiiia.  The  struggle  is  now  continued  for 
a  time,  at  an  almost  hopeless  disadvantage,  until  death, 
either  from  exhaustion  or  in  profound  septic  intoxica- 
tion, closes  the  scene. 

Leaving  for  other  articles  in  this  work  to  give  the 
furtlier  details  of  the  process  of  septic  infection  which 
we  have  thus  broadly  sketched,  it  must  suflice  us,  in 
considering  the  development  of  dissection  and  operation 
wounds,  to  familiarize  ourselves  with  the  following  gen- 
eral conclusions  of  Marmorek  in  regard  to  them,  as  a 
limited  sub-class  of  general  or  local  septic  infections; 

"  Not  only  is  it  to  be  considered  that  all  those  diseases 
which  are  classed  as  septic  are  etiologically  one  and  the 
same,  and  that  one  and  the  same  bacterium  can  produce 
all  of  its  forms,  but  we  must  also  recognize  that  even  the 
clinical  pictures  Avhich  they  afford  are  capable  of  full  and 
complete  interpretation  from  the  same  etiological  stand- 
point. All  the  manifold  disease  forms  ai'c  simply  the 
consequence  of  that  variability  of  the  different  factors 
involved  which  the  constantly  changing  relations  be- 
tween the  invading  forces  of  disease,  on  the  one  hand,  and 
the  resisting  forces  of  the  organism,  on  the  other  hand, 
occasion.  Those  conditions,  which  writers  speak  of  as 
'  septic  intoxication,' '  infection,' '  mycosis,'  andpyn?mia, 
are  naught  else  but  the  results  of  infection,  principally 
by  one  particular  microbe,  the  Streptococcus  pyogenes, 
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and  only  occasionally  by  tbe  Staphylococcus  pyogenes 
aureus." 

"  Erysipelas,  phlegmons,  and  carbuncles  are  forms  of 
septic  "infection  where  the  conflict  is  fought  within  the 
first  system  of  defence  of  the  invaded  organism  ;  in  lymph- 
angitis and  lymphadenitis  the  conflict  lies  within  the 
second  system  of  defence ;  and  septicismia  and  pyosmia 
are  evidences  of  conflict  within  the  third  and  last  means 
of  animal  defence,  the  blood  itself."  " 

"When  bacteria,  possessed  in  a  high  degree  of  the 
faculty  of  manufacturing  toxins,  gain  access  to  the  or- 
ganisiii,  or  when  bacteria  find  within  the  tissues  of  their 
host  conditions  favorable  to  the  abundant  production  of 
toxins,  then  the  result  of  their  invasion  will  be  a  toxaBmia 
or  a  septicaemia;  when  these  conditions  favoring  abun- 
dant production  of  toxins  are  wanting,  the  bacteria,  pro- 
vided they  are  nevertheless  capable  of  maintaining  and 
multiplying  themselves,  can  work  their  noxious  effects 
upon  tlie  organism  only  through  the  means  of  those  pro- 
teids  which  are  set  free  by  the  death  of  individuals 
among  them,  i.e.,  the  proteolytic  ferments;  the  result  is 
a  pytiemia.  Inasmuch,  however,  as  in  most  cases  toxin 
production  and  proteolytic-ferment  production  proceed 
side  by  side,  a  sharp  line  can  never  be  drawn  between 
toxsemia,  septicaemia,  and  pyaemia."    (Sitzmann. ") 

(d)  The  Means  of  Eliminating  the  Microbes  and  their 
Toxins  from  the  System. — The  active  struggle  between  the 
invading  bacteria  and  the  defending  body  cells  may  have 
any  one  of  three  terminations :  The  active  struggle  may 
degenerate  into  a  quasi  "guerilla  warfare,"  finding  its 
expression  in  a  tedious  succession  of  smaller  disease  proc- 
esses, the  sequelaj  of  the  disease  inaugurated  by  the 
primary  infection;  or,  the  conflict  may  terminate  in  a 
truce,  as  it  were,  of  more  or  less  prolonged  duration  ;  or, 
the  victory  of  one  side  or  of  the  other  may  be  complete, 
and  either  the  infected  individual  succumb  in  death,  in 
the  one  case,  or  the  bacteria  lie  completely  routed  and 
driven  forth,  in  the  other.  We  will  now  brieflj'  consider 
these  three  possibilities. 

The  condition  which  we  have  considered  as  analogous 
to  a  "  guerilla  warfare  "  is  one  in  which  the  septic  process 
does  not  actually  subside  entirely,  but  either  is  continued, 
in  a  more  mild  tj'pe,  at  the  original  site  of  infection,  or 
manifests  itself  in  con.5tautly  recurring  furuncles,  ab- 
scesses, or  other  septic  processes  in  the  same  general 
neighborhood,  or  in  some  cases  indeed  at  more  remote 
points,  yet  in  a  manner  to  be  distinguished  from  pyaemia, 
both  by  the  mildness  of  the  processes  and  by  their  local 
and  regionary  distribution  ;  the  type  of  the  struggle  dif- 
fers chiefly  in  degree  from  that  of  the  severer  forms  of 
sepsis  described  in  the  preceding  section. 

The  condition  which  we  have  described  as  analogous 
to  a  truce  is  one  which  has  received  careful  study  at 
the  hands  of  many  distinguished  bacteriologists,  notably 
by  Halban  '«  and  by  Perez."  The  conclusions,  of  Perez 
are  quite  in  consonance  with  the  careful  experiments  of 
Wauters,'"  who  believes,  contrary  to  the  commonly  re- 
ceived impression,  that  t)ie  bactericidal  properties  of  the 
lymph  glands  are  relatively  small,  as  compared  with  those 
possessed  by  some  other  tissues  of  the  body,  notably  by 
the  red  bone  marrow.  The  observations  of  Perez  are 
likewise  in  accord  with  those  of  the  investigatoi-s  who, 
withEhrlich,"  maintain  an  essential  distinction  between 
tlie  different  classes  of  leucocj^tes,  distinguishing  between 
the  "myeloblasts,"  possessed  of  marked  phagocytic  abili- 
ties, and  the  "lymphoblasts,"  possessing  "tliis  (juality 
but  in  very  slight  degree,  if  at  all.  The  observations  anil 
expenments  of  Perez  lead  liim  to  the  belief  that  it  is  the 
function  of  the  lymph  glands  to  detain  the  pathogenic 
bacteria  in  their  meshes,  and  there,  not  annihilate  them 
as  do  some  of  the  more  actively  bactericidal  tissues  but 
rather  expose  them  to  the  peculiar  influence  of  the  lympho- 
blasts, which  consists  rathi'r  in  robbing  them  of  their 
pathogenic  qualities  than  in  compassing  their  entire  de- 
struction. _  An  intermission  in  the  conflict  between  invad- 
ing bacteria  and  resisting  body  cells  occurs  when  the  pre- 
viously active  bacteria  are  temporarily  eliminated  from 
the  tissues    at  large,"  to  be  gathered  into  the  emasculat- 
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ing  embrace  of  the  lymph  glands,  from  whence,  possibly, 
they  may  from  time  to  time  emerge  as  unruly  prisoners — 
somewhat  shorn,  indeed,  of  their  most  virulent  charac- 
teristics—to induce  a  relapse  of  an  apparently  terminated 
warfare,  and  manifest  themselves  often  in  ways  totally 
different  clinically  from  the  first  onslaught  of  the  infec- 
tion ;  e.g. ,  what  first  manifested  itself  as  a  pyogenic  proc- 
ess may,  under  the  influence  of  the  same  bacteria,  modified 
by  their  sojourn  in  the  lymph  glands,  take  on  any  of  the 
tyjies  of  non-purulent  disturbance  which  we  saw  that  the 
pyogenic  germs  were  capable  of  inciting  {mde  supra),  and 
appear  as  a  neuralgia,  as  a  catarrhal  affection  of  a  mucous 
membrane,  or  as  a  .serous  or  sero-fibrinous  serositis,  of 
acute  or  chronic  type.  Thus,  according  to  the  results  of 
the  latest  experimental  research,  do  ttie  lymph  glands 
afford  another  form,  quite  sni  generis,  of  protecting 
agency  to  the  body  in  its  conflict  with  infecting  germs, 
and  if  unable  to  annihilate  the  invaders  completely,  con- 
clude with  the  foe  an  advantageous  armistice,  at  the  close 
of  which  the  body  may  resume  the  conflict  under  other 
and  presumably  more  favorable  terms. 

The  third  and  most  decisive  outcome  of  the  struggle 
against  infection  is  the  complete  destruction  of  the  bac- 
teria and  their  elimination  from  the  system.  This  has 
likewise  been  long  the  object  of  closest  observation  and 
most  ingenious  experiment.  Here  again  the  earlier  ideas 
of  the  excretion  of  the  bacteria  themselves  by  the  emunc- 
tory  organs  of  the  body  have  had  to  give  place  before 
more  recent  and  more  exact  studies,  and  the  same  is 
largely  true  of  the  elimination  of  the  bacterial  toxins. 
In  regard  to  the  elimination  of  the  bacteria  themselves, 
we  have  the  authority  of  von  Klecki,'^"  corroborated  by 
that  of  Cotton,"  for  the  statement  that  though  many 
kinds  of  bacteria  can,  indeed,  be  excreted  b_v  the  normal 
bile  passages  in  very  small  numbers,  and  probabl}'  but 
not  certainly  by  the  normal  kidneys  also. — this,  however, 
only  when  they  are  present  in  large  numbers  in  the  blood, 
— yet  their  elimination  from  the  body  in  this  manner,  in 
any  considerable  number,  argues  a  lesion  of  the  excretory 
organ  in  question.  "  In  no  wise."  says  Cotton  most  posi- 
tiveljf,  "is  the  commonly  received  opinion  to  be  accepted 
that  the  excretion  of  bacteria  by  the  emunctories  is  to  be 
regarded  as  part  of  the  normal  defence  system  {Sehidz- 
wrrichtung)  of  the  body."  Goldberg  likewise  was  un- 
able to  demonstrate  the  excretion  of  tetanotoxin  by  the 
kidnevs,  and  his  experiments  serve  to  throw  doubt  upon 
the  excretion  of  bacterial  toxins,  as  such,  from  the  body 
by  any  of  tbe  excretory  organs.'--  We  must  look  then 
for  some  other  way  which  the  body  possesses  of  ridding 
itself  first  of  the  microbes,  and  secondlj^  of  their  toxins. 

Thanks  to  the  studies  of  Nuttall,"  Gamaleia.-^  Denys, 
Sawtschenko,"  and  Pfeiffer,  we  are  happily  in  a  position 
to  offer  a  reasonable  ojiinion  as  to  the  method  by  which 
the  system  rids  itself  of  bacteria  when  it  has  succeeded 
in  extinguishing  their  vitality.  Savs  Nuttall  in  regard 
to  the  anthrax  bacilli:  "In  the  bodies  of  bedbugs  (and  of 
other  blood-sucking  insects)  they  become  less^  and  less 
capable  of  becoming  stained  with  methylene  blue  and 
finally  altogether  so";  "they  are  simply  digested," 
'•  ii-rrden  einfich  rerdimt."  According  to  Gamaleia,  it 
may  now  be  regarded  as  settled  that  the  bactericidal  sub- 
stances in  the  body  (ride  -iiqva,  the  proteolvtic  ferments) 
dissolve  the  bacteria.  To  o\ir  eyes  the  process  becomes 
fiist  appreciable  as  a  disappearance  of  the  staining  capac- 
ity (/,,■.,  a  chromatolysis),  in  a  word,  a  bacteriolj'sis.  A 
variety  of  alkaloids,  e.g..  caffeine,  and  a  variety  of  pto- 
mains,  such  as  methyl-  and  ethylamin,  have  chroinatolytic 
proixTties,  as  have  a  numlier  of  other  bodies— among 
them,  moie  particularly  casein.  On  further  investiga- 
tion to  determine  which  derivative  of  casein  it  is  tliat 
occasions  chromatolysis,  it  was  found  that  the  ammonia 
salt  of  glutaminic  acid  possessed  this  quality  in  marked 
degree.  When  a  fluid  in  which  chromatolysis  has  taken 
place  is  treated  with  acetic  acid  and  filtered",  and  the  resi- 
due on  the  filter  paper  dissolved  with  ammonia,  we  ob- 
tain liacteriolysin,  which  not  only  occasions  chromatolysis, 
but  totally  disintegrates  the  bacteria,  separates  the  rods 
(of  anthrax  bacilli),  and  causes  these  to  fall  to  pieces,  to 
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form  but  an  amorphous  mass  of  detritus.  The  thick, 
opaque  emulsion  of  bacteria  changes,  under  the  action 
of  this  ferment,  in  the  course  of  from  six  to  twelve  hours 
into  a  transparent  fluid  with  scarcely  apparent  turbidity. 
From  this  last  solution  of  bacteria  the  ferment  can  again 
be  precipitated  by  means  of  acetic  acid.  The  ferment 
which  is  obtained  by  treating  anthrax  bacilli  with  glu 
taminic  acid  has  a  bacteriolytic  action  only  \ipon  anlhrax 
bacilli  and  upon  no  others.  By  the  action  of  the  casein 
derivative,  or  of  an  amido-acid,  upon  the  cholera  vibrio 
and  upon  the  diphtheria  bacillus,  coi-responding  bacterio- 
lysins  are  developed. 

With  these  data  before  us,  it  is  possible  to  understand 
fairly  well  how  the  pathogenic  microbes  are  eliminated 
from  the  system.  They  are,  as  we  have  seen,  actually 
dissolved  and  digesteil  by  the  tissues,  and  it  is  probable 
that  by  this  peptonizing  action  of  the  tissues  their  pro- 
teids  are  split  up,  in  a  manner  more  or  less  remotely 
analogous  to  the  splitting  up  of  proteid  molecules  in  the 
process  of  gastro-lntestinal  digestion,  until  they  are  re- 
duced to  a  chemical  condition  which  permits  them  to  be 
excreted  by  the  ordinary'  emunctorj'  channels,  in  a  form 
more  or  less  indistinguishable  from  the  products  of  the 
disintegration  of  proteid  moleotiles  derived  from  any 
other  indifferent  source.  It  is  probable  that  the  liver  is 
largely  concerned  in  rendering  the  dissolved  bacteria  fit 
for  excretion,  as  we  know  it  is  influential  in  rendering 
innocuous  other  poisonous  products. 

As  it  is  only  under  exceptional  conditions  that  the 
bacteria  themselves  are  eliminated  as  such  by  the  kidneys 
and  the  other  emunctories,  so  likewise  it  is  only  under 
exceptional  conditions  that  the  bacterial  toxins  are  elimi- 
nated as  such,  and  in  recognizable  form,  by  the  emunctory 
organs.  On  the  contrary,  it  is  recognized,  in  the  first 
place,  that  they  are  in  great  measure  neutralized  by  the 
body  antitox'ins  before  their  elimination  (which  would  in 
itself  account  for  the  non-appearance  of  specific  toxins 
in  the  urine,  the  fa>ces,  and  the  sweat) ;  and  in  the  second 
place,  it  is  more  than  likely  that  the  neucralized  toxins 
are  further  broken  up  by  the  action  of  the  liver,  and  pre- 
pared thereby  for  elimination  eventually  by  the  ordinary 
emunctory  channels  in  an  undifferentiable  form,  along 
with  the  ordinary  waste  products  of  metabolism. 

Having  now  considered  in  some  detail  first  the  etiology 
and  then  the  pathogenesis  of  dissection  and  operation 
wounds,  we  have  dealt  as  far  as  is  necessary  to  otir  pur- 
pose with  those  characteristics  of  these  affections  which 
may  be  deemed  to  distinguish  them  from  other  septic 
processes;  and  it  now  remains  for  us  to  deal,  only  much 
less  exhaustively,  with  the  questions  of  their  clinical 
course,  their  diagnosis,  their  prognosis,  and  their  treat- 
ment, which  are  to  all  intents  and  purposes  those  of  sepsis. 
from  whatever  cause  arising,  and  are  more  fully  treated 
under  other  headings  in  this  work. 

C.  Clinical  Coukse.— The  clinical  course  of  dissection 
and  operation  wounds  can  best  be  made  plain  by  the  cita- 
tion of  four  characteristic  and  illustrative  cases. 

Case  I.  That  of  Dr.  K.  Zmigrodzki,  of  St.  Petersburg."- 
The  infection  in  this  case  was  received  from  a  patient 
who  suffered  primarily  from  facial  erysipelas.  The  pa- 
tient was  dismissed  from  the  hospital  apparently  well 
on  Jidy  7th,  1888,  but  was  received  into  the  hospital  again 
(August  30th?)  on  account  of  an  extensive  phlegmon  of 
the  right  scapular  region.  On  September  5th,  1888,  Dr.  Z. 
made  several  incisions  to  void  the  pus,  and  packed  and 
drained  the  wound.  The  patient  recovered  quickly,  and 
left  the  hospital  on  September  32d. 

In  performing  this  operation  on  September  5th,  Dr.  /. 
acquired,  he  do^es  not  know  bow,  a  purulent  infection, 
perhaps  through  some  slight  abrasion.  Already  during 
the  night  following  the  operation  he  felt  severe  pam  in 
the  left  thumb,  near  the  nail,  on  the  ulnar  side.  On  the 
morning  of  the  6th,  there  was  a  developing  panaritium 
subunguale;  on  the  7th,  he  himself  injected  cocaine  and 
opened  the  beginning  abscess  and  applied  an  antiseptic 
dressing.  He  did  not  feel  the  slightest  doubt  of  a  prompt 
recovery,  which,  however,  did  not  follow;  the  wound 
did  not  heal  but  became  dry  and  very  sensitive,  and  oc- 


casioned some  fever.  Under  cocaine,  a  colleague  removed 
part  (it  the  nail  and  made  two  deeper  cuts,  but  found  no 
pus;  an  antiseptic  dressing  was  applied. 
^  Healing  was  now  eontidently  expected,  but  instead,  on 
beptemlier  20th,  I  he  patient  suddenly  had  a  severe  ehill 
wUh  pain  in  the  left  side  of  the  chest  along  the  margin 
of  the  ribs.  Thinking  this  to  be  a  colitis,  the  patient 
took  a  dose  of  castor  oil  and  calomel,  but  experienced  no 
relief.  A  careful  examination  by  a  colleague  on  the  23d 
revealed  an  affection  of  the  left  lung;  in  the  upper  lobe, 
near  the  linea  axillaris  anterior,  there  were  dulness  on 
percussion,  increased  vocal  fremitus,  pleuritic  friction 
sounds,  and  a  circumscribed  patch  of  subcrepitant  rales. 
The  coughing  was  at  first  very  slight,  but  on  the  third 
day  the  sputum  raised  was  somewliat  bloody,  brownish 
in  color,  and  consisted  of  lumps  of  inspissated  mucus. 
After  two  or  three  more  days,  all  the  other  .signs  of  infil- 
tration al)out  this  spot  in  the  left  lung  had  disappeared, 
with  the  exception  of  the  rales,  and  the  pains  in  the  side 
ceased;  the  temperature  fell  quickly,  and  the  sputa, 
which  had  become  copious,  came  to  consist  of  mucus 
only.  From  these  clinical  phenomena  there  was  made  a 
diagnosis  of  hemorrhagic  infarct,  of  embolic  origin, 
which  was  deemed  to  be  closely  related,  etiologically,  to 
the  panaritium  on  the  left  hand,  as  this  showed  not  the 
slightest  indication  of  healing. 

Says  Dr.  Z.,  who  reports  the  ease  himself,  "I  lay 
especial  emphasis  on  the  fact  that  there  was  absolutely 
no  appearance  of  the  ad^'ance  of  the  inflammation  bej'ond 
the  distal  phalanx  of  the  thumb,  neither  at  this  time  nor 
during  the  whole  course  of  my  disease;  absolutely  no 
lymphangitis,  erysipelas,  or  lymphadenitis,  the  custom- 
ary accompaniments  of  septico-pyasmic  infections,  was 
at  any  time  present. " 

After  a  few  days,  a  second  infarct  made  its  appearance, 
under  strictly  analogous  circumstances,  followed  by  a 
third,  a  fourth,  a  tiftli,  and  a  sixth  in  the  course  of  the 
next  three  or  four  weeks,  and  all  in  the  same  left  lung. 
The  consultants  called  at  this  time  confirmed  the  diag- 
nosis of  pj'semic  infarcts  and  oflered  an  unfavorable  prog- 
nosis, quoad  mtam.  The  treatment  was  symptomatic, 
with  special  attention  to  the  preservation  of  the  general 
strength  and  the  maintenance  of  the  heart  function.  The 
radial  puLse  throughout  the  whole  sickness  remained 
strong,  though  the  patient  refused  alcoholic  stimulation. 

At  this  time  there  developed  a  circumscribed  phlebitis 
above  the  inner  malleoli  of  both  feet  (phlebitis  venarum 
saphenarum  interiorarum).  This  manifested  itself  as  a 
livid,  excessively  tender  swelling  of  the  skin,  which  im- 
parted to  the  examining  finger  a  "doughy"  feeling,  if 
not  an  actual  sensation  of  fluctuation.  Under  bichloride 
dressings  this  quickly  subsided,  leaving  only  .some  pig- 
mentation behind. 

"On  October  17th,  the  temperature,  which  had  all 
along  been  very  high,  dropped  from  100.4°  F.  to  normal, 
and,  in  spite  of  the  dubious  prognosis,  I  began  slowly  to 
improve,  my  appetite  returned,  and  on  October  31st,  that 
is,  on  the  forty-second  day  of  my  iUness  (counting  from 
September  30th,  the  day  of  the  chill),  I  left  my  bed. 
After  about  a  week  and  a  half  I  went  out  for  the  first 
time,  and  my  strength  slowly  returned.  I  still  felt  con- 
stantly dull  pains  in  the  spinous  processes  of  the  lumbar 
vertebraB,  specially  after  long-continued  sitting;  to  this, 
however,  I  paid  but  little  attention. 

"  One  day,  on  getting  out  of  a  carriage,  I  felt  suddenly 
a  severe  pain,  like  a  sprain,  in  the  outer  malleolus  of  the 
left  foot;  from  that  moment  on  pain,  of  a  rheumatic 
tvpe  persisted  for  a  long  time,  extending  along  the 
whole  of  the  left  lower  leg.  After  a  couple  of  days  there 
developed  an  evident  periosteal  swelling  on  the  antenor 
aspect  of  the  upper  third  of  the  left  tibia,  below  the 
tuberosity,  and  another  over  the  lower  end  of  the  left 
fibula  on  the  posterior  aspect  of  the  leg.  1  did  not  wish 
to  resume  my  bed,  and  so  kept  about,  applying  hot  ap 
plications  from  time  to  time. 

"  As  I  had  no  attacks  of  feverishness,  I  made  no  obser- 
vations of  the  temperature  from  October  31st  till  Novem- 
ber 10th.     On  November  11th  I  was  again  obhged  to 
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resume  mj'  bed  as  the  temperature  rose  with  a  severe  rigor 
to  103  F.,  and  I  felt  great  pain  in  the  riglit^  liypochon- 
drium.  Examination  now  revealed  another  infarct,  tliis 
time  in  the  posterior  portion  of  the  lower  lobe  of  the  right 
lung;  this  ran  a  course  similar  to  that  of  those  in  the  left 
lung,  accompanied,  as  were  they,  by  a  remittent  type  of 
fever.  But  tliere  developed  in  this  ease  a  fresh  compli- 
cation, namely,  a  considerable  pleuritic  exudate  in  the 
lower  part  of  the  right  pleural  cavity.  The  temperature 
excursus  was  very  great,  and  was  accompanied  each  time 
by  rigors  and  profuse  sweating.  The  pleuritic  pains 
were  at  first  veiy  severe. 

"  In  the  early'  part  of  December  I  began  to  feel  most 
torturing  pain's  in  the  right  hypochondrium,  which  I 
may  describe  as  diaphragmatic,  to  checli  which  I  was 
comjielled  to  breathe  as  superficially  as  possible,  and  re- 
sorted to  the  use  of  hypodermic  injections  of  morpliine. 
From  December  1st  to  15th  the  temperature  was  con- 
stantly in  the  neighborhood  of  102°  F.,  and  the  character 
of  the  fever  was  more  or  less  steady  (febris  continua) ; 
this,  of  course,  greatly  reduced  my  strength.  On  ac- 
count of  steady  pain  beneatli  the  right  ribs,  as  well  as 
supervening  painful  spasms  of  the  abdominal  muscles 
of  the  right  side,  especially  of  the  musculus  rectus  ab- 
dominis dexter,  I  could  lie  only  on  my  right  side,  hold- 
ing the  right  leg  flexed  at  the  hip.  From  time  to  time 
tliere  were  rigors  and  profuse  sweating." 

All  these  severe  symptoms  were  scarcely  explained  bj' 
the  comparatively  unimijortant  anatomical  changes  to  be 
found  in  the  lungs  and  pleura,  the  only  objective  symp- 
toms at  that  time  discoverable.  Repeated  urinalyses 
failed  to  show  anj-  pathological  change  in  that  secretion. 
The  condition  liad  liecome  very  grave;  all  therapeutic 
effort  seemed  unavailing. 

By  December  20th  the  clinical  picture  became  some- 
what simplified,  in  that  a  swelling,  apparently  a  peri- 
nephritic  abscess,  appeared  in  the  right  lumbar  region 
On  December  21st  a  long  lumbar  incision  was  made, 
under  chloroform;  this  revealed  a  purulent  infiltration 
not  only  of  the  subcutaneous  and  intermuscular  connec- 
tive tissue,  but  also  of  that  surrounding  the  right  kidney. 
Fluctuation  was  also  determined  in  the  kidney  itself. 
Tlie  kidney  capsule  was  split  and  from  it  was  evacuated 
a  large  amount  of  pus.  There  was  present  a  suppurating 
embolic  infarct  of  the  kidney  itself.  The  wound  was 
irrigated  and  packed  and  treated  on  antiseptic  principles. 
By  evening  the  temperature  fell  to  97.4°  F.  ;  and  rose  the 
next  day  to  101°  F. ;  and  from  the  22d  to  the  28th  of  De- 
cember thei-e  was  a  wide  variation  of  the  temperature, 
evoked  by  the  formation  of  a  new  infarct  in  the  left  king. 
From  December  26th  to  28tli  the  temperature  fell  in 
forty-eight  hours  from  104.4'  F.  to  97.2°  F.  on  the  ap- 
pearance of  expectoration,  at  first  bloody,  but  later  puru- 
lent. On  December  30th  the  temperature  again  rose  to 
101°  F.,  but  after  that  remained  normal. 

In  the  beginning  of  Januaiy,  1889,  there  appeared  a 
recrndescence  of  the  periostitic  process  which  had  been 
observed  in  October,  1888,  on  the  upper  third  of  the  an- 
terior aspect  of  the  left  tibia.  Severe  rheumatic  pains 
asserted  themselves  throiigliout  the  whole  of  the  left 
lower  leg,  and  presently  another  swelling,  similar  to  the 
one  above,  appeared  at  the  old  spot  on  the  lower  end  of 
the  fibula.  The  upper  spot  very  quickly  suppurated  (in 
spite  of  vigorous  mercurial  inunctions)  and  was  opened 
by  an  incision  under  cocaine  at  the  end  of  three  weeks. 
From  the  wound  was  removed  a  sequestrum  of  the  cortical 
portion  of  the  bone.  On  March  5th  the  lower  swelling 
was  opened,  under  chloroform,  and  from  it  also  a  seques- 
trum was  removed  from  beneath  the  periosteum,  which 
membrane  was  separated  by  a  laj'er  of  pus  from  the  un- 
derlying bone.  "Both  wounds  healed  comiiarativelv 
soon  and  by  the  end  of  Marcli  1  was  again  out  of  bed  "' 
In  spite  of  u:<H,d  dietand  hygienic  living  mv  strength 
returned  very  slowly  after  a  seven  montlis'  il'lness  As 
a  sequela  there  developed  a  pronounced  ana>mia  which 
was  in  turn  the  occasion  of  a  (])sycliic)  neurasthenia, 
manifested  m  absolute  apathy,  indecision,  and  confusion 
ot  ideas;  this  culminated  in  a  "delired 


;le  persecution. 


May,  June,  and  July,  1889,  were  passed  at  the  seashore, 
where  loafing,  sea-bathing,  and  walking  wei-e  helpful, 
along  with  the  change  of  air,  in  restoring  a  certain  de- 
gree of  strength.  Not  until  June  did  the  wound  in  the 
back  heal  entirely. 

"  During  my  sojourn  at  the  seashore,  a  new  periosteal 
swelling  formed  on  the  lower  epiphysis  of  the  left  tibia. 
In  May,  1890,  this  suppurated  and  opened  spontaneous- 
l_y,  and  after  healing  left  a  pigmented  scar.  During  all 
t'his  time  the  left  lower  leg  was  frequentl_y  redematous 
throughout.  A  periosteal  swelling  also  formed  on  the 
olecranon  process  of  the  left  ulna. 

"  Up  till  the  present  time  (October  2d,  1890),  I  suflfer 
now  and  then  from  cramps  in  the  abdominal  mu.scles  of 
the  riglit  side,  and  from  paiwstlie.sioe  in  the  course  of 
the  ileo-hj'pogastric  and  ileo-inguinal  nerves." 

Case  II.  That  of  Dr.  Roswell  Park,  of  Buffalo,  N.  Y." 
Writing  under  date  of  February  13th,  1898,  Dr.  Park  says: 
"For  eight  months,  and  until  the  first  of  the  year,  I  was 
completely  out  of  work  as  the  result  of  an  infection. 
NoiA',  I  am  happy  to  report  myself  as  well  again,  and 
hard  at  work.  My  case  has  puzzled  everj'  one  to  whom 
it  has  been  submitted,  and  no  one  term  or  even  sentence 
would  define  it  all.  It  was  certainlj'  a  mixed  infection, 
but  just  when  it  occurred  I  do  not  know.  It  came  on 
slow!}'  with  manifestations  mo.stly  confined  to  tlie  lym- 
phatics of  the  left  arm  and  axilla;  for  two  months  these 
were  troublesome.  Then  a  sudden  attack  of  diaphrag- 
matic pleurisy,  with  probable  media.stinal  infection,  pros- 
trated me.  Then,  a  few  weeks  later,  I  had  the  lym- 
pliatics  of  the  arm  all  di.s.sected  out.  I  was  just  getting 
out  after  tliis  when  acute  septic  sj-mptoms  appeared", 
and  the  axillary  nodes  swelled  enormously.  I  then  had 
tlie  axilla  all  cleaned  out;  within  two  hours  m_v  tempera- 
ture fell  8°  F.  Blit  there  was  no  pus  present  either  time, 
and  cultures  and  all  sorts  of  bacteriological  studies  gave 
no  result.  After  this  I  went  to  the  seashore,  came  back 
with  partial  (toxic)  laryngeal  paralysis,  went  abroad,  was 
quite  sick  over  there,  but  finally  came  home  well  in  every 
respect,  onlv  wearing  mv  scars. " 

Case  III. 'That  of  Dr.'W.  W.  Keen,  of  Philadelphia, 
Pa.,  who  says,  writing  on  February  11th.  1898:  "I  made 
a  post-mortem  on  a  case  of  suppurative  peritonitis,  fol- 
lowing cancer  of  the  stomach,  at  11  a.m.,  on  .January  9th, 
1898.  In  doing  so,  I  inadvertently  and  very  slightly 
pricked  my  right  thumb  with  a  needle.  The'hand  wa's 
disinfected  by  washing,  but  the  wound  was  so  slight  that 
it  was  not  deemed  necessary  to  lay  it  open  at  once.  At 
six  o'clock  that  evening  I  began 'to  feel  chilly,  by  nine 
o'clock  I  went  to  bed,  as  I  felt  so  unwell.  It  was  i'mpos- 
sible  for  me  to  .sleep,  because  by  that  time  the  thumb  had 
become  the  seat  of  severe  throbbing  pain,  and  in  the 
neighborhood  of  the  prick  the  tissues  were  already  be- 
coming hard.  By  2  a.m..  feeling  quite  sure  there' was 
an  infeefion,  I  called  a  brother  surgeon  who  laid  open  the 
thumb  and  disinfected  it  with  bichloride  of  mercury 
solution,  1  to  500,  and  applied  the  same  as  a  dressing. 
A  quarter  of  a  grain  of  morpliine  gave  some  sleep,  but 
bj'  eight  o'clock  the  next  morning,  about  twenty-one 
hours  after  the  infection,  I  was  vomitinc;  repeatedly,  and 
liad  a  temix-rature  of  1 05°.  Twenty-two'grains  of  quinine 
and  six  ounces  of  whiskey  were  administered  in  each 
twenty-four  iiours  for  three  davs,  with  sufficient  mor- 
phine to  lu-ocure  sleep.  The  pain  was  very  severe.  The 
swelling  of  the  thumb  was  so  great  tliat'all  the  tissues 
were  under  great  tension,  so  that  it  was  feared  that  citiier 
necrosis  of  tlie  last  plialanx  would  take  place,  or,  as  a 
dark  sjiot  appeared  on  the  edge  of  the  wound,  that  pos- 
sibly gangrene  of  the  tissues  might  follow.  Accordingly, 
(jn  the  third  day,  the  incision  already  made  was  enlarged 
and  the  jiarts  were  disinfected  ane'w.  Fortunately  the 
ly  ini)haties  were  never  involved.  Within  ten  days  the  con- 
stitutional symptoms  had  disappeared,  but  the 'thumb  did 
not  heal  for  about  six  weeks.  Two  cultures  were  taken 
from  the  incision  in  my  thumb  (of  course  after  the  primary 
disinfection),  but  showed  no  growth  whatsoever,  thougli 
taken  sejiarately  on  different  occasions.  Unfortunately 
no  culture  was  taken  from  the  abdomen  of  the  patient  at 
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the  time  of  llie  post-mortem,  so  that  I  do  not  know  what 
the  nature  of  the  infection  was.  It  seems  to  me  tliat  tlie 
very  prompt  incision  made  by  Dr.  Taylor,  anci  the  tlior- 
ough  disinfection  account  for  tlie  absence  of  lynipliatic 
involvement,  for  I  never  had  the  slightest  tenderness  in 
the  axilla;  and  they  also  account  for  the  sterile  cultures. 

Case  IV.  That  of  Dr.  Charl(;s  P.  Strong,  of  Boston, 
Mass.,  reported  by  Dr.  Hai'rington,'^'  "Dr.  Strong  died 
of  acute  septicemia  six  days  after  operating  upon  a  pa- 
tient with  septic  peritonitis,  probably  of  appendicular 
origin.  The  nature  of  the  disease  was  not  determined  un- 
til after  the  death  of  the  patient.  The  point  of  entiance 
of  the  septic  poison  is  not  known,  as  no  wound  was  dis- 
covered anywhere  upon  the  body.  The  circumstantial 
evidence  is  so  strong  that  there  can  be  no  doubt  that  the 
disease  resulted  from  the  operation,  notwithstanding  the 
fact  that  all  the  usual  precautions  were  taken. 

"On  the  day  following  the  operation  Dr.  Strong  per- 
formed a  hard  day's  work.  He  mentioned  in  the  after- 
noon that  the  left  arm  felt  somewhat  sore,  but  he  did  not 
speak  of  it  again  in  the  evening.  He  had  a  somewhat 
restless  night,  and  decided  on  tThe  following  day  not  to 
go  out  to  his  work.  I  saw  him  then  for  the  first  time. 
He  complained  of  some  pain  in  the  left  pectoral  muscle, 
left  shoulder,  and  elbow.  The  temperature  was  normal 
and  the  pulse  80.  There  were  a  loss  of  appetite  and 
some  nausea.  In  the  evening  the  temperature  was  100' 
and  the  pulse  90.  The  patient  was  drowsy  through  the 
day,  and  slept  a  good  deal.  There  was  a  "trace  of  albu- 
min in  the  urine. 

"On  the  following  morning  the  temperatin'e  was  103° 
and  the  pulse  was  90.  There  was  some  sweating.  In 
the  evening  the  temperature  rose  to  103°  and  the  pulse  to 
98.  The  urine  cOiitained  a  large  amoiuit  of  albumin. 
The  patient  still  complained  of  pains  in  the  left  arm  and 
back.  There  was  a  disinclination  to  take  food.  A  mod- 
erate amount,  however,  both  of  food  and  stimulants  was 
given.  On  the  following  morning  the  temperature  re- 
mained at  103°  and  the  pulse  at  98.  There  was  still  much 
inclination  to  sleep.  In  the  afternoon  there  was  com- 
plaint of  pain  in  the  right  knee  and  right  thigli  just  above 
the  knee.  Tlie  temperature  remained  at  103°  and  the 
pulse  rose  to  108.  During  the  night  there  was  consider- 
able pain  in  the  right  knee  and  thigh. 

"  In  the  morning  there  were  found  to  be  some  fluid  in  the 
right  knee-joint,  and  swelling  of  the  lower  part  of  the 
right  thigh.  A  ham  splint  was  put  on  and  the  leg  sus- 
pended. "An  examination  of  the  urine  showed  a  large 
trace  of  albumin,  hyaline,  granular,  and  fatty  casts,  but 
no  blood.  The  temperature  had  fallen  to  101°,  while  the 
pulse  remained  at  108.  The  patient  had  been  perfectly 
clear  in  his  mind  and  fairlv  comfortable.  In  the  evening 
the  temperature  had  dropped  to  100°,  but  the  pulse  had 
risen  to  120  and  was  of  bad  character.  The  sweating  be- 
came profuse.  The  following  night  was  a  comfortable 
one. 

"  In  the  morning  the  pulse  had  risen  to  128  and  the  tem- 
perature to  101.8°.  During  the  night  the  thigh  had 
swollen  considerably.  The  heart's  action  was  feeble,  and 
there  was  a  duskiness  about  the  skin.  The  respiration, 
which  had  remained  normal  during  the  entii-e  sickness, 
rose  rapidly  during  the  morning  to  50  per  minute.  On 
examination,  bronchial  breathing  was  detected  river  the 
upper  lobe  of  the  right  lung.  The  patient  sank  rapidly 
and  died  in  the  evening,  this  being  the  fifth  day  of  his 
sickness.  The  thigh  in  a  few  hours  became  dark  and 
greatly  swollen,  and  was  covered  with  bulhie. 

"The  symptoms  up  to  the  last  twenty-four  hours  had 
suggested  an  attack  of  la  grippe,  with  the  usual  acute 
irritation  of  the  kidneys.  The  condition  of  the  right 
knee  had  suggested  an  acute  inflammatory  rheumatism. 
.The  marked  changes  in  the  thigh  did  not  appear  until 
the  last  few  hours.  The  treatment  had  been  sujiporting 
and  stimulating.  No  depressants  had  been  used.  The 
amount  of  pain  was  not  great,  so  that  opiates  were  not 
needed.  The  patient  did  not  associate  his  illness  with 
the  operation,  which  was  its  probable  cause.  It  was 
subsequently  found  on  investigation  that,  at  the  close  ot 


the  operation.  Dr.  Strong  had  pricked  one  of  the  fingers 
ot  the  left  hand  with  a  needle  which  was  being  used  in 
closing  the  incision. 

"  Several  months  earlier  Dr.  Strong  had  suffered  from  a 
synovitis  of  the  left  knee,  but  there  had  been  complete 
recovery;  and  no  connection  could  be  traced  between 
this  and  the  subsequent  illness.  There  was  no  evidence 
ot  a  chronic  nephritis, 

''  Aiitiip.sy.—ThL:  preliminary  bacteriological  examina- 
tion and  autopsy  were  made  by  Drs.  Councilman  and 
Whitney,  about  twelve  liours  after  death,  and  the  bac- 
teriological cultivations  ^yere  made  by  Dr.  Stone. 

"  There  was  lividity  of  the  dependent  parts  of  the  body, 
and  the  course  of  the  cutaneous  veins  was  marked  by 
dark,  dirty  blui.sh-black  lines  with  illy  defined  edges. 
The  right  thigh  above  the  knee  was  swollen,  dark,  and 
discolored,  with  numerous  bulla>  containing  a  dirty-red 
serum.  The  lungs  contained  a  large  amount  of  frothy, 
reddish  fluid,  but.  there  was  no  evident  consolidation. 
The  muscular  substance  of  the  heart  and  the  parenchyma 
of  the  li\'erand  kidney  were  very  pale  and  opaque.  The 
spleen  was  swollen,  pale,  and  very  soft.  The  other  organs 
presented  nothing  remarkable.  "  The  muscles  of  the  ex- 
ternal aspect  of  the  right  thigh  were  dry,  infiltrated  with 
blood-coloring  matter,  but  there  was  no  evident  pus. 

"  Cover-glass  preparations  gave  the  character  of  the  bac- 
teria as  micrococci,  chiefly  in  long  chains  (strejitococci). 
Cultures  were  made  from  the  heart's  blood,  the  liver, 
kidney,  spleen,  and  subcutaneous  tissue  of  the  thigh. 
Prom  all  of  these  there  was  obtained  a  pure  culture  of 
streptococci.  These  grew  in  long  chains  in  bouillon  and 
on  agar.  In  the  former  tliej'  made  the  fluid  cloudj'  for 
twenty -four  hours,  and  then  settled  as  a  white  precipi- 
tate. In  gelatin  thej'  grew  along  the  needle  track  in 
small  isolated  colonies.  They  grew  also  in  milk  but  did 
not  coagulate  it.  On  blood  serum  the  bacteria  formed 
small  white  colonies,  at  first  almost  like  drops  of  water 
on  the  surface.  They  developed  rapidly  in  the  thermostat 
at  37°  C,  more  slowly  at  the  ordinary  temperature  of  the 
room. 

"  The  secti(ms  of  the  muscles  of  the  thigh  showed  that 
all  the  intermuscular  spaces  were  distended  by  a  mass  of 
bacteria,  there  was  no  infiltration  of  leucocytes  into  the 
tissues,  though  the  blood-vessels  seemed  to  contain  an 
unusually  large  number  of  white  blood  corjiuscles.  In 
sections  of  the  kidney  the  bacteria  were  demonstrated 
with  con,5iderable  ditficiilty,  in  spite  of  the  fact  that  the 
amount  of  kidney  substance  one  could  pick  up  with  a 
small  wire  loop  gave  over  one  hundred  colonies  when 
planted.  When  found,  the  cocci  were  in  the  intercellular 
spaces.  Neither  in  the  kidney  nor  in  the  muscular  tissue 
was  there  any  suggestion  of  arrangement  of  the  cocci  in 
chains.  This  was  to  be  seen  only  when  they  were  culti- 
vated outside  of  the  body. 

"The  ease  is  one  of  true  septicemia  following  a  local 
streptococcus  infection,  the  original  point  of  infection 
not  being  evident. " 

D.  Diagnosis. — The  diagncsis  of  dissection  and  opera- 
tion wounds  is  essentially  that  of  the  sepsis  which 
accompanies  them.  When  this  has  a  distinct  local  ex- 
pression, at  the  site  of  inoculation,  as  in  Cases  I.  and  HI. 
the  diagnosis  is  not  specially  difficult;  but  when  the 
portal  of  infection  is  concealed,  as  in  Cases  II.  and  IV., 
the  diagnosis  presents  diflicultics  which  may  even  be- 
come extreme.  A  pure  infection  with  pyogenic  germs 
may,  as  we  have  seen,  find  expression  in  a  great  variety 
of  iiiorbid  processes,  and  consequently  sepsis,  as  a  dis- 
ease, may  counterfeit  a  whole  host  of  other  more  famiUar 
morbid  conditions;  among  others  grippe,  typhoid  fever, 
malaria,  rheumatism,  and  scarlet  fever,  and  the  specific 
pneumonias  are  those  perhaps  most  likely  to  confuse  the 
diagnosis  for  a  time,  or  even  till  the  end  of  a  fatal  case. 
On'this  account  the  history  of  recent  exposure  to  septic 
infection,  in  a  phvsician  or  a  pathologist,  should  always 
be  allowed  weight  in  the  diagnosis  of  any  of  these  affec- 
tions occurring'in  professional  men.  Two  means  of  dif- 
ferentiation are  available  to  us  in  doubf  ul  cases :  first,  an 
examination  of  the  blood  for  the  determination  of  leuco- 
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cytosis,  and,  secondl.y,  a  bacteriological  examination  of 
the  blood  itself.  Tlie  first  of  these  is  quite  easy  of  ap- 
plication, and  is  capable  of  giving  most  important  m- 
formation  in  any  case  in  which  the  system  offers  any  con- 
siderable resistance  to  the  invasion  of  f  be  pyogenic  germs.  *' 
The  two  conditions  in  which  it  may  fail  to  afford  a  clew 
to  the  proper  diagnosis  are,  first,  when  the  infection  is  so 
slight  as  not  to  evoke  any  considerable  reaction  on  the 
part  of  the  tissues,  and  secondly,  when  the  invasion  of 
the  system  is  such  an  overwhelming  one  that  all  its 
efforts  to  react  are  borne  down,  practically  without 
a  struggle,  and  the  patient  perishes  forthwith  of  "sep 
ticemie  foudroyante."  The  careful  bacteriological  ex- 
amination of  the  blood  is  a  more  considerable  matter, 
the  technique  of  which  does  not  properly  concern  us 
here,  beyond  the  remark  that  it  requires  for  its  accurate 
performance  quite  a  considerable  quantity  of  blood  (an 
ounce  or  more),  and  that  negative  results  from  the  ex- 
amination of  smaller  quantities  should  not  be  allowed 
much  weight.  The  actual  discovery  of  pyogenic  cocci 
in  the  blood  is  of  most  grave  prognostic  import,  and  is 
gravest  of  all  in  the  presence  of  streptococci  As  it  will 
be  remembered  that  true  septicemias,  stridimi  aenmi, 
are  by  no  means  as  common  in  man  as  in  the  lower  ani- 
mals inoculated  with  the  bacteria  to  which  they  are 
specifically  susceptible,  the  appearance  of  even  a  small 
number  of  germs  in  the  circulating  blood  implies  a  most 
profound,  extensive,  and  dangerous  condition  of  general 
sepsis.  A  single  word  may  be  said  in  regard  to  the  discov- 
ery, in  blood  specimens  gathered  by  aspiration  through 
the  skin,  of  the  Staphylococcus  pyogenes  albus;  tliis 
coccus,  which  Welch  has  named  the  Stapbjdococcus  epi- 
dermidis  albus,  has  been  shown  b)' him  to  have  its  habitat 
in  the  skin  in  layers  deeper  than  can  be  reached  by  any 
known  means  of  disinfection.  The  discovery,  therefore, 
of  this  germ  alone  in  blood  cultures  has  not  the  grave 
prognostic  import  which  attends  the  appearance  of  the 
Staphylococcus  aureus  or  that  of  the  Streptococcus  pyo- 
genes. 

E.  Treatment. — It  will  be  our  duty  in  this  connection 
to  consider  principally  the  treatment  of  the  primaiy  local 
lesion  and  its  direct  and  immediate  sequelfE,  the  treatment 
of  an  ensuing  pj'oemia,  septicajmia,  or  pyo-septic;iemia 
being  more  fully  discussed  in  other  parts  of  this  work. 
For  the  formulation  of  a  rational  treatment  for  these  forms 
of  septic  infection  we  are  considerably  indebted  to  E.  11. 
Oehsuer,  of  Chicago,  from  whose  valuable  article  I  shall 
quote  freelJ^^' 

If  the  infection  has  come  from  a  pin  prick  or  similar 
wound  through  a  thick  and  calloused  layer  of  the  skin, 
it  is  advisable  carefully  to  shave  away  the  horny  layer  at 
the  point  of  infection  till  one  gets  down  to  the  quick,  but 
one  should  avoid  cutting  into  the  healthy  tissue.  If  now 
a  little  pus  should  form  at  the  point,  it  will  work  its  way 
to  the  surface  and  discharge  spontaneously,  or  it  can  be 
released  as  soon  as  there  is  macroscopical  evidence  of  pus. 

If  ever  so  slight  a  wound  be  received  upon  the  hands 
during  the  performance  of  a  surgical  operation  or  of  an 
autopsy  upon  a  subject  with  puerperal  fever,  pya-niia, 
septicsemia,  a  carbuncle  in  its  acute  stage,  malignant 
erysipelas,  phlegmonous  cellulitis,  or  suppurative  peri 
tonitis,  it  is  worthy  of  the  gravest  consideration  and  of 
the  most  scrupulous  care  on  the  part  of  the  surgeon. 
This  suggestion  of  Dr.  Ochsner,  viz.,  that  of  shaving  oil 
the  superficial  epidermic  layers,  is  very  valuable,  but  this 
should  be  followed  l)y  active  measures  for  dLsiufeclion. 
One  of  the  most  effective  of  these  measures  is  the  imme- 
diate application  of  a  drop  of  ninety -five-per-cent.  car- 
bolic acid  ;  indeed,  the  investigations  of  Seneca  D.  Powell 
have  taught  us  that  so  efficacious  is  tlie  antidotal  effect 
of  alcohol  in  removing  the  excessive  destructive  effects 
of  carbolic  acid  that  the  hands  can  be  washed  with  im- 
punity in  ninety-five-per-cent.  acid,  if  alcohol  is  at  hand 
in  whieli  to  bathe  them  afterward.  If  carbolic  acid  is 
not  at  hand,  glacial  acetic  acid  is  a  very  valuable  applica- 
tion, or  any  strong  acid  whatsoever;  one  means  will  al- 
ways be  at  hand  during  a  surgical  operation,  namely  the 
disinfectants  by  which  the  hands  were  disinfected  in  the 


first  instance,  e.g. ,  oxalic  acid  and  permanganate  of  potas- 
sium or  chloride  of  lime  and  sodic  carbonate,  or  at  least 
bichloride  of  mercury  solution,  and  the  resterilization  of 
the  hands  with  these  should  be  resorted  to  without  delay, 
the  operation  even  being  interrupted,  if  necessary,  for 
the  purpose. 

It  is  well  to  repeat,  for  the  sake  of  emphasis,  that  on 
the  receipt  of  the  most  trifiing  scratch  during  the  per- 
formance of  an  operation  or  of  a  post-mortem  section,  in 
the  presence  of  any  of  the  diseases  enumerated  above, 
some  one  of  the  means  suggested  should  be  applied  with- 
out delay.  If  it  should  be  absolutely  neces.sary  for  the 
surgeon  to  continue  the  operation  himself,  he  should 
recognize  the  fact  that  he  resumes  his  duty  with  con- 
siderable risk,  and  that  every  effort  should  be  made  to 
protect  the  tiny  wound  from  further  contamination,  by 
the  u,se  of  a  finger  cot,  of  a  collodium  film,  or,  at  the  very 
least,  of  a  small  gauze  dressing. 

The  homely  but  simple  recommendation  to  suck  the 
wound  vigorously  has  much  to  recommend  it;  not  so 
much  with  the  view,  in  which  it  was  originally  recom- 
mended, of  "drawing  out  the  poi.son,"  but  rather  because 
vigorous  sucking  occasions  mechanically^  a  certain 
amount  of  diapedesis  of  the  blood  corpuscles  from  the 
vessels,  and  creates  artificially  a  chemotaxis  whose  de- 
fault, as  we  have  seen  above,  was  a  factor  of  some  mo- 
ment in  allowing  the  insidious  development  of  bacteria 
in  cases  of  inoculation  with  but  slight  trauma.  Similarly 
the  constriction  of  the  base  of  the  finger  occasions  an 
engorgement  of  the  part  with  blood,  and  a  diapedesis  of 
the  blood  corpuscles — a  measure  wdiich  has  been  recom- 
mended for  use  in  the  treatment  of  tuberculous  joint 
lesions.  Of  the  two,  it  would  seem  likel}'  that  vigorous 
sucking  of  the  wound  would  be  the  simpler  and  at  the 
same  time  probably  the  more  efficacious. 

lu  discussing  the  treatment  of  the  kind  of  infections 
we  are  considering,  Ochsner  groups  his  cases  under  four 
Iieads : 

Class  I.,  that  form  of  infection  which  betrays  itself  by 
a  marked  local  disturbance  with  the  formation  of  pus  at 
the  point  of  infection,  the  sj-stemic  disturbance  being 
relatively  slight. 

Class  II.,  that  form  in  which  there  is  marked  local  dis- 
turbance with  the  formation  of  pus  at  the  point  of  infec- 
tion and  wilh  an  ascending  cellulitis,  the  .systemic  dis- 
turbance being  usually  more  marked  than  in  Class  I. 

Class  III. ,  that  variety  in  which  there  is  only  slight 
disturbance  locality,  but  in  which  there  is  an  early  and 
severe  involvement  of  the  regional  lymphatic  glands  and 
severe  general  disturbance. 

Class  IV.,  that  form  in  which  there  is  no  demonstrable 
local  disturbance  and  only  relatively  little  disturbance  in 
the  regional  lymph  glands,  but  in  which  there  is  severe 
general  intoxication  due  to  the  presence  of  the  pathogenic 
bacteria  or  their  ptomains  in  the  blood. 

In  the  first  two  classes  the  indications  are  plain  and  the 
treatment  is  relatively  simple  :  elevation  of  the  extremity 
at  the  very  onset,  copious  wet  dressings;  free  incision 
and  free  drainage,  just  as  soon  as  there  is  macroscopical 
evidence  of  pus.  It  is  well  in  these  ca.ses  carefully  to 
apply  an  Esmarch  constrictor  to  the  limb,  proximal  to 
I  lie  infianied  area,  before  the  incision  is  made.  It  is 
claimed,  and,  says  Dr.  Ochsner,  "  I  believe  correctly,"  that 
the  danger  of  disseminating  the  infection  is  greatly  re- 
duced if  this  precaution  isobscrved  ;  the  theory  being  that, 
while  the  incisions  are  being  made,  it  is  best'to  compress 
the  lymphatics  and  veins,  thus  closing  them  until  thrombi 
have  formed  in  their  cut  ends,  so  as  to  prevent  particles 
of  infected  material  being  taken  up  by  either  of  these 
systems  and  disseminated  through  the  body,  thus  furnish- 
ing foci  for  pya'iuie  abscesses,  septic  endocarditis,  or 
septicaemia.  (See  also  in  this  connection  the  observations, 
of  Billroth''  on  the  provocation  of  chills  in  pyemia,  by 
dressing  the  wound.)  One  other  caution  Dr.  Ochsner 
emphasizes,  namely  this,  that  the  incision  (or  incisions) 
should  be  made  wholly  within  the  infected  area;  that  is, 
they  should  not  pass  beyond  the  line  of  demarcation,  if 
such  exists,  as  is  usually  the  case,  to  a  certain  extent  at 
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least.  By  following  these  rules  the  pus  can  be  evacuated 
with  safety  without  opening  up  new  areas  to  infection, 
and  the  danger  from  thv  abuve-iuciitioned  complications 
or  sequel*  is  reduced  to  u  uiinimuui. 

In  considering  the  treatment  of  the  third  class  cf  cases, 
those  in  which  there  is  only  slight  disturbance  locally, 
but  an  early  and  severe  involvement  of  the  regional 
lymph  glands  and  quite  marked  systemic  disturbance,  Dr. 
Ochsner  remarks  that  while  in  Emope  he  noticed  that 
surgeons  and  pathologists  dilTcred  very  markedly  in  their 
treatment  of  this  class  of  infections  ae(iuired  during  sui- 
gical  operations  or  necropsies.  IMost  of  the  surgeons 
seemed  to  favor  early  and  free  incisions,  while  Ihe  path- 
ologists had  learned  belter.  They  are  infected  so  fre- 
quently that  they  ha^■e  learned  to  treat  themselves  much 
more  satisfactorily  than  even  the  surgeon  could.  He 
quotes  a  conversation  which  brings  out  this  point  forcibly  : 
One  day  one  of  the  surgical  assistants  came  to  the  path- 
ological laboratory  with  his  arm  in  a  dressing,  suffused 
eyes,  pyrexia,  and  considerable  systemic  disUubance. 
The  director  of  the  laboratory.  Dr.  E.  Fraenkcl,  of  Ham- 
burg, stepped  up  to  him,  asked  him  what  had  happened, 
and,  after  being  told  that  he  had  an  infected  finger  with 
enlargement  of  the  lymiih  glands  in  the  elbow  and  a.xilla, 
as  well  as  a  slight  lymphangitis,  said  about  the  follow- 
ing :  "  No>\'  do  not  let  the  surgeons  get  at  3'ou  ;  go  to  bed, 
put  on  a  copious  wet  dressing  and  you  will  be  well  in  a 
few  days,  while  if  you  let  them  lance  it,  you  may  be  laid 
np  for  weeks;  at  best  you  will  not  be  able  to  resume  your 
work  for  some  days  if  you  have  a  gash  in  your  finger." 

The  sick  assistant  verj'  wisely  followed  the  advice  and 
was  back  at  his  work  in  less  than  a  week.  This  he  cer- 
tainly could  not  have  done  with  safety  to  himself  or 
justice  to  his  patients  if  he  had  an  infected  knife  wound 
in  his  tiuger,  as  he  surely  would  have  had  if  he  had  per- 
mitted it  to  be  lanced. 

Dr.  Ochsner  thus  briefly  outlines  the  treatment  which 
he  has  used  in  a  large  number  of  cases:  "I  insist  upon 
rest  in  bed,  elevation  of  the  infected  extremity,  free 
evacuation  of  the  bowels  by  means  of  calomel  and  saline 
cathartics,  not  purging,  simply  fiee  evacuation,  that  is, 
three  or  four  bowel  nnivements  the  flrst  day,  ]i!enty  of 
good  pure  water,  preferablv  presented  at  regular  inter 
vals  so  that  the  kidnevs  are  aide  properly  to  perform  their 
function.  It  is  quitenoticeable  how  much  better  patients 
do  in  hospitals  as  well  as  in  private  practice  if  they  are 
Siven  a  definite  quantity  at  detinite  intervals.  They  1 
suffer  less  from  headache"  pyrexia,  and  gastro-intestinal 
disturbances.  To  continue,"  I  insist  further  on  liquid 
diet,  avoidance  of  constriction  to  the  lympliatic  channels 
and  blood-vessels,  avoidance  of  pressure  upon  the  lymph 
glands,  and,  finally,  copious  wet  di-cssings.  The  dress- 
ings must  be  copious  in  order  to  be  effective.  It  is  in  the 
way  of  putting  on  too  small  a  wet  dressing  that  ^  many 
general  practitioners  and  even  surgeons  often  err. " 
"  "I  experimented,"  hcsays,  "for  sometime  to  determme 
the  best  form  of  wet  dressing  for  these  as  well  as  other 
purposes,  trying  to  find  out  the  best  combination,  both 
as  to  etBciency  and  comfort  to  the  patient,  and  my  final 
result  is  the  following; 

Boric  acid,  sat.  sol 6  parts. 

CarboUc  acid,  5-per-cent.  sol 1  P^irt. 

Alcohol,  95-per-cent 1 

The  solution  should  be  applied  hot, 

"  This  formula  may  sometimes  be  modified  with  advan- 
tage. If  the  part  is  "not  painful  I  often  leave  out  the  car- 
bolic acid  entirely.  Again,  some  patients  do  better  it  the 
proportion  of  alcohol  is  increased.  The  boric  acid  is  put 
in  because  of  its  well-known  germicidal  effect;  the  car- 
bolic acid,  because  of  its  ana'sthetic  effect ;  the  alcohol, 
because  of  its  action  as  a  germicide,  and  that  it  keeps  the 
whole  limb  warm  and  comfortable.  I  use  the  plain 
sterile  gauze  for  dressing  by  preference,  because  I  believe 
it  to  be  more  effective  and  certainly  more  comfortable 
than  cotton. "  ,1*1 

Should  softening  of  the  affected  lymph  glands  take 
place,  a  sequel  which  very  rarely  occurs  if  the  dressings 


have  been  properly  and  conscientiously  applied  from  the 
very  onset,  they  should  be  freely  incised  and  drained  with 
a  gau/'.e((>rarubl)ei-?)drain,  butslionld  not  beenucleated, 
as  whatever  can  be  left  may  some  day  act  as  a  barrier 
against  general  infection.  (N.  B.  This  last  reeommenda- 
lion  of  Dr.  Oclisner's  appears  to  me  to  be  one  of  ques- 
ti()na,l)le  wisdom ;  see  the  ca.se  of  Dr.  Park  detailed  above.) 

The  following  are  the  theoretical  reasons  for  believing 
that  the  conservative  treatment  just  outlined  is  more 
rational  than  early  free  incision:  The  infective  agent  is 
usually  introduced  in  minute  (juantities,  it  is  virulent, 
and  is  rapidly  carried  to  the  nearest  lymph  glands.  Con- 
trary to  the  contention  of  even  very  good  surgeons,  I  am 
of  the  belief  that  the  original  point  of  infection  soon 
ceases  to  play  an  important  role  in  tlie  progress  of  the 
disease.  If  it  is  just  left  alone,  the  inflammatoiy  reac- 
tion at  this  point,  if  it  has  not  all  subsidecl,  will  do  so  in 
a  very  short  time.  The  leucocytes  are  rapidly  getting 
the  upper  hand.  The  conditions  become  entirely  changed, 
however,  if  the  already  injured  jiart  is  now  subjected  to 
a  new  traumatism,  as  a  cut,  for  instance.  Now  the  bac- 
teria are  again  given  a  chance.  The  tissues,  which  are 
full  of  militant  leucocytes,  are  killed,  so  to  sjieak,  by  the 
incising  knife,  and  they  then  furnish  an  excellent  culture 
medium  for  the  bacteria  wdiieh  may  not  have  been  de- 
stroyed; the  result  being  a  rather  profusely  secreting, 
unwholesome-looking,  slowly  healing  ulcer. 

In  the  fourth  class  of  cases,  those  where  there  is  prac- 
tically no  reaction  at  the  point  of  infection,  or  where  this 
ma}'  i)e  undiscoverable;  where  there  may  or  may  not  be 
involvement  of  the  regional  lymph  glands,  and  where 
the  general  septic  intoxication  is  severe,  Dr.  Ochsner 
recommends  practically^  the  .same  course  of  treatment  as 
in  class  three  just  discussed. 

lie  says,  mo,st  properly,  that  even  the  most  aggressive 
surgeons  have  given  up  incising  the  point  of  infection  if 
there  is  no  intiammatory  reaction  at  all;  but  he  opposes 
the  practice  of  some  who  "still  persist  in  taking  out  the 
involved  lymph  .elands. "  The  fortunate  issue  of  Dr. 
Park's  case,  just  alluded  to  and  described  above,  would 
indicate  that'the  removal  of  the  affected  lymph  glands  is 
in  proper  eases  good,  and,  it  is  not  too  much  to  say,  the 
onlv  good  practice. 

Recent  advances  in  bacteiiology  would  indicate  that  in 
this  fourth  class  of  cases,  whose  prognosis  is  always 
ijrave  and  often  desperate,  another  means,  not  distinctly 
surgical,  may  be  a\ailable  for  combating  the  bacteria 
which  are  c:ru.sing  the  prufo\uid  sepsis  which  threatens 
the  life  of  the  patient,  namely,  the  introduction  into  the 
svstem  of  specific  remedies  calculated  to  destroy  the 
b'acteria  and  to  neutralize  their  toxins.  Experiment  has 
seemed  to  indicate  that  nueleinic  acid  and  some  of  its 
di'rivativesand  analogues  have  in  a  measure  both  of  these 
properties,  that  of  inhibiting  the  development  of  the  bac- 
teria, and  that  of  neutralizing  their  toxins.  A  proprie- 
tarv' remedy,  claiming  to  present  these  substances  in 
available  form,  has  been  placed  on  the  market  under  the 
trade  name  of  "  protonuelein  "  ;  wdiether  this  particular 
substance,  which  is  recommended  both  for  hypodermic  use 
and  for  admiuistrati(m  "  per  os,"  would  be  valuable  in  the 
treatment  of  these  cases  mav  or  may  not  prove  to  be  so, 
but  it  is  not  unreasonable,  in  the  light  of  modern  mvesti- 
. rations  to  suiijiosethat  some  chenncal  body  of  that  order 
could  be  supplied  to  the  system,  by  the  moidh  or  through 
the  skin  which  should  greatlv  aid  the  system  laboring 
under  an  overwhelming  dose  of  septic  poison,  and  in  just 
so  much  rendere<l  incapable  of  manufacturing  for  itselt  a 
suiiply  of  defensive  proteids,  sufficient  for  its  pressing 

""^ Certain  favorable  reports,  furthermore,  come  to  us  in 
reeard  to  the  general  use  (in  distinction  from  their  local 
use)  of  certain  silver  salts,  by  inunction,  in  a  manner 
similar  to  the  use  of  mercurial  inunctions  in  syphihs.  tn 
some  cases  of  general  sepsis,  piesumably  ot  a  strepto- 
coccic type  (puerperal  fever),  half  an  ounce-^  or  even  an 
ounce  of  Crede's  ointment  rubbed  into  the  flanks  or  the 
belly  twice  a  day  has  appeared  to  influence  very  favor- 
ably the  course  of  the  disease. 

5il 
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The  attempt  to  eliminate  tlie  bacteria  themselves,  or 
even  their  toxins,  by  means  of  tlie  emnnctories,  as  Ave 
liave  seen  above,  is'verj^  unlikely  to  amount  to  much, 
and  powerful  cathartics,  diuretics,  and  sudoritics  are  more 
likely  to  prove  harmful  than  beneficial. 

One  fiirther  resource,  however,  holds  out  the  brightest 
promise  as  a  successful  means  of  combating  the  difficul- 
ties in  ((uestion,  and  its  realization  seems  almost  if  not 
quite  within  our  grasji ;  I  refer  to  the  injection  of  the 
serum  of  immunized  animals.  The  uncertainty  of  the 
results  obtained  by  Mai-mcjrek's  antistreptococcic  serum 
seems  in  a  fair  way  to  be  rectified  since  the  studies  of  Van 
de  Velde  have  thrown  more  light  on  the  probable  i-eason 
for  its  occasional  inefHcacy  in  cases  apparently  well 
suited  for  its  employ.  Van  do  Velde,  namely,  has  tried 
to  determine  by  experiment"^  whether  a  serum  produced 
by  means  of  a  given  variety  of  streptococcus  is  efficacious 
against  all  other  varieties  of  streptococcus  pathogenic 
for  man,  or  whether  it  is  active  only  against  a  certain 
munber  of  varieties.  To  decide  this  question  he  makes 
use  of  a  sennn  produced  by  means  of  a  streptococcus 
A,  and  be  inocidates  a  horse  with  another  variety  of 
streptococcus,  P,  which  coccus  is  chosen  because,  in 
vitro,  its  development  is  not  inhibited  by  the  serum  A 
added  to  the  leucocytes  of  a  rabbit;  from  the  horse  be 
acquires  another  variety  of  antistreptococcus  serum, 
serum  P.  Now  be  observes  that  serum  A  is  very  active 
when  injected  in  doses  of  5  c.c.  ;  it  annihilates  the  effects 
of  five  thousand  pathogenic  doses  of  streptococcus  A, 
but  is  able  to  neutralize  the  effects  of  only  one  hundred 
doses  of  streptococcus  P.  On  the  otiier  hand,  the  serum 
P  is  able  to  neutralize  the  elfects  of  five  thousand  patho- 
genic doses  of  streptococcus  P,  but  is  completelj^  inactive 
against  streptococcus  A. 

The.se  researches,  conducted  at  the  Bacteriological  In- 
stitute of  the  University  of  Louvahi,  have  led  them,  at 
that  institution,  to  modify  the  technique  of  the  vaccina- 
tion of  horses  for  the  production  of  serum,  and  their  im- 
munizations are  now  made  with  a  mixture  of  streptococci 
coming  from  as  many  different  sources  as  possible.  Tlie 
serum  thus  prepared  has  received  the  name  of  "  polyv- 
alent serum,"  and  it  is  anticipated  that  a  serum  thus 
prepared  will  be  more  generally  and  uniformly  success- 
ful in  practice  than  the  antistreptococcic  serum  prepared 
in  the  usual  manner. 

In  the  presence  of  probaljle,  if  not  indubitable,  strep- 
tococcic infection  of  a  grave  tyjie,  especially  in  cases  iti 
which  streptococci  have  been  demonstrated  in  the  blood, 
the  question  of  the  administration  of  large  doses  of  a  re- 
liable antistreptococcic  serum  merits,  to  say  the  least,  tlie 
careful  consideration  of  the  attending  practitioner. 

Zmigrodski,  whose  distressing  personal  experience  with 
an  operation  wound  has  been  detailed  above,  heads  his 
report  of  his  own  case  with  a  pertinent  quotation  from 
Dr.  Parkes"-*;  it  will  not  be  unfitting  to  repeat  it  here: 

"I  believe  these  cases  of  severe  septic  infection,  if  they 
do  get  well,  scarcely  ever  do  so  because  of  the  doctor, 
but  by  the  grace  of  God."  Leoiuird  W.  Bacon,  Jr. 

Refkre.xces. 

'  Harrington  :  A  Case  ol  Arute  Septic:i?mla.  Boston  Meil.  ami  Sur" 
Journ.,  vol.  txxi.x.,  1833,  p.  1(19. 

^  Gaston  :  Art.  Pyasmia  and  Septlca'inla.  Twentieth  Centurv  Prac- 
tice, p.  .580. 

=  Welch  :  Art.  General  Bacteriology  of  Surgical  Injections.  Dennis' 
8ysfi'iri  of  Suruery,  vol.  1.,  p.  323. 

<  CoinptH-iendii  lies  Travaux  Executes  sur  le  Streptoconne  Pvouenp 
par  .1.  Denys,  Dinrtenr  fie  I'lnstltnl  fie  BacteriolfiEie  de  I'llniverslte  rte 
Liuivani,  in  Centrajhlatt  fiif  liaktcriojnijip,  Bd.  xxiv     ISDS  i,  (is,^  II 

VVaut.rs:  Snr  la  Krpiirtition  des  Snhstan.'es  Racterirides  dans  ies 
"rt'Jnes,  e    siir  la   l.j|ialH,li   des    llilleivides   KspiVes  des   Liaieocytes. 
Arcliivcs  di'  M,.d.  ex|«T.  .'t  d'Anat.  Path.,  t.   x.,  IWIH,   p.  ItA    '  Ali- 
stracted  in  ( Vntralhlatt  fiir  I'.akterioloRle,  Bd.  xxvl.,  Istlll  i,   1!I7 
Onri^e  1    tf' «-  t',''''"  "i'  Kli"'"''!"'  Chimrffie,  IKKIi,  I)d.  xxxvl.,  p.  fr.ll. 

Womds  in  A,  '  ;  '"    'V,'- ,''""'"'"'"»  ""*'rl,vlnK  the  Inle.'t  on  of 
noiinds,  in  Am.  ,Iourn.  Meil.  Sfl<'nces,  v,,l.  cii    p  ,ir,ii 
^  A^etrh  :  Dennis'  System  ..f  Suri^ery,  o,,.  ci/.,  p.  ;lli: 
fur  kl  n     'i'l'iV  '  ;;f'l"''',"i,'J"';,';"''*™'''-"  •'"  '"'""«•  mtektlon.     Arch. 

B  Kp;i:^;^-B:;:'xi^v.!^^;;,^;!ur:p  ^^-^'^  "•  ^^-^^^^^^^-r 

isQi     ™'""".'»>'«H  :  Versncli  elnerTlieorle  d'er  septlschen  Krankheiten 
p  13™.  ''"""''''''  '"  <-'™'™l"l^tt  fur  BakterioloKie,  Bd    xvli.    ill"; 

5^2 


■"  Welch  :  Art  Conditions  Underlying;the  Infection  o£  Wounds.  Am. 
Jonrn.  Med.  Sciences,  vol.  cii.,  p.  444. 

"  Welch:  Dennis'  System  of  Surgery,  op.  cii.,  p.  291. 

'^  W.  H.  Bennett:  Brief  Notes  on  Some  Cases  fif  Vyeemia.  and  Sup^ 
puration,  Apparently  due  to  the  Prevailinff  Epidemic  of  Influenza. 
Lancet,  1890,  i.,  p.  290. 

"A.  Schmidt:  Quoted  in  Ziegler's  General  Pathology,  Buck's 
Translation  of  9th  German  edition,  p.  120. 

^"•Marmorek:  Lnc.  cit. 

'"Sitzmann;  Zur  Diagnose  der  Septikopya^mie.  Miinchner  med. 
Wfx-henschr.,  ISa'J.  Abstracted  in  Centralblatt  fiir  Bakteriologie,  Bd. 
xvil.,  189,5,  p.  472. 

'«  Halban;  Op.  cit. 

"  Perez :  Ueber  das  Verhalten  des  Lymphdriisensystems  den  Mic.ro- 
f>rganismen  gegeniiber.  Author's  abstract  in  Centralblatt  fiir 
ISakteiiologie,  Bd.  xxiii.,  1898,  p.  404. 

'^  Wauters  :  '>p.  cit. 

'«  Ehrlicli :  (footed  by  Wauters, ioc.  cit. 

-"v.  Klecki :  icbi'i  die  .\usscheidung  von  Bakterien  durch  die 
Nlere  und  die  liceinllussung  dieses  Processes  durch  die  Diurese. 
(Arch.  f.  experiio.  Paih.  u.  I'harmakolfigie,  Bd.,  xxxix.,  1897,  p.  173.) 
Abstracted  in  Centralblatt  fiir  Bakteriologie,  Bd.  xxiv,  p.  426. 

^'Cfitton:  Eln  Bi-ltrag  zur  Frage  der  Ausscheidung  von  Bakterien 
dnrch  den  Tlerkorper.  (Sitzungsberidite  d.  k.  Akademie  der  Wis- 
sensfh.  In  Wien,  Bfl.  cv.,  Aitth.  '■>,  .Mathein.-natunv.  Klasse.)  Ab- 
stracted in  Centralblatt  fiir  Bakteriologie,  Bd.  xxiv.,  p.  199. 

"'  Goldberg  :  Ueber  Ausscheidung  des  Tetanusgiftes  durch  Nieren- 
sekretion  bei  Exfierimentalletanus.  Centralblatt  fiir  Bakteriologie,. 
Bd.  xxvi.,  18K),  p.  ,547. 

='  Nuttall:  Zur  Aufkliirung  der  Rolli-,  welche  stechende  Insekten 
bei  der  Verbreitung  von  Infektionskrankhoiten  spielen.  Centralblatt 
fiir  Bakteriologie,  Bd.  xxiii.,  p.  625.~Al.^o  Experimente  tiber  die  bak- 
terlenfeindtlchen  Einfliisse  des  tieri.schen  Korpers.  Zeitschrift  fiir  Hy- 
giene, Bd.  iv.,  18.88,  p.  3.53. 

'^  (janialefa :  Bakteriolyslne.  bakterienstorende  Ferraente.  fRus- 
siches  Arcjiiv  fiir  Pathnlogie,  1 89s.)— Also  Celierdie  Injmunitiit.  (Fest- 
rede,  gehaltfm  in  di-r  (lesellschafi  dor  riiss.  Aertzte  in  Odessa  am  20 
Miirz,  1898.)— Also  Ceiici-  tiaktt^iienstr,renfle  Ferniente.  ( Vortrag inder 
tiesellschaft  der  russ.  .Acrtzte  in  Odessa  am  20  November,  1898.)  — 
Also  Neue  Funde  liber  Baktcriolysine.  (Vortrag  gehalten  in  der  C»e- 
sellschaft  russ.  Aertzte  am  2.5  Februar.  1899.)  All  abstracted  in  Cen- 
tralblalt  fiir  IiakbTi"log)e,  Bd.  xxvi.,,l,s99,  p.  m\. 

'^■'  Sawtsclienkfi :  Contribution  a  I'Etude  de  I'lmmunite.  (Annales- 
de  rinstitut  l^asteur,  t.  xi.)  Abstracted  in  Centralblatt  fiir  Bakteri- 
ologie, Bd.  xxiv.,  I,s98,  p.  103. 

■-^^  Zmigrofizkl :  F:ia  casuistischer  Beitrag  zur  Heilbarkeit  der  Py- 
aeinie.  Infectlo  pyaemica  sub  operatione.  Panaritium  septicuin. 
Infarctus  pulmonum  multiplices  et  reuis  dextri.  Peri-paraneptiritis 
suppurativa.  Phlebitis  et  periostitis  cum  sequestribus  ossmm  cruris 
sinistri.  Anceraia.  Sanatio.  Meine  Krankheitsgeschichte.  Vortrag 
gehalten  am  2  (ictober,  1890,  im  Verein  St.  Petersburger  Aerzte.  St. 
Petersburger  mediclnische  Wochenschrlft,  Neue  Folge,  vil.  Jahrg., 
No.  47,  November  24,  p.  419. 

''  evasion  :  Pya?mia  and  Septiccemia,  in  Twentieth  Centurv  Practice, 
vol.  XV.,  p.  .57(1     (Personal  letter  fnmi  Di.  Park.) 
^'  Gaston  :  Liic.  cit.     (Persi.mal  li'tter  from  Dr.  Keen.) 
'"'  Harrington  :  Boston  Med.  and  Surg.  Journ.,  loc.  cit. 
"  Cabot :  Surgii-al  Pathology  of  the  Blood,  in  International  Text- 
book of  Surgery,  Warren  &  Gould,  p.  ,80. 

^'Ochsner:  The  Treatment  of  Septic  Infections  following  Pin- 
pricks, Abrasions,  and  Similar  Iniuries.  International  Journ.  of  Sur- 
gery, vol.  xi.,  No.  11,  November,  1898. 

'■  Quoted  by  Carmalt  in  Art.  Septicemia,  Pycemia,  and  Poisoned 
Wfiunds.  in  Dennis'  System  of  Surgery,  vol.  i.,  p.  402. 
'■'^  Compte-rendu  par  Denys:  Luc. cit. 
'*  Parkes :  The  (Jbstetrical  Gazette,  Cincinnati.  September,  1890. 

DISTOMA.     See  Tivnhitochv. 

DITA.— The  liark  of  Ahtonict  sc/iolni-i.^  (L.)  R.  Br.  (fam. 
A/ioci/nctccie),  a  large  tree  of  Southeastern  Asia  and  the 
ailjacent  islands,  especially  the  Philippines,  yielding  a 
valuable  fine-grained  timber.  The  bark  and  its  alkaloid 
have  been  much  u.sed  at  home,  and  to  some  extent  in  this 
country,  as  an  ;inti])criodic  substitute  for  quinine.  It  is 
a  very  rough,  coarse  bark,  occurring  in  pieces  as  large  as 
the  hand  and  larger,  and  a  fourth  to  a  half  inch  or  more 
in  thickness.  The  ottter  surface  is  ccmrsely  fissui-ed  and 
of  a  dark-gray  or  bi-ownish  color,  the  inner  is  buff  and 
coarsely  sti'iate.  The  texture  is  largely  celhdar  and  it  is 
easily  ground  or  powdered.     It  is  odorless  but  very  bitter. 

Numerous  ci'ystalliue  ]irinciples  have  Ijeen  extracted 
fi-om  it.  among  them  sevei-al  alkaloids.  Bitnine  (or 
cchitamine.  C',.,.JI,,>N20,)  is  the  most  important.  It 
oeeuis  in  brightly  shining,  piismatic  crvstals.  soluble  in 
lioth  water  and  alcoliol.  It  is  said  to  act  like  curare,  but 
its  use  apiiears  to  have  been  pui'ely  experimental.  Other 
alkaloids  ai-e  di  famine  (C,„H,,.N02)  and  echitcnine 
(C,.„H.i,NO,).  "Ditiiin,"  as  said  to  be  used  in  the  Philip- 
pines in  efiutrl  doses  with  quinine,  is  a  very  indefinite 
substance.  It  cei'tainly  is  very  different  from'  the  poison- 
ous bases  noticed  aliovc. 

Dita  has  not  been  found  of  much  value  as  an  antiperi- 
odic  ;  it  is  useful,  however,  as  a  general  tonic.  It  appears 
to  be  a  i-ather  powerful  abdominal  stimulant,  of  value  in 
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severe  diarrhwa.  Tlie  dose  of  the  powdered  bark  is  0.3 
to  0.5  gm.  (gr.  iij.-viij.)  or  as  many  miuinis  of  tlie  fluid 
extract. 

The  similar  bark  of  A.  m?istnctii,  F.  von  Miiellei-.  of 
Australia,  has  there  a  similar  repute  as  an  aiitiperiodic. 

llcnry  11.  lluKhy. 

Dl-THIO-CALCIUM  CARBONATE  (CaCS.,0)  is  calcium 

carbonate  in  which  two  atoms  of  oxygen  have  been 
replaced  by  sulphur.  It  is  a  hygroscopic,  orange-red, 
crystalline  powder,  slightly  soluble  in  water  and  less  so 
in  alcohol.  On  exposure  to  light  and  air  its  aqueous 
solution  is  decomposed,  with  liberation  of  sulphur  and 
sulphureted  hydrogen.  On  aceormt  of  its  larye  pi-opor 
tion  of  sulphur  it  was  used  by  Tomma.soli  ancf  Vieini  in 
iive-per-cent.  ointment  or  freshly  prepared  solution  as  an 
application  in  psoriasis,  lupus,  eczema,  and  other  skin 
diseases.  Sabbatiui  has  found  that  a  oue-per-cent.  solu 
tion  prevents  the  growth  of  pyogenic  baetei'ia,  but  does 
not  kill  them.  A  twenty-per-cent.  solution  cau.sed  a 
vesicular  and  pustular  tlermatitis.  11".  ^1.  Bdntcdo. 

DITTANY.— American  Dittany.  The  herb  of  Cunilii 
origiiiwidcs  (L.)  Britton  (fam.  Lahiatw).  This  aromatic 
perennial,  found  abundantly  iu  rich  woodlands  of  the 
Eastern  United  States,  is  a  more  energetic  carminative 
than  many  of  its  relatives  Avhich  are  more  frequently 
employed.  It  has  a  biting,  peiipery,  aromatic  taste  and 
contains  an  abundance  of  volatile  oil.  This  oil  is  distilled 
for  the  market  an'd  appears  to  be  very  similar  to  oil  of 
thyme.  The  drug  and  the  oil  are  more  stimulant  to  the 
perspiratory  glands  than  are  most  of  the  aromaties.  The 
dose  of  the  dried  herb  is  1  to  4  gm.  (gr.  xv.  to  Ix.). 

Henry  H.  liiix/ii/. 

DIURETICS  are  medicines  which  increase  the  secretion 
of  urine.  They  are  divided  into  two  classes,  rf/rtri  and 
iiuUreet. 

To  the  first  class  belong  all  medicines  that  pmduee  an 
increase  of  diuresis  bj' influencing  the  kidneys  directly  ; 
to  the  second,  those  that  accomplish  this  by  augmenting 
the  general  blood  pressure. 

In  order  to  have  a  clear  conception  of  the  practical 
bearing  of  this  division,  it  is  necessary  to  understand  the 
conditions  that  modify  the  urinary  secretion  in  health 
and  disease. 

The  aetivit)^  of  the  kidneys,  in  their  healthy  state,  de- 
pends upon  the  quantity  of  lilood  flowing  through  th(^ 
renal  vessels,  and  theamcmnt  of  urinable substances  (that 
is,  substances  that  are  eliminated  by  the  kidneys,  such  as 
water,  inorganic  salts,  urea,  uric  acid,  etc.)  which  it  con- 
tains.  As  both  the  ctuantity  and  quality  of  the  renal 
blood  undergo  marked  changes,  the  urine  secreted  at  dif- 
ferent times  by  healthy  persons  presents  striking  varia- 
tions in  amount,  color,  and  density.  These  variations 
are  readily  accounted  for  by  the  fact  that  the  principal 
constituents  of  the  urine,  the  water  and  the  solids,  are 
secreted  in  different  parts  of  the  kidneys— the  Jhdpighian 
bodies  and  the  uriuiferous  tubules.  These  two  parts  are 
not  always  equally  active,  and  hence  the  normal  varia- 
tions in  the  composition  and  quantity  of  the  urine. 

The  quantity  of  the  water  of  the  urine  depends  chiefly 
on  the  activity  of  the  Malpighian  bodies  or  glomeruli. 
They  separate  from  the  renarblood  its  surplus  of  water 
and  those  salts  which  it  normally  holds  in  scjlution,  such 
as  chloride  of  sodium,  etc.  From  the  glomeruli  the  water 
passes  into  the  lumen  of  the  uriniferous  tubules,  where 
it  serves  as  a  solvent  or  vehicle  for  any  suljstancc  that 
may  have  been  secreted  by  the  epithehai  cells  of  the 
tubules.  The  quantity  of  water  yielded  by  the  glomeruli 
is  regulated,  according  to  Ludwig,  by  the  pressure  of  the 
blood  in  the  capillaries  of  the  glomendi,  but  according 
to  Heidenhain,  by  the  velocity  of  the  blood  current, 
Ludwig  holds  that' the  passage  of  water  through  the  walls 
of  the  capillaries  and  the  simple  layer  of  epithelial  cells 
covering  the  tuft  of  capillaries,  is  merely  a  mechanical 
filtration.  Accordingly,  the  greater  the  pressure  in  the 
capillaries,  the  more  abundant  the  water  that  filters 
through  them,  and  the  more  the  pressure  in  the  glomeruli 


exceeds  the  pressure  in  the  tubules,  the  more  rapid  and 
extensive  the  process  of  filtration.  Heidenhain,  on  the 
eiintiary,  mamtaius  that  it  is  the  velocity  of  the  blood 
current  that  determines  the  (piantity  of  water  flmving 
from  the  glomeruli.  The  more  rapid  the  blood  current 
uitlie  glomerular  capillaries,  the  more  copious  the  flow 
ot  water.  When  the  blood  current  is  very  rapid,  a  larger 
(luantity  of  water  is  brought  into  relatiort  with  the  epi- 
thelial cells  of  the  glomeruli  in  a  given  time,  and  hence 
their  activity  becomes  augmented.  Thus  Heidenhain 
regards  the  removal  of  water  from  the  blood  of  the 
glomerular  eapillai-ies  to  be  a  process  of  active  secretion 
by  the  epithelial  cells  of  the  glomeruli. 

Normally,  blood  pressure  and  rapidity  of  blood  flow  in 
the  iMalpighian  bodies  are  simultaneously  increased  or 
iliminished,  but  in  some  pathological  states  the  pressure 
may  be  augmented  while  the  flow  is  retarded. 

As  tile  (juaiitity  of  water  flowing  from  the  glomeruli 
depends  upon  the  abundance  of  blood  in  their  capillaries. 
It  is  evident  that  the  quantity  of  urine  seci'eted  must  be 
cimtroUed  by  the  general  arterial  blood  pressure.  When 
the  blood  pressuie  is  high,  the  urinary  secretion  is  abun- 
dant; when  it  is  low,  the  secretion  is  scanty.  In  the 
normal  state  of  the  organi.sm  the  general  blood  pressure 
is  such  as  to  supply  the  kidneys  with  an  abundance  of 
blood,  so  that  they  can  rapidly  remoA-e  from  it  the  urin- 
aljle  substances  it  may  contain.  Some  of  the  ordinary 
changes  iu  the  quantity  of  urine  are  attributable  to  varia- 
tions of  the  general  blood  pressure.  Thus,  when  the  sur- 
face of  the  body  becomes  cold  the  vessels  of  the  skin 
contract,  and  the  general  blood  pressure  slightly  increases ; 
the  urine  then  becomes  more  abundant,  less  dense,  and 
light-colored  On  the  contrary,  when  the  surface  of  the 
body  is  exposed  to  a  very  warm  atmosphere,  the  super- 
ficial vessels  dilate,  and  the  blood  pressure  falls  some- 
what ;  as  a  conse(|uence  the  ui-ine  becomes  scanty,  den.se, 
and  high-colored. 

But  the  quantity  of  water  flowing  fi-om  the  glomeruli 
depends  also  upon  the  concentration  of  the  renal  blood. 
AVhen  the  renal  blood  contains  a  minimum  of  water,  the 
glomerular  epithelium  can  remove  or  secrete  but  little, 
and  the  urine  becomes  dense,  scanty,  and  high  colored. 
(Jn  the  contrary,  Avhen  the  renal  blood  contains  a  maxi- 
mum of  water,  the  renal  epithelium  removes  the  surplus 
rapidly,  and  the  urine  becomes  copious  and  light-colored. 
This  is  well  illustrated  in  health  by  the  variations  iu  the 
(iuantity  of  urine  resulting  from  the  amount  of  fluid  in- 
gested. Soon  after  imbibing  large  draughts  of  water,  a 
copious  flow  of  light-colored  urine  takes  place. 

The  indirect  diuretics  have  been  defined  as  medicines 
that  increase  diuresis  by  augmenting  the  general  arterial 
blood  pressure.  This  results  from  their  action  on  the 
heart,  whose  energy  becomes  increased.  They  do  not,  it 
is  now  held  by  most  authorities,  exert  an}'  direct  action 
on  the  kidneys,  since  they  are  incapable  of  augmenting 
the  flow  of  urine  when  they  fail  to  increase  the  force  of 
the  heart's  action.  In  the  normal  state  of  the  organism, 
they  do  not  markedly  augment  the  quantity  of  urine, 
evidently  because  the  blood  pressure  is  generally  at  its 
maximum  height.  But  when  the  blood  pressure  is  ab- 
normally low  from  inefficient  heart  action,  and  the  secre- 
tion of  urine  has  abated  in  consequence  of  scanty  supply 
of  arterial  blood,  they  display  great  power  over  the 
secretion  of  urine,  often  in  a  short  time  producing  a 
copious  flow. 

The  quantity  of  the  solids  of  the  urine  depends  upon 
the  activity  of  the  epithelial  cells  of  the  uriniferous 
tubules.  All  authors  accord  to  these  cells  an  active 
secretory  function.  They  take  from  the  blood  in  the 
capillaries  surrounding  the  tubules  the  urea,  uric  acid, 
kreatinin,  and  other  products  of  metabolism,  and  prob- 
ably foreign  substances  .such  as  medicines  and  poLsons, 
anci  discharge  them  into  the  channels  of  the  tubules. 
The  activity  of  the  epithelium  depends  upon  the  quantity 
of  such  urinable  substances  contained  in  the  renal  blood, 
increasing  when  they  are  abundant  and  diminishing 
when  they  are  scanty.  It  depends  also  upon  the  velocity 
of  the  blood  current,  since  with  an  accelerated  flow  a 
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lari-er  quantity  of  urinablc  substances  is  brought  icto  re- 
latfon  with  tliem  in  a  given  time.  When  tlie  blood  llow- 
ing  into  tlie  l<idneys  contains  a  large  amount  of  such 
substances  and  a  minimum  of  water,  the  urme  becomes 
dense,  scanty,  and  high-colored.  On  tlie  contrary,  when 
the  renal  blood  contains  only  a  minimum  of  them  and  a 
maximum  of  water,  the  urine  becomes  pale,  less  dense, 
and  very  copious.  It  is  evident,  therefore,  that  the  de- 
gree of  activity  of  the  two  secreting  structures  of  the 
kidney  is  depeiident  primarily  on  the  ciuality  of  the  renal 
blood. 

The  kidneys,  like  all  other  organs,  in  a  measure  regu- 
late their  own  blood  flow.  When  they  are  active,  they 
contain  an  abundance  of  blood;  when  inactive,  they  are 
comparatively  bloodless.  When,  for  instance,  the  activ- 
ity of  the  epithelium  becomes  excited  by  the  presence  of 
urinable  sulistances,  there  quickly  takes  place  a  more 
abundant  flow  of  blood  to  the  kidneys,  or  ralher  to  the 
secreting  apparatus,  in  consequence  of  dilatation  of  the 
renal  arterioles.  This  statement  does  not  rest  merely  on 
general  principles.  Heidenhain  found,  as  a  result  of  his 
experiments,  that  a  very  dilute  solution  of  nitrate  of 
sodium,  or  urea,  injected  into  the  blood,  greatly  increa.se(l 
the  flow  of  urine,  when  it  had  abated  in  consequence  of 
low  blood  pressure.  No  change  of  the  blood  pressure 
resulted  from  the  iniections,  and  henci;  the  augmented 
flow  of  urine  could  not  be  attributed  to  rise  of  the  gen- 
eral arterial  pressure.  That  it  was  solely  due  to  an  in- 
crease of  the  local  pressui-e  in  the  vessels  of  the  kidneys, 
and  augmented  velocity  of  the  blood  current,  is  evident 
from  tiie  experiments  of  Colmheim  and  Roj-.  These  in- 
vestigators found  that  small  quantities  of  a  very  dilute 
solution  of  urea,  or  of  chloride  of  sodium,  injected  into 
the  circulation,  wdiich  in  no  wise  influenced  the  general 
blood  pressure,  soon  caused  a  verj-  decided  increase  of 
the  bulk  of  the  kidney.  This  shows  that  the  amount  of 
blood  flowing  through  the  kidneys — that  is,  the  degree 
of  dilatation  of  the  renal  arterioles — depends  upon  the 
cpiantity  fif  urinable  substances  in  the  renal  blood  and 
the  activity  of  the  renal  epithelium.  Augmented  activ- 
ity of  the  epithelium  is  hence  always  attended  by  an 
active  phy.si(jlogical  hj'per;emia. 

From  tills  it  follows  that  all  medicines  wliich  increase 
the  flow  of  urine  hy  a  direct  action  on  the  kidneys  cause 
more  or  less  active  hypertemia.  Some  of  the  direct  diu- 
retics, if  given  in  large  doses,  diminish  the  quantity  of 
urine  and  render  it  bloody  and  albuminous,  which  shows 
that  they  may  so  greatly  irritate  the  .secreting  epithelium 
and  the  walls  of  the  capillaries  as  to  produce  inflamma- 
tion, and  thus  retard  and  even  completely  arrest  tlie 
blood  flow  of  many  parts  of  the  kidney. 

DmioCT  DiUKETics. — Some  of  the  direct  diuretics  pro- 
duce a  change  in  the  chemical  reaction  of  the  lu-ine, 
rendering  it  less  acid  or  even  alkaline.  They  are  called 
xnline  diuretics.  Numerous  diuretics,  wdien  administered 
in  excessive  doses,  diminish  the  quantity  of  urine,  and 
cause  other  symptoms  characteri.stic  of  irritation  or  in 
flanmiation  of  the  kidneys.  Henci;  tliey  are  distinguished 
as  irritnrit  or  sHiinihi iit  flhirelirx. 

Sclnic  Diiinlir.i. — To  this  group  belong  many  of  (he 
salts  of  potassium,  sodium,  lilhium,  calcium,  aiid  mat;-- 
nesium.  The  salts  of  potassium  cause  a  more  decided 
increase  of  the  urinary  secretion  tlmn  the  other  salts,  and 
hence  are  always  preiVrivd  when  an  inerease  iif  the 
quantity  of  urine  is  indicated. 

Of  the  saltsof  ]iotassiuni  the  acetate,  citrate,  and  bilar- 
trate  seem  to  jiosse^s  equal  diuretic  ]iower.  Tliis  is 
readily  explained  liy  the  fact  that  in  the  organism  (hey 
are  all  conceited  into  the  carbonate,  and  as  such  are 
eliniiujited  by  the  kidneys. 

Doubtless,  in  lieing  eliminated,  they  excite  tlie  renal 
epithelium  to  increased  activity,  in  consequence  of  whieli 
an  active  hypenemia  results,  iind  hence  an  augmenteil 
flow  of  watery  urine.  That  the  increase  of  diuresis  is 
not  due  to  an  augmintatioii  of  the  general  blood  iiressure 
is  proved  by  the  fact  that  injections  of  dilute  solutions  of 
chloride  ot  sodium  into  the  veins  are  rapidlv  followed  liv 
an  inerea.se  of  the  l.ulk  of  the  kidneys  and  a  free  flow  (if 
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urine,  although  the  general  blood  pressure  is  not  altered. 
The  action  of  salines  is  held  by  many  physicians  to  be 
due  in  part  to  changes  of  the  general  circulation,  and,  in 
febrile  diseases,  to  lowering  of  temperature.  If  they  are 
capable,  as  claimed  by  some  recent  writers,  of  producing 
antipyretic  effects,  tlieir  diuretic  action  in  fevers  may 
partly  result  indirectly.  For  it  has  been  found  experi- 
luentally  by  Mendelson  that  in  fevers  the  kidneys  be- 
come diminished  in  bulk,  in  all  probability  in  consequence 
of  the  action  of  the  hot  blood  on  the  vaso-motor  centres. 
Husemann  recommends  nitrate  of  potassium,  even  in 
small  doses,  in  inflammatory  diseases,  on  the  ground  that 
it  lowers  the  febrile  temperature  and  improves  the  gen- 
ei'.al  condition  of  the  patient. 

fiuliridions  for  the  Use  of  Saline  Diureticx.  The  saline 
diuretics  are  employed  to  meet  two  indications:  first,  to 
remove  morbid  accumulations  of  serum;  secondly,  to 
neutralize  an  excess  of  acid  in  the  urine. 

Excessive  accumulations  of  serum  occur  in  a  variety 
of  pathological  states,  diseases  of  the  heart,  liver,  kidney, 
and  as  a  consequence  of  inflammations.  When  the  mor- 
bid condition  giving  rise  to  the  drop.sy  is  amenable  to 
treatment,  the  diuretic  action  of  the  salines  is  often  fol- 
lowed by  ra|iid  absorjition  of  the  effu.sed  liquid.  This  is 
esjieciall}'  the  case  when  an  abundant  effusion  occurs  in 
consequence  of  inflammation  of  serous  membranes,  as  in 
pleuritis,  pericarditis,  peritonitis,  etc.  After  the  s_vmp- 
toms  of  active  inflanuuation  have  subsided,  the  use  of 
salines  is  general]_y  followed  bj'  rapid  absorption. 

Their  utility  is  less  evident  in  dropsies  dependent  upon 
organic  diseases  of  the  heart,  lungs,  liver,  and  kidneys; 
but  when  associati'd  with  other  therapeutic  means  indi- 
cated bj'  tlie  patholo,2'ical  condition  giving  rise  to  the 
dropsy,  they  often  greatly  hasten  absorption.  Thus,  in 
cardiac  drops}'  the  chief  indication  is  an  increase  of  the 
arterial  blood  pressure.  This  the  saline  diuretics  cannot 
accomplish.  I3ut  when  they  are  combined  with  the  in- 
direct diuretics,  which  augment  the  force  of  the  heart's 
action,  they  promote  the  diuretic  action  of  the  latter  and 
thus  accelerate  ab.sorption. 

In  renal  dropsj'  saline  diuretics  may  be  useful  or  harm- 
ful, according  to  the  condition  of  the  kidneys.  In  the 
dropsy  attending  acute  nephritis,  tliej-  will  do  harm  as 
long  as  the  inflammation  is  the  cause  of  the  dimiuished 
secretion  of  urine.  The  kidneys,  when  inflamed,  like  all 
other  organs,  require  rest.  The  administration  of  salines 
may  nrit  onlv  cause  injury  to  the  kidnej'S  directly  by 
augmenting  the  quantity  of  blood  in  them,  but  may 
hasten  the  appearance  of  uremic  symptoms.  When, 
however,  the  inflanunation  has  subsided,  and  the  free 
tloAv  of  urine  is  ]ireveuted  by  the  presence  of  tube  casts 
and  masses  of  blood  in  the  uriniferous  tubules,  they  may 
lii'eonie  useful  by  hastening  the  removal  of  these  impedi- 
ments. 

In  the  dropsy  of  chronic  renal  disease  the  saline  diuretics 
rarely  possess  much  utility.  But  in  some  cases  their  ad- 
ministration is  followed  b_v  increased  diuresis.  This  is 
observed  especially  when  the  dropsy  resvdts  from  failure 
of  the  compensatory  action  of  the  heart.  Combined 
with  digitalis,  or  other  medicines  that  augment  the  force 
(it  the  heart's  action,  they  often  cause  a  copious  flow  of 
urine.  So,  too,  in  the  hydra-mic  dropsy  following  ex- 
))osnre  to  cold,  or  disorder  of  digestion,  the  saline  diu- 
retics, associated  wi(h  such  lemedies  as  the  special  patho- 
logical condition  indicates,  are  often  followed  by  elficient 
actii5u  of  the  kidneys. 

In  any  case  of  ciirouic  renal  dropsy  the  use  of  saline 
diuretics,  if  lliey  do  not  produce  an  increase  of  diuresis, 
should  not  be  long  continued;  for  if  the  kidneys  have 
become  so  se\crely  damaged  that  they  cannot  remove  the 
surplus  of  water  from  the  renal  blood,  they  will  also  be 
unable  to  eliminate  these  medicines.  Their  persistent 
emiiloymeut  Avill.  therefore,  soon  be  productive  of  seri- 
ous disorder,  especially  feebleni'ss  of  the  heart's  action 
and  symptoms  of  uraemia. 

For  the  purpose  of  increasing  diuiesis,  the  acetate, 
citrate,  bitartratc,  and  nitrate  of  potassium  are  given  in 
doses   of   gr.    x.    to   xxx.    every    two    or    three  hours. 
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The  Ufftaty  and  citrate  may  be  ailiiiiuistereil  in  several 
tablespoonfvils  of  water,  to  whieli  may  be  ad(le<l  a  small 
amount  of  orange  or  lemon  synip.  Tlie  nitrate,  if  given 
in  large  doses,  should  be  administered  in  more  water,  say 
a  wiueglassfvd,  lest  it  act  injuriously  on  the  gastric 
mucous  membrane.  On  account  of  its  slight  solubility 
the  bitartratc  also  recfuircs  a  large  amount  of  water. 

To  meet  the  second  indicaticiu  for  the  >isc  of  .saline 
diuretics,  namely,  to  neutralize  excessive  acidity  of  tlie 
urine,  and  thus  to  prevent  the  irritation  rcsidting  from 
excess  of  uric  acid  and  its  deposition  in  the  urinary  pas- 
sages, the  salts  of  potassium  arc  generally  preferred, 
espeeian_y  the  acetate  and  the  citrate.  This  preference 
de]iends  upon  the  fact  that  the  urate  of  potassium  formed 
under  these  circumstances  is  a  very  solul)le  salt.  Should 
it,  however,  be  necessary  to  employ  remedies  for  a  long 
time,  and  evidences  of  gastric  disorder  become  manifest, 
the  salts  of  .s<idium  would  be  more  eligible,  as  tlicy  are 
better  borne  I)y  the  stomach. 

Recently  the  salts  of  lithium,  especially  the  carbonate 
and  citrate,  have  been  much  used  to  prevent  deiiosits  of 
uric  acid  and  urates  in  tlie  urine.  Experimentally  it  has 
been  found  that  they  are  more  powerful  solvents  of  uric 
acid  than  the  salts  of  potassium  and  sodium.  They  seem 
also  to  dissolve,  to  some  extent,  the  deposits  of  urate  of 
sodium  occm-ring  in  gouty  subjects. 

The  carbonate  of  lithiunr  is  given  in  doses  of  gr.  iij. 
to  X.,  in  a  tumbler  of  water,  several  times  daily.  It 
may  be  ordered  as  follows;  I^  Lithii  carbonatis,  gij.; 
sacchari  albi,  3iv.  M.  Div.  in  partes  ajquales  No.  viij. 
Sig. :  One  powdei'  three  times  a  day.  The  citrate  of 
lithium  is  preferable  to  the  carbonate,  and  may  be  given 
in  doses  of  gr.  v.  to  x.,  in  a  tablespoonful  of  sweetened 
water,  three  times  a  day. 

Cnffiivfi. — This  alkaloid  acts  as  a  decided  diuretic  in 
some  forms  of  dropsy,  especially  those  resulting  from 
cardiac  disease.  For  some  years  it  has  been  freely  em 
ployed  by  French  and  German  physicians  in  cardiac 
dropsy,  when  digitalis  had  failed.  It  has  been  strongly 
reconimended  by  Gubler,  Dujardin-Beaumetz,  Riegel, 
and  Binz.  According  to  these  observers  it  regulates  the 
heart's  action,  slows  the  pulse,  and  augments  the  arterial 
blood  pressure.  It  produces  these  effects  more  rapidly 
than  digitalis,  has  no  cumulative  action,  and  is  usually 
well  borne.  Often  it  succeeds  after  digitalis  has  been 
used  in  vain. 

Caffeine  is  indicated  in  cardiac  and  hydra-mic  dropsy, 
especially  when  the  heart  is  fatty. 

The  citrate  or  hydi'obromate  may  be  given  in  doses  of 
gr.  ij.  every  three  hours,  or  from  gr.  v.  to  xx., 
in  divided  portions,  in  twenty-four  hours.  The  follow- 
ing formulte  are  recommended  by  Riegel:  if  Caffeinre 
citratse,  gr.  iv.  ;  sodii  salicylatis,  gr.  iiiss.  ;  aqua\  |  i. 
M.  For  one  dose,  internally.  I^  Caffeinic  citrata',  gr. 
XX.;  sodii  salicylatis,  gr.  xviiss.  ;  a(iua'.  i  i.  JM.  Dose, 
from  TTli.  to  vi. ,  subcutaneously. 

Adonis  vernalu.—TXns  plant,  long  used  in  Russia  as  a 
popular  remedy  for  dropsy,  was  recommended  by  Bub- 
noff  in  1879,  and  again  in  1883,  as  a  succedaneum  of 
digitalis.  He  carefully  investigated  its  action  and  uses, 
and  found  it  to  produce  the  following  effects  in  cardiac 
disease  with  dropsy:  the  heart's  impulse  became  decid- 
edly stronger;  its  "dimensions  wei-e  markedly  lessened; 
the  heart  sounds  and  murnrurs,  especially  the  presystolic 
and  systolic  murmur  of  aortic  stenosis,  became  better 
defined;  the  rhythm  was  rendered  more  regular  and 
mostly  slower;  and  the  pulse  was  correspondingly  influ- 
enced, becoming  slower,  stronger,  and  fuller.  The  flow 
of  urine  was  decidedly  increased,  sometimes,  in  the  course 
of  twenty-four  hours,  from  ten  to  eighty  or  one  hundred 
ounces.  '  Its  diuretic  action  was  equally  marked  when 
cardiac  failure  occurred  in  chronic  kidney  disease,  but 
only  when  the  dropsy  resulted  from  the  weak  heart  action. 

Nothnagel  tried  adonis  in  cardiac  dropsy,  and  gener- 
ally found  it  to  increase  the  general  blood  pressure  and 
the  flow  of  urine,  sometimes  acting  after  digitalis  had 
failed.  More  frequently  the  reverse  was  the  case,  adonis 
failing  and  digitalis  .succeeding. 
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Tlie  action  of  adonis  on  the  heart  is  due  to  a  glycoside 
(iddiiKliii,  isolated  by  Cervello  in  1883. 

Adonis  has  no  cumulative  action,  liut  it  often  causes 
nausea,  vomiting,  and  diarrha'a. 

Bubnofl:  \rsually  gave  an  infusion  containing  from  3  i 
to  ij.,  of  adonis  in  six  ounces,  in  doses  of  a  taljle- 
spooiifid  cveiy  two  hoiu's. 

(•nil ralhiri, I  iiiiijitlix. ~J\nn  drug  contains  a  glucoside, 
convaUaiuariii,  wliicii  ^\as  found  1>^-  jMarme  to  act  on  the 
heart  like  digilalin.  I3ot]iC(anallaVia  and  itsaetive  prin- 
eipk'  have  been  ti'icd  in  {•ardiac  droiisy,  willi  varying  re- 
sults. Thus  Leubu.scher,  who  a<liniuLstei'ed  as  n'lUcTi  as 
1  giu.  of  the  active  principle  in  twenty-four  hours, 
in  no  instance  observed  an  increased  flow  of  urine,  a  fall 
of  the  (edema,  or  a  ri.se  of  the  blood  pressure.  Hiller  also 
repoited  unfavorably.  Jfaragliano,  on  the  contrary, 
found  convallaiiaand  its  active  principle  useful  in  mitral 
disea.se  with  cardiac  failuie,  tlie  lieart's  action  becoming 
stronger  and  more  regidar,  and  tlie  mine  increased.  It 
had  no  cumulative  effect.  Frederick  Roberts  also  suc- 
ceeded with  convallaria.  In  a  case  of  mitral  olistructioii 
the  heart's  action  liecame  more  regular  and  ctKcient,  the 
thiill  and  murmur  more  evident,  tlie  quantity  of  mine 
progressively  increased,  and  the  dropsy  disappeared. 
But  in  some  other  cases  its  action  was  less  satisfactorj-. 
Falkcnlieim  tried  convallaria  in  eight  cases  of  heart  dis- 
ease, and  found  it  to  exert  a  decided  control  over  the 
heart's  action  and  diuresis,  Imt  it  seemed  less  certain  than 
digitalis.  He  gave  a  tablespoinifnl  of  an  infusion  of  the 
strength  of  one  part  of  tlie  tlowers  in  twenty  parts  of 
water  every  two  hours.  Itolierts  used  a  licjuid  extract 
in  do.ses  of  ten  nrininis  every  four  hours, 

Apocymim  canndldiiuiii. — It  has  long  been  known  that 
this  medicine  produces  infrequeucj'  of  the  pidse  and,  in 
some  forms  of  drojisy,  copious  diuresis.  From  its  botan- 
ical relations  Husemann  supposed  that  it  contains  an  ac- 
tive i)iinciplc  afb'Cting  the  heart  in  the  .same  manner  as 
digitalin.  Schmiedelierg  has  since  isolated  two  active 
principles,  apocynin  and  apocyuein,  whieli  resemlile  dig- 
tabn  in  properties. 

It  seems  very  probable,  therefore,  that  apocynum  in- 
creases diuresis  by  acting  upon  the  heart,  and  that  it  is 
s]ieeially  adapted  to  dropsy  resulting  from  inefficient 
cardiac  action. 

Usually  it  is  administered  in  the  form  of  an  infusion 
made  with  a  drachm  of  the  bark  of  the  root  in  eight 
ounces  of  water,  of  which  the  dose  is  a  tablespoonful  at 
intervals  of  four  to  six  hours.  Excessive  doses  cause 
nausea,  vomiting,  and  purging. 

Calomel. — The"  diuretic  power  of  calomel  was  discov- 
ered by  Jendrassik  and  aunoimced  by  him  in  1886.  It 
had,  however,  been  observed  hmg  before  that  calomel,  in 
cases  of  dropsy,  .scmietimes  caused  very  profuse  diuresis; 
but  this  was  forgotten,  and  the  writers  on  therapeutics 
in  the  two  previous  decades  either  entirely  ignored  the 
use  of  calomel  as  a  diuretic,  or  recommended  it  only  as 
an  ailjuvant  to  squill  and  digitalis. 

The  polyuria  docs  not  begin  on  the  first  day  of  admin- 
istration, but  usuallvon  the  second,  the  third,  thefourtli, 
or  the  fifth  day.  The  quantity  of  urine  then  augments 
very  rapidly,  is  most  profuse  on  the  second  day,  and 
subsequently  slowly  diminishes.  As  a  rule,  the  polyuria 
continues  until  the  symptoms  of  dropsy  have  completely 
disappeared.  In  cases  of  extensive  dropsy  the  maximum 
quantity  of  urine  voided  in  one  day  was  twenty  pints. 

As  the  quantity  of  calomel  necessary  to  produce  such 
profuse  diuresis  "is  quite  large,  the  ordinary  effects  of 
large  doses  supervene,  unless  prevented  by  prophylactic 
measures.  Diarriia-aneariy  always  results.  If  not  more 
than  two  or  three  stools  occur  daily,  divuesis  may  still 
take  place;  but  if  the  stools  are  very  numerous  no  m- 
crease  of  the  quantity  of  urine  will  result,  doubtless  be- 
cause the  calomel  is'cxpelled  from  the  intestines  before 
absorption  can  take  place.  To  prevent  such  rapid  dis 
charge  of  the  medicine,  opium  in  small  doses  should  be 
combined  with  it.  ,    ,     ^. 

To  prevent  the  effects  upon  the  mouth,  prophylactics 
should  be  used  from  the  liegiuning  of  the  treatment. 
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Generally  chlorate  of  potassium  is  pveterred,  tlie  mouth 
being  rinsed  every  two  or  three  hours  with  a  three  or 
four  per  cent,  solution  of  the  salt.  Jendrassik  supposes 
that  an  acid  reaction  in  the  mouth,  especially  in  thevicm- 
ity  of  decaying  teeth,  greatly  favors  stomatitis,  and  lie 
has  used  with  success  a  three  or  four  per  cent,  solution 
of  carbonate  of  sodium.  Tincture  of  myrrh,  tincture  of 
krameria,  and  permanganate  of  potassium  have  also  been 
used  as  preventives.  If,  notwithstanding  the  employ- 
ment of  these  means,  stomatitis  should  take  place,  the- 
use  of  calomel  must  be  discontinued.  But  it  is  not  likely 
to  occur,  or  only  very  mildly,  if  the  calomel  be  given  in 
the  cautious  manner  lately  recommended  by  Jendrassik. 

Cklomel  as  a  diuretic  is  indicated  in  cardiac  drops}' 
when  other  appropriate  means,  such  as  digitalis,  stro- 
jihanthus,  catfeiue,  diuretin,  etc.,  fail  to  give  relief. 
The  presence  of  albumin  in  the  urine  does  not  interfere 
with  the  action  of  calomel,  and  generally  tlie  urine,  if  it 
contain  albumin,  will  become  normal  after  the  subsidence 
of  tlie  dropsy.  It  should  be  recollected  that  the  mere 
removal  of  the  dropsy  does  not  restore  compensation  in 
cases  of  cardiac  insufficiency,  and  that,  after  the  diuretic 
has  proved  successful,  it  will  be  necessary  to  administer 
remedies  to  unprove  the  heart's  action.  Should  these 
not  succeed  and  the  dropsy  return,  calomel  should  again 
be  used,  and,  if  necessary,  it  may  be  employed  as  often 
as  the  drop,sy  becomes  extensive.  Its  employment  at  in- 
tervals of  some  weeks  becomes  necessary  in  some  cases  of 
heart  disease  in  which  the  rupture  of  compensation  can- 
not be  rectified.  If  the  calomel  be  carefully  used  no  harm 
will  result,  and  the  patient  may  be  made  comfortable  and 
life  be  prolonged  for  some  years. 

The  dose  of  calomel  in  most  of  the  reported  clinical  e.\- 
periments  was  gr.  iij.,  given  from  three  to  five  times 
daily  for  several  days,  usually  together  with  gr.  -J 
of  opium  to  prevent  catharsis.  Lately  Jendrassik 
lias  stated,  after  further  experience,  that  gr.  iss.  is 
the  best  single  dose,  and  that  this  should  be  given  eight 
or  ten  times  within  a  day.  After  the  administraliion 
for  one  daj'  the  polyuria,  he  sa3's,  is  just  as  profuse  on 
the  third  or  fourth  day  as  if  the  medicine  had  been  given 
on  the  intermediate  days,  and  that  it  is  eei'tainly  errone- 
ous to  persist  in  the  administration  of  calomel  after  the 
urine  has  begun  to  increase  in  quantity. 

Diimtin. — The  term  diuretin  is  applied  to  a  prepara- 
tion of  theobromine,  as  a  convenient  substitute  for  the 
unwieldy  chemical  name  sodio-theobromine  salicylate. 
As  this  chemical  name  indicates,  diuretin  is  a  double 
compound  of  sodium  theobromine,  CHiNaNjO™,  and 
sodium  salicylate,  CoH4(OH)COONa.  (For  further  de- 
tails regarding  the  characteristics  and  physiological  ac- 
tion of  the  drug,  see  the  special  article  on  Diuretin. ) 

Christian  Gram,  of  Copenhagen,  administered  diuretin 
in  cases  of  dropsy  in  which  other  diuretics,  digitalis  and 
strophanthus,  had  failed.  He  states  that  he  purposely 
selected  cases  in  which,  as  a  rule,  we  are  utterly  helpless. 
Diuretin  always  increased  the  cjuantity  of  urine,  c.Kcept 
in  those  cases  in  which  the  renal  epithelium  was  so  de- 
generated tliat  no  action  could  be  expected.  In  some 
cases  a  relative  cure  resulted,  or  at  least  decided  im- 
provement, a  result  that  may  be  called  a  good  one  when 
it  is  considered  that  in  severe  organic  heart  di.sease  and 
in  chronic  nephritis  only  a  relative  cure  can  be  attained. 
The  usual  dose  of  diuretin  was  1.0  {i^r.  xv.),  which 
was  given  five  or  six  times  daily.  No  changes  in  the 
circulation  took  place,  and  hence  the  increase  in  diure- 
sis resulted  from  a  direct  action  upon  tlie  kidneys.  The 
remedy  never  iiroduced  disagreeable  incidental  effects, 
and  only  once,  in  a  very  eacliectic  patient,  did  it  cause 
sUght  giddiness. 

A.  Hoffman  tried  diuretin  in  numerous  cases.  In  four 
cases  of  cardiac  dropsy  he  emjjloyed  it  on  fourteen  ditTer- 
ent  occasions,  and  always  obtained  good  results.  Usually 
diuretin  was  not  given  until  digitalis  had  failed  to  act 
I  he  polyuria  began  on  the  first  day  of  administration 
augmented  gradually,  and  reached  the  maximum  in  from 
two  to  si.x  days.  It  rapidly  diminished  when  the  diuretin 
was  withdrawn,  or  when  the  dropsy  had  subsided      Some- 


times the  diuretic  action  was  delayed  for  several  days, 
perhaps  on  account  of  slow  absorption.  The  quantity 
of  urine  voided  depended  upon  the  extent  of  the  dropsy; 
when  this  was  very  decided  the  quantity  at  the  maximum 
amounted  to  five  or  six  litres  a  day. 

Dr.  Koritschouer  employed  diuretin  in  thirty -eight 
cases  of  severe  dropsy  of  cardiac,  renal,  and  hepatic  origin. 
In  twenty-three  cases  the  effect  was  better  than  from 
other  diuretics,  and  in  eight  of  them  very  remarkable,  the 
quantity  of  urine  having  increased  to  ten  or  twelve  litres. 
In  ten  c-ases  the  effect  was  moderate,  but  was  not  excelled 
or  equalled  by  any  other  diuretic.  Only  in  one  case  was 
complete  failure  observed.  On  the  average  the  action  of 
diuretin  was  best  in  cardiac  drops}',  next  in  portal  oh- 
■struction,  and  least  in  nephritis.  But  this  pertains  only 
to  the  absolute  action;  relatively  to  other  diuretics  tlio 
action  in  clinmic  Bright's  disease  was  ver}^  satisfactory, 
Koritsehoner  supposes  that  diuretin  acts  directl}'  upon 
the  kidne3'S,  as  he  ob.served  no  influence  on  the  heart. 
He  knows  of  no  contraindications  to  its  use.  Even  when 
employed  for  a  long  time  it  proved  innocuous.  He  be- 
gan with  4.0  (  l\.)  (laily,  and  increased  by  1  gm.  daily 
until  tlie  quantity  of  urine,  compared  with  the  ingested 
fluid  and  the  subsidence  of  the  drop.sy,  gave  a  satis- 
factor^y  result.  In  sixty  percent,  of  the  cases  5.0  daily 
sufficed;  in  thirty  per  cent.,  6.0  daily;  and  in  ten  per 
cent.,  larger  doses  up  to  10.0.  The  medicine  was  given 
in  .solution,  made  witli  hot  water,  in  tablespoonful  doses, 
at  intervals  of  one  or  two  hours,  beginning  three  liours 
after  the  principal  meal. 

R.  Demme  tried  diuretin  with  good  results  in  dropsy 
occurring  in  children.  The  drops\'  of  scarlatinous 
nephritis  seemed,  after  the  first  stage  of  the  nephritis 
had  passed,  to  be  removed  more  rapidly  by  diuretin  than 
by  all  other  diuretics.  Anasarca  and  effusions  in  the 
serous  cavities  resulting  from  mitral  insufficiency  sub- 
sided, after  the  valvular  disease  had  been  comjjensated 
by  digitalis,  very  speedily  when  diuretin  was  given. 
The  dose  for  children  from  two  to  five  years  old  was  0.5 
to  1.5,  and  for  those  from  six  to  ten  years  old,  1.5  to  3.0 
daily.  Diuretin  should  not  be  given  to  infants  under  one 
year,  as  in  them  it  easily  causes  irritation  of  the  stomach 
and  intestines. 

Von  Schroeder  states  that  some  preparations  of  diuretin 
found  in  commerce  contain  only  from  thirty  to  thirty- 
eight  per  cent,  of  theobromine,  as  found  in  the  analyses 
made  by  Vulpius.  Knoll's  preparation  was  found  to 
contain  forty-eight  percent.,  and  hence  should  be  pre- 
ferred liy  the  practitioner.  Von  Schroeder  recommends 
the  following  formula: 

B.   Diuretini  (Knoll) 5.0-7.0 

Aq.  destill 90.0 

Aq.  menth.  pip 100.0 

Syr.  simpl 10.0 

M.   S. ;  One  tablespoonful  every  two  or  three  hours. 

Stimulant  or  Irkit.vnt  Diuretics. — This  group  in- 
cludes all  direct  diuretics  that  increase  the  urinaiy  secre- 
tion when  use<l  in  moderate  doses,  but  diminish  it  and 
jn'oduce  various  symptoms  of  severe  irritation  or  inflam- 
mation of  tlie  kidneys  when  given  in  excessive  quanti- 
ties. They  difl'er  greatly  from  erne  another  in  the  degree 
in  which  they  manifest  tliese  properties,  in  some  the  diu- 
retic, in  others  the  irritant  property,  preponderating. 
Only  the  former  are  useful  in  cases  requiring  an  increase 
of  diuresis.  Those  most  fri'quentl}'  employed  are  juni- 
per, scoparius,  and  resin  of  copaiba. 

Jiiiii/icniK. — Besides  a  volatile  oil,  juniper  berries  con- 
tain a  notable  (luantity  of  alkaline  salts.  Their  diuretic 
action  is  usually  attributed  solely  to  the  volatile  oil.  but 
the  fact  long  observed  that  the  infusion  is  more  efficient 
than  a  corresponding  (Quantity  of  the  oil,  shows  that  the 
salts  exert  a  decided  effect. 

Juniper  is  frequently  used  as  a  diuretic  in  the  forms  of 
dropsy  due  to  heart  disease,  affections  of  the  lungs  in- 
terfering with  the  circulation,  and  contracted  kidneys. 
Without  other  remedies  acting  directly  on  the  heart,' so 
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as  to  inci'fase  the  luterial  blood  pressure,  it  is  not  wvy 
effective.  Heuce  it  is  generally  combined  with  digitalis, 
squill,  and  sweet  spirit  of  nitre,  as  in  the  following  well- 
known  formula;  ^  Ol.  jmiiperi,  3  ss. ;  spiritus  letberis 
nitrosi,  tincturte  digitalis,  aa  Biij.  M.  Sig.  :  From 
twenty  to  thirty  drops  every  three  hours. 

In  very  large  quantities  juniper,  especially  its  volatile 
oil,  may  excite  much  irritation  of  the  kidneys,  and  cause 
the  urine  to  become  bloody,  albuminous,  anil  very  .scuntv. 
Hence  it  is  contraindicated  in  all  cases  of  dropsy  "in  wliieli 
the  kidneys  arc  inflamed.  It  is,  however,  sometimes  em- 
ployed in  the  dropsy  following  scarlatina,  but  only  in 
tiie  form  of  infusicni.  with  saline  diuretics.  It  should 
never  be  employed  until  other  methods  of  treatment  have 
relieved  the  kidneys. 

The  following  formula  has  been  much  used  to  hasfeu 
the  absorption  of  inflanmiatory  effusions :  I^  lufusi  juui 
peri  (extr.  §ss.).  5  "^'i- ;  potassii  acetatis,  3iij.;  syru|)i 
scillte,  I  ss.  M.   Sig.:  One  tablespoonful  every  two  liours. 

Scopanuis. — This  medicine  is  liighlj'  esteemed  as  an 
active  diuretic  by  English  physicians.  Stille  holds  1h[it 
no  diuretic  is  entitled  to  more  credit  than  broom  for  re- 
moving dropsical  effusions.  Administered  in  ordinary 
doses,  it  decidedly  increases  the  urinary  secretion,  and 
sometimes  also  the  action  of  the  bowels.  Excessive  doses 
may  cause  vomiting,  purgiiig,  and  irritation  of  the  uri- 
nary organs. 

Scoparius  contains  two  proximate  prineijdes,  scoparin, 
a  neutral  substance,  and  sparteine,  a  volatile  liquid  alka- 
loid, besides  a  notable  (juautity  of  potassium  salts.  Its 
diuretic  power  is  partly  attributable  to  the  salts,  but 
chiefly  to  scoparin,  which  was  found  by  Steniiouse  to 
produce  very  great  increase  of  the  urinary  secretion  in 
doses  of  gr.  iij.  to  vii.  According  to  Fronmiiller  it  acts 
when  applied  hypodermaticall}'  in  doses  of  half  a 
grain,  and  in  normal  as  well  as  abnormal  states  of  the 
organism. 

Scoparius  is  usually  emploj'ed  in  the  form  of  a  decoc- 
tion containing  one  part  in  twenty.  Of  this  the  dose  for 
an  adult  is  about  two  ounces,  at  intervals  of  from  three  to 
six  hours.  It  may  be  employed  in  any  form  of  dropsy,  if 
the  kidneys  are  healthy.  Pulmonary  congestion  and  in- 
flammation are  said  to  contraindicate  itsu.se.  Frequently 
the  decoction  of  scoparius  is  combined  with  other  diu- 
retics, as  in  the  following  formula ;  ^  Potassii  acetatis, 
3  ij. ;  syrupi  scilhe,  5  ss. ;  decocti  scoparii  (B.  Ph. )  ad  3 
vi.     M.     Sig. :  One  tablespoonful  every  two  hours. 

Resina  C'opaibce. — In  some  forms  of  dropsy,  especially 
in  ascites,  the  resin  of  copaiba  has  been  foimd  to  be  a 
very  active  diuretic.  In  1873  AVilks  called  attention  to 
tins  property  of  tlie  resin.  Pie  had  succeeded  with  it  in 
numerous  cases  of  dropsy,  but  particularly  in  ascites, 
after  other  remedies  had  failed.  It  acted  less  certainly 
in  cardiac  dropsy,  but  sometimes  produced  decided  diu- 
resis when  other  remedies  had  been  powerless.  Brudi 
and  others  have  also  reported  decided  success  in  ascites, 
and  in  a  few  cases  of  cardiac  dropsy.  Frederick  Taylor, 
who  used  the  resin  in  more  than  sixty  cases  of  diiierent 
forms  of  dropsy,  fully  confirms  these  observations. 

The  do.se  of  the  resin  varies  from  gr.  v.  to  xx., 
which  may  be  given  three  oi-  four  times  daily.  In  exces- 
sive doses  it  may  produce  great  irritation  of  the  stomach, 
intestines,  and  kidneys.  The  urine  of  patients  taking  the 
resin  may  throw  down  a  i)recipitate,  on  the  addition  of 
nitric  acid,  which  may  be  mistaken  for  albumin.  It  may 
be  readily  distinguished  from  the  latter  by  its  disappear- 
ance on  the  addition  of  alcohol. 

Wilks  gave  gr.  xv.  or  xx.  of  the  resin  in  mucilage 
and  flavored  water  three  or  four  times  a  day. 

Oleum  7'erehinthinw. — In  small  dOses,  Til,x.  to  xx., 
at  intervals  of  three  or  four  hours,  oil  of  turpen- 
tine slightly  increases  the  urinary  secretion  and  imparts 
to  it  an  odor  of  violets.  Large  doses,  from  3  ss.  to  ij., 
repeated  several  times,  soon  cause  marked  irritation  of 
the  kidneys,  manifested  by  diminished  secretion  of 
urine,  which  may  be  bloody  and  albuminous,  and 
by  frequent  micturition. 

Since  oil  of  turpentine  is  incapable  of  causing  decided 
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•  SIS,  ,t  ,s  ever  employed  m  dropsy.  But  in  catarriial 
a  K.tions  ,.t  I  he  genito-urmary  tiaet  it  is  fre.iuently  em- 
plo.Ved,  as  It  usually  so<,n  diminishes  the  amount  of  mucus 
an,  pus  m  Ihe  uriur.  Thu.';.  in  cystitis,  Edlef.sen  found 
that  ,t  ameh.„-ated  the  dysuria,  r<.stored  the  a.'.i.l  reaction 
ot  tlie  urine,  and  aiTested  tlie  purulent  discharge  in  doses 
ot  m  X.  given  five  times  daily. 

Hossbaeh  investigated  the  action  of  oil  of  turpentine 
on  the  mucous  membrane  of  the  trachea.  Air,  passed 
through  th<'oil  ,s(,  as  to  become  .saturated  with  it,  forcibly 
projected  against  the  mucous  membrane,  arrested  the 
secretion  of  mucus.  A  watery  solurion  containing  one 
or  two  per  cent.,  dropiH;d  upon  the  tracheal  mucous 
membrane,  caused  an  increase  of  .secretion,  but  greatly  ill 
minished  the  siqiply  of  blood.  It  is  held  that  a  similar 
action  on  the  blood-ve.ssels  takes  place  in  catarriial  affec- 
tions of  the  urinary  ])assages,  in  couseiiuenee  of  which 
the  morbid  action  ceases. 

(»il  (if  furpentiiK!  acts  destructively  on  low  organisms. 
This  property  is  slill  further  increased  by  the  free  oxygen 
which  the  oil  usually  contains  (Binz).  Hence  it  is  very 
probable  that  the  benetieial  eifeets  of  the  oil  in  putrid 
processes  of  the  respiratoiy  and  urinary  mucous  mem- 
branes are  chiefly  due  to  its  destructive  action  on  the  low 
organisms  always  present  under  such  circumstances. 

Oil  of  turpentine  is  administered  in  gelatin  capsules, 
or  in  emulsion  with  gum  arable,  oil  of  almond,  or  yolk  of 
egg.  I^  Olei  ten^biutliina:,  olei  amygd.  expres.,  aa  3i.- 
ij.;  mucil.  acacia',  syrupi,  aa  |  ss. ;  a(i.  destill.,  3  iij. 
M,     Sig. ;  One  tablespoonful  thre<-  times  a  day. 

Cvpaiba.— In  small  doses,  tI),  x.  to  xx.,  this  (.)leoresin 
usually  somewhat  increases  the  (juantity  of  urine,  and 
imparts  to  it  a  darker  color  and  a  jieculiar  odor.  It  also 
renders  the  urini'  a.><i-ptie,  so  that  it  resists  putrefaction 
for  a  long  time 

Large  doses.  3  i.  to  ij.,  are  apt  to  cause  irritation 
of  the  kidneys,  marked  by  diminished  secretion,  frequent 
micturition,  and  even  luematuria.  Often,  however, 
such  doses  are  well  borne. 

Copaiba  is  doubtless  able  to  produce  very  decided 
diuresis,  and  it  was  quite  frequently  employed  in  dropsies 
before  it  was  known  that  the  diuretic  power  is  chiefly 
attributable  to  its  resinous  constituent. 

The  oleoiesin  is  often  decidedly  useful  in  catarrhal 
affections  of  the  genito-urinary  mucous  membrane,  espe- 
ciallj'  ill  those  of  specific  origin.  In  easesof  cystitis  with 
alkaline  urine,  copaiba  often  rapidly  restores  the  normal 
acid  reaction.  Edlefsen,  and  numerous  other  observers, 
have  reported  speedy  amelioration  of  all  the  symptoms 
of  cystitis.  Binz  holds  that  the  constituents  of  copaiba, 
or  tiie  products  resulting  from  their  oxidation  in  the  or 
ganism,  passing  into  the  urine,  paralyze  the  cells  about 
to  escape  from  the  vessels,  prevent  alkaline  fermentation, 
and  weaken  the  energy  of  infectious  bodies.  The  utility 
of  copaiba  in  gonoiTlifea  is  doubtless  chieflj'  due  to  its 
antiseptic  action. 

Copaiba  is  given  in  doses  of  nix  to  3  i.  Rarely  are 
doses  exceeding  half  a  drachm  required.  It  is  adminis- 
tered in  gelatju  capsules,  or  in  emulsion  with  gum 
arabic  and  sugar. 

Ctiliehd. — In  moderate  doses  cubeb  increases  somewhat 
the  urinary  secretion.  In  excessive  doses  it  may  diminish 
the  urine  and  render  it  bloody.  Some  individuals  are 
verjr  sensitive  to  its  action  and  may  suffer  from  irritation 
of  tiie  kidney  after  several  drachms  of  the  powdered  drugs 
have  been  administered. 

Cubeb  is  frequently  employed  in  gonorrhfca  and  other 
catarrhal  diseases  of  the  mucous  membrane  of  the  urinary 
passages.  Binz  maintains  that  the  resinous  acid  existing 
in  the  cubeb,  or  formed  in  the  organism  by  oxidation  of 
the  oil,  in  flowing  for  several  days  over  the  affected 
mucous  membrane,  lowers  the  vitality  of  the  gonococci 
in  the  same  manner  as  do  injections  of  bichloride  of  mer- 
cury and  other  substances. 

The  dose  of  cubeb  varies  from  gr.  x.  to  3  i.  The 
oleoresinis  administered  in  doses  of  rax.  to  xxx.,  usually 
in  gelatin  capsules,  or  in  emulsion. 

Oletm  Saiitali.— According  to  numerous  observers  the 
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oil  ot  vl'll()^^•  sunrlal-wdod  possesses  pi-operties  analogous 
to  those  of  copaiba.  lu  doses  of  nix.  to  xxx.  it 
imparts  a  peculiar  odor  to  the  urine  and  rapidly  modifies 
the  symptoms  of  catarrhal  inflammation  of  the  genito- 
urinary mucous  membrane.  According  to  Keyes,  it  is 
less  effective  in  true  gonorrhcL'a  than  in  ordinary  urethritis, 
thojich  sometimes  it  rapidly  diminishes  the  discharge  and 
scalding.  In  excessive  doses  it  is  productive  of  severe 
irritati.'in  of  the  kidneys,  marked  by  intense  pain  over  the 
rciiiiins  in  Avhieli  the.si'  organs  are  located. 

The  dose  of  sandalwood  oil  is  from  Vlx.  to  xx. 
It  is  usually  administered  in  gelatin  capsules,  each 
containing  ten  drops,  or  in  emulsion. 

The  fori{.)wiug  medicines  stimulate  the  kidneys,  but 
their  diuretic  action  is  not  very  decided,  and  hence  they 
are  not  often  employed  in  cases  requiring  an  increase  of 
the  urinary  secretion.  They  also  exert  a  decided  influ- 
ence on  the  mucous  membrane  of  the  urinary  passages, 
especially  noticeable  -when  a  catarrhal  state  is  present,  as 
in  pyelitis,  cystitis,  and  urethritis.  They  are :  chimapbila, 
bueiiu,  uva  ursi,  pareii'a,  petrosclinum,  taraxacum,  erige- 
ron  cauadense,  carota,  armoracia,  and  cantharis. 

IxDiHECT  DruRETics. — To  this  gioup  of  diuretics  be- 
long all  medicines  which  modify  the  heart's  action  so  as 
to  increase  the  general  arterial  blood  pressure.  As  the 
urine  secreted  during  their  action  is  copious  and  watery, 
they  are  often  called  hydragogue  diuretics, 

jbiijitdlif. — In  healthy  persons  digitalis  exerts  no  olivi- 
ous  effect  on  the  quantity  of  urine  secreted,  unless  it  be 
taken  in  excessive  doses,  or  be  too  long  continued,  when 
the  quantity  becomes  lessened.  In  cardiac  dropsy  it  usu- 
ally produces  its  action  upon  the  kidneys  as  soon  as  the 
heart's  action  becomes  slower  and  stronger,  and  the  gen- 
eral blood  pressure  is  increased.  When  the  cardiac  fail- 
ure is  so  profound  that  digitalis  cannot  invigorate  the 
ventricular  contractions,  it  completely  fails  as  a  diuretic. 

Digitalis  is  indicated  as  a  diuretic  in  cardiac  dropsy ; 
that  is,  whenever  an  abnormal  accumulation  of  serum  in 
the  areolar  tissue,  or  in  a  serous  cavity,  is  the  result  of 
inefficient  heart  action,  and  hence  of  general  venous  con- 
gestion. Digitalis  is  therefore  applicable  in  the  forms  of 
dropsy  due  to  valvular  disease,  degeneration  of  the  hyper- 
trophied  heart,  fatty  heart,  and  dilatation  of  the  right 
ventricle  in  consequence  of  chronic  bronchitis  and  em- 
physema, or  other  pulmonary  diseases. 

Digitalis  is  always  contraindieated  when  the  pulse  is 
strong  and  hard.  In  all  cases  it  must  be  very  eatitiouslj- 
given,  as  after  some  days,  without  having  produced  any 
obvious  effects,  it  may  suddenly  act  witii  unexpected 
sevei-ity.  The  cause  "of  this  ciimulative  action  is  not 
known.  Schmiedeberg  supposed  it  to  be  due  to  slow 
absorption  and  apparently  slow  elimination  of  its  active 
principles.  As  a  rule,  its  use  should  be  interrupted  as 
soon  as  the  pulse  has  become  slower  and  diuresis  has  in- 
creased. The  following  symptoms  are  regarded  as  cu- 
mulative effects,  and  their  occurrence  requires  immediate 
discontinuance  of  the  medicine:  Decided  slowness  and 
irregularity  of  the  pulse,  nausea  and  vomiting,  sevei-e 
headache,  dimness  of  sight,  giddiness,  sleeplessness,  and 
delirium. 

■The  initial  dose  of  digitalis  is  gr.  i.  or  gr.  ij.  three  times 
daily.  It  it  be  necessary  to  repeat  the  dose  every  t^^■o 
or  three  hours,  the  patient  should  be  visited  twice  daily. 

.S'c(7?«.— Squill  is  a  diin-etie  of  very  decided  power, 
often  in  a  few  days  greatly  increasing  the  quantity  of 
unne,  when  before  it  was  very  scanty.  It  is  not,  how- 
ever, equally  active  in  all  forms  of  dropsy,  manifesting 
little  influence  when  the  effusions  are  due  to  organic  al- 
terations of  the  kidneys  or  liver,  or  to  inflammations  of 
seious  membranes. 

F..rmerlyit  w^as  held  that  squill  acts  directlv  on  the 
secreting  structures  of  the  kidneys,  since  exce.ssiVe  doses 
were  sometimes  followed  by  strangury  and  bloody  urine 
J.ut  the  experiments  of  Ilusemann  on  animals,  in  which 
to.Mc  doses  produced  no  marked  changes  of  the  kidne^■s, 
show  that  s,iu,ll  exerts  a  very  sliglit,  if  anv,  direct  intlu- 
Drmmt  T  '  '^""trary,  the  recent  investigations  of 
Drouot,  Jannersted,  and  Husemann  and  Konig  render 
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it  certain  that  its  diuretic  action  takes  place  in  con,se- 
quence  of  a  modification  of  the  heart's  action.  In  its 
action  upon  the  heart  it  clo.sely  resembles  digitalis,  influ- 
encing it,  however,  more  rapidly  and  less  durably.  The 
slowing  and  strengthening  of  the  pulse,  which  in  man 
indicate  an  increase  of  the  blood  pres.sure,  usually  con- 
tinue for  only  a  few  hours  after  ordinary  doses. 

The  indications  for  the  use  of  squill  as  a  diuretic  are 
the  same  as  for  digitalis.  It  is,  perhaps,  less  efficient  in 
cardiac  dropsy  than  the  latter  remed_v,  but  is  often  com- 
bined witii  it,  as  the  combination  acts  more  rapidly  and 
effectually  than  either  medicine  alone. 

Squill  is  often  administered  in  the  drop.sy  occurring  in 
ana'iuic  and  cachectic  patients,  generally  together  with 
iron  and  quinine. 

The  dose  of  squill  is  from  gr.  i.  to  iij.,  administered 
from  three  to  six  times  a  day.  In  excessive  do.ses  it 
rapidly  disoi'ders  the  stomach,  but  never  produces 
cumulative  effects;  hence  it  may  be  continued  for  a  long 
time  in  moderate  doses  without  risk. 

Squill  is  generally  supposed  to  be  contraindieated  in 
acute  nephritis  and  in  all  forms  of  Bright's  disease. 
There  is,  however,  no  evidence  that  it  causes  decided  irri- 
tation of  the  kidneys.  Samuel  Nicklei. 

DIURETIN. — This  name  was  given  by  Dr.  Christiau 
Gram,  of  Copenhagen,  t(j  the  salicylate  of  theobromine 
and  sodium  which  he  introduced  as  a  substitute  for  caf- 
feine. Professor  Schroeder,  of  Strasbourg,  had  experi- 
mented with  the  alkaloid  theobromine,  and  had  reported 
upon  its  important  diuretic  properties  at  the  meeting  of 
the  German  Medical  Congress  in  1889.  He  had  found 
that  caffeine  in  small  doses  often  failed  to  produce  diu- 
resis, and  when  the  vascular  tension  of  the  kidneys  was 
increased,  the  flow  of  urine  sometimes  diminished  on  ac- 
count of  the  increased  blood  pressure  produced  by  the 
caffeine.  Large  doses  overcame  this  effect,  but  they  were 
liable  to  cause  nervousness  and  insomnia,  and  other  dis- 
tressing sj'mptoms.  Theobromine  he  found  to  be  an 
equally  ctHeient  diuretic  without  producing  any  nervous 
symptoms  or  affecting  the  blood  pressure ;  chemically,  it 
differed  from  caffeine  by  containing  one  equivalent  less 
of  methyl,  it  being  the  dimetliyl-xanthin  and  caffeine 
the  trimethyl-xanthiu.  The  difficulty  in  using  the  alka- 
loid was  its  insolubility,  it  requiring  i.OOO  parts  of  water 
for  its  solution.  At  his  suggestion  Dr.  Gram  instituted 
a  series  of  experiments,  and  succeeded  in  producing  a 
.soluble  salt  bv  combining  it  with  salie_vlate  of  sodiimi. 
It  is  said  to  be  prepared  liy  dissolving  one  molecule  (,180) 
of  theobromine  in  one  molecule  (40)  of  soda  hydrate,  and 
adding  to  the  solution  one  molecule  (160)  of  salicylate  of 
sodium;  when  evaporated  to  dryness  it  should  yield  .362 
parts  of  the  double  salt,  ^vllic'h  theoretically  "contains 
49.7  per  cent,  of  theobromine  and  38.1  per  cent,  of  saficy- 
lic  acid.  It  is  a  while  powder  with  a  slightly  bitter  and 
disagreeable  taste,  very  solulile;  by  theaifl  of  heat  it  dis- 
solves in  less  than  half  its  weight  of  water,  and  no  pre- 
cipitation occurs  upon  cooling.  Its  solution  is  very  un- 
stable and  rapidly  decomposes.  It  burns  without  leaving 
auj'  residue. 

■To  estimate  the  amount  of  the  alkaloid  an  aqueous 
solution  is  acidified,  then  made  alkaline  wil:h  ammonia, 
and  the  precipitated  theobromine  collected  on  a  filter, 
Avashed,  and  ilricd.  The  amount  of  salic^^lic  acid  may 
be  determined  by  treating  the  filtrate  and  washings  witli 
ether,  separating  the  ethereal  solution,  and  evaporating. 

Theobromine  exerts  its  diuretic  properties  by  its  direct  • 
action  on  the  secreting  tissue  of  the  kidney's.  It  acts 
jiromptly  and  energetically,  and  its  effect  is" maintained 
for  a  day  or  two  after  the  withdrawal  of  the  drug.  Its 
action  is  not  cumulative.  The  .solids  as  well  as  the  fluid 
are  increased.  It  has  a  mild  action  on  the  circulation, 
very  similar  to  that  produced  by  caffeine ;  there  is  no 
marked  change  in  the  Idood  pressure,  but  the  heart  be- 
comes slower,  stronger,  and  less  irregular.  An  improve- 
ment in  the  general  condition  of  the  patient  is  also  ex- 
perienced. Reports  of  its  prolonged  use  show  that  it 
may  be  accompanied  by  heat  and  burning  at  the  epigas- 


REFERENCE   HANDBOOK   OP  THE  MEDICAL   SCIENCES. 


Itiiiretin. 


trium,  anorexia,  diarrha'a  and  otlK-r  signs  of  gaslric  and 
intestinal  irritation.  In  all  forms  of  di-opsy  due  to  renal 
disease  its  aetion  is  most  efficient;  there  is  no  irritant  ef- 
fect on  the  secreting  cells,  and  no  unfavorable  res\dts  fol- 
low its  use.  It  is  of  service  in  all  dropsies  accompanjdng 
heart  disease.  When  digitalis  and  other  cardiac  tonics 
have  been  used  without  success,  diurctin  will  often  be 
found  to  succeed,  by  its  action  on  the  kidne\'s  following 
that  of  the  other  forms  of  diiiretics.  A  combination  of 
digitalis  and  diurctin  will  form  a  Aery  active  diuretic  nn.\- 
ture  in  dropsies  in  which  the  blood  pressure  requires  to 
be  raised.  It  has  not  been  found  to  be  of  so  much  value 
when  the  dropsy  arises  from  inflamed  serous  membranes, 
or  from  hepatic  di.sease.  The  following  are  the  conclu- 
sions of  Dr.  Dujardin-Beaumctz: 

(1)  When  given  in  doses  of  gr.  xv.  it  is  a  much 
stronger  diuretic  than  caffeine;  (3)  when  there  is  consid- 
erable cardiac  degeneration  it  should  be  used  with  some 
caution,  especially  when  albuminuria  is  also  present ;  (3) 
under  its  influence  the  cardiac  contractions  are  scarcely 
aifectod;  (4)  diurctin  rapidly  increases  the  quantity  of 
urine  passed,  and  the  diuretic  effect  lasts  twice  or  three 
times  as  long  as  that  produced  by  caffeine;  (5)  the  ac- 
tivity does  not  wear  otf  as  the  patient  becomes  accustomed 
to  the  drug;  (6)  micturition  is  not  rendered  ditticult  or 
painful ;  (7)  diuretin  has  no  action  on  the  central  nervous 
system, 

The  dose  is  from  gr.  Ix.  to  xc.  daily.  It  has 
been  found  most  active  in  gr.  xv.  doses  every  two 
or  three  hours,  in  water  with  some  aromatic  essence  to 
disguise  its  bitter  taste.  Care  should  be  observed  in 
selecting  the  remedy,  on  account  of  its  instability. 
AYhen  exposed  to  the  atmosphere  it  absorbs  carbonic  acid 
and  separates  the  alkaloid,  which  is  insoluble.  The 
addition  of  acids  or  acid  vegetable  juice  also  decomposes 
the  solution  by  throwing  down  the  alkaloid.  It  has  been 
found  a  safe  remedy  for  children  abo^'C  one  year  of  age, 
and  has  proved  of  marked  benefit  in  scarlatinal  nephritis. 
At  the  age  of  from  two  to  five  years  the  dose  may  be  from 
gr.  viij.  to  XXV.  in  the  day,  and  at  the  age  of  from  six 
to  twelve,  from  gr.  .xxv.  to  xlv.  The  total  amount  for 
the  day  may  be  dissolved  in  four  ounces  of  water  with 
ten  or  twelve  drops  of  brandy  and  a  little  sugar.  It  has 
been  given  for  weeks  without  producing  any  ill  effects 
and  without  any  diminution  of  its  therapeutic  action. 

Beaumont  Small. 

DIXIE  SPRINGS.— Knox  County,  Tennessee. 

Post-Office. — Ivnoxvillc.     Hotels  in  Knox  ville. 

The  Dixie  Mineral  Spring  is  an  artesian  well,  185 
feet  deep,  located  just  across  the  Tennessee  Biver, 
now  within  the  city  limits  of  Knoxville.  The  location 
is  on  the  northern  slope  of  the  foothills  and  about  1,000 
feet  above  the  sea  level.  The  .situation  of  the  spring  is 
a  charming  one  and  commands  a  magnificent  view  lor 
miles  up  and  down  the  beautiful  Tennessee  valley.  The 
water  was  struck  after  boring  185  feet  through  solid 
rock.  It  has  a  temperature  of  about  58°  F.  the 
year  round.  The  following  analysis  was  made  by  J. 
W.  Slocum,  analytical  chemist : 


One  United  States  Gallon  Contains: 


Solids. 

Calcium  carbonate 

Sodium  chloride 

Sodium  sulphate 

Sodium  bicarbonate . . . . 

Potassium  nitrate 

Lithium  chloride 

Magnesium  carbonate  . 
Magnesium  chloride  . . . 
Magnesium  sulphate  . . . 

Iron  carbonate 

Alumina 

Silica 


Total . 


Grains. 

U.9II 

110.;3.'> 

9.70 

146.91 

.60 

Trace. 

23.130 

M 

6.18 

.60 

.:30 

M 

.  313.74 


This  analysis  shows  a  very  valuable  water  of  the  alka- 
line-saline-muriated  variety.  It  resembles  the  Vichy  and 
Seltzer  Springs  of  Saratoga,  but  contains  less  lime  than 
those  celebrated  waters.     This  water  has  been  found  very 


useful  in  dyspepsia,  biliousness,  and  conslipation.  The 
water  has  diuretic,  la.xative,  antacid,  and  also  mild  tonic 
ellects.  It  has  an  extensive  sale  in  Tennessee  and  the 
adjoining  States.  ,/„,„,,,  K,  o,,,,,/- 

DOCK.— BuMKX.  "  The  root  (jf  Iiiii,ir.r  rrispiiK  L.  and 
of  some  other  species  of  Miimex  (fam.  lUyr/onaceie)  "  (U. 
S.  P.,  but  hkely  to  be  dropped  from  the  forthcoming 
edition.)  li.  crupvs  is  known  as  "Curly,"  R.  ohtiisifo- 
liiix  as  "Yellow"  Dock.  Both  are  pernicious  perennial 
weeds  from  Europe,  with  long  stout  roots  and  tall  wand- 
like  steins,  the  greenish  flowers  and  three-cornered, 
winged,  reddish-brown  fruits  growing  in  dense,  narrow, 
pyramidal  panicles.  Both  have  leaves  a  foot  or  two  in 
length.  Those  of  the  yellow  dock  are  broad,  nearly 
plane  and  blunt.  Those  of  curly  dock  are  only  two  or 
three  inches  broad,  tapering  and  acute,  of  a  darker  green 
and  with  the  margin  much  crisped.  The  leaves,  espe- 
cially of  the  latter,  are  used  as  a  well-known  pot-herb, 
having  laxative  properties.  lis  root  is  also  preferred  to 
the  other  in  domestic  medicine  and  is  narrowly  fusiform, 
from  six  inches  to  nearly  two  feet  in  length  and  reach- 
ing something  more  than  half  an  inch  in  thickness.  It  is 
little  if  at  all  branched,  somewhat  annulate  above,  deeply 
wrinkled  below,  deep  reddish-brown  without,  whitish  (if 
fresh)  within,  and  with  reddish  medullary  rays,  becom- 
ing brown  throughout  by  long  keeping.  The  fracture  is 
short.  It  has  a  slight  characteristic  odor  and  a  bitter, 
astringent,  slightly  mucilaginous  taste.  The  root  of  the 
other  is  similar,  but  is  not  so  long,  and  usually  divides 
just  below  the  surface  of  the  ground  into  a  number  of 
more  slender,  parallel  branches. 

The  imjiortaut  constituents  are  chrysophanic  acid, 
tannin,  and  an  amaroid,  with  starcli  and  gum.  The 
herbage  especially  contains  much  oxalic  acid.  The  im- 
mediate effect  of  rumex  may  be  either  astringent  or 
laxative,  according  to  the  conditions,  usually  the  former. 
The  fresher  the  root  and  the  larger  the  dose,  the  more 
likely,  usually,  is  the  irritant  chrysophanic  acid  to  over- 
come the  tannic  acid  and  act  as  a  laxative.  It  unques- 
tionably exerts  a  beneficial  tonic  or  alterative  action,  fa- 
voring the  elimination  of  waste  matter  and  stimulating 
both  appetite  and  digestion.  It  produces,  however,  no 
striking  effects  and  has  fallen  into  contempt.  The  dose 
of  the  fluid  extract  is  3  to  8  c.c.  (fl.  Z  ss.-ij.). 

Henry  II.  Rushy. 

DOGWOOD,  FLOWERING.— CoKKCS.  The  inner  bark, 
preferably  of  the  root,  of  Corints  florida  L.  (fam.  Cnr- 
naci'(e).  "The  genus  contains  some  thirty  species  dis- 
tributed through  the  north  temperate  zone,  a  few  getting 
into  the  tropics,  in  the  mountains.  They  abound  in  bit- 
ter substances  and  tannin  and  act  generally  like  the  one 
here  discussed.  Several  have  been  otticial,  this  lieing  the 
last  discarded.  G.  florida  is  a  small  tree,  from  twelve  to 
thirty  feet  high,  with  slender,  spreading  branches,  hard 
wood,  ovate,  pointed  leaves,  and  very  showy  flower 
clusters.  These  are  each  supported  by  four  large,  broadly 
obovate  and  notched,  white  or  purplish,  petaloid  bracts, 
which  make  the  whole  look  like  a  large  whitish  flower; 
the  real  flowers,  however,  are  minute,  greenish-yellow, 
and  closely  aggregated  in  the  midst  of  these  bracts. 
Fruit  clustered,  small,  scarlet,  two-seeded  drupes.  It  is 
common  in  the  middle  and  southern  portion  of  the  United 
States  rarer  and  smaller  in  northern  New  England. 
When'  thrifty,  it  is  very  showy  in  Ijlossom,  and  pretty 
also  wdien  the  fruit  is  ripe.  ,      .  ,       . 

Dogwood  bark  is  in  irregular  flatfish  pieces,  or  in 
nuills  from  3  to  4  mm.  thick  (i  in.),  and  of  varying 
length  Both  surfaces  and  the  texture  are  reddish,  in 
the^stem  bark  rather  dull,  in  the  root  bark  a  deep  crimson 
purple  The  outer  surface  is  smoothish ;  the  inner  finely 
but  prominently  reticulate  striate,  and  hard  to  the  touch, 
alnn'st  like  fine'sand  paper ;  the  fracture  is  short  and  brit- 
tle ■  the  texture  hard.  Taste,  bitter  and  astringent ;  odor, 
none      Dogwood  is  exclusively  an  American  remetly. 

It  contains  the  amaroid  cornin,  in  white,  silky,  very 
bitter  crystals,  soluble  inalcohol  and  water.     lannirand, 
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sugar,  fatly  nil,  and  renin  are  among  the  other  cimstitu- 
en'ts.  'The  cornin  and  the  tannin  are  its  active  principles. 
Cornin  has  been  used  as  a  substitute  for  and  an  adulter- 
ant of  quinine. 

Action  and  Usk.— There  is  no  reason  to  suppose  that 
tliis  medicine  is  anything  more  than  a  sliglitly  astringent, 
bitter  tonic;  as  such,  however,  it  is  good  and  useful.  It 
was  one  of  the  drugs  proposed  as  a  substitute  for  cinchona 
in  the  treatment  of  intermittents,  and,  like  them  all,  has 
been  completely  set  aside  by  the  general  use  of  ciuinme. 
The  fluid  extract  is  given  in  doses  of  1  to  4  c.c.  (mxv. 
to  Ix.),  but  the  use  of  the  tincture  is  preferable. 

IL'iirii  II.  Rii.ihu. 

DOGWOOD,  JAMAICA.— PisciDiA.  The  bark,  pref- 
erably of  the  root,  of  Icht/ii/omcthia  Piscijmla  (L.) 
Kuntze  (Erytlirina  Piscipvla  L. ;  Pincidia  Eri/thririu 
Jaeq.)  (fam.  Leguminosa!),  a  large  West  Indian  tree  jield- 
ing  a  valuable  wood.  Its  use  as  a  fish  poison  is  ancient. 
It  is  crushed  and  prepared,  then  dragged  through  the 
water  in  baskets,  the  fish  being  quickly  narcotized  and 
then  easily  cauglit.  It  has  also  had  for  a  long  time  a  local 
reputation  for  relieving  pain,  especially  toothache,  which 
was  treated  by  applying  it,  or  some  preparation  of  it, 
loe'ally,  in  the  carious  cavity.  In  this  country  it  has 
been  used  for  various  conciitions,  generally  including 
pain  of  so-called  nervous  character,  with  uncertain,  but 
on  the  whole  favorable,  results.  Judging  from  the 
published  reports,  it  has  been  more  used  in  the  Western 
and  Southern  States  tlian  in  the  East. 

The  drug  occurs  for  the  most  ]iart  in  strips,  from  si.\ 
inches  to  two  feet  long  and  up  to  six  inches  in  breadth. 
These  strips  are  usually  more  or  li.'ss  curved,  the  smaller 
ones  sometimes  (iuill('d,  the  larger  sometimes  flat,  but 
A\arped.  The  thickness  of  the  t)ark  varies  from  one- 
twelfth  to  one-fourth  inch.  Tlie  bark  of  the  root  is  in 
shorter  and  smaller  pieces,  more  irregularly  curved,  and 
less  fibrous  and  tough.  It  is  grayish  or  yellowish-brown 
and  often  mottled  externally,  dark  brown  and  fibrous 
next  the  wood,  frequently  with  large  patches  looking  as 
though  stained  of  a  bluish-green.  Upon  fracture,  the  cen- 
tral tissue  is  seen  to  lie  dark  green.  Odor  narcotic;  taste 
disagreeable,  acrid. 

It  contains  resin,  the  crystalline  amaroid  juxcidiii. 
(C2bH2j0»),  soluble  in  hot  alcohol,  and  a  water-soluble 
glucoside  which  is  apparently  the  fish-stupefj'ing  agent. 
The  "piscidin  "  of  the  market  is  not  a  chemical  body  but 
merely  a  resinous  extract. 

Jamaica  dogwood  appears  to  have  decided  narcotic 
powers  over  most  animals,  it  certainlj-  does  in  a  marked 
de.gree  upon  fish,  as  its  original  use  shows,  and  in  ease  of 
frogs  and  several  kinds  of  higher  animals  it  exhibits  the 
same  qualities.  The  following  summary  is  from  experi- 
ments tiy  A.  C.  Nagle;  "It  is  a  narcotic  io  higher  as  well 
as  lower  animals.  It  dilates  the  pupil,  it  causes  an  in 
crease  in  the  respiration,  followed  by  a  sudden  decrease; 
produces  salivation  and  profound  diaphoresis;  reduces 
the  action  of  the  heart,  jiroducing  general  paralysis  and 
death  by  asphyxia.  II  has  little  effect  upon  the  tempera- 
ture." In  therapeutics  it  has  been  tried  with  good  re- 
sults in  neuralgia,  headache,  hysteria,  "pliantimi  tumor," 
"nervousness,"  melancholia,  jirodromic  lidior  pains,  neu- 
rasthenic pains  of  various  jilaces,  ele.,  as  well  as  for  some 
inflammatory  pains,  such  as  tliose  of  iritis.  It  also  serves 
a  good  purpose  as  a  hypnotic  in  restlessness,  alcoholic 
wakefulness,  etc.  For  certainty  and  uniformity  of  action 
it  is  not  to  be  compared  with  opium  or  chloral,  and  dis- 
agreeable feelings  sometimes  follow  its  administration, 
as  well  as  that  of  these  more  |iovverfiil  drugs.  The  fluid 
extract  is  usually  gi\-en  in  doses  of  2—1  i-.(\  (fl.  3  ss.-i.), 

J/niri/  If.   Itiinhi,. 


DOGWOOD,    POISON. 

P/aiil.y 


Sc(;    Rhus,    iindrr    I'liismiiiiix 


DOLOMOL  is  a  mixture  of  the  stcaratesaiid  palmitates 
of  calcium  and  magnesium.  On  account  of  its  smooth 
texture  and  neutral  character,  it  is  recommended  as  a 
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dusting  powder  for  the  skin.  It  may  be  used  alone  or 
mixed  with  boric  acid,  calomel,  resorcm,  sulphur,  etc. 
With  sodium  bicarbonate  it  forms  a  soothing  application 
to  superficial  burns.  W.  A.  Bantedo. 

DOLORES.— Nuevo  Leon,  Mexico. 

About  40  km.  to  the  south  of  Linares,  on  the 
Fresno  estate,  is  found  a  siil|ihur  spring  called  Dolores, 
This  spring  has  been  classified  as  a  sulphureted  lime 
spring,  the  water  is  quite  cold,  and  sometimes  during 
very  dry  seasons  the  spring  runs  dry.  In  spite  of  this 
drawback  the  curative  properties  of  the  water  are  so  well 
known  that  large  numtjers  of  people  are  attracted  to  the 
place  in  the  hope  of  relieving  rheumatic  ailments  and 
diseases  of  the  skin. 

No  quantitative  analysis  has  as  yet  been  made  of  this 
water;  we  only  know  that  it  contains  a  large  quantity  of 
sulphurous  acid.  A'.  ./.  Ponce  de  Leon. 

DOSAGE.— Under  this  title  will  be  discussed  the  prin- 
ciples that  determine  standard  dosage,  and  the  circum- 
stances that  necessitate  modification  of  such  dosage. 

1.  Standakd  Dosage.— Tlie  word  dose,  in  connection 
with  the  matter  of  the  administration  of  medicines,  is 
used  in  two  distinct  .senses,  which  must  carefully  be  dis- 
criminated, as  follows;  In  one  sense  the  dose  of  a  medi- 
cine may  betaken  to  mean  the  quantity  necessary  to  pro- 
duce a  certain  therapeutic  effect  for  the  time  being,  and 
in  another  acceptation  the  same  word  signifies  the  quan- 
tity to  be  administered  in  a  single  portion.  Very  fre- 
quently the  two  doses,  in  these  two  senses,  are  identical 
—the  quantity  necessary  for  an  effect  being  given  all  at 
once— but  very  often  again  they  are  not.  Thus  gr.  xx. 
of  quinine — a  dose  of  that  medicine  for  an  antipyretic 
eflc'Ct — may  be  administered  in  four  individual  do-ies  of 
gr.  V.  each,  taken  at  short  intervals. 

Dose,  in  the  sense  of  quantity  necessary  for  a  given 
effect,  is,  of  course,  determined  by  trial.  In  stating 
doses  in  this  sense,  the  point  must  be  regarded  whether 
the  effect  sought  is  to  be  a  pa.ssing  one  only  or  a  contin- 
uous one.  In  the  former  case  the  dose  can  categorically 
be  stated,  as,  for  instance,  that  the  purgative  dose  of 
castor  oil  is  a  tablespoonful ;  but  in  the  instance  of  a  con- 
tinuous effect  sucli  categorical  statement  is  impossible, 
since  dose  now  refers  to  the  quantity  necessary  to  be 
present  in  the  blood  at  any  single  moment.  Dose,  in 
such  case,  must  be  stated  in  terms  of  the  amount  required 
to  be  given  within  a  certain  period  for  the  maintenance 
of  the  necessary  iinpre,gnation  of  the  system.  In  such 
statement  the  period  most  convenient,  and  therefore  most 
commonly  used,  is  the  term  of  twenty-four  hours.  So, 
for  instance,  we  say  that  the  dose  of  a  bromide  as  a  single 
sleeping  draught  is  simply  so  much ;  but  we  state  the 
dose  of  the  same  medicine  for  the  controlling  of  epilepsy 
at  so  nnich.  a  day.  since  now  a  certain  grade  of  bromisra 
must  be  maintained  unremittingly  for  months  or  even 
years. 

Standard  dosage  never  can  be  set  at  a  precise  figure; 
in  the  first  place,  because  therapeutic  achievements  do 
not  permit  of  precise  mensuration,  and,  secondly,  because 
the  factors  that  determine  degree  of  medicinal'  effect  are 
many  and  impos,sil)le  of  exact  estimate.  All  posological 
tables,  therefore,  must  be  taken  to  exhibit  only  averages. 
Individual  medicines  ma.y  have  more  than  one  standard 
dosage  it  tiiey  subserve  dilferent  juirposes  attained  by 
different  dosage.  Thus  quinine  has  one  dose  as  a  simple 
liitter  stomachic,  but  another  and  quite  different  one  as 
an  antipyretic. 

Dose,  in  the  sense  of  amount  to  he  adminLitered  in  one 
portion,  is,  of  course,  based  primarily  on  dose  in  the  fore- 
going .scn.se,  but  is  also  affected  by  other  considerations. 
In  cases  in  which  a  transient  efl'ect  only  is  wanted,  the  rule 
is  to  give  ttie  whole  diise  at  once,  unless  there  be  positive 
disadvantage  in  so  doing;  and  that  practically  means 
unless  the  whole  dose,  swallowed  in  single  portion,  would 
be  likely  to  disorder  the  stomach.  In  such  case  the  charge 
is  given,  as  the  phrase  is,  in  diBided  doses ;  that  is,  'in 
moieties  administered  in  even  succession  at  intervals  long 
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enough  to  save  the  stomach,  but  short  enough  to  secure 
the  practical  presence  of  the  whole  charge  in  tlie  blood 
at  once. 

In  cases  in  which  the  medicinal  impression  is  to  be  con- 
tinuous, the  daily  allowance  is  to  be  given  in  such  divi- 
sion of  dosage  as  will  best  harmonize  the  conflicting  con- 
siderations of  maintaining  an  equable  impression  un  the 
one  hand,  and  avoiding  an  undue  disturbance  of  the 
patient  on  the  other.  For  the  one  consideration  calls  for 
administration  by  frequent  small  moieties,  and  the  other, 
on  the  contrary,  for  the  minimum  of  frequency.  Prac- 
tically, the  rule  is  to  dose  no  oftener  than  necessary  for 
the  maintaining  of  a  fairly  equable  impression,  and  to 
reduce  this  frequency  still  further  if  it  disturbs  the  pa- 
tient, or  his  stomach,  unduly.  The  amount  of  each  dose 
■will  be  detei-mined  by  the  frequency.  In  following  out 
tliis  rule,  the  tir.st  thing  to  find  with  a  given  medicine  is 
that  minimum  of  frequency  of  givingVhieh  will  attain 
a  practical  equability  of  effect.  This  minimum  will  dif- 
fer enormously  with  different  drugs— a  fact  often  not 
properly  recognized, — being  determined  by  the  relation 
between  rate  of  absorption  and  elimination,  a  rate  which 
varies  greatly  among  medicines.  In  a  general  way,  com- 
pounds of  the  heavy  metals  are  slow  of  elimination, 
whence  follows  the  fact  that  a  mercurial  impression  is 
practically  equable  with  a  renewal  of  doses,  by  the 
mouth,  of  no  greater  fi-equency  than  thrice  daily,  or,  by 
inunction  or  fimiigation,  once  daily ;  and,  similarly,  that 
tonic  doses  of  iron  hardly  require  more  frequent  giving 
than  three  times  a  day.  Salts  of  the  alkalies  of  high  dif- 
fusion power,  however,  are  much  more  rapidlj^  elimi- 
nated ;  so  that  to  maintain  an  equable  effect  with  them 
the  daily  allowance,  in  continuous  medication,  should  be 
broken  up  into  four  charges  at  least,  and  a  distribution 
into  six  ma}-  in  many  cases  be  distinctly  advantageous. 
The  alkaline  iodides  and  bromides  are  prominent  exam- 
ples of  this  class  of  medicines,  and  the  best  tlierapeutic 
effects  of  these  salts  are  often  missed  through  the  error 
of  giving  at  too  long  intervals.  Diffusible  alcohols  and 
ethers  must  be  given  more  frequently  still,  if  the  effect 
is  to  be  maintained  with  any  approach  to  equability,  and 
the  same  is  true  also  of  many  neurotic  alkaloids.  A 
prominent  example  in  point  among  alkaloids  is  aconite, 
which,  given  for  the  purpose  of  reducing  heart  action, 
should  be  administered  at  least  hourly,  the  amount  given 
on  each  occasion,  of  course,  bearing  proper  relation  to 
the  frequency. 

The  second  consideration  is  so  to  grade  the  frequency 
tliat  the  individual  doses  will  be  small  enough  not  to 
derange  the  stomach,  nor,  constitutionally,  to  produce 
an  initial  over-great  effect.  Here  again  the  iniportance 
of  the  consideration  is  often  overlooked  by  prescribers,  and 
a  patient  is  unnecessarily  sickened,  or  his  functions  are 
unduly  perturbed,  by  large  infrequent  dosage,  when  pre- 
cisely the  same  therapeutic  effect  from  the  medicine  could 
have  been  gotten  without  distress  or  without  derange- 
ment by  the  same  dosage  broken  up  into  more  frequent, 
and  hence  smaller,  individual  charges. 

But  while  there  is,  thus,  an  advantage  in  dosing,  for 
continuous  impression,  by  the  method  of  "httle  and 
often,"  yet  the  consideration  of  the  disturbing  of  the  pa- 
tient forbids  the  carrying  of  the  method  to  extremes. 
This  consideration  is  serious  in  cases  of  slight  indisposi- 
tion on  the  one  hand,  and  of  desperate  illness  on  the 
other.  In  the  one  case  the  patient,  not  too  sick  to  attend 
to  his  ordinary  avocations,  is  intolerably  annoyed  by  an 
over-frequent  dosing,  and  in  the  other  the  subject,  ill 
nearly  unto  death,  and  needing  the  most  careful  nur.sing 
of  his  fast-ebbing  vitality,  is  likely  to  have  his  hfe  liter- 
ally worried  out  of  him  by  incessant  wakings  and  lift- 
ings to  swallow  medicine. 

An  important  factor  affecting  standard  dosage— 
whether  dose  for  a  transient  or  a  continuous  effect— is  the 
hulk  of  the  subject,  since  obviou.sly,  for  constitutional 
effect  of  constant  degree,  the  amount  of  drug  must  be 
proportioned  to  the  amount  of  blood  in  which  the  drug 
is  to  be  dissolved.  This  consideration  obtains  especially 
in  prescribing  for  children.     To  meet  the  case  of  the  nec- 


essary scaling  of  doses  to  fit  the  varying  bulks  of  this  class 
ot  patients,  several  formuU'e  have  been  devised,  of  whieli 
the  two  in  commonest  use — Young's  and  Cowling's — 
work  by  the  ageot  the  subject,  on  the  presumption— true 
enough  for  the  purpose  in  hand— that  children  of  a  given 
age  are  of  a  given  bulk.  Young's  rule  is  that,  taking  the 
adult  dose  at  imity,  the  fraction  thereof  proper  for  a  child 

of  given  age  is  expressed  by  the  fornuila  — ''^- — .     At 

age  +  13 

age  six,  for  instance,  the  fraction  is  „   ,   ^^  =   «   =  l    i  e 

6+12  '"  "'  ■  " 
a  child  six  years  old  should  be  given  one-third  of  the 
(lose  proper  for  an  adult.     Cowling's  formula  is,  under 

,,  .        age  at  next  birthday 

the  same  premises,  -5 — i.     At  age  six,  by 

this  formula,  the  proper  fraction  ot  the  adult  dose  is^V  = 
a  little  less  than  |.  In  genei'al,  with  the  younger  ages, 
Cowling's  formula  yields  a  slightly  smaller  dosage  than 
Young's.  A  formula  much  less  used,  because  of  its  in- 
convenience, is  Clarke's,  wherein  actual  weight,  instead 
of  age,  determines  the  dose.  In  this  formula,  standard 
dose  being  unity,  the  dose  for  a  subject  of  given  weight 
is  expressed  by  a  fraction  of  which  the  numerator  is  the 
number  corresponding  to  the  weight  in  avoirdupois 
pounds,  and  the  denominator  is  the  arbitrary  number  1.50, 
corresponding  to  tile  weight,  in  pounds,  of  the  average 
human  adult. 

3.  CiucuJisTANCEs  Nkcessit,.\ting  Modification  of 
Standard   Dosage. — These   circumstances,    Avhicli    are 
many  and   potent,  are  as  follows:    Age,  apart  from  the 
consideration  of  bulk  of  subject,  calls  for  special  adjust- 
ment of  dose  in  the  case  of  many  medicines.     In  general, 
children   are   more   susceptible   to   drug  influence  than 
adults,  and  this  fact  obtains  strikinglj'  in  the  instance  of 
opium.     In  genei'al,  furthermore,  both  extremes  of  age 
bear  actively  perturbing  medication  badly.     Sex  is  an- 
other element   to  be  considered  in  adjusting  dosage — 
women,  bvilk  for  bulk,  being  generally  more  susceptible 
to  medicines  than  men,  and  particularly  so  as  regards 
neurotic  drugs.     Climate  also  must  be  regarded,   with 
especial  reference  to  the  fact  that  in  warm  weather  the 
digestive   system  is   unduly  sensitive,  and   the  system 
generally    more    susceptible    to    depressing   influences. 
Ciixfi'iit  may  affect  dosage  powerfully,  sometimes  by  en- 
hancing, but  more  commonly  by  lessening,  normal  ef- 
fects.    This  lessening  is  seen  markedly  in  the  case  of  the 
strictly  neurotic  effects  of  so-called  neurotic  drugs,  such 
as  opium  or  alcohol,  although  with  this  same  class  of 
drugs — a  fact   often  overlooked — the  effects  otJier  than 
neurotic  may  be  wholly  uninfluenced,  or  even  enhanced 
in    intensity,    by   habit.      Thus,    for   instance,    appears 
the  curious  anoiiialy  in  the  ease  of  the  confirmed  toper 
that  with  ever-increasing   indulgence  he   gets   not  any 
more   (Iriink  than   before,  in  the  commonly  understood 
sense  of  the  word,  but  yet  does  get  progressively  more 
and  more  catarrhal  as  t(j  his  stomach  and  bowels,  more 
cirrhotic  as  to  his  liver,  more  apoplectic  as  to  his  brain, 
and  more  debased  as  to  his  memory,  manners,  and  morals, 
with  every  drop  added  to  his  daily  allowance  of  liquor. 
IdiosyncraKji  is  another  important  factor  in  dosage,  work- 
ing now  to  increase,  and  now  to  lessen,  the  standard; 
and,  lastly,  phygioloejical  status  must  be  regarded,  since, 
in  practice,  morbid  conditions  may  modify  profoundly 
normal  susceptibility  to  medicinal  influences.     A  notable 
instance  of  this  circumstance  is,  once  moi-e,  in  the  case  of 
neurotic  druses,  which,  in  conditions  of  great  devitaliza- 
tion, require'very  much  larger  doses  than  normal  to  pro- 
duce normal  grades  of  effect.     Thus  a  subject  at  death's 
door  from  a  sudden  voluminous  loss  of  blood  may  swal- 
low doses  of  opium  or  of  brandy  that  would  actually  be 
fatal  in  health,  but  now  with  no  other  efl'ect  than  to  sus- 
tain the  failing  heart  and  nervous  system  until  natural 
recuperation  begins.     In  actual  prescribing,   therefore, 
particularly  of  neurotic  drugs,  the  wise  physician  regards 
posologicai  tables  as  furnishing  points  of  departure,  only, 
for  the^increase  or  diminution  of  standai'd  dosage  accord- 
ing to  the  condition  of  the  patient. 
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From  all  the  foi-egoinii  two  corollaries  appear,  of  obvi- 
ous practical  Importance— the  one  that  dosage  for  a  given 
drug  cannot  be  set  at  one  categorical  tigure;  and  the 
other  that,  even  with  given  conditions,  dosage  never  can 
be  estimated  with  any  approach  to  precision. 

Edward  Cunts. 

DOUBLE  MONSTERS.     See  Teratolorpj. 

DOXTATTER'S   MINERAL   WELL.— Monroe  County, 

New  York. 

Post-Office-— Rochester.     Hotels, 

This  well  is  described  in  .some  of  the  older  works  as 
Longmuir's  Well.  It  is  located  in  the  city  of  Rochester. 
An  analysis  by  L.  C.  Beck,  many  years  ago  (1842),  resulted 
as  follows : 

One  Uxited  States  Gallox  Co.ntalns: 
Solids.  Grains. 

Calcium  bicarbonate     | 

Magnesium  carbonate    - tl-'** 

Iron  oxide  '  --no 

Sodium  sulphate 'rl^v'' 

( 'alcium  chloride ..)".lb 

Total  infrredients 119.92 

Gases.  Cubic  inches 

Sulphureted  hydrc  igen IT.-S* 

Carbonic  acid Trace. 

This  analysis  is  evidently  incomplete.  It  shows  suffi- 
cient sulphate  of  soda  to'  give  it  aperient  properties. 
The  water  is  also  highly  charged  with  sulphureted  hy- 
drogen. James  K.  Crook. 

DRACONTIUM.     See  Skunk  Cabhnge. 
DRACUNCULUS    MEDINENSIS.     See  Nematodes. 

DRAGON'S  BLOOD. — Resixa  Draconis  [Sangdragon, 
Code.x  Med.).  A  deep-red  resin  which  exudes  spontane- 
ously from  the  ripe  fruits  of  Calamus  Draco  Willd.  (fam. 
Pidmaeeff),  one  of  the  rattan  palms  of  Borneo,  .Java,  and 
other  Polynesian  islands.  It  is  collected  by  shaking  the 
ripe  fruits  in  a  ba.sket,  sifting  out  the  resin  and,  by 
means  of  warmth,  moulding  it  into  little  balls,  or  more 
usually  into  slender  sticks,  20  or  30  cm.  long  and  about 
as  thick  as  the  finger.  These  are  wrapped  in  pieces  of 
leaves  and  tied.  Inferior  qualities  are  made  by  boil- 
ing out  the  resin  from  the  fruits,  and  hardening  it  in 
masses.  Large,  brilliant  red  cakes  should  be  looked  upon 
with  suspicion,  as  they  are  apt  to  be  heavily  adulterated. 

Dragon's  blood  is  in  ma.ss  a  brown-black,  bi'ittle  resin, 
of  no  odor,  and  of  a  sweetish,  afterward  sliglitlj'  acrid 
taste.  It  breaks  with  a  reddish  fracture,  and  is  trans- 
lucent in  thin  layers.  It  is  entirely  soluble  in  alcohol, 
chloroform,  carbon  disulphide,  etc.,  with  the  e.xception 
of  from  ten  per  cent,  upward  of  vegetable  tissue  and 
other  impurities.  It  softens  and  becomes  sticky  bj-  the 
warmth  of  the  hand,  and  at  a  higher  temperature  is  partly 
decomposed,  liberating  among  other  things  benzoic  acid. 

It  is  extensively  used  in  coloring  wood  stains,  var- 
nishes, etc.,  but  has  no  peculiar  medical  properties.  Its 
cjidy  use  in  pharmacy  is  as  a  harmless  coloring  matter  for 
tooth  powders,  ointments,  and  similar  pharmaceutical 
mixtui-es.  W.  P.  Bolles. 

DRESSINGS,  SURGICAL.— The  history  of  surgical 
diessings  is  similar  to  that  of  drugs  in  one  particular, 
namely,  that  their  preparation  has  been  gradually  trans- 
ferred from  the  floctoi's  office  to  a  factory  especially 
cMjuipped  for  the  ]iurposc.  ]\hiiiy  articles  formerly  used 
on  account  of  their  absorbent  p'roperties,  such  as  peat, 
moss,  sawdust,  etc.,  are  now  entirely  unknown  among 
younger  surgeons.  Similarly  the  increased  use  of  plaster- 
of-Paris  bandages  has  rendered  obsolele  man  v  complicated 
forms  of  splint. 

The  materials  at  present  used  in  surgery  during  opeia- 
tions,  and  for  dressings,  will  be  considered  under'the  fol- 


lowing heads:  Sutures  and  Ligatures,  Drains,  Absorbent 
Materials,  Bandages,  Plasters,  Splints,  Lubricants  A 
brief  consideration  of  Handkerchief  Dressings,  and  the 
Application  of  Plaster  of  Paris  will  close  the  article. 

Sutures  and  Ligattires.— Some  of  the  materials  ordinar- 
ily used  for  ligatures  or  sutures  are  absorbable  in  the  tis- 
sues, and  some  are  non-absorbable.  This  distinction  is  of 
the  first  importance  in  the  selection  of  a  suture  or  a  liga- 
ture. Thus,  foT  the  suture  of  a  broken  bone  oi-  to  close 
a  ventral  hernia,  one  would  not  select  a  material  which 
would  be  absorbed  in  a  week.  On  the  other  hand,  many 
surgeons  object  to  the  use,  even  in  these  situations,  of 
matei'ial  which  can  never  be  absorbed. 

The  length  of  time  during  which  difEerent  materials 
may  be  expected  to  withstand  disintegration  in  the  tis- 
sues of  the  body  may  be  roughly  stated  as  follows :  fine 
catgut,  from  two  to  four  days ;  coarse  catgut,  from  five  to 
seven  days ;  animal  tendon,  from  three  to  ten  days.  Cat- 
gut or  animal  tendon  which  has  been  immersed  twenty- 
four  hours  in  a  solution  of  bichromate  of  potassium  will 
resist  disintegration  for  from  four  to  six  weeks.  Fine  or 
coarse  silk,  silkworm  gut,  horsehair,  and  silver  wire  will 
never  be  absorbed. 

Surgical  catgut  is  made  of  the  small  intestine  of  the 
sheep  and  other  animals,  washed  to  free  it  from  dirt, 
soaked  in  ether  to  free  it  from  fat,  and  then  sterilized. 
For  use  it  is  preserved  either  dry  or  in  alcohol,  or  in  some 
antiseptic  solution.  It  is  sold  in  various  sizes,  from  00 
up  to  10  (Fig.  16.56),  though  the  very  large  sizes  are  sel- 
dom used. 

The  sterilization  of  raw  catgut  has  presented  many 
difticulties.  If  boiled  in  water  it  turns  to  jelly.  Its  ster- 
ilization by  steam  is  for  the  same  reason  impracticable. 
If  sterilized  by  dry  heat  the  temperature  may  reach 
I.jO"  C.  without  injury  to  the  catgut,  provided  that 
every  particle  of  moisture  be  first  removed  from  the  gut. 
A  special  apparatus  is  therefore  required,  and  the  sterili- 
zation by  drj'  heat  is  not  sufficiently  certain  to  warrant 
the  general  adoption  of  this  method. 

If  catgut  is  soaked  in  a  solution  of  formaldehyde  gas, 
formalin  as  it  is  called,  from  one  to  twelve  hours,  accord- 
ing to  the  size  of  the  gut,  the  albumen  will  be  so  altered 
as  to  permit  the  catgut  to  be  boiled  in  water  for  a  time 
without  injury.  This  method  of  sterilization  presents 
the  difficulty,  however,  that  the  gut  must  be  kept  tightly 
stretched,  and  that  the  strands  shall  not  overlap  either 
during  the  soaking  in  formalin  or  the  boiling  in  water. 
Various  kinds  of  racks  have  been  devised  to  accomplish 
this  end.  One  of  the  simplest  plans  is  thus  described  by 
Fredrick :  Wind  the  gut  in  a  single  layer  on  a  glass  spool, 
in  either  end  of  which  a  notch  lias  been  filed.  Pass  one 
end  of  the  catgut  through  the  spool  and  tie  tightly  to 
the  other  end  of  the  catgut.  Drop  the  spool  intoathree- 
per-cent.  formaldehyde  solution.  Leave  it  in  the  solution 
a  longer  or  shorter  time,  ac- 
cording to  the  size  of  the  gut, 
as  follows:  No.  00,  three 
hours;  No.  1,  three  hours; 
No.  2,  five  hours;  No.  3, 
seven  hours,  etc.  Wash  in 
running  water,  boil  fifteen 
minutes,  and  keepi  iu  steril- 
ized bottles  in  ninety-per-cent. 
alcohol  containing  eight  per 
cent,  glycerin.  The  glycerin 
should  be  sterilized  byVeating 
in  a  water  bath  before  it  is 
added  to  the  alcohol.  If  a 
sjiodl  of  catgut  is  partly  used, 
tie  the  ends  of  the  catgut  to- 
gether, drop  the  spool  into 
boiling  water,  and  place  it  in 
a  sterile  liottle  as  liefore.  Cat- 
gut so  prepared  will  resist  ab- 
sorption a  week  or  ten  days. 

Catgut  may  be  sterilized  bv  soaking  it  in  antiseptic 
solutions.  A  great  number  of  formuliB  have  been  pro- 
posed.    The  catgut  can  either  be  used  from  the  antisep- 
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tic  solution  or  it  can  be  removed  from  it  after  it  lias  lain 
in  it  a  certain  number  of  hours,  and  be  i)reserved  for  use 
in  alcohol  A  good  example  of  this  method  is  the  fol 
lowmg:  AVash  the  catgut 
in  ether  and  soak  it  "for 
from  one-half  hour  to  two 
hours,  according  to  the 
size  of  the  gut,  in  ten-per- 
cent, solutiou  of  earliolic 
acid  in  alcohol.  Keep  un- 
til wanted  in  alcohol. 
The  objection  to  this 
method  is  its  uncertainty. 
No  matter  what  antiseptic 
is  employed,  one  can 
never  be  sure  that  it  has 
penetrated  the  gut  in 
every  part.  Moreover, 
some  antiseptics  weaken 
the  gut,  and  if  not  re- 
moved from  it  they  may 
prove  injurious  to  the 
tissues  of  the  patient. 

Catgut  may  be  steril- 
ized by  boiling  in  alco- 
liol.  The  alcohol  should 
not  contain  more  than 
live  per  cent,  of  water, 
lest  it  weaken  the  gut. 
Ninety-  five  -  per  -  cent,  al- 
cohol boils  at  about 
C,  and  hence  germs  as 
well  as  spores  may 
not  be  killed  by  this 
process  if  it  is  con- 
tinued for  only  a 
short  time.  More- 
over, the  alcohol 
evapoiates so  rapidly 
that  it  is  necessary  to 
add  fresh  alcohol  ev- 
ery few  minutes.  This  is  expensive,  and  the  fresh,  cool 
alcohol  continually  reduces  the  temperature  and  grad- 
ually increases  the  percentage  of  water.  These  diffi- 
culties can  be  avoided  by  using  a  small  still  (Fig.  1657). 
With  tlie  apparatus  above  pictured  one  can  prepare 
quickly  and  easily  a  gut  which  will  yield  good  results  in 
minor  surgical  work.  It  cannot  be  recommended  for 
major  surgery,  however,  for  there  is  always  a  possibility 
that  the  ligature  is  not  sterile. 

Catgut  may  be  boiled  in  alcohol  under  pressure.  In 
this  way  a  temperature  of  90  C.  can  be  maintained  for 
one  hour  without  iujury  to  the  gut.  Gut  so  treated  will 
be  sterilized  absolutelj'.  Such  ai)pai-atus  is  costly,  and 
will  scarcely  be  found  outside  of  hospitals  and  manufac- 
tories of  surgical  supplies. 

Catgut  may  be  absolutely  sterilized  by  boiling  in  some 
substance  whose  boiling  point  is  high  and  which  will 
not  injure  the  gut.  Oil  of  juniper  was  once  much  used 
for  the  purpose,  but  it  makes  the  gut  veiy  springy,  al- 
most like  wire,  and  if  boiled  too  long  the  gut  becomes 
brittle.  Cumol  is  one  of  the  best  substances  for  this  pur- 
pose. It  is  oily,  boils  at  about  155'  C,  and  does  not  in- 
jure the  gut.  When  ligatures  have  been  sterilized  in 
this  manner  they  may  be  placed  in  alcohol  for  use,  sealed 
up  in  tubes  if  desired,  or  first  placed  in  germ-proof  en- 
velopes when  the  ligatures  and  enveloijesean  be  sterilized 
together. 

The  following  description  is  interesting  as  showing  the 
number  of  stejjs  whicli  are  taken  in  the  preparation  of 
aseptic   ligatures   by  one   of   the  well-known  manufac- 
turers : 
1.  Exterior  cleansing  by  scrubbing. 
3.  Removal  of  moisture. 

3.  Sealing  in  envelopes  made  of  toughened  filter 
paper. 

4.  Successive  percolations  with  solvents  (naphtha, 
ether,  benzol,  alcohol,  etc.). 


Fig.  1U.5T.— Apparatus  fur  Boiling  Catgut 
in  Alcohol. 


0.  Sterilization  by  boiling  in  a  solution  of  ciimol  com- 
pound at  a  temperature  of  from  16(1°  to  170"  C 

0.   Removal  of  cumol  solution  by  heat. 

7.  Pinal  sealing  in  an  aseptic  outer  envelope  and  trans- 
lerence  to  outer  container. 

A  somewhat  simpler  method  is  followed  in  the  Johns 
1  lopkuLs  Hospital ,  but  numerous  bacteriological  tests  have 
proved  It  ahsolutely  reliable.  The  steps  of  the  steriliza- 
tion are:  1.  Roll  the  catgut,  twelve  strands  in  a  figure- 
ot^.ight  form,  so  that  it  can  be  slipped  into  a  large  test 
tube.  2.  Bring  the  catgut  up  to  a  temperature  of  so  0 
and  keep  it  at  that  point  for  an 
hour.  3.  Place  the  catgut  in  cu- 
mol which  must  not  be  above  a 
temjierature  of  100°  C.  Then 
raisin  it  to  165°  C,  and  hold  it 
at  tliat  point  for  one  hour.  Pour 
off  the  cumol,  and  allow  the  heat 
of  a  sand  bath  to  dry  the  catgut, 
or  dry  it  in  an  oven  at  a  tempera- 
ture of  100"  C.  for  two  hours.  5. 
Transfer  the  ring  of  gut  with 
sterile  forceps  to  a  test  tube  pre- 
viously sterilized  as  in  the  labora- 
tory. In  drying  and  boiling,  the 
catgut  must  not  touch  the  vessel. 
It  is  therefore  suspended  on 
wires,  or  rests  on  absorbent  cot- 
ton. 

To  close  hernial 
under   other 


Fir..  li«8.-  Sterilized  Cat- 
gut in  Bottle,  Ready  for 

Use. 


apeuings,  and 
circumstances,  a  su- 
ture is  needed  which  will  resist  absorption  longer  than 
plain  catgut.  This  need  led  to  a  search  through  the 
animal  kingdom  for  other  suture  material.  By  far 
the  best  is  the  tendon  of  the  kangaroo's  tail.  This 
large,  strung  tendon,  when  dry,  falls  naturally  into  a 
loose  bundle  of  separate  round  cords,  each  about  the 
size  of  very  heavy  catgut.  These  naturally  separate 
fibres  are  easily  obtained  a  foot  or  more  in  length.  The 
large  tendons  of  the  kangaroo's  leg  are  also  made  uji  of 
bundles  of  fibres,  but  the  separation  of  the  individual 
cords  is  not  so  perfect  as  in  the  tail  tendon,  and  the  cords, 
or  many  of  them,  are  so  large  as  to  reiiuire  splitting. 
These  split  threads  from  the  legs  are  not  so  desirable  as 
the  naturally  rounded  ones  from  the  tail.  Other  animal 
tendons  are  split  into  tlireads  and  used,  but  they  are  far 
inferior  in  appearance  to  the  ligatures  made  of  kangaroo 
tenilon. 

The.se  animal  tendons  have  a  varying  resisting  power, 
and  the  source  of  supply  in  the  ease  of  the  kangaroo  is 
limited.  Hence  the  need  of  increasing  the  durability  of 
catgut  by  chemical  means.  This  is  done  by  soaking  the 
gut  in  a  watery  solution  of  bichromate  of  potassium. 
The  strength  of  the  solution  and  the  number  of  hours  the 
gut  .soaks  in  it  form  a  rough  means  of  telling  how  long 
the  suture  material  will  resist  disintegration.  Thus,  one 
speaks  of  eight-day  catgut,  fourteen-day  catgut,  etc., 
meaning  catgut  wliich  has  been  so  treated  that  it  is  ex- 
pected to  resist  disintegration  for  so  many  daj'S.  It  is 
oul)'  fair  to  state  that  rliuical  results  are  not  so  uniform 
as  the  labor  it(Ji\  t(  sts   and  those  who  have  had  occasion 


Fig.  Itj)9.— sterilized  Catgut  in  Sealed  (ilass  Tube. 

to  reopen  wounds  at  the  end  of  a  few  days  have  some- 
times found  that  chromicized  catgut  intended  to  last  sev- 
eral weeks  has  fallen  to  pieces  in  as  many  days. 

A  well-tried  foimula  for  making  chromicized  catgut  is 
as  follows:  3  parts  of  bichromate  of  potassium,  and  30 
parts  of  glycerin  and  carbolic  acid,  are  dissolved  in  3,000 
parts  of  water.     In  this  solution  the  gut  is  soaked  for 
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twentjr-fnur  hovirs.  If  it  is  to  be  subsequently  sterilized 
by  formalin,  it  can  be  wound  on  spools  before  it  is  put 
into  the  hardening  solution.  Gut  so  treated  is  expected 
to  last  six  weeks  in  the  tissues. 

Silk  has  always  been  a  favorite  suture  material  on  ac- 
count of  its  flexibility,  smoothness,  and  strength.  Since 
the  days  of  asepsis  it  has  lo.st  none  of  its  popularity,  for 
it  may  be  sterilized  without  injury  by  boiling  water  or 
steam.  Dry  beat,  if  too  high  or  too  long  continued, 
makes  the  silk  brittle. 

Small  sterile  threads  of  silk  may  be  buried  in  the  tis- 
sues with  impunity,  as  is  constantly  illustrated  by  the 
use  of  silk  in  intestinal  sutures,  while  some  operators  also 
use  it  in  place  of  catgut  for  ligatures.  As  tine  catgut 
can  be  absolutely  .sterilized,  the  use  of  silk  for  ligatures 
is  theoreticall}'  unsound,  as  even  the  finest  threads  can 
never  be  absorbed  but  must  remain  as  foreign  bodies. 
Larger  silk  thi-eads,  even  though  sterile,  maj'  be  harsh 
enough  to  give  rise  to  a  suppuration  which  continues 
until  the  .silk  is  expelled  from  the  body.  In  order  to 
minimize  .such  irritation,  the  minor  strands  in  the  larger 
sizes  of  silk  are  often  braided  instead  of  twisted, 
en'  are  twisted  loosely,  giving  a  soft  tloss  silk. 
Even  then  the  danger  of  irritation  and  suppura- 
tion is  not  wholly  done  away  with,  and  it  is  no 
longer  considered  a  sound  surgical  practice  to 
tie  large  masses  of  tissue  with  heavy  non-absorb- 
able  thread  if  the  conditions  permit  of  the  sepa- 
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rate  ligation  of  vessels  with  aLisorbable  catgut  or  with   I 
tine  silk.     The  larger  sizes  of  silk  are  not  dyed      The 
smaller  ones  are   usually   dyed   Idaek,   with    fast    uon- 
poisonous  iron  dyes,  in  order  to  facilitate  the  detection 
and  removal  of  the  sutures. 

Silkworm  gut,  or  fil  de  FUreiicc.  is  made  by  drawino- 
out  uito  a  .single  thread,  the  fluid  silk  in  the  body  of  the 
silkworm  ready  to  spin  its  cocoon.  As  it  is  in  demand 
for  fastening  fish  hooks  to  the  lino,  it  can  bo  easilv  ob- 
tamod  in  btuidles  of  one  hundred  threads  each  twelve  or 
htteen  inches  long.  The  curled  brittle  ends  are  trimmed 
oft,  anil  the  threads  are  ready  for  use.  They  are  smooth 
strong,  and  springy,  and  occa.sionally  they  break  if 
tied  in  too  hard  a  knot.  They  are  .sterilized  by  boilin<r 
water  or  steam.  On  account  of  it.s  poli.sbed  surface 
silkworm  gut,  if  the  ends  are  not  buried,  is  not  ini- 
tating  to  the  tissues,  and  the  sutures  are  easily  with- 
<lrawn.  It  is  an  excellent  material  for  tension  sutures- 
liut  Its  sharp  ends  make  it  a  jioor  material  for  buried 
sutures.  It  may  ),e  dyed  black,  like  silk,  to  make  it  more 
conspicuous. 

The  hail-  from  a  horse's  tail  resembles  .silkworm  .nit 
! ,'  .,Tf',",    ";  "*!""-""•■«" ^Pnn.i^O'.     It  is  a  splendid  >ua'- 
not  gieat.     Horsehair  can  !».  steriliz.'d  by  boilin.r 

rure   silver  wiix;  is  scjmelimes   used  for  sutuiin<'  Ihe 
abdominal  wall,  and  <,fteu  for  suturin  ^ 

Its  special  attributes  are  absence  of     ' 


the  cervix  uteri, 
springiness  and  the 


fact  that  it  can  be  fastened  by  twisting  the  ends  about 
each  other.  Hence  it  can  be  used  in  a  narrow  vagina 
where  it  would  be  difficult  to  tie  a  knot.  It  can  be  ster- 
ilized by  moi.st  or  diy  heat  without  injury. 

Drains. — A  drain  is  intended  to  do  one  or  more  of  the 
following  things:  (1)  To  preserve  a  track  from  the  sur- 
face to  a  deeper  part  of  the  wound;  (2)  to  prevent  super- 
ficial parts  from  healing  until  the  deeper  parts  have  done 
.so;  (3)  to  favor  the  escape  of  fluid  from  the  deeper  parts 
of  the  wound,  thus  revealing  the  existence  of  hemorrhage 
and  ridding  the  body  of  pus  or  other  objectionable  fluid.s. 
A  properly  applied  drain  will  readily  accomplish  the  two 
objects  first  mentioned.     So  would  a  stick  or  a  solid  rub- 
ber cord.     The  tJiird  object  is  far  more  difficult  of  at- 
tainment.    It  can  be  done  in  only  four  ways:   (a)  If  the 
drainage  is  down  grade,  gravity  will  bring  the  fluid  out 
through  a  tube  or  around  and"  through  a  gauze  drain. 
(h)  If  the  fluid  is  secreted  so   freely  that   its  retention 
would  cause  pressure,  a  part  of  it  will  escape  after  the 
wound  and  drain  have  been  filled  with  fluid,     {c)  The 
drain  may  be  used  to  soak  up  secretion,  either  hy  having 
it  made  of  a  mass  of  gauze,  or  hy  so  arranging  it 
in   a   tube   of   glass  or  otherwise   that  the  central 
portion  can  be  removed  and  replaced  at  frequent 
intervals,     (il)  The  drain  Ijeing  a  hollow  one,  like 
a  rubber  tube,  the  fluid  maybe  sucked  out  through 
it  by  siphonage,  or  by  means  of  a  pump.     This  is, 
properly  speaking,  a  suction  apparatus  rather  than 
a    drain.      If     fluid    collects 
slowl}'  it  may  be  sucked  out 
with  a  springe  every  hour  or 
so;   but  to  keep   empty  the 
urinar}'    or     biliary    bladder 
after  cystotomy,  an  automa- 
tic   apparatus   is   most   use- 
ful.    The  liest  one  yet  offered 
is   that   recentlv  devised   by 
Dr.  .lohn  B.  AValker,  of  New 
York.     It  cou.sists  of  a  small 
"laboratory"   suction   pump 
P.  which  is  screwed  to  a  cold 
water  faucet.     The  effect  of 
the  stream  of  running  water, 
ir,  is  to  suck  air  through  the 
tube   A.     If  one-eighth-ineh 
lead  tubing  is  used  for  this 
purpose   the   cold-water  hy- 
draut  may  be   one   hundred 
feet  or  more  awaj-  from  the 
patient's  bed.     The  tube  (A) 
splits  at  Y.  so  that  it  not  only  sucks  air  from  the  bot- 
tle B,  but  also,  in  case  the  suction  is  too  strong,  from 
the   safety  valve    V.     The  bottle  is  closed  with  a  right 
rubber  stopper, through  which  the  two  tubes  pass,  one 
of  which  connects  with  the  catheter  ('which  leads  into 
the  bladder,   and   sucks   out  fluid  from   that  viscus  to 
the^  bottle  as  fast  as  it  accumulates.     The  safety  valve 
V  is  a  simple  arrangement,  but  is  the  key  to  the  suc- 
cessful operation  of  tlie  Avhole  device.     It  "is  a  test  tube 
fifteen  or  twenty  inches  long,  in  the  bottom  of  which  are 
three   or   four   inches  of  mercury.     The   tube   from  Y 
merely  jiasses  through  the  rubber'cork  of  T',  so  as  to  suck 
out  air  at  times.     Another  tube,  T,  in  the  upper  end  of 
which  is  a  little  cotton  to  keep  out  dust,  passes  through 
the  rubber  cork  anil  extends  through  air  and  mercury  "to 
the  bottom  of  V.     If  the  catheter  in  the  bladder  sucks  a 
bit  ot  mucous  membrane  iuto  its  eye,  or  if  the  water  in 
the  pump  is  running  too  rapidly  so  that  an  undue  suc- 
tion IS  exerted  on  the  liladder  wall,  air  will  be  sucked  in 
through   r,  will  bubble  up  through  the  mercurv  in  1', 
and  escape  into  ^1  at  Y,  thus  relieving  at  once  the  strain 
upon  the  bladder  wall,     Bv  cbangius-  the  <|uantitv  of 
mercury  in  I'one  can  easily  regulate  Ihe  maxinium'suc- 
tion  upon  the  bladder.     With   this  apparatus  one  can 
keep  a  patient  ujum  whom  suprapubic  cystotomy   has 
been  performed  absolutely  dry,  while  all  of  the  urine  is 
collected  for  measurement  and  examination  if  necessary 
Ditterent  materials  arc  used  for  drainage,  accordiu"-  to 
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Dressings. 
I>rcsi!iln!i;s, 


Fir,.  IBCl.  — Rulilier 
Drainao:e  Tubes 


the  emphasis  laid  on  flexibility,  capillarity,  or  mainte- 
nance of  a  flxeii  size.  A  bundle  of  horsehair,  a  wick  of 
gauze,  and  a  glass  tube  are  good  illustrations  of  the  three 
types  of  drains.  A  bundle  of  horse- 
haii-s  twisted  together,  doubled,  and 
allowed  to  twist  in  the  opposite  di- 
rection and  then  tied,  makes  an  excel- 
lent small  drain,  for  example  in  scalp 
wounds,  since  it  affords  little  opjior- 
tunity  for  fibrin  and  granulations  to 
cling  to  it  and  make  its  removal  difti- 
cult.^ 

Fibrin  is  very  apt  to  till  up  tlie 
meshes  of  gauze  drains,  especially  in 
ubd(jminal  wounds,  so  that  their  re- 
moval is  painful.  They  can  best  be 
removed  b_v  twisting  in  one  dii-ection 
several  times,  then  imwinding  and 
twisting  several  times  in  the  opposite 
direction.  Another  plan  is  to  roll  the 
gauze  before  it  is  twisted  in  a  small 
s(iuare  of  gutta-percha  tissue  as  a 
cigarette  is  rolled,  so  that  the  fibrin 
cannot  adhere  to  the  sides  of  the  drain. 
It  is  open  at  the  bottom,  so  that  what- 
ever capillary  power  the  gauze  pos- 
sesses may  not  be  interfered  with. 

For  draining  a  large  cavity  with 
gauze  Mikulicz  hit  upon  the  idea  of 
spreading  a  .single  layer  of  gauze  like 
a  handkerchief  over  the  whole  cavity, 
and  packing  a  number  of  thick  wicks 
of  gauze  into  its  cavity.  These  wicks 
can  be  removed  and  replaced,  if  neces- 
sary, without  difficulty,  as  only  the  outside  handker- 
chief clings  to  the  walls  of  the  wounds  and  pulls  off 
without  much  trouble  after  all  the  wicks  have  been 
pulled  out. 

Tubular  drains  are  made  either  of  rubber  (Fig.  1001) 
or  of  glass  (Fig.  1662),  and  are  of  various  shapes  and 
sizes.  There  is  no  capillary  action  in  tubes  of  this  sort, 
and  fluid  will  come  out  through  them  only  as  a  result 
of  gravity,  pressure  from  within,  or  artiticial  suction. 
When  a  patient  lies  in  bed  his  wound  is  apt  to  be  up- 
ward, and  there  is  rarely  pressure  within  it.  So  the  say- 
ing has  become  a  common  one  that  "  drainage  tubes  do 
not  drain."  Their  chief  value  is  in  keeping  open  a 
straight  sinus  from  the  surface  to  the  depth  of  a  wound. 
Absorbent  3L(k'nals.— hint,  peat,  earth,  and  various 
other  materials  capable  of  absorbing  discharges,  have 
been  used  for  dressing  wounds,  (."akum  and  rags  are 
still  used  somewhat,  but  cotton,  either  loose  or  woven 
into  gauze,  has  pretty  nearly  supplanted  all  other  mate- 
rials as  an  absorbent  dressing.  When  the  oil  and  impur- 
ities have  been  removed  from  it,  and  it  has  been  bleached, 
washed,  and  dried,  the  cotton  very  quickly  soaks  up 
fluid.  It  is  then  in  little  tufts,  and  is  sold  under  the 
name  of  cotton  waste,  for  absorbing  free  discharges,  as  it 
costs  less  than  carded  absorbent  cotton,  and  will  soak  up 
pretty  nearly  as  much  fluid.  The  carried  cotton,  conunon 
absorbent  cotton,  is  a  finer  product,  and  is  so  universally 
employed  for  dressing  aseptic  and  septic  wounds  that  it 
needs  no  description.  It  is  practically  freed  from  germs 
by  the  process  of  manufacture.  If  re-sterilization  is  de- 
sired, the  cotton  can  be  steamed  or  baked.  It  is  apt  t(] 
become  moist  in  a  steam  sterilizer,  and  it  should  either 
be  dried  artificiallv  or  exposed  to  the  air  until  dry.  It 
the  latter  plan  is  adopted,  it  is  necessary  that  each  pack- 
age of  cotton  should  be  loosely  wound  and  pinned  up  in 
a  towel  or  gauze,  so  that  when  removed  from  the  steril- 
izer the  moisture  may  rapidly  evaporate.  Dressings 
should  never  be  allowed  to  cool  in  a  steam  sterilizer,  but 
should  be  removed  while  steaming  hot.  This  applies 
equally  to  packages  of  gauze  and  cotton  as  well  as  to 
towels  and  gowns,  as  they  are  apt  to  remain  damp  a 
long  time  if  they  are  allowed  to  cool  in  the  steam  cylin- 
der. , 
Gauze  for  surgical  dressings  should  be  equally  as  aD- 


sorbent  as  cotton.  Indeed,  its  open  meshes  make  it  even 
more  ready  to  soak  up  fluids,  and  it  is  generally  used  to 
keep  a  wound  dry  during  an  operation  "in  preference  to 
cotton,  or  wool,  or  sea  sponges.  The  advantage  of  hav- 
ing each  absorbent  sponge  as  it  is  applied  to  the  wound 
fresh  and  clean  and  sterile  is  a  very  great  one,  and  few 
surgeons  will  be  ready  to  return  lo'the  old  plan  of  wash- 
ing sea  sponges  during  an  operation,  even  though  by  a 
new  rnethod,  wdiich  is  described  below,  the  sponges  can 
be  boiled  witliout  injury  before  each  operation.  In 
many  operations  there  is  an  infectious  discharge,  which, 
if  sea  sponges  are  used,  will  be  introduced  Into^Iie  wash- 
water,  will  sjiread  tlirough  the  rest  of  the  sponges,  and 
will  increase  tlm  chance  of  a  diffuse  suppuration  in  the 
wound.  This  risk  is  limited  if  each  gauze  sponge  ap- 
plied is  a  clean  one  and  is  thrown  away  as  soon  as  used. 
It  ma_y  be  objected  that  in  using  so  large  a  number  of 
sponges  one  may  be  left  in  the  peritoneal  cavitj'  in  oper- 
ations upon  the  abdomen.  This  unfortunate  mistake  has 
many  times  been  made.  Sea  sponges,  as  well  as  gauze 
sponges,  and  even  instruments,  have  been  sewed  up  in 
the  patient's  abdomen.  Many  plans  have  been  devi.sed 
to  prevent  the  mistake,  and  although  the  best  plan  may 
be  thwarted  by  carelessness  of  tlie  surgeon  or  one  of  his 
assistants,  every  abdominal  operator  should  adopt  some 
definite  plan  to  minimize  the  risk  of  leaving  a  sponge  in 
the  abdomen.  Perhaps  these  two  rules  are  the  best:  1. 
Count  all  sjionges  of  which  only  a  few  are  used ;  for  ex- 
ample, large  flat  sea  sponges  or  gauze  pads.  3.  Use  no 
sponge  nor  pad  unless  it  is  in  a  sponge-holder  or  has 
some  metallic  instrument  attached  to  it. 

Sea  sponges  have  hitherto  been  sterilized  by  .soaking 
them  in  antiseptic  solutions.  This  method  is  such  an 
uncertain  one  tliat  they  are  ordinarily  not  used  a  second 
time.  A  far  better  method  is  one  recently  devised  by 
Elsberg,  of  boiling  the  sponges  in  a. solution  of  potassium 
hydrate  f  part,  and  tannic  acid  3  parts,-  in  100  parts  of 
water.  Sjionges  ma,y  be  boiled  repeatedlj'  in  this  solu- 
tion without  undergoing  any  material  change.  After 
boiling  they  are  rinsed  in  sterile  water  and  are  ready  for 
use.  Sponges  so  sterilized  are  as  soft  and  absorbent  as 
new  ones,  and  may  be  washed  and  boiled  and  used  again 
and  again  until  tliey  wear  out.  The  fluid  in  which  they 
are  boiled  may  also  be  used  over  and  over  again.  Fresh 
sponges  are  soaked  in  an  eight-pcr-cent.  solution  of  hy- 
drochloric acid  for  some  hours  to  free  them  from  calcare- 
ous matter.  They  are  then  boiled  on  three  successive 
days  for  a  half -hour  each  day,  in  the  potash-tannic  acid 
solution. 

BaridiigeK.—A-  liandage  may  be  used  for  one  or  more  of 
these  three  jmrposes:   to  keep  a  dressing  in  place;   to 


1662.— Glass  Drainage  Tubes. 


exert  pressure;  to  limit  motion.  The  ironed  bleached 
muslin  bandages  of  the  previous  generaUon  have  given 
place  to  gauze  ones,  and  with  this  change  fine  bandagmg 
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)ias  wellnigli  become  a  lost  art.  The  gauze  bandages  are 
more  easil}'  applied,  are  more  comfortable,  and  are 
cheaper.  For  rougher  work,  unbleached  muslin  is  gen- 
erally employed.  These  materials  have  little  elasticity, 
and  if  i)ressure  is  desired,  a  layer  of  cotton,  preferably 


Fig.  16i>).— The  Use  of  Adhesive  Plaster  in  Extension. 

non-absorbent,  is  spread  on  the  part  before  the  bandage 
is  applied.  An  all-wool  flannel  bandage,  especially  if 
cut  on  the  bias,  has  a  good  deal  of  elasticity,  so  that  it 
can  be  applied  directly  to  the  skin  and  made  to  exert  a 
considerable  pressure  without  discomfort,  if  care  is 
taken  to  make  the  upper  and  lower  edges  of  each  turn  of 
the  bandage  equally  tight.  Such  a  bandage  applied 
every  morning  is  especially  serviceable  to  relieve  chronic 
adema  of  the  feet  and  legs.  A  double  or  tubular  stock- 
inette bandage  is  also  well  adapted  to  this  purpose  and 
for  use  in  the  treatment  of  chronic  ulcer  of  the  lower  ex- 
tremity. 

Gauze,  muslin,  and  flannel  bandages  may  serve  to  keep 
dressings  in  place  or  to  apply  pressure ;  but  if  strong- 
pressure  is  desired  for  a  short  time  a  rubber  bandage  is 
preferable,  since  its  great  elasticity  will  make  and  keep 
a  limb  anfemic  during  an  operation.  Such  a  bandage  is 
often  called  an  E.smarcli  bandage,  from  the  surgeon  who 
so  strongly  advocated  this  method  of  bloodless  operation. 
The  directions  for  its  use  are  as  follows:  elevate  the 
limb,  and  then  wind  the  bandage  spirally,  with  a  constant 
pressure,  from  the  tip  of  the  extremity  to  the  middle 
of  the  arm  or  thigh.  There  should  be  no  reverses  nor 
figure-of-eight  turns.  Each  turn  should  overlap  its  pre- 
decessor by  one-half  inch  or  less,  so  as  to  facilitate  the  re- 
moval of  the  bandage  from  below  upward.  The  upper- 
most two  or  three  turns  should  be  left  in  place,  to  shut 
off  the  circulation,  or  a  separate  ligature  may  be  ajiplied 
for  this  purpose.  The  rest  of  the  bandage  is  removed 
from  below  upward,  and  the  limb  will  be  found  to  be 
bloodless  and  will  remain  so  until  the  ligature  is  loosened. 

While  a  bandage  of  any  sort  of  material  may  have  the 
effect  of  limiting  motion,  this  end  is  best  achieved  if  some 
stiffening  material  is  incorporated  in  the  bandage  or 
painted  over  it.  Dextrin  and  soluble  glass  are  applied 
on  the  outside  of  a  completed  muslin  bandage,— starch 
and  ])laster  of  Paris  are  incorporated  in  a  gauze  bandage, 
which  is  wet  immediately  before  it  is  init  on.  The  best 
starch  bandages  are  made  of  strips  of  the  heaviest  white 
crinoline,  loosely  rolled  up.  Muslin  starch  bandages  do 
not  wet  through  easily,  and  the  turns  do  not  lie  as  closely 
upon  each  other,  nor  adhere  as  well  as  the  turns  of  a 
crinoline  bandage.  Crinoline  is  also  the  best  basis  for 
plaster-of-Paris  bandages,  as  it  wets  more  ([uiekly,  holds 
Its  shape  better  during  its  ap])lication,  and  presents  a 
better  appearance  when  iqiplied  than  a  plaster-of-Paris 
bandage  made  of  plain  gauze.  It  is  important  that  the 
plaster  be  fresh  so  that  it  will  set  well  and  that  the  band- 
age be  loosely  rolled  so  that  it  will  quickly  wet  throuLdi 
without  being  squeezed. 
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Plasien.—Thti  three  kinds  of  adhesive  plasters  in  com- 
mon use  are  the  rubber  adhesive  jjlaster,  the  less  knowa 
zinc  oxide  plaster,  and  the  old  diachylon  plaster,  now 
often  called  a  "  moleskin  "  plaster,  because  the  adhesive 
is  usually  spread  upon  the  smooth  side  of  Canton  flannel. 
Rubber  plaster,  as  formerly  made,  Avas  sonK.'wliat  irritat- 
ing.  Now  the  quality  of  the  plaster  is  such  that  irrita- 
tion follows  its  use  only  upon  very  delicate  skins.  Even 
this  slight  irritating  effect  maybe  reduced  if  one  employs, 
instead  of  the  plain  rubber  adhesive,  a  rubber  adhesive 
plaster  which  contains  a  certain  amount  of  zinc  oxide. 

Moleskiu  plaster  is  chiefly  used  to  enable  the  surgeon 
to  make  extension  upon  arm  or  leg  (Fig.  1663).  The  ad- 
hesive spread  upon  the  cloth  is  generally  the  diachylon 
plaster,  and  not  a  rubber  adhesive.  To  make  such  plas- 
ter adhere  to  the  skin  it  is  necessary  to  heat  it  or  to  wipe 
its  surface  with  chloroform. 

Adhesive  plaster  may  be  so  applied — either  by  strap- 
ping the  edges  together  or  by  the  ingenious  method  of 
lacing  the  plaster  shown  in  the  illustration  (Fig.  1664) — 
that  suturing  the  skin  edges  of  a  wound  will  not  be 
necessary. 

Plasters  have  long  been  a  favorite  means  for  the  appli- 
cation of  counter-irritants.  Though  ridiculed  by  some 
physicians,  a  cantharides  or  capsicum  or  mustard  plaster 
will  often  relieve  an  aching  back  or  side.  One  of  the 
most  efficient  plasters  for  a  sore  back  is  a  broad  square  of 
rubber  adhesive  plaster  over  which  ground  red  pepper 
has  been  freely  du.sted. 

S]}linis — A  splint  should  be  light  and  rigid.  If  it  has 
the  third  essential,  the  capability  of  being  readily 
moulded  to  fit  the  part,  it  fulfils  all  demands.  Unfortu- 
nately, no  cheap  material  thus  far  found  possesses  these 
three  requisites  in  a  high  degree.  One  has  to  think  only 
of  the  various  materials  employed  as  splints  to  see  that 
each  fails  in  at  least  one  of  the  three  essentials.  Wood, 
pasteboard,  tin,  iron,  wire  gauze,  rubber,  celluloid,  felt, 
leather,  and  the  various  manufactured  materials,  such  as 
wood  pulp,  papier  mache,  and  cloth  saturated  with  glue 
or  varnish,  are  none  of  them  easily  moulded  at  a  tempera- 
ture which  the  body  can  bear.  Plaster  of  Paris,  freshly 
moistened,  will  fit  an}'  surface,  and  in  a  few  minutes  Avill 
set  and  dry  so  that  it  will  retain  its  shape.  But  it  has 
little  strength  unless  in  thick  masses,  and  its  weight  is 
then  prohibitive  for  most  purposes  as  a  splint.  Hence 
the  plaster  is  usually  applied  in  the  meshes  of  a  gauze 
bandage,  so  that  its  rigid- 
ity may  unite  with  the 
strength  of  the  cloth,  and 
thus  avoid  the  great 
weight  of  a  pure  plaster 
cast.  Applied  in  this 
manner  plaster  of  Paris  is 
easih'  the  most  satisfac- 
tory material  for  a  rigid 
splint  which  must  fit 
closely  over  irregular  sur- 
faces. 

The  woods  ordinarily 
selected  for  splints  are  the 
softer  deciduous  woods, 
such  as  bass  wood,  soft 
maiile,  white  wood,  etc. 
They  are  sold  in  sheets  of 
varying  thickness,  and  the 
thinner  ones  can  be  made 
e^'eu  more  flexible  by 
steaming  or  soaking  in 
liot  water  for  a  few  min- 
utes. To  give  it  an  ad- 
ditional adaijtabilitv,  a 
splint  may  be  sliced  lengthwise,  while  a  strip  of  rubber 
plaster  spread  upon  one  side  of  it  prevents  the  slices 
from  falling  apart.  Such  a  splint,  called  a  coaptation 
splint,  is  especially  useful  in  fractures  of  the  shaft  of  the 
Innnerus  or  femur. 

Sjilints  cut  from  tin  with  a  pair  of  heavy  shears  are 
well  adapted  to  holding  immovable  a  finger  or  thumb  in 


Fig.  ItiW.  —  The  Use  of    Adhesive 
Plaster  in  Place  of  Sutnres. 
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case  an  iiifVcted  wound  of  a  joint  or  tendon  requires  re- 
peated cleansing  and  perhaps  a  wet  dressina;.  Sueli  a 
splint  like  a  gutter  may  partly  surround  the  tiuger,  while 
it  spreads  out  over  the  jialm  or  hack  of  the  hand.     When 


Fig.  1Bi«.— Perfiirateil  Metallio  Rplir)!  tor  Frai-tiin-  of 
End  of  the  Radius. 


bandaged  in  position  it  fixes  immovably  the  finger.  The 
manufactured  metallic  splints  which  are  made  in  tlie 
greatest  variety  of  shapes  and  sizes  are  light  and  rigid, 
and  can  be  bent  somewhat  to  fit  the  limbs  of  the  patient 
(Fig.  Ififi;-)). 

Splints  made  of  feh,  of  leather,  or  of  cloth  saturated 
with  glue  and  vai-nish  are  now  seldom  used.  They  are 
not  sufficiently  flexil)le  when  soaked  in  hot  water  to  off  set 
the  disadvantages  of  expense  and  uncleanness.  A  fairly 
flexible  splint  material  can  be  made  of  wood  pulp  in  the 
centre  of  which  is  a  coarse  gauze  to  prevent  the  pulp 
from  breaking.  When  dry  this  material  is  light  and 
rigid.  When  thoroughly  moistened  it  can  be  easily  bent 
without  breaking,  and  if  bandaged  in  position  it  will 
^\hen  dry  retain  the  shape  given  it.  It  will  not,  for  e\- 
am])le,  fit  an  elbow  bent  at  a  right  angle,  and  the  fact 
that  both  splint  and  limb  have  to  be  kept  in  a  correct 
position  until  the  wood  pulp  dries  is  against  its  general 
adoption.  However,  such  a  splint,  when  dry,  is  very 
light  and  rigid,  and  it  does  not  soil  easily,  so  that  a  sheet 
of  this  material  is  a  verj^  handy  tiling  in  a  doctor's  office. 

Every  splint  requires  a  cei'tain  amount  of  padding. 
Even  iif  it  is  perfectly  moulded  to  the  limb,  it  will  be 
more  comfortable  if  it  is  lined  with  a  few  thicknesses  of 
gauze  or  a  layer  of  cotton.  The  ordinary  board  splints 
should  be  co'vei'ed  with  a  thick  layer  of  cotton,  which 
may  be  either  bandaged  on  the  splint  or  simply  allowed 
to  rest  between  thesphnt  and  the  arm.  In  the  latter 
case  additional  little  pads  of  cotton  can  be  disposed  in 
such  a  manner  as  to  fill  up  the  hollows  of  the  limb. 
Strips  of  adhesive  plaster,  two  or  more,  are  used  to  hold 
the  splints  in  place  and  make  pressure.  The  whole  is 
covered  by  a  bandage. 

Z!(6ri«r//fo.— The  lubricants  employed  foi-  the  passage 
of  urethral  and  rectal  and  other  instruments,  and  for 
vaginal  examinations,  are  usually  mixtures  of  vaselin 
or  "lard,  with  antiseptic  or  bland  substances.  They  are 
easily  sterilized  by  heat,  but  they  are  objectionable  be- 
cause they  are  not  easily  removed  from  the  surgeon,  pa- 
tient, or  instruments.  Glycerin  is  washed  off  easily 
since  it  mixes  with  water,  but  it  is  not  a  very  ,good  lubri- 
cant, and  it  is  somewhat  irritating.  Soap  may  be  used 
in  the  vagina,  but  not  elsewhei-e.  Pi-eparations  which 
are  far  siqierior  to  all  these  are  those  which  closely  resem- 
ble mucus  in  their  physical  properties.  They  are  ex- 
ti-emely  slippery,  can  be  diluted  with  water  witli  which 
they  mix  readily,  and  they  can  be  washed  off  as  easily  as 
a  soap.  One  such  a  preparation,  having  as  a  base  Irish 
moss,  is  called  by  the  awkward  name  of  Lubrichondrin. 
Like  many  other  lubricants,  it  is  sold  sterile  incollapsilile 
tubes,  so  that  what  remains  in  the  container  does  not  be- 
come contaminated. 


lliiiiitki'irliiff  i>rf.w/;(,f/.v— Handkerchief  dressings  are 
those  in  which  a  "triangular"  or  "Esmarch  "  bandage  is 
employed.  Such  a  bandage  is  made  by  folding  a  large 
handkerchief  iliagonally,  or  by  cutting  a  piece  of  muslin 
forty  inches  square  into  two  triangular  halves. 
The  name  of  Profes.sor  Esniarcli  is  sometimes 
given  to  the  triangular  bamlage  because  he 
jioputarized  its  use  in  Germany,  in  a  society 
for  giving  instruction  in  first  aid  to  the  in- 
jured. It  has  been  adopted  b_y  similar  or- 
ganizations in  England  and  America.  The 
triang\dar  bandage  is  especially  suited  to  emer- 
gencies, because  it  can  be  quickly  torn  from 
some  part  of  the  clothing,  if  a "  sufliciently 
large  handkerchief  is  nol  at  hand,  and  the 
methods  of  applying  it  are  simple  and  easily 
learned.  A  roller  Ijandage,  on  the  other  hand, 
is  not  readily  improvised,  its  application  i-e- 
quires  consideralilc'  skill,  and  an  ignorant  per- 
son is  more  likely  to  exert  injurious  pressure 
with  a  loUer  bandage  than  with  the  looser 
triangular  bandage. 

The  bandage  is  an  isosceles  right-angled 
triangle,  the  hypothenuse  being  called  Ihe 
"lower  border,  "the  right  angle  the  "point," 
and  the  acute  angles  the  "ends."  The  size  of 
the  bandage  maybe  reduced  by  folding  the  lower  border 
over  once  or  twice  so  as  to  make  a  hem  two  inches  wide, 
or  the  bandage  may  be  reduced  in  size  one-half  by 
folding  the  two  ends  together.  It  may  be  changed  in 
shape  from  a  triangular  to  a  long  straight  bandage  by 
bringing  the  point  to  the  centre  of  the  lower  border,  and 
thus  folding  the  bandage  lengthwise  once  or  twice. 

The  triangular  bandage  is  applied  to  control  hemor- 
rhage, to  hold  dressings  on  wounds,  to  support  different 
pai'ts  of  the  bodj^,  and  to  fix  splints.  The  Society  for 
In.struction  in  First  Aid  to  the  Injured  of  New  York 
City,  which  since  its  incorporation  in  1883  has  given 
practical  individual  instruction  to  more  than  ten  thou- 
sand men  and  A\omen,  teaches  some  twenty  different 
methnils  of  apph'ing  the  bandage,  the  most  important  of 
which  are  here  illustrated.     (Figs.  1666-1669.) 

In  its  triangular  shape  the  handkerchief  may  be  used 
to  cover  the  scalp,  shoulder,  chest,  back,  hand  or  foot, 
and  the  hip.  It  may  also  be  employed  as  a  sling.  Folded 
as  a  straight  bandage,  tlie  handkei-chief  may  be  used 
upon  the  head  (three  positions),  neck,  arm,  hand,  waist, 
leg,  and  also  as  a 
sling  and  tourni- 
quet. 

To  Cover  the 
Sculp. — Fold  a 
two-inch  hem 
along  the  lower 
border,  and  lay 
the  centre  of  the 
hem  on  the  fore- 
head, the  point  of 
the  bandage 
reaching  over  the 
head  to  the  nape 
of  the  neck.  Car- 
ry the  two  ends 
abo-i-e  the  ears  and 
cross  them  at  the 
back  of  the  head ; 
then  bring  them 
forward  and  tie  or 
pin  them  together 
on  the  forehead. 
Carry  point  of 
bandage  upward 
and  pin  at  top  of  Fin.  IW.. 

head. 

7'(i  Cover  the  <S/(o»M«r.— Place  the  point  of  the  band- 
ao-e  upward,  carry  the  two  ends  around  the  arm  and  tie 
them  together,  fa"sten  the  point  of  the  bandage  under  a 
second  bandage  u,sed  as  a  sling. 
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To  Cover  the  67(fs^— Place  tlie  point  of  the  bandage 
upward  on  the  shoulder  of  the  side  must  atfected.  Tie 
or  pin  the  two  ends  and 
point  of  the  bandage  at 
the  bacli. 

?b  Cover  the  Hip. — 
Place  the  point  of  the 
bandage  upward  and 
secure  it  under  a  second 
bandage  folded  long  and 
used    as  a  girdle.     Tie 


the  two  ends  of  the  tri- 
angular bandage  around 
the  thigh. 

To  Cover  the  Hand  or 
Fboi.— Place  the  extrem- 
ity on  the  centre  of  the 
bandage  with  the  dig- 
its directed  toward  its 
point.  Bring  the  point 
up  over  the  dorsal  sur- 
face to  the  wrist  (ankle), 
cross  the  two  ends  over 
the  point  and  pass  them 
around  the  wrist  (in- 
step), and  tie  them  to- 
gether. 

To  Make  a  Broad  Sling. 
— Place  one  end  of  the 
triangular  bandage  over 
the  shoulder  of  the  well 
side.  Draw  the  point  of 
the  bandage  out  between 
the  affected  arm  and  the 
body.  Carry  the  other 
end  up  over  the  injured 

arm  and  tie  at  the  back  of  the  neck.     Draw  the 
around  the  elbow  and  pin  to  the  bandage. 

To  Make  a  Narrotc  Sling. — Fold  the  handkerchief  into 
a  long  strip  and  knot  at  the  back  of  the  neck.  In  this 
form  of  the  sling,  as  well  as  in  the  other,  the  part  of  the 
sling  which  lies  between  the  arm  and  the  chest  passes 
over  the  well  shoulder. 

To  Make  a  Tourniquet  (Fig.  1666). 
kerchief  loosely  about  the  arm  or 
leg,  and   wind   up   with   a   short 
stick. 

Other  simpler  methods  of  ap- 
plying a  folded  handkerchief  are 
shown  in  the  illustrations  (Figs. 
1667,  1668,  and  1669). 

Application  of  Plaster  of  Paris. 
— Plaster  of  Paris  is  used  in  bulk 
for   making    impressions  of    any 
part  of   the   body.      The   plaster 
should    be   of    fine    quality,    but 
above  all  fresh  so  that  it  will  set 
quickly.     The  dry  plaster  should 
be  stirred  into  the  required  quan- 
tity of    water  until   a 
thick     paste      results. 
This    should    be    held 
for     a     few     minutes 
against  the  part  of  tlie 
body  of  which  an  im- 
pression     is     desired. 
When  the   plaster  has 
set   it  is    removed    as 
one    piece,    its     inner 
surface    smeared  with 
vaseline   and   used    as 
a    mould,    into   which 


point 


-Tie  a  folded  hand- 


a  freshly  made  plaster-of-Paris  paste  can  be  poured  or 
pressed.  In  this  manner  an  e.xact  reproduction  of  the 
body  can  be  made.  In  such  a  manner  a  model  of  the 
instep  is  taken  for  the  fitting  of  a  flat-foot  brace.  In 
order  to  avoid  holes  in  the  casting  the  outside  plaster 
mould  should  be  moistened  before  the  plaster  paste  is 
poured  into  it. 

If  a  mould  of  a  round  object  is  desired,  such  as  the 
arm  or  the  whole  foot,  two  strings  may  be  fastened  along 
the  limb  on  opposite  sides  with  collodion,  and  pulled  out 
through  the  plaster-of-Paris  casing  before  that  has  set 
too  hard  to  prevent 
it;  or  the  limb  may 
be  placed  horizon- 
tally in  a  basin  and 
the  plaster-of-Paris 
paste  piled  up 
around  it  to  the 
middle  and  allowed 
to  set.  The  upper 
surface  is  then 
smeared  with  vase- 
line and  the  limb  is 
entirely  c  o  v  e  r  e  d 
with  a  new  lot  of 
paste.  In  this  man- 
ner two  .separate 
moulds,  each  of 
which  will  half 
way  surroimd  the 
limb,  may  be  ob- 
tained. For  use 
they  may  be  tied 
together.  A  little 
vaseline  rubbed 
over  the  skin  facil- 
itates the  removal 
of  the  limb  from 
the  uninjured 
mould. 

To  immoliilize  a 
limb  plaster  of 
Paris  is  not  used 
alone,  but  is  rub- 
bed into  the  meshes 
of  a  gauze,  or,  bet- 
ter, crinoline  band- 
age. In  this  man-  ~ 
ner  the  rigidity  of  - 
the  plaster  is  added 
to  the  strength  of 
the  cloth,  and  there 

is  a  great  saving  in  weight.     The  crinoline  is  torn  into 
strips   three   or   five   inches  wide   and   six    vards   long. 
These  are  loosely  rolled  up  by  hand ;  during"  the  process 
the  meshes  of  the  crinoline  are  filled  with  fresh  dry  plas- 
ter of  Paris,  by  scraping  the  powder  over  the  strip  of 
crinoline,  as   it   lies  on  the  table,  with  a 
spoon  or  knife.     To  put  on  a  good  plas- 
ter splint  one  needs  an  assistant  to  .steady 
the   part,   make  traction,  etc.,  thin  strip's 
of  cotton  rolled  up,  a  gauze  bandage,  a 
pail  of   warm   water,    and    the    requisite 
number  of  plaster-of-Paris  bandages  of  a 
width   suited   to   the  part;    for  example, 
four  to  six  three-inch  bandages  for  a  frac- 
tured leg,  six  to  eight  five-inch  bandages 


Fig.  1608. 


Fig.  I«ti9. 
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for  a  plaster  jacket,  etc.  The  assistant  holds  the  limb  in 
the  correct  position.  The  surgeon  covers  it  entirely  with 
the  thin  cotton  as  with  a  bandage.  The  glazed  cotton 
hatting  used  by  dressmakers  is  excellent  for  this  purpose. 
If  absorbent  or  non-absorbent  cotton  is  used,  a  gauze 
bandage  is  ne.xt  applied  so  that  all  shall  be  smooth  before 
the  plaster  is  put  on.  One  plaster  bandage  is  sunk  slowly 
into  the  water  until  it  stands  on  end  on  the  bottom  ot  the 
pail.  The  water  must  cover  its  upper  end.  When  the 
air  bubbles  have  ceased  to  rise  it  is  lifted  out,  squeezed 
dry  with  as  little  loss  of  plaster  as  possible,  aud  quickly 
and  evenly  applied.  The  bandage  should  be  put  on  reg- 
ularly from  the  toes  up.  No  reverses  should  be  made, 
nor  tigure-of-eight,  nor  other  fancy  turns.  Each  time 
the  bandage  should  ascend  sharply ,'pass  behind  the  limb 
and  descend  sharply,  crossing  the  ascending  turn  at  right 
angles.  The  slack  of  the  distal  or  lower  edge  of  the 
bandage  should  be  taken  up  while;  the  descending  turn 
is  being  made,  pressed  smoothly  liackward,  aud  be  folded 
behind  the  limb  where  it  will  be  covered  in  by  subse- 
quent turns.  If  a  bandage  is  ajiplied  in  this  "manner 
it  will  be  perfectly  smooth,  have  a  uniform  thickni'ss 
throughout,  and  the  crossing  of  the  ascending  and  de- 
scending turns  nearly  at  right  angles  will  obviate  ridges 
in  the  bandage  and  give  it  a  maxinuun  strength  for  tlie 
amount  of  material  employed.  As  the  turns  are  applied 
they  should  be  slicked  with  the  hand  from  above  down- 
ward to  insure  their  lying  in  close  apposition  so  that  the 
completed  splint  shall  be  one  piece.  For  the  same  rea.son 
it  is  better  to  make  each  bandage  cover  a  considerable 
portion  of  the  limb,  making  each  ascending  turn  an  inch 
above  the  preceding  one,  and  starting  the  second  bandage 
far  below  where  the  first  one  ends,  than  it  is  to  place 
each  ascending  turn  but  a  fraction  of  an  inch  higher  than 
the  preceding  one  in  order  to  complete  the  l.)andage  as 
far  as  that  particular  bandage  will  go.  When  the  last 
bandage  has  been  applied,  the  whole  should  be  rubbed 
down  smooth  with  the  hand  or  a  cloth,  and  if  a  smooth 
surface  is  desired  a  little  plaster  paste  can  be  smeared 
over  the  surface.  This  is  of  help  in  strengthening  a  weak 
part,  and  it  can  also  be  used  to  obscure  the  turns  of  the 
bandage  if  they  have  been  carelcs.sl3'  applied. 

If  the  bandage  is  to  be  used  as  a  splint  which  can  be 
taken  on  or  off,  it  should  be  cut  from  end  to  end  before 
it  gets  very  hard,  but  should  not  be  removed,  or  if  .so, 
should  be  reapplied  and  bandaged  to  the  limb  with  a 
gauze  bandage  until  it  is  thoroughly  dry. 

If  the  splint  is  intended  to  reach  only  part  way  around 
the  limb,  the  edges  may  be  cut  away  as  far  as  desired. 
In  this  manner  a  light  rigid  splint  may  be  secured  which 
will  exactly  fit  an}'  part  of  the  body. 

Plaster-of-Paris  bandages  may  also  be  used  to  make 
splints  by  wetting  them,  and  running  them  back  and 
forth  on  a  tat)le  until  eight  or  twelve  thicknesses  of  ma- 
terial have  been  placed  one  on  another  in  a  long  strip. 
Additional  plaster-of-Paris  paste  should  be  rubbed  into 
them  if  necessary.  These  are  well  rubbed  together,  aud 
the  flexible  splint  is  applied.  It  can  be  trimmed  with 
shears,  and  when  properly  fitted  it  is  bandaged  in  posi- 
tion with  gauze.  Two  such  strips  have  been  much  used 
by  Stimson  in  the  treatment  of  Pott's  fracture. 

To  remove  an  old  plaster  splint  numerous  saws  and 
shears  have  been  devised,  which  are  for  the  most  part 
unsatisfactory.  Nothing  is  needed  but  a  sharp  knife,  a 
little  absorbent  cotton,  aud  a  few  drops  of  water.  Draw 
the  knife  lightly  along  the  line  of  incision,  follow  it  with 
a  wet  cotton  swab.  Repeat  these  two  steps  many  times. 
As  the  cut  grows  deeper  the  knife  should  be  inclined  first 
to  the  right  then  to  the  left,  so  as  to  cut  out  a  V-shaped 
gutter.  "This  will  keep  the  knife  from  catching  in  the 
cut.  If  this  plan  is  followed  a  plaster  jacket  can  be  re- 
moved with  a  penknife  in  a  few  minutes.  A  stronger 
knife  is  preferable,  such  as  a  pruning  knife,  but  keeuness 
of  edge  is  more  impoi-tant  than  size.  When  the  plaster 
has  been  cut  through  the  underlying  cotton  can  be  easily 
cut  with  bandage  s'cissors.  Edward  Milton  Foote. 
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DROPSY.     See  Ancite>:  and  OUewii. 

DROSERACE/E.— (S«Ji.*/n  Family.)  Prom  a  biologi- 
cal point  of  view,  this  is  one  of  the  mr)st  interesting  fai'n- 
ilies  of  idants,  owing  to  its  carnivorous  propertfes  as 
typified  in  the  nuich  celelirated  Venus'  fly-trap.  Since 
this  tendency  to  secrete  tlesh-digesting  fluids  is  shared 
to  a  greater  or  less  extent,  by  other  plants  in  the  family! 
questions  have  been  prominent  as  to  whether  they  might 
not  be  utilized  as  digestants.  The  use  which  has  been 
made  of  those  species  w  hieli  are  utilized  in  medicine  has, 
however,  not  been  chiefiy  in  this  direction,  but  as  pec- 
torals of  an  anodyne  character.  The  species  so  used  are 
of  the  genus  Dnmra,  or  sundew.  To  some  extent  they 
have  been  utilized  as  carminatives  and  gastric  anodynes. 
The  dose>  is  0.3  to  3  gm.  (gr.  v.  to  xxx. ). 

Henri)  11.  Htisliy. 

DROWNING.     See  Artifirijil  Reiipiratioii. 

DROWSINESS  is  the  manifestation  of  the  desire  for 
sleep,  aud  is  ordinarily  shown  by  heaviness  of  the  eye- 
lids, by  difficulty  in  keeping  the  attention  fixed,  and  often 
by  yawning.  Still  these  indications  of  approaching  sleep 
are  not  always  present,  for  many  jjei-sons  pass  almost  at 
once  from  a  condition  of  mental  and  physical  activity  into 
sleep,  especially  when  in  familiar  surroimdings,  or  when 
relieved  from  responsibilities  which  may  have  been  long 
continued  and  sufficiently  great  to  act  as  a  stim\dant 
while  they  lasted.  Nurses  and  sailors  furnish  illustra- 
tions of  this  fact.  The  phenomena  of  normal  or  physio- 
logical drowsiness  need  little  attention  in  this  place,  for 
every  one  is  familiar  with  them.  Siemens  classes  as 
normal  the  sleepiness  of  sucklings  and  children,  of  con- 
valescents, of  the  exhausted,  and  of  those  who  have  been 
exposed  to  extn'me  cold.  Still  it  behooves  the  phy- 
sician to  be  on  his  guard  not  to  confound  an  unusual 
though  healthy  manifestation  of  sleepiness  with  a  patho- 
logical state,  nor,  on  the  other  hand,  to  fail  to  recognize 
and  distinguish  the  relations  of  a  drowsiness  of  patholog- 
ical origin.  Before  considering  the  various  forms  of 
morbid  drowsiness  it  will  be  necessary  to  give  some  atten- 
tion to  the  causes  of  normal  sleep.  This  subject  has  long 
been  a  favorite  one  with  physiologists,  and  many  theories 
have  been  advanced  to  explain  the  phenomena.  It  would 
be  foreign  to  our  snliject  toatteniijt  a  resiune  of  all  these 
efforts  to  explain  this  act  of  nature.  In  the  course  of  the 
last  forty  years,  however,  an  agreement  seems  to  have 
been  reached  on  certain  points,  such  as  the  following, 
viz:  1.  That  a  period  of  rest  is  a  requisite  for  the  healthy 
maintenance  and  normal  functional  activity  common  to 
all  parts  of  the  animal  system,  even  of  those  the  almost 
constant  activity  of  which  is  essential  to  the  continuance 
of  life.  Sleep  aft'ords  this  rest  and  an  opportunity  for 
regenerating  the  energies  of  the  brain  cells.  2.  The  nu- 
trition of  the  nervous  elements  is  believed  by  some  to  be 
favored  by  the  less  active  circulation  of  the  blood  during 
sleep,  which  latter  condition  is  now  recognized  as  a  fact, 
although  it  is  not  agreed  whether  this  ana-mia  is  to  be 
considered  a  direct  cause  of  sleep  or  an  incident  of  other 
conditions  leading  to  it.  3.  A  relation  Ijetween  the  activ- 
ity of  fvmction  in  other  organs,  such  as  the  stomach  or 
the  skin,  and  the  circulation  in  the  brain  has  been  ob- 
served and  recognized  too  long  to  be  ignored  as  being 
one  of  the  conditions  favoring  sleep ;  but  when  we  come 
to  consider  the  influences  attributable  to  changes  in  the 
composition  of  the  blood,  whether  from  the  presence  of 
carbon  dioxide,  of  an  excess  of  the  normal  results  of  di- 
gestion, or  of  the  prod\icts  of  the  functional  activity  of 
the  brain  cells  themselves,  we  find  ourselves  again  upon 
debatable  ground. 

With  a  view  to  presenting  a  summing  up  of  the  most 
recent  aud  accepted  views  I  cite  from  Howell,  who  says 
that  sleep  is  required  in  order  to  recover  from  fatigue ; 
that  the  cessation  of  stimuli,  decreased  rf  sponsiveness  of 
the  active  tissues,  a  change  in  the  composition  of  the 
blood,  and  a  diminiition  of  the  blood  supply  to  the  brain 
are  the  preliminaries  to  sleep.     He  regards  the  fatigue  of 
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the  vasn-motDi'  centre  in  the  bulb  as  tl)e  important  cause 
of  tlie  iliniiiiislicd  blood  supply  to  the  brain,  this  fatigue 
being  caused  by  the  continuous  acti%'ity  of  the  centre 
during  waking  hours.  He  also  considers  that  the  active 
tissues  (ucrve  cells  and  muscles)  as  the  result  of  their 
activity  yield  some  b,y-product  which  is  carried  by  the 
blood  through  the  central  system  and  becomes  the  chief 
cause  of  sleep.  These  views  are  in  sulistanlial  accord 
with  those  of  Lyman  and  Siemens.  Durham  quotes  the 
following  froniWilson  Pliilip  in  the  Pliilosii|ihieal  Trans- 
actions, iy:i2:  "That  .sleep  alone  is  healthy  fi'om  whicli 
we  can  be  easilv  aroused.  If  our  fatigue  lias  been  such 
as  to  render  it  more  profound,  it  partakes  of  the  nature 
of  disease."  Fred.  J.  Smith  also  says:  "If  a  normal 
tem]ieratuie  is  fimnd  in  a  man  who  can  be  ea.sily  roused, 
and  if  at  the  same  time  liis  pupils  are  active,  probably 
nothing  serious  is  the  matter  with  him";  and  Hannuoiid 
anil  Da  Costa  also  emphasize  the  diagnostic  signilicance 
of  the  ability  to  rouse  a  person  apparently  asleep.  Re- 
turning now  to  our  proper  subject  of  drowsiness,  which 
in  the  healthy  state  is  the  precursor  or  the  minor  degree 
of  sleej)  itself,  we  find  the  causes  of  this  condition  when 
pathological  thus  groupeil  by  Dana: 

"  The  causes  of  ordiuar}-  forms  of  drowsiness  and  som- 
nolence are: 

"I.  Old  age,  when  there  is  a  weakened  heart  or  dis- 
eased arteries  with  cerebral  malnutrition. 

"II.  The  diseased  vascular  conditions  \\liieh  precede 
cerel.)ral  hemorrhage. 

"III.  The  cerebral  malnutrition  or  infl;unmations  oc- 
curring during  or  before  certain  forms  of  insanity. 

"IV.  \'arious  toxsi'miic,  e.rj.,  malarial,  urttmic,  chohe- 
mic,  syphilitic. 

"  V.  Dyspepsia. 

"VI.  Diabetes. 

"VII.   Obesitv. 

"VIII.  Insolation. 

"IX.  Cerebral  anauuia  and  liypera'mia. 

"X.   Cerebral  tumors  and  cranial  injiuies. 

"XI.  E.xhausting  diseases. 

"  XII.  The  sleeping  sickness  of  Africa." 

It  will  be  convenient  to  take  up  the  consideration  of 
these  in  order: 

I.  M'he)i  due  to  the  ]]'eti/,-i':ied  Ileiirt  or  Di.irnKid  Aiier- 
ies  irith  Cerebral  Midnvtritinu  in  e,l(l  Afje. — This  is  quite 
in  line  with  the  views  which  Hammond  so  frequently 
ui-ged,  for  he  says:  "Whatever  lessens  the  amount  cif 
blood  normally-  circulating  through  the  brain  tends  to 
produce  .somnolence,  e.g.,  any  enfeeblement,  especially 
in  the  aged."  Gasquet  also  says  that  "in  old  people 
drowsiness  usually  coexists  with  weak  heart  action  and 
stagnation  in  the  central  and  pulmonary  vessels." 

II.  The  Di.vrised  Vii.vidiir  f'einditioni,  trhieh  Preeerle 
Cerehr,il  Ileiiinrrheige.—Tlnfi  group  of  causes  includes  es- 
pecially atheromatous  and  svphilitic  disea.se  of  the  arter- 
ies and  miliary  aneurisms,  with  perhaps  the  addition  of 
impoverished  or  toxoemic  blood  resulting  from  degener- 
ation 01-  inadequacy  of  one  or  more  of  the  emunctories. 

III.  The  Cerelireil  Mid  ii  iitrilinii  err  Jii-ft,i\ti  null  ions  Oceiir- 
ririrj  diiriiifi  nr  hep, re  eerlnin  Fnriii.':  nf  Tiisii N it//. —AccorA- 
ing  to  Boyei',  somnolence  may  at  such  times'  be  charac- 
terized by  a  special  foi-m  of  deeplessness.  He  says  that 
sonniolenee  is  an  intermediate  stage  between  sleeping  and 
waking,  wliich  in  health  ]u-ecedes  normal  sleeii,  but  wliieli 
m  sickness  is  accompanied  by  cereliral  excitenu'ut,  and  is 
an  obstacle  to  sleep,  willi  sometimes  illusions  and  hallu- 
cinations, and  leading  even  t(]  a  condition  of  sub-delirium 
before  sleep  is  finally  attained,  these  features  not  being 
recalled  liy  the  patient  on  waking.  Siemens  also  note's 
drowsiness  as  often  occurring  in  the  beginning  and  some- 
times 111  the  course  of  di'iiientia  jiaralyt^ea. 

IV.  ViiriniiK  Tu.rin,iiie,  e.g..  Mulnriiil ,  Unrniie  (<hi>Jie- 
mie.  mill  Si/iihilitie.^ln  regard  to  these  causes  of  drowsi- 
ness u-c  may  (piote  from  Ga.si|uet  as  follows'  "Sleei.i- 
ness  IS  produced  by  the  retention  in  the  blood  of  certain 
products  ot  tissue  change,  and  the  active  agent  is  very 
proba);ly  O)  '  Conner  also  lays  it  down  tliat  there  is 
porsonnig  by  (  0.,  incoiidilions  of  dys|)n(ea,  uraemia,  etc. 
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Whatever  the  poison  may  be  of  whicli  we  lecognize  the 
effects  in  what  we  call  urremia,  as  a  cause  of  drowsiness, 
Da  Costa  declares  that  the  strong  point  in  diagnosis  is 
that  the  coma  is  preceded  by  convulsions.  The  pupils 
are  apt  to  be  dilated  and  react  slowly  to  light,  while  Fred. 
J.  Smith  sa3's  the  pulse  is  likely  to  be  small  and  I'apid. 
Conner  also  considers  that  "in  icterus  the  toxaemia  is  due 
to  the  failure  of  the  action  of  the  bile  as  a  digestive  secre- 
tion and  to  the  reabsorption  of  the  bile  into  the  blood 
Ihroughthe  lymjih  ve.sselsof  the  liver."  The  drowsiness 
in  icterus,  according  to  Gilbert  and  Castaigne,  is  due  to 
chohemia  on  the  one  hand,  and  to  a  nervous  predisposi- 
tion on  the  other.  Da  Costa  and  Osier  refer  to  somno- 
lence as  a  feature  of  aeromegalj',  but  do  not  point  out  its 
]irobable  cause. 

V.  ByHpqmiei . — In  itssevei-er  forms,  disordered  and  de- 
layed digestion,  e.speciallj'  when  painful,  tends  to  inter- 
fere with  sleep  rather  than  promote  it,  and  the  same  is 
true  of  hunger.  When,  however,  the  stomach,  especially 
after  one  has  undergone  much  bodil}'  fatigue,  receives  a 
large  quantity  of  food,  this  determines  anaccess  of  blood 
to  the  digestive  organs  to  secure  their  functional  activity, 
and  the  brain  is  left  relatively  antemic.  This  explains 
the  after-dinner  nap  of  well-fed  people  on  Hammond's 
theory  that  sleep  is  always  due  to  cerebral  ana-mia,  while 
Brunton  suggests  that  the  la.s.situde  and  drowsiness,  so 
apt  to  follow  a  full  meal,  may  be  properly  regarded  as 
a  mild  form  of  auto-intoxication  due  to  the'absorption  of 
an  excess  of  the  normal  digestive  pj-oducts. 

VT.  JJieihetex. — It  would  be  foreign  to  our  subject  to 
enter  into  a  full  con.sideration  of  dialietic  coma.  In  many 
of  these  ca.ses  its  development  is  either  verj-  sudden  or  is 
preceded  by  symptoms  referable  to  the  stomach  or  lungs 
or  by  headache,  delirium,  and  difficulty  of  breathing. 
In  some,  however,  as  laid  down  bj-  Ti'rard.  it  may  Ije 
preceded  by  weakness,  fainting,  and  somnolence,  coma 
gradually  supervening.  Da  Costa  empha.sizes  the  rapid 
weak  pulse  and  the  absence  of  palsies  as  characteristic  of 
the  disease,  the  diagnosis  being  confirmed  by  examination 
of  the  urine.  The  odor  of  apples  in  the  'bi-eath  is  also 
often  distinctive.  Osier  con.siders  that  we  have  not  yet 
the  data  for  a  rational  explanation  of  flie  symptoms,  but 
(luotes  with  approval  the  theory  of  Stadelmann,  Klilz, 
and  Mmkowski  that  /3-oxybutyric  acid  is  the  exciting 
cause  of  the  coma.  "It  is  a  decomposition  product  re- 
sulting from  disintegration  of  the  tissue  albumins." 

VII.  01)esiity.~'l\\ii  occurrence  of  drowsiness  in  the 
obese  may  be  explained  on  several  grounds:  by  the  over- 
loading of  the  blood  current,  by  an  excess  of  the  products 
of  an  imperfect  digestion,  by'  cerebral  inactivity  which 
IS  apt  to  belong  to  such  persons,  and  bv  relative  feeble- 
ness of  the  heart  and  dilatation  of  the  abdominal  ar- 
terioles. 

VIII.  i«i"/»?(V<;,.  — Drowsiness  can  hardly  be  called  a 
common  symptom  in  heat  exhaustion,  this  condition  being 
often  marked  by  depression,  restlessness,  and  even  delir- 
ium, while  in  true  sunstroke  we  have  unconsciousness,  it 
IS  true,  but  speedily  passing  into  a  coma. 

IX.,  X.,  and  XI.  The  states  of  (lrow.siness  attributable 
to  these  causes,  viz,,  cerehren  eiiiiriiiiii  and  Iii/peranniii, 
eeretiral  tioiwrs  and  cranial  injuriex.  also  exJiansiinr/  dis- 
eases, may  well  be  grouped  together.  A  condition  of  cer- 
ebral antemia  is  assigned  by  writers  as  the  direct  cause  of 
drowsiness  arising  under  various  conditions  and  in  differ- 
ent ]iarts  of  the  system.  Sometimes  cerebral  tumors  and 
cranial  injunes  aviII.  by  pres.sure  or  otherwise,  so  disorder 
the  deal  circulalion  as  to  cause  a  hypera?mia  in  one  part 
ot  the  encephalon  and  an  anauuia  in  another.  Some- 
times the  blood  contains  an  excess  of  carbon  dioxide  or 
other  poisonous  constituents  which  act  as  narcotics,  and 
at  other  tunes  it  is  rendered  degenerate  by  excessive  hem-, 
orrhages  or  by  chlorosis  (Gueneau  de  Mussy,  quoted  by 
hoyer),  so  that  practically  an  anauuia  is  produced  Thus 
Gasquet  argues  "whether  the  blood  sent  to  the  brain  be 
iliinini.shed  in  quanlity  or  contains  an  excess  of  COo  the 
supply  of  new  material  and  the  removal  of  that  already 
used  would  alike  be  imjieded.  This  is  seen  in  the  drowsi- 
ness following  healthful  exertion,  if  not  extreme  "    He  ex- 
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plains,  on  the  theory  of  a  direct  spasm  of  intracranial 
arterioles  or  of  a  dilatation  of  vessels  in  other  parts  of  the 
body,  thus  leaving  those  of  the  head  relatively  empty,  the 
drowsiness  with  sleeplessness  of  hysterical  subjects  iind  of 
some  cases  of  insanity,  as  well  as  the  drowsiness  following 
exposure  to  extreme  cold  and  that  observable  in  the  idle 
and  aimless,  whose  brains  are  ever  inactive.  I  may  also 
quote  in  support  of  the  same  view  the  following  from 
Germain  See ;  "  The  fatigue  and  somnolence  which  pre- 
cede sleep  are  an  instinctive  warning  of  a  conservative 
character  against  the  danger  of  overdoing."  It  is  to  be 
noted,  however,  tliat  there  is  not  entire  agreement  among 
writers  as  to  the  etiology  of  this  morbid  drowsiness  any 
more  than  we  found  to  be  the  case  in  regard  to  normal 
sleepiness.  Thus  Dana  says:  "Most  cases  of  morbid 
somnolence  are  closely  related  to  the  epileptic  or  hysteri- 
cal diathesis.  "  Also  under  the  name  of  catapliora  or 
mpor,  Boyer  describes  "a  morbid  sleep  which  differs 
from  true  sleep  in  tliat  it  does  not  answer  to  the  need  of 
sleep.  It  is  observed  under  the  same  conditions  as  coma, 
when  the  causes  are  less  intense.  Fevers,  poisonings, 
large  losses  of  blood,  and  nervous  exhaustion  also  lead 
to  catapliora." 

XII.  The  Sleeping  SickneKS  of  Afriai. — The  morbid  en- 
tity or  entities  included  vmder  this  title  exist  not  only 
on  the  West  coast  of  Africa,  where  the3'  were  first  ob- 
served, but  have  been  oljserved  in  the  French  island  of 
Martinique,  in  Cuba,  in  New  South  Wales,  and  even  in 
Palis  (Guerin)  in  a  few  instances,  but  only  among  negroes 
of  African  birth.  The  characteristic  features  are  that 
the  disease  attacks  negroes,  that  tliere  is  a  progressive 
somnolence,  with  emaciation  and  a  fatal  termination. 
There  are  a  marked  j^tosis,  pufiiness  of  the  face,  and  en- 
largement of  the  glands  of  the  neck,  together  with  mus 
cular  tremor  and  an  absence  of  fever,  the  patient  having 
a  sense  of  coldness  even  when  lying  in  the  sun.  Evi- 
dently the  symptoms  of  other  diseases,  such  as  meningi- 
tis, typhoid  fever,  and  certain  skin  affections  have  been 
confounded  with  those  of  this  disease  in  some  reported 
cases.  Its  etiology  remains  unsettled.  Da  Costa  and 
others  consider  it  to  resemble  beri-beri,  while  Manson, 
regarding  it  as  a  fllariasis,  ascribes  it  to  Filaria  jKrstnris. 
He  refers  to  a  case  believed  to  have  been  cured  by  the 
use  of  arsenic.  As  a  propliylactic,  he  urges  care  about 
the  drinking-water. 

Besides  cases  which  would  be  readily  referred  to  one  of 
the  classes  enumerated  above,  the  writers  in  the  medical 
journals  are  constantly  giving  histories  of  unexplained 
or  unclassified  cases  in  which  drowsiness  or  increa.sing 
somnolence  is  the  most  prominent  symptom.  Many  such 
are  associated  with  chorea,  hysteria,  or  hystero-epilepsy, 
others  with  severe  neuralgias,  with  malarial  poisoning,  or 
follow  upon  exhausting  "illness  or  hemorrhages.  Thus 
William  T.  Gairdner  tells  of  a  girl  suffering  from  chorea, 
suspended  during  sleep,  who  had  a  peculiar  somnolence 
together  with  normal  sleep.  She  was  intelligent  and  gen- 
erally healthy.  The  abnormal  sleep  occurred  suddenly 
and  was  interrupted  only  by  calling  her  name  loudly, 
when  she  at  once  awoke  and  went  on  with  what  she  had 
been  doing.  L.  N.  Sliarp  reports  tlie  case  of  an  old 
woman  of  eighty-two,  who  after  the  supposed  passage 
of  gall-stones,  slept  for  nearly  three  weeks,  being  gradu- 
ally more  easily  aroused  and  sleeping  less  and  less  till  she 
finally  recovered  strength  and  appetite. 

Morison  cites  a  case  in  which  deep  and  unexplained 
drowsiness  set  in,  accompanied  by  cyancsis.  There  was 
subnormal  temperature  with  a  w-eak  and  flabby  heart, 
witliout  abnormal  sounds.  Albuminuria  one-twelfth. 
The  patient  became  extremely  feeble  so  that  he  could  not 
walk,  but  was  cured  in  three  weeks  by  daily  massage, 
after  digitalis,  tonics,  purgatives,  and  corrected  diet  had 
failed. 

R.  Caton  tells  of  increasing  somnolence  in  a  man  other- 
wise healthy  except  for  some  psoriasis.     He  improved 
■  under  out-of-door  farm  work  with  a  restricted  diet  and 
intestinal  antiseptics.     The  diagnosis  was  that  his  trouble 
was  due  to  auto-infection. 

R.  Matas  reports  persistent  tendency   to  sleep   in  a 
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young  woman  with  a  malignant  tumor  of  the  I)rain. 
which  gradually  caused  ana-mia  by  its  increasing  press- 
ure upon  the  cerebral  mass;  also  a  case  of  cervico- 
dorsal  neuralgia  accompanied  by  stupor,  which  finally 
yielded  to  tonics  and  anodynes. 

Finkler  writes  in  "  Allbutt's  System  of  Medicine  "  that 
somnolence,  sometimes  increasing  to  coma,  is  occasionally 
observed  in  the  beginning  or  course  of  influenza.  The 
clinical  picture  resembles  cereliro-spinal  meningitis  that 
has  not  fully  developed.  It  is  always  accompanied  by 
fever,  which  distinguishes  it  from  the  coma  of  dia- 
betes. 

After  directing  attention  to  these  various  systemic 
causes  of  pathological  drowsiness,  we  must  not  overlook 
such  as  are  certainly  very  common,  but  not  on  that  ac- 
count to  be  forgotten,  viz.,  the  various  narcotic  drugs, 
most  of  which  are  in  daily  use.  Do  not  fail  to  come  to 
the  rescue  of  the  drowsy  and  half-starved  baby  whose 
wet-nurse  is  masking  her  own  deficiencies  with  frequent 
doses  of  soothing  syrup  or  paregoric  administered  to  her 
charge,  nor  to  refer  to  their  proper  cause  the  apathy,  the 
coated  tongue,  and  the  eruptive  skin  of  the  anemic  woman 
whose  friend  has  recommended  "a  little  bromide  "  to  help 
her  to  sleep.  The  drvnken  man  may  be  very  drowsy,  he 
may  also  be  apoplectic  or  have  a  fractured  skull,  so  that 
finding  an  alcoholic  smell  about  his  breath  does  not  com- 
plete the  diagnosis,  as  many  an  ambulance  surgeon  has 
realized  to  his  co.st.  Da  Costa  points  out  that  he  is  likely 
to  have  a  frequent  pulse,  usually  dilated  pupils,  injected 
conjunctiva}  with  no  lateral  deviation  of  the  eye,  and  that 
there  is  often  violent  struggling.  In  opium  poisoning, 
on  tlie  contrary,  there  are  contracted  pupils,  calm,  slow 
breathing,  the  drowsiness  tending  to  pass  into  coma.  In 
this  class  of  possible  causes  of  drowsiness  .should  also  be 
remembered  chlornl,  which  gives  a  flushed  face  with  weak 
and  intermittent  heart  action,  while  chloroform,  liydro- 
njiinie  acid,  and  vitrobenzol  all  give  a  characteristic  odor 
to  the  breath,  the  first  also  a  quick  and  tumultuous  heart 
action,  such  as  accompanies  stertorous  breathing,  muscu- 
lar relaxation,  and  anassthesia.  Hydrocyanic  acid  poison- 
ing, when  not  immediate!}'  fatal,  is  said  to  produce  a 
peculiar  disturbance  of  breathing,  with  short  inspiration 
and  prolonged  and  labored  expiration.  It  seems  hardlj- 
necessary  to  do  more  than  mention,  as  drugs  that  raaj- 
be  responsible  for  drowsiness,  cannaMs  indica  with  its 
hallucinations,  its  exaltation,  and  its  abolition  of  the 
sense  of  distance  and  of  time,  hyoscyamus,  with  its  dryness 
of  throat  and  dilated  pupils,  and  the  man}'  new  drugs, 
such  as  snlplional,  paraldehyde,  hydrate  of  awylene,  and 
chloralamide. 

Under  the  head  of  treatment  it  seems  necessary  to  en- 
ter but  little  into  details,  for  thiscondition  which  we  have 
been  considering  is  in  most  instances  but  a  symptom  of 
some  pathological  state,  the  diagnosis  of  which  will  point 
the  way  to  its  treatment.  In  the  case  of  diabetes,  how- 
ever, tlie  onset  is  sometimes  so  sudden  and  the  danger 
from  coma  so  great  that  the  threatening  drowsiness 
should  be  energetically  dealt  with,  and  Tirard  mentions 
the  methods  based  upon  the  theory  of  attempting  to  oxi- 
dize the  products  which  might  otherwise  form  diacetic 
or  oxybutyric  acid.  With  this  object  the  inhalation  of 
oxygen  ha"s  been  employed;  also  ozone  dissolved  in  water 
with  the  addition  of  3.  .5  per  cent,  of  sodium  hypophos 
phite,  or  a  solution  of  hydrogen  peroxide  may  be  given 
internally.  The  intravenous  injection  of  hot  normal 
salt  solution,  however,  he  thinks  the  most  hopeful,  on 
the  theory  that  the  solution  helps  to  dilute  the  toxic  agent 
in  the  blood.  In  the  hysterical  sleeping  girls  various 
authors  report  success  from  tlie  use  of  tartar  emetic, 
while  Dana  warns  us  that  in  some  cases,  as  in  a  neuras- 
thenic patient  of  his  own,  food  bad  to  be  given  through 
the  stomach  tube.  In  the  an.Tmic  we  must  make  use  of 
arsenic,  of  iron,  of  moderate  open-air  exercise,  perhaps 
of  stimulants,  and,  in  cases  in  which  the  heart  is  weak,  of 
diuretics,  including  digitalis,  and  perhaps  purgatives. 
Gasquet  gives  the  caution  that  "in  drowsiness  from  cere- 
bral tumor  or  thrombosis  it  is  doubtful  if  we  should  at- 
tempt to  relieve  it  by  medicine.     Probably  it  prolongs 
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life  by  giving  rest  to  the  diseased  organ,  and  it  would  be 
rash  to  act  by  drugs  on  diseased  vessels. " 

/.  Haven  Emtnon. 
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DUBLIN,  N.  H.— The  most  elevated  village  in  New 
Hampshire  (between  1,500  aud  1,600  feet),  is  situated  in 
the  soutliwestern  part  of  the  State,  85  miles  from  Boston. 
Although  not  in  the  White  Moimtain  district,  Dublin  has 
a  greater  elevation  than  any  resort  in  that  region,  Bethle- 
hem being  the  highest  with  an  elevation  of  1,459  feet. 
The  town  lies  at  the  base  of  Mount  Monadnock,  3,186  feet, 
near  which  is  Lake  Monadnock,  aud  possesses  unusual 
beauty  of  scenery.  The  roads,  which  are  good,  afford 
channing  drives.  The  characteristics  of  the  climate  are 
the  purity  of  the  air  and  its  tonic  qualities.  Below  are 
the  meteorological  data  so  far  as  they  are  obtainable: 

METEOROLOfiIC.41,   DaT.V   OF   Dl'BLI.N,   NEW    H.IMPSIIIRE. 
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There  is  no  record  of  relative  humidity,  but  it  proba 
bly  does  not  differ  verj'  much  from  that  of  Bethlehem, 
whicli  for  July,  Augii.st,  and  the  first  half  of  Seiitember 
for  hvc  yeai-s  was  65.8  per  cent.  Thei'e  ai'c  frequent 
strong  west  winds,  liut  fogs  are  rare. 

The  usual  summer  range  of  temperature  is  froin  68" 
to  75'  P.  ;  the  maximum,  exceeding  80°,  i.s  reached  per- 
haps once  or  twice  in  the  summer.  The  nights  are  al- 
ways cool.     The  dryness  of  the  air  is  marked'. 

There  is  one  first-class  hotel,  and  there  are  .several 
boarding-houses,  though  the  predominant  mode  of  life  is 


the  cottage  cue;  and  comfortable,  even  luxurious  houses 
can  be  rented.  There  are  Unitarian  and  Episcopal 
churches,  also  a  good  public  librai-y.  Dublin  has  now 
become  an  established  summer  resort,  and  possesses  many 
tine  private  i'e.sidences. 

Tlie  attractions  are  the  charming  excursions  in  the 
country  about,  mountain  climbing,  driving,  boating, 
bathing,  fishing,  tennis,  golf,  and  the  usual  social  life  of 
a  large  summer  community.  The  water  supply  is  ex- 
cellent and  the  drainage  good.  The  soil  is  sufficiently 
porous  to  absorb  quickly  the  water  after  rain.  The  sub- 
soil is  a  mixture  of  clay  and  gravel.  From  its  elevation, 
froiu  the  purity  and  dryness  of  the  air  as  well  as  its  tonic 
qualities,  the  climate  "of  Dublin  is  a  favorable  one  for 
pulmonary  tuberculosis.  The  climate  is  recommended 
also  for  bronchitis,  gout,  rheumati-sm,  neurasthenia,  in- 
somnia, cardiiio  indolence,  and  general  depression  of 
health.  From  per.sonal  experience  the  writer  can  testify 
to  the  purity  and  exhilarating  quality  of  the  air  and  the 
beauty  and  charm  of  the  sceneiy.  In  the  early  autumn, 
when  the  leaves  are  coloring  and  the  air  is  crisp,  outdoor 
life  is  a  delight,  and  riding  or  walking  along  country 
roads  affords  a  constant  succession  of  delightful  views. 

Edirard  0.  Otis. 

DUBOISIA. — The  leaves  of  DuboisiamyaporrAdes  R.  Br. 
(fam.  HiikuKicw).  This  is  a  large  shrub  or  small  tree  of 
Australia  and  some  neighboring  islands.  As  the  drug 
occurs  in  commerce,  it  is  usually  broken  up  into  a  mass 
of  fragments,  mostly  from  an  eighth  to  a  half-inch  in 
length.  The.se  are  brownish,  smtxjth,  and  slightl_y  shin- 
ing. When  entire,  the  leaves  are  from  three  to  four 
inches  in  length  by  from  half  an  inch  to  one  inch  in 
breadth,  and  are  lanceolate,  narrowed  toward  both  ends, 
and  have  an  entire  mai'gin.  They  have  a  very  slight 
narcotic  odor  and  a  bitter  taste.  They  are  not  very 
largely  used,  but  there  is  a  small  steady  demand  for 
them,  for  the  same  uses  as  those  of  stramonium  or  bella- 
donna. The  alkaloids  are  accompanied  by  some  resinous 
matter,  and  the  accounts  of  them  have  been  very  con- 
ti'adictory.  It  is  now  generally  recognized  that  "dv- 
boisine,"  the  princip;il  one,  is  identical  with  hyoscyamine 
in  composition  and  action.  It  has  been  tised  as  a  substi- 
tute for  atropine  in  eye  practice,  and  the  drug  is  the 
equivalent,  in  action,  use,  and  dosage,  of  belladonna. 

D.  Ilfipwoodii  von  Mueller,  or  "pituri."  of  Australia, 
contains  an  alkaloid,  pituriiie  (CiJIioNs),  closely  resem- 
bling nicotine.  The  powdered  leaf  is  smoked  like  to- 
bacco, and  is  said  to  be  stimulating  and  supporting,  like 
coca,  kola,  and  other  drugs.  Henry  H.  Ruiby. 

DULCAMARA.     See  Bitieisweet. 

DULCIN  (CcH4NH.,.CO.NH.OCJl5).— Suci-ol,  Valzin, 
Paraphenetol  carbamide,  Para-ethoxy-phenyl  urea.  It 
ma_y  be  made  from  paraphenetidin  by  the  action  of  potas- 
sium cyanate,  but  prefei'ably  by  acting  upon  paraphene- 
tidin with  phosgene  dissolveil  in  toluol,  the  product  being 
tieated  with  ammonia.  It  occurs  in  colorless,  shining 
needles  soluble  in  800  parts  of  cold  water,  55  of  boiling 
water,  25  of  alcohol,  and  freely  in  ether.  Having  about 
two  hundred  times  the  sweetening  jiower  of  cane  sugar, 
Uiedel  employs  it  to  leiilacc  the  latter  in  the  diet  of  dia- 
betics. It  is  also  used  to  SAveeten  bitter  or  otherwise  un- 
pleasant phai-maceutical  preparations. 

II'.  A.  Bast, do. 

DUNCAN  SPRINGS.— JEendocino  Countv.   Cidifornia. 

Post Ofkici-;.— llopland.     Hotel  aiul  cottages. 

Access.— Via  San  Francisco  and  Northern  Pacitic  Rail- 
i-oad  to  llopland  stati(m. 

The  lU'W  hotel  is  located  on  a  picturesque  knoll,  half 
a  mile  from  the  staliou.  The  springs  are  found  on  a  hill 
250  feet  aliove  the  valley  and  1,000  feet  above  the  sea 
level.  The  suiTounding  coimtry  is  of  a  rough,  broken 
character,  and  the  climate  salubrious.  The  flow  of  water 
from  the  principal  spring,  the  Duncan,  is  one  gallon 
and  a  half  per  minute.     There  are  several  other  spl-iugs, 


562 


REFERENCE   HANDBOOK   OP  THE   MEDICAL  SCIENCES. 


DruK'  HabitN. 
Dynanioiueter. 


known  as  the  "Seltzer,"  the  "Iron,"  the  "Borax,"  and 
the  "Sulphur"  springs,  their  names  indicating  in  a  gen- 
eral way  their  character.  The  following  analysis  by  A. 
W.  Thatcher  shows  the  mineral  ingredients  of  the  prin- 
cipal spring : 

One  United  Statks  (Jallon  Contains: 
Solids.  UralQs. 

Magnesium  bicarbonate 90  ]^ 

Magnesium  chloride in 

Magnesium  sulphate 1  84 

Calcium  bicarbonate 15  64 

Silica '...'.'.'.'.'.'.'.'.'.'.[    &M 

Potassium  bicarbonate  i 

Sodium  bicarbonate      i  "■•>' 

Total  solids,    n,S.ll 
Free  carbonic  acid  gas,  30.57  cubic  Inches. 

The  waters  are  said  to  be  mucli  sought  after  in  the 
treatment  of  rheumatism,  dyspepsia,  and  constipation. 

Jiimes  7v.  Crmk. 

DUODENO-CHOLECYSTOSTOMY.  See  Gull-Blad- 
der. 

DUPUYTREN'S  CONTRACTION.  See  Hand  and 
Fingers. 

DYNAMOMETER.— The  word  dynamometer,  derived 
from  Sijvafii(,  force,  strength,  and  nhpov,  a  measure,  is 
used  to  denote  an  instrument  for  measuring  strength  or 
force.  This  may  be  either  mechanical,  muscular,  or  even 
physical.  As  applied  to  medical  science,  however,  dyna- 
mometers are  used  chiefly  in  two  ways :  (1)  To  determine 
and  regulate  the  strength  of  forces  applied  to  the  human 
body;  (2)  to  measure  the  amount  of  strength  or  force 
which  can  be  exerted  by  the  human  body,  or  various 
portions  thereof,  under  various  conditions.  More  partic- 
ularly are  these  instruments  used  to  determine  the  force 
of  contraction  of  certain  muscles,  or  groups  of  muscles, 
as  the  flexors  of  the  fingers  and  thumb  in  measuring  the 
force  of  the  grasp  of  the  hand,  or  of  tlie  muscles  con- 
cerned in  pushing  or  pulling  in  different  ways.  Less 
commonly  thej^  are  susceptible  of  employment  in  deter- 
mining resistances  in  wliich  not  only  the  muscles  but  the 
firmer  and  more  solid  parts  of  the  organism  are  involved. 

The  earliest  direct  attempt  to  estimate  the  human 
strength  for  scientific  purposes  seems  to  have  been  made 
by  De  La  Hire,  who  in  1699  published  his  "Exanien  de 
la  Force  de  I'Homme,"  in  the  "Memoirs  of  the  Academy 
of  Sciences  "  at  Paris.  He  determined  the  strength  of 
men  from  their  ability  to  lift  weights  and  carry  burdens, 
and  compared  it  with  that  of  horses. 

The  first  instrument,  however,  which  was  directly  used 
for  this  purpose,  and  to  which  the  name  of  dynamometer 
was  given,  was  invented  by  an  Englishman  named  Gra- 
ham ;  but  it  did  not  obtain  notoriety  imtil  attention  was 
drawn  to  it  by  Desaguliers,  who  in  1719  published  his 
worlt  on  "Experimental  Philosophy."  The  latter  was  a 
Frenchman  by  birth,  but  came  early  to  England,  and 
was  made  professor  at  the  University  of  Oxford.  He 
modified  Graham's  machine  in  various  ways,  and  thus 
produced  a  machine  of  his  own. 

His  machine,  or  rather  machines,  because  different  ones 
were  required  to  test  different  muscles,  consisted  prac- 
tically of  a  large  wooden  frame  and  stout  uprights  to  af- 
ford points  of  support  or  resistance,  and  handles  attached 
to  a  crossbar  which  moved  a  steelyard.  By  hanging 
weights  on  the  latter  the  force  used  could  be  directly  de- 
termined. Desaguliers  decided  from  his  investigations 
that  five  Englishmen  were  equal  in  strength  to  a  horse, 
while  it  required  seven  Frenchmen  or  Dutchmen  to  fur- 
nish the  same  force. 

These  instruments  were,  however,  too  unwieldy  and 
cumbersome  to  be  used  outside  of  the  laboratory,  and 
being  also  somewhat  expensive  they  fell  rapidly  into  dis- 
use and  were  forgotten.  Meanwhile  Leroy,  like  De  La 
Hire,  a  member  of  the  French  Academy  of  Sciences,  pro- 
posed an  instrument  which  consisted  simply  of  a  metallic 
tube,  within  which  was  placed  a  spiral  spring  with  an  at- 


tached graduated  rod  terminating  above  in  a  globe.  This 
was  to  be  grasped  liy  the  hand,  and  the  spring  com- 
pressed from  above,  tlie  amount  of  force  exerted  being 
marked  on  the  rod. 

In  1807  Regnier  first  desorilied  his  dynamometer. 
Tills  consisted  principally  of  an  elliptic  spring  of  metal, 
to  which  was  attached  a  dial  furnished  with  two  rows  of 
figures  and  with  two  hands,  one  for  each  row.  The  dial 
was  so  arranged  that  the  hands  were  moved  by  any 
change  in  the  form  of  the  spring,  and  the  force  of  either 
tension  or  pressure  could  be  easily  measured.  The  two 
rows  of  figures  corresponded  to  tiie  effects  produced  by 
action  on  the  instrvmient  according  as,  the  force  was  ap- 
plied in  the  direction  of  the  long  or  in  that  of  the  short 
axis ;  the  upper  row  in  myriagrams  corresponding  to 
tlie  former,  the  lower  row  in  kilograms  to  tlie  latter. 
This  iusti-ument  was  the  first  dynamometer  of  practical 
vaUie,  and  most  of  those  in  present  use  are  more  or  less 
varying  modifications  of  the  same  type.  As  may  easily 
be  understood,  it  served  not  only  to  measure  force  as 
connected  with  the  human  frame,  but  also  the  strength 
of  machines,  and  the  forces  exerted  or  applied  by  them. 
It  was  first  employed  in  surgery  by  Sedillot  about  1836. 
He  used  it  to  determine  and  regulate  the  amount  of  force 
exerted  in  reducing  dislocations  and  in  other  surgical 
operations.  For  this  purpose  the  instrument  was  at- 
tached to  one  of  the  cords  which  extended  from  the  pul- 
ley to  the  limb  of  the  patient,  and  the  measure  of  t)ie 
force  exerted  was  read  from  the  dial.  Sedillot  used  the 
dynamometer  of  Regnier,  but  the  needles  worked  in  a 
somewhat  different  manner.  Instead  of  serving  to  mark 
the  result  of  forces -according  as  they  were  applied  in  the 
direction  of  the  long  or  of  the  short  axis,  in  this  instru- 
ment one  of  the  needles  simply  marked  the  maximum 
variation,  while  the  other  was  freely  movable  and  corre- 
sponded in  position  with  the  amount  of  the  traction  at 
each  given  moment,  thus  enabling  tlie  operator  to  recog- 
nize variations  and  to  provide  for  continuous  steady 
action.  "He  thus  succeeded  in  producing  continued  ex- 
tensions, that  is  to  saj',  those  maintained  at  the  same 
strength  and  gradually  and  regularly  increased." 

None  of  the  dynamometers  thus  far  used  appear,  how- 
ever, to  have  been  simple  or  readily  capable  of  applica- 
tion to  medical  purposes.  In  1859  Burq  first  published 
his  description  of  a  newpoeJiet  dynamometer,  "formed  of 
the  metals  most  active  in  metallotherapy."  This  was  to 
serve,  first,  for  the  ready  exploration  of  the  strength 
of  pressure  and  of  traction  in  all  the  muscular  systems 
of  external  life ;  secondly,  for  tlie  closely  approximative 
determination  of  the  forces  which  the  surgeon  may  be 
called  upon  to  use,  as  in  the  rediiction  of  certain  disloca- 
tions; thirdly,  for  the  more  usual  metallotherapeutic  in- 
vestigations. 

Burq's  dynamometer  (see  Fig.  1670)  consists  .simply  of 
a  small  box  or  case  of  metal,  rectangular  and  open  in 
front.  Its  upper  and  lower  portions  are,  when  it  is  not 
in  use,  maintained  at  a  slight  distance  from  the  point  of 
complete  closure  by  a  double  spring  of  steel,  which  is  so 
placed  in  the  interior  as  to  be  always  perfectly  protected. 
This  records  accurately,  on  a  dial  placed  in  the  centre  of 
the  case,  the  force  of  all  efforts  which  may  be  made,  di- 
rectly or  indirectly,  with  the  hands  or  the  feet,  to  close 
the  case.  When  it  is  desired  to  test  the  force  of  traction, 
the  hooks  represented  in  the  figure  are  inserted  into  open- 
ings made  for  them  in  the  top  and  bottom  of  the  case, 
and  the  traction  is  exerted  by  means  of  the  handles  which 
are  attached  to  them  below. 

Another  important  modification  in  the  form  of  dyna- 
mometers was  that  introduced  by  Duchenne,  of  Bou- 
logne, and  apparently  first  described  in  186a.  A  httle 
later  he  speaks  of  it  thus:  "I  have  had  made  a  powerful 
dynamometer  (measuring  from  1  to  100  kgm.),  and  a  sen- 
sitive dynamometer  (measuring  from  1  to  8  kgm.).  The 
powerful  one  serves  to  measure  tlie  force  of  the  pressure 
of  the  closed  hand,  that  of  all  movements  of  parts,  and 
the  amount  of  what  I  have  called  nervous  excitability 
iirritabilite  nervetise),  or  the  degree  of  exhaustion  of  this 
excitability.     First,  we   measure   the  force  of  pressure 
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of  tilt  closed  hand  by  placing  in  the  palm  of  the  hand, 
between  the  thenar  eminence  and  the  second  phalanges 
of  the  flexed  fingers,  the  handles  of  the  d.ynamometer 
criissed.     Secondly,  it  is  designed  to  measure  the  force  of 


1670.  —Burg's  Dynamometer. 


the  movements  of  parts.  Then  its  handles  should  be  un- 
crossed. For  example,  if  ive  desire  to  measure  the  force 
of  the  movement  of  flexion  of  the  lower  arm,  we  fasten 
something  to  the  end  of  it  (a  handkerchief  folded  cross- 
ways  or  a  strap),  to  which  we  can  attach  the  handle  of 
oneijf  the  branches;  then,  while  tlie  subject  holds  the 
forearm  powerfully  flexed,  the  operator  seizes  the  handle 
of  the  free  branch  and  pulls  on  it  until  the  forearm  be- 
gins to  extend.  The  sensitive  dynamometer,  of  a  form 
analogous  to  the  preceding,  is  designed  to  measure  in 
grams  the  force  of  partial  movements  in  persons  who 
suft'ei-  from  paresis.  Thirdly,  the  movable  needles  are 
designed  to  measure  the  force  of  the  nervous  excitability. 

The  instrument  (.see  Fig.  1671)  is  composed  of:  (1)  A 
powerful  spiral  spring,  which  ends  in  two  straight 
branches  (U,  0)  placed  side  by  side  and  parallel— the  spring 
is  made  ten.se  by  the  separation  of  these  branches;  (2)  two 
handles  {!'.  P),  whicli  are  fixed  at  will  either  at  the  ex- 
tremity of  the  branches  or  near  their  central  point,  and  by 
means  of  which  the  branches  can  be  separated ;  (3)  a  jilate 
( C),  placed  on  the  anterior  face  of  the  spring,  and  on  Avhieh 
are  engraved  two  rows  of  numbers  (A,  Ji).  marking  in 
tlie  first  from  1  to  100  kgnr.,  in  the  second  from  1  to  40; 
(4)  a  needle  (D).  which  is  set  in  movement  by  the  .separa- 
tion of  the  branches,  and  marks  the  amount  of  force 
which  causes  this  .separation. 

Di'mhoff's  luyodynamometei-  was  designed  to  "deter- 
mine with  rnathcnnatical  exactness  the  degree  of  muscu- 
lar power  in  di.sease."  The  instrument  acts  on  the  lever 
principle.  A  bar  fifty-five  inches  long,  with  a  notch  five 
inches  from  one  end,  is  so  placed  that"  the  notch  fits  into 
the  corner  of  a  prisra-sliaiied  support  on  which  the  bar 
can  be  moved  as  a  lever.  The  long  arm  of  the  lever  con- 
tains tifty  notches  an  inch  apart,  and  on  any  of  these  a 
ten  pound  weight  can  be  suspended.  The 'beam  itself 
can  t)e  held  in  equilibrium  by  a  two-jiound  Aveight  fast- 
ene<l  to  the  end  of  the  short  arm.  In  order  to  use  the  in- 
strument It  sliould,  if  pos.sible,  be  placed  on  a  tal)le  near 
wluch  the  patient  sits.  lie  presses  with  his  rinlit  hand 
on  the  short  arm  of  the  lever,  while  the  idiysician  iilaces 
the  weight  so  as  to  neutralize  the  pressure. '  The  limit  of 
the  muscular  i)ower  stands  at  that  point  at  which  the 
patient  is  no  longer  aljle  to  kee]!  down  the  short  arm  of 
the  lever. 
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Among  dA'namometei's  for  special  purposes  mention 
should  be  made  of  Mallez'  vesical  dynamometer,  intended 
to  measure  the  muscular  force  of  the  bladder.  It  is  com- 
posed of  the  following  parts:  (1)  A  tube  0.04  mm.  long, 
and  0.01  mm.  in  diameter;  (2)  a  little  cap,  which  forms 
one  of  the  extremities  of  the  tube,  extends  into  it,  where 
it  move's  up  and  down  with  slight  friction,  and  receives 
the  shock  of  the  column  of  liquid;  (3)  the  cap  is  sur- 
mounted by  a  rod,  surrounded  by  a  spiral  spring  of 
known  resistance,  and  this  rod  extends  a  certain  distance 
beyond  the  farther  extremity  of  the  tube ;  (4)  a  pin  placed 
on  the  rod  at  its  exit  from  the  tube  is  in  contact  with  the 
shaft  of  a  needle,  and  communicates  to  it  the  upward 
movements  of  the  rod.  The  divisions  of  the  dial  over 
which  the  needle  plays  indicates  the  degrees  of  impulse, 
and  tlie  point  of  stoppage  shows  the  measure  of  the  great- 
est force  developed. 

All  the  instruments  hitherto  described  are  more  or  less 
complicated  or  designed  for  .special  purpo.ses,  and  they 
are  not  much  used  at  the  present  time.  On  the  other 
hand,  their  place  is  supplied  bj'  simpler  and  less  costly 
instruments.  Mathieu's  d3'namometer,  which  is  now  in 
general  use,  is  a  modification  of  Hegnier's,  in  which  the 
dial,  instead  of  projecting  be\'ond  the  sjiring,  is  placed 
between  its  branches,  making  the  instrument  smaller  and 
easier  to  handle.  As  it  is  intended  onl}'  for  medical  u.se, 
the  spring  need  be  only  of  a  moderate  resistance.  The 
dynamometer  of  Robert  and  Collin  is  i^racticallv  the  same 
as  that  of  Mathieu  (see  Fig.  1()72). 

Dr.  Gntme  Hammond,  objecting  to  the  fact  that  the 
hand  of  the  patient  sometimes  covers  the  dial  plate  in 
Mathieu's  instrument,  so  that  the  steadiness  of  the  mus- 
cular contractions  cannot  readily  be  perceived,  has,  in 
his  form,  placed  the  dial  plate  at  one  extremity  of  the 
ellipse  instead  of  on  the  side,  as  does  Regnier.  In  his  in- 
strument the  dial  plate  has  the  double  rows  of  figures, 
which  should  be  used  on  all  dynamometers,  and,  the  plate 
being  larger  and  the  hands  longer  than  in  the  ordinary 
form,  smaller  degrees  of  pressure  can  be  registered. 

Hamilton's  dynamometer  consists  of  a  graduated  glass 
tube  v^'hich  dips  into  a  rubber  bulb.     This  bulb  is  filled 


Fic.  11)71.— niiclieiuie's  Dyniimometer. 

with  colored  water,  which  rises  in  the  tube  when  the 
bulb  is  compressed.  Hamilton  thinks  that  the  rubber 
bulb  is  better  adapted  to  receive  pressure  exerted  by  all 
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the  flexors  of  tlie  hand  than  is  the  spring  dynamometer, 
which  is  acted  on  by  only  some  of  tliem, 

Tlie  uses  of  the  dynamoTiieter,  from  a  medical  point  of 
view,  have  already  been  indicated.  In  disease  it  is  used 
frequently  to  determine  the  amount  of  muscular  force  in 
muscles  or  series  of  muscles,  either  by  comparison  of 
those  on  the  one  side  with  the  corresponding  ones  on  the 
opposite  side,  or  by  comparison  with  the  standard  of 


Fig.  11372.  -D.vnauiouiBter  of  Collin. 

health.  It  is  of  greatest  value  in  cases  of  partial  paraly- 
sis, in  which  it  is  desirable  to  test  more  or  less  accurately 
the  strength  of  special  muscles.  In  this  way  it  is  used 
as  a  means  both  of  diagnosis  and  of  prognosis.  Inhealtli, 
also,  the  dynamometer  has  been  frequently  used:  1.  To 
(lelermiue  the  average  power  which  the  human  body  can 
exert  during  a  given  time.  Thus  has  been  calculated 
the  average  amount  of  labor  of  various  kinds'  which  can 
be  performed  in  a  da}'.  3.  As  a  method  of  selection  for 
special  duties. 

In  regard  to  the  muscular  jjower  of  men  as  determined 
by  the  force  of  the  hand  grasp,  Rey  gives  the  following 
fable,  which  he  obtained  from  the  examination  of  seamen 
in  the  French  navy  or  applicants  for  the  service : 
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Mean  between  ages  of  10  and  20 31..54  kgm. 

"     15    '■    20 35.75 

"     20    "    25 41.11     " 

"     20    "    30 41.25     " 

"     25    "    30 41.40     " 

Mathieu's  dynamometer  was  used.  The  sub.ject  stand- 
ing tirmly,  seized  the  instrument  in  the  palm  ot  his  hand, 
and  was  asked  to  exercise  progressively  the  strongest 
pressure  of  which  he  was  capable.  Rey  concludes  that 
the  mean  muscular  power  of  a  man  19.5  years  old,  as 
measured  in  this  way,  equals  38.17  kgm.  Michea  quotes 
Marechal  to  the  effect  that  28  kgm.  is  the  maximum 
effort  that  a  cannonier  should  use  to  execute  a  manoeuvre, 
and  21  kgm.  the  mean.  He  states  that  in  good  health  a 
man  has  a  power  of  pressure  equal  to  50  kgm. ,  and  a 
force  of  prehension  equal  to  132  kgm.  A  woman  has 
about  two-thirds  that  of  a  man. 

The  average  daily  work  of  men  has  been  carefully  de- 


termined in  various  ways.  A  table  giving  the  results 
obtained  may  be  found  in  the  ninth  eJlition  of  the  "En- 
cyelopjcdia  Britannica,"  article  "Meclianics." 
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DYSCRASIA.     See  Diathesis. 

DYSENTERY.— HiSTOKY.— Dysentery  was  one  of  the 
best  known  of  tlie  diseases  of  the  ancient  world.  It  was 
noticed  before  the  time  of  Hippocrates  (430  B.C.),  but  this 
writer  was  the  first  to  give  an  accurate  description  of  its 
symptoms.  He  clearly  differentiates  it  from  diarrhoja, 
as  the  following  extracts  from  his  works  show:  "But 
when  the  body  being  heated,  acrid  matters  are  discharged, 
the  intestine  is  excoriated,  ulcerated,  and  the  stools  are 
bloody;  this  is  dysentery,  a  grave  and  dangerous  dis- 
ease." "When  there  is  dysentery,  pain  occupies  the 
whole  abdomen;  bile,  phlegm,  and  heated  blood  are  dis- 
charged." From  the  time  of  Hippocrates  to  that  of  Cel- 
sus  (35  B.C. -45  A.D.),  the  contention  of  schools  and  the- 
orists (lid  but  little  to  advance  medical  knowledge,  but 
the  writings  of  the  medical  Cicero,  as  Celsus  has  been 
called,  may  be  said  to  epitomize  the  learning  and  practice 
of  his  predecessors,  and  that  the  chief  features  of  dysen- 
tery were  then  understood,  this  quotation  from  his  works 
well  illustrates:  "The  next  disease  of  the  intestines  is 
usually  called  tormina ;  in  the  Greek  langua,ge  it  is  termed 
dysenteria.  The  intestines  are  ulcerated  internallj' ;  gru- 
mous  evacuations  come  from  them ;  sometimes  the  excre- 
tions are  mixed  with  foecal  matter  alw.ays  liquid,  at  other 
times  the  discharges  are  slimy;  sometimes  particles  like 
flesh  pass  with  them:  there  is  a  fre(|uent  desire  of  going 
to  stool,  with  pain  in  the  anus ;  with  this  pain  a  small 
portion  is  voided,  and  even  by  this  the  pain  is  augmented ; 
that  is  relieved  after  some  time,  and  then  there  is  a  short 
repose.  The  sleep  is  interrupted,  slight  fever  ensues, 
and  in  the  progress  of  time  that  disease  either  destroys 
the  patient,  when  it  has  become  inveterate,  and  even  al- 
though it  may  be  terminated  exerts  a  baleful  influence 
for  a  long  time."  Aretseus  (50  a.d.)  recognized,  without 
doubt,  by  actual  observation,  that  the  ulcer  was  the  pe- 
culiar and  dangerous  lesion  of  the  intestine  in  dysentery. 
jMatt(.'is  resembling  flesh,  he  says,  come  away  in  the  dis- 
charges which  accompany  ulceration  of  the  lower  bowel. 
The  tiesh-like  masses  are  shreds  of  the  hning  membrane 
of  the  intestine;  healing  takes  place  by  granulation  and 
cicatrization  of  the  outer  coat,  which  remains  intact. 
That  he  also  observed  the  lesions  of  typhoid  fever,  and 
appreciated  their  relation  to  continued  and  dangerous 
fever,  is  proved  by  the  statement  that,  if  the  ulcers  in 
the  small  intestine  become  excavated  and  phagedenic, 
acute  fevers  set  in,  which  in  some  cases  are  latent  and 
smoulder  in  the  intestines ;  in  other  cases  ardent  fevers 
occur,  accompanied  by  prostration  of  strength,  thirst, 
anxiety,  dry  tongue,  and  small,  feeble  pulse. 

A  century  later,  Galen  (164  a.d.)  said  that  the  physi- 
cians of  his'  time  limited  the  term  dysentery  to  cases  of 
intestinal  ulceration.  The  shreds  passed  from  the  bowels 
are  scrapings  from  the  internal  membranous  surface  of 
the  intestine.  "  At  first  there  is  an  excretion  of  very  bit- 
ing (i.e.,  corrosive)  bile;  then  shreds  of  the  intestines  fol- 
low, afterward  a  little  blood  is  discharged  along  with 
the  shreds,  and  now  the  affection  is  dysentery." 
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CiTilius  Aurelianus  (400  a.d.)  called  dysentciy  rlieniuii- 
tism  of  the  intestines,  an  error  adopted  by  Utoll  ueai'ly 
four  hundred  years  later. 

Alexander  ot  Tralles  (575  ,\.d.  )  disting\iished  dysi'ii- 
tery,  "in  which  various  humors  are  dischaiged  ))y  stool, 
Ironi  the  graver  variety  due  to  ulceiiition  of  the  liowi'ls, 
in  which  shreds  of  the  intestine  are  mi.xed  with  the  dis- 
charges. " 

Other  writers  of  antiquity,  as  Paulus  ^'Egiiieta  ((JOO 
A.D,),  who  made  tenesmus  and  dysentery  separate  affec- 
tions, Ferneliusaud  Fabricius  Hildanus,  g[xve  more  or  less 
accurate  definitions  of  the  disease  and  of  its  characteristic 
phenomena,  Fei'nelius  drew  attention  to  the  diirerence 
in  the  discharges  thai  are  found  in  tlie  two  varieties  of 
dj^sentery,  the  catarrlial  and  the  diphtheritic ;  in  the  latter 
form,  he" .says,  the  ulcei'  |)eneti'ates  and  eats  more  deeply 
into  the  tlesli,  and  tlie  ])ro])er  substance  of  the  intestine 
drops  out  putrid  or  corrupted. 

From  this  period  until  the  revival  (jf  the  study  of  hu- 
man anatomy,  in  llie  early  part  of  the  fourteenth  centurj-, 
no  opportunity  was  ottei-ed  for  adding  any  further  knowl- 
edge to  the  rich  legacj'  of  the.se  ancient  ol)servers.  In- 
deed, it  was  not  until  the  year  1506  that  the  first  records 
of  post-mortem  examinations  of  dysenteric  subjects  were 
published  in  the  posthumous  work  of  Antonio  Benivieni. 
In  the  wiitings  of  Hallerius  (1505),  Schenckius  (1584), 
Sennertus  (l(i'26),  Sydenham  (1672),  Bonetus  (1679),  and 
Morgagni  (1762),  there  gradually  accumulated  a  fund  of 
pathological  data  which  formed  the  basis  for  suijsequent 
gains  of  positive  value.  Sennertus  was  well  acquainted 
with  the  morbid  anatomy,  symptomatology,  and  treat- 
ment of  the  disease.  He  says:  "Dysentery  consists  in 
freijuent  bloody  dejections  from  the  bowels,  with  pain 
in  the  alxlomen  and  tdcerati(m  of  the  intestines;  or  it  is 
an  ulceration  of  tlie  intestines  with  frequent  bloody  and 
purulent  dejections,  with  pain  in  the  abdomen  and  grip- 
ing, arising  from  an  acrid  matter,  peculiaUy  adverse  to 
the  intestines  and  eroding  them,"  He  also  observed  and 
described  the  difference  between  the  sporadic  and  epi- 
demic forms,  and  gave  the  indications  for  licaling  the 
idcerated  surface,  expelling  from  the  bowels  irritating 
substances,  and  checking  profuse  discharges. 

Following  these  came  a  host  of  writers,  who  added 
much  to  the  clinical  knowledge  and  therai)eutics  "f  dys- 
entery by  a  large  experience  in  epidemics  in  Europe, 
India,  and  Africa,  and  in  armies  and  fleets.  Among  those 
of  whom  special  mention  should  be  made  are :  Degner 
(1743),  Pringle  (1752),  Vogel  and  Maver  (1765),  Zimmer 
maun  (1765),  Stoll  (1780),  Rollo  (1786),  Hunter  (1796), 
Desgenettes  (1802),  Fournier  and  Viday  (1814),  O'Brien 
(1822),  Annesley  (1828),  Cruveilhier  and  Virchow  (1842), 
Cambay  (1847),  Catteloup  (1851),  Dutroulau  (1861), 
Ileubner  (1871),  Woodward  (1879),  and  Favrer  (1881), 
Kartulis  (in  Egypt,  1885),  Councilman  and  Latleur  (1.S92) ; 
/tgata  (1892)  aijd  Shiga  (1897)  in  Japan;  Flexner  (1890) 
and  Strong  and  Musgrave  (1900),  in  the  Philippine 
Islands. 

It  is  a  matter  tV>r  surprise  to  tinfl  tliat  the  ulceration  in 
the  intestine,  which  was  considered  so  essential  a  feature 
of  tlie  disease  by  ancient  observers,  shoidd  hav(^  been  de- 
nied by  those  who  in  the  frequent  stiulyof  morbid  tissiu-s 
had  every  opportunity  for  arriving  at  the  truth.  Pringle, 
in  his  autopsies  of  soldiers  who  had  died  of  dy.sentery  in 
Holland  in  1744,  observed  lliat  the  luucous  membrane  of 
tlie  intestine  was  black  and  putrid,  or  thickened  and 
ulcerated,  esjiecially  in  the  lower  part  of  the  colon  and 
reetuin ;  and  yet  Pringle,  latter,  in  consonance  with  the 
0]iiiiions  of  Ilewson  and  Hunter,  doubted  if  the  intestine 
was  uleeiiiteil.  Fournier  and  Viday,  Chom(;l,  Andral. 
and  others,  denied  that  there  was  ever  any  ulceration 
of  the  mucous  menilirane  in  acute  dysentery.  But 
Thomas,  writing  in  1s;i3,  of  the  e]iiileniic  at  Toiirssaid: 
"I  recognized,  alter  liavirig  made  a  considerable  niunb<'r 
ot  autopsies  with  the  greatest  care,  that  the  ancients 
were  right  ill  their  ojiinions  and  that  the  moderns  are 
eiimpletely  in  error.  The  mucous  mendjrane  is  iiromptly 
invaded  by  ulcerations,  so  numerous,  so  well-defineci, 
and  so  constant  tli;il    I   rlnim  us  mi   undoiilited   fact  that 


the  ulceration  of  the  mucous  membrane  is  as  essential  a 
feature  in  dysentery  as  phlyctenula-  in  erysipelas,  le 
bourbillon  ina  furuncle,  or  ptis  in  an  inflammation  of  the 
cellular  tissue." 

Predisposinu  Caisks.  —  (jteographn.  — Dysentery  is 
ubiquitous,  but  it  is  most  common,  most  Intense,  and 
fatal  in  the  tropics.  It  prevails  extensively  on  the  south- 
ern coast-line  of  Asia,  especially  in  India  and  in  the  Indian 
archipelago,  on  the  east  and  west  coasts  of  Africa,  in 
Guinea,  in  Senegambia,  at  the  mouth  of  the  Niger  and 
on  the  adjacent  i.slands,  in  Eg3fpt,  and  in  Algeria.  In 
tlie  western  hemisphere  it  is  also  a  formidable  disease, 
appearing  in  the  s(nithern  and  southwestern  parts  of  the 
United  States,  but  having  a  graver  character  in  Mexico, 
in  (Jentral  America,  on  the  west  coast  of  South  America, 
in  the  Pliili|ipines,  and  in  the  West  India  islands.  In  all 
these  localities  it  is  endemic,  and  frequently  destructively 
epidemic,  increasing  its  ravages  in  its  approach  to  the 
equator,  diminishing  in  intensity  in  temperate  regions, 
and  liecoming  infrequent  above  48°  north  latitude.  It  is 
met  with,  however,  in  Greenland,  Lapland,  Kamtschatka, 
and  Iceland,  while  epidemics  have  occurred  at  E.sthonia, 
Dorpat,  St.  Petersluirg,  Jaroslav.  Novgorod,  in  the  north 
of  Russia,  and,  less  frequently,  in  the  Crimea  and  south- 
ern Russia.  It  was  epidemic  in  Norway  from  1859  to 
1863,  and  from  1853  to  1860  it  produced  about  2,500 
deaths  annually  in  Sweden.  In  1857  there  were  87,000 
cases  and  10,000  deaths  in  the  same  country. 

The  statistics  of  the  French  army  illustrate  the  differ- 
ences in  the  rate  of  mortality  in  temperate  and  tropical 
regions.  In  France  the  death  rate  among  the  troops  from 
dysentery  is  one-twentieth  of  the  total  mortality;  in  Al- 
geria it  is  one-fifth;  in  Senegal  one-third.  In  the  Eng- 
lish army  at  home  the  diseasi;  is  rare,  wliile  in  India  and 
China  more  soldiers  die  from  dysentery  alone  than  from 
all  other  diseases  to  which  they  are  liable  in  Europe.  In 
Ceylon  twenty-three  die  annuallj'  from  dysentery  out  of 
every  thousand  of  effective  force. 

In  the  United  States  ai-my.  in  the  Northern  Depart- 
ment, three  die  from  d_vsentery  out  of  an  effective  of  one 
thousand  men  ;  in  the  middle  re.gion  tlie  proportion  is  one 
death  to  every  one  thou.sand,  and  in  Florida,  it  is  five 
deaths  to  one  thousand. 

According  to  the  report  of  the  Surgeon-General  of  the 
United  States  Army,  for  1900,  the  ratio  of  prevalence  of 
diarrhceal  diseases  among  the  troops  was,  to  1,000  effec- 
rive  strength,  335.05  In  Cuba,  767.61  in  Porto  Rico,  399.60 
in  the  Pacific  Islands,  and  374.19  in  the  United  States. 
The  dift'erenees  in  mortality,  however,  were  very  great. 
The  death  rate  was  0.13  in  Cuba,  0.35  in  Porto  Ri'co,  3.03 
in  the  Pacitlc  Islands,  and  0,34  in  the  United  States. 
During  a  period  of  ten  months  there  were  treated  in  the 
First  Reserve  Hospital.  Manila,  1,328  cases  of  dysentery 
or  14.64  per  cent,  of  the  total  cases. 

In  regard  to  the  distribution  among  the  civil  popula- 
tion, the  more  temperate  and  colder  regions  do  not,  how- 
ever, seem  to  have  a  greater  inuuunity'than  the  southern 
and  southwestern  parts  of  the  country.  Sporadic  dysen- 
tery prevails  in  all  jiarts  of  this  couiitrv  and  has  proved 
most  fatal  in  the  New  England  States."  In  the  Atlantic 
States  the  greatest  mortality  from  dysenterv  in  1850  was 
in  Connecticut  and  ^lassaciiusetts.  l"n  1860  "in  Massachu- 
setts and  Virginia,  in  1S70  in  Vermont  and  IMassacbusetts. 
In  1850  th(^  deaths  from  dysentery  in  Ohio  and  Indiana 
exceeded  by  far  those  in  the  Gulf  States.  The  history  of 
e|iideinic  dysentery  shows  a  wider  spread  in  the  New 
England  States,  between  the  years  1749  and  1798,  than 
elsewhere,  and  since  Uiese  years  epidemics  have  not 
shown  a  preference  for  any  one  region. 

TDpiHivdphy  and  fonrUtwiis  of  i/ie  .%!7.— Efforts  have 
been  made  to  associate  dysentery  with  special  topograph- 
ical or  geological  features,  but  no  such  association  exists. 
Dysentery  prevails  in  countries  and  in  localities  which 
dilfer  Avidely  in  these  respects.  It  is  strange  that  epi- 
demics of  dysentery  have  been  more  general  and  more 
fatal  in  the  country  than  in  the  city.  "This  was  the  case 
in  the  epidemic  of  1774  in  France,'  and  in  the  epidemics 
ui  Germany  between  the  years  1795  and  1829      When 
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epidemics  prevailed  in  tlie  country,  the  disease  was  often 
sporadic  in  the  cities. 

Wlien  houses  are  built  upon  a  low,  damp  soil,  and 
when  the  soil  in  the  immediate  neighborhood  of  build- 
ings, as  hospitals,  barracks,  or  prisons,  is  saturated  with 
moisture,  a  favorable  condition  exists  for  the  propaga- 
tion of  dysenterjr.  Kelsch  and  Kiener  have  shown  a 
connection  between  dj^sentery  and  low-lying,  swampy, 
and  ill-drained  localities. 

Emanations  from  a  wet  soil  are  probably  prejudicial  to 
health,  and  exert  a  depressing  infliu'nce  which  is  favor- 
able to  the  inroads  of  disease.  Dr.  Baly,  in  1842,  with  a 
view  of  ascertaining  the  cause  of  frequent  epidemics  of 
dysentery  in  Millbank  Penitentiary,  visited  many  prisons, 
barracks,  workhouses,  and  lunatic  asylums  in  England. 
Tlie  bowel  complaints,  ho  found,  bore  a  close  relationship 
to  the  site  of  the  institution.  They  were  infrequent 
where  the  building  was  erected  on  an  elevation,  with  a 
dry  soil  and  a  gravelly  subsoil ;  but  very  frequent  if  the 
situation  was  low,  the  soil  wet  from  imperfect  drainage, 
and  the  subsoil  of  peat.  But  dysentery  does  prevail  in 
elevated  and  dry  plateaus  in  India,  Mexico,  and  Peru. 

A  soil  saturated  with  dysenteric  excreta  is  a  frnitfid 
source  of  the  disease.  This  is  shown  in  the  fact,  mentioned 
by  Czernicki,  of  the  breaking  out  of  dysentery  in  two 
French  squadrons  which  in  1875  occupied  ground  where 
a  cavalry  regiment  affected  with  dysentery  had  previ- 
ously camped.  A  similar  occurrence  was  noted  at 
Chalons  in  1890. 

Overcrowding  and  Imperfect  Yentilation. — The  ovci'- 
crowding  of  human  beings  in  badly  ventilated  buildings 
or  ships  is  often  followed  by  outbreaks  of  dysentery. 
It  was  not  rare  for  a  slave-ship,  in  making  the  transit 
from  Africa  to  America,  to  lose  three-fourths  of  her  liv- 
ing cargo  from  this  cause.  In  prisons,  reformatories,  etc. , 
Ijefore  attention  was  paid  to  such  matters,  epidemics  of 
dysentery  were  frequent  and  destructive.  This  was  due 
in  part  to  the  deterioration  of  health  from  imperfect 
ventilation,  and  in  part  to  the  accumulation  and  improper 
disposal  of  f  fecal  matter. 

/Season,  and  2'emperatvre. — In  all  climates  dysentery  is 
most  prevalent  in  the  hot  season.  In  the  United  States 
August  is  the  month  of  its  greatest  mortality,  and  in  the 
summer  and  early  autumn  the  largest  number  of  cases 
occur.  This  is  true  of  sporadic  as  well  as  of  epidemic 
dysentery.  Hirsch  has  collated  the  histories  of  546  epi- 
demics, of  which  404  were  in  the  summer  and  autumn, 
113  in  the  autumn  and  winter,  10  in  the  spring  and  sum- 
mer, and  13  in  the  winter.  Figures  given  by  Kelsch  and 
Kiener  show  the  same  preponderance  in  summer  and 
autumn.  The  minimum  mortality  in  this  country  is  in 
January  and  Fel)ruary. 

Elevation  of  temperature  conduces  to  the  origin  and 
spread  of  dysentery.  Unusual  heat  preceded  the  epidemic 
of  1813  in  Holland,  of  1834  to  1836  in  France,  Switzer- 
land, Belgium,  and  Germany,  of  1853  in  Sweden,  and  of 
1859  in  France.  In  the  Franco-Prussian  War  of  1870,  in 
the  wars  of  Italy  and  the  Crimea,  and  in  the  civil  war  of 
1861-65  in  the  "United  States,  the  relationship  between 
extreme  heat  and  dysentery  has  been  shown;  but  the  fact 
that  campaigns  are' chiefly  conducted  during  the  summer 
adds  the  effects  of  other  causes  to  heat  influence.  That 
there  is  no  necessary  relationship  between  dysentery  and 
extreme  heat  is  shown  by  the  rarity  of  the  disease  in  the 
cities  of  the  Atlantic  seaboard  in  seasons  of  long-con- 
tinued high  temperature.  Epidemics  have  appeared  in 
cold  weather  in  Russia,  Sweden,  and  Canada.  In  Ireland 
an  epidemic  lasted  from  autumn  until  spring,  and  in  1732 
there  was  an  epidemic  in  Siberia  in  January,  Of  13,900 
oases  in  Bengal  there  were  2,400  in  the  cool  season,  4,000 
during  the  warm  and  dry  season,  and  7,000  in  the  period 
of  warmth  and  moisture.  In  warm  climates  endemic 
dysentery  lasts  throughout  the  whole  year.  Dutrouleau 
says  of  iOO  deaths  from  dysentery  in  Martinique  18.76 
took  place  from  January  to  March,  20.55  from  April  to 
June,  27.73  from  July  to  September,  and  32.96  from 
October  to  December. 

Almosphmc  Afoisttire.— The  saturation  of  the  air  with 


moisture  is  recognized  as  offering  another  favorable  con- 
dition for  the  spread  of  dysentery.  Heat  and  moistun- 
combined  enfeeble  the  individual,  and  favor  putrefactive 
decomposition  in  animal  and  vegetable  matters,  and  hence 
assist  materially  in  the  propagation  of  disease.  Moisture 
alone  is  not  an  essential  factor,  however,  as  out  of  119 
epidemics  62  were  preceded  by  moist,  and  57  by  dry 
weather. 

When  cold  and  atmospheric  moisture  are  combined  the 
effect  upon  the  individual  is  the  same,  and  dysenterj- 
may  result.  Thus,  Pringle  states  that  at  the  battle  of 
Dettingen,  the  French  army  was  exposed  to  an  abundant 
rain,  and  the  soldiers  spent  the  night  in  their  wet  cloth- 
ing. A  large  number  were  attacked  with  dysentery, 
while  a  corps  stationed  at  some  distance,  and  not  thus 
exposed,  escaped  illness. 

Vicissitudes  of  Temperature. — The  season  of  dysentery 
has  been  said  to  be  when  cooler  nights  succeed  hot  days, 
and  when  sudden  changes  of  weather  occur.  In  tropical 
countries  oscillations  of  temperature,  after  periods  of 
prolonged  heat,  often  precede  epidemics,  and  the  same 
thing  has  been  noted  in  temperate  climates.  Pruner  in 
Egypt,  Lame  in  Guiana,  McMullin  in  the  Barbadoes, 
Ruthay  in  China,  and  Lavacher  among  the  negroes  at 
Santa  Lucia,  have  noted  the  appearance  or  aggravation  of 
dysentery  after  sudden  and  marked  temperature  varia- 
tions. In  armies  on  the  battlefield  or  in  exposed  camps, 
dysentery  follows  unusually  cold  nights  or  sudden 
changes  in  temperature,  the  officers  always  suffering  less, 
however,  as  they  are  better  clothed  and  better  protected 
against  such  influences.  It  is  not  now  thought,  however, 
that  variations  of  temperature  have  much  influence  in 
causing  outbreaks  of  dysentery,  although  formerly  this 
was  a  prevailing  belief. 

Impure  Water  Supply. — From  the  earliest  times  bad 
drinking-water  has  been  believed  to  be  a  potent  cause  in 
originating  dysenter}'.  But  no  part  of  the  study  of  the 
etiology  of  the  disease  gives  a  better  idea  of  the  contra- 
dictory nature  of  the  evidence  than  that  upon  which  u 
belief  or  disbelief  in  the  evil  influence  of  impure  drinking- 
water  is  based.  Read  in  1770  noted  that,  in  an  epidemic 
at  Metz,  a  regiment  occupying  a  certain  caserne  had 
ninety-one  cases  of  dysentery,  while  other  regiments  suf- 
fered much  less.  The  soldiers  of  this  regiment  used  water 
contaminated  by  sewage  from  neighboring  privies,  and 
the  closure  of  the  infected  wells  was  followed  bj^  a  dim- 
inution in  the  number  of  cases.  This  is  an  early  ob- 
servation which  is  the  counterpart  of  an  innumerable 
number  of  the  same  sort.  Cases  and  epidemics  have  been 
traced  to  the  use  of  water  contaminated  with  sewage, 
wi  fch  animal  excrement,  and  with  matters  from  animal  and 
vegetable  decomposition.  The  cutting  off  of  the  suppl}' 
from  the  contaminated  source  has  frequently  not  pre- 
vented outbreaks  of  dysentery,  nor  stopped  the  spread  of 
it.  The  use  of  rain  water  in  ships  at  infected  foreign 
ports  is  not  a  preventive,  nor  do  the  Chinese  escape  who, 
according  to  Dudgeon,  invariably  use  boiled  water.  In 
the  Millbank  penitentiary  three  hundred  and  fifty  prison- 
ers were  given  pure  water  from  an  artesian  well,  while 
seven  hundred  drank  Thames  water,  but  intestinal  dis- 
eases were  as  common  in  the  one  class  as  in  the  other. 
On  the  other  hand,  an  epidemic  of  dysentery  began  on 
the  Pacific  Mail  steamer  Alasha,  and  several  of  the  crew 
wei'C  attacked  eight  or  ten  days  after  the  tanks  were  filled 
at  Hong-Kong.  The  water  in  the  tanks  was  found  to  be 
filled  with  bacteria;  the  crew  was  put  on  condensed 
water  and  the  further  spread  of  the  disease  stopped. 
Davis  mentions  that  at  Tortola,  in  the  West  Indies,  the 
inhabitants  use  rain  water  only,  and  while  they  escape, 
the  ship's  crews  are  invariably  attacked  with  dysentery. 
So  well  known  is  this  that  the  i-esidents,  when  invited  to 
dinner  on  board  a  man-of-war,  frequently  carry  their  own 
supply  of  drinking-water  with  them. 

Other  observers  mention  facts  which  are  in  direct  op- 
position to  these.  In  1848,  two  French  ships-of-war,  the 
Brandon  and  the  E)nbuscade,  visited  St.  Pierre.  A  vio- 
lent epidemic  of  dysentery  attacked  the  crews,  who  used 
distilled  water,  or  water  brought  from  France.      The 
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merchant  ships  in  port,  which  took  no  sucli  precautions, 
escaped  the  disease. 

Tlie  worlcnien  engaged  in  tlie  Suez  Canal  had  a  greater 
immunity  from  dysentery  after  1863,  when  the  purer 
Avater  of  the  Nile  was  obtained.  Lalluyaux  d'Ormay 
demonstrated  at  The-dau-Not,  in  Cochin  CJhina,  that 
dysentery  could  be  produced  or  arrested  at  will  by  using 
or  not  using  certain  waters.  In  China  the  water  of  cer- 
tain rivers  is  notorioiisly  dangerous  to  health,  and  pro- 
duces dysentery.  Thevenat,  in  his  work  on  "  Diseases 
of  Europeans  in  Warm  Climates,"  says  nothing  is  so 
prone  to  lead  to  disorganization  of  the  large  intestine  as 
infected  water.  The  cause  of  contradictory  evidence  is 
now  easily  understood.  Impure  water  per  ne  cannot 
produce  dysentery ;  the  water  must  contain  the  infecting 
micro-organism  as  one  of  its  impurities. 

Improper  Food  Supply  andJiidir/estiun. — The  occurrence 
of  dysentery  has  long  been  associated  with  errors  in  diet, 
andwitli  indigestion  and  food  decomposition  in  the  intes- 
tinal canal.  Acute  indigestion,  after  taking  food  in  ex- 
cess, or  when  it  is  unfit  for  use,  may  lead  to  diarrhoea  or 
dysenterjr.  The  acrid  matters,  which  were  dwelt  upon 
ijy  the  Greeks  as  causes  of  dysentery,  arise  from  the 
putrefactive  changes  in  the  intestinal  contents,  and  are, 
without  doubt,  agents  in  exciting  inflammation  and  in 
predisposing  to  dysenteric  infection. 

liidimdual  Predispiosition. — Age. — No  age  is  exempt 
from  dysentery.  It  is  asserted  by  Zimmermann  that  in- 
fants whose  mothers  have  dysentery  are  born  with  it. 
Young  children,  in  the  hot  season  in  temperate  climates, 
are  prone  to  it,  but  not  to  the  same  extent  as  to  diaiThcea. 
Recruits  from  nineteen  to  twenty-one  years  of  age.  newly 
arrived  in  India  and  Algeria,  are  more  liable  to  contract 
the  disease  than  older  soldiers.  In  the  French  navy  the 
same  predisposition  has  been  noticed  among  the  }'Oung 
apprentices.  In  the  old,  dysentery  is  a  common  and 
fatal  affection. 

Sex. — Dysentery  is  more  prevalent  among  males  than 
among  females. 

Race. — All  races  and  nations  are  subject  to  sporadic  if 
not  to  epidemic  dysentery.  The  natives  as  well  as  for- 
eigners are  attacked  by  it,  and  its  fatality  is  usually 
greater  among  the  native  population.  In  this  country 
the  opportimity  is  given  to  contrast  the  disease  as  it 
affects  the  white  and  black  races.  Campbell,  of  Georgia, 
has  described  an  epidemic  which  involved  the  whites 
only,  but  this  is  an  isolated  observation.  In  an  epidemic 
in  Byhalia,  Miss.,  in  1883,  both  the  masters  and  servants 
succumbed  to  dj'senteric  symptoms;  in  a  radius  of  ten 
miles,  out  of  100  deaths,  85  were  from  this  cause. 

A  race  out  of  its  own  habitat  is  a  greater  prey  to  dys- 
entery, owing  to  the  adoption  of  a  mode  of  life  and  diet 
which  are  unsuited  to  the  necessities  of  the  climate. 

Condition  and  Habits  of  Life. — Dysentery  is  more  fatal 
among  the  poor  than  among  the  rich,  and  it  is  especially 
fatal  among  the  poorly  clothed  and  badly  fed.  Over- 
fatigue, loss  of  sleep,  and  anxiety  favor  the  onset  of  the 
disease.  Indulgence  to  excess  in  alcoholic  liquors  is 
thought  to  be  a  cause  in  hot  chmates,  but  as  errors  of 
diet,  exposure,  fatigue,  and  a  general  disregard  of  the 
lules  of  health  accompany  alcoholic  indulgence  it  is  prob- 
able that  alcohol  alone  is  not  an  active  cause. 

Influence  of  Other  Diseases.— The  relation  of  scurvy  to 
dysentery  has  been  much  dwelt  >ipon.  During  the  civil 
war  in  this  country  the  concurrence  of  diarrhoea,  dysen- 
tery, and  scurvy  was  frequently  noted.  All  followed 
prolonged  depilvation  of  vegetable  food,  the  hardsliips 
of  camp  life  or  exposure  in  the  field,  but  that  there  is  no 
lausal  relation  between  scurvy  and  dysentery  is  abun- 
dantly proved  by  experience  evi.'ry  where.  Of 'fifty  cases 
of  scurvy  admitted  into  the  European  General  Hosjiital 
Bomlmy.  in  1863,  only  one  had  dy.sentery. 

In  epidemics  of  cholera,  ti  transition  of  the  choleraic 
into  dysenteric  symptoms  lias  sometimes  occurred,  and  in 
fatal  cases  of  cholera  lesions  similar  to  those  characteristic 
of  dysentery  have  lieen  found. 

^  A  very  general  belief  has  prevailed  as  to  the  close  asso- 
ciation of  malaria  and  dysentery.     In  the  Southern  and 


Southwestern  States  the  coincidence  of  "  bilious  "  fever 
and  dysentery,  the  two  diseases  frequently  appearing  in 
the  same  individual,  and  arising  apparently  under  the 
same  conditions,  led  to  the  opinion  that  both  diseases  are 
due  to  one  and  the  same  poison,  developed  in  the  decom- 
position of  vegetable  matters.  But  the  geographical  his- 
tory of  dysentery  shows  that  conditions  leading  to  mal- 
arial disease  are  b}'  no  means  necessary  to  originate 
dysentery.  Dysentery  and  malaria  prevail  indcpenciently 
of  each  other  when  there  are  the  same  conditions  of  sea- 
son, soil,  and  climate.  An  epidemic  of  dysentery  oc- 
curred in  San  Joaquin  Valley,  Cal.,  in  May,  June,  and 
July.  Malarial  fever  prevailed  in  August,  September, 
and  October  of  the  same  year.  In  Trenton  and  Gibson 
Counties,  Tenn.,  in  the  autumn  of  1881,  a  maximum  of 
dj'sentery  was  reached  while  there  was  but  little  mal- 
arial disease.  In  1874  and  1875,  when  intermittent 
fevers  were  so  rife  that  there  were  not  well  persons 
enough  to  care  for  the  sick,  there  was  scarcely  one  case 
of  dysentery. 

The  discovery  of  the  malarial  parasite  and  the  belief  in 
the  parasitic  origin  of  dy.senter3'  have  done  awaj'  entirely 
with  this  once  common  opinion.  Such  coincidences  of 
malarial  fever  and  dysentery  or  of  dysentery  and  typhoid 
or  other  specific  fevers  are  examples  of  douljlc  infec- 
tion. 

Dysentery  complicates  various  acute  and  chronic  dis- 
orders, and  these,  with  former  attacks  of  dysentery,  and 
all  previous  states  of  ill-health,  may  be  regarded  as  pre- 
disposing to  its  development. 

Constipation  has  been  thought  to  bring  about  dysen- 
tery, the  hardened  fiucal  masses  acting  as  foreign  bodies 
in  the  colon  and  rectum.  Cullen  held  that  the  grijiing, 
frequent  stools,  and  tenesmus  were  caused  hy  their  pres- 
ence. 

FoR.MS  OF  Dysenteky. — The  term  dysentery  is  now 
known  to  include  several  disea,ses  unlike  in  their  etiology 
and  pathological  anatomy,  occurring  under  different  con- 
ditions of  climate  and  locality,  although  resembling  each 
other  to  some  extent  in  their  symptoms.  For  convenience 
they  are  spoken  of  as  forms  of  dysenteiy,  although  their 
differences  are  great  enough  to  deserve  separate  classifi- 
cation. 

The  classification  most  usually  adopted  of  sporadic, 
tropical  or  endemic,  and  epidemic  or  diphtheritic  dysen- 
tery was  based  upon  clinical  and  pathological  differences, 
but  our  present  knowledge  shows  that  the  differences 
between  these  forms  are  not  great  enough  to  justify  this 
distinction.  The  study  of  the  etiology  of  the  di.sease  has 
now  advanced  so  far  that  we  are  justified  in  stating  that 
there  are  several,  perhaps  many  forms  of  so-called  dys- 
entery, each  due  to  infection  by  some  specific  micro-or- 
ganism. It  is  not  certain,  however,  that  any  one  variety 
is  limited  geographically,  nor  what  the  relation  may  be 
between  the  dy,senteries  of  different  climates  and  coun- 
tries. So  far,  the  only  forms  that  are  definitely  placed  are 
the  dysentery  due  to  the  Ama'ba  coli  and  that  due  to  the 
Bacillus  dysenteric.  It  seems  probable  that  in  time 
etiological  research  will  lead  to  the  entire  abandonment 
of  the  term  dysentery. 

Sporadic  dysentery  or  the  dysentery  of  temperate  cli- 
mates is  described  separately  on  account  of  its  clinical 
features. 

I.  Acute  Catarrhal  or  Sporadic  Dysentery. 

EHolofiy .—^oWxma,  is  definitely  known  as  to  the  bac- 
teriology of  catarrhal  dysentery.  Without  doubt  it  has 
a  specific  cause,  probably  a  bacillus  which  has  so  far 
eluded  discovery.  Etiologically  it  may  be  the  same  as 
the  bacillary  dysentery  of  Manila;  the  disease  cannot  arise 
from  chemical  or  mechanical  causes. 

Pathologicnl  Artatoiiijj.—The  mucous  membrane  of  the 
rectum  and  lower  bowel  is  inflamed.  In  the  milder  forms 
there  is  no  change  beyond  a  more  or  less  intense  hyper- 
a'mia  of  the  mucous  membrane  over  areas  of  varying  ex- 
tent. Punctiform  hemorrhages  are  seen  in  themiicosa  or 
submucosa.     The  mucous  coat  is  swollen  and  covered 
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with  much  mucus,  pus,  and  red  blood  culls.  The  siu  lace 
epithelium  is  absent,  and  the  exfoliation  of  epithelium 
niaj'  involve  the  glands.  There  is  sometimes  destruction 
of  "the  tissue  of  the  mucous  membrane ;  shallow  ulcers 
are  seen,  formed  by  extension  of  the  superficial  softening. 
Sometimes  the  ulcers  extend  to  the  muscular  coat.  In 
the  submucosa,  which  is  much  thickened,  there  are  masses 
of  granulation  and  pus  cells,  and  the  connective-tissue 
cells  are  enormously  swollen.  The  solitary  follicles  are 
swollen  and  from  distention  they  burst,  thus  forming  an 
ulcer. 

Syiiiptiiiiis. — In  the  milder  forms  of  the  dysentery  of 
temperate  climates  the  attack  may  begin  with  diariha'a 
and  with  iiremonitory  distress  in  the  abdomen  and  tym- 
panites. Colicky  pains  follow ;  the  evacuations  veiy 
soon,  sometimes  at  once,  are  characteristic  of  dj'sentery ; 
they  are  small,  contain  or  consist  wholly  of  mvicus,  and 
are'stained  with  blood.  The  griping  pains,  as  the  attack 
advances,  recur  at  short  intervals  in  the  region  of  the  mn- 
bilicus,  in  the  line  of  the  ascending  and  descending  colon, 
extending  to  the  left  iliac  fossa.  The  urgent  desire  to 
empty  the  bowel  follows  each  paroxysm  of  pain,  and 
with  great  straining  (tenesmus)  a  small  nuico-sanguinolent 
mass  is  expelled.  The  patient  continues  his  unrelieved 
expulsive  efforts  and  complains  of  burning  in  the  anus. 
In  cases  of  this  kind  there  may  be  very  little  fever  or  none 
at  all,  but  the  degree  of  weakness  is  out  of  proportion  to 
the  mildness  of  the  attack.  The  patient  improves  gradu- 
ally after  a  few  days  and  is  well  at  the  end  of  a  week  or 
ten  days. 

In  severer  forms,  lasting  ten,  fourteen,  or  twenty-one 
days,  these  same  symptoms  are  intensilieil,  especially  the 
constitutional  symptoms;  the  pulse  is  more  frequent  and 
feeble,  and  the  "temperature  ranges  from  101°  F.  to  103' 
F.  The  strength  undergoes  a  more  rapid  reduction,  the 
effect  of  the  violent  and  frequent  abdominal  pains  and 
the  frequent  mucoiis  and  bloody  stools,  which  are  at- 
tended with  great  straining,  and  with  the  sensation  as  if 
a  foreign  body  were  in  tlie  rectum.  In  the  beginning  the 
discharges  are  composed  of  a  viscid  mucus  floating  in  a 
serous  liquid.  On  the  second  or  third  day  blood  is  mixed 
with  the  mucus,  and  there  is  less  fluid.  After  the  fifth 
or  sixth  day  blood  is  passed  with  nmco-purulent  or  puru- 
lent fluid,  the  source  of  which  is  the  ulcerating  mucous 
membrane.  Gradually  the  stools  become  more  abundant, 
and  consist  of  a  dirty  white  or  grayish  fluid,  of  a  slightly 
fcetid  odor.  Their  number  varies  from  twenty  to  forty  in 
the  twenty-four  hours,  being  more  frequent  at  night,  but 
there  is  no  limit,  as  many  as  two  hundred  having  been 
noted. 

The  progress  of  tlie  attack  is  attended  Avith  fever,  with 
thirst,  sometimes  with  delirium  at  night,  always  with 
restlessness  and  insomnia;  the  abdominal  pains  are  so 
severe  as  to  excite  cries,  and  the  prolonged  expulsive 
efforts  cause  great  exhaustion  and  profuse  sweating. 
Vesical  tenesmus  accompanies  rectal  tenesmus,  and  pro- 
lapse of  the  bowel  is  not  infrequent,  especially  in  chil- 
dren. A  sensation  of  oppression  in  the  epigastrium  and 
vomiting  are  due  to  reflex  influences. 

The  loss  of  strength  is  rapid,  the  pulse  grows  feeble, 
and  the  patient  hes  on  one  side  with  the  knees  drawn  up. 
If  recovery  is  to  be  the  result  there  will  be  a  diminution 
in  the  number  of  the  stools  and  a  return  of  ftecal  matter. 
Death  is  preceded  by  offensive  fluid  movements.  Such 
attacks  may  pass  into  the  chronic  form. 

11.    Dysentery  Due  to  (1)  tub  Amceb.v  Dysenteri.e 
AND  TO  (3)  the  Bacillus  Dysentekl*:. 

Etiology.— Amcehx  were  first  seen  by  Lambl  in  the  in- 
testinal contents  in  1859.  In  1875  Losch,  in  examining 
microscopically  the  stools  of  a  patient,  twenty-four  years 
of  age,  who  was  suffering  with  an  ulcerative  affection  of 
the  large  intestine,  discovered  an  amreba  which  appeared 
in  great  numbers;  this  he  called  "amibe  du  colon"  or 
ama?ba  coli.  Next  he  injected  these  stools  into^  the  in- 
testines of  two  dogs,  one  of  which  had  vomiting  and 
diarrhaa.     The  animals  were  then  killed,  the  intestines 


were  found  to  be  inflamed,  were  covered  with  bloody 
m\ieus,  and  showed  many  idcerations.  The  ama-bie  were 
found  in  the  nuicous  membrane  and  in  the  ulcers.  The 
parasite  appeared  as  a  lu-otoplasmic  mass  and  measured 
on  an  average  20  to  50  /i;  in  motion  and  with  their 
greatest  elongation  they  reached  over  60  //.  Their  proto- 
plasm was  very  granular  and  enclo.sed  six  or  eight  round 
vacuoles. 

Koch,  in  1883,  found  the  amo'ba  in  the  intestines  of 
those  dying  from  Egyptian  dysentery.  Kaitiilis  in  ly«5 
attem|ited  to  prove  tliat  theamtebte  played  the  |irincipal 
role  in  the  pathogenesis  of  d3'seutery.  He  also  found 
them  in  other  ulcerative  affections  of  the  intestine,  viz., 
in  typhoid  fever  and  in  tuberculosis.  In  certain  complica- 
tions of  dysentery,  and  especially  in  abscess  of  tlie  liver, 
Kartulis  foiuid  the  amcebie  in  the  pus,  associated  nearlj-  al- 
ways with  the  ordinary  microl)esof  suppuration.  Osier, 
first  in  America,  reported  a  case  of  abscess  of  the  liver 
which  develo]  led  in  the  course  of  djsenter}'  and  in  which  he 
fovmd  the amobie  in  large  numbers.  JInch  that  we  know 
of  this  form  of  dysentery  is  due  to  the  work  done  in 
Johns  Hopkins  Hospital  by  Osier,  Councilman,  and  La- 
fleur,  and  we  are  indebted  chiefly  to  the  paper  of  Coun- 
cilman (Transactions  of  the  American  Association  of 
Physicians,  1893)  for  oiu-  knowledge  of  the  pathological 
anatomy  of  am(vbic  dysentery.  Dock  afterward  demon- 
strated the  amieba'  in  a  case  of  dysentery  contracted  in 
Texas.  Vassi  has  since  found  them  in  a  ca.se  of  abscess  of 
the  liver ;  he  found  onty  a  small  number  in  the  pus,  but 
they  were  present  in  great  numbers  on  the  side  of  the 
abscess,  also  in  some  of  the  small  branches  of  the  portal 
vein. 

These  observations  seemed  at  one  time  to  have  definitely 
fixed  the  ama>ba  as  the  one  infecting  micro-organism  in 
tropical  dysenterj-,  and  the  name  " amoebic  dysentery" 
took  firm  root  in  medical  literature. 

The  fact  that  amceba?  are  found  in  other  diseases,  as  in 
cholera  and  typhoid  fever,  and  in  the  intestines  of  healthy 
persons,  threw  doubt  upon  the  theory  that  this  was  the 
infecting  micro-organism  of  dysentery.  The  inference  is, 
that  there  are  intestinal  amrebaj  which  are  harmless  or 
which  at  any  rate  do  not  produce  dysentery.  These  have 
been  injected  without  effect  into  the  rectum  of  cats.  On 
the  other  hand.  Strong  and  Musgrave  assert  that  they  have 
had  no  difflcidty  in  producing  dysentery  with  ulceration 
of  the  large  bowel  by  injecting  stools  or  contents  of  liver 
abscesses  containing  mobile  amoibie  dysenteria;.  Council- 
man and  Laflon-  believed  that  there  were  a  number  of 
species  of  amcebai  which  may  inhabit  the  colon. 

From  recent  experience  in  Manila,  as  well  as  fi-om  pre- 
vious studies,  it  may  be  concluded  that  there  is  an  amcebic 
dysentery.  As  amoebae,  however,  were  not  found  in  all 
cases  of  dysentery,  either  in  the  stools  or  in  the  intestinal 
tissues  after  death,  doubt  was  raised  as  to  whether  the 
amceba  was  the  only  cause  of  dysentery. 

Bacilli  were  found  in  the  stools  of  dysentery,  and  in  the 
glands  or  walls  of  the  large  intestines,  by  Klebs  (1887), 
Ziegler  (1893),  Chaute-Messe  and  Widal  (1888),  Grogoriefl 
(1893),  Laveran  (1893),  and  Arnaud  (1894). 

Celli  and  Fiocca  (1895),  studied  63  cases  of  dysentery 
and  concluded  that  the  amoeba  coli  is  not  the  cause  of 
this  disease.  They  found  a  colon  bacillus,  called  by  them 
B.  coli  dysenterisB,  having  special  virulence,  which  they 
considered  responsible  for  the  lesions  in  all  cases.  With 
this  bacillus  they  caused  dysentery  in  cats,  and  a  toxin 
separated  from  it  produced  the  same  results.  Celli  in  the 
next  year  reported  that  he  invariably  succeeded  in  isolat- 
ing B.  coli  dysenterise  from  dysenteric  cases. 

In  epidemic  dysentery  in  Japan  Ogata  (1892)  found  no 
am(eb;i3  but  he  isolated  fine  bacilli  which,  when  intro- 
duced by  the  mouth  or  rectum,  caused  intestinal  ulcera- 
tion in  'cats.  More  recent  observations  were  made  by 
Shiga  in  Japan  during  an  epidemic  in  1897  when  33,300 
deaths,  34  per  cent.,  occurred  out  of  89,400  cases.  A 
bacillus  was  isolated  that  fulfilled  all  the  requirements  to 
give  it  the  place  of  causative  agent.  It  was  found  in  the 
fntestinal  contents  and  walls  and  in  the  mesenteric  glands 
in  36  cases. 
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FlexntT  iu  Ids  bacteriological  studies  of  Plnlip])ine 
dysenteiy  in  1899  obtained  cultui-es  of  two  types  of 
bacilli  from  the  intestinal  walls  and  contents.  Type  I. 
was  found  iu  acute  cases ;  it  was  pathogenic  for  laboratory 


Fig.  1673.— Ac'iiif  Ama'bu-  Dysentpry. 
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animals.  Type  11.  was  present  in  all  dysenteric  cases, 
but  less  prominent  than  Type  I.  in  acute  cases.  It  was 
not  found  in  healthy  persons  or  in  those  suffering  from 
other  diseases.  These  observations  confirm  Shiga's  re- 
sults. 

The  report  of  the  Surgeon-General  of  the  United  States 
Army,  for  the  year  ending  June  30th,  1900,  contains  a  very 
f  idl  and  interesting  report  by  Strong  and  Musgrave  on  the 
etiology  of  the  dysenteries  of  Manila.  In  a  period  of  ten 
months  there  were,  in  the  First  Reserve  Hospital,  jManila, 
1,338  cases  of  dysentery,  being  14.64  percent,  of  the  total 
of  9,063  cases  of  illness  admitted.  One  hundred  and  eleven 
autopsies  were  made  on  dj'senteric  cases;  21  of  tliesc 
were  classed  as  "acute  specific  dysentery',"  11  as  "  sub- 
acute specific  dj'senteiy,"  and  79  as  "  amrebic  dysentery. " 
A  bacillus  was  isolated  in  17  out  of  the  21  cases  of  acute 
dysentery  and  in  2  out  of  the  11  cases  of  subacute  dj'sen- 
terj' ;  this  Ijacillus  Avas  similar  to  that  found  by  Shiga  at 
Tokyo  in  1 897.  Strong  and  Musgrave  regard  this  Bacillus 
dysenterife  as  the  cause  of  these  acute  and  subacute  forms, 
and  thus  their  conclusions  agree  with  tho,se  of  Shiga  and 
Flexner. 

This  opinion  is  sujipoited  liy  the  volunlarj-  ingestion, 
b}'  an  Indian  ci'imiual  condenmed  to  death,  l)ut  in  perfect 
health,  of  a  forty-eight-hour  Ijouillon  culture  of  Bacillus 
dysenteriie  in  warm  milk.  In  twenty -four  hours  charac- 
teristic dysenteric  stools  appeared, with  fever;  the  stofils 
contained  mucus,  cells,  and  bacteria,  but  no  ama'bs.  This 
attack  ended  in  recovei'y. 

Flexner,  Strong,  and  jNIusgiuve  describe  minutely  the 
bacilli  foimd  by  them ;  they  were  pathogenic  for  "mice, 
guinea-iiigs,  rats,  and  rabbits;  injected  into  the  I'ectum  of 
cats  and  dogs  they  did  not  produce  d_ysenteric  lesions  oi- 
symptoms.  In  26  cases  of  dysentery  which  presented 
different  lesions  and  in  which  amcebie  were  present  the 
Bacillus  dysenteria!  was  not  found. 

The  blood  serum  of  acute  and  subacute  eases  of  the 
aeuti.'  spi'citic  dysentei-y  h.-is  an  agglutinative  reaction 
with  the  1!.  dyseiiteii;e  b\  I  he  third  day  ;  it  is  marked  by 
the  fifth  or  si.xtli  day. 

(1)  Am(kiii('  I)ysi.;ntei{v.— This  form  of  dy.sentery  is 
endemic  in  India,  Egypt,  the  Pliili|jpiue  Islands  and  e'lse- 
w'hcic  ill  t,hc  Tropics.  It  has  been  met  with  as  a  sporadic 
form  in  the  United  Slates.  Osier  says  that  the  ca.ses  of 
acute  and  chronic  dysenteiy  admitted  to  his  wards  in 
Johns  Hopkins  Hospital  have  been  almost  exclusively  of 
this  form. 

Piithnloiiinil    Aii<it„i,iii.~^Uv    sigmoid     llexui-e    is    the 


chosen  seat  of  disease;  it  may  involve  the  ascending  or 
descending  colon,  or  the  whole  of  the  large  bowel  at  one 
time.  The  intestine  is  thickened;  the  mucosa  coated  with 
a  muco-sanguineous  secretion   is  intensely  hypertemic, 

swollen,  and  in  places 
ecchymotic.  The  .solitary 
follicles  ap])ear  as  grayish- 
white  points,  surrounded 
with  an  areola  of  injected 
vessels.  Nodular  projec- 
tions of  the  mucosa  are 
seen ;  they  I'esult  from 
oedema  and  cellular  infil- 
tration of  the  submucosa. 
Tills  condition  is  followed 
by  an  ulcerative  process, 
beginning  in  the  submu- 
cosa and  undermining  the 
mucous  layer  above. 
These  overhanging  layers 
next  fall  off',  leaving  large 
exposed  ulcers,  which  may 
deepen  until  the  mu.scular 
coat  is  exposed  and  forms 
the  base  of  the  ulcer. 
The  ulcerative  process  is 
thought  bj'  Kruse  and 
Pasquale  to  begin  in  tlie 
.solitary  follicles,  but  ac- 
cording to  Councilman 
and  Lafl(.'Ui'  the  origin  is  in  the  submucosa. 

Ameebre  and  other  micro-organisms  are  found  clinging 
to  the  muc(jus  surface  and  jienetrating  into  the  intertu- 
bular  spaces.  Kartulis  believes  that  the  ama'bae  destroy 
the  epithelium,  penetrate  the  lymph  channels  and  finally 
reach  the  submucosa,  exciting  inflammation  and  necro.sis. 
He  does  not  agree  with  Kruse  and  Pasquale  that  the 
bacteria  co-operate  in  causing  the  lesion  of  dysentery,  but 
is  more  in  accord  with  Councilman  and  Lafieur  as  to  the 
exclusive  ageuc}'  of  am(eb;e. 

The  necrosis  once  begun  leads  to  various  forms  of  de- 
structive metamorphosis — small  cavities  in  the  submu- 
cosa, deep  round  and  irregular  ulcers  with  undermined 
edges,  serpiginous  ulcers,  and  small  follicular  ulcers; 
the  ulcers  extend  into  the  submucnsa  ;  the  base  is  rarely 
formed  of  the  muscular  or  serous  laver.  Some  ulcers  are 
covered  with  a  slough  of  necrotic  tissue. 

The  ulcers  in  the  early  stages  are  scattered  at  varying 
distances  throughout  the  colon.  Later,  by  the  spi-eading 
of  neighboring  ulcers  and  by  the  undermining  and  de- 
struction of  the  intervening  tissue,  the  mucosa  is  con- 
verted into  a  ragged  surface  with  hanging  shreds  and 
fringes  of  undestroyed  nnicous  membrane.  This  ad- 
vanced process  may  be  limited  to  certain  small  areas  or 
may  extend  throughout  a  considerable  portion  of  the 
colon.  (See  also  article  on  Ama/iir  PutlKinenic  for  Man, 
in  Vol.  I.)  '  ■ 

Abscess  of  the  liver  was  fduml  in  six  nut  of  eight  of 
the  autopsies  of  anuebic dysentery  (Councilman);  iii  four 
cases  there  was  more  than  one  abscess,  and  in  two  cases 
thej'  were  very  numerous  and  small ;  in  every  case  the 
right  lobe  was  the  seat  of  this  change,  and  in"  two  cases 
there  were  abscesses  in  the  left  lobe.^  In  the  smaller  ab- 
scesses there  was  a  small  amount  of  glairy,  semi-trans- 
paiviit  fluid;  in  the  large  ones  the  contents  were  more 
fluid,  nf  a  grayish  color,  sometimes  brownish-red  from 
admixture  with  blood.  A  distinct  limiting  wall,  some- 
times den.se  and  hard,  is  found  in  the  larger  abscesses, 
but  it  has  not  been  .seen  in  the  smaller  ones. 

The  fluid  of  the  snmller  abscesses  is  composed  of  fatty, 
granular  material,  fragments  of  liver  cells,  and  pus  and 
lymphoid  cells;  that  of  the  larger  abscesses  contains 
fat,  red  blood  eorjiusclcs,  fragments  of  liver  cells,  and 
very  few  inis  cells.  Anuvba'  were  cimtained  in  both,  but 
were  more  numerous  in  small  and  recent  abscesses. 

The  following  table  gives  a  summary  of  the  relations 
of  aUscess  of  the  liver  to  dysentery,  as  "deduced  from  ob- 
servations in  India. 
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Strong  and  Mu.sgravc  fouu(.l  liver  abscesses  in  14  out 
of  97  cases.  Otlier  changes  in  the  liver  consist  in  exten- 
sive necrosis  in  the  centre  of  the  lobules,  the  capillaries 
and  necrotic  cells  containing  numerous  leucocytes;  but 
amceba=  are  not  associated  with  the  necrotic  process;  the}' 
are  found  onlj'  in  association  with  the  abscesses. 

Abscesses  are  found  also  in  tlie  lungs;  tliev  occurred 


in  three  out  of  eight  cases,  and  were  seated  in  the  lower 
lobe  of  the  right  lung  in  every  ease.  In  two  eases  the 
lung  abscess  conununicated  witli  a  liver  abscess  through 
a  perforated  diaphragm.  The  a) isccss  cavity  in  the  lung 
was  surrounded  by  consolidated  tissue  of  great  extent, 
embracing  the  entire  lobe.  The  contents  of  the  a1)seesses 
were  graiuilar  detritus,  round  lymphoid  cells,  red  ))lood 
corpuscles,  ].us  cells,  and  anneb.'e.  A  definite^  wall  .some- 
times included  the  abscess.  The  amadne  are  more  numer- 
ous in  alveoli  immediately  adjoining  the  abscess,  and  in 
tho.se  places  where  tlieali.scess'is  most  rapidly  advancing, 
and  whei-e  there  is  no  limiting  wall  or  connective  ti.ssue; 
but  all  the  neighboring  tissues  contain  them. 

Si/iiiiitniiin. — The  symptoms  of  amu'bic  dy.sentery  are 
not  uniform  or  characteristic.     The  cases  are  either  acute  , 
or  chronic. 

Acute  Aiiiii'liir  l>!/fientfn/.—T\icn-  is  a  catari-hal  and  an 
ulcerative  stage.  In  the  former  a  moderate  fever  and  even 
a  slight  chill  maybe  present  at  the  onset.  The  tempera- 
ture soon  returns  to  normal,  or,  if  it  continues  high,  this 
points  to  a  severe  intestinal  lesion  or  to  the  involvement  of 
otlier  organs,  i.e.,  liver  or  lungs.  The  .stools  are  at  first 
diarrhieal  in  character,  not  veiy  numemus,  and  soon  be- 
come typically  dysenteric.  They  may,  however,  be  dys- 
enteric from  the  beginning,  with  little  or  no  odor,  and 
alkaline  in  reaction.  Amceba"  Avhen  present  are  found  in 
the  nuico  bloody  portions.  Pain  is  usually  present  in  the 
region  of  the  navel;  the  entire  C(3lon,  and  freipiently  the 
ea!cum,  are  sensitive  to  pressure.  Tenesmus  appears  co- 
ineidently  with  dysenteric  stools,  and  points  to  beginning 
ulceration  or  to  involvement  of  tlie  lower  colon  and  rectum. 

The  ulcei-ative  stage  may  liegin  with  cholei-a-like  symp- 
toms, chill,  rapid  rise  in  tempei'ature,  diarrluea  and  vom- 
iting, burning  thirst,  and  pain  in  the  legs.  The  tongue 
is  dry  and  chalky.  The  stools  are  usually  very  numer- 
ous, from  twenty  to  thirt)' in  twenty-four  hours;  they 
contain  much  blood  and  soon  become  dark  brown  and 
foetid.  The  colic  and  tenesmus  are  severe,  and  large  pieces 
of  necrotic  mucous  membrane  are  often  passed  in  the 
stools.  Micturition  may  also  be  very  painful  and  the 
entire  abdomen,  especially  in  the  region  of  the  colon, 
is  acutely  sensitive.  In  the  more  severe  cases,  with 
gangrenous  destruction  of  the  mucous  membrane,  the 
temperature  rapidly  sinks  to  normal  or  subnormal,  the 
extremities  become  cold,  and  the  patient  soon  dies  in  col- 
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liipse.     Consciousness  is  usually  maintained  1o  the  end. 
Hemon-liage  and  perforation  of  the  bowels  may  occur. 

Severe  attacks  of  amoebic  dysentery  may  follow  a  very 
mild  beginning,  and  with  early  and  proper  treatment  even 


^;^^' 


1B7.").— Dysenterv  Due  toBaiillus  Dysenteriae.     (Section  of  area  a-  in  Fig.  lt)74.)     Fibrinous 
intllt'raiion  and  plasma  rells  (o,  a}  in  the  suhnmcosa.    (Enlarged  300  times.) 


severe  attacks  may  be  cured.  Spontaneous  cure  is  very 
infrequent.  The  course  of  the  disease  is  irregular,  with 
frequent  intermissions  and  exacerbations,  and  shows  a 
strong  tendency  to  become  chronic. 

Chmiiic  AriueMc  Dysentery. — This  may  follow  a  suli- 
acute  attack  or  be  chronic  from  the  beginning.  The 
progress  is  irregular,  exacerbations  alternating  with 
periods  of  improvement  during  which  the  patient  goes 
about.  If  a  soldier  he  performs  his  duties,  entering  the 
hospital  from  time  to  time  witli  siibacute  attacks.  Dur- 
ing the  interval  the  bowels  may  be  constipated,  and  the 
patient  looks  well  and  is  well  nourished.  The  duration  is 
long.  Death  results  from  liver  abscess,  from  perforation 
peritonitis,  froiu  other  complications,  or  from  exhaustion. 

(3)  Dysentery  Due  to  the  Bacillus  Dysenterlb. — 
This  variety,  first  described  by  Shiga  in  Japan  and  by 
Fh.'xner  and  Barkei',  and  by  Strong  and  Musgravein  the 
PliiHppines,  is  endemic  in  these  localities,  but  may  be- 
come epid(jmic,  as  noted  by  Shiga.  A  small  epidemic 
occiu'i-ing  in  Germany  was  described  by  Kruse.  Flexner 
has  obsei'ved  one  case  in  the  Pennsylvania  Hospital,  but 
fui-Oier  .study  is  necessary  to  decide  wliether  it  prevails 
in  tills  country. 

J'dtJiulnyical  Arifiioniy. — The  disease  resulting  from  in- 
fection witli  B.  dysenterite  appears  in  botli  an  acute  and 
a  chronic  form,  eacli  having  peculiar  lesions. 

In  the  acute  form  the  serous  coat  of  the  large  intestine 
is  liypeneiiiic.  Near  the  sigmoid  llexure  and  iiii]ii'r  part 
of  tlie  rcctiun  tlie  vessels  of  tlii^  mesentery  are  distended. 
The  wall  of  the  colon  is  tliickened  ;  the  degree  and  extent 
of  this  change  bearing  some  relation  to  tlie  intensity  and 
duration  of  the  attack.  The  mucosa  and  submucosa 
show  a  relatively  greater  increase  in  size  as  compared 
with  the  other  coats.  The  surface  of  the  mucosa,  from 
the  anus  to  the  colon,  is  red  or  Ijrownish-red  in  color,  with 
ecchymotic  patches  and  covered  with  a  layer  composed 


of  necrotic  tissue,  blood,  mucus,  and  epithelium.  The 
mucosa  is  hypertrophied,  forming  nodulated  areas  that 
give  to  the  surface  an  irregularly  corrugated  appearance. 
These  ridges  are  probably  more  marked  in  ca.ses  of  longer 
durat'ion  and  less  marked  when  death 
takes  place  within  the  tirst  week. 
The  change  is  somewhat  greater  in 
the  lower  colon  than  elsewhere. 

There  are  no  ulcers,  but  there  is  an 
irregular  superlicial  erosion  of  the 
surface  of  the  mucosa,  that  gives  to 
it  a  worm-eaten  appearance. 

One  of  the  most  characteristic  feat- 
ures of  this  form  of  dysentery  is  the 
extension  of  the  inflammatory  proc- 
ess into  the  ileum  for  a  distance  of 
from  10  to  15  cm.  This  condition 
does  not  exist  in  amrebic  dysentery 
and  is  found  in  one-third  of  the  ca.ses. 
Peyer's  patches  and  the  solitaiy 
glands  may  be  moderately  swollen. 

In  the  subacute  form  the  mucosa  is 
less  red,  the  solitary  follicles  are  swol- 
len, hemorrhagic,  and  of  a  dark  red 
color.  The  surface  of  the  bowel  is 
uneven,  often  mammillated.  and  the 
necrotic  layer  is  less  marked.  There 
are  superficial  erosions,  but  no  ulcers 
as  in  ama^bic  dy.sentery,  and  less 
thickening  of  the  intestinal  walls  than 
in  the  acute  form. 

Path-ohxjicjd  lliatvhigy* — The  sur- 
face of  the  mucosa  is  covered  with  a 
pseudo-membrane  composed  of  a  fine 
network  of  fibrin  enclosing  multinu- 
clear  cells  and  free  red  blood  cor- 
puscles, or,  as  shown  in  Fig.  1674,  .r, 
the  mucosa  may  also  be  involved  in 
this  jDrocess  of  coagulative  necrosis 
and,  in  small  areas,  may  separate 
from  the  submucosa.  To  the  change 
in  the  submucosa  is  chiefly  due  the 
great  thickening  of  the  gut.  It  is  very  cedematous,  ap- 
pears in  places  almost  homogeneous,  and  shows  a  large 
quantity  of  fibrin.  There  is  an  absence  of  infiltration 
with  leucocytes.  Scattered  hemorrhages  are  abundant 
and  large  lymphoid  cells  and  Unna's  plasma  cells  appear 
in  great  number,  especially  in  the  neighborhood  of  the 
blood-vessels.  These  changes  may  take  place  beneath 
an  intact  mucous  membrane.  The  serous  coat  is  usually 
cedematous,  and  the  blood-vessels  are  injected,  but  hemor- 
rhages are  uncommon.  The  bacilli  and  cocci  are  abun- 
dant in  the  necrotic  mucous  membrane  and  are  said  by 
Strong  to  be  seen  in  all  the  coats. 

Sytiiptums. — The  incubation  pieriod  lasts  not  over  forty- 
eight  hoiirs.  The  onset  is  sudden,  with  frequent  stools, 
consisting  of  mucus  which  is  soon  mixed  witli  blood. 
The  movements  accompanied  with  tenesmus  increase  in 
frequency,  except  toward  the  end  of  fatal  cases,  when 
they  become  less  frequent.  The  tongue  is  coated  with 
a  whitish  fur  and  there  is  excessive  thirst.  Nausea  and 
vomiting  may  occur. 

The  abdomen  is  not  usually  distended  and  there  may 
be  tenderness  on  deep  pressure  over  the  colon.  The 
spleen  is  not  often  enlarged. 

The  temperature  rises  to  103'  or  103°,  or  even  to  104'  F. ; 
it  runs  an  irregular  course  and  rises  or  falls  before  death. 
The  jiulse  ranges  from  100  in  the  early  stages  to  150  or 
more  as  the  disease  advances. 

Lobar  pneumonia,  broncho-pneumonia,  acute  bronchi- 
tis, and  fibrino-purulent  pleurisy  are  met  with. 

There  is  severe  headache,  and  delirium  may  be  present 


*  The  description  here  given  of  the  paltiolof^icnl  changes  in  bacillary 
dysentery  is  based  upon  a  study  of  spccirnrns  bnmi^tir  from  Manila 
by  Dr.  E.  R.  Hodge,  and  now  in  tlu'  Anuv  Medical  Museum,  Washing- 
ton. By  Uie  Iciiid  periiiissinn  of  Major  Walter  Reed,  U.  S.  A.,  Curator 
of  the  Museum,  tlie  drawings,  illustrating  the  text  of  this  article* 
were  made  from  secti(jns  of  these  specimens. 
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in  pnilongeil  uud  futiU  cases.  The  urine  is  decreased  in 
amount  and  may  ecmtaiu  u  small  amount  of  albiunin. 
The  liver  is  not  enlarged  or  tender  and  liver  abscess  is 
never  fovuid  in  this  form.  There  may  be  a  moderate 
leucocytosis. 

The  progress  and  duration  of  the  attack  are  variable. 
The  most  \'iolent  stage  rarely  lasts  a  week.  Strong  and 
Musgrave  report  that  out  of  their  21  acute  cases  which 
came  to  necropsy,  4  patients  died  on  the  fourth  and  4  on 
the  tifth  day  of  the  disease;  10  others  died  before  the 
fifteenth  day,  but  none  under  three  days'  illness.  In  the 
cases  that  are  early  fatal  the  extent  of  the  anatomical 
changes  in  the  intestine  indicates  how  virulent  is  the 
intlammatory  process.  It  is  remarkable  how  great  a  de- 
gree of  thickening  of  ti.ssue  can  be  brought  about  in  so 
short  a  time.     Recovery  is  rare  in  the  more  severe  cases. 

In  the  cases  that  end  in  recovery  improvement  may  set 
in  at  the  end  of  the  first  week,  the  patient  entering  upon 
convalescence  by  the  end  of  the  second  week ;  or  the  dis- 
ease lasts  in  a  subacute  form  for  months,  with  thin  and 
bloody  mucous  stools.  One  of  Strong's  patients  died  on 
the  sixty-fourth  day. 

■\Vhen  convalescence  begins,  the  patient  is  feeble  and 
much  emaciated  and  improves  very  slowly. 

CoMPi,iCATiOKS.— There  is  no  disease  which  has  a  larger 
number  of  complications  than  dysentery.     Out  of  1,537 
cases  of  diarrho?a  or  dysentery  observed  in  Egypt  only 
406  were  uncomplicated;   1,131  .were  complicated  with 
other  more  or  less  severe  affections.     The  following  list 
includes  many  of  these,  which  may  occur  during  the  prog- 
ress or  as  sequeloe  of  the  disease ;  catarrh  of  tlie  stomach 
and  small  intestines,  acute  bronchitis,  plein-isy,   pleuro- 
pneumonia, gangrene  of 
the     liuig,    albuminuria 
and   anuria,  ascites,  an- 
asarca,    meningitis, 
thrombosis  in   the  cere- 
bral     sinuses,      convul- 
sions, cerebral  embolism 
with      hemiplegia     and 
aphasia,    paraplegia,  ul- 
cer of  the  cornea,  abscess 
of  the  liver,  other  lesions 
in  the  liver,  perit(mitis, 
peritj'phlitis,     periproc- 
titis,    perineal     fistula, 
parotitis,   erysipelas, 
rheumatism,  neuritis,  ar- 
thritis, and  polyarthritis. 

Perforation  and  peri- 
tonitis occurred  in  85 
out  of  580  cases  collected 
by  Beranger-Feraud. 

Diagnosis. — The  I'ec- 
ognition  of  acute  dys- 
entery is  not  diflicult  if 
the  characteristic  symp- 
toms —  tormina,  tenes- 
mus, and  muco-sanguin- 
olent  stools — are  present. 
In  a  case  of  hemorrhoids 
hlood  and  mucus  are 
passed,  but  the  hemor- 
rhoidal tumors  can  be 
seen,  and  the  discharge 
follows  a  normal  stool ; 
the  blood  too  is  thinner 
and  greater  in  quantity. 

An  error  of  diagnosis 
is  not  likely  to  occur  in 
intussusception,      al- 
though  blood  and   mu- 
cus are  passed  with  straining,  but  the  tumor  m  the  iliac 
or  hypogastric  region,  the  more  frequent  vomiting  and 
tympanites,  and  the  more  rapid  collapse  are  signiticant 
symptoms.    Sometimes  the  disease  proper  may  be  over- 
looked when  dysentery  appears  as  a  complication 
might  be  the  case  in  typhoid  or  typhus  fever. 


The  diagnosis  of  the  nature  of  tlie  lesion  is  based  upon 
the  general  symptoms  and  the  character  of  the  stools. 
Slight  illness  and  small  mucous  and  bloody  stools  indi- 
cate colitis  without  infiltration  and  necrosis ;  but  prostra- 
tion and  serious  illness,  with  larger  and  more  licjuid  .stools, 
which  maybe  offensive,  point  to  infiltration  of  the  deeper 
layers  of  the  intestinal  wall  and  to  destruction  of  the 
mucous  mt'inbrane.  The  higher  up  the  inflammation  is, 
the  more  fluid  are  the  stools;  the  lower  down,  the  more 
mucus  and  blood  will  be  present. 

In  the  future  the  diagnosis  of  dysenteric  processes  will 
not  be  complete  until  their  nature  is  made  clear  by  the 
discovery  of  the  causative  micro-organism  in  each  case. 
This  being  known,  the  nature  of  the  lesion  and  its  prog- 
ress are  matters  of  certainty;  upon  this  knowledge  also 
the  prognosis  and  perhaps  in  time  the  treatment  will 
be  based. 

The  diagnosis  will  be  facilitated  by  the  presence  or 
absence  of  the  agglutinative  reaction  with  the  pure  cul- 
ture of  the  B.  dyseuteriie.  The  same  test  may  be  made 
applicable  with  other  yet  undiscovered  dysenteric  flora. 

Pno(iNosis. — The  fatality  of  dysentery  varies  very 
much  with  the  conditions  under  which  it  appears.  The 
mild  form  in  temperate  climates  is  a  self-limited  disease, 
tending  to  recover  spontaneouslj'.  It  rarely  assumes  a 
formidable  nature  out.side  the  tropics,  except  when  it  is 
epidemic ;  but  destructive  epidemics  are  much  more 
rare  than  formerly.  In  England  the  reduction  in  the 
death  rate  in  dysentery  has  been  marked  since  1850.  In 
1880  the  mortality  was  six  hundred  and  sixty-eight  times 
less  than  it  was  fort}'  or  fifty  years  before.  In  the  United 
States  tlie  total  death  rate  from  dysentery,  in  1850,  was 
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FIG    1676  —Dysentery  Due  to  Bacillus  Dysenteriaj.    Bacilli  and  cocci  in  superflcial  necrotic  layer.      tMethy- 
'  lene  blue  stalnirif?. )     Enlarged  .500  times.     (Section  from  a  specimen  in  the  Army  Medical  Museum.) 

30.556,  or  6.32  per  cent,  of  the  total  mortality;  in  1860, 
10,468,  or  3.65  per  cent. ;  in  1870,  7,912  or  1.60  per  cent.  ; 
and  in  1880,  out  of  a  total  death  rate  of  756,898,  there 
were  10,835  deaths  from  dysentery. 

The  death  rate  from  dysentery  in  Europe  is  from  six  to 
eight  per  cent.  (Hirsch)  of  the  number  attacked.     In  the 
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garrisons  in  France  tliere  wei'e  7  deatlis  in  589  cases,  or 
1.18  per  cent.  Cases  of  a  liiglier  degree  of  severity  last 
for  from  three  to  four  weeks,  altliough  complete  recovei'y 
does  not  take  place  for  two  or  three  weeks  later.  In 
epidemic  dysentery  death  may  occur  in  three  or  four  days, 
or  at  the  end  of  the  second  week,  or  later. 

In  individual  cases  the  prognosis  depends  u])on  the 
previous  state  of  health,  intercurrent  diseases,  as  .scurvy, 
malaria,  etc.,  and  recent  residence  in  the  countrjr.  Un- 
favorable symptoms  are  delirium,  distress  in  the  epigas- 
trium, dyspncea,  vomiting,  lowering  of  the  body  tem- 
perature, hiccough,  cyanosis,  cold  skin  and  extremities, 
with  feeble,  rapid  pulse,  offensive  thin  or  bloody  dis- 
charges, disappearance  of  pain  with  involuntary  stools, 
aphthoe,  erysipelas,  gangrene  of  lung,  ulcer  of  the  cornea, 
or  suppression  of  the  urine. 

In  epidemics  in  temperate  climates,  the  mortality  varies 
from  7  to  1.5  per  cent.  From  1841  to  1846, "  in  the 
epiden)ics  which  prevailed  in  France,  one-tenth  of  those 
attacked  died.  In  l83(i,  1837,  and  1838,  25  per  cent, 
died,  and  in  1857  one  out  of  every  live  died. 

In  tropical  epidemic  dysenter}',  the  mortality  is  from 
20  to  30  per  cent.  In  Bombay  it  is  9  per  cent.  ;  in 
Hong-Kong,  20  per  cent.  A  mortality  of  35  or  40  per 
cent. ,  and  even  one  of  from  60  to  80  per  cent,  has  been 
reached.  In  tlie  Manila  cases  previously  referred  to,  the 
mortality  was  9.4  per  cent. 

Treatment.— The  preventive  treatment  of  dysentery 
consists  in  avoiding  all  the  known  causes,  and  in  living 
under  the  best  hygienic  influences.  Measures  should  be 
taken  looking  to  the  complete  drainage  of  moi.st  soil,  the 
procuring  of  pure  drinking-water,  the  complete  disinfec- 
tion and  removal  of  all  excreta,  and  the  prevention  of 
overcrowding  and  bad  ventilation. 

In  the  treatment  of  the  attack  attention  should  be  paid 
to  ventilation  and  cleanliness,  and  to  the  hygienic  rules 
governing  the  sick-room.  With  the  earliest  symptoms 
the  patient  should  be  put  to  bed  (and  in  a  single  bed,  for 
greater  convenience).  The  bed  covering  should  be  warm, 
and  even  in  warm  weather  a  blanket  should  be  used, 
with  a  view  of  preventing  chilling  of  the  surface  by 
diurnal  variations  of  temperature.  The  feet  especially 
should  be  kept  warm. 

Sponging  the  surface  of  the  body  with  cool  or  tepid 
water,  with  vinegar,  or  with  alcohol  gives  comfort  by  re- 
moving the  sensation  of  burning  heat  in  the  skin.  The 
anal  region  should  be  carefully  and  constantly  cleansed 
with  a  warm  disinfectant  solution,  and  anointed  with 
vaseline  or  otlier  ointment.  Hot  hip  baths  have  been 
used  with  advantage  in  relieving  the  tenesmus  of  dys- 
entery. Hot  poultices  to  the  abdomen,  or  hot  fomen- 
tations covered  with  oiled  silk,  give  some  comfort  to  the 
patient. 

The  diet  best  suited  to  dysentery  is  one  which  is  di- 
gested, as  far  as  possible,  in  the  stomach,  and  which  has 
but  little  waste;  therefore  concentrated  broths,  or  milk 
should  be  given  in  .small  quantities  at  intervals  of  two 
hours.  Milk  may  be  given  pure  or  diluted  with  Vichy 
water,  lime  water,  barley  water,  or  rice  water.  In  the 
earlier  stages  of  severer  cases  with  high  fever  milk 
should  be  given  in  very  small  quantities,  from  one  to  four 
drachms,  every  half-hour  or  hour. 

To  relieve  thirst,  mucilaginous  drinks,  as  gum-araliic 
water,  flaxseed  tea,  the  white  of  egg  drink  are  advisable 
Orange  or  grape  juice  is  not  objectional)le,  and  in  cases 
ot  scorbutic  taint  fruit  jince,  or  even  fresh  fruit  is 
positively  curative. 

Alcfihol  is  called  for  in  many  ca.ses  to  sustain  the  feeble 
pulse. 

Diet  alone,  or  combined  with  rest,  will,  in  many  cases 
ot  dysentery,  bring  about  a  cure  in  a  few  days  In 
severer  cases,  although  we  have  no  siiecitic,  yet  .iru-s 
ilttack  ""''''^''  '"  '■'■"'''''"e  pain  and  in  shortening  the 
tU^'^t'hT~^^"^  laxative  metliod  appears  so  rational 

n  I  J,    lube  to   lose   ground  by   bein-   supported   as   a 
method"  and  not  as  an  aid  to  a  eombiiK.Ulfort  to  di^ 
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infect  the  intestinal  canal  by  removing  contents  that 
irritate  mechanically  and  through  chemical  decompo- 
sition. 

If  the  case  is  seen  early  and  if  the  stools  are  small, 
con.sisting  of  blood  and  mucus,  the  treatment  can  well 
be  begun  by  a  saline  laxative,  as  magnesium  sulphate, 
sodium  sulphate,  potassium  and  sodium  tartrate,  or  by 
castor  oil,  the  dose  to  be  repeated  until  a  distinct  effect 
is  produced.  In  certain  cases,  especially  in  children, 
calomel  acts  very  well  and  is  to  be  preferred.  The  pres- 
ence of  hard  ftecal  matter  in  the. stools  and  the  occurrence 
of  watery  faecal  movements  are  evidences  that  the  laxa- 
tive has  acted  sufficiently. 

As  purgation  increa.ses  peristaltic  movement  and  irri- 
tates the  mucous  surface,  it  must,  to  a  certain  extent,  be 
harmful  in  all  cases,  and  is  not  to  be  advised  if  the  stools 
are  copious  and  fluid  or  if  there  is  much  preliminary 
diai-rhoea.  The  question  of  repeating  the  purgative  re- 
quires .some  judgment,  and  it  is  here  that  the  belief  in 
purgatives  as  a  "method  "  may  do  much  harm.  At  the 
end  of  a  week  or  later  a  saline  laxative  .should  be  given 
if,  with  subsidence  of  the  inflammation,  there  are  no 
natural  fa'cal  movements. 

Opium.— Thi-  pain  and  the  frequent  stools  suggest  the 
frequent  use  of  opium,  and  in  moderate  do.ses  this  drug 
is  of  service  ;  the  objections  to  it  are  the  danger  of  arrest- 
ing peristalsis  completely  and  causing  an  accumulation 
in  the  bowel  of  matters  that  are  much  better  expelled. 
It  is  in  cases  with  large,  liquid,  putrid  stools  that  opiates 
do  positive  harm  by  arresting  the  di.scharges.  The  in- 
dications for  opium  are  intense  abdominal  pain,  sleepless- 
ness from  pain,  or  very  frequent  stools.  Dover's  powder, 
deodorized  tincture  of  opium,  and  morphine  hypoder- 
mically,  are  the  best  forms  of  administration.  For  many 
reasons  the  last  is  to  be  preferred,  the  doses  being  surti- 
cient  to  subdue  great  suffering  and  to  keep  the  nervous 
system  in  comparative  repose.  But  any  effect  approach- 
ing narcotism  sliould  be  most  carefully  avoided  by  giv- 
ing small  do.ses  at  first  and  at  safe  intervals  afterward. 

There  is  very  little  to  be  said  in  approbation  of  any 
other  medicine  given  by  tlie  mouth.  The  treatment  by 
ipecacuanlia  retains  its  i)lace  in  the  books,  but  the  Anglo- 
Indian  method  with  large  doses  has  never  had  a  firm  pFace 
in  the  practice  of  this  country,  and  even  its  warmest  sup- 
porters seem  to  be  losing  confidence  in  its  value.  Small 
doses  of  the  drug  are  spoken  of  favorablv.  but  there  is 
no  reason  to  think  that  they  have  any  curative  effect. 
The  same  may  be  said  of  the  numerous  drutrs  suggested 
from  time  to  time.  Astringents  are  without  effe'c-t,  and 
are  harmful  because  they  derange  diaestion.  Bismuth  in 
large  doses  may  prove  of  use,  "and  in  any  event  does  no 
harm. 

Antisei>tics  given  by  the  mouth,  although  not  so  effi- 
cacious as  when  injecteil  into  the  lower  bowel,  maybe 
employed  to  supplement  their  more  direct  action. 

The  value  of  calomel  in  the  treatment  of  dysentery  no 
doubt  resides  in  its  antiseptic  properties,  and  the  t'ime- 
hoiiored  combination  with  Dover's  powder  has  some 
rational  support;  but  to  be  of  any  service  the  drug  should 
be  given  in  small  doses  and  kept'up,  in  this  combination, 
for  several  days.  Corrosive  sublimate  in  small  doses! 
from  gr.  ^4-^  to  gr.  ^\  (0.00054-0.0011)  every  hour,  is  em- 
ployed with  the  same  object  in  view. 

Other  intestinal  antiseptics  cau  be  much  more  readily 
and  thoroughly  used  by  injection  and  irrigation. 
^  Tiriitiii,'i,t  hi/  Siipp,Kit,iri<x  iiud  hi/  Re,-t,ll  mxf  Colon  In- 
,/ectioii  and  In-ii/olion. —Thv  u.se  of  suppositories  contain- 
ing opiates  .and  astringents,  although  at  one  time  a  com- 
mon practice,  is  much  less  in  favor  than  formcriy  It  is 
not  desirable  to  limit  to  too  great  an  extent  the  tendency 
of  the  rectum  to  expel  its  contents.  The  disease  cannot 
be  cured  by  putting  a  stop  to  dysenteric  discharges  and 
therefore  supi)osit(n-ies  used  for  this  purpose  are  not  to 
be  recomiiieuded.  After  the  action  of  a  purgative  an 
opiate  supi)osit(u-y  may  arrest  too  free  purgation  and  keep 
the  bowel  at  rest  with  benefit;  after  irrigation  also  ad- 
vantages may,  upon  the  same  principle,  follow  the  intro- 
duction of  a  suppository,  but  the  doses  of  opium  should 
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never  be  large.  In  attempting  to  control  tenesmus  tin' 
temptation  is  frequently  to  give  too  large  doses,  which 
induce  narcotism  and  which  involve  danger. 

These  same  rides  h<jld  against  foU(.)wing  the  once 
popular  method  of  using  injections  of  starch  water  and 
laudanum,  which  may  l)c  of  service  with  the  limitations 
just  mentioned,  but  as  a  routine  treatment  the  plan  is  not 
to  be  advised. 

The  injection  into  the  bowels  of  large  (fuantities  of 
warm  or  cold  water  has  many  advocates.  The  setlativc; 
effect  of  water  of  a  high  or  low  temperatiu'e  upon  an  in- 
flamed mucous  membrane  is  of  undoubted  service  in 
dysentery.  The  only  objection  is  to  be  found  in  the 
danger  of  overdistending  the  inflamed  gut.  Irrigation, 
by  cleansing  the  ulcerated  surfaces,  washing  away  the 
decomposing  contents  of  the  bowel,  and  destroying  bac- 
lerial  life,  gives  promise  of  accomplishing  a  great  deal 
more  than  would  the  mere  injection  of  fluids  into  the 
liowel. 

Cool  or  hot  water  may  be  used  for  irrigation,  but  if  an 
antiseptic  agent  be  added  to  the  water  there  is  an  addi- 
tional benefit. 

Aiitiseptie  Irriijidioii  may  be  practised  with  solutions 
of  mercuric  chloride  1  to  5,000,  quinine  1  to  5,000  or  1  to 
2,000,  salicylic  acid,  tannin,  thj^mol,  carbolic  acid,  sulpho- 
carholateof  zinc,  boracic  acid,  etc.  The  use  of  bichkiride 
solution  must  always  be  attended  with  a  certain  amount 
of  danger,  and  precautifins  should  be  taken  to  secui'e  a 
free  exit. 

Irrigation  can  be  practised  in  the  i-ectuni  or  colon ;  in 
either  case  a  soft-rubber  tube  is  passed  into  the  rectum 
or  is  gently  and  gradually  forced  upward  through  the 
sigmoid  flexure.  This  is  by  no  means  an  easy  task,  as 
the  instrument  so  readily  turns  on  itself:  an  occasional 
examination  ought  to  be  made  with  the  finger  to  see  if 
this  has  happened.  Experiments  on  the  cadaver  show 
that  the  smaller-sized  rectal  and  colon  tubes  do  not  make 
their  way  as  readily  as  those  of  larger  size.  The  habit 
of  injecting  water,  as  the  tube  progresses,  favors  twist- 
ing: progression  is  more  easilj'  made  if  the  bowel  is 
en^pty,  as  the  mucus-covered  wall  guides  the  instrument 
in  the  proper  direction.  In  many  cases  the  colon  cannot 
be  reached,  and  there  is  danger  of  perforating  the  ulcer- 
ated bowel  if  the  efforts  are  continued  for  too  long  a  time. 
One  nnist  be  content,  therefore,  to  pass  the  tube  into  the 
sigmoid.  The  fluid  is  then  allowed  to  flow  in  fi-oni  a 
fountain  syringe,  oris  thrown  in  by  a  Davidson;  when 
from  six  to  eight  ounces  have  entered,  the  fluid  is  al- 
lowed to  escape  through  the  same  tube.  This  process  is 
repeated  until  a  quart'or  more  has  been  used,  or  until  the 
water  escapes  perfectly  clear.  If  the  patient  is  in  the 
dorsal  position  or  on  tiic  left  side,  with  the  hips  raised, 
gravity  favors  the  entrance  of  the  fluid.  In  most  ca.ses, 
and  especially  in  bad  cases,  with  putrescent  fluid  dis- 
charges, it  is  safer  never  to  attempt  to  push  the  instru- 
ment beyond  the  rectum. 

The  frequency  of  the  irrigation  should  vary  with  the 
number  and  character  of  the  stools.  Large,  frequent, 
putrid  stools  call  for  more  frequent  cleansing  of  the 
bowel.  If  the  discharges  consist  of  small  masses  of  blood- 
stained mucus  there  is  less  need  of  frequent  irrigation 
and  less  benefit  is  likely  to  come  from  it.  As  a  rule  the 
benefit  depends  more  upon  the  frequency  of  the  treat- 
ment than  upon  the  projierties  of  the  antiseptic  em- 
ployed.    (See  also  article  on  Elite mdj/xin.) 

Symptomatic  treatment  is  required  for  sleeplessness 
tormina,  and  tenesmus,  and  morphine,  to  be  administered 
hypodermically,  is  the  most  satisfactory  remedy.  Small 
doses  (gr.  X  to  «  only  are  safe  and  these  can  be  repeated 
at  intervals  of  from  two  to  three  hours  untd  some  eflect 
is  noticed,  but  great  care  shoidd  be  taken  to  avoid  nar- 
cotism, to  whicii  dysenteric  patients  are  liable. 

The  strength  of  the  heart  can  be  sustained  by  strychnine 
and  by  nitroglycerin,  when  called  for  in  emergencies. 

Toward  the  end  of  the  attack  solids  are  harmful  wdien 
given  too  early.  These  should  be  deferred  until  the 
stools  have  been  normal  for  some  days.  Rest  during 
convalescence  favors  a  more  rapid  return  of  strength. 


Great  care  to  avoid  exertion  and  imprudent  eating  dur- 
ing the  convalescence  from  an  acute  dysentery,  is  the  best 
way  to  prevent  the  establislunent  of  the  chronic  forms. 
If  there  are  evidences  of  the  existence  of  unhealed  ulcers 
patients  should  be  kept  at  rest,  on  a  simple  diet,  for  a  pro- 
longed period.  Colon  irrigation  with  antiseptic  solutions 
or  with  a  solution  of  silver  nitrate,  live  grains  lo  the  pint, 
is  the  most  rational  method  of  treatment.  Sometimes  a 
change  of  climate  is  of  use. 

The  treatment  of  the  acute  and  clironic  forms  of  ama'- 
bic  dysentery  is  not  invariably  satisfactory  and  often 
does  not  appear  to  have  much  influence  upon  the  course 
of  the  disease.  The  patient  should  be  kept  in  bed  upon 
a  restricted  diet  even  in  the  absence  of  severe  symptoms. 
Warm  rectal  irrigations  with  a  1  to  5,000  solution  of  qui- 
nine, which,  as  .shown  by  Lijsch,  I'eadily  destroys  ama'bai 
outside  of  the  body,  should  be  given  two  or  three  times 
a  day,  and  the  patient  should  attempt  to  retain  the  fluid 
for  ten  or  fifteen  minutes.  The  strength  i^f  the  solution 
should  be  gradually  increased  to  f  to  500.  The  corrosive 
sublimate  solution  or  a  solution  fif  nitrate  of  silver,  thirty 
grains  to  the  cpiart,  may  be  substituted,  but  neither  of 
these  is  so  efficient  as  the  quinine,  which  being  absorbed 
by  the  tissues  undoubtedly  destroys  the  amoeba'  embedded 
in  the  deeper  layers  of  the  intestine. 

An  antitoxin  prepared  with  Shiga's  bacillus  by  Kita- 
sato  in  Tokj'o  is  being  extensively  used  in  Japan  for  the 
cure  of  bacillary  dysentery.  No  statistics  are  as  yet  ob- 
tainable, but  it  is  claimed  that  the  results  are  second  only 
to  those  of  the  antitoxin  treatment  of  diphtheria. 

William  W.  .Tulimton. 

DYSIDROSIS.     See  FompltoUj.r. 

DYSMENORRHCEA.— The  term  dysmenorrhira  (from 
the  inse  parable  particle  (Si'f ,  with  difficulty,  /i//v,  a  month, 
and  peu,  I  flow)  is  used  in  its  strict  etj^mological  sense, 
that  of  painful  menstruation ;  but  it  should  be  applied 
only  to  menstruation  accompanied  by  severe  pain,  as  dis- 
tinguished from  the  moderate  aching  usually  attendant 
upon  the  function.  Dysmenorrhcea  is  commonly  consid- 
ered to  be  only  a  symptom,  and  not  a  disease,  and  that 
vicw^  is  doubtless  true  of  the  generality  of  eases;  but  in 
many  instances  no  structural  pathological  condition  can 
be  discovered  to  account  for  it,  and  it  may  then  be  looked 
upon  as  a  neurosis,  or  perhaps  as  an  expression  of  the 
rheumatic  diathesis. 

Almost  all  sytematic  writers  divide  dysmenorrhcea  into 
several  varieties,  founding  their  division  upon  what  they 
conceive  to  be  its  varying  pathology :  but  a  few  authors 
will  have  it  that  the  affectif)n  is  necessarily  due  to  ob- 
struction to  the  escape  of  blood  from  the  uterus.  Those 
who  admit  a  number  of  forms  of  dysmenorrhea  follow 
a  nomenclature  intended  to  express  various  pathological 
states,  such  as  the  neuralgic,  the  spasmodic,  the  conges- 
tive, the  inflammatory,  the  membranous,  the  obstructive, 
etc.  :  while  others  employ  names  designed  to  indicate  the 
seat  of  the  fundamental  inorbid  condition,  such  as  consti- 
tutional, ovarian,  uterine,  etc.  Both  classes  of  writers 
enumerate  the  signs  and  symptoms  by  which,  as  they 
maintain,  the  particular  forms  of  the  disease  may  be  diag- 
nosticated. Practically,  these  diagnostic  points  are  not 
much  to  be  rcdied  upon,  and  \\e  can  only  say  with  cer-  ' 
tainty:  1.  That  women  who,  so  far  as  we  can  discover, 
are  in  perfect  health  in  other  respects,  both  constitution- 
ally and  locally,  suffer  from  dysmenorrhoja ;  although  it 
must  be  admitted  that  the  great  majority  of  sufferers 
show  evidence  of  a  depraved  constitutional  state.  2. 
That  women  of  every  sort  of  systemic  ill  health  escape 
this  ailment.  3.  That  the  affection  is  found  associated 
with  every  abnormity  of  the  sexual  apparatus.  4.  That. 
except  positive  occlusion  of  the  uterine  canal,  there  is  no 
condition  of  the  parts  concerned  that  invariably  gives 
rise  to  it.  It  will  be  seen  from  all  this  that  the  relations 
between  dysmenorrhaa  and  its  causes  are  very  diverse 
and  but  imperfectly  understood,  that  no  single  theory  of 
its  causation  will  apply  in  all  cases,  and  that  no  one  of 
the  nosological  systems  covers  the  ground  satisfactordy 
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from  a  clinical  point  of  view.  Nevertheless,  it  is  con- 
venient to  treat  of  the  affection  under  some  of  the  various 
forms  that  have  been  assigned  to  it,  whether  from  path- 
ological or  from  anatomical  considerations. 

Obstructive  Dysmbnorriicea.— Obstructive,  or  me- 
chanical, dysnienorrha?a  is  that  form  which  is  supposed 
to  depend  upon  an  obstruction  to  the  escape  of  the  men- 
strual blood  from  the  genital  passages,  either  from  the 
oviduct,  or  from  the  uterus,  or  from  the  vagina.  Practi- 
cally, we  may  almo.st  restrict  it  to  some  impediment  to 
the 'escape  of  the  blood  from  the  uterus— either  an  actual 
stenosis  of  the  uterine  caual,  a  sharp  flexure  of  the  organ, 
or  the  valve-like  action  of  a  polypus,  a  clot,  or  an  exfoli- 
ated membrane.  Some  years  since  it  was  generally  held 
that  mechanical  obstruction  was  almost,  if  not  quite,  the 
sole  cause  of  dj^smenorrhcea ;  now,  however,  the  pre- 
vailing opinion  is  that  it  is  only  one  of  a  number  of  con- 
ditions that  may  give  rise  to  painful  menstruation,  and 
some  authors  go  so  far  as  almost  to  deny  the  possibilitj' 
of  stenosis  causing  dysmenorrhoea.  Each  of  tire  extreme 
views  mentioned  is  untenable;  undoubtedly  there  is  such 
a  thing  as  obstructive  dysmenorrha'a,  but  it  is  the  excep- 
tion rather  than  the  rule. 

The  diagnosis  of  obstructive  dj'smeuorrha'a  should  not 
be  made  from  the  rational  symptoms,  however  jilausible 
it  may  sound  to  say  that,  in  a  given  case,  the  pain  is 
paroxysmal,  each  paroxysm  being  followed  by  an  escape 
of  blood,  liquid  or  clotted,  and  that  therefore  the  reten- 
tion of  that  blood  in  the  uterus  was  what  caused  the 
pain.  The  blood  may  simply  have  been  retained  in  the 
vagina,  and  cast  out  as  the  tinal  step  of  a  spasmodic  ex- 
acerbation; moreover,  many  sorts  of  pain  are  paroxys- 
mal quite  irrespective  of  their  cause.  Excepting  the 
tenqiorary  obstruction  that  may  result  from  spasmodic 
or  congestive  narrowing  of  the  uterine  canal,  we  should 
diagnosticate  uterine  stenosis  only  after  a  physical  de- 
monstration of  its  presence.  If  the  condition  known  as 
"  pinhole  os "  is  observed ;  if  a  small  probe  cannot  be 
passed  into  the  cavitj^  of  the  body  of  the  uterus,  or  can 
be  so  passed  only  "with  great  dirticulty  (especially  with 
the  patient  ansEsthetized);  if  a  sharp  flexure  of  the  uterus 
is  detected;  or  if  an  intra-uterine  growth  is  found  so  sit- 
uated as  readily  to  occlude  the  canal,  we  may  reasonably 
conclude,  in  the  absence  of  any  other  discoverable  cause, 
that  the  pain  is  due  to  obstruction.  It  will  not  do  to 
infer  positively  from  the  good  results  of  mechanical  treat- 
ment that  the  troiible  was  caused  bj'  obstruction,  for  we 
know  too  little  of  the  collateral  effects  of  such  treatment 
to  limit  its  action  to  so  narrow  a  tield. 

The  treatment  of  obstructive  dysmcnon-ho?a  is  directed, 
of  course,  toward  overcoming  the  obstruction.  The  treat- 
ment of  flexures  and  polyps'  of  the  uterus  will  be  found 
in  the  .sections  of  this  work  which  are  devoted  to  tho.se 
affections,  and  we  have  here  to  deal  only  with  the  uterine 
canal.  The  procedures  that  have  been  practised  for  the 
relief  of  uterine  steno.sis  include  dilatation,  divulsion 
(the  so-called  rapid  or  "bloody"  dilatation),  and  various 
cutting  operations.  Dilatation  by  means  of  expanding 
tents  is  generally  regarded  as  too  temporary  in  its  effects 
to  be  considered  curative,  and  too  dangerous  to  be  re- 
sorted to  repeatedly  as  a  palliative.  The  tujielo  tent, 
however,  is  less  objectionable  on  tlie  latter  score  than  the 
sponge  tent,  and  the  tubular  tupelo  tent,  as  recommended 
by  Dr.  Sussdorf,  of  New  York,  is  perhaps  to  be  regarded 
as  reasonably  free  from  danger  as  a  palliative.  Dilata- 
tion by  means  of  graduated  metallic  or  hard-rubber 
sounds  is  safer  than  the  use  of  tents,  and  some  authors 
report  excellent  results  fi-om  their  use.  A  certain  amount 
of  force  is  allowable  in  tlie  passage  of  these  sounds, 
counter-pressure  being  inade  iqion'tlic  uterus  through 
the  abdominal  wall  or  (less  to  ))e  recommended)  traction 
upon  tlie  cervix  with  a  tenaculum.  Still  givater  success 
has  been  stated  to  have  been  acliievi'd  with  divulsion  es- 
pecially by  the  late  Dr.  Goodell,  of  Philadelphia,  whose 
experience  with  the  method  was  very  great.  Dr.  Goodell 
preferred  an  instrument  so  constnlcted  that  the  blades 
remamed  parallel  when  they  were  separatcMl,  and  had 
transverse  grooves  on  the  outer  surface  of  each  blade,  to 
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prevent  the  instrument  from  slipping   out   during   the 
operation. 

In  regard  to  cutting  operations  in  cases  of  stenosis  at 
the  OS  externum,  a  simple  bilateral  nicking  is  sufficient, 
and  this  is  a  procedure  much  practised  by  some  gynecol- 
ogists, who  hold  that  the  stricture  is  generally  at  that 
situation.  Others  prefer  discission  (bilateral  incision)  of 
the  whole  length  of  the  cervical  canal,  which  they  ac- 
complish by  means  of  special  instrument.s — metrotomes, 
or  hysterotomes — consisting  either  of  a  forceps-like 
mechanism,  the  blades,  furnished  with  an  outer  cutting 
edge,  being  introduced  closed  and  withdrawn  expanded, 
or  of  a  stem  upon  which  a  blade  is  slid  into  the  canal. 
Many  operators  insert  a  glass  or  hard-rubber  plug  after 
the  incision  has  been  made,  to  maintain  the  calibre  of  the 
canal.  In  cases  of  flexion,  especiall}'  anteflexion,  some 
jiractitioncrs  prefer  the  more  radical  operation  devised  by 
the  late  Dr.  Marion  Sims,  for  a  description  of  which  the 
reader  is  referred  to  the  heading  Uterus,  Diseases  of. 

Inasmuch  as  cases  of  obstructive  dysmenorrhrea  con- 
stitute the  minority,  the  successful  treatment  of  the  af- 
fection covers  a  far  wider  range  than  that  of  overcoming 
mechanical  impediments,  and  even  in  cases  that  appear 
to  be  mechanical,  palliative  treatment  is  sometimes  all 
that  the  patient  will  sulimit  to.  The  first  indication  is 
to  remedy  anj'  defect  of  the  general  health  so  far  as  pos- 
sible. The  subjects  of  dysmenorrhcea  are  apt  to  be  anae- 
mic, and  the  sen.sitiveness  of  their  nervous  .system  is 
commonly  excessive.  Careful  attention  to  hvgiene  and 
the  use  of  such  nutritive  tonics  as  cod-liver  oil,  iron 
(preferably  in  conjunction  with  an  alkah,  as  in  Bland's 
pills),  and  especially  arsenic,  are  among  the  measures  on 
which  the  chief  reliance  is  to  be  placed.  "What  is  known 
as  "general  faradization  "  is  a  valuable  adjunct.  Any 
abnormal  condition  of  the  generative  organs  that  can  be 
discovered  should  be  made  the  subject  of  treatment; 
those  that  most  frequently  give  rise  to  dysmenorrhcea 
being  the  remains  of  inflammatory  exudates  which  crip- 
ple the  uterus  b}'  preventing  its  physiological  increase  in 
volume  during  menstruation,  interfere  with  the  ready 
return  of  blood  from  it,  or  draw  it  into  some  unnatural 
posture  or  configuration.  It  is  not  rare  for  a  prolapsed 
and  tender  ovary  to  be  found  as  the  accompaniment  of 
dj'smenorrhcea.  The  management  of  the  various  abnor- 
mities that  ma,v  give  rise  to  the  affection  will  be  found 
treated  of  in  other  sections  of  this  woik. 

]\Iembranous  dysmenorrhcea  is  a  variety  svi  generis. 
Its  pathology  is  not  well  understood.  In  this  form  the 
superficial  part  of  the  endometrium  is  cast  oft'  more  or 
less  entire  ateach  menstruation,  constituting  the  so-called 
(Jecidua  menstrualis,  instead  of  undergoing  the  natural 
process  of  molecular  disintegration.  The  causes  of  this 
phenomenon  are  wholly  unknown,  and  the  explanation 
of  its  relation  to  the  jiain  is  made  doubly  difficult  by  the 
fact  that  this  exfoliation  en  masse  is  not  always  painful. 
Membranous  dysmcnoi-rha'a  is  a  particularly  rebellious 
form  of  the  disease,  and  severe  measures  have  often  been 
resorted  to  unsuccessfully  for  its  relief.  Success  has  been 
attained  by  the  application  of  strong  nitiic  acid  to  the 
endometrium,  and  it  has  also  followed  the  use  of  a  great 
number  of  other  apiilications.  The  late  Dr.  Sken'e,  of 
Brooklyn,  acquainted  the  profession  with  his  very  en- 
couraging results  from  applications  of  iodoform,  which  he 
credits  the  late  Dr.  Fordyce  Barker  with  having  been  the 
first  to  use  in  tliis  country. 

As  regards  the  palliative  treatment  of  dysmeuorrha?a, 
a  cardinal  point  should  be  to  avoid  the  use  of  narcotics, 
except  on  occasions  of  special  urgency,  in  order  that  the 
patient  may  not  acquire  the  habit  of  resorting  to  them. 
If  possible,  the  sufferer  .should  maintain  the  lecumbent 
posture,  or  at  least  abstain  from  active  bodily  move- 
ments, for  three  or  four  days  before  the  flow  begins,  and 
during  its  continuance.  During  this  jieriod,  especially 
if  the  flow  is  excessive  in  amount,  or  if  there  are  signs  of 
undue  pelvic  congestion,  a  hot-water  bag  or  flannels 
wrung  otit  of  hot  water  .should  be  applied  over  the  junc- 
ti(jn  of  the  dorsal  and  the  hmibar  portions  of  the  verte- 
bral column  four  or  five  times  a  day,  for  ten  or  fifteen 
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minutes  at  a  time.  Tlie  use  of  hot  aromatic  drinks  is  a 
popular  remedy,  and  one  tliat  is  not  1)}'  any  means  to  be 
despised;  but  tlie  resort  to  gin,  wliicli  is  far  too  connnon, 
should  be  discountenanced.  Some  sucli  preparation  as 
tlie  parsley  water  of  the  Germans  may  be  substituted. 
Local  anodynes  are  best  administei-ed  in  the  form  of  rectal 
suppositories.  A  suppository  containing  five  grains  of 
iodoform,  witli  or  without  a  sixth  of  a  grain  of  extract 
of  belladonna,  is  very  eflicient;  opium  sliould  be  used 
only  in  case  of  actual  necessity.  Many  drugs  prove  of 
service  wlien  given  by  the  mouth,  but  they  are  apt  to 
lose  their  efficiency  after  a  few  periods,  and  this  is  a 
strong  argument  in  favor  of  tlic  neurotic  nature  of  the 
affection  in  many  instances.  One  of  tlie  most  trustwortliy 
is  the  Viljunmm  opultia,  in  the  form  of  five  grains  of  the 
ahstract  every  three  hours,  during  tlie  painful  part  of 
the  period.  The  passage  of  the  faradic  curi-ent  tlirough 
the  pelvis  two  or  three  times  a  week,  during  the  inter- 
menstrual period,  is  often  of  service.  Apiol,  a  prepara- 
tion made  from  parsley,  has  been  used  by  many  practi- 
tioners with  success.  It  is  commonly  given  in  the  form 
of  capsules.  Potassium  permanganate  was  extensively 
used  a  few  years  ago,  but  is  not  now  often  resorted  to. 
Several  of  the  synthetical  anodynes  are  valuable  in  the 
palliative  treatment  of  d}'smeuorrha?a,  espeeiallj'  anti- 
pyrin.  Recent  reports  make  it  probable  that  "stypti- 
cin "  (cotarnine  hydrochloride)  is  tlie  most  efficient  of 
tliem  all.  Two-fifths  of  a  grain,  in  a  gelatin  capsule, 
may  be  given  four  or  five  times  a  daj'  for  five  da.ys  pre- 
ceding the  flow,  and  double  that  dose,  repeated  at  like 
intervals,  during  the  first  few  davs  of  the  flow. 

Pi-ank  P.  Foster. 

DYSPEPSIA.     See  Stoiimch,  J)i!'rns(V  of. 

DYSPHAGIA  (cSiif-(/)u;u). -^Difficulty  in  swallowing,  or 
in  deglutition. 

Any  impairment  of  the  normal  process  of  deglutition 
may  give  rise  to  dysphagia.  Sucli  impairment  may  be 
organic,  and  due  either  to  structural  lesion  or  to  surgical 
derangement,  or  it  may  be  functional,  from  direct  or  re- 
flex neurosis.  The  organic  derangements  which  most 
frequently  cause  dysphagia  are:  acute  inflammatory, 
tuberculous,  cancerous,  syphilitic,  and  diphtheritic  affec- 
tions of  the  mouth,  pharynx,  tonsils,  larynx,  and  esoph- 
agus; affections  of  the  sahvary  glands,  and  retropharyn- 
geal abscess.  In  diseases  of  the  spleen,  dysphagia  may 
arise  from  secondary  lymphatic  hyperplasia  of  the  ton- 
sils and  the  follicles  of  the  pharyngeal  mucous  mem 
brane. 

In  pressure  diverticula  or  sacciform  dilatations  of  the 
oesophagus,  also,  this  symptom  is  present.  Again,  it 
may  be  caused  by  direct  pressure  of  a  thoracic  aneurism 
upon  the  oesophagus,  or  by  that  of  a  malignant  new 
growth  located  in  tlie  pleura  or  in  the  posterior  medias- 
tinum. 

The  surgical  causative  conditions  are  operarions  upon, 
and  injuries  of,  the  mouth,  tongue,  .superior  and  inferior 
maxillary  bones,  soft  and  hard  palate  and  uvula,  tonsils, 
pharynx,  larynx,  and  esophagus.  The  neurotic  condi- 
tions  most  commonly  met  with  are  :  spasm  of  the  pharyn- 
geal constrictors,  paralysis  of  the  velum  palati  or  of  the 
pharynx  from  some  cerebral  lesion  or  as  a  sequel  of  diph- 
theria, general  paralysis  of  the  insane,  progressive  mus- 
cularatrophy,  glosso-laryngeal  paralysis,  hysterical attec_ 
tions,  and,  finally,  in  rare  cases,  a  pharyngeal  neurosis  of 
apparently  reflex  origin.  As  instances  of  the  latter  char- 
acter may  be  mentioned  those  cases  in  which  the  spasm 
occurs  in  angina  pectoris  (due  probably  to  the  numerous 
connections  between  the  sympathetic  and  the  vagus),  or 
in  pericarditis,  not  only  when  the  exudation  is  large 
enough  to  cause  direct  pressure  upon  the  oesophagus,  but 
also  when  there  is  only  a  small  amount  of  exudation 
present.  . 

The  disastrous  effects  of  dysphagia  will  be  proportion- 
ate to  the  severity  and  duration  of  the  cause.     While  the 
latter  must,    of  course,   largely  determine  the  plan   ot 
treatment  to  be  adopted  in  a  given  case,  there  are,  never- 
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theless,  certain  facts  which  must  be  borne  in  mind  when 
an  attempt  is  made  to  formulate  the  measures  that  should 
be  adopted.  Thus,  for  example,  it  must  be  remembered 
that  in  conditions  which  are  attended  witli  dysphagia,  the 
act  of  deglutition  will  produce  pain,  either  local  or  reflex, 
or  mechanical  or  chemical  inj  ury  to  parts  already  inflamed 
or  ulcerated,  or  both.  These,  and  especially  the  first,  not 
only  by  interfering  with  the  ingestion  of  food,  but  also  by 
the  depressing  effect  upon  tlie  nervous  system  of  frcquent- 
1}' recurring  pain,  may  result  in  imjiairment  of  nutrition. 
The  general  indications  to  be  met  would  be,  therefore, 
the  securing  of  rest  to  the  parts,  and  the  avoidance  of 
causes  which  excite  pain ;  protection  of  the  parts  from 
mechanical  or  chemical  injury;  and  the  maintenance  of 
nutrition. 

It  is  obvious  that  the  above  ends  must  be  met  by  the 
administration  of  higlily  nutritious  food,  reduced  to  so 
small  a  compass  and  rendered  so  unirritating  that  it  can 
be  ingested  witli  the  least  discomfort  and  with  the  fewest 
acts  of  deglutition.  Thus,  in  tulierculous  or  cancerous 
affections  the  patient,  unable  to  manage  either  solids  or 
liquids,  will  often  swallow  with  success  an  unbeaten  raw 
egg,  a  small  unseasoned  raAv  oyster,  lumps  of  rennet  cus- 
tard, or  some  such  semi-fluid  and  yet  coherent  bolus.  The 
local  pain  may  be  temporarily  relieved  in  many  in.stances 
by  the  application  of  morphine,  cocaine,  eueaine,  ortho- 
form,  or,  in  some  cases,  of  menthol. 

These  means  are,  however,  in  a  large  majority  of  in- 
stances inadequate  to  fulfil  the  necessary  conditions  of 
rest,  avoidance  of  pain,  and  of  injury  to  the  parts,  and 
are,  moreover,  totally  insuflicient  for  the  proper  nutrition 
of  the  patient.  In  many  clironic  cases  pain  and  local  irri- 
tation undergo  a  steady  augmentation,  and,  in  the  unequal 
struggle  for  life,  enough  food  not  being  taken  at  any  one 
time  to  supply  the  demands  of  nature,  the  patient  surely 
and  steadily  "loses  ground.  In  acute  affections  of  the 
throat  all  nourishment  will  sometimes  be  declined  until 
the  severity  of  the  attack  has  subsided,  thus  adding  to 
the  enfeeblement  caused  by  the  disease  itself,  and  pro- 
tracting the  period  of  convalescence;  whfle  in  the  surgi- 
cal conditions  above  referred  to  the  evils  of  dysphagia 
are  sufflciently  evident. 

Since  the  act  of  deglutition  is  the  immediate  cause  of 
dysphagia,  the  most  rational  means  for  relieving  the  dys- 
phagia would  be,  obviously,  to  remove  the  cause;  in 
other  words,  to  abolisli  the  act  of  deglutition.  This  may 
be  accomplished  in  the  following  ways; 

1.  When  there  exist  both  dysphagia  and  inability  on 
the  part  of  the  stomach  to  retain  food,  an  invaluable  re- 
source lies  in  rectal  alimentation,  the  utility  of  which 
has  been  so  well  established  that  it  is  only  necessary,  in 
the  present  connection,  to  call  attention  to  the  importance 
of  its  adoption  early  in  the  history  of  the  case,  and  before 
the  strength  of  the  patient  has  been  reduced  by  want  of 
food. 

3.  When,  on  tiie  other  hand,  the  condition  of  the  stom- 
ach is  good,  then,  granting  the  desirabiUty  of  alimentation 
by  way  of  the  natural  passages,  the  indication  is  clearly  to 
remove  tlie  obstacle  to  deglutition  or  to  avoid  it.  The 
former  may  be  impossible.  The  latter,  however,  may  be 
accomplished  in  a  large  number  of  cases  by  the  use  of  an 
oesophageal  tube,  through  which  nutritious  food,  in  liquid 
form,  may  be  injected  into  tiie  stomach.  The  best  means 
for  accomplishing  tiiis  purpose  are:  (1)  the  employment 
of  a  tube  of  the  smallest  possible  calibre,  and  (2)  the  in- 
troduction of  tills  tube,  not  necessarily  into  the  stomach, 
but  merely  into  the  oesophagus  and  past  the  point  of 
obstruction,  or  else  past  the  pharyngeal  constrictors. 
Through  the  tube  the  stomach  may  be  made  to  receive 
food  in  unlimited  amount  and  variety,  without  any  at- 
tempt at  deglutition,  and  with  perfect  protection  to  the 
parts.  By  this  device  all  of  the  indications  mentioned 
may  be  m'et.  The  apparatus  needed  is  simple,  the  essen- 
tial part  of  it  being  an  English  flexible  woven  catheter, 
an  open-ended  soft-rubber  catheter,  or  a  small  oesophageal 
tube  attached  by  means  of  a  piece  of  rubber  tubing  to  a 
receptacle  for  the  food.  For  the  latter  a  glass  funnel  will 
be  found  convenient. 
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To  the  great  advantage  of  the  catheter  over  the  large 
and  clumsy  stomach  tube  it  is  hardly  necessary  to  refer. 
Its  introduction  is  much  less  startling  and  uncomfortable 
to  the  patient,  and,  if  the  food  be  properly  prepared, 
hiehly  concentrated  preparations  being  employed,  after 
the  manner  of  Debove,  the  large  tube  will  be  unnecessary. 
As  a  general  rule,  the  irritation  caused  by  the  passage  ot 
the  tube  increases  with  its  size.  The  tube  should  be 
introduced  in  the  usual  manner;  that  is,  tlie  patient's 
mouth  being  opened  and  his  tongue  protruded,  the  cathe- 
ter should  be  carried  to  the  base  of  the  tongue,  tlien  the 
patient  should  be  told  to  swallow,  and,  as  he  does  so,  the 
catheter  should  be  pushed  into  the  a'soijhagus,  and  thence 
downward  as  far  as  may  be  deemed  necessary.  The  larynx 
may  be  avoided  with  certainty  by  using  the  finger  as  a 
n-ui'de.  Before  its  introduction  the  tube  should  be  care- 
fully lubricated,  for  which  purpose  white  of  egg,  mucil 
age,  or  even  milk,  are  useful.  An  excellent  plan  is  to 
allow  the  patient  to  swallow  slowly,  just  before  tlie  in- 
troduction of  the  catheter,  a  drachm  or  two  of  pretty 
thick  mucilage.  Vaseline,  glycerin,  and  oil  are  unpleas- 
ant to  the  patient  and  should  on  no  account  be  used.  In 
passing  the  catheter  gentleness  should  be  observed,  and 
great  care  taken  to  avoid,  as  far  as  possible,  all  points  of 
special  tenderness.  In  many  ea.ses  the  patient  himself 
may  be  taught  to  pass  the  tube  much  more  successfully 
and  eomfor'tably  than  it  can  be  done  for  him,  since  the 
manceuvre  is  not  difiicult,  and  no  one  knows  .so  well  as 
the  patient  the  exact  situation  of  the  painful  spots. 
Sometimes,  especially  with  children,  the  point  of  greatest 
irritability  is  in  the  palatine  arches,  and  any  attempt  at 
passing  a  tube  across  them  will  be  followed  by  violent 
gagging.  In  such  cases  a  soft-rubber  tube  may  be 
passed  through  the  nostril  and  pharynx,  and  thence  into 
the  oesophagus,  and  thus  contact  with  the  fauces  be 
wholly  avoided.  Should  the  introduetiou  of  the  tube 
cause  dyspuosa,  direct  the  jjatient  to  take  full  breaths. 
The  instrument  may  also  cause  nausea  when  it  passes 
the  pharynx,  and  for  the  relief  of  this  Dujardin-Beaumetz 
advises  the  administration  of  bromide  of  potassium;  and 
then  agaiu  it  may  cause  nausea  when  it  reaches  the 
stomach,  in  case  it  be  inserted  so  far.  In  the  latter  case, 
however,  the  introduction  of  food  will  quickly  bring 
relief. 

Of  eoru'se,  the  passage  of  the  tube  will  not  always 
prove  an  easy  or  a  painless  operation.  A  little  practice, 
however,  will  render  it  possible  in  nearly  every  instance, 
while  the  advantages  to  be  gained  far  outweigh  any  or- 
dinary objection  to  the  method. 

As  to  the  special  conditions  in  which  dysphagia  will 
call  for  relief,  tlie  reader  is  referred  to  the  various  arti- 
cles, in  other  parts  of  the  Handbook,  in  which  these  sub- 
jects are  discussed.  I).  Bryson  Delatan. 

DYSPNCEA. — Dyspnoea  is  a  striking  symptom  of  a 
vast  variet}'  of  di.seases,  at  times  very  simple  of  interpre- 
tation, at  other  times  requiring  a  comprehensive  knowl- 
edge of  physical  diagnosis,  clinical  diagnosis,  and  the 
symptomatology  of  disease,  in  tracing  it  to  its  cause.  It 
is  a  symptom  which  stimulates  careful  efforts  in  differen- 
tial diagnosis,  since  it  is  very  seldom  that  it  can  be  re- 
lieved unless  its  causal  disease  be  eori-eetly  diagnosed  and 
treated.  Pain,  on  the  other  hand,  is  a  common  symptom 
which  can  usually  be  relieved  without  a  diagnosis  of  tlie 
causal  disease.  The  object  of  this  article  is  to  impiess 
upon  the  general  practition(;r  the  importance  of  careful 
and  time-consuming  examinations,  and  to  assist  him  in 
tracing  this  particular  symptom  to  its  cause.  lu  my 
work  I  have  examined  patients  suffering  with  extreme 
dyspno'a  whose  cases  had  been  diagnosed  renal  asthma 
because  albumin  had  bi'cn  found  in  the  urine,  and  cardiac 
asthma  because  of  irregular  pulse  and  cardiac  murmurs. 
In  both  cases  exainiuation  of  the  chest  and  aspiration 
showed  that  the  dyspno'a  was  to  a  large  extent  depend- 
ent upon  extensive  hydrothorax,  which  was  secondary 
to  the  cardiac  and  renal  disease.  In  adult  life  diseases 
of  the  lungs  and  pleura',  heart  and  kidneys,  are  the  most 
common  causes  of  dyspntra,  while  in  childhood  di.seases 


of  the  naso-pharynx,  larynx,  trachea,  and   bronchi  play 
this  role. 

We  must  distinguish  between  simply  increased  breath- 
ing (over  twenty-four  respirations  in  the  minute)  and  diffi- 
cult or  hindered  breathing,  i.e.,  dyspncea.  The  former  is 
found  in  emotional  and  hysterical  conditions,  after  exer- 
tion, and  in  fever.  Dyspntea  bears  about  the  same  relation 
to  normal  breathing  that  palpitation  of  the  heart  does  to 
the  normal  action  of  the  heart.  In  health  and  when  not 
undergoing  exertion,  we  are  unconscious  of  the  action  of 
the  heart  and  practically  so  of  the  act  of  respiration. 
When  conscious  of  the  forcible  or  irregular  action  of  the 
heart,  whether  the  rate  be  normal  or  increased,  palpita- 
tion is  present.  In  dyspnoea  one  is  usually  conscious  of 
distress.  The  ala;  nasi  move,  there  is  forcible  movement 
of  the  chest,  anil  the  auxiliary  mu.scles  of  respiration  are 
brought  into  action  proportionate  to  the  degree  of  dysp- 
ncca.  The  respirations  may  be  normal  in  rate,  but 
deeper  than  usual,  or  they  may  be  increased  in  frequency 
and  shallow,  or  tliey  may  be  both  increased  in  frequency 
and  in  depth. 

Dyspna'a  may  be  continuous  or  paroxysmal.  Again, 
it  is  either  inspiratory,  expiratory,  or  mixed,  depending 
upon  the  cause.  It  may  be  so  severe  as  to  compel  the 
upright  position,  when  it  is  termed  orthopncea.  It  may 
be  associated  with  peculiar  alterations  in  rhythm  and 
strength,  when  it  is  termed  the  Cheyne-Stokes  type  of 
breathing.  Dyspna'a  may  be  accompanied  by  peculiar 
sounds  as  in  laryngismus  stridulus,  hysteria,  inflamma- 
tion of  the  larynx,  Chej'ne-Stokes  breathing,  and  pneu- 
monia. Dyspnoea  with  cyanosis  is  a  ver}'  important 
symptom,  pathognomonic  of  incompensated  heart  disease 
or  advanced  lung  disease ;  in  rare  cases  abdominal  disease 
which  interferes  with  the  action  ot  the  diaphragm  causes 
this  type  of  dyspnea.  The  character  of  the  dyspncca  is 
in  some  instances  indicative  of  the  nature  and  location  of 
the  disease  causing  the  obstruction.  Inspiratory  dysp- 
noea is  caused  by  a  stenosis  of  the  upper  air  passages,  the' 
result  of  inflammatory  conditions,  growths,  or  spas- 
modic contractions.  Expiratory  dyspnoea  is  caused  by  the 
presence  of  a  tumor,  usuallj-  in  the  larynx,  which  acts 
like  a  valve,  being  forced  up  against  the  glottis  during 
expiration.  In  emphysema  and  asthma  the  expiratory 
form  of  dyspnoea  predominates.  The  mixed  type,  in- 
volving both  inspiration  and  expiration,  is  found  in  dis- 
eases of  the  heart  and  blood,  lungs  and  kidnej'S. 

In  the  dyspnoea  of  childhood  it  is  very  important  to 
know  whether  the  obstruction  is  located  in  the  larynx  or 
in  the  trachea,  as  upon  it  depends  the  decision  between 
intubation  and  tracheotomy.  If  the  obstruction  be  in  the 
larynx,  it  is  seen  to  rise  and  fall  during  respiration.  If 
the  dj^spintta  is  severe  the  head  is  bent  back,  the  neck  is 
stretched,  the  muscles  of  the  neck  are  contracted,  the 
spaces  above  the  sternum  and  at  the  side  of  the  trachea 
are  drawn  in  with  each  inspiration,  the  alse  of  the  nose 
work  vigorously,  and  there  is  a  change  in  the  voice.  If 
the  dyspna'a  is  from  stenosis  of  the  trachea,  the  larynx  is 
not  markedly  moved  during  breathing,  and  the  patient 
bends  the  head  forward  rather  than  backward.  There  is 
no  change  in  the  voice  except  that  it  may  be  weakened. 

C.\usEs  OF  Dyspnoea. — Musser  gives  the  following 
classification:  1.  Anything  cutting  off  or  lessening  the 
normal  amount  of  air  required  for  oxygenation  of  the 
blood.  2.  Affections  which  lessen  the  amount  of  blood. 
'i.  Affections  in  which  red  corpuscles  are  diminished.  4. 
Pulmonary  embolism  and  thrombosis.  5.  Fat  embolism. 
0.  Interference  with  the  nervous  mechanism  of  respira- 
tion. 

1.  (^0  OhHtrneiion  of  the  Air  Passages. — Under  this  head- 
ing we  find  many  of  the  common  causes  of  dyspnoea  in 
children,  such  as  occlusion  of  the  naresand  naso-pharynx, 
especially  by  adenoids,  unless  compensated  for  by  mouth 
breathing.  The  importance  of  examining  suspicious  cases 
for  adenoids  and  instituting  the  proper  treatment  cannot 
be  overestimated.  Enlarged  tonsils,  retro-pbaryngeal  ab- 
scess, or  any  obstruction  in  the  throat,  such  as  diphthe- 
ritic swelling,  may  cause  dyspnoea. 

Dyspnoea  is  one  of  the  most  common  symptoms  of 
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laryngeal  disease.  Its  causes  are :  (1)  constriction  by  in- 
flammatory or  ojdematous  swelling;  (3)  spasm;  (3)  tuinors 
or  foreign  bodies  in  the  larynx  ;  (4)  cicatrization  of  ulcers 
after  syphilis  or  lupus;  (5)  paralysis  of  abductors  or  ad- 
ductors of  the  larynx. 

Pfesstire  on  the  htri/iu-  producing  dyspnwa  may  be 
caused  by  cellulitis  of  the  neck,  tumors  of  the  lymph 
glands,  goitre,  and  retro-pharyngeal  abscess.  It  should 
be  remembered  that  in  diphtheria  ilyspna-a  may  be  due 
to  pressure  of  enlarged  glands  on  the  hirynx  orbronclii. 
Sudden  cedema  may  occur  in  syphilitic  anil  tuberculous 
ulceration,  and  may  kill  the  patient.  I  have  recently 
seen  a  patient  with  leukaunia  die  from  tlie  sudden  develop- 
ment of  ffidema  of  the  gloitis. 

Pn'sKiire  on  the  trachea  and  bronchi  causing  dyspnoea  may 
be  exerted  by  tumors  of  the  thyroid  gland,'  by  thoracic 
aneurism,  by  mediastinal  tumors,  by  cancer  of  the  ossoph- 
agus,  and  in  rare  cases  by  dilated  auricle ;  foreign  bodies 
and  diseases  of  the  walls,  and  syphilis,  also  cause  dysp- 
nea. 

In  the  dyspnaa  of  bronchial  obstruction,  which  may 
be  caused  by  the  pressure  of  an  aneLirisui,  the  laryngeal 
movement  is  not  increased  and  the  voic(_'  is  not  changed. 
The  physical  signs  over  the  lung  of  the  obstructed  bron- 
chus become  pronounced. 

(S)  Diminution  of  Air  Space  from  Canses  Within  and 
Outside  of  the  Thorax. — This  division  is  very  large  and 
includes  the  most  common  causes  of  dyspno-a  in  adults, 
namely,  tlie  numerous  acute  and  chronic  diseases  of  the 
lungs  and  pleura,  such  as  the  various  forms  of  tubercu- 
losis, acute  and  chronic,  different  forms  of  pneumonia, 
capillary  bronchitis,  pneumothorax  and  empyema,  em- 
physema, asthma,  new  growtlis  in  the  lungs  and  pleura; 
the  various  forms  of  pleurisy,  with  effusion  and  chronic 
dry  with  adhesions;  pericarditis  with  effusion,  acting 
like  pleurisy  with  effvision,  witli  the  additional  factor  of 
greater  interference  with  the  action  of  the  heart. 

The  extra-pulmonary  causes  which  diminish  the  air 
space  are  chiefly  diseases  below  the  diaphragm,  ascites, 
tympanites,  and  ovarian  tumors. 

The  severity  of  the  dysiiuoea  is  strikingly  dependent 
upon  the  suddenness  witli  which  the  cause  acts.  It  is  a 
case  of  adaptation,  and  the  development  of  compensa- 
tion. In  pleurisy  with  the  rapid  formation  of  a  large 
effusion,  or  especially  in  certain  forms  of  pneumothorax, 
dyspncea  is  at  tirst  alarming;  while  in  a  chronic  pleu- 
risy or  in  an  advanced  tuberculosis  which  has  been  months 
or  years  in  developing,  and  in  which  a  much  larger  air 
space  is  involved  and  rendered  useless,  there  may  be  no 
dyspncea  except  on  exertion. 

(c)  Interference  tcith  the  Action  of  Munclea. — Tliis  may 
be  the  result  of  weakness,  paralysis,  pain,  or  tetanic  con- 
tractions, as  in  hj'drophobia  and  tetanus.  Obesity,  myx- 
cedema,  oedema,  trichinosis,  and  myositis  may  interfere 
with  the  action  of  the  respiratory  mu.scles.  Paralysis  of 
the  phrenic  nerve  causes  an  interesting  form  of  dyspnoea. 
There  is  marked  interference  with  the  action  of  the  dia- 
phragm, with  the  result  that  dunng  inspiration  the  epi- 
gastrium and  the  hypochondriac  regions  are  drawn  in, 
and  during  expiration  pushed  out,  the  reverse  of  the  nor- 
mal phenomenon. 

Pain,  due  to  disease  of  the  pleura,  mu.scles,  or  inter- 
costal nerves,  or  due  to  conditions  below  the  diaphragm, 
may  cause  dyspntea. 

3.  Affections  ichich  LeKsen  the  Amotint  of  Blood,  as  ob- 
structive heart  diseases,  and  (rarely)  tumors  pressing 
upon  blood-vessels.  Dyspnoea  due  to  heart  disease  is 
nearly  always  associated  with  cyanosis.  It  is  chnieally 
divided  into  (1)  dyspnoea  caused  orincreased  by  exertion; 
(3)  paroxysmal  dyspncea ;  (3)  orthopnoea ;  (4)  rhythmical 
dyspnoea  or  Cheyne-Stokes  respiration. 

The  dyspnrea  of  effort  comes  on  after  the  slightest 
exertion.  In  paroxysmal  dyspncea  the  attack  comes  on 
without  apparent  cause.  It  must  be  distinguished  from 
the  paroxysmal  dyspnwa  of  uroemia,  asthma,  or  emphy- 
sema. The  physical  signs  of  lung  disease  usually  point 
to  the  latter.  The  paroxysmal  dyspnoea  of  heart  disease 
is  attended  by  more  violent  efforts  in  breathing  than  the 


physical  state  of  the  lungs  adniits,  and  the  diffleulty  at 
tends  both  inspiration  and  expiration.  Wheezing  is 
not  so  marked  as  in  forms  of  asthma.  There  is  .some  ob- 
struction to  the  o\it-going  air,  but,  on  account  of  air  bun 
ger,  all  of  the  efforts  of  the  patient  are  exerted  to  till  the 
chest.  In  paroxysmal  dyspnwa  the  breathing  usually 
becomes  quiet  if  the  patient  is  placed  in  a  comfortable 
position,  provided  there  is  no  lung  or  pleura  ((implica- 
tion. Tile  position  does  not  modify  tlie  .severe  dyspnoea 
of  asthma  or  emphysema. 

3.  Affcctionx  in,  which  lied  Corpuscles  are  Diminished. — 
In  the  various  amemias,  primary  and  secondary,  even 
with  a  very  low  blood  count,  the  patient  does  not  suffer 
with  dyspno'a  while  resring.  Slight  exertion,  walking, 
or  c'limbing  stairs,  brings  on  lalioi-cd  breathing.  Cyano- 
sis is  not  usually  associated  with  tliis  variety  of  dyspnoea. 

4  and  5.  Pnlmonary  Emhulism  and  Thrombosis  &\-n  rare 
causes  of  dyspncea.  Weak  hearts  favor  their  develop- 
ment. A  clot  may  be  dislodged  from  a  uterine  sinus 
after  labor,  or  a  clot  resulting  fi-oni  inflammation  of  the 
veins  in  any  location  may  fie  carried  to  the  lungs,  and 
completely  block  a  larger  or  smaller  pulmonary  vessel. 
Fat  embolism  occurring  in  parturient  women  three  or 
four  days  after  labor,  in  fractures,  and  in  diabetes,  acts 
in  the  same  way. 

6.  Interference  with  the  JSerwns  Mechanism  of  Respira- 
tion.— The  passibility  of  tumors,  hemorrhage,  or  degen- 
eration about  the  respiratory  centre  must  be  kept  in  mind. 
The  history  and  the  exclusion  of  other  conditions  by 
careful  examination  will  aid  in  the  diagnosis.  The  irri- 
tation of  the  respiratory  centre  tiy  toxic  agents  in  the 
blood,  as  in  uraemia,  diabetes,  auto-intoxication  from 
gastro-intestinal  disord(^rs,  and  warm  blood  in  fevers,  is  a 
very  important  cause  of  dyspncea.  A  routine  examina- 
tion of  the  urine  will  prevent  many  mistakes  in  diag- 
nosis. 

Cheyne-Stokes  BRE.4TniN(i. — Modifications  of  the 
breathing  are  among  the  important  symptoms  of  uraemia. 
A  common  type  in  the  urtemiaof  chronic  nephritis  is  the 
Cheyne-Stokes  breathing.  It  is  a  form  of  periodic  respi- 
ration, very  interesting  and  impoitant  as  a  liacl  prognos- 
tic sign.  It  is  seen  most  commonly  in  apople.xy,  tumors 
of  the  brain,  meningitis,  incompensated  heart  diseases 
and  toxic  conditions,  such  as  uitemia,  morphine  poison- 
ing, acute  infectious  diseases,  especially  typhoid  fever, 
and  in  acute  diffuse  peritonitis.  The  patient  is  usually 
stupefied  or  comatose. 

In  this  form  of  breathing  there  is  a  cycle  consisting  of 
two  periods  of  nearly  ecpial  length.  The  period  of  apnoea, 
during  whicli  tliere  is  not  the  slightest  respiratory  effort, 
lasts  a  variable  length  of  time,  from  a  few  seconds  to  two 
minutes.  This  is  followed  by  the  period  of  active  res- 
piration, which  I  have  observed  to  be  a  few  seconds 
longer  than  the  period  of  apna-a.  A  very  faint,  scarcely 
perceptible,  sighing  respiration  first  occurs;  this  is  fol- 
lowed by  gradually  increasing  and  deepening  respira- 
tions, till  in  marked  cases  abnoruially  deep  and  loud  res- 
pirations, accompanied  by  snoring  or  groaning  sounds, 
are  taken.  The  respirations  now  gradually  decrease  in 
strength,  running  down  the  scale,  till  the  period  of  apncea 
is  again  reached.  This  C3'cle  may  be  repeated  for  several 
days  or  even  for  weeks  or  for  months. 

In  one  of  my  cases  of  apoplexy  the  patient  was  com- 
pletely eoniato.se  during  the  period  of  apnoea,  but,  as  the 
respirations  became  deep,  he  roused  himself  sufliicienfly  to 
groan  and  ask  cjuestions.  The  number  of  respirations  in 
each  cycle  varies ;  most  often  there  are  from  eight  to  twelve 
following  each  otiier  in  about  normal  celerity,  but  at  the 
beginning  and  end  of  the  period  they  are  sometimes  some- 
what slower.  Occasionally  there  are,  besides  some  second 
ary  symptoms,  regular  contractions  of  the  pupil  during 
apnffi'a,  and  dilatation  of  them  at  the  height  of  respira- 
tion, and  retardation  of  the  pulse  during  apnoja.  Sahli 
has  observed  that  the  patients  become  cyanotic  at  the 
beginning  of  respiration  and  that  the  cyanosis  increases 
till  the  height  of  respiration  is  reached,  which  corre- 
sponds with  the  conduct  of  the  pupils. 
The  cause  of  Cheyne-Stokes  breathing  is  supposed  to 
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be  an  alteration  in  the  function  of  the  respiratory  centre. 
The  tlieory  is  that  there  is  a  periodic  diminution  in  the 
excitabihty  of  the  respiratory  centre,  or  that  the  exci- 
tability of  the  medulla  oblongata  becomes  exhausted. 
Biot's  respiration  is  probably  a  modification  of  Oieyne- 
Stokes  breathing,  with  the  same  significance. 

Pulmonary  symptoms  are  quite  common  in  urtemia ;  in 
fact,  spasmodic  dyspncea  is  the  first  and  sometimes  the 
only  symptom  for  a  long  time.  Later,  the  renal  symp- 
toms become  pronounced,  pointing  to  the  nature  of  tlie 
disease. 

Dyspnoja  in  SrEci.\L  Diseases. — Asthma  is  a  form  of 
paroxysmal  dyspncea,  dependent  most  often  upon  nasal. 
l)ronchial,  and  gastro-intestinal  reflexes.  It  is  a  striking 
picture  of  air  hunger,  and  suggests  the  following  altera- 
tion in  the  lines  from  "The  Ancient  Mariner,  "Air,  air 
everywhere  and  not  a  bit  to  breathe."  There  are  dimin- 
islied  respiratory  movement  and  prolonged  expiration. 
The  frequency  of  respiration  is  diminished  sometimes  to 
one-half  the  normal  rate;  the  rhythm  is  altered,  inspira- 
tion is  short  and  gasping.  A  natural  consequence  of  an 
asthma  of  long  duration  is  the  advent  of  emphyseiini. 
when  the  dyspnoea  becomes  more  constant.  The  dysp 
noea  is  proportionate  to  the  degree  of  emphysema  and  is 
aggravated  by  the  coexistence  of  bronchitis,  astlima,  and 
eccentric  hypertrophy  of  the  right  ventricle  (whieli  ari' 
frequent  complications  in  long-standing  cases).  Wlicn 
emphysema  is  only  moderate,  dyspna'a  is  not  complained 
of,  except  on  climbing  or  walking  briskly,  or  aftei'  a 
hearty  meal,  but  when  it  is  great,  the  dyspnoea  is  con- 
stant, interferes  with  all  exertion,  frequently  necessitates 
orthopnoea  and  prevents  continuous  speech. 

In  Aortic  A-neurismeLwA  mediastinal  tumors,  dyspnoea  is 
a  frequent  symptom,  and  is  due  chiefly  to  pressure. 

In  Capillary  BwncMlis  of  infancy,  respirations  may  be 
as  many  as  60  to  80  per  minute.  Dyspnoea  is  more  or'  less 
constant,  but  becomes  urgent  in  paroxysms,  and  the  pa- 
tient may  have  to  be  propped  up  in  bed  to  breathe.  It 
is  expiratory.  Inspiration  may  be  free  and  easy  or  dilli- 
cult,  but  expiration  is  always  difficult  and  prolonged. 

OaUrie  Diseuse. — Dyspnoea  occurs  in  many  cases  of 
dj^spepsia,  if  the  subject  is  the  victim  of  asthma,  auEi!- 
mia,  or  cardiac  disease.  In  asthma  it  is  usually  reflex. 
In  aua?mia  it  is  due  to  atony  of  the  stomach  and  gaseous 
accumulation.  In  cardiac  disease  it  is  mechanical,  from 
the  pressure  of  a  .stomach  distended  with  gas. 

In  Hydrophobin,  the  spasmodic  contraction  of  the  larynx 
may  become  so  strong  as  to  excite  urgent  dyspncea,  with 
the  emission  of  curious  sounds. 

Hysteria  sometimes  explains  obscure  cases  of  dyspntea. 
Such  ca.ses  have  been  reported  by  physicians  of  the  Ger- 
man army.  In  the  fall  of  1898  a  soldier  entered  the  Uni- 
versity of  Michigan  hospital,  suffering  with  a  conrinuous 
dyspnoea,  so  .severe  at  times  that  it  compelled  the  orthop- 
nwic  position.  Very  careful  physical  and  clinical  ex- 
aminations failed  to  reveal  any  adequate  cause  for  the 
dyspncea.     It  was  perhaps  hysterical. 

In  Nephritis  dyspnoea  may  be  a  pronounced  symptom, 
due  either  to  unemia  or  to  oedema  of  the  glottis,  to  effu- 
sions into  the  pleura,  or  to  bronchitis.  If  dilatation  of 
the  heart  occurs,  dyspnoea  may  arise,  due  to  that  or  tlie 
secondary  oedema  of  the  lungs. 

In  Phthisis  dyspna^a  is  almost  constant.  The  degree 
varies  with  the  association  of  fever;  when  the  latter  is 
present,  dyspnoea  is  more  pronounced.  It  is  also  more 
pr(]nounced  in  acute  cases.  In  miliary  tuberculosis  the 
frequency  of  respiration  is  out  of  all  "proportion  to  tlie 
physical  signs.  In  this  form  cyanosis  is  more  marked 
In  chronic  localized  phthisis  the  dyspu(ra  may  occur  only 
on  exertion,  after  eating,  or  upon  excitement.  In  lat('r 
stages  the  dyspniea  is  constant  and  in  proportion  to  the  ex - 
tent  of  mvolvement  of  tlie  lungs  and  the  degrees  of  fever 
on}  ™™tonia  frequent  respiration.s— 40  to  tiO  in  adults 
WJ  to  90  or  more  in  children,  per  minute-is  a  character- 
istic symptom.  ^  It  is  panting  in  character,  particularlv 
when  pneumonia  occurs  in  old  subjects;  both  inspirati.m 
and  expiration  are  brief,  tliough  sometimes  separated  by 
■  pause.     Expiration  is  usually  accompanied 


a  rather  lone 


by  an  audible  grunt,  indicating  great  oppression.  Dysp- 
noea may  be  absent,  or,  as  the  case  progresses,  may  be- 
come either  increased  or  greatly  diminished,  according  to 
the  severity  of  the  type. 

The  chief  cau.ses  of  dyspncea  in  jjneumonia  are  involve- 
ment of  lung,  bronchitis,  pericarclitis  or  extensive  pleu- 
risy, cardiac  failure,  collateral  congestion  with  (Edema, 
fever,  and  the  intense  pain  in  the  side.  That,  in  a  frank 
case  of  iincumonia,  irritation  of  the  respiratory  centre  by 
toxins  or  warm  blood,  is  tlie  chief  cause  of  dyspncea, 
and  not  the  lung  involvement,  is  proved  by  the  fact  that 
synchronous  witli  the  crisis  and  the  fall  of  temperature 
(while  the  consolidation  of  tiie  lung  still  exists)  the  dysp- 
no-a  disappears. 

In  Piieiiiiii>ih(ir<(j'  developing  in  the  cour.se  of  a  tuber- 
culosis, .severe  dyspufjea  and  frequently  cyanosis,  are 
among  the  fii'St  sj'niptoms.  The  difficult}^  in  breathing 
is  often  accompanied  by  a  sense  of  impending  suffocation. 
The  stress  of  the  dyspnoea  depends  upon  the  amount  of 
air  that  suddenly  gains  entrance  into  the  pleural  cavity. 
If  the  orifice  be  large  and  valvular,  the  air  cannot  escape 
and  rapidh'  accumulates,  and  forces  all  of  the  air  out 
of  the  lung  b3"  compression,  and  the  respirations  become 
frequent,  60  or  more  per  minute. 

In  Tetiiniis,  thoracic  oppression,  dyspna'a,  and  more 
or  less  cj'anosis  follow  interference  with  the  respiratory 
function,  especially  if  there  is  spasm  of  the  glottis. 

The  treatment  of  dyspncea  is  the  treatment  of  the  vari- 
ous di.seases  with  which  it  is  associated. 

James  Rae  Arneill. 

EAR:  ANAT0IV1Y  OF  THE  TYIVIPANIC  IVIEMBRANE 
AND  OSSICLES. — Tlie  tymiiauic  membrane,  membrana 
tympani,  or  drum  membrane,  is  composed  of  tliree  layers: 
viz.,  the  external  or  dermoid  layer,  the  middle  or  fibrous, 
and  the  inner  or  mucous  layer. 

The  dermoid  or  skin  layer  of  the  membrana  tympani 
is  a  continuation  of  the  skin  of  the  external  auditory 
canal.  In  this  layer,  however,  there  are  no  hairs  nor 
follicles,  as  are  found  elsewhere  in  the  cutis  of  the  audi- 
tory canal.  In  other  respects  it  is  true  skin,  but  ex- 
tremely thin  and  transparent.  The  outer  or  skin  layer 
of  the  membrana  tympani  is  the  only  one  of  the  three 
component  layers  of  the  drum  membrane  which  can  be 
inspected  directly  from  \vith(.>ut.  When  the  auditory 
canal  is  illuminated  and  a  normal  membrana  examined 
from  without,  several  prominent  features  in  it  attract  the 
observer's  attention;  viz.,  its  almost  circular  shape,  and 
peculiar  polish  and  color ;  its  vertical  and  horizontal  in- 
clinations; the  ridge  formed  in  one  of  its  radii  by  the 
handle  of  the  hammer  bone;  the  short  process  at  the  up- 
per end  of  the  latter;  the  folds  of  the  membrana  ;  the  flac- 
cid portion  of  the  tympanic  membrane,  the  portion  above 
the  short  process  "of  the  hammer,  the  so-called  Shrap- 
nell's  membrane;  the  white,  tendinous  periphery  of  the 
membrane;  and,  finally, 
the  bright,  triangular 
reflecticju  of  light  in  the 
antero-inferior  (|uadiaut 
of  the  membrane,  run- 
ning from  the  lower  end 
of  the  malleus,  at  the 
centre  of  the  membrane, 
tlie  umbo,  toward  the 
periphery.  This  reflec- 
tion is  called  the  "  ])yra- 
mid  of  light"  (.see  Fig 
1678).  Generally  a  deli- 
cate plexus  of  vessels 
can  be  seen  in  the  re- 
gion of  the  folds  and  in 


Fio.  11)77. — View  tjf  Outer  Surface  of 
Membrana  Tympani.  tGruber.)  A, 
malleus,  manubrium  ;  U,  lower  end 
of  manubrium;  0,  short  process; 
D,  posterior  fold  of  the  membrana. 


tlie  membrana  flaccida,  and  one  or  two  delicate  arteri- 
oles can  be  traced  downward  along  the  manubrium  of 
the  malleus. 

F(u-  purposes  of  convenient  descriprion,  the  membrana 
tyinpani  is  called  circular  in  shape.  Its  fcu'in,  however, 
varies  between  that  of  an  ellipse  and  an  irregular  oval, 
while  in  some  cases,  in  which  the  lateral  poriions  of  the 
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Fir.  1«78.  —  The    Normal 
Membrana  Tympaul. 


annulus  tympanicKH  are  csppcially  curved  oul  ward,  it  as- 
sumes a  heart  shape.  Strictly,  it  uuiy  he  eousidered  an 
ellipse,  tlic  long  diameter  of  which,  aiiioiinting  to  9  or  10 
mm.,  runs  from  aliove  and  in  front 
downward  and  liaekward,  aud  the 
shortest  diameter  of  which  runs 
from  below  and  in  front,  upward 
and  backward.  The  proportion 
between  these  diameters  is  4.8"; 
4.0"  (Von  Troeltsch  and  Hyrtl). 
Since  the  dilTerence  between  "them 
is  so  slight,  and  llieir  inclinalions 
are  so  nearly  vertical  and  horizon- 
tal, the  outline  of  the  tympanic  membrane  is  considered 
eireular,  and  is  divided  into  ((uadranls  by  the  horizontal 
and  vertical  diameters,  which  greatly  aids  in  locating 
points  to  be  describeih 

Color. — Tlie  normal  color  ot  tlie  memVirana  tympani  is 
not  constant,  because  it  varies,  just  like  the  color  of  the 
teeth,  with  the  individual.  As  the  latter  varies  from  a 
bluish  to  a  yellowish-white,  .so  the  dnmi  nu-mbranc  vari(?s, 
in  a  perfectly  normal  condition,  from  a  bluisli  to  a  ye! 
lowish-gray,  the  former  being  the  commoner  tint.  This 
color  is  generally  spoken  of  as  a  "  pearl  coloi', "  but,  what- 
ever color  the  tympanic  membrane  jiossesses,  it  is  always 
modified  by  the  physical  conditions  incident  to  stretching 
a  nearly  transparent  meml)raue  (jver  a  darkened  cavit_y. 

Tlie  color  of  the  membrana  tympani  is  fuithermore 
modilied  by  the  color  it  transmits  from  the  tympanic 
cavity,  the  latter  factor  being  modified  by  the  varying 
degrees  of  tenuity  of  llie  membrana,  as  Avell  as  by  the 
varying  conditions  and  colors  of  the  mucous  lining  and 
the  contents  of  the  tympanic  cavity.  That  part  of  llie 
membrana  tympani  behind  the  lower  end  of  the  manu- 
brium, and  over  the  promontory  of  the  cochlea,  is  ren- 
dered yellowish-gray  by  the  rays  of  liglit  ivtlected  from 
this  part  of  the  inner  wall  of  the  fympanic  cavity. 

The  membrana  tympani  owes  its  iieculiar  lustre  to  the 
delicate  and  shining  epithelium  of  tlie  skin  layer.  The 
slightest  maceration,  exfoliation,  or  thickening  of  this  deli 
cate  epithelium  deprives  the  membrane  of  its  beautiful 
gloss.  The  dermis  of  the  memluana  is  thickest  in  chil- 
dren, and  hence  their  membran.-e  raii-ly  shine  as  lirightly 
as  those  of  adults. 

7'he  iKcUiiiifioiis. — Another  important  feature  attract- 
ing tlie  eye  of  the  observer  is  that  the  membrana  tympani, 
inits  normal  condition,  is  inclined  outward  in  its  vertical 
plane  at  an  angle  of  45',  ami  in  its  liorizontal  jilane  ten 
degrees  toward  the  right  on  the  riglit  side  and  ten  degrees 
toward  the  left  on  the  left  side.  If  tlie  planes  of  both 
ineinbranaj  be  extended  downward  until  they  intersect, 
the  angle  they  will  then  form  will  be  eipial  to  from  13U" 
to  185°.  Of  still  greater  importance  than  this,  however, 
is  the  direction  of  the  walls  of  the  auditory  canal  from 
the  plane  of  the  membrana  tympani.  Thus  if  a  perpeii 
dicnlar  be  drawn  from  the  upper  pole  of  the  drumla^ad 
to  the  inferior  wall  of  the  auditoiy  canal,  it  will  strike 
the  latter  about  6  mm.  from  the  in'fei-ior  ^ 

pole  of  the  membrane.  A  similar  result 
will  be  obtained  by  drawing  a  pcrjien- 
dieular  from  the  middle  of  tlie  p(jsteiioi- 
periphery  of  the  drum  membrane  to  the 
anterior  wall  of  the  auditory  canal,  from 
which  it  is  manifest  tliat  the  lower  an- 
terior part  of  the  membrana  is  farther 
from  the  external  opening  of  the  ca,iial 
than  the  posterior  upper  part  is,  Tlic 
membrana  tympani  is  inclined  the  most 
in  very  young  children,  being  almost 
horizontal  in  the  early  years  of  life.  As 
the  osseous  canal  does  not  exist  at  thi.s 
early  period  of  life,  the  upper  part  of 
the  membrana  tympani  lies  very  near  the 
external  meatus  at  this  time. 

In  some  instances  there  is  observed 
a.  physiological  variation  in  the  oliliquity 
of  the  membrana  tympani,  and  a  tilling 
in  of  the  segment  of  Rivinus  (the  region 
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of  the  membrana  flaccida)  with  o.sseous  tissue.  Hence  on 
inspection  it  is  found  that  a  large  port  ion  ot  the  field  at  the 
lunilus  of  the  canal  is  taken  up  by  the  uppei'  wall  of  the 
canal,  which  seems  to  dip  dowii  to  yi'm  the  membrana 
lyniliani  on  a  line  with  its  folds,  lii'sudi  cases  there  is 
very  little  or  no  membrana  flaccida.  This  condition  is 
observed  in  the  feeble-minded  with  other  cranial  defects 
in  development.  'Moos  and  Steinbriigge  observed  in  a 
crefin,  with  defective  cranial  development,  a  difference 
of  40'  in  the  inferior  angle  of  the  membrana  tympani,  on 
each  side.  In  such  ca.ses  the  difTerencc  may  lie  from  10" 
to  50°  greater  llian  normal. 

The  ]Iiii(OIc  of  the  Molleiifi. — Running  from  aliove 
downward  and  backward  to  tin;  centre,  or  umbo,  of  the 
1ym]ianic  membrane  is  seen  the  ridge  formed  by  the 
onijnihn'iiiii  or  handle  of  the  liaminer.  This  slightly 
elevated  ridge,  entirely  opaque  and  decidedly  whiter 
than  the  surrounding  membrana  tympani,  is  in  the  di- 
ameter which  divides  the  tympanic  membraiK'  into  two 
unei|ual  jiails,  the  anterior  being  tlie  smaller  and  the 
IHisteiior  tlie  larger.  At  the  upjier  end  of  this  ridge  is 
the  short  process  of  the  malleus,  ])iojeeflng  sliarply  out- 
ward, somewhat  above  the  general  surface  of  the  handle 
of  the  hammer.     In  general  appearance  it  is  A 

not  unlike  a  pimple  with  pale-yellowish  con- 
tents. The  lower  end,  or  tip  of  the  ridge, 
which  curves  slightly  forward,  is  Hatter, 
broader,  and  yellower  than  the  rest  of  the 
outer  covering  of  the  manubrium.  This  is 
due  to  the  fact  that  the  bone  at  this  point  is 
spade-sliaped,  and  also  because  the  radial 
fibres  of  the  middle  layer,  the  memiraiio  pro- 
priii,  centre  at  this  lower  end  of  the  liandle. 
Tlie  lower  end  of  the  hammer  draws  the 
membrana  tympani  very  markedly  inward, 
and  forms  the  depressed  centre  of  the  niem- 
braiu!  called  the  iimho.  The  concavo-convex 
shape  of  the  drumhead  from  the  tip  of  the 
nianiibrium  outward  toward  the  ]ieriphery  is 
due  fo  the  comparatively  large  number  of 
circular  fibres  at  a  point  between  the  umbo 
and  ]ieriplicry,  Avliicli  constrict,  as  it  were, 
the  radial  fibres  so  as  to  form  a  kind  of  funnel. 

Pressure  or  traction  applied  to  tlie  centre  of  -^' 

a  memlirane  stretched  over  a  ring  tends  to  fk:.  i6ai. 
draw  the  former  into  a  conical  shajie.  a  ver- 
tical section  of  which  is  represented  by  the  line  AUA' 
in  Fig.  1079.  But  if  a  smaller  concentric  ring  be  placed 
at  BC.  in  Fig.  1680,  so  as  to  resist  the  indrawing  force 
at  U,  the  curve  assumed  by  the  membrane  will  be  re- 
presented by  the  line  A  UA  in  Fig.  1680,  and  the  whole 
membrane  will  be  drawn  into  a  concavo-convex  surface, 
the  line  AUA',  Fig.  1680,  representing  on  the  right-hand 
side  the  curve  of  the  fympanic  membrane  on  its  outer 
surface. 

Tlie  yellow  s]iot  at  the  end  of  the  handle  of  the  mal- 
leus, in  thr-  eentie  of  the  umlio,  is  a  purely  physiological 
con(liti(m.  It  is,  in  fact,  part  of  the  cartilaginous  struc- 
ture at  the  end  of  the  manubrium  ot  the  hammer. 

Trautmann  I  concluded  that:  1.  Its  physiological  sig 
nilicance  is  the  same  as  that  of  an  epiphysis  of  a  long  bone. 
3.  The  diagnostic  value  of  the  yellow  spot  is  apparent 
in  cases  of  thickening  of  the  membrana  tympani.  as  the 
former  will  disappear  much  sooner  than  the  sharp  edge 
of  themalleus.  3.  Opacitiesof  the  niemliraue  with  thick- 
ening change  the  color  of  the  yellow  spot.  4.  W'lien  the 
malleus  is  twisted  on  its  long  axis  the  form  ot  the  spot 
will  be  altered.  5.  If  the  spot  does  not  move  during 
alterations  in  the  atmospheric  pressure  in  the  canal  in- 
duced by  the  pneumatic  speculum,  it  is  fair  to  conclude 
that  either  ankylosis  of  the  malleus  or  its  adhesion  to  the 
inner  wall  of  the  drum  cavity  has  occurred.  In  the  latter 
instance,  the  differential  diagnosis  is  aided  by  the  neces- 
sary foreshortening  of  the  handle  of  the  hammer. 

Folds  of  the  Membrana  Tt/mpani.— From  the  short  proc- 
ess of  the  manubrium  of  the  malleus  two  delicate  ridges 
may  be  seen,  one  passing  forward,  the  other  backward  to 
the  periphery.     These  are  the  so-called  folds  of  the  mem- 
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briina  tyinpani.  They  are  formod  by  the  pressure  out- 
ward of  the  short  process  of  the  malleus,  and  constitute 
important  topographical  as  well  as  diagnostic  points  in 
the  tympanic  niembrane.  Above  these  folds  is  the  so- 
called  membrane  of  Shrapncll,  or  the  membrana  flaccida. 
It  owes  its  flaccidity  to  the  small  quantity  of  fibrous  tissue 
entering  into  its  composition,  and  to  the  loosclj'  stretched 
cutaneous  and  mucous  layers  of  the  membrana  tympani 
which  here  come  together.  In  the  upper  part  of  tliis 
flaccid  membrane  tliere  was  once  unid  to  be  a  normal 
opening,  the  foramen  Eimrti.  named  after  the  supposed 
discoverer  in  1717.  Its  existence  finally  was  denied  by 
Hyrtl,  and  his  conclusions  are  now  universally  accepted. 

'Pyramid  of  Light.— Tha  pyramid  of  light  is  the  name 
applied  to  the  beautiful  triangular  reflection  of  light  em- 
anating from  the  antero-infei-ior  quadrant  of  the  normal 
adult  membrana  tympani.  The  apex  of  this  triangular 
reflection  touches  the  tip  of  the  manubrium  of  the  mal- 
leus, and  its  base  lies  on,  or  near,  the  periphery  of  the 
membrana  tympani.  It  forms,  with  the  handle  of  the 
hammer,  an  obtuse  angle  anteriorly,  that  becomes  greater 
as  the  incUnation  of  the  membrana  tympani  to  the  audi- 
tory canal  diminishes.  Its  average  height  is  from  1.5  to 
3  mm.,  and  its  average  width  at  the  base  is  from  1.5  to  2 
mm.  The  causes  of  the  formation  of  this  pyramid  of 
light,  or  its  optics,  have  been  variousl_v  described  by  a 
number  of  careful  observers.  From  the  most  recent  in- 
vestigations,^ it  is  conclusively  shown  that  there  are  three 
elements  indispensable  to  the  formation  of  the  ]33'ramid 
of  light — viz.,  a  shining  surface,  the  peculiar  inclinations 
of  the  tympanic  membrane,  and  its  peculiar  funnel  or 
convolvulus-like  shape.  In  the.se  three  conditions  may 
be  found  the  solution  of  three  very  important  questions, 
viz. :  1.  Why  do  we  see  such,  or  any  reflection  from  the 
tjmpanic  membrane?  2.  Why  do  we  see  this  one  in  the 
anteroinferior  quadrant?  and,  3.  Wii_y  is  its  shape 
pyramidal? 

1.  We  see  a  reflection  because  of  the  lustrous  epithelium 
on  the  dermoid  layer  of  the  membrane.  3.  The  peculiar 
inclination  of  the  tympanic  membrane  so  places  the  latter 
that,  by  the  modifications  of  its  surface  brought  about 
by  the  traction  inward  at  the  umbo,  or  centre,  the  only 
possible  spot  from  which  light  can  be  reflected  is  just 
where  the  pyramid  of  light  is  seen,  as  will  be  explained 
further  on.  3.  The  funnel  shape  of  the  membrana 
tympani  will  explain  the  pyramidal  shape  of  this  reflec- 
tion upon  the  physical  laws  of  concavo-convex  mirrors. 

Not  one  of  these  conditions  is  sufficient  of  itself  to  pro- 
duce a  normal  pyramid  of  Hght  upon  the  tympanic  mem- 
lirane.  That  the  lustre  of  the  skin  layer  is  an  important 
factor  in  producing  this  peculiar  reflection  may  be  proved 
by  syringing  an  ear  in  which  this  pyramid  of  light  is 
visible.  After  a  slight  maceration  and  con.sequcnt  dull- 
ing of  the  lustre  of  the  outer  surface  of  the  membrana, 
the  pyramid  of  light  will  have  disappeared  or  become 
distorted. 

In  order  to  prove  that  the  peculiar  inclinations  of  the 
membrana  tympani  toward  the  walls  of  the  auditory 
canal  have  also  their  part  in  the  production  of  the  pyra- 
mid of  light  at  the  point  where  it  is  normally  found,  'i.e., 
in  the  antero-inferior  quadrant,  it  is  neces.sary  only  to 
inspect  a  normal  tympanic  }nenibrane  dvufng  in'flatioii  l>y 
the  Valsalvan  or  any  other  method.  It  will  then  be  seen 
that  the  pyramid  of  liglit,  becomes  altered  in  position  re- 
specting the  malleus. 

That  this  reflection  can  come  only  from  the  antero-in- 
lerior  quadrant  is  .shown  by  an  experiment  of  Politzer 
as  follows:  If  the  auditory  canal  be  removed  from  the 
membrana  tympani.  so  that  the  latter  is  attached  only  to 
tiieannulu.s  tym])auiciis,  and  the  membrane  then  be  re- 
volved so  that  other  parts  of  its  surface  successively  as- 
T^t  f  l'""'V"°  "f  ""''  ^"™  "■'"'■''  the  pyramidal  re- 
mr  i^fJlfl™*''-^'  '^f  "<"•  ^"'^  '''<i"  P<'rceive  on  each  of  these 

to  hfdiff  ''"'■'-'  '"^'""^  *'"■  ">«»"brium,  where,  owing 
tuesHon  ;  1?  """'"  '1  ""^-  ""■"''"■'"i'^^.  Mh'  reflecrion  ifi 
question  will  be  s(,mewhat  ditlerent.  both  in  shape  and 
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The  tliird  important  condition  in  the  formation  of  the 
pyramid  of  light  is  the  funnel  shape  of  the  membrana 
tympani,  to  which  is  due,  according  to  Trautmann,  the 
p'yramidal  shape  of  the  reflection  under  consideration. 

The  cause  of  the  pyramidal  shape  of  the  "reflection 
of  light"  from  the  membrana  may  be  thus  .stated:  The 
normal  tympanic  membrane  has  quite  a  high  degree  of 
lustre,  is  inclined  at  an  angle  of  45°  in  its  vertical  plane, 
and  in  its  horizontal  plane  it  is  inclined  10°  toward  the 
right  on  the  right  side  and  10°  toward  the  left  on  the  left 
side.  Furthermore,  it  is  drawn  inward  .so  as  to  form  a 
concavo-convex  funnel  (page  583),  the  apex  of  which  lies 
in  the  centre  of  the  anterior  part  of  the  j'ellow  spot  at 
the  lower  end  of  the  handle  of  the  malleus.  The  angle  at 
which  the  sides  of  this  funnel  meet  is  greater  than  a  right 
angle,  the  depth  of  the  funnel  is  ecjual  to  about  2  mm., 
and  the  distance  from  the  apex  to  the  periphery  is  from 
3.5  to  3  mm.  anteriorly  and  3  mm.  posteriorly.  But  a 
reflection  of  light  from  the  surface  of  the  menrbrana  t3'm- 
pani,  were  it  liat,  could  not  reach  the  eye  of  an  observer, 
because  the  rays  of  light  from  without,  on  account  of  the 
inclination  of  the  membrana  tympani,  would  fall  upon 
the  plane  surfaces  of  the  same  at  a  very  acute  angle,  and 
since  the  angle  of  reflection  is  equal  to  the  angle  of  inci- 
dence, the  rays  of  light  reflected  from  the  planes  of  the 
membrane,  having  an  angle  of  45°,  would  strike  the  in- 
ferior wall  of  the  external  auditory  meatus,  and  in  con- 
sequence would  be  unable  to  reach  the  eye  of  an  observer 
from  without.  The  relations,  however,  are  different  in  a 
reflection  from  a  concavo-convex  tract.  For,  on  account 
of  the  vertical  inclination  of  45°  in  the  membrana  tym- 
pani, and  of  its  horizontal  inclination  of  10°.  and  also 
because  of  its  concavo-convex  shape,  the  antero-inferior 
quadrant  of  the  tj'mpanic  membrane  is  drawn  at  right 
angles  to  the  illuminating  point.  Since,  now,  the  illumi- 
nating body  and  the  eye  are  in  the  .same  line  in  examining 
the  ear,  only  the  raj'S  of  light  which  fall  perpendicularly 
upon  the  antero-inferior  quadrant  can  reach  the  eye.  since 
all  other  rays  are  reflected  at  such  an  angl?  that  they 
strike  the  walls  of  theauditoiy  canal:  therefore,  the  only 
reflectirm  of  light  seen  by  the  observer  comes  from  the 
antero-inferior  quarter  of  the  tympanic  membrane,  and 
constitutes  the  "  pyramid  of  liglit. " ' 

Geometric  Dirisions  of  the  Tympanic  ^lembraw. — It  has 
been  suggested  ■•  to  divide  the  membrana  tympani  into 
two  grand  tracts,  the  one  above,  the  other  below  the  folds 
of  the  drumhead  (ae,  cd.  Fig,  1681).  The  upper  tract  is 
.subdivided  into  three  sectors:  viz.,  aeb,  bee.  and  ced,  Fig. 
1681.  The  sectors  are  bounded  below  by  the  folds  of  the 
membrana  tympani,  and  above  by  the  annulus  tympanicus 
and  the  segment  of  Rivinus,  be'  The  middle  sector,  bee, 
is  separated  from  the  other  two  on  each  side  b.y  the  two 
suspensory  ligaments  be,  ee,  of  the  handle  of  the  hammer. 
Between  the  anterior  suspensory  ligament  be  and  the  an- 
terior fold  of  the  mem- 
brana tympani  lies  the 
anterior  sector,  and  be- 
tween the  posterior  sus- 
pensory ligament  and 
the  posterior  fold  of  the 
memln-ana  lies  the  pos- 
terior sector.  The  in- 
ferior division  of  the 
membrana  t  y  m  p  a  u  i, 
viz..  that  portion  below 
the  folds,  is  divided  into 
an  anterior  segment,  be- 
ginning at  the  anterior 
fold  and  extending  to  the 
pyramid  of  light,  and 
the  posterior  segment, 
e  X  t  e  n  ding  from  the 
pyramid  of  light  to  the  posterior  fold  of  the  membrana. 

It  is  said  that  the  radial  fibres  in  the  tract  of  the  pyra- 
mid of  light  of  a  normal  membrane  are  shorter,  "and 
therefore  tenser  and  more  retracted,  than  those  fibres 
which  run  directly  backward  and  forward  from  tlie  ma- 
nubrium. 
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The  Tendinous  liivg  (Antvulus  Tendinosus). — Before 
considering  the  membrana  propria,  tlie  structure  from 
whicli  tlie  fibres  of  tliis  middle  layer  of  the  tympanic 
membrane  originate,  demands  a  short  description.  This 
is  the  so  called  tendinous  ring  of  Arnold.  It  is  a  mass  of 
fibrous  tissue  around  the  periphery  of  the  membrana 
tympani,  effecting  the  union  between  the  latter  and  the 
inner  edge  of  the  external  auditory  canal.  This  tendi- 
nous ring  is  wanting  at  the  segment  of  Rivinus  {\ipper 
pole  of  the  membrane).  It  is,  furthermore,  not  always 
visible  from  without,  oven  when  present  in  its  normal 
position  around  the  periphery,  close  to  the  annulus  tym- 
panicus. 

The  fibres  of  the  membrana  propria,  the  origin  of 
which  has  just  been  explained,  arc  not  inserted  directly 
into  the  bone  of  the  manubrium,  but  into  a  cartilaginous 
groove  which  receives  the  manubrium  and  short  process.' 
It  presents  in  general  the  appearance  of  a  deep  groove, 
when  seen  from  behind,  after  the  removal  of  tlie  malleus. 
Gruber  has  shown  that  this  groove  is  closed  at  its  upper 
end,  so  that  it  forms  a  cartilaginous  cap,  which  covers 
in  the  short  process  on  all  sides ;  its  lower  end,  on  the 
contrary,  is  open  behind,  and  it  gradually  becomes  shal- 
lower or  flatter,  until  lost  in  the  substance  of  the  mem- 
brana tympani.  It  extends  from  a  little  above  the  short 
process  to  a  point  half  a  millimetre  below  the  spade-like 
end  of  the  manubrium.  The  inner  surface  of  this  carti- 
laginous groove,  which  is  in  contact  with  the  malleus,  is 
lined  by  a  very  delicate  layer  of  connective  tissue,  be- 
tween which  and  the  malleus  there  is  found  a  small 
quantity  of  fluid  resembling  synovia.  If  this  is  so,  there 
is  here  a  kind  of  joint.  Now  and  then  cases  are  observed 
presenting,  as  it  were,  tiro  short  processes.  Such  an  ap- 
pearance is  explainable  as  a  result  of  a  luxation  upward 
of  the  malleus  out  of  this  cartilaginous  groove.  The 
upper  one  of  the  two  is  the  true  short  process,  in  such 
instances.  Kolliker"  regards  this  hyaline  cartilage  as 
a  remnant  of  fcetal  life.  He  does  not  admit  the  presence 
of  a  normally  developed,  constant  space  between  this 
cartilage  and  the  malleus. 

Membrana  Propria :  the  Middle,  Fihrnnit  Layer  of  the 
Tympanic  Membrane. — This  layer  may  be  subdivided 
into  two  distinct  and  very  delicate  layers,  an  ovter  one, 
composed  entirely  of  radiate  fibres,  closely  connected 
with  the  skin  layer  of  the  membrana,  and  an  inner  layer, 
composed  entirely  of  circular  fibres,  in  close  relation  with 
the  mucous  membrane  composing  the  inner  layer  of  the 
tympanic  membrane.  These  are  called  the  radial  and 
circular  layers  of  the  membrana  propria.  The  fibres  of 
the  first  arise  from  the  anwulux  tendinosv/t  and  the  upper 
wall  of  the  auditory  canal,  and  are  inserted  into  the 
handle  of  the  hammer,  centering  for  the  most  part  at  the 
umbo.  The  fibres  composing  the  circular  layer  arise 
partly  from  the  annulus  tendinostis,  liiit  the  majority 
arise  from  the  substance  of  the  membrana  tympani  itself 
(von  Troeltsch).  Some  of  them  are  inserted  into  the 
malleus.  The  circular  fibres  are  most  numerous  a  short 
distance  from  the  perijihery  of  the  t^'mjianic  membiaue. 
They  are  thickest  in  the  upper  third  of  the  membrane, 
where  they  are  twice  as  numerous  as  the  radial  fibres. 
The  thickness  of  the  circular  layer  at  this  point  is  0.036'", 
while  that  of  the  radial  layer  is  0.018"  (Gcrlach). 

The  circular  fibres  are  much  less  numerous  at  the  mid- 
dle third  of  the  space  between  the  malleus  and  periphery, 
and  almost  wanting  at  the  centre  of  the  membrana.  A 
knowledge  of  the  arrangement  of  these  fibres  is  impor- 
tant when  considering  pathological  changes  which  may 
have  taken  place  in  the  tympanic  membrane,  and  also 
in  explanation  of  its  peculiar  concavo-convex  shape. 
For,  "if  its  radial  fibres  were  not  united  by  transverse 
ones,  they  would  be  stretched  in  a  straight  line.  In  point 
of  fact,  however,  they  maintain  a  curved  shape,  with  the 
convexity  toward  the  meatus.  Hence  we  conclude,  that 
the  radial 'fibres  are  drawn  toward  one  another  by  .cir- 
cular fibres,  and  that  the  latter  are  also  made  tense  at  the 
same  time.  There  is,  in  fact,  in  the  membrana  tympani 
at  rest,  no  other  force  competent  to  hold  the  radial  fibres 
in  a  curved   position,   but  the  tension  of  the  circular 


no.  1683.— Vlinv  of  IniiPr  Surface  of 
Membrana  Tympani.  (Gruber.)  A, 
Manubrium  of  the  malleus;  B,  the 
lower  end  of  the  manubrium  ;  C, 
bead  of  the  malleus ;  £).  body  of  the 
incus ;  E,  short  process  of  the  incus; 
i\  pnicessijs  lenticiilaris  of  the  in- 
cus; (r //,  chofila  lyiripani ;  J,  in- 
sertion of  Die  tensor  tympani  muscle. 


fibres.  " '  In  addition  to  the  two  layers  of  the  membrana 
propria,  just  described,  there  is  still  another  layer  com- 
posed of  descending  fibres  (Gruber).  They  are  external 
to  the  radial  fibi-es,  arise  from  the  upper  segment  of  the 
annulus  tendinosus,  and  lying  very  close  to  one  another, 
are  inserted  into  the  sides  and  median  line  of  the  carti- 
laginous groove  of  the 
malleus.  The  three 
layers  of  fibres  entering 
into  the  composition  of 
the  membrana  propria 
ai-e  liglitl3r  boimd  to- 
gether by  a  very  delicate 
connective  tissue,  but 
they  cling  very  closely 
to  the  annulus  tendi- 
jiiisufi,  cartilaginons 
groove,  and  the  dermoid 
and  mucous  layers. 

There  is  also  in  the 
membrana  tympani  a 
set  of  fibres  an-anged  in 
a  peculiar  way,  and  first 
described  and  named  by 
Gruber  —  the  dendritic 
{a  r  bore s c e n  t)  p'braiis 
structui-e  of  the  tym- 
panic membrane.  "  They  ai-isc  near  the  periphery,  about 
in  the  middle  of  the  posterior  segment,  pretty  far 
apart,  but  as  they  proceed  on  their  upward  ef)urse  in 
the  postei'ior  segment,  they  approach  one  another  in 
order  to  divide  again,  at  some  distance  from  the  manu- 
briimi  of  the  malleus,  into  several  branches,  tisually 
about  three,  which  run  in  different  directions,  and  are 
finally  lost  by  intertwining  with  the  fibres  of  the  mem- 
brana propria."'  These  fibres  are  not  confined  to  the 
posterior  segment,  but  traces  of  them  are  found  through- 
out the  membrana  tympani.  The  function  of  these  fibres 
is  considered  b}'  Gruber  to  be,  in  all  probability,  to  relax 
the  tyiu]3anic  membrane,  although  it  cannot  be  shown 
as  yet  that  it  is  muscular.  The  membrana  propria  con- 
sists chiefly  of  connective  tissue  of  that  variety,  half-way 
between  the  ordinary  flbrillated  and  the  homogeneous 
connective  tissue  of  Reichert,  as  shown  by  Gerlacli.  The 
fibres  are  0.004"'  broad,  and  0.003"  thick.  Upon  these 
ribbon-hke  fibres  are  found  peculiar  spindle-shaped  cor- 
puscles, once  supposed  to  be  peeuliai-  to  the  membrana 
tympani,  and  named  the  "corpuscles  of  the  membrana 
tympani,"  or  the  "corpuscles  of  von  Troeltsch,"  after  the 
observer  who  first  called  attention  to  them.  Thej'  are, 
however,  only  the  connective-tissue  corpuscles  of  Vir- 
ehow.  They  are  0.002'"  long,  and  about  0.005'"  wide  at 
their  broadest  part,  with  two  or  three  processes.  They 
are  found  tmder  two  forms,  the  spindle  shape  and  the 
stellate  (Gruber). 

Internal  or  Mucous  Layer  of  the  Tympanic  Membrane.  — 
The  internal  layer  of  the  membrana  tympani  is  of  mucous 
luembrane,  a  continuation  of  that  lining  the  tympanic 
cavity.  It  is  thickest  at  the  periphery  of  the  tympanic 
membrane,  growing  thinner  as  it  approaches  the  centre 
of  the  membrana  tympani,  where  it  is  extremely  delicate. 
On  the  inner  surface  of  the  layer  various  investigators 
have  found  villous  bodies  (Pohtzer,  Gerlach,  Kessel). 
They  resemble  intestinal  villi  in  appearance,  and  are 
iisually  found  in  delicate  childi-en.  They  are  globular 
or  finger-shaped,  the  former  being  from  0.10'"  to  0.12'" 
in  diameter,  and  from  0.13'"  to  0.14'"  in  length.  The 
finger-shaped  villi  vary  in  length  from  0.10"'  to  0.12'", 
and  in  width  from  0.06'"  to  0.08"'  (Gerlach  and  Gruber). 
As  no  nerves  have  ever  been  found  in  these  bodies,  and 
as  they  ai-e  connected  to  the  mucous  membrane  by  means 
of  pedicles,  they  should  be  regarded  as  villi  rather  than 
as  papillic'(Geriaeh).  They  are  never  found  below  the 
upper  thii-d  of  the  malleus,  nor  are  ever  more  numerous 
than  eight.  The  finger-shaped  ones  are  0.02  mm.  long 
by  0.05  mm.  in  breadth,  according  to  Moos,'  who  asserts 
that  they  are  prolongations  or  pro'trusions  of  the  mucous 
membrane,  covered  by  a  single  layer  of  ciliated  cylinder 
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epitlielium,  and  contain  one  vascular  loop.  It  is  not  yet 
decided  whether  they  are  constant  in  the  foetus  and  new- 
born child  or  not. 

Fold  of  Mucous  Membrane  Eiuiomng  the  Chorda  lym- 
pani.—Noa.r  the  upper  boundary  of  the  tympanic  mem- 
brane the  mucous  membrane  of  its  inner  surface  is  re- 


FiG.  168:3.— MemhranaTympanl  of  Dog.  (C.  H.  Burnett.)  This  wood- 
cut is  Irom  a  drawing  ot  a  chloride  of  gold  preparation  made  by  the 
writer,  a,  a.  Vacancy  left  by  the  handle  of  the  hammer,  or  malleus; 
/',  t»,  b,  /.>,  vascular  loops ;  c,  c,  ordinary  capillaries,  not  looped. 

fleeted  over  the  chorda  tj^mpani,  and  back  again  to  the 
drum-head.  This  duplicature  is  visible  in  some  cases 
from  without,  as  a  grayish  line,  both  in  front  of  and  be- 
hind the  malleus.  This  fold  or  duplicature,  being  ad- 
herent to  the  neck  of  the  malleus,  is  thus  divided  into  an 
anterior  and  posterior  portion,  and  aids  in  the  formation 
of  the  so-called  pouches  of  the  tympanic  membrane  (von 
Troeltscli)  which  will  be  described  later. 

Blood-  Vessels  of  the  Memljjnna  Tt/mpani. — The  tympanic 
membrane  is  supplied  by  the  tympanic  branch  of  the  in- 
ferior maxillary  artery,  and  also  by  a  short  direct  branch 
from  the  internal  carotid  artery,  in  the  carotid  canal.  By 
the  latter  channel  the  membrana  tympani  may  become 
engorged  very  quickly. 

There  is  in  the  tympanic  membiane  of  the  dog,  the 
cat,  the  goat,  and  the  rabbit,  a  series  of  rasculiir  loops 
running  from  the  periphery  of  the  meinbrane  toward  the 
malleus.  A  similar  series  of  loops  runs  both  posteriorly 
and  anteriorly  from  the  malleus  toward  the  periphery  of 
the  membrane  (Pig.  1683). 

There  is  also  a  distribution  of  blood-vessels  in  the 
tympanic  membrane  of  the  guinea-pig  peculiar  to  it.  It 
is  arranged  in  the  form  of  a  net,  with  coar.se  quadrangular 
or  hectagonal  mesh.  In  man  the  vascular  mesh  is  similar 
to  that  of  the  guinea-pig,  but  much  closer  and  with  coarser 
vessels. 

The  Ossicles  of  Hearing.— In  the  tympanic  cavity  of 
mammals  there  are  three  small  bone's:  The  malleus,  or 
hammer;  the  mCT,/.i,  or  anvil;  and  the  stapes,  or  stirrup. 
Anatomists  of  a  later  day  have  shown  that  the  once  .so- 
called  OS  oiMculare,  or  os  Hylmi,  does  not  e.xist  as  a  sepa- 
rate bone;  but  that  which  once  received  this  name  is  the 
jYTOcessus  le.nticvlaris  of  the  long  process  of  the  iiinis. 
which  fits  into  a  corresponding  depression  in  the  head  of 
the  stapes. 

The  nadlena,  or  hammer,  received  its  name  from  Ve.sa- 
hus,  and  is  divided  into  a  head,  a  neck,  and  a  handle 
At  the  junction  of  the  handle  with  the  nc^ck  are  two  im- 
portant processes,  viz.,  the  short  jirocess   on   its  outer 
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aspect,  and  the  process  of  Rau  or  Folius,  which  passes 
anteriorly  into  the  Glaserian  fissure.  In  the  fffitus  and 
the  new-born  child  this  process  is  about  three  and  a  half 
lines  long,  and  can  be  removed  with  the  malleus.  After 
birth  it  unites  with  the  under  wall  of  the  Glaserian  fissure, 
and  when  tlie  malleus  is  removed  only  a  short_  piece  of 
the  former  long  process  is  found  attached  to  it.  This 
remnant  attached  to  the  malleus  was  all  that  was  known 
of  the  former  long  bony  process  to  the  older  anatomists, 
among  whom  was  Folius,  from  whom  this  process  has 
received  the  name  oi  processus  Folianus  (Venice,  1645). 

In  its  entirety  it  has  been  called  the  processus  Rami, 
after  Rau  or  Ravius,  who  described  it  to  his  pupils.  It 
has  also  been  called  the  processus  longus  sen  spinosus.  It 
is  united  to  the  Glaserian  fissure,  in  adults  only,  by  a 
mass  of  ligamentous  tissue,  which  permits  slight  motion 
in  any  direction.  The  head  and  neck  of  the  malleus  pro- 
ject into  the  tj'mpanic  cavity,  and  are  entirely  free  from 
the  tympanic  membrane.  The  rounded  smooth  head  is 
directed  anteriorly,  and  the  surface  which  articulates 
with  the  incus  is  directed  backward.  The  long  diameter 
of  its  articular  surface  runs  vertically ;  the  short  diameter 
horizontall}'.  In  the  direction  of  the  former  the  articu- 
lating surface  has  been  said  to  resemble  a  saddle,  for  the 
surface  is  divided  a  little  below  the  middle  by  a  hori- 
zontal ridge,  and  depressed  on  each  side  of  it.  This 
articulating  surface  is  also  concave  in  its  short  diameter, 
i.e.,  from  without  inward.  If  a  shallow  oval  basin,  the 
long  diameter  of  which  is  considerably  greater  than  its 
short  diameter,  be  placed  across  a  ridge  and  then  bent 
downward,  and  at  the  same  time  ,slightly  twisted  on  it- 
self, the  cavity  thus  formed  will  fairly  represent  the 
articulating  surface  of  the  malleus.  The  neck  of  the 
malleus  connects  the  head  with  the  manubrium,  or  handle. 
It  makes,  with  the  head,  an  angle  of  about  13.5%  opening 
inward  toward  the  drumcavit}'.  There  are  three  distinct 
surfaces  on  the  neck  of  the  hammer:  a  broad  «»?z«' one 
turned  toward  the  tj'mpanic  cavity,  bounded  in  front  by 
the  process  of  Rau,  or  the  long  process  of  the  malleus, 
and  behind  b_y  the  long,  low,  bony  elevation  for  the  in- 
sertion of  the  tendon  of  the  tensor  tympani  muscle; 
an  anterior  surface,  lying  above  the  ridge  running  from 
the  short  process  to  the  long  process,  and  e.xtending  to 
the  angle  made  by  the  head  of  the  malleus  with  the  neck, 
and  separated  from  the  posterior  surface  b_v  a  sigmoid 
ridge  for  the  insertion  of  the  ligamentum  mallei  ertermim 
of  Helmholtz ;  and  a  pjosterior  surface,  wdiich  lies  between 
the  aforesaid  sigmoid  ridge  in  front,  the  edge  of  the  articu- 
lating surface  of  the  malleus  above,  the  low,  long  process 
behind,  and  a  line  drawn  from  the  insertion  of  tlie  tensor 


FIG.  1684.— Malleus  of  the  Right  Side.  .1,  From  in  front;  B,  from 
behind.  (MagniBed  four  diameters.  Henle. )  a.  Head;  b,  short 
process;  cjong  process:  rt,  manubrium ;  f,  articular  surface  for 
the  incus ;  /,  the  neck. 

tympani  to  the  short  process  below.  Of  all  the  surfaces 
of  the  neck  the  posterior  one  glides  most  gradually  into 
the  mamibyiuni'. 

The  liandle  or  manubrium  of  the  malleus,  that  part  of 
the  ossicle  inserted  into  the  tymjianic  membrane,  also  has 
three  surfaces,  which  may,  in  fact,  be  considered  pro- 
longations downward  of  those  of  the  neck.  Since  all 
these  surfaces  gradually  approach  one  another,  and  are 
united  in  the  tip  or  point  of  the  manubrium,  the  latter 
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may  be  said  to  resemble  a  three-sided  bayonet,  one  ridge 
of  which  passes  from  the  sliort  process  directly  down- 
ward to  the  tip,  and  cousetiuently  is  turned  toward 
the  external  auditoi'y  canal.     The  lower  end  or  tip  of 
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Fig.  1685.  —  Ligamentous  Support  of  Ossicles  seen  Irom  aliine. 
(Helmlioltz.)  e,  17,  Attachment  ol  the  Ugamentuin  mallei  exteniuui ; 
m,  head  ot  malleus;  i,  body  ol  Incus;  hi,  posterior  attachment  of 
incus;  3'«,  entrance  to  Eustachian  tube  from  the  tympanum;  .S(., 
stapes;  iV/.st.,  stapedius  muscle;  T.t.,  tendon  cif  stapedius  muscle 
leaying  the  cochlearltorm  process;  Ch.T.,  G/i.T.,  chorda  tympanl, 
marking  the  free  edge  of  the  told  of  mucous  membrane,  bounding 
the  pouches ;  f,  the  upper  tendinous  fibres  of  the  ligamentum  mallei 
anterius,  originating  above  the  spina  tympanica  major,  Sp.t. ; 
*,  raalteo-incudal  joint. 

the  handle  of  the  malleus  is  flattened  into  a  small  disc, 
one  surface  of  which  is  turned  toward  the  auditory  canal. 
Tins  spot  is  plainly  visible  as  the  pale,  round  centres  of 
the  iimhu. 

The  long  axis  of  the  handle  of  the  hammer  is  convex 
posteriorly  and  inward,  so  that  when  viewed  from  with- 
out the  manubrium  appears  concave  on  its  anterior  and 
outer  surfaces.  This  is  especially  marked  at  the  lower 
third  on  the  anterior  surface,  so  that  llu^  manubrium 
appears  curved  decidedly  forward  near  its  lower  end. 
Along  the  ridge  of  the  manubrium,  directed  toward  the 
external  auditory  canal,  several  stnall,  node-like  promi- 
nences are  sometimes  observed.  These  are  purely  physio- 
logical; but  their  origin  is  obscure. 

The  dimensions  of  the  malleus  are  as  folloHs:  it  is 
nearljr  9  mm.  long,  its  manubrium  being  from  4  nun.  to 
!)  mm.  in  length,  and  its  head  2.. 5  mm.  thick.  The  latter 
is  the  greatest  diameter  of  any  part  of  the  bone  The 
long  diameter  of  the  articulatin.g  surface  of  the  malleus  is 
about  3  mm. ;  the  short  diameter  is  between  1..5  mm.  and 
2  mm.  In  twenty  cases  examined  by  Urbanlschitscli 
only  tive  were  found  in  which  the  malleus  was  equal  in 
length  on  both  sides.  The  malleus  is  held  in  position  by 
four  ligaments,  viz. :  the  Ugnmentum  mallei  antenus, 
lif/amentum  mallei  superius,  Ugamentuin  mallei  externum. 
aiid  the  liga.mentum  mallei  posterius.  The  ligamentvm, 
mMlei  emt'erius  Is  a  broad  band  of  fibres,  holding  the 
-jwocessus  Folianus  against  the  spina  tympanica  major. 
This  ligament  may  be  said  to  arise  from  the  spiv  a  tym- 
panica majrjr  and  to  be  inserted  along  the  neck  of  the 
midlevs  all  the  way  from  the  processus  Folianus  to  the 
head  of  the  hammer.  A  portion  of  it  also  runs  from  the 
processus  Folianus  to  the  short  process  of  the  hamitier 
below,  and  to  the  membrana  tympani  above,  thereby  aid- 
ing the  division  between  the  anterior  and  posterior 
pockets  of  the  membrana,  tympani  ;  another  fold  of  the 
same  ligament  runs  from  the  procejisus  Folianus  down- 
ward, with  a  free  margin,  as  far  as  the  line  corresponding 
to  the  insertion  of  the  tensor  tympani  muscle.  This  aids 
in  making  the  limiting  wall  between  the  anterior  pocket 
of  the  drumhead  and  the  tympanic  cavity.  The  round 
ligamentum  mallei  superius  descends  obliquely  downward 
and  outward  from  the  ter/men  tympani  to  the  head  of  the 
hammer.  Its  function  is  to  prevent  the  malleus  from  be- 
ing forced  outward. 

The  ligamentum  mallei  externum  is  a  very  important 
collection  of  satin-like,  tendinous  fibres,   wdiich  radiate 


tnjin  the  sigmoid  crest  on  I  he  front  of  the  neck  of  the 
hammer,  and  are  inserted  into  the  sharp  ed.ge  of  the  seg- 
ment of  Riviiius  on  the  tenijioral  bone.  It  prevents  the 
hammer  from  being  forced  inward,  and,  being  inserted 
aljove  the  axis  of  rotation  of  the  hammer,  it  prevents  the 
maimhriitm.  wliieh  is  below  the  axis  of  rotation,  from 
moving  too  far  outward  toward  the  auditory  canal'. 

The  ligamentum  mallei  po.Hicuni  is  really' the  posterior 
edge  of  the  ligament  .just  described  as  the  external  liga- 
ment of  the  maltnis.  As  the  line  followed  by  tliis  bundle 
of  fil^res  passes  through  If  le  .yu'na  tymparrica  major,  and 
since  it  represents  very  clo.sely  the  axis  of  rotiition  of 
the  liammer,  Ilelmhollz  has  suggested  (hat  it  .should  be 
considered  a  separate  ligament,  anil  h(^  has  .given  to  it  the 
name  it  bears.  As  this  ligament  and  the  ligumentum 
(dilerid.i  are,  in  a  mechanical  .sen.se,  one  hgament,  al- 
though the  hanuner  conies  between  them,  the  two  sets 
"t  fibres  have  been  named  the  axis  ligament  of  the  ham- 
mer (llelmholtzl  The  plane  of  the  axis  ligament  is  not 
quite  horizontal,  being  a  little  higher  in  front  than  be- 
hind. In  all  its  motions  as  a  lever  (pendulum-like)  thi' 
malleus  swings  about  this  axis  as  the  fixed  \miat.  All 
portions  of  the  bi>nelet  above  its  short  process  are  above 
this  axis  ligament,  and  all  below  the  short  process  are  be- 
low this  axis,  oi-  fulenun-line.  The  ligamentum  mallei 
anterius  of  Arnold  was  once  described  as  a  muscle,  and 
called  the  laxator  tyuipaui  major  (Soenunering).  It  is, 
however,  only  a  li,gament  which  originates  from  the  spinu, 
angitloris  of  the  si)henoid,  passes  thVough  the  petro-tym- 
])anic  fissure  (Glaserian  fissure),  and  is  inserted  into  the 
malleus.  Under  the  name  of  Ugauunluiii  mallei  posticum 
seu  manubrii,  the  ligamentuui  malhi  r.rtirnum  of  Arnold, 
Lincke  describes  a  ligament  wdiicli  ])asses  from  the  upper 
edge  of  the  end  of  the  external  auditory  canal  to  the  short 
process  of  the  malleus,  and  occupies  the  positiim  of  a 
supposed  muscle,  once  called  the  M.  laxator  tympjani 
minor,  or  M.  mallei  e.rterior  .leu  C'a.sserii.  It  is  now  uni- 
versally acknowlcd.ged  that  muscular  fibres  do  not  exist 
here  (Henle). 

77;e  Incus  or  Auril. — The  middle  one  of  the  three 
auditory  ossicles  is  the  incus  or  anvil.  The  name  is  de- 
rived from  the  shape  of  its  upper  half.  This  small  bone 
is  divided  into  a  liody  and  two  processes,  viz.,  a  long  and 
a  short  one.  The  latter  is  also  called  the  horizontal  proc- 
ess. It  is  held  to  the  posterior  and  to  the  upper  walls 
of  the  tympanic  cavity  by  ligaments.  This  is  an  impor- 
tant point  in  the  mechanism  of  the  ossicles.  The  longer 
process  is  also  called  the  descending  ramus  of  the  incus 
(see  Fig.  1686).     It  curves  .gradually  outward  and  down- 


FlO.  1686.— Right  Incus.  (Magnilled  f'lur  cliariieters.  Henle. ;  .1, 
Inner  surface  ;  J3,  view  In  front ;  jtii,  :inil  ;f,  body ;  /i,  slinrt  proc- 
e.ss;  c,  long  process ;  ci,  processus  leutic'iilaris;  /,  artlciilai- surface 
for  the  head  of  the  malleus ;  c,  surface  which  lies  in  contact  with  wall 
of  tympanic  cavity. 

ward,  assuming  a  shght  sigmoid  shape;  at  its  tip  or 
lower  end  it  curves  rather  sharply  inward,  to  unite  with 
the  head  of  the  .ttapes  by  means  of  the  processus  lenticu- 
laris.  The  narrowest  part  of  the  incus  is  at  the  middle 
of  the  body  of  the  bone.  Beneath  this  part  it  widens  out 
asrain  anterioily  into  the  important  part  which  locks  with 
the  malleus  in  all  its  inward  movements,  and  posteriorly 
into  the  descending  ramus  or  long  process.  The  articu- 
lation between  the  malleus  and  incus  is  a  true  joint,  in 
wdiich  is  found  a  meniscus  (Rudinger).  If  this  articula- 
tion is  viewed  on  its  outer  surface,  i.e.,  on  that  side  which 
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is  toward  the  external  auditory  canal,  it  would  seem  that 
the  incus  quite  overlaps  or  embraces  the  head  of  the 
hammer.  When  viewed,  however,  from  the  tympanic 
side,  it  appears  that  the  largest  share  in  the  joint  belongs 
to  the  rnalkm.  This  is  due  to  the  peculiar  structure  ot 
this  joint,  first  pointed  out  and  explained  by  Helmholtz 


Fi(i  1B87.— Right  stapes.  (Magnifled  tour  diameters.  Heiile.i  A. 
From  within ;  B,  Irom  in  front;  C,  from  beneath ;  6,  toot  plate  or 
base ;  ri,  capitulutu  ;  e,  anterior ;  a,  posterior  shaft  or  crus  ot  stupes. 

in  1869("Mechanik  der  Gehorkuochelchen,"  etc.).  The 
greatest  length  of  the  incufi  is  in  a  vertical  line  passing 
from  the  top  of  the  body  of  the  bone  through  the  long 
process.  It  measures?  mm.  The  horizontal  upper  edge 
of  the  body  measures  5  mm.  Its  greatest  thickness,  2- 
2.5  mm.,  isat  its  articulating  surface  for  the  malleus. 

Malleo-Inciidal  Joint. — Helmholtz  has  graphically  de- 
scribed this  joint  as  follows:  "  It  is,  in  fact,  like  the  joint 
used  in  certain  watch  keys,  in  which  the  handle  cannot 
be  turned  in  one  direction  without  can-ying  the  steel  shell 
with  it,  while  in  the  opposite  direction  it  meets  with  only 
slight  resistance.  As  in  the  watch  ke}^,  so  here,  tliis 
joint,  between  the  hammer  and  anvil,  admits  of  a  slight 
rotation  about  an  axis  drawn  ti'ansversely  through  the 
head  of  the  hammer  toward  the  end  of  the  short  process 
of  the  anvil ;  a  pair  of  cogs  oppose  the  rotation  of  the 
manubrium  inward,  but  it  can  be  driven  outward  with 
out  carrying  the  anvil  with  it."  It  is  of  that  kind  of 
joint  known  as  ginglymus.  The  mechanism  of  this  joint 
is  best  understood  when  it  is  known  that  the  malleus  is  a 
lever,  the  fulcrum  of  which  passes  just  below  the  short 
process.  This,  of  course,  leaves  the  head  and  neck — i.e., 
the  articulating  surfaces  for  the  raalleo-incudal  joint,  and 
all  the  free  tympanic  parts  of  the  malleus — above  the 
line  of  support  of  the  lever,  the  handle  or  manubrium 
being  below. 

The  latter  is  the  long  arm  of  the  lever,  and  conse- 
quently all  its  movements  are  repeated  in  an  opposite 
direction  on  the  head  of  the  malleus.  Each  inward 
movement  of  tlie  handle,  therefore,  cau.ses  a  slight  out- 
ward motion  of  the  head  of  the  hammer,  and  a  tirm  lock- 
ing of  the  malleo-incudal  joint,  by  which  the  incus  is 
carried  about  an  axis  di'awn  ti'ansvei'.sely  thi-ough  the 
head  of  the  hammer  toward  the  end  of  the  horizontal  or 
short  process  of  the  anvil.  The  incii.i,  or  anvil,  being 
also  suspended  as  a  lever,  about  the  line  just  named, 
when  all  above  that  line  moves  outward,  all  below  the 
line  moves  inward,  i.e.,  as  the  upper  part  of  the  iticus  is 
moved  outward  the  long  process  swings  inward  and  car- 
ries the  stapes  ahead  of  it,  thus  forcing  tlie  foot  plate  of 
the  latter  into  the  oval  window. 

Ttm  Stapes,  or  Stirnip. — Tlie  smallest  bone  in  the  body, 
and  the  innermost  one  of  the  tliree  auditory  ossicles,  is 
the  stapes,  or  stirru)].  Its  name  is  derived  from  the  strik- 
ing resemblance  it  bears  to  a  stirrup  (Fig.  1687).  It  is 
divided  into  a  head,  a  neck,  two  branches  or  legs  (ervra), 
and  a  foot  plate  or  basis.  The  head,  Avhieh  is  like  a 
cup-shaped  button,  is  placed  at  the  junction  of  the  two 
crura.  It  is  designed  for  the  recejition  of  the  lenticu- 
lar process  of  the  incDs,  with  which  it  forms  a  ball-and- 
socket  joint.  There  is  a  meniscus  in  this  joint,  according 
to  llCidinger.  On  the  posterior  sui'face  of'  the  head  of  fli'i' 
stapes  the  stapedius  muscle  is  inserted.  Tlie  two  legs, 
or  crura,  are  furrowed  on  their  inner  surface,  whieli 
makes  them  stronger  tlian  if  they  were  flat.  The  legs 
of  the  stapes  arise  from  the  liase  or  foot  plate,  forming  a 
graceful  arch,  and  unite  above  in  the  licad  as  stated 
above.  Tlie  foot  jilate,  or  basis  of  the  stapes,  is  nearly 
oval  (sliglitly  kidney-shajied),  thicker  at  the  periphery 
than  in  the  centre,  slightly  convex  toward  the  vesli- 
bule,  and  concave  on  its  tympanic  surface;  it  fits  into 
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the  oval  window,  where  it  is  held  by  a  fibrous  packing. 
This  permits  a  slight  inward  and  outward  motion  on  the 
part  of  the  stapes.  When  this  ossicle  is  in  position,  the 
long  axis  of  its  base  is  horizontal  and  coincides  with  that 
of  the  oval  window.  In  this  po.sition  the  convex  edge 
of  the  base  looks  upward,  and  its  concave  edge,  whiclx 
gives  it  to  a  slight  degree  the  shape  of  a  kidney,  looks 
downward.  The  liga.meritum  obturatoriitm  stapedis  is  a 
thin  membrane  stretching  across  the  space  between  the 
base  and  the  legs;  it  is  attached  to  the  crista  of  the  former 
and  the  furrow"  on  the  inner  edges  of  the  latter.  The 
stapes  (stirrup)  measures  nearly  4  mm,  from  its  head  to 
the  under  surface  of  its  base.  The  latter  is  2.5  mm.  long 
in  its  horizontal  diameter,  1  mm.  in  its  vertical  diameter 
(the  bone,  of  course,  must  be  imagined  in  normal  posi- 
tion), and  about  J  mm.  thick  at  its  edges.  It  is  shghtly 
concave  toward  its  centre. 

The  Joint  between  the  Base  of  the  Htirrup  and  tM  Ovfil 
M^irfow.— According  to  Helmholtz  ("Mechanik  der 
GehOrknochelchen  ")  the  base  of  the  stapes  is  surrounded 
at  its  edge  by  a  band  of  flbro-elastic  cartilage  0.7  mm. 
thick.  Over  tlie  inner  surface  of  the  base  of  the  stapes, 
wdiieh  is  directed  toward  the  cavity  of  the  vestibule,  in 
the  plane  of  its  outer  wall,  extends  the  periosteum  of  the 
wall  of  the  vestibule,  but  the  fibrous  band  on  the  edge 
of  the  foot  plate,  which  fits  into  tlie  oval  window,  is  not 
attached  to  the  latter,  which  leaves  the  stapes  free  to 
move  slightly  in  and  out  of  this  fenestra.  The  mucous 
membrane  of  the  tympanic  cavity  extends  over  the  outer 
or  tympanic  surface  of  the  base  of  the  stapes.  Regard- 
ing the  fixation  of  the  base  of  the  stirrup  in  tlie  oval 
window,  tlie  conclusions  of  A.  H.  Buck  (1869)  are  as  fol- 
lows: 1.  The  base  of  the  stapes  is  fastened  to  the  edge 
of  the  oval  windo\\'  by  means  of  a  ligament  of  elastic 
filires.  2.  These  tilires  gradually  converge  toward  the 
edge  of  the  foot  plate  of  the  stapes.  3.  The  ligament 
arises  from  the  periosteum  in  the  neighborhood  of  the 
oval  window  and  passes  over  to  the  base  of  the  stirrup, 
when  it  again  assumes  the  function  of  periosteum.  4. 
The  breadth  of  the  ligament  is  the  .same  all  around  the 
periphery  of  the  base  of  the  stapes. 

The  MaUeo-Incudal  and,  Incudo-Tympanic  Joints. — The 
malleo-incudal  and  incudo  stapedial  joints  may  be  re- 
garded as  a  variety  of  symphysis  or  synchondrosis.'" 
These  connections,  furthermore,  are  not  to  be  regarded 
as  true  or  ordinary  joints.  They  are  all  of  peculiar 
structure,  since  between  the  cartilaginous  surfaces  of 
the  bones  there  is  a 
fibrous,  or  a  fibro-car- 
tilaginous,  intermediate 
substance.  Rlidinger re- 
asserts the  true  joint- 
like structure  of  the 
articulations  of  the  os- 
sicula  "  He  also  main- 
tains that  in  both  the 
malleo-incudal  and  in- 
cudo-stapedial  joints 
there  is  a  fibro- carti- 
laginous disc  connected 
with  the  capsular  liga 
ment,  but  not  with  tlic 
hyaline  covering  of  tlii' 
articular  surfaces  of  the 
bones. 

If  the  tegnien  tympani 
be  removed,  let  us  say, 
from  the  right  tympanic 
cavity,  tlie  mallco  -  in- 
cudal  joint  and  the  in- 
cudo-tympanic  j  o  i  u  t 
will  be  exposed  to  view  (see  Fig.  1688),  and  just  in  front 
of  the  head  of  the  malleus,  but  below  it,  will  be  seen 
the  tendon  of  the  tensor  tympani  muscle  coming  upward 
and  inward  from  the  left,  to  be  inserted  into  the  tuber- 
cle on  the  neck  of  the  hammer.  Above  this  tendon, 
winding  from  within  outward,  and  to  the  right  (in  the 
figure)   around    the    neck   of    the    malleus,   is  seen  the 


-* 


Fii;.  ](iS8.  —  Rl(;ht  Tynipanir  Cavity 
\1ewed  from  above ;  Malleo-incudal 
and  Incudo-tympanic  Joints.  (Mag- 
nified two  diameters.  Henle.)  c. 
Head  of  malleus  ;  c,  short  process  of 
incus ;  /,  tendon  of  tensor  tympani 
muscle :  d,  capsule  of  incudo-tvm- 
panic  joint;  n,  ligamentum  mallei 
anterius  ;  b,  chorda  tympani  nerve. 
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Fig.  1089.— Dia  g  r  a  ni  ni  a  t  i  o 
Representation  of  the  Rela- 
tion of  tbe  Ossicles  to  One 
Another,  to  the  Weiiihrana 
Tvmpaui,  and  to  the  Inter- 
nal Ear.  (Buck.)  T,  Cav- 
ity of  tympanum  ;  L,  laby- 
rinth ;  M.A .  E.,  m  e  a  t  li  s 
audltorlus  extemus ;  H, 
taimner;  A,  anvil;  S, 
stirrup;  31. T.,  membrana 
tyrapanl;  F.R.,  fenestra 
rotunda. 


dioi-da.  tympimi  on  its  way  to  tlic  Glasei'ian  fissure 
The  suspensory  ligament  of  the  malleus  is  attached  to 
tlie  under  surface  of  the  roof  of  the  tympanic  cavity, 
but  is  not  shown  in  tlie  figiu-e'. 
its  it  has  been  removed  witli 
llie  tegiiie)!. 

Dimensions  of  the  Ossicuki.— 
Urbantschitscli,  by  comparing 
the     osxieiila  oiiditiiK  of    fifty 
ilifferent  tympana,  found  that 
tlie   iiHillevs   varied    in    length 
from   7   mm.  to  9.2  mm.,  tlie 
average  length  being  8.5  mm. 
The  slioit  process  varies  fi-om 
1.3  mm.  to  2.6  mm.,  with  an 
average    length    of    1.6    mm. 
The  long  process  (the  Folian) 
was  fouud  in  one  case,  an  in- 
dividual thirty   years  of  age, 
to  be  2.,')  mm.  long,  and  in  an- 
other, a  man  twenty  years  of 
age,  .T.S  mm.  long.     The  man- 
■iihriiiiii  has  an  average  length 
of  5  mm.  from  the  .short  proc- 
ess  aliove  to  the   end   below. 
In    the    iiinix  the   distance   of 
the  ujiper  end  of  tlie  articular 
surface  from  the   free   end  of 
the  horizontal  ramus  is,  on  the 
average,  5.3  mm.     The  under 
end  of  the  surface  of  the  joint 
is  4.6  mm.  distant  from  the  in- 
cudo-stapedial  joint..    The  incus- is  the  most  porous  of 
the  ossicles.     The  average   length  of  the  stapes  is  3.7 
mm. ;    its  average  breadth  between  the  crura,  2.3  mm. 
Its  head  is  either  entirely  straight  (twenty-nine  times)  or 
inchned  toward  the  anterior  (eighteen  times)  or  posterior 
limb  (three  times);  in  one  case  the  head  pointed  upward, 
i.e..  toward  the  upper  edge  of  thefoot  p\ate  of  the  stapes. ''' 
The   Weight  of  the  O.meulei  Avditi'is. — The  weight  of 
the  auditory  ossicles  varies  greatly  with  the  age  of  the 
individual.     It  is  also  a  fact  that  the  proportionate  weight 
of  the  ossicula,  one  to  another,  is  not  constant.     In  the 
new-born  child  the  proportionate  weight  of  the  malleus 
to  the  incus  is  generally  as  twenty  to  seventeen,  and  in  a 
malleus  weighing  20  mgm.  the  weight  would  be  distrib- 
uted as  follows:  The  head  of  the  malleus,  including  that 
portion  of  the  neck  just  above  the 
short  process,  16  mgm.  ;  the  long 
process,  including  the  short  proc- 
ess, 4  mgm.     In  an  incus  weigh- 
ing 17  mgm.  the  bodj'  of  the  in- 
cus, including   the  short   ijrocess 
and  the  base  of  the  processus  longus 
as  far  downward  as  the  lower  lip 
of  the  inferior  articulating    sur- 
faces, weighs  14  mgm.  ;  and  the 
long  process  with  the  processus  len- 
ticularis ati&ched,  3  mgm.,  the  cor- 
responding  stapes  weighing  very 
nearly  4  mgm.      In  the  adult  the 
weights  of  the  malleus  and  the  in- 
•"'(S  are, as  a  rule,  more  nearly  eciual; 
in  some  cases,  however,  the  pro- 
portionate weight  of  the  malleus 
to  the  iricus  is  as  seven  to  eight.'' 
According  to  the  same  observer, 
tlie  distribution  of  the  weight  of 
the  ossicula,  above  and  below  the 
axis  line  (see  page  587),  is  as  fol- 
lows: In  a  jnaifcw.v  which  weighed 
21  mgm,  and  an  incus  25  mgm., 
the  combined  weight  of  the  por- 
tions of  these   two   bones,    above 
the  axis  line,  was  30  mgm. ;   that 
below  the  line,  16  mgm.,  or  in  the 
j.iroportion    of     fifteen    to    eight. 
This  jireponderance  of  weight  in 
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Fio.  1690.  — DiaBTaminatic 
Representation  of  the 
Formation  of  the  so- 
called  Pouches  of  the 
Membrana  Tympanl. 
(O.H.  Burnett.)  1,  Mu- 
cous membrane  of  the 
inner  surface  of  the 
membrana  tympani,  as 
shown  by  dotted  line; 
^,  reflection  of  same  over 
the  chorda  tympani ;  'i. 
pouch  of  the  membrana 
tympani ;  4,  4,  inner  sur- 
face of  the  membrana 
tympani;  .5,  section 
through  osseous  floor  of 
the  tympanic  cavity ;  6, 
umbo  of  the  membrana 
tympani ;  7,  short  proc- 
ess of  malleus. 


the  parts  of  the  malleus  and  iwMs  above  the  axis  line 
tends  to  act  as  a  mechanical  counterbalance,  and  renders 
the  two  bones  better  able  to  swing  upon  the  axis  line  It 
also  serves  to  mcrease  the  delicacy  of  a  mechanism  which 
responds  to  sound  waves  in  excursions  so  infinitesimal 
that  the^ highest  powers  of  the  microscope  cannot  detect 
them  (Helmholtz). 

The  three  os.sieles  wliich  have  been  described  when 
joined  togethei-,  form  the  so-called  chain  of  auditory 
bonelets.  They  then  act  as  sound  conductors  between 
the  membrana  tympani,  in  the  external  ear,  and  the 
vestibule,  in  the  internal  ear  (see  Fig.  1689).  Every  in- 
ward movement  of  the  tympanic  membrane  is  followed 
by  a  similar  inward  motion  of  the  stapes,  and  the  foot 
plate  of  the  latter  impresses  the  lymph  in  the  labyrinth 
and,  mediately,  the  terminal  filaments  of  the  auditory 
nerve  in  the  cochlea  and  other  parts  of  the  internal  ear. 
The  compression  of  the  Ivmpli  in  the  labyrinth  finds  a 


Fig.  1691.— Section  through  the  Long  A.xis  of  the  Malleus  at  Right 
Angles  to  the  membrana  Tympani.  From  an  adult.  (Brunner.) 
Bony  edge  of  the  so-called  scute  or  inner  edge  of  upper  wall  of  audi- 
tory canal,  in  the  segment  of  Rivinus ;  ff,  head  of  the  malleus ;  j», 
neck  of  the  malleus ;  o,  handle  of  the  malleus ;  I.  short  process  of 
same;  :}.  membrana  flaccida;  h.  ligamentum  mallei  externum; 
7)1,  chorda  tympani ;  n,  tendon  of  tensor  tympani;  i,  a  cavity,  ac- 
cording to  iPrussak  and  others;  a,  cartilage;  h.  h.  fibres  of  the 
membrana  tympani ;  c,  dermoid  layer  of  the  membrana  tympani; 
e.  Haversian  canals ;  /,  medullary  space. 

compensatory  yielding  at  the  membrane  of  the  round 
window.  Were  this  not  so,  the  nerve  filaments  would 
be  in  danger  of  too  much  compression  with  each  sound 
wave  Avhieh  carries  the  chain  of  ossicles  inward. 

The  membrana  tympani  forms  most  of  the  outer  wall 
of  the  tympanic  cavity.  The  limit  of  this  outer  wall  is 
made  by  the  anuulus  tympanious.  Upon  the  inner  sur- 
face of  this  outer  wall"  of  the  tympanic  cavity  lie  the 
manubrium  of  the  malleus,  the  chorda  tympani,  and  the 
duplicature  of  mucous  membrane  about  the  latter,  which 
forms  also  the  so-called  pockets  of  the  tympanic  mem- 
brane. 

These  pockets  or  pouches  of  the  membrana  tympani 
are  the  spaces  lying  between  the  upper  edge  of  the  mem- 
brana tympani  antl  the  aforesaid  duplicature  of  mucous 
membrane  tiround"  the  chorda  tympani  nerve,  in  the  so- 
called  horizontal  portion  of  its  passage  through  the  tym- 
panic cavity.     There  are  two,  tlie  anterior  or  smaller  one 
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iiud  the  posterior  or  larger  pocket,  formed  in  the  fol- 
lowing manner  (see  Fig.' 1690,  1,  2,  and  3).  After  tlie 
mucous  membrane  of  the  tegraen  tympani  has  been  re- 
flected over  the  chorda  tympani,  it  ascends  again  to  reach 
the  upper  edge  of  the  drum  membrane,  in  ordei-  to  form 
the  inner  or  mucous  layer  of  the  tympanic  membrane; 
therefore  the  chorda  tympani  nerve  is  found  at  the  free 
edge  of  a  fold  of  mucous  membrane  wliich,  with  the 
membrana  tympani,  forms  a  groove  opening  downwai'd 
(Fig.  1690,  3).  Since  the  chorda  tympani  clings  to  the 
inner  surface  of  the  neck  of  the  malleus,  this  groove  or 
pockel,  is  divided  into  two  compartments,  named  as 
alr(;ady  mentioned.  Tliey  were  first  described  by  von 
Troeltsch  in  1850.  He  asserted  that  the  posterior  one 
contained  in  its  structure  traces  of  the  fibrous  layer  of 
the  tymjianic  membrane,  but  this  is  di'nied  by  Gruber 
and  iioclidali'ck.  The  ponteriur  pouch  is  al)0ut  3  mm. 
high  and  4  mm.  broad.  This  pouch  is  best  seen  when 
the  tympanic  membrane  is  viewed  from  witljin,  but  it 
can  also  l)e  seen  from  without  when  the  tympanic  mem- 
brane is  thin  and  well  illumiuated. 

The  anterior  pouch  lies  in  front  of  the  malleus,  and  is 
much  smaller  than  the  posterior  pouch.  Its  inner  wall 
is  composed  of  mucous  membrane  only.  It  contains  "all 
the  elements  which  proceed  from  or  enter  the  Glaserian 
fissure." 

There  is  a  ihii'il  or  middle  poucliof  the  tympanic  mem- 
brane descrilied  b_y  Prussak  and  Gustav  Brunner  (Fig. 
1601,  /).  This  cavity  is  bounded  behind  by  the  neck  of 
flic  hammer,  below  by  the  upper  surface  of  the  short 
process  of  the  malleus,  in  front  by  the  membrana  ffaccida, 
and  above  by  a  ligamentous  band,  the  ligamentitin  loalhi 
externum.,  winch  is  inseited  between  the  morri'i  liioijut oieu 
and  the  spinn  meillei .  This  cavity  is  separated  from  tin- 
anterior  tympanic  pouch  by  the  upper  blind  end  of  the 
latter  abutting  on  the  neck  of  the  hammer;  pcsteriorly, 
it  commimicates  with  the  t3-mpanic  cavity  by  a  good- 
sized  opening,  above  the  position  of  the  posterior  tym- 
panic pouch.  This  pouch,  being  thus  jilaced  in  com- 
munication with  the  tympanum,  may  become  filled  witli 
mucus  or  pus,  and  consequently  ruptured. 

Chorlen  11.  Burnett. 
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-•  Kessel :  Archiv  f.  Ohrenheilkunde,  Bd.  viii.,  Ifi't'i. 

*  Grulier :  Studien  iiber  das  Trommellell,  Wien,  1867. 

"  Gewebelehre,  p.  707. 

'  Helraholtz :  Mechanism  of  Ossicles  oj  the  Ear  and  the  Membrana 
Tympani, 

'  Gruber  :  Op.  cit.,  p.  .3.5, 

»  Archives  of  f)toloKy,  1SS5,  p,  4G, 

>°  Gustav  Brunner:  Monatsschr,  fiir  Ohrenheilk,,  No.  1,  1873. 

"  MonatsKchrift  t.  Ohrenheilkunde,  No.  3,  187a. 
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i.,  p.  .543. 

EAR  DISEASES:  ACUTE  CATARRHAL  OR  NON- 
SUPPURATIVE INFLAMMATION  OF  THE  MIDDLE 
EAR. — Geneh.ii,  Considekations. — In  the  beginning  of 
an  acute  inflammation  of  the  middle  ear,  and  not  infre- 
quently foi-  a  considerable  lengtli  of  time  after  the  aji- 
parent  onset  of  the  attack,  it  is  impossible  to  determine 
whether  the  case  .should  be  classified  as  one  of  a  siippura 
five  or  as  one  of  a  non-suppurative  character.  It  is  only 
after  the  acme  of  the  disease  has  been  reached,  and  aftei' 
it  has  been  ascertained  what  is  the  character  of  the  in 
flanmiatory  pidduet  that  is  poured  out  into  the  tympanic. 
cavity,  t  hat  W('  aic  warranted  in  classifying  the  particular 
case  under  ohservatiou  as  belonging"  lo  the  one  or  the 
other  category.  If  the  inflammalory  pioduct  is  com- 
posed merely  of  serum,  intcrmingh'd  or  not,  as  the  case 
may  be,  with  a  few  blood  and  lymphoid  corpuscles,  it  is 
generally  customary  to  spetik  of  such  an  attack  as  an 
acute  catarrlial  or  nonsuppurative  inflammation  of  the 
middle  ear.  But  if  tin;  product  under  consideralion 
(|uickly  assumes  a  purulent  character,  and  especially  if 
the  membraniUympani  gives  way  and  allows  it  to  flow 
out  mto  the  external  a\iditoi-y  canttl  for  a  jjeriod  of  one 
or  more  days,  it  is  inoper  to  design;tfe  such  a  case  as  one 
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of  acute  suppurative  inflammation  of  the  middle  ear.  It 
is  difficult  to  resist  the  belief  that  in  both  of  these  types  or 
varieties  of  middle-ear  inflammation  the  underlying  cause 
is  an  infection  ;  some  milder  forms  of  bacteria  serving  as 
the  exciting  factors  in  the  non-suppurative  variety,  while 
in  the  otlier  variety  the  more  virulent  micro-organisms 
must  be  held  responsible  for  the  suppuration  and  for  the 
actual  destruction  of  ti.ssue 

An  acute  catarrlial  inflammation  of  the  middle  ear  is  a 
very  common  affect  ion  in  the  northern  and  middle  zones. 
A  large  proportion  of  the  cases  designated  Ijy  the  laity 
as  cases  of  "earache"  will  be  found  to  belong  in  this 
category  of  acute  catarrhal  inflammations  of  the  middle 
ear 

Etiology. — Undue  exposure  to  cold  while  the  body  is 
in  a  heated  condition,  and  especially  to  a  draught  of  cold 
air,  is  by  far  the  commonest  cause  of  an  acute  catarrhal 
inflammation  of  the  middle  ear.  Ducking  and  diving 
under  water  (especially  salt  water)  is  also  occasionally  a 
cause  of  such  an  attack,  although  in  the  majority  of  in- 
stances the  result  is  a  suppurative  rather  than  a  nonsup- 
purative  form  of  inflammation.  Water  may  also  enter 
the  tympanum  in  the  treatment  of  the  nasal  cavities  by 
means  of  the  nasal  douche  or  the  posterior  narcs  syringe, 
or  even  Avhen  water  is  drawn  into  the  nostrils  by  the 
patient  himself.  Finally,  the  disea.se  may  develop  as  a 
consequence  or  accompaniment  of  certain  infectious  dis- 
eases such  as  scarlet  fever,  measles,  smallpox,  whooping- 
cough,  and  cerebrospinal  meningitis. 

Symptoms. — I'nin. — Adults  suddenly  find  themselves 
.seized  with  an  agonizing  pain  in  one,  rarel_y  in  both,  ears. 
If  they  are  of  an  observing  turn  of  mind,  tliey  will  recall 
the  fact,  wdien  they  are  thus  seized  with  ])ain.  that  the 
throat  felt  sore  and  thickened  for  a  few  hours  before  the 
attack  began.  This,  however,  is  not  always  the  case. 
The  pain  is  usually  sudden  in  origin  and  goes  on  increas- 
ing in  intensity  until  the  rupture  of  a  distended  veinlet 
in  the  vicinity  of  Shrapnell's  membrane,  or  of  an  epi- 
dermal .sac  containing  blood-stained  serum,  or  perhaps 
even  of  the  membrana  tympani  itself,  puts  an  end  to  the 
tension  of  the  sensitive  parts. 

A  Sense  of  Fvlness  in  the  Ear. — A  marked  sense  of  ful- 
ness or  of  stuffiness  in  the  ear  is  another  very  annoying 
subjective  symptom  of  this  disease.  It  is  likely  to  last 
as  long  as  there  is  any  appreciable  swelling  of  the  walls 
of  the  Eustachian  tube. 

Tinnitnn  Anriiini. — This  symptom,  common  to  affec- 
tions of  the  tympanum,  is  often  a  violent  one  in  acute 
inflammation.  In  the  first  stages  it  istisuallyof  a  puffing 
or  blowing  character. 

Resoinnire  of  (Jne'x  Oiro  Viiii;  , — This  s.ymptora,  some- 
times termed  (lutoplumy.  is  to  many  patients  very  annoy- 
ing. It  disappears  with  the  subsidence  of  the  swelling 
of  the  inflamed  tympanic  mucous  membrane. 

Impairment  of  the  Hearing.— The  extent  to  which  the 
hearing  is  affected  varies  greatly  in  the  different  cases, 
and  bears  no  fixed  relationship  to  the  degree  of  hyper- 
temia  and  infiltration  manifested  by  the  visible  portions 
of  the  membrana  tympani.  In  most  ca.ses  the  hearing  is 
not  sufficiently  imjiaired — even  when  both  ears  are  in- 
volved—to exclude  the  patient  from  the  pleasures  of 
ordinary  conversation.  Now  and  then,  liowever,  the 
degree  of  imiiaiiinent  is  very  marked,  and  in  these  par- 
ticular cases  it  is  diflicult  to  resist  the  belief  that  the 
labyrinthine  cavities  and  structures  are  more  or  less  in- 
volved in  the  inflammation. 

C'on.ititiitional  Distnrlionre. — In  adults  there  is  usually 
no  rise  in  the  body  tianpcrature  and  very  little  if  any  ac- 
celeration of  the  ]uilse  rate;  but  in  young  children  there 
may  be  well  marked  feverishness,  "with  a  temperature 
reaching  as  high  as  103"  or  even  104°  F.  In  some  cases 
the  child  may  manifest  an  unnatural  drowsiness,  but  in 
othei-s  the  opposite  mental  state— that  of  cxcitableness 
and  fretfiilness— will  be  observed, 

AlTEAIi.VKCES   PtiESENTED    BY   THE   ]MeMBRANA   TtM- 

PANi.— The  picture  presented  by  the  drum  membrane 
varies  according  to  the  stage  wliich  the  disease  has  reached 
at  the  time  when  the  examination  is  made.     If  the  mem- 
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brane  is  seen  at  an  early  period  of  the  attack,  before  pain 
has  become  the  prominent  symptom,  the  periplieral  por- 
tions, especially  the  npper,  and  the  re!>i<m  of  the  mann 
brium  mallei  will  show  evidences  of  congestion  and  be- 
ginning intiltratiim  (Fig.  24,  Plate  xxv.).  Farther  along 
in  the  attack  it  may  be  fonud  that  the  epidermis,  in  the 
vicinity  of  yin'apnell's  membrane,  has  been  pushed  out- 
ward in  tile  form  of  a  bleb  by  exuded  serum  or  even  liy 
pure  blood  that  has  escaped  from  a  rupttu'ed  bUiod-vessel. 
In  other  casi's  the  exudation  remains  confined  chiefly  to 
the  tympanic  cavity  ;  in  wliich  event  bulging  of  the  drum 
membrane— more  noticeably  of  its  posterior  half — will  be 
the  most  conspicuous  alteration.  Finally,  if  the  exami- 
nation is  made  at  a  time  when  a  watery,' perhaps  blood- 
stained, fluid  is  escaping  from  the  oriti'cc  of  tlie  external 
auditory  canal,  it  will  be  seen  that  all  the  usual  land- 
marks have  disappeared  and  that  at  the  farther  (inner) 
end  of  the  canal  nothing  but  a  soaked  epidermal  siirfaee, 
of  very  irregular  form,  can  be  distinguished. 

DiFFEKENTi.\L  DIAGNOSIS. —Tlicre  are  only  two  other 
patholo^cal  processes  which  might  perliaps  be  mistaken 
for  the  disease  which  is  now  under  consideration.  These 
are  an  acute  eczematous  inflammation  of  the  inner  lialf 
of  the  external  auditory  canal,  involving  the  dermoid  as- 
pect of  the  membrana  tympani,  and  an  acute  suppurative 
inflammation  of  the  middle  ear.  So  far  as  the  eczema  is 
concerned,  the  previous  history  of  the  case,  the  absence 
or  the  insignificance  of  the  pain,  the  small  degree  of  the 
impairment  of  the  hearing,  the  probable  absence  of  tin- 
nitus, and  the  marked  hyjiera^mia  and  infiltration  of  the 
sldn  covering  the  inner  half  of  the  external  auditory 
canal, — all  these  facts  will  warrant  us  in  assuming  that 
we  are  dealing  with  this  malady  and  not  with  an  acute 
inflammation  of  middle-ear  origin.  On  the  other  hand, 
no  degree  of  familiaritj-  with  the  patliological  pictures 
presented  by  the  membrana  tympani  and  no  degree  of 
care  in  studying  the  other  data  furni,slied  by  the  case  in 
hand  will  enable  the  expert  otologist  to  predict,  witli 
any  degree  of  certaintj',  whether  the  disease  will  event- 
ually prove  to  belong  to  the  nonsuppurative  variety  or 
whether  it  will  assume  the  more  serious  characteristics 
of  an  acute  suijpnirative  inflammation.  Fortunately,  it 
is  not  a  matter  of  any  great  practical  importance  that  he 
should  be  able,  at  this  comparatively  early  stage  of  the 
inflammation,  to  differentiate  between  the  two.  In  either 
event  he  would  emploj' the  same  plan  of  treatment;  a 
change  being  called  for  only  when  it  becomes  clear  that 
he  is  dealing  with  a  disease  "the  essential  nature  of  which 
is  an  invasion  of  infective  micro-organisms. 

Prognosis. — The  prognosis  in  this  disease  is  almost 
unqualifiedly  favorable.  The  middle  ear,  after  the  sub- 
sidence of  the  acute  attack,  returns  slowly  to  a  condition 
of  health,  and  it  is  only  in  a  few  exceptional  cases  that 
some  slight  permanent  impairment  of  the  hearing  remains 
after  the  attack  has  entirely  subsided. 

TiiE.\TMENT.— An  acute  inflammation  of  the  tympanum 
usually  requires  active  treatinent,  especially  in  adults. 
The  practitioner  should  at  once  combat  the  striking 
symptom,  that  is,  the  pain.  The  first  means  to  be  tried 
is  the  hot  douche.  Water  of  the  temperature  of  from 
100°  to  105°  F.  should  be  allowed  to  run  into  the  ear, 
from  a  fountain  syringe  or  the  like.  The  stream  of 
water  should  be  continuous;  hence,  the  piston  syringe  is 
of  no  use  under  these  conditions.  Tliis  instrument  is 
only  valuable  as  a  means  of  cleaning  the  ear,  or  of  re- 
moving a  foreign  body.  In  case  the  warm  douelie  fails 
to  give  relief  in  a  few  minutes,  and  if  the  patient  is  not 
an  infant  or  a  very  young  child,  from  one  to  four  or 
even  six  leeches  should  be  applied  upon  the  tragus,  ac- 
cording to  the  severity  of  the  symptoms  and  the  age  of 
the  palient.  In  addition  to  this  the  patient  should  usu- 
ally be  confined  to  his  room,  and  be  in  bed,  while  the 
general  indications  of  the  disease,  the  condition  of  the 
bowels,  the  skin  and  the  pharynx,  are  met  by  appropriate 
treatment.  Usually  the  leeches  will  soon  subdue  the 
pain,  and  appropriate  hygiene,  without  drugs,  will  al- 
low the  case  to  go  on  to  recovery.  It  will  sometimes 
be  necessary  to  repeat  the  leeching  and  to  continue  the 


use  of  the  douche  for  some  days;  opium  may  also  be 
required,  but  opium  witliout  local  blood-letting  will  be 
;,  ".*'''■.,'?''  ""  service.  Some  authorities  speak  well  of 
the  instillation  of  a  solution  of  sulphate  of  atropine 
p-.  ij.  ad  1  1.,  and  of  hydrochlorate  of  cocaine  in  a 
lour-per-ceut.  solution,  instead  of  the  warm  douche 
but  these  remedies  will  not  avail,  except  in  mild  cases' 
Hot  vapors  are  sometimes  of  service.  An  old  remedy  is 
a  poultice  applied  in  the  canal.  The  "heart"  of  a  hot 
onion  IS  especially  used.  Such  a  poultice  will  (juiet  the 
pam  in  many  eases,  but  since  it  favors  suppuration,  and 
may  lead  to  suppuration  of  the  drumhead,  its  ii.se  is  not 
generally  jiroper. 

Inasmuch  as  the  question  of  paracentesis  of  the  mem- 
brana tympani  will  be  discussed  by  the  writer  of  the 
article  on  the  suppurative  form  of  ac'uli-  infl;imiiiation  of 
the  middle  ear,  it  will  not  be  necessary  lor  me  to  say 
anything  on  this  subject. 

As  soon  as  the  acute  symptoms  liave  subsided  it  will 
be  found  advantageous  to  praclfsc  Politzer's  method  of 
inflation  daily,  and  to  wash  the  pliarynx  freely  with  a 
saturated  aqueous  solution  of  warm  chlorate  of  potassium, 
Vichy,  or  the  like.  This  treatment  should  be  persisted 
in  until  the  heaiing  power  becomes  normal,  as  tested  by 
the  watch,  tuning-fork,  and  the  human  voice. 

1).  U.  St.  Jnlin  Room. 

EAR  DISEASES:  ACUTE  SUPPURATIVE  INFLAM- 
MATION OF  THE  MIDDLE  EAR.— Among  the  numer 
ous  diseases  to  which  humanity  is  liable  there  is  probably 
no  single  one  which  is  capable  of  causing  so  much  suffer- 
ing for  a  short  time,  or  is  more  dangerous  to  life,  than 
an  acute  suppurative  inflammation  of  the  middle  ear;  to 
say  nothing  of  the  liability  of  the  disease  to  cause  the  im- 
pairment if  not  the  destruction  of  the  function  of  one  of 
the  most  important  organs  of  special  sense,  on  which  are 
largely  dependent  the  giving  of  knowledge  to  the  indi- 
vidual, his  social  position  in  life,  and  his  general  well- 
being.  Yet  until  within  a  very  few  years  this  disease 
has  been  treated  as  though  it  were  a  necessity  in  every 
household,  a  condition  through  which  every  child  should 
pass;  and  even  at  the  present  time  thisway  of  looking 
at  the  disease  prevails  to  some  extent. 

The  distinction  between  an  acute  catarrhal  inflamma- 
tion of  the  middle  ear  and  an  acute  suppurative  inflam- 
mation is  not  always  well  marked  in  the  early  stages  of 
the  disease;  the  suppurative  form  being  doubtless  in 
many  instances  the  outcome  of  the  catarrhal,  in  conse- 
quence of  infection  or  of  some  other  unfavorable  cir- 
cumstance. 

Acute  suppurative  otitis  media  constitutes  from  five  to 
ten  per  cent,  of  all  ear  diseases,  according  to  the  character 
of  the  climate  in  which  the  patient  resides ;  being  more 
prevalent  in  one  which  is  characterized  by  frequent, 
rapid,  and  extreme  changes  in  temperature,  and  by  the 
l)rcvalence,  to  a  greater  or  less  degree,  of  dampne-ss. 
Then,  again,  the  disease  is  of  mare  frequent  occurrence 
among  tlie  poor,  among  whom  the  hygienic  conditions 
are  especially  unfavorable. 

The  onset  of  the  disease  is  usually  sudden  and  is 
attended  by  violent  febrile  symptoms  lasting  for  from  a 
few  hours  to  several  days;  the  remission  of  the  most 
severe  symptoms  generally  occurs  soon  after  the  rupture 
of  the  drumhead,  an  oecunence  which  liberates  the  pent- 
up  purulent  exudate.  The  dfscovery  of  this  discharge 
in  the  auditory  canal  is  often  the  first  indication  of  ear 
disease  and  even  the  first  circumstance  which  leads  the 
physician  to  think  of  the  existence  of  any  trouble  in  that 
organ. 

The  anatomy  of  the  upper  portion  of  the  tympanic 
cavity,  known  as  the  epitympanic  recess,  is  especially 
favorable  for  the  development  of  suppurative  inflamma- 
tion. Enclosed  within  this  little  dome  are  the  bodies  of 
the  two  larger  ossicles,  the  malleus  and  incus,  and  the 
ligamentous  bands  which  hold  these  in  position— re- 
duplications of  mucous  membrane  and  connective  tissue. 
Frequently  this  network  of  tissue  is  so  developed  as  to 
divide  the  tympanum  into  two  distinct  parts.     Opening 
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into  this  upper  part  of  the  tympan\im  posteriorly  are  tlie 
aditus,  mastoid  antrum,  and  mastoid  cells.  In  the  ante- 
rior wall  of  the  lower  or  main  portion,  at  about  its  centre 
or  a  little  below,  is  the  orifice  of  the  Eustachian  tube, 
and  on  the  medial  wall  are  the  two  fenestris  of  the  lab)- 
rinth— the  fenestra  rotunda,  closed  by  a  membrane,  and 
the  fenestra  ovalis,  closed  by  a  membrane  on  which  rests 
the  foot  plate  of  the  stapes.  Two  important  nerves  are 
liable  to  be  involved  in  an  inflammatory  process  in  the 
middle  ear— the  facial  and  the  chorda  tympani.  The 
facial  courses  along  the  posterior  and  me<lial  wall,  usu- 
ally being  enclosed  in  its  b<my  canal;  sometimes,  how- 
ever, it  is  covered  only  by  mucous  membrane,  thus  ex- 
posing it  to  any  inflammation  that  may  be  present.  The 
chorda  tympani  runs  free,  arching  over  the  middle  portion 
of  the  cavity  from  behind  forward,  near  the  upper  mar- 
gin of  the  membrana  tympani.  Involvement  of  the  lat- 
ter inaninflanmiatory  process  woidd  be  of  comparatively 
little  moment,  while'inllammation  of  the  facial  might  be 
a  more  serious  matter.  Tlie  anastomoses  between  the 
vessels  of  the  tympanum  and  those  of  the  labyrinth  af- 
ford a  means  whereby  exudation  may  take  place  within 
the  labyrinth,  injuring  the  hearing  and  sometimes  giving 
rise  to  inflammation  and  suppurating  disease  in  the.se 
parts.  And  then  again  tlie  intimate  relationship  between 
the  tympanic  cavity  and  the  membranes  of  the  brain 
nuistbe  borne  in  mind;  the  paths  of  communication  be- 
tween the  two  being  often  so  numerous  as  to  afford  the 
most  favorable  conditions  for  p\'Ogenic  infection  of  the 
structures  within  the  cranial  cavity.  In  children  it  is 
not  uncommon  to  find,  as  a  result  of  the  incomplete  ossi- 
fication of  the  petro-squamosal  suture,  an  opening  of  con- 
siderable size  in  the  roof  of  the  tympanic  cavity,  in  con- 
sequence of  which  the  dura  mater  is  in  contact  with  the 
mucous  membrane  lining  the  tympanum  or  may  even 
dip  down  into  this  cavity.  In  such  cases  an  acute  in- 
flanmiation  of  the  middle  ear  would  encounter  but  little 
resistance  in  spreading  to  the  intracranial  tissues  and 
might  there  cause  more  or  less  serious  disturbance. 

Bacteriology. — Research  has  been  made  by  a  number 
of  careful  observers,  both  in  this  country  and  abroad,  in 
this  interesting  and  important  department  of  medicine, 
for  the  purpose  of  determining,  if  possible,  the  specific 
micro-organisms,  or  particular  combination  of  organisms, 
which  produce  this  form  of  tympanic  inflammation  ;  but, 
so  far  as  can  be  determined  with  any  degree  of  accuracy, 
no  special  microbe  or  constant  combination  of  microbes 
is  to  be  held  responsible  for  this  disease.  It  was  at  one 
time  con.sidered  that  the  streptococcus  was  the  most  con- 
stant etiological  factor  in  the  serious  and  fatal  cases  of 
ear  disea.se,  but  recent  statistics  have  shown  that  the 
staphylococcus  was  present  in  about  as  many  fatal  cases 
as  the  streptococcus.  During  the  past  four  years,  at  the 
Rhode  Island  Hosiiital,  the  pus  examined  has  shown,  in 
the  milder  forms  of  inflammation,  a  great  variety  of  or- 
ganisms, various  combinations,  and  some  which  could 
not  be  classified.  In  ;J,he  more  severe  cases,  in  which 
septic  intoxication  was  pronoimced,  pure  cultures  of 
staphylococcus  were  found  in  the  majority  of  cases;  the 
streptococcus  being  present,  however,  in  a  larger  number 
of  the  cases  in  which  the  mastoid  was  involved.  In  com- 
paring the  two  principal  kinds  of  infection,  the  staphy- 
lococcus and  the  streptococcus,  from  a  symptomatic 
standpoint,  it  was  found  that  in  the  cases  in  which  the 
Staphylococcus  pyogenes  aureus  was  present  in  pure 
cultures,  the  symptoms  were  more  acute,  and  the  bodily 
temperature  was  higher;  the  pain  in  the  region  of  the 
ear  was  more  intense  and  continued  longer  after  perfora- 
tion of  the  drumhead  had  been  established  either  sponta- 
neously or  by  artificial  means ;  the  discharge  of  pus  was 
more  profuse,  the  pus  itself  being  more  acrid,  as  mani- 
fested by  excoriations  of  the  tissues  of  the  external  car 
aud,  after  opening  of  the  mastoid  process,  by  erosions  of 
the  skin  about  the  wound  and  by  the  frequent  sloughing 
out  of  the  stitches;  and,  finally,  the  general  course  of  the 
disease  was  more  rapid,  demanding  operation  sooner,  on 
account  of  the  extension  of  the  disease  into  the  mastoid 
cells.     On  the  other  hand,  an  invasion  by  staphylococci 


seemed  to  be  less  often  accompanied  by  swelling  and  red- 
ness of  the  mastoid  integuments  than  was  the  case  when 
the  infection  was  due  to  the  streptococcus.  In  a  carefully 
prepared  report  of  one  Inmdred  and  one  cases  by  Dr.  J. 
Orne  Green  the  examinations  show  the  great  variety  of 
micro-organisms  which  are  present  in  this  disease.  These 
statistics  show  practically  the  same  variety  and  classifica- 
tion as  had  previously  been  shown  by  most  of  the  careful 
and  experienced  observers.  Dr.  Green's  principal  object 
in  his  report  was  to  show  the  character  of  the  original 
infection  of  the  tympanum  before  an  o])ening  of  the 
drumhead  had  exposed  the  cavity  to  secondary  infection. 
After  making  the  canal  as  nearly  aseptic  as  pos.sible  the 
drundicad  was  incised  and  the  artificial  culture  was 
made  from  the  first  drop  of  pus.  In  seventy-three  out 
of  the  one  hundred  and  one  cases  pure  cultures  were  re- 
ported as  follows: 

Staphyliiciiccus  (albus,  8;  aureus,  9;  variety  not  stated,  19)  36 

Streptococcus 19 

Pneurnococcus 10 

Bacillus  diphtheriaB 3 

Bacillus  pyocyaneus 3 

A  capsule  bacillus 3 

Leaving  38  cases  of  mixed  infection,  or  38  per  cent. 

Flesch  and  Haug  fouml  gonococcus. 

Patiiohjoy. — From  the  anatomical  make-up  of  the 
epitympanic  recess  we  can  readily  understand  what  a 
perfect  incubator  for  micro-organisms  this  space  must 
make  when  in  a  state  of  inflammation.  With  the  large 
surface  of  mucous  membrane— which,  as  has  been  said, 
"if  spread  out  would  be  as  large  as  a  silver  quarter," — 
enclosed  within  a  cavity  no  larger  than  a  dried  pea,  we 
can  imagine  that  when  hyperauuia  and  infiltration  of  the 
mucous  membrane  take  place,  as  must,  happen  in  acute 
inflanunation,  considerable  pix'ssure  must  result  and,  in 
conseciuence,  the  circulation  and  nourishment  of  the  parts 
must  be  greatly  interfered  with.  This,  together  with  the 
pressure  of  the  surfaces  of  the  folds  of  mucous  membrane 
upon  each  other,  results  in  necrosis  of  the  epithelial  sur- 
faces and  even — as  the  disease  progresses — of  the  subepi- 
thelial tissues.  As  soon  as  swelling  begins  there  is  thrown 
oflE  an  exudation  consisting  of  pus  cells,  mixed  later  with 
blood  and  mucus,  in  which  are  found  the  bacteria  pre- 
viously spoken  of.  The  purulent  extidate  is  formed  over 
the  whole  surface  of  the  mucous  mcmlirane.  extending 
into  the  orifice  of  the  Eustachian  tube  and  into  the  mas- 
toid antrum  and  cells.  It  is  often  diffused  into  the  tissue 
sulistance  itself,  and  small  abscesses  ha^•e  been  found  be- 
tween the  mucous  membrane  and  the  surface  of  the  bone. 
When  the  inflammation  takes  place  in  the  presence  of 
scarlet  fever  the  infection  seems  intensely  virulent  and 
tissue  necrosis  takes  place  veiy  rapidly.  This  is  espe- 
cially noticeable  in  the  rapid  perforation  of  the  drumhead. 
In  some  cases  the  necrosis  extends  to  the  ossicles  and  to 
the  walls  of  the  tympanum  quite  early  in  the  disease. 
As  w;is  stated  in  an  earlier  paragraph,  the  epitj'mpanic 
recess  is  sometimes  i|uite  cut  oft'  from  the  lower  part  of 
the  tympanum.  When  this  happens  the  swollen  mucous 
membrane  is  forced  outward  above  the  short  process  of 
the  malleus,  pushing  out  Shrapnell's  membrane,  or  the 
posterior  upper  portion  of  the  membrana  propria.  Some- 
times, before  perforation  takes  place,  the  protrusion  of 
the  mucous  membrane  pushes  this  flaccid  jiortion  out- 
wai'd  to  such  an  extent  that  it  will  hang  down  over  the 
membrana  propria,  obscuring  it  more  or  less  and  being 
often  mistaken  for  a  polypus.  But  it  is  qinte  unlike  a 
polypus,  as  will  be  seen  if  care  is  used  in  the  examina- 
tion, and,  ftn-thcrmore,  if  incised,  it  will  discharge  pus. 
In  some  cases  in  which  this  point  of  bulging  is  incised, 
there  will  take  place,  after  the  lapse  of  a  few  days,  a  pro- 
lapse of  the  mucous  membrane.  This  last  condition  is 
even  more  apt  than  that  described  above  to  be  mistaken 
for  a  polyp.  If  this  nipple-hke  projection  continues  for 
a  number  of  days  after  incision  and  after  proper  treatment 
has  been  carried  out,  the  case  must  be  closely  watched 
for  other  indications  of  mastoid  involvement,  as  this  is 
one  of  the  important  symptoms  of  that  complication. 
Sometimes,  instead  of  forming  this  polyp-shaped  mass, 
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the  pus  dissects  its  way  between  the  membranous  portion 
of  the  canal  and  the  bone,  and  forms  an  abscess.  In 
children  it  is  quite  common  for  this  dissection  of  pus  to 
continue  along  the  posterior  wall  of  the  canal,  between 
the  bone  and  the  periosteum,  and  to  find  its  way  out  upon 
the  outer  siirfaee  of  the  mastoid  process,  where  it  forms 
a  post-auricrdar  abscess.  In  these  cases  it  has  been  the 
experience  of  most  surgeons,  who  have  looked  for  it,  to 
find  pus  in  the  mastoid  cells.  The  pus,  after  reaching 
the  post-auricular  region,  frequently  finds  its  way  into 
the  glandular  and  cellular  tissues  of  the  neck.  The  most 
common  course  of  the  disease,  however,  is  to  extend 
downward  from  the  epitympanic  space,  in  the  direction 
of  least  resistance,  into  the  lower  part  of  the  tympanum, 
involving  the  tissues  in  this  region,  and  causing  marked 
bulging  of  the  drumhead  proper,  Avith  swelling,  inflam- 
mation, and  oedema  of  its  tissues.  In  these  cases  the 
perforation  is  more  frequently  located  in  the  posterior 
half  of  the  drumhead,  about  "half-way  between  the  tip 
of  the  manubrium  and  the  posterior  margin,  or  a  trifle 
higher  up,  near  the  incudo  stapedial  articulation.  Early 
in  this  form  of  the  inflammation  the  Eustachian  tube  be- 
comes closed  by  swelling  of  its  lining  mucous  membrane. 
Doubtless  in  many  cases,  if  the  tube  could  be  kept  open, 
the  more  serious  complications  of  the  disease  might  be 
avoided. 

Etiology. — The  causes  of  this  disease  are  many  and 
varied.  The  primary  causes  may  be  divided  into  two 
general  classes:  External,  including  traumatic  and  cli- 
matic ;  Internal,  including  inflammatory  and  circulatory. 
The  secondary  cause,  in  both  classes,  is  pjfogenic  infec- 
tion. 

Among  the  external  traumatic  caiises  aie  the  direct — 
as  by  operative  jorocedures  on  tlie  drumhead  or  in  the 
middle  ear;  by  violence  to  the  parts,  e.g.,  by  forcible  re- 
moval of  foreign  bodies;  by  forcible  syringing;  \ij  a 
direct  stab  wound  of  the  drumhead;  by  boxing  the  ear; 
by  greatly  increased  pressure  upon  the  drumhead — e.g., 
by  compressed  air,  as  in  tunnelling  and  mining,  in  div- 
ing, and  in  concussion  of  the  air  by  an  explosion  or  by 
the  firing  of  a  cannon;  and,  finall}',  by  scalding,  by  local 
irritants,  by  caustics,  etc.  Among  the  indirect  causes 
are  contusion  of  the  skull,  as  from  a  blow  or  a  fall. 

Climatic  causes  are  exposure  to  cold  and  wet,  or  allow- 
ing the  wind  to  blow  for  a  long  while  in  the  ear.  Then 
there  are  causes  which  are  external  to  the  middle  ear,  as 
for  example,  an  extension  of  inflammatory  conditions  of 
the  external  auditory  canal  to  the  tissues  of  the  drum- 
head, and  from  thence  to  its  mucous  coat,  and  ultimately 
to  the  entire  lining  membrane  of  the  middle  ear.  ^  Among 
these  inflammatory  conditions  are .  external  otitis,  both 
diffuse  and  circumscribed,  eczema,  hardened  and  im- 
pacted cerumen,  and  foreign  bodies  which  have  been 
embedded  in  the  canal  for  a  long  time.  I  recall  a  case 
of  a  Russian  who  applied  to  me  for  relief  from  an  earache. 
I  removed  from  his  canal  a  piece  of  lead  pencil  three- 
fourths  of  an  inch  long.  When  he  saw  it  he  remembered 
having  hidden  it  in  his  ear  eight  years  before  while  in  the 
Russian  army.  Dr.  Buck  reports  cases  of  gouty  inflam- 
mations of  the  canal  which  extended  to  the  middle  ear. 
There  is  still  another  cause  which  is  often  jilaced  in  this 
category.  I  refer  to  the  development  of  an  inflammation 
in  the  middle  ear  from  the  entrance  of  cold  water  into 
the  external  auditory  canal  during  sea  bathing.  In  some 
cases  this  is  doubtless  the  correct  explanation  of  the  otitis 
media,  but,  in  a  larger  number,  it  is  more  probable  that 
the  cold  water  is  forced  into  the  tympanum  from  the 
naso-pharynx,  during  the  act  of  blowing  the  nose.  In 
a  similar  way  solutions  of  salt  and  water  and  other  solu- 
tions used  for  cleansing  and  for  medication  of  the  mu- 
cous membrane  of  the  nose  and  naso-pharynx,  in  catar- 
rhal conditions  or  after  operations,  may  be  forced  into 
the  middle  ear.  In  like  manner  secretions  of  pus.  or 
muco-pus,  coming  from  the  nasal  accessory  sinus,  or  the 
discharge  which  is  present  in  "head  colds,"  may^  be 
driven  into  the  tube  and  tympanic  cavity,  if  the  patient 
is  in  the  habit  of  blowing  the  nose  violently.  Inflamma- 
tion of  the  middle  ear  has  occasionally  occurred  after 


nasal  operations— such  as  straightening  the  nasal  septum 
or  the  removal  of  spurs  and  ridges— and  also  from  cau- 
terization of  the  turbinated  bodies.  Now  and  tlien  such 
an  inflammation  follows  the  operation  for  the  removal  of 
adenoids. 

According  to  the  published  reports,  there  have  been 
eases  in  which  foreign  bodies  have  found  their  way 
through  the  Eustachian  tube,  from  the  naso-pharynx,  into 
the  middle  ear  I  had  a  case  in  which  a  spear  of  grass, 
over  an  inch  long,  worked  its  way  through  the  tube  from 
the  throat  and  set  up  an  acute  inflammation  of  the  mid- 
dle ear  which  continued  for  several  months.  Finally, 
while  mopping  out  the  ear,  I  discovered  this  dark-pointed 
object  lying  in  the  tympanum,  and  grasping  it  with  the 
forceps,  I  pulled  out  through  the  perforation  in  the  drum 
membrane  what  proved  to  be  a  piece  of  gi-ass.  Almost 
immediately  afterward  the  suppuration  ceased  and  the 
perforation  healed. 

Internal  Causes  of  Inflammcition. — In  this  list  influenza 
or  la  grippe  has  been  responsible  for  probably  a  larger 
number  of  cases  of  suppurative  inflammation  of  the  mid- 
dle ear  and  its  complications  than  can  be  attributed  to 
any  other  one  disease.  Among  the  other  causes  may  be 
mentioned  nearly  all  of  the  exanthematous  diseases,  espe- 
cially scarlet  fever  and  measles.  Then  come  "  cold  in 
the  head,"  or  acute  naso-pharyngeal  catarrh,  diphtheria, 
smallpox,  typhus  and  typhoid  fevers,  whooping-cough, 
syphilis,  erysipelas,  tuberculosis,  diabetes,  etc.  In  chil- 
dren hyperplasia  of  the  lymphoid  tissue  in  the  naso- 
pharynx— or  "adenoids,"  as  thej^  are  commonly  termed 
— is  probably  the  most  common  predisposing  cause. 
When  these  hypertrophied  glands  are  present  the  slight- 
est exposure  to  cold  and  wet  is  liable  to  precipitate  an 
attack  of  inflammation  of  the  middle  ear ;  and  if  scarlet 
fever,  measles,  or  diphtheria  should  supervene  the  chances 
of  escaping  serious  trouble  would  be  greatly  lessened. 

Circulatory  Conditions. — There  is  j^et  some  mj^stery  re- 
garding these  conditions,  but  we  know  that  in  cases  of 
pneumonia  there  occasionally  occurs  an  acute  suppurative 
inflammation  of  the  middle  ear,  usually  on  the  same  side 
as  the  affected  lung.  There  is  no  direct  extension,  so  far 
as  can  be  seen,  but  it  is  evident  that  the  disturbance  in 
the  circulation  of  the  lung  does  in  some  way  influence  the 
circulation  in  the  middle  ear,  and  as  a  result  engorgement 
and  inflanmiation  take  place.  One  or  two  cases  of  this 
nature  maj'  appropriately  be  cited  here.  A  hack  'driver, 
who  while  in  good  health  had  been  exposed  to  severe 
weather,  was  seized,  a  few  hours  later,  with  a  violent 
pain  in  the  ear.  On  examination  it  was  found  that  the 
tympanic  blood-vessels  were  gorged  with  blood  and  that 
the  middle  ear  was  filled  with  serum ;  and  in  the  course  of 
a  few  hours  it  became  plain  that  a,  suppurative  inflamma- 
tion was  under  full  headway  in  this  tympanum.  Another 
instance  is  that  of  a  young  child,  who  while  teething  was 
suddenly  taken  with  earache;  and  this  pain  proved,  after 
the  lapse  of  a  few  hours,  to  be  due  to  the  development  of 
a  suppurative  inflammation  in  the  middle  ear. 

In  some  of  these  cases  the  inflammation  may  be  attrib- 
uted to  reflex  influences,  while  in  others  it  seems  more 
plausible  to  attribute  it  to  a  suspension  of  vaso-motor  in- 
hibition. But  however  this  may  be,  there  can  be  no 
doubt  that  some  disturbance  of  the  circulation  lies  at  the 
bottom  of  the,se  attacks  of  acute  suppurative  inflammation 
of  the  middle  ear ;  and,  if  we  seek  for  the  cause  of  siich 
circulatory  disturbances,  we  shall  doubtless  often  be  able 
to  find  it  in  some  other  organ,  as,  for  example,  the  limgs. 
the  liver,  the  kidneys,  the  teeth,  and  the  nervous  system. 

Dr.  Downie  gives  the  following  statistics  of  501  cases 
of  tympanic  involvement  treated  in  the  Children's  Hos- 
pital in  Glasgow ; 

Cases.       Per  cent. 

Originated  during  measles Wl  26.1 

scarlet  fever 6.3  l^.b 

whooping-cough 15  Au 

"             "       mumps *>  o-° 

"       simple  catarrh 147  «.4 

dentition 101  20.0 

Syphilitic ^  I'S 

Doubtful **  "■' 
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SYJirTOMS.— The  onset  of  the  disease  is  usually  signal- 
ized hy  severe  pain  and  high  fever,  both  of  these  symp- 
toms IJeina;  influenced  by  the  age  of  the  patient,  and  by 
the  former  conditions  of  the  tissues  of  the  region  affected. 

Pain.— In  infants  there  is  little  evidence  of  pain,  as  the 
drum-liead  is  very  thin  and  ruptures  very  easily;  and, 
besides,  the  disease,  at  the  stage  of  rupture,  is  more  often 
of  the  catarrhal  type,  infection  taking  place  later  through 
improper  care  and  imperfect  cleau.sing.  In  fever  patients 
and  in  tuberculous  patients  there  is  often  little  or  no  pain. 
Pain,  however,  is  pre-eminently  the  most  important 
symptom.  It  is  localized  deep  in  the  ear,  and  is  sharp, 
lancinating,  throbbing  in  character,  radiating  from  the 
depths  of  the  ear  forward  to  the  temple  or  over  the  parie- 
tal region  or  backward  over  the  mastoid  and  occipital 
regions.  It  also  frequently  extends  down  the  sides  and 
back  of  the  neck  or  into  the  teeth,  to  the  pharynx,  or 
even  to  the  larynx.  It  may  remain  confined  to  either 
one  of  these  locations,  or  it  may  involve  several  at  one 
time.  Often  pain  in  the  temple  of  the  affected  side  per- 
sists for  days  after  the  earache  has  been  relieved.  In 
otlier  cases  the  pain  in  the  head  is  more  noticeable  than 
that  in  the  ear,  and  the  real  cause  of  it  may  be  discovered 
only  when  attention  is  called  to  a  discharge  from  the 
external  auditory  canal.  In  most  cases  the  pain  in  the 
ear  is  excruciating  and,  on  account  of  the  accompanying 
pain  in  the  head,  becomes  alarming  to  the  jiatient.  We 
have  no  standard  for  measuring  pain,  but,  as  affording  at 
least  some  measure  for  comparison,  I  may  mention  the 
fact  that  women  of  experience  have  told  me  that  they 
suffered  greater  pain  from  the  earache  of  this  disease  than 
'  from  the  act  of  childbirth.  Possiblj'  in  adults  the  pain  is 
more  prolonged  than  it  is  in  childhood  on  account  of  the 
greater  resistance  of  the  tissues  of  the  drumhead  to  spon- 
taneous rupture.  The  pain,  furthermore,  is  usuallj'  more 
severe  during  the  evening  hours  or  during  the  night. 
Relief  general!}'  follows  perforation  of  the  drumhead, 
whether  it  occurs  spontaneously  or  as  a  residt  of  surgical 
interference;  but  it  is  more  immediate  and  more  com- 
plete if  afforded  by  early  incision.  In  cases  in  which  the 
disease  has  progressed  for  several  days  before  the  pent- 
up  pus  has  been  liberated,  and  in  which  the  inflammation 
lias  become  established  in  the  mastoid  antrum  and  cells, 
only  partial  relief  follows  the  opening  of  the  drumhead. 
In  this  class  of  cases  the  paroxysms  of  pain  are  more 
liable  to  occur  between  midnight  and  three  o'clock  in 
the  morning.  Experience  has  taught  me  to  attach  con- 
siderable value  to  this  fact  as  an  indication  of  mastoid 
complication ;  and  when  the  pain  recurs  at  about  one  or 
two  o'clock  in  the  night,  for  several  nights  in  succession, 
<!ven  tliongh  the  patient  may  be  comparatively  free  from 
pain  during  the  remainder  of  the  twenty-four  hours,  I 
feel  that  the  ease  is  almost  sure  sooner  or  later  to  come 
to  operation,  and  the  earlier  the  mastoid  is  opened,  in  a 
ease  of  this  character,  the  better  for  the  safety  and  com 
fort  of  the  patient.  Blowing  the  nose,  sneezing,  cougli- 
ing,  bodily  exertion,  stooping  over,  and  mental  excitement 
increase  the  pain. 

Ferer. — Fever  is  a  very  constant  symptom.  The  usual 
range  of  temperature  is  from  100°  to  102°  F.,  and  in  ex- 
ceptional cases  it  may  go  as  high  as  103°  or  even  10.'j°  P. 
It  is  usually  higher  in  children  than  in  adults,  and  is  ir- 
regular and  intermittent  in  its  course.  After  perforation 
of  the  drumhead  takes  place,  the  temperature  usually 
drops,  but  in  some  cases  it  remains  elevated  for  several 
days.  When  it  is  variable  in  character,  with  a  long 
range— say  from  99°  to  103°  P.  or  more,  dropping  anil 
rising  irregularly— systemic  infection  and  sinus  involve- 
ment are  to  be  feared.  While  careful  observation  of  the 
boddy  temperature  is  necessary  in  cases  of  feverish  ill- 
ness, yet  in  this  disease  it  is  unreliable  as  a  guide ;  for  the 
temperature  may  remain  normal  or  nearly  so  and  yet 
serious  trouble  maybe  going  on  in  the  middle  ear  and 
mastoid  cells.     In  many  of  the  worst  eases  of  mastoid 

lAA^'^'"'^*'"''  *'"■  t'''"Peraturc  does  not  rise  above  99°  or 
1  Uu    r . 

In  children  the  pain  is  often  so  severe  and  the  temper- 
ature so  high  that  meningitis  is  feared,  especially  when 
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the  little  sufferer  rolls  its  head  about,  as  it  so  often  does. 
Rupture  of  the  drumhead,  however,  usually  gives  relief 
at  once,  and  the  severe  symptoms  soon  subside. 

Tenderness.— There  is  frequently  considerable  tender- 
ness about  the  ear,  over  the  tragus,  beneath  the  lobe,  and 
over  the  mastoid,  close  to  the  auricle.  Generally,  this 
soon  passes  off  after  a  perforation  has  become  established 
in  the  drumhead:  but  if  it  still  persists  over  the  mastoid 
region  for  a  day  or  two  after  perforation  has  taken  place, 
it  is  right  to  infer  that  there  is  probably  involvement  of 
the  mastoid  cells. 

Subjective  JSoises. — This  symptom  occurs  next  in  fre- 
quency to  pain,  is  present  in  nearly  all  cases,  and  some- 
times causes  the  patient  fully  as  much  discomfort  as  the 
pain  itself.  Subjective  noises  accompany  the  inflamma- 
tory process  from  the  earliest  .stages  and  are  due  to  dis- 
turbances of  the  circulation  both  in  the  middle  ear  and  in 
the  labyrinth.  They  may  also  be  due  to  the  presence  of 
exudate  either  in  the  tympanic  cavity,  where  it  causes 
pressure  on  the  fenestras  of  the  labj-rinth,  or  among  the 
structures  of  the  latter  cavity.  These  noises  vary  greatly 
in  character  and  are  described  by  the  patient  as  roaring, 
liissiug,  beating,  pounding,  ringing,  etc.  They  persist 
and  are  more  noticeable  after  the  pain  has  ceased,  and 
are  very  annoying.  The  metallic  ringing  sound,  like 
that  produced  by  striking  a  piece  of  suspended  steel,  is 
characteristic  of  serious  involvement  of  the  lab3'rinthine 
structures. 

Disturbances  of  Hearin;/. — A  feeling  of  fulness  in  the 
ear  with  slight  deafness  is  often  one  of  the  first  symptoms 
noticed.  The  patient's  own  voice  does  not  sound  natural, 
and  he  is  much  annoyed  when  u.sing  the  voice  in  talking 
and  especially  in  singing.  As  the  swelling  of  the  mucous 
membrane  in  the  epitympanic  recess  increases  the  bodies 
of  the  malleus  and  incus  become  embedded  in  the  swollen 
tissue  and  the  vibration  of  these  ossicles,  as  well  as  of  the 
membrana  t3fmpani,  is  interfered  with  and  linally  pre- 
vented altogether.  With  the  further  progress  of  the  dis- 
ease the  swollen  mucous  membrane  of  the  whole  tym- 
panum and  the  pressure  of  the  exudate  on  the  windows 
of  the  labyrinth  quite  effectually  block  the  hearing.  If 
this  tension  is  not  relieved  earl}'!)}'  opening  of  the  drum- 
head, the  pressure  exerted  on  the  terminal  filaments  of 
the  auditory  nerve  will  cause  them  to  become  paralyzed, 
and  serious  impairment  of  the  function  of  hearing,  of  a 
permanent  character,  is  likely  to  result.  On  the  other 
hand,  when  relief  is  afforded  to  this  pressure  early,  the 
hearing  is  usually  entirely  restored. 

In  cases  in  which  the  nipple-like  projection  already 
mentioned  above  develops  in  the  upper  posterior  quad- 
rant of  the  drumhead,  the  hearing  is  apt  to  be  seriously 
impaired;  and  yet  it  is  found  that  when  the  persistence 
of  this  lesion  renders  opening  of  the  mastoid  process  nec- 
essary, the  hearing  becomes  quite  normal  soon  after  the 
healing  of  the  wound.  Ordinarily  the  functional  disturb-, 
ance,  like  the  physical,  increases'  up  to  the  point  of  per-' 
foration  and  then  decreases.  But,  according  to  Politzer, 
in  those  serious  scarlatinal  and  diphtheritic  forms  which 
occur  most  frequently  in  childhood,  and  in  which  the 
expansion  of  the  aud'itoiy  nerve  is  disorganized  by  a 
simultaneous  exudation  in"  this  part  of  the  ear  or  through 
immigration  of  micro  organisms,  or  in  those  cases  in 
which  the  bony  capsule  of  the  labyrinth  is  opened  by  a 
process  of  acute  bone  caries,  or,  finally,  in  cases  of  syphi- 
litic inflammation  of  these  parts  of  "the  ear,  the  power 
of  perceiving  .sound  will  completely  disappear. 

To  determine  the  exact  locarion  of  the  obstruction,  a 
vibrating  tuning-fork  (C.  r^V2  v.  s.) should  be  placed  on 
the  vertex  of  the  skull.  If  the  obstruction  is  in  the  mid- 
dle ear,  the  fork  will  be  heard  louder  on  the  affected  side ; 
but  if  the  lesion  is  in  the  labyrinth,  the  fork  will  be  heard 
better  on  the  unaffected  side. 

(>n.jECTiVE  HiG-fis.—Appeamnces  of  the  Drumhead.— 
It  is  seldom  that  the  physician  has  an  opportunity  to 
examine  an  ear  until  the  disease  is  well  under  way.  Dur- 
ing the  stage  of  congestion  the  blood-vessels  along  the 
manubrium  and  those  along  the  upper  margin  o"f  the 
drumhead  become  prominent;   and  as  the  inflammation 
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progresses  the  whole  vascular  system  of  the  membrane 
hecoraes  congested,  in  which  condition  this  membrane 
presents  to  the  eye  the  picture  of  a  network  of  fine  red 
lines,  and  the  latter  extend  over  the  adjoining  posterior 
and  upper  walls  of  the  meatus  (Fig.  11,  Plate  xxv.).  In 
severe  cases  of  inflammation,  such  as  occurs  in  scarlet 
fever,  measles,  and  intl\ienza,  the  drumhead  becomes 
bright,  livid,  or  angry  red  (Figs.  13  and  14,  Plate  xxv.). 
In  influenza  it  is  commonly  dotted  with  ecchymotic  spots! 
or  sometimes  the  posterior  half  of  the  membrane  will  be 
one  large  blood  blister.  The  most  prominent  point  of 
bulging  varies  with  the  focal  point  of  tlie  infection.  If 
it  is  in  Prussak's  space,  between  the  head  of  the  malleus 
and  the  outei'  wall  of  the  recess,  the  prominent  point  will 
be  at  Shrapnell's  membrane.  In  other  cases  the  bulging 
will  be  posterior  to  it  or  lower  down.  After  the  tympif- 
num  has  become  tilled  with  exudation,  the  whole  drum- 
head bulges,  and,  if  perforation  does  not  take  place,  the 
bulging  will  be  strongly  marked,  the  convex  portion 
sometimes  protruding  a  fourth  of  an  inch  or  more  into  the 
meatus.  After  perforation  has  taken  place  there  is  some- 
times a  prolapse  of  the  mucous  membrane  of  the  middle 
ear  which  will  protrude  into  the  meatus,  even  as  far  as 
the  concha,  as  I  have  seen  in  two  instances.  After  per- 
foration has  taken  place,  it  is  necessary,  if  we  wish  to 
see  the  parts  well,  to  cleanse  carefully  "the  meatus  and 
remove  all  the  discharge.  The  presence  of  a  small  per- 
foration— too  small  to  be  recognized  by  inspection  under 
ordinary  conditions — may  be  noted  by  tlie  pulsation  of 
the  fluid  that  may  happen  to  be  lying  upon  the  outer 
surface  of  the  membrane,  or  by  the  presence  of  air  bub- 
bles in  the  depth  of  the  canal.  In  .some  cases,  in  which 
the  Eustachian  tube  is  sufHciently  pervious,  if  the  patient 
holds  his  nose  between  the  thumb  and  linger  and  blows 
hard,  pus  may  De  seen  to  exude  through  the  perforation, 
and  frequently  also  the  perforation  whistle  may  be  heard 
under  these  circumstances. 

Cimstitutional  Duturhancen. — In  very  yovmg  children 
the  symptoms  of  ear  disease  are  very  obscure.  The  little 
patient  is  restless,  fretfid,  refuses  to  nurse,  cries  out  in 
its  sleep,  and  appears  to  be  quite  ill.  In  other  cases  there 
are  dulness  and  apathy,  and  in  still  others  there  may  be 
convidsions,  chills,  nausea,  and  vomiting.  After  five  or 
six  days  the  discharge  appears  in  the  auditory  canal,  and 
it  is  only  when  this  takes  place  and  when  simultaneously 
the  violent  symptoms  disappear,  that  the  idea  suggests 
itself  that  all  these  disturbances  Avere  due  to  acute  otitis 
media. 

Professor  Politzer  urges  that  in  all  cases  of  acute  fever- 
ish illness  in  children,  accompanied  by  brain  symptoms, 
one  should  never  omit  to  make  a  careful  examination  of 
the  ear,  in  order  to  ascertain  the  condition  of  the  drum- 
head and  whether  the  symptoms  observed  in  the  case 
originate  in  the  ear  or  iiot;  it  being  possible,  by  the  dis- 
covery of  such  an  acute  inflammation  of  the  middle  ear, 
to  prevent— through  the  adoption  of  suitable  therapeutic 
measures — the  development  of  dangerous  complications. 
An  important  clinical  symptom  of  this  disease  in  chil- 
dren, when  they  are  not  capable  of  localizing  the  pain,  is 
the  fact  that  tliey  often  keep  the  head  turned  toward  the 
affected  side  and  place  their  hand  on  the  diseased  ear. 
Posterior  torticollis  is  also  a  prominent  symptom  in  chil- 
dren. 

In  older  children  the  symptoms  are  more  definitely  ac- 
counted for.  They  complain  of  the  earache  early  in  the 
attack,  and  high  "fever,  delirium,  rapid  pulse,  heavily 
coated  tongue,  sordes  on  the  teeth  and  lips,  loss  of  appe- 
tite, and  sometimes  chills,  dizziness,  vomiting,  and  diar- 
rha?a  are  accompaniments  of  the  disease.  In  adults  the 
principal  general  disturbance  is  in  the  brain  and  nervous 
system,  being  manifested  by  excitement,  even  delirium, 
a"nd  fear  of  mania,  on  the  part  of  the  patient. 

I  recall  the  case  of  a  man,  sixty-five  years  of  age,  who 
was  a  surgical  patient  in  the  Rhode  Island  Hospital,  and 
who,  for  three  weeks  after  an  operation,  was  delirious 
during  the  night,  and  dull  and  apathetic  during  the  day. 
His  dementia  was  attributed  to  ether,  but  at  the  end  of 
three  weeks  the  nurse  discovered  a  discharge  of  pus  from 
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the  auditory  canal.  Upon  examination  of  the  ear  an  ad- 
vanced suppurative  inflammation,  with  mastoid  compli- 
cation, was  found  to  exist.  After  a  few  days  an  opera- 
lion  was  performed  on  the  mastoid,  and,  as  soon  as  the 
|iiilient  recovered  from  the  effects  of  the  ether,  his  mind 
was  fo\md  to  be  perfectly  clear,  and  it  continued  to  be  so 
from  that  time  onward.  Another  interesting  feature  of 
this  case  i.s-to  be  found  in  the  fact  that  the  time  between 
his  other  .surgical  operation  and  the  mastoid  operation 
was  a  blank  to  him ;  and  when  he  recovered  from  the 
efl'ects  of  the  ether,  after  the  latter  operation,  lie  thought 
it  was  the  first  one. 

Course  op  the  Dise.\se.— The  course  of  this  disease 
is  largely  dependent  on  the  cause,  on  the  virulence  of  the 
infection,  and  on  the  previous  physical  condition  of  the 
patient.  The  presence  of  adenoid  hyperplasia  in  the 
naso-pharynx.  of  hypertrophied  faucial  tonsils,  and  of 
purulent  inflammation  of  the  nasal  accessory  sinuses, 
tends  to  prolong  the  tiouble.  Among  the  constitutional 
distui-bances  which  are  Hable  to  protract  the  course  of 
the  disease  in  children  are  the  lymphatic  habit,  the  so- 
called  scrofulous  condition,  pneumonia,  the  exanthema- 
t(]us  diseases,  etc.  In  adults  the  same  effect  is  produced 
by  diabetes  mellitus,  Bright's  disease,  actual  tuberculosis, 
and  a  debilitated  state  of  the  system  from  overwork  or 
from  some  previous  illness.  In  any  case  it  is  the  general 
fule  for  all  the  symptoms  to  increase  in  severity  up  to 
the  time  when  perforation  of  the  drumhead  occurs,  and 
then,  in  the  most  favorable  cases,  the  inflammation  slowl}' 
subsides.  If  the  disease  is  left  to  itself  jierforation  usu- 
ally occurs  in  from  three  to  five  days,  unless  the  drum- 
head was  previously  thickened  from  catarrlial  inflamma- 
tion or  as  a  result  of  some  other  disease ;  in  which  case 
perforation  may  not  take  place  for  several  days.  I  have 
seen  one  case  in  wliich,  at  the  end  of  fifteen  days,  the  tis- 
sues of  the  drundiead  wei-e  tVnmd  to  be  like  leather  when 
the  knife  was  plunged  through  them.  In  children  and 
also  in  tho.se  eases  in  which  the  drumhead  is  thin,  per- 
foration takes  place  as  a  result  of  pressure;  in  other 
cases,  however,  the  establishment  of  an  opening  is  due  to 
gradual  erosion  and  ulceration  of  the  inner  layers  of  the 
membrane.  Tliat  pressure  contributes  to  the  "final  result 
in  these  cases  also  is  scarcely  to  be  denied.  In  all  cases 
in  which  the  drumhead  is  tough  and  resisting,  there  is 
danger  of  erosion  of  the  membranes  of  the  roimd  and 
oval  windowsand  invasion  of  the  labyrinthine  .structures 
and  of  the  brain. 

In  cases  in  which  perforation  takes  place  spontaneously 
tliere  is,  at  the  time  of  the  occurrence,  a  feeling  of  burst- 
ing followed  by  the  appearance  of  a  discharge  and  by 
more  or  less  inmiediate  relief.  In  the  most  favorable 
cases,  which  pursue  an  uncomplicated  course,  the  disease 
continues  for  from  two  to  four  weeks,  the  discharge 
gradually  diminishing  after  the  first  week  and  all  the 
distressing  symptoms  subsiding;  and  if  thcn^  has  not 
been  much  destruction  of  tissue  at  the  point  cjf  perfora- 
tion, the  drum  membrane  heals  readily  and  soon  resumes 
its  normal  condition  and  appearance.  If  the  perforation 
is  large,  sometimes  the  healing  will  be  complete  and  at 
other  times  a  permanent  opening  will  remain.  In  both 
cases  the  return  of  the  parts  to  an  entirely  quiet  condition 
may  require  weeks  or  even  months.  The  liearing  soon 
returns  to  a  normal  condition,  oftentimes  before  the  per- 
foration has  closed  and  before  the  evidences  of  disease 
have  entirely  disappeared. 

The  swelling  in  the  Eustachian  tube  slowly  subsides, 
and  frequently,  when  the  patient  blows  the  nose,  the  air 
whistles  out  through  the  perforation  in  the  drumhead, 
or,  if  that  opening  is  closed,  a  sensation  like  a  "snap  "  is 
felt  in  the  ear. 

Sequelae  and  Complications.— 11  the  disease  is  pro- 
longed in  consequence  of  any  of  the  above-mentioned 
conditions,  caries  of  the  ossicles  or  walls  of  the  tympanum 
may  result,  or  a  chronic  suppurative  otitis  media  may 
become  established  and  thus  constitute  a  constant  menace 
to  the  patient's  life.  Then,  besides,  there  is  the  hability 
to  impairment  of  the  hearing  from  adhesions  or  perma- 
nent thickening  of  the  mucous  membrane  around  theossi- 
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eles  or  oval  windoAV,  about  tlie  foot  plate  of  the  stapes. 
Loss  of  hearing  may  also  result  from  paralysis  of  some  of 
the  terminal  filaments  of  the  auditory  nerve  from  contin- 
ued pressure  and  interference  with  the  circulation.  Sub- 
jective noises  may  last  for  months  or  become  permanent. 
Finally,  I  should  add  that  facial  paralysis  is  occasionally 
a  complication  of  an  acute  purulent  inflammation  of  the 
middle  ear,  from  extension  of  the  disease  into  the  Fallo- 
pian canal  and  inflammation  of  the  facial  nerve.  Of  the 
more  serious  complications  of  the  disea.se— sinus  phlebitis, 
thrombosis  of  the  sigmoid  sinus,  extradural  abscess,  etc. 
—I  do  not  need  to  speak,  as  they  will  be  discussed  fully 
in  other  articles  of  this  series. 

Diagnosis. — It  is  often  impossible  to  make  a  differen- 
tial diagnosis,  in  tlic  early  stages  of  the  disease,  between 
acute  catarrhal  intlamniat'ion,  acute  myringitis,  and  acute 
suppurative  inflammation  of  the  middle  ear,  simply  from 
the  appearance  of  the  parts  that  can  be  seen.  In  bullous 
myringitis,  the  blister  is  sometimes  mistaken  for  a  bulg- 
ing of  the  entire  drumhead,  when,  as  a  matter  of  fact,  it 
is  only  the  outer  dermoid  layer  which  is  pushed  outward, 
the  fluid  lying  between  this  and  the  substantia  propria. 
When  such  a  blister-hke  collection  of  serous  fluid  bursts 
and  the  contents  appear  in  the  canal,  it  may  readily  be 
supposed  that  this  fluid  represents  a  discharge  from  the 
middle  ear.  But  myringitis  is  usually  of  very  short 
duration  and,  unless  caused  by  an  external  otitis,  it  soon 
subsides  after  rupture  of  the  bulla.  It  is  of  frequent  oc 
currence  in  children,  and  care  must  be  used  not  to  open 
the  tympanum  unnecessarily  and  thus  perhaps  create  a 
more  serious  form  of  disease.  In  adults  myringitis  occurs 
less  frequently  and  is  usually  caused  by  a  previously 
existing  external  otitis  or  eczema.  To  differentiate  this 
form  of  disease  from  acute  catarrhal  inflammation  is  still 
more  difficult,  for  in  children  and  in  patients  with  atro- 
phic drumheads,  perforation  may  take  place  in  the  ca- 
tarrhal form  of  inflammation ;  and  then,  on  the  other 
hand,  a  perforation  does  not  always  take  place  in  the 
purulent  variety,  and  the  disease  may  go  on  to  mastoid 
or  other  serious  complication  without  any  perforation 
occurring.  After  the  suppurative  inflammation  of  the 
middle  ear  is  further  advanced,  the  swelling  of  the  drum- 
head in  its  upper  portion,  and  especially  in  the  region  of 
Shrapnell's  membrane,  constitutes  a  distinctive  feature. 
Then  when  a  perforation  occurs  and  gives  exit  to  a  dis- 
charge which  contains  chiefly  pus,  with  more  or  less  ad- 
mixture of  blood  and  stringy  mucus,  the  nature  of  the 
disease  becomes  quite  evident. 

Bacteriological  examination  of  the  discharge,  if  made 
daily  from  the  time  when  it  first  makes  its  appearance, 
is  likely  to  afford  valuable  assistance  in  diagno.sis  and 
treatment. 

A  careful  consideration  of  the  history,  etiology,  and 
subjective  symptoms  of  the  case,  together  with  a  careful 
speculum  examination,  should  render  the  diagno.sis  a 
comparatively  easy  matter,  at  least  in  adults.  In  chil- 
dren, however,  it  is  much  more  diiticult  to  detect  the  ex- 
i.stence  of  the  disease.  Nevertheless,  the  evidence  that 
pressure  on  the  tragus  causes  pain,  and  the  character  of 
the  picture  presented  liy  the  dnmi  membrane  as  seen 
by  aid  of  the  speculum  and  reflected  light,  should  make 
the  diagnosis  plain.  Considerable  stress  has  been  laid  on 
the  diagnostic  value  of  the  presence  of  rales  which  can 
be  heard  by  means  of  the  auscultation  tube  while  the 
patient's  middle  ear  is  being  inflated  by  Politzer's  method 
or  by  the  catheter.  Aside  from  the  question  of  its  value 
as  an  aid  to  diagnosis,  I  believe  this  to  be  an  extremely 
dangerous  experiment,  inasmuch  as  a  mild  type  of  in- 
flammation may  thereby  be  converted  into  a  .serious  one, 
through  the  conveyance  of  infectious  mateiial  into  the 
tympanum  or  even  into  the  mastoid  cells. 

Finally,  the  difficulty  of  reaching  a  correct  diagnosis 
may  be  enhanced  by  the  simultaneous  presence  of  furun- 
cles and  pustular  eczema  in  the  external  auditory  canal. 
Here  again  we  must  depend,  for  reaching  a  correct  diag- 
nosis, on  the  aid  afforded  by  the  head  mirror,  the  specu- 
lum, au(l  a  good  light. 

Mastmd  Inflammation  and  Empyema.— The   most   fre- 
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quent  comphcation  of  acute  supperative  inflammation  of 
the  middle  ear  is  inflammation  of  the  mastoid  portion  of 
the  temporal  bone.  As  we  have  learned  from  the  anatomy 
of  this  region,  there  is  a  direct  communication  between 
the  epitympanic  recess  and  the  mastoid  cells,  through  the 
antrum,  and  the  mucous  membrane  passes  continuously 
from  one  region  to  the  other.  Consequently  any  inflam- 
mation that  may  be  present  in  one  cavity  may  easily  ex- 
tend into  the  other.  Thus,  when  the  mastoid  cells  be- 
come inflamed,  we  are  warranted  in  assuming  that  this 
inflammation  was  set  up  either  through  a  direct  extension 
from  the  tympanum  or  through  some  of  the  pyogenic  in- 
fective material  having  been  forced  into  them  mechani- 
cally, as  by  the  act  of  inflating  the  middle  ear  with  the 
air  bag  or  by  the  patient's  forcibly  blowing  the  nose. 
As  instances  of  direct  extension  we  may  mention  those 
cases  in  which  mastoid  disease  develops  in  the  course  of 
such  diseases  as  measles,  scarlet  fever,  etc.  During  the 
past  ten  years  influenza  has  been  responsible  for  more 
cases  of  mastoid  inflammation  than  all  other  cau.ses  com- 
bined. In  some  cases  the  mastoid  complication  follows 
the  middle-ear  inflammation  directly,  the  severe  pain  and 
other  distressing  symptoms  continuing  without  any  re- 
mission. In  other  cases  there  is  an  abatement  of  the  pain 
and  fulness  during  the  daj'time;  these  symptoms  recur- 
ring again  soon  after  midnight.  Then  again,  in  still 
other  cases,  there  seems  to  be  an  intermission  of  .several 
days  between  the  abatement  of  tlie  middle-ear  inflamma- 
tion and  the  manifestation  of  mastoid  involvement.  The 
patient  seems  to  be  convalescing,  when  suddenly  the 
pain  returns  in  the  night,  the  patient  is  restless,  and  thp 
symptoms  of  acute  inflammation  again  appear.  If  the 
ear  now  be  examined  tlie  nipple-like  projection  spoken 
of  on  a  previous  page  will  be  seen  in  the  upper  posterior 
portion  of  the  drumhead;  the  inner  end  of  the  canal  will 
appear  narrower,  with  a  little  flattening  out  of  its  poste- 
rior upper  cutaneous  wall  near  the  tympanic  margin; 
the  discharge  may  or  may  not  be  more  profuse  ;  but  if 
thetc  is  empyema  of  the  mastoid  cells  and  the  perforation 
in  the  drum  membrane  is  large  enough  for  free  drainage, 
tliere  will  be  a  profuse  discharge  of  pus — generally  of  a 
creamy  character, — sometimes  enough  completely  to  till 
the  canal  within  a  few  moments  after  its  removal. 

Sometimes  the  connection  between  the  middle-ear  in- 
flammation and  that  of  the  mastoid  is  not  so  immediate 
as  in  the  cases  just  described.  The  acute  stage  of  the 
middle-ear  disease  may  entirely  subside  and  the  perfora- 
tion in  the  drumhead  become  perfecfl\'  healed,  and  then, 
weeks  or  even  months  afterward,  the  mastoid  inflamma- 
tion will  appear;  the  only  apparent  connecting  link  be- 
tween the  original  attack  and  this  later  complication 
being  a  slight  dulness  in  the  hearing  and  a  sense  of  heav- 
iness in  the  ear,  with  occasional  headache  and  neuralgic 
pains.  In  a  recent  case  which  came  under  my  care,  there 
was  a  history  of  influenza  and  earache  in  .June,  1899,  at 
which  time  the  drum  membrane  l.iroke,  a  discharge  ap- 
peared, and  then  the  ear  in  due  time  healed  without  com- 
plication. Afterward,  however,  the  patient  had  "a  mis- 
erable-feeling head  "  and  slight  deafness,  both  of  wdiich 
symptoms  persisted  up  to  tile  time  when  she  consulted 
me,  viz.,  in  June,  ]9()().  An  examination  revealed  only 
the  picture  of  a  chronic  catarrhal  inflammation  of  the  mid- 
dle ear.  LTnder  treatment  the  ear  seemed  to  improve.  In 
the  course  of  a  few  weeks,  however,  swelling  occurred 
behind  the  ear  and  there  was  evidence  of  fluctuation.  An 
operation  revealed  the  existence  of  an  old  mastoitl  inflam- 
mation with  the  cell  structure  entirely  disorganized,  and 
its  place  occupied  by  cheesy  pus  and  pyogenic  granula- 
tion tissue. 

The  pain  of  mastoid  inflammation  in  the  acute  stage 
is,  in  its  characteristics,  very  similar  to  that  of  an  un- 
complicated acute  purulent  inflammation  of  the  middle 
ear.  In  certain  cases  it  is  referred  particularly  to  the 
teeth,  while  in  others  the  patient  complains  chiefly  of 
the  occiput  or  of  one  or  the  other  temple.  Pressure 
with  the  tip  of  the  thumb  over  the  location  of  the  an- 
trum, over  the  tip  of  the  mastoid  process,  or  over  the 
opening  of  the  mastoid  emissary  veins,  will  increase  the 
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pain.  There  are  usually  swelling,  redness,  and  axlema 
over  the  mastoid,  and  frequently  the  auricle  is  displaced 
downward  and  outward  by  these  swollen  tissues.  In 
some  cases  the  swelling  extends  over  the  whole  side  of 
the  head,  as  far  as  the  outer  angle  of  the  orbit,  to  the 
verte.v,  or  to  the  occiput.  The  swollen  parts  may  present 
the  appearance  of  a  phlegmonous  inflammation,  or  the 
amount  of  inflammation  may  be  so  slight  as  to  cause 
scarcely  any  recognizable  alteration  in  their  appearance. 
Sometimes  there  is  no  visible  external  evidence  of  mas- 
toid disease,  although  it  is  rare,  even  in  these  cases,  foi- 
tenderness  on  pressure  to  be  lacking.  If  the  outer  cortex 
of  the  bone  has  become  perforated  by  the  necrotic  process, 
the  pus  will  escape  beneath  the  periosteum  and  may  bur- 
row beneath  the  scalp  or  into  the  cellular  tissues  of  the 
neck,  causing  swelling  and  induration  in  the  upper  part 
of  the  cervical  region.  Professor  Bezold,  of  Munich,  was 
the  tirst  to  describe  a  class  of  cases  in  which  perforation 
occurred  on  the  medial  side  of  the  tip  of  the  process;  the 
pus  in  these  cases  burrowing  down  beneath  the  sterno 
cleido-mastoid  muscle.  A  characteristic,  in  this  type  of 
the  disease,  is  the  frequent  absence  of  any  swelling  over 
the  mastoid  itself;  or  if  there  is  anj'  swelling  it  is  very 
slight  in  amount.  On  the  other  hand,  just  below  the 
tip,  near  the  insertion  of  the  muscles,  there  is  likely  to  he 
some  swelling,  and  this  may  extend  downward  nearly  to 
the  clavicle.  In  children  acute  mastoid  disease  frequently 
follows  in  the  wake  of  scarlet  fever,  or  in  connection 
with  a  prolonged  middle-ear  inflammation,  the  outcome 
of  adenoids  in  the  vault  of  the  pliarynx  or  of  a  lymphatic 
tendency.  The  mastoid  cells  are  not  de\' eloped  in  early 
childhood;  there  being,  as  a  rule,  only  one  cavity  con- 
tinuous with  the  antrum,  and  the  walls  of  this  cavity 
being  very  thin.  In  consequence  of  these  anatomical 
conditions  perforation  of  the  external  bony  wall  takes 
place  very  readily,  and  there  results  a  post-auricular  ab- 
scess. Furthermore,  as  the  inner  cortex  of  the  bone  is 
correspondingly  as  thin,  the  pus  is  just  as  liable  to  break 
through  into  tlie  cranium  as  it  is  toward  the  outside. 

Prognosis. — When  the  disease  pursues  a  simple  un- 
comphcated  course,  and  the  general  constitutional  condi- 
tion and  surroundings  of  the  patient  are  conducive  to 
recovery,  the  prognosis — when  proper  care  and  treat- 
ment are  employed — may  be  considered  favorable.  On 
the  other  hand,  it  is  unfavorable  in  diabetes,  tuberculosis, 
and  syphilis,  and  m  cachectic  individuals.  The  outlook 
should  be  stated  in  guarded  terms  in  cases  which  have 
originated  in  influenza,  scarlet  fever,  diphtheria,  and 
measles;  and  the  same  cautiousness  is  called  for  when 
adenoids  are  present  at  the  same  time.  The  removal  of 
the  latter  will  render  the  prognosis  materially  more  favor- 
able. If  unfavorable  complications  arise,  the  prognosis, 
both  as  to  function  and  as  to  life,  must  be  modified.  In 
the  case  of  mastoid  inflammation  the  prognosis  should  be 
especially  guarded,  as  the  danger  of  systemic  infection 
pyaimia,  thrombosis,  phlebitis,  and  abscess  of  the  sigmoid 
sinus  is  greater  in  mastoid  inflammation  and  suppuration 
than  in  simple  uncomplicated  inflammation  of  the  middle 
ear. 

Treatment.— The  treatment  naturally  falls  into  two 
divisions  as  regards  time:  (a)  before  perforation ;  (h)  after 
perforation.  If  the  case  is  seen  early,  much  can  be  done 
to  cut  short  the  inflammation,  but  after  it  has  once  he- 
come  established  it  runs  a  definite  course.  We  do  not  al- 
ways know  exactly,  within  the  first  twenty-four  hours  ot 
the  disease,  whether  w-e  are  dealing  with  the  acute  catar- 
rhal or  the  acute  suppurative  form  of  inflammation ;  and 
it  does  not  matter  much,  as  regards  treatment,  whether  we 
are  able  to  make  this  distinction  or  not,  for  both  tornis 
call,  at  this  stage,  for  the  same  measures.  If  the  case  is 
seen  within  the  first  twenty-four  hours  from  the  very 
onset  of  the  disease,  diaphoresis,  by  means  of  a  dose 
(adapted  to  the  age  of  the  patient)  of  pilocarpine,  or  of 
Dover's  powder,  or  of  a  hot  lemonade,  together  with 
local  applications  of  dry  heat,  with  douching  of  the  ear 
with  water  as  hot  as  can  be  borne,  will  frequently  lessen 
the  severity  of  the  attack.  Dry  heat  may  be  applied^by 
means  of  an  ordinary  rubber  hot-water  bottle,  or 


salt  bag  may  be  made  to  fit  around  the  ear,  the  auricle 
being  left  free  from  tlic  pressure  of  the  bag.  In  the  lat- 
ter ease  a  hot  towel  or  piece  of  flannel  should  be  placed 
over  the  auricle.  A  bag  filled  with  hot  bran  or  hops  is 
preferred  by  some.  It  is  not  a  matter  of  any  special  im- 
portance which  of  these  various  contrivances  is  selected, 
so  long  as  enduring  heat  is  secured.  Tlie  rubber  bag 
shown  in  the  accompanying  illustration  (Fig.  1692)  will 


a  hot 


Fig  1692.— Rubber  Bag  Devt'ied  by  Dr.  SpraRue  lor  Use  with  Either 
Hot  Water  or  Cracked  Ice  in  the  Treatment  of  Acute  Inflammations 
o£  the  Middle  Ear.     (Hall  natural  size.) 

be  found  extremely  useful  in  the  treatment  of  this  class 
of  cases,  as  it  can  be  used  with  either  hot  water  or  ice,  as 
one  prefers.     Poultices  should  never  be  used  unless  their 
action  can  be  closely  watched,  and,  in  view  of  the  danger 
of  macerating  the  soft  tissues  about  the  ear  and  of  the 
auricle  itself,  their  long-continued  use  should  be  avoided. 
The  parts  should  be  kept  as  dry  as  possible,  and  after 
douching  care  should  be  used  in  drying  the  canal  with 
absorbent  cotton.     The  patient  must  be  kept  in  a  rooni 
of  equable   temperature  — say  about   70°  F.— day  and 
night      It  is  surprising  how  slight  changes  in  tempera- 
ture, or  a  draught  of  air,  can  excite  tlie  inflammatory 
condition,  influencing  it  unfavorably.     In  the  case  of  an 
adult  it  is  not  necessary  to  keep  the  patient  in  bed  after 
the  efl:'eets  of  the  sweating  have  subsided.     In  the  case  of 
a  child   however,  it  will  be  advisa))le  to  keep  the  patient 
in  bed  for  a  few  days.     During  this  stage  inflation  of  the 
middle  ear  by  Pohtzer's  method  is  recommended  by  some 
as  a  means  of  relieving  the  pain.     After  the  first  twenty- 
four  hours,  however,  this  procedure  is  not  only  ot  no 
avail  but  it  sometimes  actually  increases  the  pain,  and 
at  the  same  time  may  serve  as  a  means  of  transporting 
infectious  material  into  the  middle  ear,  and  thus  may 
convert  a  simple  inflammation  into  a  purulent  one.  ^  An- 
alo-esics  may  be  used  during  this  stage  for  the  relief  of 
pain   but  tlieir  use  should  not  be  continued,  as  they  will 
mask  important  symptoms,  and  one  can  never  be  sure  of 
the  course  the  disease  is  pursuing  while  the  patient  s 
perceptive  powers  are  thus  being  blunted  by  drugs.     It 
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the  measures  already  described  do  not  afford  relief  in  the 
course  of  a  few  hours  local  blood-letting  maj-  be  resorted 
to  by  means  of  an  artificial  or  a  natural  leech,  to  be  placed 
over  the  tragus  or  at  the  opening  of  the  auditory  canal. 
The  use  of  sweet  oil  and  of  other  greasy  sub.stances 
should  never  be  allowed,  as  they  do  no  good  and  may 
possibly  do  some  harm.  Laudanum,  atropine,  morphine, 
and  cocaine  have  been  highly  recommended  by  some  for 
instillation  into  the  ear  for  the  relief  of  pain.  Recent  ex- 
periments, however,  have  shown  that  a  concentrated  so- 
lution of  cocaine,  allowed  to  remain  in  the  canal  in  such 
a  manner  as  to  cover  the  drumhead,  had  no  ana'stlietic 
effect  whatever  on  the  parts.  It  is  a  question  wliether  it 
is  not  the  heat  of  the  solutions  used,  rather  than  the  ther- 
apeutic value  of  the  drugs  which  they  contain,  which 
affords  the  relief  that  is  sometimes  obtained.  If  deple 
tion  and  the  means  enumerated  do  not  afford  jirompt 
relief,  and  if  the  drumhead  is  .seen  to  be  bulging  and 
infiltrated,  an  incision  should  be  made  at  once  through 
the  tense  tissues.  A  simple  paracentesis  or  linear  punc- 
ture, which  may  answer  in  the  milder  forms,  docs  not 
always  suffice  in  these  cases,  especially  if  the  membrane 
is  much  swollen.  The  point  of  the  knife  should  be  made 
to  enter  at  the  upper  postei'ior  portion  of  the  membrane, 
in  the  part  which  bulges  most  prominently,  and,  after 
penetrating  as  far  as  possible  into  the  deep  connective 
tissue,  it  should  be  carried  far  downward  in  a  slightly 
curving  direction.  The  utmost  care  should  be  exercised 
not  to  injure  the  ossicles.  Before  an  incision  is  made  the 
canal  must  be  rendered  as  thoroughly  aseptic  as  possible 
by  first  syringing  with  bichloride  of  mercury  solution  (1 
to  3, 000) and  then  swabbing  firewalls Avith  alcohol.  The 
surgeon's  hands  and  instruments  should  be  sterilized  and 
every  known  antiseptic  ju-ecaution  should  be  used.  After 
the  incision  has  been  made  the  ear  should  be  cleansed  of 
the  discbarge  by  the  surgeon  with  sterilized  cotton.  The 
method  employed  by  the  author  is  to  twist  cotton  on  a 
holder,  then  to  pass  it  through  a  flame  before  putting  it 
into  the  canal.  This  is  done  at  each  visit,  pains  being 
taken  to  cleanse  the  ear  very  thoroughly.  Between  visits 
the  nurse  is  instructed  to  renew  tlie  cotton  in  the  ear  as 
fast  as  it  becomes  wet  through,  each  piece  of  cotton  being 
liandled  with  forceps  and  passed  through  a  flame  before 
it  is  placed  in  the  meatus.  In  this  way,  so  far  as  in  the 
surgeon's  power  lies,  cverj'  chance  for  infection  from 
handling  is  removed.  The  ear  is  never  syringed  unless 
the  discharge  becomes  decidedly  purulent.  Placing  the 
patient  in  favorable  surroundings,  using  whatever  cf)n- 
stitutional  treatment  may  seem  to  be  indicated,  and  car 
ing  for  the  ear  in  some  such  way  as  has  just  been  de- 
scribed, establishes  those  conditions  in  which  the  disease 
is  most  likely  to  pursue  an  uncomplicated  course.  When 
the  discharge  becomes  distinctly  pin-uleut  and  profuse  it 
must  be  removed  from  the  canal  as  often  as  it  may  seem 
best  in  any  individual  case — i.e..  from  say  three  times  a 
day  to  as  often  as  every  hour  or  iwa.  The  best  mannei- 
of  removing  it  is  by  gentle  syringing,  using  warm  water 
with  sodium  bicarbonate  (a  four-per  cent,  solution),  or  a 
saturated  solution  of  boric  acid,  or  a  bichloride  solution 
(1  to  5,000).  The  sodium  bicarbonate  solution  is  the  best, 
as  it  dissolves  the  mucus  or  renders  it  less  adhesive,  and 
at  the  same  time  is  harmless.  The  bichloride  solution 
should  never  be  used  in  children  on  account  of  the  danger 
of  its  passing  through  the  Eustachian  tube  and  being 
swallowed. 

Solutions  used  ''n  .syringing  the  ear  mu.st  always  be 
warm  and  non-irritating,  especially  after  the  perforation 
has  taken  place.  During  the  acute  stage,  previous  to 
the  establishment  of  a  peiforation,  they  should  Ik;  used 
as  hot  as  possible— the  l](jtter  the  better.  In  some  influ- 
enza cases,  however,  when  there  are  numerous  blood 
blisters  on  the  drumhead  and  neighboring  parts  of  the 
eanal,  the  heat  increases  the  pain.  In  such  ca.ses  it  is 
well  to  omit  the  douching  and  to  apply  ice  over  the  mas- 
toid, as  cold  affords  greater  relief. 

After  the  disoharge  has  ceased  and  convalescence  is 
fully  established,  there  is  little  to  be  done  aside  from  the 
.general  care  of  the  patient.     But  if  the  subacute  stage  is 


prolonged,  some  after-treatment  of  the  middle  ear,  by 
inflations  or  by  applications  to  the  Eu.stachian  tubes,  may 
be  necessary  until  the  drumhead  shall  have  resumed  its 
normal  position.  These  simple  measures  will  generally 
be  all  that  is  necessary.  There  is  danger  of  doing  too 
much  as  well  as  too  little.  There  is  no  condition  that 
needs  to  be  more  carefully  watched,  both  as  regards  the 
external  parts  and  especially  as  regards  the  deeper  por- 
tions of  the  canal  and  the  drum  membrane.  At  every 
visit  careful  inspection  of  these  parts  must  be  made,  or 
an  intelli,geut  understanding  of  the  case  cannot  be  had. 

Treatment  of  local  conditions  in  the  nose  and  throat  is 
frequently  necessary.  When  adenoid  hyperplasia  is  pres- 
ent in  the  naso-pharynx  the  redundant  gland  tissue  must 
tie  removed,  as  the  ear  disease  cannot  be  permanently 
cured  if  it  is  permitted  to  remain.  On  the  other  hand,  I 
have  seen  acute  purulent  middle-ear  disease  complicated 
ivith  niastoid  inflammation  rapidly  recover  after  opera- 
tion for  removal  of  adenoids. 

After  the  period  of  active  inflammation  has  passed  the 
ear  is  apt  to  be  extremely  sensitive,  and  the  patient 
sliould  exercise  the  utmost  care  to  avoid  a  recurrence  of 
the  disea.se,  as  relapses  are  frequent.  And  besides,  in 
this  disease  a  recurrence  is  especiall}'  apt  to  lead  to  seri- 
ous consequences.  A  fresh  cold,  or  a  chilling  of  the 
body,  during  the  active  progress  of  the  disease,  is  almost 
certain  to  develop  disastrous  consequences. 

Sometimes  the  ])erforation  closes  before  the  discharge 
has  ceased,  thus  necessitating  reopening  of  the  mem- 
brane. This  procedure  is  frequentlv  necessary  when  the 
disease  has  extended  into  the  mastoid  cells.  "The  mastoid 
region  should  be  constantly  watched  and  tested  by  press- 
ure over  the  antrum  and  tip,  at  each  visit:  and  if  there 
is  the  least  sign  of  tenderness,  after  free  opening  of  the 
tympanum,  ice  or  heat  should  be  applied.  Cold  applica- 
tions are  usually  the  most  comfortable  to  the  patient,  but 
occasionally  dr\-  heat  is  better  borne.  If  ice  is  used  it 
can  be  apphed  by  mean.s  of  either  the  Leiter  cooling  ap- 
paratus (Fig.  1693)  or  the  rubber  bag  devised  bv  the  au- 
thor (Fig.  1692).  This  bag  is  to  be'filled  with  cracked 
ice  every  hour.  It  is  securel}'  closed  by  a  metal  clamp 
on  the  rim  near  the  top.  It  is  applied  with  the  wide  part 
over  the  mastoid,  the  clamped  end  uppermost,  and  the 
auricle  protruding  through  the  opening.  It  is  held  se- 
curely in  place  by 
tapes  attached  in  the 
eyelets,  and  can  ha 
worn  by  the  patient 
in  either  the  upright 
or  the  recumbent 
posture.  A  piece  of 
gauze  o  r  m  u  s  1  i  u 
over  the  surface  next 
flu;  skin  will  ab.sorl) 
the  moisture  which 
gathers  on  the  sur- 
face and  thus  prevent 
wetting  the  skin. 

Local  blooil-let- 
ting,  in  combination 
Avith  the  apjilication 
of  heat  cir  cold,  is 
very  vahuible.  The 
leeches  should  be  ap- 
])lied,  one  over  the 
antrum  and  another 
over  the  tip.  Usually 
the  patient  is  then 
advised  to  go  to  bed, 
and  for  some  reasons 
this  is  a  good  step 
for  him  to  take;  but 
the  most  important 
tiling  for  him  is  to 
choose  such  a  position  of  the  head  and  body  as  will  best 
conduce  to  good  diainage  of  the  ear  and  to  relief  of  the 
congestion.  The  ujiright  position,  or  one  approximating 
to  this,  will  be  found  to  fulfil  these  conditions  very  closely. 


■Fig.  1693.— Tlie  Leiter  Coolinff  Apparatus, 
wlilcli  affords  a  eontinuous  flow  of  Ice 
water  tlirough  tbe  coil. 
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The  use  of  ice  applications  should  not  be  kept  up  lono-er 
than  for  from  three  to  live  days,  and  they  should  be  set 
aside  just  as  soon  as  it  becomes  reasonably  clear  that  the 
inflammation  has  abated;  for  while  the  ice  undoubtedly 
reduces  tlie  congestion  and  consequently  the  pain  and 
tenderness,  yet  it  is  possible  for  serious  disease  to  he 
going  on  within  the  bone  even  when  these  symptoms  are 
absent.  At  the  end  of  two  or  three  days  the  ice  should 
be  omitted  for  a  few  hours,  and  if  the  pain  then  returns 
it  may  be  assumed  that  the  disease  in  tlie  bone  is  proba- 
bly fully  established,  and  operative  interference  should 
no  longer  be  delayed.  Frank  B.  Sjmigve. 

EAR  DISEASES:  AFFECTIONS  OF  THE  AUDI- 
TORY NERVE.— The  study  of  tlie  pathological  processes 
involving  the  perceptive  auditory  mechanism  is  one  at- 
tended by  exceedingly  great  difficulties.  Thanks,  how- 
ever, to  the  work  of  a  constantly  growing  number  of  in- 
defatigable workers,  the  mists  which  fonnerly  obscured 
our  vision  of  this  region  are  gradually  being'di.ssolved, 
and  we  are  seemingly  warranted  in  hoping'tbat  in  the 
near  future  we  shall  be  in  position  to  remove  many  of 
the  affections  of  the  auditory  perceiving  apparatus  from 
the  gloom  of  ignorance  to  the  light  of  scientitic  knowl- 
edge, and  the  treatment  of  such  conditions  from  an  al- 
most helpless  empirici.sm  to  a  position  among  the  tri- 
umphal achievements  in  aural  science.  There  will  still 
remain  many  processes  before  which  we  shall  continue 
to  be  helpless  unless,  happily,  work  along  the  line  of 
prophylaxis  may  be  productive  of  beneticent  results.  It 
is  to  be  hoped  that  such  shall  prove  to  be  tlie  case. 
When  one  thinks  that,  until  of  late,  fourteen  per  cent,  of 
all  aural  cases  were  practically  condemned  to  neglect  and 
hopelessness,  the  incentive  to  renewed  and  tireless  study 
of  the  diseases  affecting  this  region  is  brought  home  to 
every  ambitious  and  conscientious  practitioner  of  aural 
surgery.  For  it  is  demonstrably  true  that  in  nearly  four- 
teen per  cent,  of  all  aural  cases  the  sound-perceiving  ap- 
paratus is  more  or  less  deranged,  either  alone  or  as  a 
complication.  About  ten  per  cent,  of  this  number  occur 
among  children,  and  ninety  per  cent,  among  adults;  the 
larger  percentage  of  adults  being  due  to  the  frequency  of 
disturbances  in  the  middle  and  internal  ears  combined. 
Uncomplicated  disease  of  the  internal  ear  is  more  common 
at  the  two  extremes  of  life. 

Congenital  developmentof  the  parts  specialized  forthe 
perception  of  sound  is  subject  to  variations  from  the  nor- 
mal. Thus,  the  labyrinth  or  the  auditory  nerve  may  be 
completely  absent ;  such  cases  have  been  reported.  Or, 
without  going  so  far,  there  may  occur  an  arrest  in  devel- 
opment, which  most  frequently  affects  that  portion  of 
the  labyrinth  called  the  cochlea.  This  arrest  in  develop- 
ment may  involve  botli  the  osseous  and  the  membranous 
labyrinth,    or   the  latter  alone.     Fortunately,   however. 


such  congenital  malformations  are  of  rare  occurrence. 
They  are  usually  bilateral  and  of  much  the  same  degree 
on  both  .sides.     They  may  or  may  not  be  associated  with 
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Fig.  1695.— Section  of  the  Bony  and  Membranous  Portions  of  the 
Semicircular  Canal.  (Alter  Pulitzer.)  It,  Bony  wall  of  semicircular 
canal ;  m,  spot  where  the  membranous  canal  is  attached  to  the  bone; 
z,  mound-like  irregularities  ol  the  inner  surface  ot  the  membranous 
semicircular  canal ;  a,  vascular  bands  of  connective  tissue. 

similar  changes  in  the  .sound-conducting  apparatus.  The 
hearing  abihty  may  be  very  little,  if  at  all.  impaired  in 
those  cases  in  which  the  defects  are  unimportant,  but  the 
more  marked  the  defects  the  greater  becomes  the  defi- 
ciency in  bearing,  even  up  to  the  total  abolishment  of 
the  function. 

Acipiircd  nervous  deafness,  if  occurring  in  childhood, 
is  usually  unilateral,  and  probably  is  caused,  in  most 
cases,  by  overlooked  infectious  diseases,  especially 
mumps,  injuries  to  the  skull,  and  hereditary  syphilis; 
the  last  form,  however,  as  a  rule,  is  bilateral. 

In  taking  up  the  pathology  of  this  region,  it  is  well 
to  bring  to  the  mind  of  the  reader  the  difficulties  which 
surround  the  investigator:  the  delicacy  of  the  parts,  the 
scarcity  of  material,  and  the  amount  of  time  and  patience 
involved  in  the  investigati(m.  That  so  much  is  known 
is  a  matter  for  congratula- 
tion, and  our  thanks  are  prin- 
cipally due  to  such  men  as 
Politzer,  Moos,  Steinbruegge, 
Habermann,  H.  Knapp, 
Schwabach,  Scheibe,  J.  Ornc 
Green,  Gradenigo,  and  Be- 
zold. 

First,  there  ai-e  disturb- 
ances in  the  blood-vascular 
supply  of  the  parts.  Thus, 
an  oligsniic  or  ansBmic  or 
hypera-mic  condition  may 
exist  with  little  or  no  altera- 
tion in  the  anatomical  struc- 
tures. Degenerative  changes 
have,  however,  been  attrib- 
uted to  prolonged  antemia  or 


riG.  1694.— Radial  Vertical  Section  of  the  Papilla  Acustica  Basilaris  or  Cortl's  Organ,  from  the  Middle 
Whorl  of  the  Cochlea  of  a  Man  Twentv-nlne  Tears  of  Age.  (After  Retzius.)  es,  Limbus  lamina; 
spiralis;  mc.  membrana  tectoria  or  membrane  ot  Corti ;  Hb,  Hensen's  band  ;  mf,  fibres  which  attach 
the  membrane  of  Corti  to  the  basilar  membrane ;   ,st,  sulcus  spiralis  internus ;   siz,  epithelium  ol  the 

sulcus  spiralis  internus ;  is,  inner  epithelial  or  supporting  cells ;  ic,  inner  pillars,  the  heads  of  which  oligsemia,  and  it  is  certainly 
articulate  with  those  of  the  outer  pillars;  t,  the  tunnel-shaped  space  under  the  arch  formed  by  the  [yf^^  ^jj^j  hvoeramia  if  lone 
junction  of  the  inner  and  outer  pillars;  t/i,  inner  hair  or  ciliated  cells;  ah',  ah^,  a)i^,  c/h'',  lour  rows  ,.  .1  '  • 
of  outer  hairor  ciliated  cells;  fte,  Deiters  cells,  intercalated  between  the  outer  hair  cells ;  t/s,  Hensen's  continued,  may  cause  in- 
supporting  cells ;  rb,  nerve  fibres  of  the  Ranulus  basilaris;  n',  «" — ?i«,  outer  twigs  or  the  spiral  creased  pigmentary  deposits 
nerve  fibres;  »f,  radial  nerve  twigs  which  cross  the  tunnel-like  spae^ ;  at,  inner  portion  ot  Nuel's  /„  ^loderate  auantitv  not  be- 
space;  mb,  upper  layer  of  the  membrana  basilaris ;  mh',  lower  layer  ot  the  membrana  basilaris;  (b,  >  onuolrlororl  nhn/^r  on 
tympanal  coating  of  the  membrana  basilaris ;  !i,s,  ligamentum  spirale.  ^^S      consiaereu     aonormai;, 
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calcareous  deposits,  hypertropliy  of  the  membranous 
labyriuth,  dilatation  of  the  vascular  structures,  or  serous 
saturation,    Hy  penemia  of  great  intensity  may  cause  rup- 

l 


Fig.  1698.— Section  of  the  Canal  of  Rosenthal  and  ..(  the  Ganglion 
Spirale.  (After  Politzer.)  g.  Ganglion  cells  of  the  ganglion  spirale 
packed  In  the  canal  of  Rosenthal;  ii,  n',  »",  three  separate  nerve 
bundles  of  the  cochlear  branch  of  the  auditory  nerve  entering  the 
ganglion  spirale  ;  JV,  bundle  o(  nerve  fllaments  emerging  from  the 
upper  pole  ol  the  ganglion  spirale ;  (,  entrance  of  this  liundle  into 
the  lamina  spiralis  ossea. 

ture  of  the  %'ascular  %\'alls  witii  consecutive  hemorrhage. 
Such  hemorrhages  may  occur  in  auy  portion  of  the  laby- 
rinlb,  with  or  without  any  pre-e.xistiug  hyperemia.  Hem- 
orrhagic extravasations,  so  formed,  may  either  be  com- 
pletely absorbed,  or  become  organized,  or  undergo  tibrous 
or  calcareous  degeneration ;  may  cause  atrophy  and  de- 
generation of  the  epithelium,  connective  tissue,  and  nerve 
elements,  with  an  abundant  formation  of  granular  cells, 
hyaline  coi-puscles,  and  pigmentary  deposits;  or  may  in- 
duce ii)tlammatoi-y  changes  terminating  in  sujipuration. 
Under  certain  conditions,  emljoji  may  lodge  in  the  laby- 
rinth or  infectious  thrombi  ma}-  form. 

The  inflammatory  piocesses  tliat  invade  tlie  labyrinth 
the  writer  has  classified  as  hyperplastic  (labyrinthitis  hy- 
perplastica)  and  exudative  (labyrinthitis  exudativa).  In 
the  former  we  may  have  hypertrophy  of  tlie  auditory 
nerve  stem,  due  to  infiltration  and  proliferation  of  the 
neurilemma;  deposits  of  calcareous  salts  or  of  amyloid 
bodies  in  and  about  the  nerve ;  liy  perostosis  of  the  petrous 
bone  narrowing  tlie  labyrinthine  cavities;  thickening  of 
the  periosteum;  increased  quantity  of  the  perilymph 
and  endolyraph;  infiltration  with  small  cells  and  hyper- 
plasia of  the  connective  tissue  between  tlie  nienibranous 
and  the  osseous  labyrinth;  a  similar  condition  affecting 
the  meiubranous  labyrinth;  development  of  osseous  tis- 
sue from  chronic  inflammation  of  the  labyrinthine  perios- 
teum; excessive  epithelial  growthon  the  mner  side  of  the 
membranous  labyiinth  in  chronic  inflammation;  chronic 
endarteritis;  depositions  of  concretions  of  phosphate  of 
lime  and  of  cor|iora  amylacea  within  the  labyrinth. 

In  the  exudative  form  of  inflammation  we  have  intense 
liypei-femia  which  may  produce  a  sei'ous  saturation  of  the 
■structures  of  the  labyrinth;  an  infiltration  wilh  small 
lymphoid  cells  or  round  cells;  a  hemorrhagic  exudation, 
as  from  a  pachymeningitis  hamorrhagiea ;  a  purulent 
inflammation,  due  either  to  the  direct  propagation  of  pus 
from  neighboring  structures,  or  by  way  of  the  blood- 
vessels, or  by  the  lymph  spaces,  or  by  dehiscences  in  the 
bony  wall  between  the  superior  semicircular  canal  and 
the  cerebral  cavity,  or  to  infection  by  the  immigration  of 
micro-organisms.  ^ 
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These  inflammatory  processes  produce  various  altera- 
tions of  the  anatomical  elements  of  the  labyrinth ;  fatty 
degeneration  of  the  endothelium  of  the  blood-vessels,  de- 
pendent upon  an  invasion  of  micro-organisms  and  caus- 
ing coagulation  and  thrombosis  and  colloid  degeneration 
of  the  labyrinthine  tissues;  injury  of  the  acoustic  nerve 
apparatus  by  hemorrhages  or  mycotic  degeneration — the 
axis  cylinders  resisting  longest;  stasis  and  thrombosis  of 
the  periosteal  blood-ve.ssels;  rapid  destruction  of  the  con 
neetive-tissue  elements;   and  destruction  of  the  osseous 
tissue  through  entrance  of  the  micro-organisms  into  the 
periosteum,  the  bone  corpuscles,  and  the  blood-vessels  of 
the  Haversian  canals.     In  addition,  the  poisonous  prod- 
ucts of  metabolism,  tlio  toxalbuinins,  probably  play  an 
important   part.      Tlie   micro-organi.sms   (.streptococcus, 
staphylococcus,    and    Fraenkel's   diplococcus    of   pneu- 
monia) gain  entrance  tfi  the  labyrinth  tlirough  the  aque- 
ducts, the  periosteal   blood-vessels,  and,  probabl}',  also 
along  the  sheath  of  the  auditory  nerve,  as  does  the  pus. 
In  the  lieginning,  the  [lei-ilymphatic  cavity  is  almost  ex- 
clusively the  seat  of  the  disease,  which  later  extends  to 
the  endol3'm]ihatic  cavity.     The  micro-organisms  seem 
to  collect  and  to  develop  their  greatest  working  power 
in  the  most  dependent  jiarls  of  the  labyrinth.     The  in- 
ferior portions  of  the  cochlea  are,  therefore,  most  affected. 
Steinbruegge,  however,  thinks  the  proneness  of  the  dis- 
ease to  localize  itself  in  this  region  is  rather  due  to  the 
propagation  of  tlie  afl'ecti<jn  from  the  cranial  cavity. 

As  a  result  of  the  inflammation  of  the  labyrinth,  the 
nvr\e  fibres,  cells,  anil  ganglia  are  destroyed  or  atrophied 
througli  pressure,  their  place  being  taken  bv  newly 
formed  connective  tissue,  or  left  vacant,  thus  fomiing  a 
system  of  lacunse  corresponding  in  arrangement  to  the 
normal  nerve  distribution  of  the  part;  the  membranous 
labyrinth  may  be  totally  destroyed,  likewise  the  structures 
of  the  labyrinthine  windows,  with  displacement  of  the 
stapes;  coagulation  necrosis  of  the  labyrinthine  ligaments 
may  be  produced,  with  consequent  collapse  of  the  mem- 
branous semicircular  canals ;  the  osseous  capsule  may  be 
more  or  less  destroyed.     If  the  qtiantitv  or  virulence  of 


Fill.  1697.-Sectlon  Showing  Atrophy  and  Disorganization  of  the 
Nervous  Elements  in  the  Canal  of  Rosenthal.  (After  Pomzer)  a 
SostnthL"'""*''"""  ^■'"'  '°  "^^""'^^"f  disorganization  fiJ^'canalot 

the  infection  be  great,  there  may  be  absence  of  all  ten- 
dency to  reactive  inflammation  and  to  the  production  of 
new  tissue. 

^  Should  reactive  inflammation  be  established,  it  results 
in  the  production  of  newly  formed  granulation,  connec- 
tive, fibrous,  or  osseous  tissue;  these  new  formarions  at 
times  going  so  far  as  to  produce  complete  obliteration  of 
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liie  labyrinthine  cavities,  of  the  foramina  cribrosa,  of  the 
aqueducts,  and  of  the  oval  and  round  windows.  Ossifi- 
cation proceeds  from  the  r<!innanls  of  periosteum  and 
from  the  newly  formed  connective  and  fibrous  tissues. 


FiG.  1608.— Horizontal  Section  of  a  Coclileal  Wliorl,  Showing  the  Results  of  Inflammatorv 
Action.  (Alter  Politzer.)  o,  Cavity  ol  cocblea  completely  tilled  with  newly  lormed  bone 
tissue ;  c,  bundle  of  nerve  fllaments  belonging  to  cocbleal  branch  ot  auditory  nerve  ;  r, 
vestibule ;  b,  entire  absence  of  sendcircular  canals. 


Among  the  patliological  alterations  of  the  acoustic 
nerve  apparatus  we  will  first  take  up  changes  in  the  stem 
of  the  auditory  nerve.  These  may  consist  of  the  follow- 
ing :  hyperiemia  and  ecoliymosis ;  deposition  of  corpora 
amylacea  or  of  concretions  of  phosphate  of  lime ;  fatty 
ilegeueration ;  gray  degenei'ation ;  atrophy ;  leuka;mic 
.small-celled  infiltration ;  purulent  infiltration ;  embed- 
ding of  the  nerve  in  meningeal  exudation.  Tumors, 
principally  sarcoma,  fibroma,  and  so-called  neuroma,  may 
invade  the  internal  auditory  canal,  exerting  pressure, 
with  consecutive  atrophy,  or  even  solution  pf  continuitj'. 
The  auditory  nerve  is  more  fi'equentl}'  the  seat  of  mor- 
bid growths  than  is  any  tither  cerebral  nerve.  The 
changes  most  likelj'  to  occur  in  the  region  of  the  acous- 
tic nerve  origin  in  the  medulla  are  due  to  thickening  and 
purulent  intlainmation  of  the  epend^'ma  of  the  fotirth 
ventricle  and  softening  of  the  floor;  effusion  into  the 
fourth  ventricle,  serous,  aqueous,  sero-purulent,  or  puru- 
lent, tumors  in  or  about  the  fourth  ventricle.  Disease 
of  the  first  and  second  convolutions  of  the  left  temporal 
lobe  also  interferes  with  audition,  the  coi'tical  centre  for 
hearing  probably  being  located  in  this  region.  Of  course, 
any  pathological  condition  tilong  the  course  of  the  cere- 
bral acoustic  nerve  fibi-es  also  induces  disturbances  of 
function.  Increased  infracianial  i)re.ssiue  may  cause 
secondarily  increased  labyrinthine  pressure  with  depres- 
sion of  Reissner's  membi-ane  and  bulging  outward  of  the 
membrane  of  the  round  window.  Many  cases,  however, 
of  increased  intraci'anial  pressure,  as  in  chronic  hydro- 
cephalus, show  no  such  change  in  labyrinthine  pressure 
nor  aujf  impairment  of  the  function  of  hearing. 

The  sound-perceiving  apparatus  is  especially  liable  to 
be  influenced  by  disturbances  in  the  equilibrium  of  the 
.system  in  general.  Thus  anaemia  or  oligemia  of  the 
labyrinth  occurs  in  connection  with  general  ana?niia,  with 
continued  fevers,  with  gestation  and  parturition,  with 
aneurism  of  the  basilar  and  atheroma  of  the  internal  au- 
ditory artery,  with  changes  in  the  middle  ear  exerting 
pressure  upon  the  labyrinthine  structures  through  the 
round  and  oval  windows. 

Hyperasmia  of  the  labyrinth  occurs  in  all  conditions 
producing  congestion  of  the  head:  in  conditions  exerting 
pressure  upon  the  venous  channels  of  the  brain  (causing 
therefore  obstruction  to  the  return  flow  of  blood  from 


the  ear),  upon  the  ves.sels  of  thi:  internal  auditoiy  canal, 
or  upon  the  large  veins  of  the  neck;  in  distui'bances  of 
the  circulation  originating  in  the  heart,  lungs,  or  kidneys ; 
in  pi-olonged  exposure  to  sliarp  sounds;  and,  finallj',  in 
the  gouty  or  rheumatic  diathesis. 
In  the  matter  of  the  influence  of 
prolonged  exposure  to  occupation 
noises,  as  in  the  various  ti'ades,  upon 
the  labyrinthine  structures,  Cocj.se- 
man,  at  the  sixth  International  Oto- 
logical  Congress,  presented  tljc  fol- 
lowing conclusions  as  a  result  of 
his  investigations:  "All  noisy  trades 
ai'c  not  necessiti'ily  injurious  to  the 
healing.  In  order  tliat  they  .shoukl 
be  injurious  tbe  following  condi- 
tions are  necessary:  1.  That  the 
workmen  should  be  predisposed  to 
affections  of  the  ear  by  the  exist- 
ence of  lesions  of  the  nose  or 
piiarynx,  or  else  by  inveterate  ad- 
tiiction  to  alcohol  or  tobacco.  3. 
Tliat  the  noise  should  be  intermit- 
tent. 3.  That  it  shoidd  be  of  a 
comparatively  high-pitched  tone,  " 
That  such  drugs  as  salicj'lic  acid 
and  quinine  do  have  an  effect 
upon  labyrinthine  conditions  is  well 
known,  but  just  what  this  effect  is 
was  not  determined  with  sufficient 
ct^rtainty  until  lately,  when  the  ex- 
lieriments  of  Gruuert,  following 
upon  and  confirming  those  of  Kirch- 
ner,  would  seem  to  settle  the  ques- 
tion in  favor  of  the  pi'oduction  of  hypei'aemia  and  ex- 
travasations of  blood.  Alt  and  others  have  found,  on 
histological  examination,  that  hemorrhages  in  the  laby- 
rinth sometimes  result  from  exposure  to  compressed 
air,  as  in  caissons.     And,  since  Eicliler's  recent  confirma- 


FiG.  1699.— Spinde-Cell  Sarcoma  of  the  Auditory  Nerve,  Growing  into 
the  Porus  Acusticus  lnternu.s.  (After  Politzer.)  T,  Sarcomatous 
growth,  the  size  of  a  walnut ;  n,  extension  of  the  same  into  the 
internal  auditory  canal ;  i\  vestibule ;  o,  tympanic  cavity,  with 
malleus  and  incus  in  place ;  c,  cochlea. 

tion  of  Schwartze's  clinical  observations, — showing,  as 
it  does,  that  the  congestion  Is  the  result  of  a  reflex  action, 
through  the  sympathetic,  upon  the  vaso-motor  nervous 
system  of  the  labyrinth,  rather  than  of  a  direct  influence 
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through  anastomoses— that  form  of  hypersemia  of  the 
labyrintli  whicli  occurs  in  connection  witli  inflammation 
of  tlie  external  or  middle  ear  must  certainly  be  considered 
here.     Eichler  found,  as  he  claims,  that  the  vascular  sup- 
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Fk).  1700.— Section  of  ;i  Cocbleal  Whorl  from  a  Beat  Person,  Tbirty- 
Two  Years  of  Age,  who  had  Died  of  Leuksemia.  (Alter  Politzer.) 
I,  Lamina  spiralis ;  h',  growtli  of  bone  and  connective  tissue  in  the 
scata  tyrapani ;  2,  leukismia  plaques  in  the  scala  vestibuli ;  r', 
atrophied  tissue  of  the  ganglion  spirale  in  the  canal  of  Rosenthal : 
(,  gi'owth  of  bone  on  the  medial  wall  of  the  scala  vestibuli. 

ply  of  the  labyi-iuth  is  entiicly  distinct  fi'om  that  of  llie 
surrounding  tissue.?,  and  that  the  connection  between  tlie 
vessels  of  the  tympanum  and  these  of  the  labyrinth, 
which  Politzer  maintains,  does  not  e.xist.  Schwartze  had 
long  ago  held  that  even  in  the  very  highest  degrees  of  in- 
flammation of  the  tympanum  it  is  only  exceptionally 
the  fact  that  a  simultaneous  hyperaemia  is  met  with  in  the 
labyrinth.  It  is  a  matter  of  observation  that  in  chronic 
middle-ear  suppuration  with  granulon:ata  and  polypi, 
the  functional  tests  .show  no  impairm-  ,t  of  function  of 
any  importance  in  the  sound-perceivi'    ;  apparatus. 

All  conditions  producing  hypera?i  a  of  the  labyrin- 
thine structures  may  enter  into  the  usation  of  hemor- 
rhages and  ecchymoses.  These  ir  also  be  induced  in 
the  infectious  diseases  through  cl  .ges  in  tlie  vascular 
walls;  in  pachymeningitis  li;emoiii;.igiea;  in  leukfemia; 
in  typhoid  fever;  in  nephritis,  gout,  and  rheumatism;  in 
fractui'e  or  concussion  of  the  skull:  in  diabetes,  and  some- 
times in  embolism  of  the  arteria  auditiva  interna. 

Atrophy  and  degeneration  of  the  acoustic  nerve  appa- 
ratus may  be  caused  by  sypliilis ;  by  alcoholic  excess ;  by 
any  labyiiuthine  inflammation  of  sufficient  gravity  to  iii- 
terfere  with  nutrition;  by  changes  in  chronic  otitis  media 
exerting  long-continued  pressure  on  the  labyrinth,  and 
thus  producing  ansmia,  whicli,  if  continued  for  a  sufli- 
eieut  time,  will  result  in  nutritive  changes  of  the  nature 
of  atrophy,  and  these  secondary  nerve  aftections  may  i-e 
main  although  the  tympanic  disease  disappears;  by  acute 
liydroceplialus  intern  us,  leading  to  softcningand  shrivel- 
ling of  the  nuclei  of  the  auditory  nerve;  and  by  foetal 
ependymitis  doing  the  same.  Atrophy  and  degeneration 
may  also  occur  in  chronic  hydrocephalus  and  in  tumoi-s 
of  the  brain  and  the  nerve  as  a  result  of  pressure;  in  the 
gray  degeneration  and  atrophy  accompanying  tabes  dor- 
salis;  and  in  old  age,  through'  the  prescuc'e  of  calcareous 
deposits  and  corpora  amylacea.  Finally,  they  may  be 
caused  by  hemorrhage;  by  nephritis  iiiid  infliienza;  by 
contraction  of  the  basilar  artery;  by  apoplectic  and  in 
tlammatory  processes  involving  the  floor  of  the  foiu-th 
ventricle;  by  professional  concussion  of  sound  ;  by  puru 
lent  inflammation  of  the  cpendyma;  by  purulent'inflam- 
niation  of  the  stem  of  the  auditory  nerve  from  a  similar 
condition  of  the  meninges;   and  by  emboli  and  embolic 


softening  along  the  acoustic  nerve  tracts.  Among  the. 
nerves  of  sense  the  auditory  is  the  most  "impression- 
able," that  is,  its  function  is  moi-e  frequently  impaired 
by  general  diseases  and  by  chemical  changes  in  the 
blood  in  infectious  diseases.  Affections  of  the  auditory 
nerve  attack,  in  the  majority  of  cases,  both  organs  of 
hearing.  It  is  probable  that  degenerative  proce.s.ses  in- 
volving one  auditory  nerve  will  in  time  pass  over  to 
the  other.  The  view  that  atrophy  of  the  auditory  nerve 
can  take  place  from  inaction,  as  in  ankylosis  of  the 
.stapes,  has  not  yet  been  corroborated  by  experience; 
in  fact,  the  results  of  post-mortem  examinations  point 
the  other  way.  The  changes  which  occur  in  presby- 
kousis  and  otitis  media  sclero.sa  seem  to  be  due  to  a  co- 
incident trophic  disturbance  similar  to  that  in  the  middle 
ear  rather  than  to  any  atrophy  from  disuse.  Central 
atrophy  depends  almost  without  exception  upon  cerebral 
disi;ase',  while  the  peripheial  variety  is  most  often  a  con- 
sequence of  disorders  of  the  auditory  organ  itself.  The 
occurrence  of  the  disturbances  of  hearing  in  these  proc- 
esses depends  less  upon  the  extent  than  upon  the  seat 
of  the  pathological  accumulation. 

Hyperplastic  inflammation  (labyrinthitis  hyperplastica) 
may  occur  in  sypliilis,  which  is  cau.sative  in  most  of  the 
forins  of  this  afl'ection ;  in  the  first  stages  of  exudative 
inflammation  of  the  labyrinth  due  to  infectious  diseases, 
and  the  inflammatory  process  may  advance  no  further; 
in  gout  and  rheuiuatism ;  in  rachitis;  in  typhoid  fever 
and  leukamia;  and  in  old  age. 

Exudative  inflammation  (Labyrinthitis  exudativa)  may 
be  caused  by  obstruction,  in  the  internal  auditory  meatus, 
to  the  outflow  of  blood  from  the  labyrinth;  by  typhoid 
fever;  by  leidvi-emia;  by /epidemic  cerebrospinal,  hemor- 
I'hagic,  pacli}'-  and  simple  meningitis;  by  syphilis,  tu- 
berculosis, measles,  diphtheria,  scarlatina,  scarlatinal 
diphtheria,  mumps,  variola,  and  influenza;  and  by  an 
extension  from  an  otitis  media  purulenta  of  long  stand- 
ing This  form  of  inflammation  occurs  more  frequently 
in  children  than  in  adults,  because  of  the  more  frequent 
ocoui-rence  in  cliildi'en  of  the  acute  exanthemata,  etc. 
Further,  the  anastomotic  connections  between  the  middle 
ear  and  the  labj'rinth  on  the  one  hand,  and  l.)etween  the 
labyrinth  and  the  cranial  cavity  on  the  other,  are  more 
numerous  in  children  than  in  adults;  and  further,  be- 
cause in  the  child's  ear,  through  the  aqueducts,  there  is 
a  freer  communication  between  the  labyrinthine  fluid  and 
the  cerebrospinal  cavity  than  in  the  adult. 

Symptom,\tologt. — FiinrfiuriKl  Rewtion^  in  Goieral. 
— The  normal  limits  of  audibility  lie  between  a  tone  of 
16  V.  d.  (double  vibi-ations  per  second)  and  one  of  from 
30,480  to  27,301  v.  d.  Instruments  that  give  40,000  v.  d. 
have  thus  far  not  been  constructed,  nor  can  tones  of  that 
pitch  be  heard.  The  low  tone  is  obtained  by  the  tuning- 
fork,  and  the  high  tone  by  the  u,se  of  the  Galton  whistle 
or  a  modification  thereof.  A  constant  air  current  should 
be  used  to  blow  the  whistle,  and  not  a  rubber  bag  or 
bidb,  as  is  coiumonly  the  practice.  The  highest  tones 
ai-e  produced  with  the  Galton  whistle  at  the  mark  1.5, 
which  represenis  about  30.000  v.  d. 

_  Before  taking  up  the  departures  from  the  normal  reac- 
tions to  functional  tests  in  diseases  of  the  sound-perceiv- 
ing apparatus,  it  is  necessary  to  devote  some  attention  to 
the  normal  decline  in  hearing  evidenced  in  advancing  age. 
Zwaardemaker  has  tabulated  the  average  responses  for 
the  upper-tone  limit  at  the  different  periods  of  life,  about 
as  follows: 

(iaiton's  whistle  is  heard  under  10       years  at  the  mark. .  1.23 
from    L'IMO     "         "         "         139 

"  "         "  "      4(i-.'jO 3  3:t 

over  60 ;!.o:t 

A  presbykousis  (hearing  of  old  age)  may,  however,  be 
considered  normal  which  is  not  lower  than  Galton  4.8. 
The  lower-tone  limit  is  elevated  to  about  the  same  extent 
in  old  age.  In  old  age  the  B.  C.  (bone  conduction)  does 
not  alone  experience  a  reduction,  but  sinks  proportion- 
ately with  the  lessening  of  the  hearing  distance,  the  A. 
C.  (air  conduction),  etc. 
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Commonly  in  diseases  of  the  sound-perceiving  appa- 
ratus, the  vpper-tons  limit,  obtained  by  means  of  tlie  Gal- 
ton  whistle,  isloioered,  i.e.,  the  highest  notes  elicited  by 
the  whistle  being  denoted  by  one  or  fractious  of  one,  and 
the  lower  notes  by  multiples  of  one  and  their  fractions ; 
as  the  obturator  is  withdrawn  the  note  deepens  or  lowers 
at  the  same  time  that  tlu;  indicator  or  graduated  scale 
shows  higher  and  higher  numbers,  and,  therefore,  a  higher 
number  on  the  scale — as,  e.g.,  4.8 — indicates  a  much 
!owi>r  note  than  a  lower  number,  as  1.23.  The  lo'wer-tone 
limit  hy  A.  C.  (air  conduction),  as  obtained  by  a  elamjied 
tuning-fork  vibrating  from  3(i  lo  04  double  vibrations  in 
the  second,  is  impaired  ivrji  little  or  not  at  all.  Tlu,  ahuo- 
Ititedurection  of  B.  C.  (bone  conduction),  Schwabach's  test, 
is  sJwrtened  or  abolished  for  all  or  for  certain  tones.  A. 
OB.  C.  (air  conduction  is  better  than  bone  conduction), 
botli  in  intensity  and  in  duration  throughout  the  nuisical 
scale  (Rinne's  test).  If  the  disease  is  unilateral,  the  ri- 
bniting  tuning  fork  C^,  placed  in  eontact  with  the  i'erte.e, 
midway  between  the  ears,  s?iovld  be  heard  in  the  un- 
affected ear  (Weber's  test) ;  or  in  the  better  hearing  ear, 
if  the  disease  is  bilateral.  This  test  is  not  so  reliable  as 
those  previously  described.  In  labyrinthine  disease  the 
patients  hear  the  deeper  tones  of  speech  eery  veil,  while  the 
higher  tones  are  no  longer  perceived.  It  is  well,  in  testing 
with  the  whisper  or  speech,  to  remember  O.  Wolf's  divi- 
sion of  the  voice  sounds  into : 

1.  The  deep,  like  R  and  V. 

2.  The  middle,  like  the  explosives  B,  K,  and  T. 

3.  The  high  and  strong,  like  S.  Sh,  and  G;  and  the 
high  and  weak,  like  F,  L,  N,  and  H  (which  are  excluded 
as  dependent  on  other  tones — tone-borrowing). 

Wolf  devotes  particular  attention  to  the  consonants. 
Bezold  employs  the  names  of  numbers  as  test  words,  as 
these  are  familiar  to  both  children  and  adults.  Equal  in- 
tensity of  sound  can  be  obtained  by  using  the  reserve  air 
left  after  a  forced  inspiration  followed  by  a  normal  ex- 
piration. To  test  the  hearing  for  speech  thoroughly,  it 
is  quite  sufficient  in  most  cases,  after  testing  a  few 
words,  to  note  the  distance  for  those  words  perceived 
with  the  greatest  difficulty. 

It  is  well  to  remember  that  Bezold  has  observed  a 
number  of  otherwise  cliaracteristic  affections  of  the  inner 
ear  which  showed  a  more  or  less  extensive  defect  in  tlie 
lower  boundary  of  hearing;  in  addition,  that  not  only 
the  upper  and  lower  ends,  but  also  the  middle  portions 
of  the  tone  scale,  can  be  lost  to  hearing.  But  when  de- 
fects exist  in  these  portions  the  power  of  hearing  speech 
is  at  the  same  time  more  or  less  compk'tely  lost. 

Bezold  has  definitely  settled  the  question,  by  very  pains- 
taking investigations,  that  after  loss  of  portions  of  the 
labyrinth  no  remnants  of  hearing  remain.  Ears  witli  de- 
fective labyrinths  only  reflect,  more  or  less  completely, 
the  hearing  conditions  of  the  sound  ears;  thus  provmg 
that  an  ear  without  a  labyrinth  has  no  independent  hear 
ing  power. 

Disturbances  of  equilibrium  are  apt  to  be  observed  in 
any  process  that  causes  irritation  of  the  nerve  endings  m 
the  vestibule  or  the  semicircular  canals,  or  of  the  corre- 
sponding filaments  in  the  stem  or  at  the  point  of  origin 
of  the  auditory  nerve. 

In  testing  for  disturbances  of  equilibrium,  it  is  well 
first  to  determine  the  static  (the  body  at  rest)  equilibrium 
and  then  the  dynamic  (the  body  in  motion)  equilibrium. 
The  author  tests  the  former  by  means  of  an  apparatus 
consisting  essentially  of  a  movable  inclined  plane,  after 
the  method  of  von  Stein.  A  person  witli  normal  powers 
of  equilibrium  should  be  able  to  maintain  his  erect  posi- 
tion—when facing  toward  the  apex  of  the  angle  (anterior 
inclination)— until  the  board  reaches  an  inclination  of  aS" 
to  40°  to  the  horizontal.  In  posterior  inclination,  with 
the  back  turned  toward  the  apex,  the  normal  angle  varies 
from  20°  to  30° ;  in  lateral  inclination,  with  the  side  to- 
ward the  apex,  it  varies  from  37°  to  38°.  In  patients 
with  labyrinthine  disease,  giving  rise  to  vertigo,  etc., 
the  angle  measures  30°  or  less  by  anterior  inclination, 
etc.,  and  this  is  much  decreased  when  the  eyes  are 
closed.     The  static   equilibrium  should  also  be  tested 


with  the  eyes  open  and  shut,  with  the  legs  close  to- 
gether, while  standing  on  the  toes,  and  while  standing 
on  one  leg.  A  liealthy  person  can  stand  in  these  positions 
for  some  time,  with  slight  balancing,  while  the  eyes  are 
closed ;  l)ut  a  person  with  imperfect  powers  of  equilibrium 
immediately  begins  to  sliow  some  disturbance  of  these 
powers.  The  dynamic  equilibrium  is  tested  by  walking 
forward  and  backward  on  a  level,  by  turning  on  the  ver- 
tical axis  of  the  body  to  the  right  or  to  tlie  left  with  legs, 
together,  and,  finally,  by  turning  about  on  one  leg  alone. 
The  last  movement  is  the  most  difficult,  but  a  healthy 
person  can  go  through  these  various  motions  with  little 
if  any  trouble;  whereas  aural  patients  with  disturbance 
of  the  powers  of  equilibrium  find  it  more  cjr  jess  dilHcult 
or  impossible,  and  their  movements  are  at  tended  Ijy  great 
weariness.  (See  also  article  on  Kqnilibrinm  and  Equili- 
hratiiin.) 

Given  these  reactions,  the  inference  is  well  founded 
that  we  have  to  do  with  an  affection  of  the  sound- 
perceiving  apparatus.  Still  other  tests  have  been  de- 
vised by  Bing.  Brenner,  Gradenigo,  Gelle,  and  others; 
but  the  above  have  been  more  universally  tried,  are  suf- 
ficient for  the  purposes  of  diagnosis,  and  are  more  reli- 
able. 

Tlie  symptoms  of  affections  of  the  sound-perceiving 
apparatus,  as  they  are  observed  in  various  pathological 
conditions,  are  more  particularly  described  as  follows: 

Anirmia. — There  is  usually  some  dulness  of  hearing, 
which  is  manifested  either  as  a  slowness  of  perception 
only,  or  as  a  real  impairment  of  the  hearing  power.  The 
impairment  in  the  hearing  ability  follows  along  the  line 
of  the  test  responses  as  given  above,  being  especially 
noticeable,  however,  in  the  curtailment  of  the  duration 
of  B.  C.  Annoying  tinnitus  of  a  low  pitch  is  commonly 
present.  The  patient  may  be  subject  to  occasional  at- 
tacks of  vertigo,  and  usually  is  the  victim  of  general 
au;eniia. 

Jlypereemia. — There  is  very  little  if  any  impairment  of 
tlie  iiearing  power,  and  there  may  be  present  liyperses- 
thesia  of  the  nerve  to  certain  sounds.  Often  there  is  a 
feeling  of  fulness  and  distention  in  the  ears  or  in  the  head, 
with  dulne-ss  of  intellect  or  even  giddiness  or  vertigo  at 
times.     With  this  is  usually  associated  a  high-pitched 


'3^^^^^ 


Fic,  1701  -Section  of  a  Semicircular  Canal,  Showing  Results  of  a 
Hemorrhage.  (After  Politzer.)  /f.  Bony  wallet  semicircular  canal; 
li,  membranous  portion  :  e,  extravasated  blood. 

tinnitus.  The  functional  tests  show  a  hmited  involve- 
ment of  the  sound-perceiving  apparatus.  ParKsthesiw 
are  likely  to  be  complained  of. 

Hemorrhage  is  usually  immediately  followed  by  marked 
vertigo,  aggravated  on  closure  of  the  eyes,  with  possible 
falling  or  unconsciousness  (the  latter  is  rather  rare)  unless 
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the  hemorrhage  is  confined  to  tlie  cochlea,  in  which  case 
vertigo  is  absent.  With  or  immediately  following  this 
occur  nausea  or  vomiting,  severe  tinnitus  (in  some  cases 
preceding  the  attack),  occasionally  profuse  perspiration, 
and  impairment  of  the  hearing  up  to  complete  deafness. 
The  symptoms  thus  given  constitute  what  was  formerly 
generally  designated  as  Meniere's  disease,  and  is  the  only 
condition  to  which  that  name  should  be  given.  Amelio- 
ration of  these  symptoms  takes  place  in  a  short  time,  the 
vertigo,  hardness  of  hearing,  and  tinnitus  continuing 
longest.  The  hardness  of  hearing  rarely  disappears  en- 
tirely, and  the  tinnitus  is  likely  to  persist,  although  di- 
minished in  intensity.  There  isalways  dangerof  a  repe- 
tition of  the  hemonhage.  The  functional  tests  give 
varying  responses  according  to  the  locality  and  the  extent 
of  the  hemorrhage,  but  always  confirm  a  diagnosis  of 
involvement  of  the  sound-perceiving  apparatus.  G.  C. 
Smith,  in  the  Boston  Medical  and  Surgical  Journal  for 
November  34th,  1898,  thus  describes  a  case  of  so-called 
jMeniere's  disease  which  he  observed:  "The  patient,  a 
man,  sixty-two  years  old,  in  fair  health,  while  sitting 
one  evening  in  conversation,  suddenly  felt  as  though  he 
was  seized  by  some  power  and  hm-led  a  considerable  dis- 
tance, striking  against  the  left  side.  He  was  nneon.scious 
for  the  moment,  but  arose  with  assistance.  Wit  was  un- 
able to  walk  on  account  of  vertigo,  and  had  to  lie  down. 
This  was  followed  by  vomiting  and  vertigo,  which  con 
tinned  all  night.  There  was  also  a  his.sing  tinnitus,  and 
on  the  following  day  there  was  deafness  in  the  left  ear. 
In  the  following  five  months  he  had  six  seizures  similar 
to  the  first  one.  During  all  this  time  the  noises  in  thi.- 
head  were  continuous.  The  deafness,  though  incomplete, 
never  improved  after  the  hrst  seizure." 

The  symptoms  of  embolism  and  thrombosis  are  pre- 
sumably similar  to  those  of  hemorrhage.  Thus  Haber- 
mann,  at  the  meeting  of  the  German  Otological  Society 
held  May,  1898,  mentions  the  case  of  a  man,  fifty-three 
years  old,  who  suffered  one  night  from  an  attack  of  hemi- 
plegia, which  in  a  few  weeks  disappeared,  with  the  ex- 
ception of  a  slight  weakness.  Four  years  later,  he  had  a 
relapse,  with  frequent  attacks  of  tinnitus,  vomiting,  and 
deafness.  The  whisper  was  not  heard  on  the  affected 
side.  The  field  of  hearing  embraced  the  tvming-forks 
from  C  to  C^  The  affection  was  probablv  of  embolic 
origin,  possibly  in  the  brain  along  the  course  of  the  audi- 
tory nerve. 

Serous  effusions  may  give  rise  to  the  same  symptoms, 
but  more  fleetingly.  Rosenstein  was  the  first  to  consider 
the  possibility  of  an  anlema  of  tlie  auditory  tracts  caus- 
ing disturbance  of  hearing  in  nephritic  patients.  Otlier 
authors  also  favor  the  assumption  of  a  transitory  adema 
as  causing  transitory  functional  disturbance  in  parts  of 
the  brain. 

Lahyrinthitis  IIyperplastica.~T\ie  most  marked  form 
of  this  inflammati(jn  is  seen  in  connection  with  syphilis, 
usually  as  a  late  manifestation  in  the  acquired  variety  or 
around  puberty  in  the  hereditary,  and  gives  rise  to  deaf- 
ness, appearing  gradually  or  .suddenly,  subject  to  periods 
of  quiescence  and  exacerbation  ;  it  is  also  commonly  ac- 
companied by  loud  aural  tirmitus.  Vertiginous  attacks 
and  disturbances  of  equilibrium  are  usually  .slight  unless 
the  exudative  form  of  inflammation  is  induced.  The 
disease  is  likely  to  be  accompanied  by  very  violent  head- 
ache, often  nocturnal  when  due  to  syphilis  Bolh  ears 
arc  usually  affected.  Th,-  sudden  deafness  coming  on 
with  serous  saturation  or  lymphoid  infiltration  may  dis 
appear  almost  completely;  but  usually  the  hyperp'histic 
formations  are  causative  of  a  certain  amount  of  perma- 
nent deafness  The  fun,;tioual  tests  leave  no  doubt  as 
paratu^^"'*    "         '  '"'"'''''  '"  "'"  sound-perceiving  ap- 

LahyrintMtisExud,Uii,a\n  its  most  acute  form  come,' 


iald"11-n '^r  ^''^  "'^'''^'^P^  '^  "g""-^  '*  i«  commonly 
f,.,,  J^tfa.with  fever,  nausea,  or  vomiting;  with  pro- 
found deafness,  and  marked  derangement  of  co-oXa- 


Hon;  attim^,  with  stupo^;;  ddJVJ^m  aWi^i^h  ZX 
the  mmd  is  clear);  with  intense  tinnitusand  vef  go  f 
in  .some  cases,  witli  puin.     This ■     >"*'""'-""■ 


very  acute  form  occr 
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with  epidemic  cerebro-spinal  meningitis  (Voltolini  de- 
scribed this  form  of  inflammation  as  a  primary  inflam- 
mation, but  there  is  not  much  doubt  that  it  is  an  affection 
secondary  to  a  more  or  less  localized  meningitis),  with 
the  acute  infectious  diseases  (measles,  scarlet  fever,  diph- 
theria, etc.),  with  epidemic  parotitis,  etc.  Mo.st  of  the 
symptoms  abate  or  disappear  in  the  course  of  a  few  day.s 
or  a  few  weeks,  but  the  staggering  gait  and  deafness  are 
more  persi.stent,  the  latter  rarely  improving  to  any  great 
extent.  Functionally,  the  upper-tone  limit  is  greaflj' 
lowered  ;  B.  C.  is  markedly  reduced  throughout  the  entire 
musical  scale,  or  is  destroyed  for  a  part  or  for  all  of  it; 
A.  C  >  B.  C. ;  the  power  of  equilibrium  is  much  impaired. 
The  less  acute  forms  of  exudative  inflammation  of  the 
hd.iyrinth  give  rise  to  vertigo  (unless  confined  to  the  coch- 
lea), to  a  sudden  loss  of  hearing  ])ower,  intense  tinnitus, 
lowering  of  the  upper-tone  limit,  with  B.  G.  reduced  or 
alisent,  and  A.  C.>B.  C,  and  to  disturbances  of  equi- 
librium. 

Escape  of  Pus  into  the  Inner  Ear  sometimes  occurs  in 
cases  of  acute  suppuration  of  the  middle  ear  and  presents 
distinct  symptoms.  If  it  breaks  through  into  the  semi- 
circular, canals  there  will  be  vertigo,  vomiting,  disturb- 
ances of  equilibrium,  and  nystagmus;  if  into  the  cochlea, 
great  deafness.  Nystagmus  alone  justifies  the  diagno- 
sis. The  pus  may  work  its  way  indirectly  into  the  upper 
•semicircular  canal  from  a  subdural  abscess.  In  chronic 
cases,  Jansen  states  that  the  point  of  entrance  is  invaria- 
bly the  horizontal  semicircular  canal,  but  J.  Orne  Green 
presented  three  specimens  at  the  1898  meeting  of  the 
American  Otological  Society,  in  all  of  which  the  perfora- 
tion was  into  the  vestibule. 

Labyrinthine  Necrosis,  according  to  Bezold,  follows 
otitis  media  purulenta  chronica,  exceptionally  otitis  media 
purulenta  acuta.  Generally  the  inner  cochieal  skeleton, 
with  either  the  entire  first  turn,  or  only  a  part  of  it,  is  the 
structure  most  liable  to  necrosis.  Tlic're  are  two  ways  by 
means  of  which  the  otitis  media  purulenta  may  extend  to 
the  cochlea:  (1)  through  the  small  cells  which  lie  at  the 
base  of  the  tympanum  and  around  the  commencement  of 
the  Eustachian  canal,  and  which  surround  the  lower  as- 
pect of  the  cochlea;  (2)  into  the  cochlea  through  a  per- 
foration caused  by  rupture  of  the  membrane  of  the  round 
window.  The  sequestrum  formation  is  very  much  more 
exteusive  in  the  early  years  than  in  later  life.  Disturb- 
ance of  equilibrium  with  simultaneous  tinnitus  and  occa- 
sional vomiting  is  generally  present.  Vertigo  disappears 
with  the  extrusion  of  the  sequestrum,  and  this  symptom, 
taken  in  connection  with  the  tinnitus  and  vomiting,  may 
be  legarded  as  an  evidence  of  irritation  of  the  nervous 
terminals  in  the  ampulLT  and  sacculi;  these  symptoms 
may  also  be  taken  as  marking  the  date  for  the  exten- 
sion of  the  middle-ear  process  to  the  labyrinth.  Paresis 
or  paralysis  of  the  facial  nerve  is  a  constant  symptom 
of  labyrinth  necrosis,  and  usually  appears  one"  or  sev- 
eral mouths  after  the  first  attack  of  yertigo.  It  exists 
in  from  eighty  to  ninety  per  cent,  of  tl^e  cases,  and 
is  permanent  in  fifty  per  cent.  In  the  other  cases,  the 
paralysis  exists  only  for  a  short  time  and  disajipears 
before  the  sequestrum  is  extruded.  Prolonged  pain  is  a 
c(mstaut  symptom,  and  is  of  such  severity  as  to  prevent 
sleep  for  weeks  or  even  months;  it  also  pVoduces  a  poor 
physical  condition  and  emaeiation.  This  pain  comes  on 
Irom  two  to  nine  montlis  before  the  expulsion  of  the 
se(|uestrum ;  it  is  at  first  felt  in  the  entire  half  of  the  head 
and  is  accompanied  by  fever,  vomiting,  etc.,  probably 
due  to  meningeal  irritatiou.  Later,  the  pain  become's 
localized  in  the  ear  and  takes  on  a  more  boring  charac- 
ter. Preceding  or  at  the  beginning  of  the  symptoms 
the  otorrha?a  becomes  more  profuse  and  is  creamy  and 
very  fetid.    Exuberant  polypoid  hypertrophies  are'pres- 

When  thf.  Nerm  Trunk  is  affected  the  most  iirominent 
symptom  is  impairment  of  hearing.  There  are  also  pres- 
ent: tinnitus,  vertigo,  staggering  gait,  and  excessive  func- 
tional cxhaustibility.  Usually  unilateral,  it  may  be 
1)1  lateral,  as  m  tabes  dorsalis.  Hardness  of  hearing  is 
generally  most  pronounced  for  the  tuning-forks  of  middle 
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register,  perception  for  high  and  low  notes  being  fairlj' 
well  preserved.     B.  C.  is  very  much  impaired. 

Wovd-deafne.is  (sensory  aphasia)  furnishes  tlie  most  re- 
liable sign  of  involvement  of  t/ie  coHieal  ureii;  usually  of 
the  left  tirst  temporal  oonvolution.  The  funetion  of  both 
ears  is  usually  impaired;  tinnitus  is  more  commonly  ab- 
sent; B.  C.  is  reduced  in  duration. 

Concussion  due  to  (liin-finiif/  occasions  alterations 
chiefly  in  ears  that  Avere  not  normal  before  exposure. 
The  perception  by  bone  conduction  is  abbreviated,  owing 
to  over-irritation  and  s\d)sequent  exhaiistion  of  the  ner- 
vous porti(ms  of  the  ear.  The  field  tor  tones  is  not  con- 
tracted. Tinnitus,  vertigo,  and  headache  are  not  usually 
complained  of,  and,  in  the  case  of  normal  ears,  very  little 
permanent  injury  follows  ordinary  artillery  practice. 
Permanent  injury  to  the  hearing  is  produce'd  when  the 
car  has  been  to  some  degree  abnormal  before  the  exposure. 

Gotmissionof  the  Head  may  provoke  symptoms  indicat- 
ing an  involvement  of  the  sound-perceiving  apparatus, 
even  up  to  complete  deafness,  and  this  latter  may  be  in- 
duced without  any  recognizable  changes  being  necessarily 
found  in  the  labyrinth  on  post-mortem  examination. 
The  symptoms  usually  present  are:  diminution  of  hear- 
ing, tinnitus,  vertigo,  headache,  unconsciousness,  in  some 
cases  pain,  occasionally  acoustic  hypera^sthesia  or  altera- 
tion in  the  pitch  of  certain  tones,  etc. , — one  or  all.  These 
symptoms  have  been  explained  as  due  to  shock  to  the 
acoustic  nerve,  or  to  basilar  inflammation  resulting  from 
a  blow,  or  to  hemorrhage  at  the  point  of  origin  of  the 
acoustic  nerve. 

Fractures  of  ths  Petrous  Bone,  involving  the  labyrinth, 
are  accompanied  bj'  hemorrhage  from  the  external  me- 
atus, or,  if  the  tympanic  membrane  is  not  ruptured, 
the  blood  may  pass  through  the  tympanum  and  the  Eu- 
stachian tube  into  the  throat.  As  additional  symptoms 
may  be  mentioned:  a  serous-looking  discharge  in  consid- 
erable quantity;  very  pronounced  subjective  noises;  dis 
turbances  of  equilibrium  and  vertiginous  symptoms;  and 
facial  paralysis  in  fifty-five  per  cent,  of  the  cases.  In 
both  concussion  and  fracture  the  functional  tests  all  .show 
an  involvement  of  the  sound-perceiving  apparatus. 

Neurotic  Disturhnnees  of  the  sound-perceiving  appa- 
ratus, which  ma}'  be  unassociated  with  pathological  ana- 
tomical alterations,  are  by  no  means  uncommon  and  are 
described  below. 

Acoustic  iVginv(*rt(jH«/,  has  as  .symptoms:  impairment  of 
hearing,  varying  from  mere  slowness  of  hearing  (acoustic 
torpor  or  lassitude)  to  considerable  deafness,  especially 
marked  under  any  prolonged  strain  or  confusion  of  sdvukI  ; 
mental  anxiety,  or  extreme  physical  fatigue;  and  rapid 
improvement  of  the  symptoms  after  rest.  Tinnitus  may 
or  may  not  be  present,  and  is  increased  by  fatigue;  par- 
lesthesite  are  common,  with  great  fluctuation  of  the  abil- 
ity to  hear ;  tlie  upper- tone  limit  is  not  apt  to  be  impaired, 
but  the  duration  of  B.  C.  is  lowered  throughout  the  mu- 
sical scale,  and  there  is  great  functional  exhaustibility  of 
the  acoustic  nerve.  Either  one  or  both  ears  may  be  in- 
volved, though  usually  both  are  affected.  The  patients 
are  generally  neurasthenic,  and  any  circumstance  which 
aggravates  this  condition  is  the  cau.se  of  marked  decrease 
in  the  hearing.  This  condition  is  frequently  associated 
with  that  which  is  next  to  be  described. 

Acoustic  Hysteria  is  usually  associated  Avith  great  deaf- 
ness which  appears  suddenly  and  is  not  subject  to  the 
fluctuations  noticeable  in  neurasthenia;  it  remains  the 
same  throughout  the  continuance  of  the  attack.  Vertigo 
is  never  present  and  tinnitus  is  not  frequent;  one  or  both 
ears  may  be  affected  or  the  attack  may  pass  fi'om  one  ear 
to  the  other;  para?sthesia  or  anaesthesia  of  the  external 
auditory  canal  and  the  tympanic  membrane  may  be  pres- 
ent ;  functional  tests  are  apt  to  be  contradictory. 

For  example,  D.  Grant  reports  a  case  of  hysterical  nerve 
deafness  with  spontaneous  recovery.  A  girl,  aged  eigh- 
teen years,  was  first  seen  May  27th,  1895.  She  gave  the 
history  of  gradually  increasing  deafness  for  three  years, 
the  hearing  having  grown  much  worse  after  the  extrac- 
tion of  some  teeth  three  months  before  the  visit.  Only 
very  loud  conversation  was  heard.     Watch  heard  at  six 


inches;  Galton  up  to  the  mark  3.8.  B.  C.  diminished. 
Rinne's  test  positive.  Tuning-fork  hearing  lost  forC 
and  C  ',  while  for  the  other  fcjrks  from  C  up  to  E'  the 
amount  of  hearing  power  varied  from  three  to  fifteen  per 
cent.  Hearing  returned,  after  a  complication  of  ailments, 
in  January,  1897. 

Veit  also  has  reported  a  case  of  hysterical  deaf-mutism 
ill  a  man  of  twenty-six  years,  who  awoke  a  deaf-mute 
six  weeks  before  he  was  first  subjected  to  an  exam- 
ination. In  writing  he  could  very  well  make  himself 
understood.  Aiuesthetic  regions  and  palsies  were  miss- 
in.i;-.  The  deafness  was  absolute.  Attempts  to  speak 
were  followed  only  by  inarticulate  sounds.  After  letting 
him  read^  the  sentence,  written  by  the  physician  before 
him,  "You  will  hear  again  in  a  few  minutes,"  he  was 
catheterized  with  a  good  deal  of  dilficulty,  but  hearing 
and  speech  returned  at  once. 

Hyperiiconsis  is  an  ovei'-excitable  condition  of  the 
acoustic  nerve,  sometimes  even  painful,  occurring  gener- 
ally periodically  in  connection  with  great  nervous  or 
mental  excitement  or  with  neuralgia,  or  manifesting  it- 
.self  after  the  patient  has  partaken  of  stimulants.  It  also 
(iccurs  in  the  incipiency  of  inflammatory  affections  of 
the  ear. 

Pariirousis  consists  in  the  false  perception  of  the  pitch 
of  a  sound.  Paracusis  loci  is  the  term  used  for  desig- 
nating inability  to  tell  the  direction  from  which  the 
sound  comes ;  it  depends  upon  the  dift'erence  in  the  acute- 
ness  of  perception  of  the  two  ears.  As  our  judgment  of 
the  direction  of  sound  depends  upon  the  binaural  hearing, . 
ill  imilateral  deafness  the  apparent  source  of  tlie  sound 
will  be  projected  in  the  direction  of  the  normal-hearing 
ear. 

Dililiiroiisis  is  a  form  of  paracousis  in  which  a  .single  tone 
is  heard  double;  either  each  ear  perceives  the  tone  differ- 
ently and  it  seems  doubled  (D.  binauricularis),  or  a  double 
perception  of  a  single  tone  is  got  by  one  ear  (D.  monau- 
ricularis);  the  two  tones  differ  from  each  other  in  time 
(D.  echoica)or  in  interval  (I),  harmonica  or  disharmonica). 

'' Keri'ous  Tinnitus"  may  exist  as  a  pure  neurosis  with- 
out difliculty  of  hearing.  It  is  observed  as  an  irritable 
condition  of  the  nerve  in  convalescence  from  severe  febrile 
affections;  also  in  connection  Avith  sexual  excesses,  in- 
temperance, abuse  of  tobacco,  over-fatigue  of  the  auditory 
nerve,  and  extreme  mental  disturbance.  It  maj'  continue 
indefinitely,  the  hearing  remaining  unimpaired. 

Hallucinations  of  Hearing  may  occur  in  ear  diseases 
without  a  changed  condition  in  the  brain. 

Color-liearing  is  a  term  emploj^ed  to  define  that  phe 
nomenon  by  which  certain  tones  always  excite  in  some 
people  the  sensation  of  color:  certain  sounds  invariably 
iuducin.!;:  the  perception  of  a  definite  color,  which  color  is 
always  the  same  for  any  particular  sound.  The  cases 
fall  into  two  groups:  (1)  A  crude  color  sensation,  often 
very  beautiful,  is  associated  with  certain  sounds,  such  as 
each  of  the  vowel  sounds,  musical  notes,  or  particular 
musical  instruments;  the  appearance  being  usually  that 
of  a  transparent  colored  film,  similar  to  a  rainbow,  in 
front  of  the  observer,  but  not  obscuring  objects;  (2)  color 
sensations  are  experienced  whenever  letters  or  written 
words  (symbols  of  sound)  are  spoken  or  thought  of,  so 
that  when  a  word  is  uttered  the  subject  visualizes  the 
letters,  each  f>f  which  has  a  distinctive  tint. 

Deaf-niutisni. — One  of  the  most  important  results  of 
labyrinthitis  is  the  production  of  deaf -mutism.  In  the 
United  States  there  were  about  38.2  deaf-mutes  to  every 
100,000  inhabitants,  but  this  proportion  is  apparently 
diminishing.  They  belong,  to  a  great  extent,  by  birth 
to  those  classes  of  society  which  are  least  favorably  situ- 
ated economically  as  well  as  socially.  In  the  majority, 
the  deaf-mutism  develops  before  the  end  of  the  third 
year,  but  may  develop  as  late  as  the  eighth  year.  The 
"pathological  seat  of  the  causative  process  is,  almost  with- 
out exception,  in  the  labyrinth.  In  connection  with  the 
labyrinth,  the  middle  ear  is  surprisingly  often  found  to 
be  afl'ected— only  exceptionally  as  regards  lack  of  forma- 
tion, but  almost"  regularly  by  violent  inflammation,  gen- 
erally of  a  purulent  nature.     Deaf-mutism  occurs  more 
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frequently  in  the  male  sex.  More  than  half  the  cases  are 
due  to  acquired  deafness,  and  epidemic  diseases  are  prob- 
ably most  often  the  cause  of  the  deafness.  Bezold  is 
probably  nearly  right  in  his  statement  that  about  forty- 
three  per  cent,  are  totally  deaf,  and  it  is  the  general 
opinion  that  among  these  the  acquired  cases  are  more  nu- 
merous than  the  congenital.  There  is  noticealily  a  very 
frequent  occurrence  of  partial  defects  in  the  mu.sical  scale, 
in  which  sometimes  the  upper  and  .sometimes  the  lower 
limit  of  tone  is  absent;  sometimes  single  or  multiple 
gaps  or  islands  are  found  which  show  no  perception  of 
sound  whatever.  Only  about  8.4  per  cent,  have  hearing 
power  sufficient  for  intercourse  with  other  people.  Dis- 
turbances of  eciuilibrium  (static  or  dynamic)  are  present 
in  fifty  per  cent.,  and  those  showing  normal  equilibrium 
are  also  much  more  apt  to  have  normal  speech.  Hered- 
ity exerts  a  great  influence,  especially  in  those  families 
in  which  there  are  many  cases  of  hardness  of  hearing, 
but  direct  transmission  is  usually  absent,  as  Mygind 
found  that  not  a  single  child  of  deaf-mute  parents  was 
itself  deaf  and  dumb. 

This  is  somewhat  at  variance  with  the  findings  of  E. 
A.  Fay,  who  has  studied  the  marriages  of  deaf-mutes  in 
America,  and  states  that  the  marriages  of  congenital  deaf- 
mutes  give  liirth  to  more  deaf-mute  children  than  mar- 
riages of  persons  with  acquired  deaf -mutism  in  the  pro- 
portion of  12  to  4.3  per  cent.  The  number  of  deaf-mute 
children  is  increased  if  the  deaf-mute's  parents  are  rela- 
tives, especially  it,  Ijcsides  themselves,  there  are  other 
deaf-mutes  in  "the  families.  Consanguineous  marriages 
are  causative  only  when  joined  to  hereditary  and  other 
influences  (as  constitutional  disease).  Deaf-mutism  is 
especially  apt  to  occur  in  those  families  in  which  many 
children  have  been  born  in  rapid  succes.sion.  Gillespie 
has  drawn  attention  to  the  frequency  of  goitre  in  deaf 
mutism;  and  Lemoke,  to  that  of  affections  of  the  naso- 
pharyngeal tract,  especially  adenoid  vegetations.  The 
bodily  growth  keeps  pace  with  that  of  normal  persons, 
but  there  is  defective  brain  development;  as  a  rule,  how- 
ever, they  are  endowed  with  organic  and  mental  sen- 
sitiveness but  little  inferior  to  the  normal.  They  do 
not  exhibit  a  higher  mortality  than  normal  individuals 
living  under  the  same  circumstances,  but  they  are  espe- 
cially prone  to  lung  diseases.  Nearly  half  of  all  deaf- 
mutes  over  twenty  years  of  age  are  obliged  to  fall  back 
on  the  help  of  others  for  their  maintenance.  Marriages 
contracted  by  deaf-mutes  exhibit  a  very  small  degree 
of  fertility.  (For  further  information  on  this  subject, 
consult  the  articles  on  Dcuf-JIntiiiiii  in  the  present 
volume.) 

Diagnosis. — The  diagno.sis  of  diseases  of  the  auditory 
nerve  has  been  almost  sufficiently  indicated  in  the  .symp- 
tomatology, but  there  are  a  few  points  which  it  may  be 
well  to  emphasize  further. 

In  any  case  of  hardness  of  hearing  the  fi]-st  thing  to  be 
determined  is  whether  the  lesion  is'located  in  the  sound- 
conducting  or  in  the  sound-perceiving  apparatus.  The 
antagonistic  reactions  to  the  functional  tests  may  be 
tabulated  as  follows: 


DiSK.lSES     OF     THE     SOUND-CON-      DISEASES      OF 

DUCTiNo  Apparatus.  ceiviki; 


Upper-tone  limit  very  little  if 
any  lowered. 

I.ower-tone  limit  by  A.  C.  ele- 
vated. 

Absolute  duration  of  perception 
of  B.  C.  increased  throustiout  the 
musical  scale. 

I).  0.  >  A.  C.  Iioth  in  intensity 
and  in  duration  in  the  lowest  part 
of  the  musical  scale,  and  ascending 
with  the  gravity  of  the  disease 
(Rmne). 

Weber's  test  heard  in  the 
diseased  or  the  harder-hearing  ear 

Deeper  tones  of  speech  not 
heard  ;  higher  tones  well  heard. 


the    Soiind-Per- 
Appakatus. 


Upper-tone  Urait  noticeably 
lowei'efl . 

Lower-tone  limit  by  A.  C.  not 
elevated. 

Absolute  duration  of  perception 
of  B.  O.  diminished  or  abolished 
throughout  all  or  in  parts  of  the 
musical  scale. 

A.  (.;.  >  B.  C.  both  in  intensity 
and  in  duration  throughout  the 
musical  scale  (+Rinne). 


Weber's  test  heard  In  the 
normal  or  better-heaTing  ear. 

Deeper  t(jnes  of  speech  well 
heard  ;  higher  tones  not  heard. 


In  order  to  bring  differing  reactions  more  graphically 
before  the  eye,  the  author  has  arranged  them  below  in 
the  schema  originally  devised  by  himself.     In  this  the 
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normal  reaction  in  the  healthy  ear  is  given  for  purposes 
of  comparison ;  the  numerals  representing  the  duration 
of  perception  in  seconds,  the  Rinne  showing  whether  the 
respective  forks  are  heard  louder  by  A.  C.  or  B.  C.  at  the 
initial  point. 

In  marked  disease  of  the  sound-conducting  apparatus 
the  reaction  will  be  approximately  as  given  below: 

I.  Average  Normal  Ear. 


A.  C. 

c 

A.  0. 

2."> 
13 

(; 

A.  C. 
1.5 

C> 

A.  C. 

33 

13 

A.  0. 

.32 
13 

(  = 

A.  C. 

22 
U 

Rlnne. 

j-  Schwabach  \  ^'Jl' 

Tuning-fork. 

Gallon  1/i. 

Weber  = 

II    Average  Case  of  Otitis  Media  Purulenta  Recurrens. 


B.  C. 

B.C. 

B.C. 

B.C. 

B.C. 

Equal. 

Rinne. 

0 
14 

14 

8 
11 

13 
17 

V, 
IB 

13 

14 

[  Schwabach  J  J'^' 

C" 

C 

Ci 

C= 

C'J 

C 

Tuning-fork. 

Gallon 

> 

Weber  in  the  affected  ear. 

In  disease  of  the  sound-perceiving  apparatus  the  fol- 
lowing reactions  will  serve  as  a  type: 

III.  Average  Case  of  rjtltls  Interna. 


A    C. 

12 
4 

C 

A.  C. 

17 

t; 

C 

A.  C. 

18 

7 

C" 

A.  C. 

21 
6 

C^ 

A.  C. 

l.i 
4 

A.  C. 

10 
2 

C< 

Rinne. 

!- schwabach  ]^.C. 

Gallon  2.7. 

Weber  in  the  better-hearing  ear. 

In  cases  in  which  there  is  an  affection  of  both  the  sound- 
conducting  and  the  sound-perceiving  apparatus,  both 
upper-  and  lower-tone  limits  ai'e  contracted,  the  duration 
of  B.  0.  is  impaired,  B.  C.  is  better  than  A.  C.  (  —  Rinne) 
for  the  lower  forks,  while  A.  C.  is  better  than  B.  C!. 
(+Rinne)  for  the  higher  forks,  and  both  the  higher  and 
deeper  tones  of  speech  are  imperfectly  heard.  The  de- 
gree in  which  one  or  the  other  apparatus  is  responsible 
tVir  the  hardness  of  hearing  is  inclicated  by  the  closeness 
of  the  resemblance  of  the  results  of  the  functional  tests 
to  the  reactions  given  by  the  one  or  the  other  type  of 
disea.se. 

In  the  matter  of  locating  the  lesion  in  any  particular 
portion  of  the  sound-perceiving  apparatus  much  has  yet 
to  be  learned,  but  tlie  following  deductions  seem  to  be 
well  established  as  the  result  of  post-mortem  examina- 
tions of  cases  clinically  observed  before  death  : — Word- 
deafness  points  to  involvement  of  the  cortical  areas ;  lower- 
and  upper-tone  limits  fairly  well  preserved,  with  deafness 
for  forks  of  middle  register  and  greatly  impaired  B.  C, 
indicate  involvement  of  the  nerve  steni;  disturbances  of 
eiiuilibrium  may  occur  in  the  course  of  any  pathological 
process  that  causes  irritation  of  the  terminal  filamen'ts  in 
the  vestibule  or  ampulUr,  of  tlie  nerve  fibres  in  the  audi- 
tory nerve  stem,  or  of  tlie  central  origin  of  the  nerve; 
pathological  processes  involving  the  cochlea  alone  do  not 
induce  vertigo;  the  cochlea  is  "the  only  part  specialized 
for  the  perception  of  .sound,  as  the  retina  is  for  light,  and 
its  total  destruction  is  followed  by  total  deafness;  it  is 
probable  that  the  lower  notes  arc  perceived  at  the  cupola, 
and  the  higher  notes  at  the  base. 

When  the  attempt  is  made  to  establish  a  diagnosis 
these  deductions  should  be  borne  in  mind  while  studying- 
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the  results  of  the  functional  testing.  At  the  same  time 
it  should  always  bo  remembered  that  it  is  often  impossi- 
ble to  determine  whether  the  disease  is  in  the  labyriutli, 
in  the  nerve  trvink,  or  at  some  point  in  the  intracerebral 
course  of  the  nerve. 

According  to  C.  II.  Burnett,  ana-mia  of  the  labyrinth, 
causing  deafness,  tinnitus,  and  vertigo,  may  be  diagnosed 
in  two  ways,  viz. :  by  the  temponfiy  congestion  induced 
by  eating,  and  also  by  the  inhalation  of  nitrite  of  amyl. 
If  temporary  improvement  in  all  or  any  of  these  symp- 
toms ensues  after  eating  or  after  the  inlialation  of  a  few 
minims  of  amyl  nitrite,  the  conclusion  is  that  the  case 
is  one  of  chronic  anai'mia  of  the  labyrinth. 

In  fracture  of  the  petrous  bone,  the  escape  of  cerebro- 
spinal fluid  is  not  essential,  and  no  certain  conclusions 
with  respect  to  the  anat.ondcal  situation,  gravity,  or  the 
subsequent  behavior  of  the  fracture  can  be  drawn  from 
the  external  appearances  in  the  ear  and  from  the  func- 
tional disturbances.  In  most  cases  both  the  internal 
and  the  middle  ear  are  affected  together.  Fracture  may 
occur  without  loss  of  hearing  if  the  labyrinth  is  not  in- 
volved in  the  fracture  line. 

The  diplacouses  are,  in  the  author's  experience,  usually 
due  to  affections  of  the  middle  eai',  as  in  a  case  recently 
observed  of  diplacusisechoica  coming  on  during  the  acme 
of  an  attait^k  of  otitis  media  subacuta. 

The  neuroses  are  recognized  by  their  symptoms  and 
by  the  peculiar  constitutional  condition  of  the  patient. 

"If  the  few  remarks  made  above  in  connection  with 
the  subject  of  symptomatology  are  borne  in  mind,  the 
diagnosis,  according  to  our  present  knowledge,  should 
not  offer  insuperable  obstacles  to  the  conscientious  ob- 
server. 

Pkoknosts.  —The  prognosis  is  always  hopeful  in  those 
cases  in  which  there  has  been  no  destruction  of  the  ana- 
tomical elements,  as  in  anannia,  neurasthenia,  etc.  On  the 
other  hand,  it  is  always  unfavorable  in  those  cases  in 
which  such  destruction  has  taken  place.  The  condition 
remaininn-  after  a  trial  of  treatment  of  moderate  duration 
is  apt  to  be  the  condition  that  will  remain  permanently, 
except  in  the  case  of  hemorrhage,  in  wliich  repeated  at- 
tacks will  tend  to  further  impairment  of  hearing. 

Amelioration  may  and  usually  does  take  place  in  the 
other  symptoms,  siich  as  vertigo:  but  the  hearing  im- 
proves "only  so  far  as  the  anatomical  elements  develop 
recuperative  ]iower,  and  when  that  power  is  exhausted 
improvement  ceases. 

Treatment.— The  treatment  of  anamiia  of  the  lal)y- 
rinth  is  in  most  cases  practically  that  of  the  treatment  ol 
o-eneral  auremia,  as  in  theana-miaandoligsemia  following 
gestation  and  parturition;  the  condition  is  often  tem- 
porarily benefited  by  doses  of  trinitrin,  gr.  y^,  two  or 
three  ti'mes  daily.  In  the  local  anremia  due  to  aneurism 
or  atheroma  verv  little  can  be  done;  when  it  is  due  to 
pressure  brought  on  bv  changes  in  the  middle  ear,  oper- 
ative interference  to  relieve  that  pressure  should,  if  pos- 
sible, be  undertaken.  ,  ui  i 
Hypera?mia  if  acute,  should  be  met  by  local  blood - 
letti'no-  purgation,  and  rest,  while  at  the  same  time  the  diet 
is  hmit'ed  and  stimulants  are  interdicted.  The  causative 
agency  should  always  be  searched  for  and  corrected  as 
far  as  possible,  on  general  lines.  Regulation  of  tlie  diet 
and  bowels,  curtailment  or  denial  of  stimulants,  and  cor- 
rect ordering  of  the  care  of  the  body  and  method  of  lite 
are  always  indicated  and  produce  the  best  results. 

Hemorrhages  into  the  labyrinth  should  be  treated,  until 
the  acute  symptoms  sub.side  and  absorption  begins,  by 
complete  bodily  rest,  local  blood-letting,  purgation,  hot 
foot  baths,  limi'tation  of  diet,  and  abstinence  from  the  use 
of  all  stimulants,  alcohol,  tobacco,  etc.  Later,  compara- 
tive rest  and  abstention  from  mental  or  physical  woiK, 
with  the  regulation  of  the  diet  and  bo^%'els,  will  do  more 
to  favor  absorption  than  the  administration  ot  ilrugs. 
The  use  of  iodide  of  potassium  in  gradually  increasing 
doses  has  given  the  best  results  in  the  author  s  hands. 
It  may  be  employed  coniointly  with  the  other  measures 
recommended,  or  independently,  if  for  any  reason  they 
cannot  .be  adopted.     Pilocarpine  has  been  strongly  advo- 


cated liy  some  authors;  it  slioul<l  he  given  either  by  the 
mouth  or  hypodermatieally,  beginning  with  gr.  i,  two 
or  three  times  daily,  and  increasing  the  dose  until  the 
physi<dogical  elfeet  of  the  drug  isolitained,  when  the  pa- 
tient is  held  to  that  dasage  for  a  shorter  or  longer  time. 

In  the  hyperplastic  form  of  labyrinlhitis,  regulation  of 
diet  and  of  the  bowels,  and  denial  of  stimulants,  counter- 
irritation  over  the  mastoid,  and  attempts  to  provoke 
derivation  and,  most  important,  the  attempted  removal 
of  the  cause,  are  the  proper  measures  to  be  employed. 
Resolution  may  be  encouraged  by  the  administration  of 
iodide  of  potassium  or  of  pilocarpine,  if  these  are  not 
contraindicated  by  the  condition  which  caused  the  lesion 
or  by  the  state  of'liealth  of  the  patient. 

During  the  acute  stage  of  the  exudative  form  of  laby- 
rinthitis as  much  should  be  done  as  possilile  to  diminish 
the  intensity  of  the  attack  and  to  limit  the  extension  of 
the  process.  This  in  most  eases  amounts  to  very  little. 
Rest  in  bed  is  imperative,  limitation  of  the  diet  is  ad- 
visable, cardiac  sedatives  and  diai)horetics  should  be 
prescribed,  the  bowels  should  be  regulated,  and  deriva- 
tives not  contraindicated  by  the  general  condition  should 
be  employed.  After  the  acute  symptoms  have  subsided, 
resolution  is  to  be  enc(mraged  by  the  continuance  of  rest, 
by  the  adoption  of  a  light  but  nourishing  diet,  by  the 
regulation  of  the  excretory  organs,  and  by  the  adminis- 
tration of  those  remedies  which  are  known  to  have  an  ef- 
fect on  the  pathological  deposits  and  new  formations — 
such,  for  example,  as  the  iodide  of  potassium,  mercury, 
pilocarpine,  etc. 

Jausen  holds  that  when  pus  penetrates  from  the  mid- 
dle ear  into  the  semicircular  canals,  the  operative  field 
should  be  extended  so  as  to  (Ifeet  the  removal  of  the 
horizontal  or  even  the  vertical  canal  with  narrow  chisels 
or  with  the  electro-motor  drill. 

In  labyrinthine  necrosis  the  treatment,  according  to 
Bezold,  should  consist  in  systematic  cleansing,  insuflJa- 
tion  of  boric  acid  powder,  and  removal  of  granulations.  A 
forcible  extraction  of  the  sequestrum  before  it  is  loose  is 
not  advisable.  The  mastoid  process  is  rarely  involved. 
A  properly  executed  radical  operation  insures  a  safer  re- 
covery than  if  the  sequestrum  is  spontaneously  eliminated 
throu'gh  a  narrow  canal,  especially  if  signs  of  general 
disturbance  are  present.  The  result  in  six  out  of  ten 
cases  in  which  such  an  operation  was  resorted  to,  was 
complete  recovery  with  epidermization  of  the  cavity. 
Recovery  probabfy  also  occurred  in  a  seventh  case.  In 
one  case  there  res'ulted  atresia  of  ilie  bony  canal.  One 
patient  died  from  some  complication  in  the  other  ear. 
and  one  died  eleven  days  after  the  removal  of  the  seques- 
trum, presumably  of  meningitis. 

The  regeneration  of  the  affected  nerve  elements  may 
be  encouraged  l)ythe  administration  of  the  various  nerve 
stimulants'and  iierve  foods,  such  as  stryehnme,  phos- 
phorus, etc.  .  ,  r       ^         ■ 

The  principal  treatment  for  concussion  and  tracture  is 
rest  and  the  meeting  of  symptoms  as  they  arise. 

The  treatment  of  acoustic  neurasthenia  is,  of  course, 
that  of  the  general  neurasthenic,  condition.  The  general 
health  should  be  improved  by  all  the  means  at  our  com- 
mand The  author  has  found  that  the  feeling  ot  well- 
bein"-  produced  by  the  administration  of  gelsemium  is  a 
very'^important  aid  in  inducing  the  patient  to  attempt 
and  to  adhere  to  those  regulations  which  are  necessary 
to  the  attainment  of  this  much-hoped-for  improvement; 
it  should  be  administered  in  the  form  of  the  tluid  extract. 
Strychnine  has  produced  only  a  temporary  improvement 
in  the  author's  hands.  The  general  health  must  be  im- 
proved if  any  permanent  betterment  is  to  be  attained,  and 
ffclsemium  li'as  the  power  of  stimulating  the  ambition  of 
the  neurasthenic  to  the  extent  of  accomplishing  the 
tasks  necessarily  set  for  this  purpose. 

Hysteria  requires  administration  of  those  remedies— 
phamiaceutical.  psychical,  and  physical-usually  recom- 
mended for  use  in  the  general  condition. 

The  various  other  neuroses,  reflex  and  otherwise,  are 
to  be  treated  from  the  standpoint  of  the  cause. 
It  will  be  noticed  that  the  subject  of  the  treatment  ot 
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affections  of  the  souud-perceiving  apparatus  by  means 
of  electricity,  pliouo-massage,  and  various  otiier  more  or 
less  imperfectly  tried  remedies  has  not  been  touched  upon 
by  the  writer.  The  reason  for  tliis  lies  in  the  fact  that 
the  advantage  to  be  derived  from  these  remedies  has  been 
much  doubted  by  very  many  competent  otologists  who 
have  given  them  a  fair  trial,  and  that  certain  disadvan- 
tages in  their  use  have  been  discovered  in  some  conditions. 
Further  attention  needs  to  be  devoted  to  them  as  remedial 
agencies. 

The  treatment  of  deaf mutism  consists  in  tljc  i-emoviil 
of  any  curable  pathological  conditions  found  to  exist  in 
the  sound-conducting  apparatus,  and  in  the  improvement 
of  what  hearing  power  still  remains  in  the  sound-perceiv- 
ing apparatus.  Chronic  suppuration  of  the  middle  ear 
is  especially  prevalent  among  tUo.se  mute  from  acquired 
deafness,  and  sliould  receive  competent  attention  to  jirc 
vent  fatal  results.  Urbantschitsch  has  recommended 
systematic  acoustic  instruction  by  the  pronunciation  of 
vowels,  consonants,  single  words,  and  sentences;  the  in- 
struction to  be  given  for  a  sliort  time  two  or  three  times 
daily.  Politzer  is  of  the  opinion  that  this  may  be  the 
means  of  effecting  a  modulation  in  speech,  but  that  the 
hearing  cannot  be  affected  thereby,  because  it  has  gener- 
ally been  lost  through  processes  which  have  run  their 
course  and  have  left  behind  irreparable  anetomical 
changes.  Only  children  with  a  remnant  of  hearing 
should  receive  speaking  exercises.  Bezold  and  Roller 
deprecate  the  combineil  instruction  of  the  half-deaf  and 
the  totally  deaf,  as  it  produces  a  waiving  of  the  hearing 
remnants  which  the  former  still  possess. 

Henry  A.  Alderton. 

EAR  DISEASES:  AFFECTIONS  OF  THE  AURICLE. 

— Cutaneous  Diseasl;s,  —  Cutaneous  diseases  of  tlie 
auricle  differ  in  no  essential  particular  from  diseases  fit 
the  skin  involving  other  parts  of  the  body,  and  are  of 
interest  to  the  otologist  only  because,  in  their  localization 
at  this  point,  he  may  be  called  upon  to  treat  the  lesion, 
and  also  because  of  the  fact  that  some  of  these  cutaneous 
diseases  may  extend  to  the  epithelial  lining  of  the  ex- 
ternal auditory  canal,  and  give  rise  to  deafness,  or,  in 
neglected  oases,  may  extend  into  the  deeper  structures 
of  the  ear  and  give  rise  to  grave  complications. 

Acne.  —  Acne  of  the  auricle  is  rare  and  has  no  special 
characteristics  to  distinguish  it  from  acne  elsewheie. 

Ecthyma. — Eetliyma  appears  in  tlie  form  of  huge, 
single  pustules  with  an  infiltrated,  hard,  and  elevated 
base,  and  flattened  in  the  centre.  They  soon  become 
covered  by  a  dark  crust  wliich,  after  falling  off,  gener- 
ally leaves  a  crater-like,  round  ulcer  with  sharp,  slightly 
elevated  margins ;  the  surface  of  the  ulcer  is  covered  with 
a  greenish-yellow  scab  under  which  the  pus  wells  up  on 
light  pressure.  Through  tlie  confluence  of  several  tilcers, 
and  the  extension  of  the  disea.se  into  the  deep  tissues, 
there  may  develop  an  extensive  inflammation  of  the  skin 
and  cartilage.  Barnick  describes  a  case  iu  which,  in  the 
edges  of  the  ulcer,  were  many  bleeding  points  ("ecthyma 
hsemorrhagicum"),  as  also  an  endarteritis  of  the  bl'ood 
ves.sels  of  the  skin.  The  base  of  the  ulcer  showed  every- 
where granulation  tissue.  In  tlie  microscopical  prepara- 
tions staphylococci  and  streptococci  were  found. 

&,iem((.— Eczema  may  occur  in  all  parts  of  tlie  external 
ear.  It  may  be  confined  to  the  auricle,  or  the  canal  may 
also  be  involved ;  in  some  cases  tlie  affection  may  even 
extend  to  the  dermal  layer  of  tlie  drum  meniliiane. 
Eczema  may  occur  idiopathically  in  the  ear  or  it  inav 
extend  from  an  eczema  of  the  face  or  head.  (The  readi'r 
is  referred,  for  furtlier  information  in  regard  to  eczema 
of  the  auricle,  to  the  article  on  Em-  Diseamfi :  Afl'irtions 
of  the  External  Auditory  Canal,  p,  620,) 
^  -ffe^Je.?,— Herpes  of  tlieauricle  is  rare,  and  occurs  eitlicr 
in  Its  simple  form  in  connection  witli  herpes  facialis,  or 
as  a,  part  of  herpes  zoster  in  the  region  supplied  by  the 
aunculo-temporal  branch  of  the  trigeminus  nerve  and  the 
auricular  branch  of  the  third  cervical  nerve.  In  the  first 
case  It  IS  the  anterior  part  of  the  ear  and  the  tragus  which 
are  affected,  in  the  latter  the   posterior  part  and    the 
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lobule.  Sometimes  blebs  are  formed  in  the  canal,  and, 
very  rarely,  on  the  tympanic  membrane.  The  outbreaks 
of  herpes  zoster  are  nearly  always  accompanied  by  neu- 
ralgic pains  on  the  affected  side  of  the  head  and  in  the 
ear,  and  at  limes  even  tlie  mastoid  process  is  painful. 
This  symptom  of  pain  in  the  mastoid  was  so  marked  in 
one  case  reported  that  the  wrong  diagnosis  of  ma.stoiditis 
was  made,  and  the  trne  state  of  affairs  was  not  discovered 
until  a  short  time  before  the  proposed  operation  was  about 
to  be  undertaken.  The  hearing  is  often  impaired  during 
the  course  of  the  disease. 

As  to  the  appearance  presented  by  the  disease  when  it 
involves  the  auricle,  herpes  of  the  ear  differs  in  no  way 
from  herpes  on  other  parts  of  the  body.  The  watery 
exudation  gradually  becomes  purulent  or  bloody,  and 
after  a  few  days  desiccation  takes  place.  Only  excep- 
tionally can  the  process  assume  a  gangrenous  character. 
Recurrences  are  not  uncommon  in  simple  herpes. 

Tlie  treatment  consists  in  the  administration  of  narcotics 
when  there  is  severe  pain;  in  the  use  of  powders  or  of 
compresses  wet  in  cocaine  solution,  after  the  formation 
of  blebs  has  taken  place;  in  the  use  of  white  precipitate 
ointment;  and,  after  ulcers  have  formed,  in  cauterization 
with  silver  nitrate. 

Impetigo  Contagiosa. — Impetigo  contagiosa  appears  a.s 
a  small  red  spot  which  soon  develops  into  a  pustule  that 
may  reach  the  size  of  a  large  pea.  In  cour.se  of  time  this 
lireaks  down  and  a  crust  is  formed.  By  contamination 
with  the  pus  new  foci  may  develop,  and  so  there  may 
be  found  at  one  and  the  same  time  lesions  in  all  the  vari- 
ous stages.  This  disease  assumes  the  character  of  an  in- 
fection and  is  mostly  epidemic.  The  neighboring  Ij'mph 
glands  are  swollen.  C^hildren  are  the  chief  sufferers  from 
this  affection,  but  adults  arc  not  ahvays  exempt. 

The  treatment  consists  in  bathing  with  green  soap  and 
then  applying  zinc  ointment,  or  an  ointment  of  bismuth 
subgallate. 

Pemphigus. — Pemphigus  of  the  ear  is  not  observed 
very  frequently  as  an  independent  affection ;  it  is  more 
often  seen  as  a  part  of  the  same  general  affection  of  the 
skin. 

After  a  prodromal  stage  of  lassitude  and  weariness, 
there  follow  fever  and  an  eruption  of  discrete,  slightly 
elevated,  red  spots  on  which  develop  bullse  distended 
with  serum  or  blood.  These  may  be  of  varying  sizes, 
from  the  dimensions  of  a  grape  seed  to  that  of  a  hazel- 
nut. The  bullae  burst  and  leave  a  red  surface  which  is 
quickly  covered  over  with  new  skin.  Thus  the  disease 
comes  to  an  end  and  the  fever  distippears.  The  disease 
may  last  for  from  one  to  two  weeks,  but  it  can  drag  along 
for  a  much  longer  time  and  may  recur.  In  most  cases 
healing  occuis,  but  it  is  also  possible  for  the  affected 
parts  of  the  skin  to  slough.  We  must  regard  pemphigus 
as  among  the  infectious  diseases. 

The  symptoms  are  extreme  itching  and  a  feeling  of 
\varmth,  neuralgic  pains  in  the  face,  tinnitus  aurium,  and 
a  greater  or  less  degree  of  deafness.  The  skin  becomes 
scaly  and  as  it  peels  it  leaves  the  underlying  skin  more 
or  less  red,  according  to  the  length  of  time  the  lesion  has 
existed. 

The  treatment  is  the  same  as  for  this  disease  in  other 
liarts  of  the  body.  The  general  treatment  consists  of 
cooling  diet,  rest,  and  the  use  of  quinine  or  antipyrin. 
The  internal  administration  of  Fowler's  solution  is  also 
sometimes  indicated.  The  local  treatment  consists  in  a 
copious  washing  of  the  att'ected  part  with  weak  bichlo- 
ride solutions,  and  the  subsequent  application  of  zinc 
oxide  or  boric  acid,  or  of  talcum  powder  finely  powdered. 
In  the  more  pronounced  cases  the  scalp  should  be  shaved 
in  the  neighborhood  of  the  ear,  the  scales  should  be  re- 
moved from  the  aft'eeted  parts  by  thorough  washing  with 
green  soap  (sapo  viridi.s),  then"  a  solution  of  nitrate  of 
silver  of  the  strength  of  two  per  cent,  is  to  be  applied, 
and  finally  zinc  or  iclithyol  ointment  should  be  used 
freely. 

The  prognosis  is  good. 

Psoriasis. — Psoriasis  of  the  auricle  is  very  rare.  It  is 
characterized,  as  in  other  parts  of  the  body,  by  a  sharply 
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defined,  largo  or  small  efflorescence,  with  an  infiltrated 
foundation  covered  with  pearly  epidermic  scales.  This 
is  to  be  differentiated  from  other  scaly  skin  diseases  by 
the  fact  that  in  psoriasis  the  scales,  when  removed,  leave 
a  surface  which  bleeds  and  appears  sieve-like. 

The  treatment  does  not  differ  from  that  of  psoriasis  in 
other  parts  of  the  body. 

Seborrlufa. — This  is  an  affection  of  the  auricle  of  quite 
common  occurrence;  it  develops  especially  in  the  hol- 
lows. It  is  less  hke  the  moist  seborrha>a  than  the  sehor- 
rhoea  sicca,  in  which  form  of  tlie  disease  the  ordinary 
secretion  of  the  sebaceous  glands  is  hard  and  firm.  The 
skin  is  covered  with  dirty"  fatty,  scab-like  scales  which 
vuidergo  desiccation.  There  is  no  demonstrable  ana- 
tomical change  of  the  skin.  The  treatment  is  the  same 
as  for  the  disease  in  other  parts  of  the  body.  Begin  by 
washing  the  parts  with  tincture  of  green  soap  and  then 
use  a  salicylic  acid  and  sulphur  soap  made  up  with  much 
fat.  Constitutional  anomalies  must  be  taken  into  con- 
sideration. 

PTuritm.—PvwTitws.  very  seldom  occurs  in  the  auricle. 
Romberg  reports  a  case  of  itcliing  in  the  left  lobe.  Every 
attempt  to  relieve  this  itching  by  scratching  with  fingcT 
nails  brought  on  a  severe  attack  of  neuralgia  of  the  first 
and  second  branches  of  the  trigeminus.  The  treatment 
is  the  same  as  for  the  disease  in  other  parts  of  the  body. 
Salves  are  indicated:  either  the  plain  vaseline,  albolen'e, 
etc.,  or  vaseline  combined  with  preparations  of  iodoform, 
iodol,  carbolic  acid,  sahcylie  acid,  or  chrysarobin.  Eciual 
parts  of  chloral  and  gum  camphor,  rubbed  together  to 
make  a  viscid  fluid,  and  applied  to  the  part  affected,  will 
frequently  relieve  a  pruritus  when  other  measures  fail. 

Abscess. — Absce.ss  of  the  auricle  may  occur  in  connec- 
tion with  skin  affections,  such  as  eczema,  especially 
where  pruritus  is  marked;  the  infection  being  conveyed 
by  dirty  finger  nails  or  in  some  similar  way.  An  abscess 
may  also  develop  as  a  result  of  freezing  or  of  an  erysipela- 
tous attack.  Finally,  it  may  develop  from  the  sting  of 
an  insect  or  from  a  trauma  of  any  kind,  such  as  piercing 
the  lobe,  etc.  Swelling,  redness,  pain,  a  sense  of  heat, 
and  fluctuation  are  the  symptoms  which  indicate  tlie 
presence  of  an  abscess  of  the  auricle.  The  condition  maj^ 
become  dangerous  through  a  spread  of  the  infection  to 
the  cartilage,  thus  causing  a  perichondritis.  When  a 
perichondritic  abscess  develops  the  cartilage  is  often  de- 
stroyed, with  a  resulting  deformity',  or  fistulse  may  form. 

TreoAmenl. — An  early  free  incision,  curettage,  and  wet 
sterile  dressings. 

Feenio;  Frost-Bite. — In  this  affection  we  find  vari- 
ous degrees  of  inflanunation,  according  to  the  degree  and 
the  duration  of  the  cold.  The  lighter  forms  are  charac- 
terized by  a  bluish-red  coloration,  an  ordinary  amount  of 
swelling,  and  very  severe  itching,  which  may  increase  to 
pricking  pains.  In  other  cases,  which  have  resulted  from 
exposure  to  a  more  intense  cold,  the  auricle  appears  ex- 
tremely swollen,  very  much  reddened,  and  covered  in 
various  places  with  large  blebs,  whose  contents  are  of  a 
yellowish  or  bloody  color.  The  pain  is  very  great.  The 
severest  forms  are  seldom  seen.  In  these  gangrene  de- 
velops ;  there  is  a  black  discoloration  and  abscesses  form. 
Ultimately  the  ear  shows  varying  degrees  of  deformity. 
Ears  that  have  been  frozen  will  continue  to  be  sensitive 
whenever  the  temperature  falls  to  a  certain  point.  In 
these  cases  the  swelling,  the  itching,  and  the  formation  of 
nodules,  which  may  go  on  to  form  pustules  and  to  ul- 
cerate, often  recur.  In  weakened  individuals,  especially 
young  anaemic  girls,  frost-bites  and  chilblains  are  likely 
to  develop  at  the  beginning  of  cold  weather. 

Treatment. — In  the  lighter  forms  of  freezing,  cold 
compresses  and  poultices  with  Goulard's  extract  are  suf- 
ficient; in  extreme  hyperasmia  and  swelling  there  should 
be  a  continuous  application  of  cold  by  means  of  Leiter's 
coil.  In  regard  to  the  itching  and  pain,  relief  may  gen- 
erally be  obtained  by  the  local  u.se  of  tincture  of  iodine 
with  the  addition  of  tincture  of  opium.  Afterward, 
ichthyol  ointment  should  be  applied.  The  following 
preparations  will  also  be  found  useful:  boric  or  zinc  oint- 
ment ;  two  per  cent,  silver  nitrate  salve ;  and  orthoform 


vasehne.  In  the  deep  ulcers  and  also  in  exuberant  granu- 
lations, sdver  nitrate  stick  should  be  used.  Gangrenous 
parts  should  be  amputated. 

The  ears  should  be  protected  from  cold  by  ear  mulls, 
and  they  should  receive  frequent  washings  with  absolufe 
alcohol.  In  anemic  cases  the  general  health  should  be 
looked  after. 

Ekysu'elah.— Erysipelas  of  the  ear  is  of  rather  com- 
mon occurrence.  It  takes  its  rise  here  either  primarily, 
from  injured  or  excoriated  spots,  or  .secondarily,  from  ex- 
tension from  the  face  or  from  the  throat  through  the 
Euslachian  tube  and  middle  car.  The  clinical  picture, 
the  course,  and  the  termination  are  the  same  as  when  the 
disease  affects  other  parts  t,i  the  body.  The  auditory 
meatus,  at  least  in  the  outer  part,  is  generally  involved, 
and  occasionally  the  disease  may  extend  to  the  membrana 
tympani.  In  those  cases  in  which  a  peiforation  occurs 
the  inflammation  may  extend  from  the  middle  ear  to  Ihe 
mastoid  cells. 

Treatment  consists  in  the  use  of  ichthyol  ointment, 
which  both  relieves  the  tension  of  the  skin  and  keeps 
the  infectious  scales  from  being  di.sseminated.  Poultices 
with  one-half  to  one  per  cent,  bichloride  solution  have 
been  recommended.  Ordinarily  the  further  spreading  of 
the  erysipelas  has  been  prevented  through  frequent 
pencillings  of  the  neighboring  sound  parts  with  strong 
tincture  of  iodine,  or  by  scarifying  them.  The  general 
condition  and  the  complications  demand  suitable  treat- 
ment. 

Ganoihbne. — Gangrene  of  the  ear  is  seldom  seen. 
Sometimes  it  affects  the  skin  alone;  at  other  times  the 
cartilage  is  also  affected  ;  but  there  is  always  more  or  less 
extensive  loss  of  substance.  As  causes  we  have  a  pre- 
ceding wound  or  an  abscess  such  as  results  from  measles, 
erysipelas,  or  burning  and  freezing  of  the  third  grade. 
Urbantschitsch  reports  a  case  of  Raynaud's  spontaneou.? 
symmetrical  gangrene  in  the  upper  third  of  the  ear:  it 
was  caused  by  tropho-neurotic  disturbances.  In  the  ma- 
jority of  cases  the  inflammatory  process  is  of  long  dura- 
tion and  depends  on  a  disturbance  of  nutrition  cau.sed 
by  thrombosis  of  the  vessels.  Treatment  must  consist 
in  the  removal  of  the  necrotic  tissue  and  in  accelerating 
the  formation  of  a  line  of  demarcation.  The  last  may  be 
accomplished  through  the  use  of  antiseptic  poultices. 
Nourishing  diet  and  tonics  are  indicated.  Skin-grafting 
may  be  found  necessaiy. 

Ulceration. — Ulceration  may  occur  as  a  complication 
of  burning  or  freezing;  it  is  also  observed  iu  ecthyma, 
in  herpes,  in  otitis  externa  diffusa,  in  diphtheria,  and  iu 
gangrene.  Such  idcers  are  generality  seated  on  the 
tragus,  the  concha,  or  the  lobule.  They  are  superficial 
and  they  soon  heal  if  suitable  antiseptic  dressings  are  ap- 
plied. On  the  other  hand,  if  the}'  are  allowed  to  become 
deep-seated,  they  are  very  hard  to  heal  and  are  often  the 
starting-point  of  a  very  severe  eczema.  Every  eczema 
may  give  rise  to  numerous  small  idcers.  The  most  fre- 
quent ulceration  of  the  auricle  is  due  to  syphilis. 

The  ordinary  ulcerations  do  not  extend  to  any  great 
depth,  and  are  covered  with  a  yellowish,  watery  exudate. 
Those  of  a  syphilitic  nature  present  more  marked  chai'- 
acteristics;  thej'  are  deep,  crater-Hkc  excavations  with 
sharply  defined,  indurated  borders.  They  are  often  seen 
when  the  chancre  has  been  overlooked.  The  favorite  site 
of  a  secondary  syphilitic  ulceration  is  the  hole  pierced  for 
the  earring  in  the  lobule;  the  mechanical  irritation  sup- 
plied by  the  earring  at  this  point  favoring  the  develop- 
ment of  papular  infiltration  and  the  formation  of  small 
ulcerations  on  the  anterior  and  posterior  surfaces  of  the 
lobule.  In  tertiary  syphilis,  if  the  ear  is  affected  by  the 
ulcerative  destruction  of  the  gummatous  new  growths, 
the  underlying  cartilage  is  apt  to  become  the  seat  of  in- 
flammatorjf  action. 

Primary  syphilitic  infection  of  the  auricle  has  been  seen 
and  described  by  Zucker.  The  case  was  that  of  a  man 
whose  ear  had  been  hcked  by  a  syphilitic  woman.  The 
auricle  became  greatly  swollen,  ulcers  formed  upon  the 
anterior  surface  of  the  tragus,  and  the  neighboring  glands 
also  became  very  much  swollen.     Occasionally  the  con- 
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temination  of  the  ear  with  sypbilitic  secretion,  as  after 
coutact  with  dirty  hands  or  other  infected  objects,  has 
caused  a  primary  "infection  of  this  organ. 

Tlie  prognods  and  treatment  of  ulcers  of  the  ear  depend 
upon  the  causative  factors. 

DiPHTHBEiA.— True  primary  diphtheria  of  the  auricle 
has  heen  observed  in  rare  cases,  hut  it  generally  occurs 
in  connection  with  a  previous  or  a  simultaneous  diph- 
theritic affection  of  the  throat  structures.  Secondary 
diplitheria  attacks  the  auiicle  by  the  infection  being 
conveyed  through  an  abrasion  of  its  surface,  or  by  direct 
extension  from  the  throat,  by  way  of  the  Eustachian 
tube  and  the  middle  ear.  In  such  cases  the  auricle  and 
the  external  auditory  meatus  are  seen  to  be  covered  with 
the  characteristic  diphtheritic  membrane,  and  when  this 
is  removed  there  will  be  seen  large,  irregularly  formed, 
easily  bleeding  ulcerations  of  the  skin.  Local  treatment 
consists  in  the  application  of  antiseptic  solutions  and 
powders. 

Hypektrophies. — Hypertrophies  are  sometimes  con 
genital,  sometimes  acquired.  Under  this  heading  are 
classed :  nasvus  pigmentosus,  naevus  vascularis,  and  najvus 
cysticus ;  verruca  vulgaris ;  cutaneous  horns ;  those  skin 
troubles  which,  starting  in  other  parts  of  the  body,  affect 
the  ear  by  extension  or  otherwise  {e.g..  ichthyosis,  sclero- 
derma, and  elephantiasis) ;  and,  finally,  the  thickenings 
which  follow  othgematoma,  perichondritis,  the  different 
inflammations,  traumata,  and  freezing. 

Ntemu  or  mole,  whether  of  the  pigmented,  the  vas- 
cular, or  the  cystic  variet)^  is  a  congenital  anomaly 
which  occurs  with  the  growth  of  the  body  but  causes  no 
constitutional  disturbance.  It  is  seldom  observed  on  the 
ear  (Pipino).  In  old  age  the  change  of  moles  into  malig- 
nant new  growths  (epitheliomata)  has  been  observed. 

The  treatment  is  preferably  surgical — excision  and 
suture;  the  galvano-cauterjr,  or  the  Paquelin  cautery, 
or  electroh'sis  mayr  also  be  used. 

The  wart  (verruca  vulgaris)  may  be  treated  witli  fum- 
ing nitric  acid,  with  concentrated  carbolic  acid,  or  with 
trichloracetic  acid,  or  it  may  be  removed  by  the  galvano- 
cautery  or  excised  with  the  knife  or  scissors. 

The  cutaneous  horn  should  not  be  regarded  as  a  neo- 
plasm but  as  a  pure  hypertrophy  of  the  skin.  It  is 
often  scratched  off  by  the  finger  nail,  but  when  this  hap 
pens  the  horn  is  generally  reijrodueed.  The  use  of  the 
Paquelin  cauterj^  after  the  removal  of  these  horns  by 
the  knife  or  curette,  prevents  their  recurrence. 

The  hypertrophic  skin  diseases— ichthyosis,  elephan- 
tiasis, and  scleroderma— are  very  seldom  seen  as  independ- 
ent affections  of  the  auricle.  "These  cutaneous  diseases, 
as  a  rule,  affect  the  skin  of  the  other  parts  of  the  body  as 
well  as  that  of  the  ear. 

IcJitliyosi.i. — Ichthyosis  congenita  is  a  very  rare  affec- 
tion and  never  mani"fests  itself  on  the  ear  alone.  Under 
this  heading  are  included  those  cases  of  intra-uteriue 
hyperkeratosis  of  the  entire  skin  which  are  characterized 
by  increased  formation  and  exfoliation  of  the  lamelhe  of 
the  skin.  In  its  growth  the  foetus  develops  a  skin  abso- 
lutely like  a  coat  of  mail;  tlie  individual  plates  of  skin 
being  separated  by  deep  furrows,  as  are  the  plates  of  a 
metal  armor.  This  form  of  hypertrophy  causes  the  skin 
of  the  foetus  to  contract  to  such  a  degree  that  the  mucous 
membranes  are  everted  and  brought  to  the  outside  (ecla- 
biumand  ectropion).  It  is  obvious  that  such  a  fcrtus 
either  dies  in  utero  or  in  rare  eases  lives  only  for  a  short 
time  after  birth. 

A7f;j//<«/,.(;iVf«w.— Elephantiasis  of  the  entire  auricle  has 
seldom  been  reported.  In  Hang's  case  the  ear  was  very 
large,  its  measurements  being  as  follows:  circumference 
7-:icm. ;  longitudinal  measurement,  12.5  cm.-  breadth  7 
cm.  Histologically,  it  presented  the  characteristics  of  a 
lymphangiofibroma,  in  which  then^  were  rather  numer- 
ous round  cells,  the  result  of  the  early  inflammatory  dis- 
turbance. Elephantiasis  can  occur  after  burns,  f reezin «• 
and  eczema,  and  after  any  kind  of  chronic  inflammatoiw 
process,  especially  if  an  erysipelas  develops  on  the  site 

Anennsm.~Ka  aneurism  confined  to  the  auricle  alone 
o,  mvolvmg  also  the  surroundings  is  rarely  encountered. 

608 


It  may  develop  either  spontaneously  or  under  the  influ- 
ence of  a  trauma.  The  artery  which  supplies  such  an 
aneurism  is  either  the  auricularis  anterior,  the  auricularis 
posterior,  or  the  temporalis  profunda.  The  symptoms 
caused  by  the  presence  of  such  an  aneurism  are  a,  sense 
of  discomfort,  headache,  and  at  times  tinnitus  aurium. 

Angioma. — Angiomata  of  the  auricle  are  of  relatively 
frequent  occurrence.  They  vary  in  ,size  from  that  of  a 
hemp  seed  or  lentil  to  that  of  an  egg.  Their  color  varies 
from  red  and  bluish-red  to  blackish -blue.  They  are  .soft, 
mostly  flat,  seldom  round  or  provided  with  knobby 
prominences  of  the  skin  and  subcutaneous  tissues.  They 
are  observed  on  the  anterior  and  posterior  aspects  of  the 
auricle,  on  the  tragus,  at  the  entrance  of  the  canal,  and 
on  the  lobule — involving  consequently  the  branches  of 
the  auricular,  occipital,  and  temporal  arteries.  The 
smallest  ones  often  manifest  themselves  as  vascular  nsevi, 
which  reach  various  degrees  of  development. 

The  angiomata  of  the  auricle  often  remain  unchanged 
in  .size  for  ten  or  more  years.  On  the  other  hand,  there 
are  cavernous  angiomata  which  grow  with  extraordinary 
rapidity,  forming  large  knotty  tumors.  Most  angiomata 
of  the  ear  and  its  surroundings  are  congenital,  but  cases 
have  been  observed  in  which  they  have  developed  as  a  re- 
sult of  a  burn  or  of  freezing,  as  also  from  the  effects  of 
traumatism.  A  true  aneurism  only  rarely  originates  in 
this  way.     Pedunculated  angiomata  are  rare. 

Injuries  often  lead  to  hemorrhages  which  are  difficult 
to  check;  spontaneous  bursting  from  momentary  in- 
creased blood  pressure,  such  as  takes  place  during  cough- 
ing, vomiting,  etc.,  may  occur.  One  case  of  death  has 
been  observed  as  a  result  of  the  bleeding  from  spontane- 
ous bursting  of  a  blood-vessel  of  the  auricle. 

The  morbid  anatomy  of  these  angiomata  is  the  same  as 
that  of  other  angiomata;  that  is,  they  are  considered  to 
be  formations  of  enlarged  blood-vessels  with  simultane- 
ous thickening  of  the  vessel  walls,  or  they  are  due  to  the 
formation  of  new  blood-vessels. 

They  are  to  be  reckoned  among  the  benign  tumors  only 
so  long  as  the  process  of  hypertrophy  is  confined  to  en- 
largement of  the  vessel  walls  and  to  formation  of  con- 
nective tissue.  In  this  category  belong  the  simple  angio- 
mata, the  cavernous  angiomata,  and  the  angio-fibromata. 

Malignant  melanotic  sarcomata  develop  at  times  from 
a  noevus  vascularis. 

In  the  case  of  the  smaller  angiomata — those  sufficiently 
large  to  be  noticeable — the  treatment  consists  in  touching 
with  the  thermocautery  or  in  excision;  electrolysis  may 
also  prove  to  be  an  eflicient  remedial  agent.  Growths  of 
greater  size  may  be  incised  and  a  ligature  then  applied 
to  the  larger  vessels,  or  they  may  be  touched  with  the 
thermo-cautery.  Injections  of  liquor  ferri  subsulphatis 
and  such  procedures  are  strongly  advised  against.  Some- 
times the  larger  angiomata  can  be  excised  in  toto.  espe- 
cially if  the  chief  vessels  leading  to  them  are  easil_y  ac- 
cessible to  ligature;  this  is  particularly  true  in  cases  of 
aneurism. 

Oi/sis.— Cysts  develop  for  the  most  part  in  the  scaphoid 
fossa  of  the  ear,  in  the  form  of  a  soft,  fluctuating  mass. 
They  contain  a  yellow,  thin,  sterile  fluid,  or  one  which 
is  more  or  less  tenacious  in  character;  it  is  only  seldom 
that  they  contain  a  purulent  fluid.  They  are  often  found 
lying  between  the  perichondrium  and  the  skin,  but  gener- 
ally they  are  seated  between  the  two  layers  of  the  car- 
tilage. Rupture  of  the  cartilage  seldom  occurs.  The 
duration  is  from  a  few  days  to  many  years.  Microscopi- 
cally, the  cartilage  shows  hyaline  degeneration. 

Treatment.— In  general,  "it  is  sufllcient  to  incise  the 
tumor  and  evacuate  its  contents;  in  some  cases,  however, 
it  will  be  found  necessary  to  resect  the  upper  or  both 
layers  of  limiting  cartilage.  Healing  occurs  in  a  short 
time,  and  with  little  or  no  deformity.  The  injection  of 
a  mixture  of  iodine  and  glycerin  is  a  less  certain  method 
of  effecting  a  cure,  and  the  length  of  time  required  is  also 
greater.      Massage  is  even  more  uncertain  in  its  results. 

Othmnatoma  (Blood  Tumor).— OthsBmatoma,  is  an  exu- 
dation of  blood  into  the  subcutaneous  connective  tissue, 
or  under  the  perichondrium,  or  into  the  substance  of  the 
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Fig.  17U2.  —  Medium-sized  Othiema- 
toma  ot  the  Aurk-le.  (After  Sex- 
ton.) 


cartilage.  Generally,  the  swelling  appears  suddenly 
(in  the  surface  of  the  auricle,  in  the  antihelix  or  in  the 
concha,  and  cjuickly  reaches  a  certain  size;  in  some 
cases  it  may  be  as  large  as  a  hickory  nut,  or  it  may  even 

involve  the  whole  upper 
two-thirds  of  the  ear. 
Ihe  swelling,  when  the 
snbcutancous  structures 
ue  alone  involved,  is 
hemispherical,  fluctuat- 
mg,  with  a  smootli  sin' 
tice  and  at  times  a 
bluish  color.  The  skin 
covering  the  tumor  is 
intact.  Fluid  blood  or 
bloody  serimi  consti- 
tutes the  contents  of  the 
mass.     Where  the  extra- 

X—  jf .  jg.  \  isation    is    tmder    tlic 

r^SHTc  perichondrium    the    de- 

-  '      rvS  pressions  and  elevations 

^  of    the  atu'icle  are  defi- 

nitely outlined.  In 
many  cases  there  is  pain 
at  the  outset,  but  seldom 
are  there  other  evidences 
of  inflammation.  Left 
to  itself,  an  othemato- 
ma, in  the  course  of  time,  undergoes  absorption,  or 
else  it  remains  as  a  local  thickening  l^etween  the  folds  of 
the  ear.  If  infiammation  sets  in,  the  symptoms  may 
be  quite  sevete  ;  otherwise  the  only  symptoms  will  be  a 
change  in  the  form  of  the  auricle,  a  certain  feeling  of 
pressure,  and — when  the  area  involved  is  quite  large — 
closure  of  the  external  auditory  meatus. 

The  treatment  is  expectant.  Compression  by  bandage 
and  massage  hasten  ab.sorption.  Puncture  or  incision  is 
certainly  not  to  be  advised ;  only  evidences  of  the  forma- 
tion of  pus  and  necrosis  furnish  indications  for  surgical 
treatmoit,  in  which  case  evacuation  of  the  cavity,  with 
removal  of  any  bits  of  necrosed  tissue,  is  in  order. 

The  greater  number  of  cases  of  otha?matoma  are  found 
to  be  of  traumatic  origin,  occurring  in  those  whose  ears 
are  much  exposed  to  injury— such  as  boxers  and  prize 
fighters. 

In  old,  decrepit  persons  othematoma  does  occur  with- 
out trauma,  and  is  then  due  to  atlieromatous  degenera- 
tion of  the  blood-vessels. 

"  Deformity  of  the  auricle  to  a  greater  or  less  extent  is 
nearly  always  a  result  of  othematoma.  Figs.  1703  and 
1704  represent  Some  of  tlie  strange  and  characteristic 
forms  the  organ  may  assume  after  healing  takes  place ; 
they  are  the  same,  it  may  be  said,  wdiether  occurring  in 
lunatics  or  in  the  mentally  sound.  Obliteration  of  the 
sac  is  accomplished  by  the  union  of  its  walls,  and  where 
the  perichondrium  has  been  greatly  stretched  by  extreme 
distention  it  contracts  upon  itself  as  reabsorption  takes 
place,  and  adaptation  to  the  cartilage  as  before  cannot 
occur;  the  misshapen  appearance  of  the  cartilage  in- 
creases with  the  continued  contraction  during  the  process 
of  adhesion.  The  ear  tinall)'  becomes  indurated,  the  skm 
on  the  outer  surface  immovable.  Sometimes  the  organ- 
izable  lymph  which  obliterates  the  cavity  enormously 
increases  the  thickness  of  the  auricle,  as  in  Fig.  1/04; 
but  where  a  thin  plastic  layer  only  intervenes  the  auricle 
will  be  reduced  in  size,  and  often  become  even  thin  and 
shrivelled,  as  in  Fig.  1703  "  (Sexton), 

In  a  few  cases  the  hematoma  is  confined  to  the  lobule 
alone.  The  disease  develops  in  the  form  of  a  circum- 
scribed, soft,  purplish-red  swelling,  more  or  less  sensi- 
tive to  the  touch.  This  swelling  consists  of  a  hemor 
rhage  into  the  subcutaneous  areolar  tissue.  Owing  to 
the  exposed  position  of  the  lobule  it  often  the  subject  ot 
injuries,  but  a  simple  hematoma  is  of  very  infrequent 
occurrence  in  this  locality.  Consequently,  when  we  en- 
counter this  lesion  in  the  lobule  of  the  ear.  we  have^a 
right  to  suspect  that  the  blood-vessels  of  the  part  may  be 
diseased,  especially  if  any  brain  disease  or  some  general 
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disturbance  of  nutrition  should  be  iireseiit  at  the  same 
time.  Hematoma  may  also  occur  as  a  purely  idiopathic 
condition  in  conditions  of  mental  liealth,  even  without  a 
preceding  traumatism. 

The  diagnosis  is  not  diflicult.  The  sudden  iippcarance 
and  the  coloration  make  Ihe  contusion  with  angioma  or 
neoplasms  impossible.  The  disease,  however,  has  been 
confused  with  perichondritis,  but  it  is  easy  to  differentiate 
between  the  two,  since  the  latter  does  not  occur  in  the 
lobule.  The  prognosis,  for  those  cases  in  whicli  there 
arc  no  brain  lesions,  is  good  ;  in  t)ic  others,  it  is  not  favor- 
able, as  the  disease  is  apt  to  recur. 

Treatment  must,  be  purely  surgical.  It  should  consist 
in  incising  the  swelling,  cleansing  the  cavity  by  curet 
tage,  and  then  packing  it  with  iodoform  gauze.  Then 
at  each  change  of  dressing  the  cavity  sljould  be  washed 
out  with  weak  carbolic  solution.  The  bandage  should 
exert  a  gentle  pressure.  Healing  follows  without  com- 
plications. 

Perichondritis. — Perichondritis  generally  begins  in  the 
external  auditory  canal,  with  tcdenia  of  tlie  tissues.  As 
a  rule  it  extends  to  the  concha  and  thence  over  the 
other  parts  of  the  auricle,  until  often  the  whole  organ  is 
converted  into  an  irregular,  fluctuating  mass,  in  which 
the  folds  and  prominences  of  the  auricle  are  obliterated. 
The  meatus  is  stenosed  and  the  lobul-e  alone  remains  free 
from  involvement,  being  separated  by  a  sharp  line  from 
the  other  parts.  An  increase  of  the  local  temperature  is 
present.  The  neighboring  lymphatics  are  often  involved 
and  may  become  the  scat  of  abscesses;  at  times,  sharp, 
darting  pains,  with  a  sensation  of  heat,  are  referred  to 
them,"  The  fluctuating  mass,  which  has  formed  in  the 
course  of  a  few  days,  contains  a  clear,  serous,  syno- 
vial-like  fluid,  which  is  never  bloody  as  in  the  case  of 
an  othematoma;  it  soon,  however,  changes  to  pus. 
Throughout  the  whole  course  of  the  disease  the  cartilage 
of  the  ear  escapes  involvement,  although  here  and  there 
partial  or  entire  loosening  may  take  place.  Tuberculous 
perichondritis  of  the  auricle  has  been  observed  by  Hang. 

The  course  of  the  afl:ection  is  either  acute,  lasting  for 
from  three  to  ten  \\'eeks,  or  chronic,  lasting  for  the  same 
number  of  months.  Healing  often  occurs  without  any 
deformity,  but  in  some  cases  there  is  a  certain  amount  of 
shrinking.  In  rare  cases  ossification  has  subsequently 
taken  place.  The  left  auricle  seems  to  be  the  more  fre- 
quently affected. 

Etiology.— The  causative  factor  may  be  a  local  infec- 
tion of  the  external  auditory  canal,  or  the  disease  may 
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follow  a  general  infection,  as  in  the  case  of  syphilis.  In 
some  instances  it  develops  from  a  trauma  or  through  ex- 
tension from  a  furunoulosis,  from  an  otitis  externa,  or 
from  a  purulent  affection  of  the  middle  ear.  According 
to  Haug  the  disease  is  sometimes  of  tuberculous  origin. 
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The  diagnosis  is  very  easy  to  determine.  The  condition 
could  be  confused  only  w'ith  that  of  othematoma  in  its 
later  stage,  when  sometimes  the  bluish-red  color  of  the 
sUin  which  is  dependent  upon  the  presence  of  a  bloody 
serous  exudate,  is  succeeded  by  a  paler  hue,  owing  to  the 
conversion  of  the  latter  into  a  transparent,  syrup-like 
fluid  The  previous  history,  the  course  of  the  disease, 
and  the  fact  that  the  lobule  is  not  affected  in  perichon- 
dritis confirm  the  diagnosis. 

The  prognosis  is  favorable,  in  that  heahng  always  oc- 
curs even  if  a  deformity  results. 

The  treatment  consists  first  in  energetic,  local,  anti- 
phlogistic measures  (ice-bags).  If  these  fail  to  help,  we 
may  resort,  in  the  early  stage  of  the  inflammation,  to 
warm,  wet  compresses,  and,  if  necessary,  to  incision.  It 
is  also  a  good  plan,  after  making  the  mcision,  to  scrape 
out  the  necrosed  cartilage  and  the  fungous  granulations, 
to  irrigate  the  cavity  thoroughly  with  antiseptic  fluids, 
to  inject  a  mixture  of  iodoform  and  glycerin  into  the 
substance  of  the  cartilage  itself,  and  then  to  drain  the 
wound  with  iodoform  gauze.  When  there  is  a  suspicion 
of  tuberculosis,  the  infiltrated  lymph  glands  must  be 
extirpated. 

7;,p7)i. — Tophi  are  deposits  of  uric  acid  salts  in  the 
auricle;  they  are  regarded  as  one  of  the  earliest  symp- 
toms of  gout.  They  appear  here  more  frequently  than 
in  any  other  part  of  the  body.  They  vary  in  number 
and  in  size.  Sometimes  they  are  white  and  contain  a 
milky  or  creamy  fluid ;  at  other  times  they  are  as  hard  as 
little  stones  and  are  firmly  attached  to  the  cartilage  by 
an  inflammatory  exudate.  The  patient  afflicted  with 
these  deposits  experiences,  both  before  and  during  an 
attack  of  gout,  a  sensation  of  smarting  and  pricking  in 
these  nodules.  In  some  cases  these  deposits  will  appear 
shortly  after  an  attack. 

Tnberculom. — Tuberculosis  has  been  observed  in  the 
auricle  in  the  form  of  tuberculous  ulceration  and  in  that 
of  a  miliarjr  skin  tuberculosis  (tuberculosis  cutis). 

Tuberculous  perichondritis  of  the  auricle  has  been  de- 
scribed by  Haug.  It  affects  the  concha,  which  is  red  and 
doughy  to  the  touch.  The  neighboring  lymph  glands  are 
also  swollen  and  are  sensitive  to  pressure.  The  skin  over 
the  swelling  is  somewhat  red  or  bluish  in  color,  but  it  maj' 
be  pale ;  it  cannot  be  indented.  It  must  be  borne  in  mind 
that  these  tuberculous  nodules  resemble  fibromata,  which 
are  common  in  this  region,  and  consequentlj'  a  differen- 
tiation must  be  made  between  the  two  diseases.  In  gen- 
eral, these  tuberculous  nodules  grow  very  slowly  and 
only  rarely  show  an  inchnation  to  soften  and  break 
through  on  the  outside.  According  to  Haug,  nodular 
tuberculosis  arises  from  an  infection  with  tubercle  bacilli 
in  piercing  the  ears  or  by  wearing  earrings  which  were 
previously  worn  by  tuberculous  patients. 

The  disease,  as  in  the  ordinary  perichondritis,  is  of  slow 
development.  If  it  is  not  operated  upon,  an  abscess  de- 
velops, after  the  lapse  of  a  certain  length  of  time,  and 
tuberculous  ulcers  of  the  skin  make  tiieir  appearance. 
Then  follow  fistula!  through  which  necrosed  cartilage 
can  be  felt  with  a  probe.  If  the  swelling  is  incised  at 
an  early  stage  and  widely  opened  up,  discolored  pus  and 
granulations  containing  tubercle  bacilli  will  be  disclosed, 
and  the  affected  cartilage— sometimes  in  the  form  of  a 
disconnected  sequestrum— will  also  be  seen.  In  cases 
that  are  not  operated  upon  early  the  disease  lasts  for  a 
period  of  many  mouths  and  deformities  of  the  ear  often 
result. 

The  prognosis  of  nodular  tuberculosis  is  relatively 
good,  and  if  the  nodules  aiul  alVeeted  glands  arc  operated 
iipiiu  and  removed  early,  a  comi)lete  cure  may  lie  liioked 
for. 

Oxxificatloii  of  til,'.  Cirliliine  of  the  Aiindi>.—\  few  in- 
stances of  this  afEeetion  have  come  under  observation 
In  these  the  cartilage  was  always  found  to  be  partially 
but  never  wholly  affected  ;  the  upper  part  of  the  cartilage, 
tJie  helix,  the  scaphoid  fossa,  the  antihelix,  and  the  fossa 
triangularis  were  the  localities  affected,  while  the  tragus 
antitragus,  and  lobule  I'emained  perfectly  free 

Ossification  does  not  seem  to  occur  witli  special  fre- 
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quency  at  any  particular  period  of  life ;  it  has  been  ob- 
served in  persons  as  young  as  fifteen  and  in  others  as  old 
as  seventy-five.  In  a  large  proportion  of  the  cases  the 
change  represents  the  termination  of  an  otha-matoma ;  in 
still  other  cases  a  simple  perichondritis  has  been  observed 
to  give  rise  to  the  deposit  of  bone.  In  many  instances 
the  cause  is  to  be  sought  in  trophic  changes.  These 
newly  deposited  bone  masses  possess  all  the  anatomical 
features  of  true  bone ;  the  Haversian  canals  being  sur- 
rounded by  well-formed  bone  corpuscles,  marrow,  etc. 
The  process  goes  on  without  visible  appearance  of  in- 
flammation and  without  the  subjective  symptoms  of 
pain.  Treatment  is  scarcely  required.  Knapp  has  in 
one  case  extirpated  the  bony  cartilage. 

New  Growths. — The  following  benign  new  growths 
of  the  ear  have  been  observed:  angioma,  atheroma, 
chondroma,  chondro-myxoma,  cy.sts  (both  serous  and 
dermoid),  fibroma,  lipoma,  noevi,  and  papillomata  (warts). 

Among  malignant  tumors  the  more  important  are  the 
sarcomata  in  their  different  forms.  The  relatively  benign 
fibro-sarcoma  is  found  in  the  lobule  as  well  as  on  the 
other  parts  of  the  ear.  It  is  only  by  the  aid  of  the  micro- 
scope that  a  distinction  can  be  made  between  such  varie- 
ties of  new  growths  as  the  angio-sarcoma,  the  chondroma, 
the  cylindroma,  etc. 

The  etiology  of  these  growths  is  obscure.  Scars,  ero- 
sions, moles,  a  chronic  eczema,  a  mcvus,  etc. ,  may  be  the 
starting-point.  Sarcoma  of  the  auricle  affects,  as  a  rule, 
individuals  under  fifty  years  of  age.  The  different  forms 
vary  as  to  the  rapidity  with  which  they  grow.  The  canal 
is  generally  first  affected,  then  the  auricle.  The  round- 
celled  sarcomata  affect  the  auricle  veiy  seldom,  wdiile  the 
fibro-sarcomata  are  the  most  common  among  the  new 
growths  of  the  ear.  The  primary  nodule  often  remains 
for  quite  a  long  time  relatively  stationary  until  it  receives 
some  traumatism — the  usual  cau.se  of  a  renewed  activ- 
ity of  growth.  This  lighting  up  of  the  disease  may 
manifest  itself  either  in  the  form  of  superficial  erosions, 
which  bleed  easily,  secrete  a  thin  serum,  and  have  their 
edges  markedly  infiltrated,  or  in  that  of  the  rodent  ulcer, 
which  is  of  slow  development  and  is  situated  in  the  skin 
and  perichondrium.  Lupus  is  often  mistaken  for  sar- 
coma, especially  when  the  characteristic  lupus  eruptions 
are  wanting,  and  when,  in  the  neighborhood  of  the  ulcer, 
neither  macular  nor  papular  infiltrations  are  to  be  found. 
In  both  cases  the  neighboring  lymph  glands  are  swollen. 

The  sarcomata  are  therapeutically  accessible  only  in 
the  early  stage,  and  the_y  j'ield  only  to  extensive  excision; 
the  use  of  caustics  and  all  other  means  of  treatment  tend 
rather  to  accelerate  their  growth. 

Another  variety  of  ulcerative  new  growth  is  the  car- 
cinoma. In  this  variety  the  ulcer  has  sharp,  bitten-otit 
edges,  beset  with  papillar)^  excrescences,  and  its  floor  is 
covered  with  discolored,  cheesy  detritus.  The  viscid 
secretion  that  is  given  off  has  a  most  disagreeable  and 
characteristic  odor,  and  the  destruction  takes  place  very 
rapidly,  so  that  not  onlj'  the  auricle  but  also  the  meatus, 
the  neighborhood  of  the  parotid  gland,  and  the  deep  parts 
of  the  temporal  bnue  are  eaten  away.  The  glands,  even 
those  far  removed  from  the  Seat  of  the  disease,  show  evi- 
dences of  being  involved. 

In  the  benign,  slowly  developing  carcinomas  there  is 
an  abundant  formation  of  connective-tissue  stroma  which 
gives  a  thick,  tough  structure.  On  the  other  hand,  in 
the  malignant  type  we  have  a  stroma  rich  in  vessels  and 
in  embryonic  connective-tissue  cells.  In  this  variety 
there  is  de\'eloiied  a  rich,  thick  layer  of  t_ypical  strings 
of  cells  wdiich  grow  througli  the  whole  substance  of  the 
cartilage,  aiul.  after  destroying  the  capsule  of  the  carti- 
lage, lliey  take  its  place. 

While  the  rodent  ulcers  can  be  removed  by  operation, 
even  relatively  late,  with  good  results,  in  the  case  of  the 
deep-seated  cancers,  unless  taken  at  the  very  earliest 
stage,  the  involvement  of  tissue  is  so  great  that  excision 
is  not  always  practicable.  In  both  cases  the  infiltrated 
lymph  glands  should  be  removed. 

Noma. — Noma  is  a  very  infrequent  affection  and  ob- 
served, up  to  the  present  time,  onlj^  in  ill-nourished,  young 
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children,  fspeci;illy  utter  typhoid  fever,  tlie  iieute  exaii- 
themiita,  or  dipliilieria,  and  mostly  in  a.s.soeiiition  with 
otorrhQ?a. 

The  diagnosis  aud  prognosis  are  the  same  as  for  noma 
of  the  cheek.  The  disease  is  to  be  treated  locally  by  daily 
applications  of  nitrate  of  silver,  or  by  means  of  the  Pa 
quelin  or  gal  vano  cautery ;  the  gangrenous  parts  are  also 
to  be  removed  with  a  curette.  Constitutionally  the  treat 
ment  should  be  of  a  stimulating  character,  with  a  liberal 
diet. 

Nekvous  Affections.— .l»rf,'{/'/(m«  of  the  Auricle,  in 
association  with  a  similar  (■omlili<]n  of  one  side  of  the  head, 
is  one  of  the  symptoms  observed  in  ccrebro-spiual  menin- 
gitis, as  well  as  in  hysteria.  It  is  generally  associated 
with  au;i?sthesia  of  the  external  auditory  meatus.  In 
the  various  affections  of  the  middle  ear  the  loss  of  the 
tactile  and  temperature  senses  in  the  auricle  and  its  im- 
mediate vicinity  is  relatively  frequent. 

Uypevcenthesia . — This  condition  is  observed  much  more 
frequently  than  is  usually  supposed.  It  is  chiefly  found 
in  hysteria.  At  times  it  is  noticeable  in  one  spot  and  re 
mains  stationary,  while  at  other  times  it  spreads  over  the 
entire  lobule  and  auricle. 

J.  Orne  Green  describes  a  case  of  hyperiEsthesia  whieb 
remained  after  an  attack  of  herpes  zoster. 

Hubert-Valleroux  observed  a  case  which  developed 
subsequently  to  an  attack  of  tertian  intermittent  fever 
which  had  not  been  influenced  by  quinine.  In  this  ease 
it  was  found  possible  to  ward  off  or  control  the  attacks 
by  compression  of  the  carotid  on  the  corresponding  side 
shortly  before  the  attack  was  expected. 

Hypera?sthesia  ought  not  to  be  confused  with  neuralgia 
of  the  auricle,  nor  with  the  pain  which  is  a  concomitant 
symptom  of  affections  of  the  meatus,  the  middle  ear,  and 
the  auricle. 

neuralgia. — Neuralgia  of  the  auricle  is  an  affection  of 
rare  occurrence.  It  is  observed  most  often  in  connection 
with  an  herpetic  eru]jtion  and  is  caused  by  some  affection 
of  the  twigs  of  the  trigeminus  on  the  anterior  surface  and 
of  the  cervical  plexus  on  the  posterior.  It  is  often  at- 
tended with  congestion  and  swelling.  Pain  is  cau,sed  by 
slight  pressure,  while  strong  compression  will  sometimes 
cause  the  pain  to  cease. 

Cramp  of  the  Outer  Ear. — Spastic  contractions  of  the 
auricle  occur  very  seldom.  Romberg  states  as  a  reason 
that  these  muscles,  in  man,  are  onlj'  rarely  voluntary. 
This  condition  has  been  observed  after  syringing  the  ear 
(Voltolini) ;  on  the  introduction  of  a  speculum  and  on  the 
application  of  friction  (Blau) ;  as  one  of  the  symptoms  of 
brain  le.sions  (Romberg) ;  as  an  aura  preceding  epileptic 
attacks  without  visible  cause  (Wolff);  in  cases  of  deaf- 
ne.ss,  in  strained -attention  (Schwartze);  and,  finally,  as  a 
symptom  of  habit  spasms  (Politzer).  The  branches  of  the 
facial  nerve  are  always  involved.  Romberg  cites  a  case 
of  an  old  woman,  forty-nine  years  of  age,  who,  twenty- 
seven  years  previously,  had  suffered  from  an  apoplectic 
attack  with  paralysis  of  the  right  arm,  and  in  whom,  after 
emotional  disturbances,  convulsions  of  both  ears  occurred, 
causing  them  to  be  rapidly  wagged  up  and  down.  Tin- 
nitus aurium  and  headache  followed  the  attack.  The 
case  reported  by  Wolff  concerned  the  retractors  and  the 
transverse  muscles;  the  ear  was  dragged  far  backward 
and  the  muscles  were  felt  to  be  hard  and  contracted, 
their  contraction  causing  a  pain  which  extended  from  the 
ears  to  the  back  of  the  head.  Suljcutaneous  section  of 
the  muscles  cured  this  case.  Schwartze  often  noticed  a. 
quivering  motion  of  the  ears  in  the  deaf  when  their  at- 
tention was  strained,  and  he  noticed  an  instance  of  this 
in  a  boy  of  fourteen.  In  this  eas(^  no  other  visible  cause 
than  that  of  intense  attention  could  be  discovered.  The 
case  observed  by  Blau  concerned  a  bo}'  of  ten  years,  in 
whom  everjr  rubbing  of  the  ear  and  every  introduction 
of  the  speculum  caused  pain  and  a  quick  up-and-down 
motion  of  the  ears,  lasting  for  some  minutes.  The  ex 
ternal  application  of  the  acetate  of  morphine  (from  two 
to  ten  per  cent,  with  olive  oil),  stufting  the  meatus  with 
cotton,  and  the  use  of  general  constitutional  treatment 
relieved  this  case. 


The  treatment  must  depend  upon  the  cause.  When 
such  is  not  discovered,  the  treatment  can  only  be  symp- 
lomatic.  Electricity,  massage,  and  narcotics  are  to  be 
u.sed  in  such  cases,  but  where  they  fail  subcutaneous 
si'ction  of  the  nuiscles  is  indicated. 

Burns  .\ni)  Scaljjs.— Owing  to  their  very  expo.sed  posi- 
tion the  auricles  often  suffer  from  burns  or  scalds.  This 
happens  either  through  hot  li()uids  being  thi-own  at  or 
falling  ujion  the  head,  or,  as  is  often  the  case,  by  the  pa- 
tient's falling  accidentally,  or  being  pushed,  against  a 
hot  substance — a  stove,  steam-pipe,  etc.  All  grades  of 
burning  are  observed  as  in  the  case  of  other  parts  of  the 
body.  While  these  burns  of  the  auricle  are  generally  of 
a  superficial  character,  Harlmann  of  Berlin  has  reported 
a  case  in  which  the  damage  inflicted  was  suffleiently 
sevei-e  to  cause  a  perichondritis.  (For  furtlier  informa- 
tion in  ri'gard  to  this  subject  consult  tlie  article  on 
1)11  r  IIS.) 

Ix.niiiKs. — Superficial  injuries  affecting  the  auricle  are 
to  be  treated  in  the  .same  manner  as  those  which  affect 
other  parts  of  the  body.  Neglect  here,  as  elsewhere,  is 
likely  to  lead  to  iirfection,  and  this  in  turn  may  cause  a 
l.ierichondritis.  Parts  of  the  ear  which  are  severed  must 
be  very  carefulljr  sew^ed  together.  Cases  have  been  re- 
ported in  which  the  ear,  after  being  entirely  severed,  has 
been  sutured  in  its  proper  place,  lias  taken  a  firm  hold, 
and  has  healed  without  deformity.  AVhen  this  operation 
is  jierformed,  the  surgeon  must  see  that  the  meatus  is 
kei)t  I  >|)en  and  not  allowed  to  become  closed  by  the  forma- 
tion of  new  tissue. 

The  artificial  opening  for  earrings  is  apt  to  be  torn 
through  and  a  resulting  inflanunationmay  arise.  A  very 
simple  plastic  operation  will  correct  the  resulting  de- 
formity ;  for  its  performance,  local  aua'sthesia  will  be 
found  sufficient. 

While  othrematoma  \\\a.y  in  certain  cases,  as  before 
stated,  arise  without  previous  injury,  it  is  dependent  in 
most  cases  upon  trauma  of  the  ear.  It  is  a  noteworthy 
fact  that  othrematoma  is  seldom  seen  in  the  army.  In 
lunatic  as}dums,  furthermore,  it  has  become  less  frequent 
since  the  patients  have  received  more  humane  treatment. 
The  capacity  for  hearing  is  not  very  much  lessened  by  in- 
juries inflicted  upon  the  auricle,  even  when  the  loss  of  sub- 
stance is  con.siderable. 

CoNGENiT.\t>  Malformations. — Congenital  malforma- 
tions may  be  due  eitlier  to  an  arrested  or  to  an  excessive 
development;  they  may  be  unilateral  or  bilateral. 

Miilforiiiiitionn,  due  to  arrested  derelopnient  include  (a) 
absence  of  the  whole  or  parts  of  the  organ;  (b)  microtia 
(diminutive  ear);  and  (f^)  congenital  fistula.  The  cases 
belonging  to  the  latter  class  are  by  far  the  most  impor- 
tant, as  a  lack  of  development  in  other  portions  of  the 
auditory  apparatus  is  often  found  associated  with  this 
condition. 

The  external  auditory  canal,  the  membrana  tympani, 
the  ossicular  chain, — one  or  all  of  these  may  be  rudi- 
mentary or  wanting,  or  the  labyrinth  may  be  only  par- 
tially developed ;  and  even  the  lack  of  development  may 
include  the  maxillary,  sphenoid,  and  palatal  bones,  and 
the  structures  of  the  throat.  In  some  cases  a  lack  of 
cranial  development  is  found. 

Gruber  describes  a  case  in  which  the  right  auricle  was 
very  rudimentary  and  the  external  auditory  canal  was 
entirely  wanting.  In  addition,  the  following  abnormal 
conditions  were  observed;  The  right  half  of  the  forehead 
was  more  prominent  than  the  left ;  the  left  zygoma  was 
smaller  than  the  right;  the  right  naso-labial  fold  was 
obliterated;  the  right  eyeball  remained  partially  exposed 
when  the  patient  attempted  to  close  the  eye,  and  he  was 
not  able  to  wrinkle  the  skin  of  the  forehead  on  the  same 
side ;  the  right  side  of  the  soft  palate  was  lower  than  the 
left,  and  the  uvula  was  drawn  over  to  the  left  side ;  when 
the  patient  made  an  attempt  at  whistling,  the  mouth  was 
drawn  to  the  left;  the  sense  of  taste  was  normal;  air 
entered  the  Eustachian  tubes  on  catheterization;  the 
watch  was  heard  on  contact ;  and  the  tuning  forks  placed 
on  the  vertex  were  best  heard  on  the  defective  side. 
This  case  showed  defective  development  of  the  peripheral 
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l.x.rtidii  of  the  facial  nerve  as  well  as  a  lack  of  develop- 
inent  of  the  auditory  apparatus  and  the  zygoma. 

Virchow,  cited  by  Grnber,  considers  that  deformities 
of  the  auricle  are  to  be  regarded  as  connected  with  faulty 
morphological  development  in  the  region  of  tlie  first 
branchial  cleft. 

Congenital  absence  of  the  entire  auricle  is  very  rare,  as 
some  portion  of  the  auricular  cartilage  covered  with  in- 
tegument is  generally  to  be  found.  Defects  of  particular 
jx'jrtions  of  the  auricle  are  more  common  and  possess, 
except  from  a  cosmetic  point  of  view,  but  little  patho- 
loH'ical  ini])ortance.  In  this  category  belong  those  cases 
in'  which  the  normal  inroUing  of  the  helix  may  fail  to 
take  place,  and  as  a  result  we  then  have  the  ape-like 
auricle,  or  Darwinian  pointed  auricle;  those  in  which  the 
nntihelix  is  larger  tliau,  and  overrides,  the  helix— the 
*•  Wildermuth  auricle  "  ;  and,  finally,  those  cases  in  which 
tlie  auricle  is  lapped  over  on  itself  ("  cat's  auricle  "),  with 
or  without  the  growing  together  of  the  helix  and  tragus 
(see  article  in  Vol.  I,,  on  An  ride,  Annfiiint/  mid  I'lii/X' 
ioh,fi!i  of). 

Mirrntla  is  comparatively  rare  and  the  ear,  thougli 
ilimiiuitive,  may  be  well  developed,  or  it  may  be  mal- 
I'ormed.  AVhen  this  latter  condition  is  present  it  is  often 
found  that  the  malformation  occupies  some  almormal 
position,  as  in  front  of  or  below  its  usual  location — a 
liossibility  which  shoidd  alwa_ys  be  remembered  if  an 
operation  to  form  an  external  auditory  canal  is  attempted. 

Goiujenital  aural  fistula,  are  to  be  found  in  front  of  the 
tragus  or  in  the  ascending  portion  of  the  helix  ;  they  are 
short  blind  canals  lined  with  an  e]iithelium  which  pro- 
duces a  white  creamy  secretion.  They  are  liable  to  mild 
intlanunatfjiy  attacks  from  closure  of  the  entrance. 

.)fii/foniiiitit>iii<  due  to  a.ji.  e-reesxive  development  include: 
((/)  supernumerary  appendages;  (b)  abnormal  develop- 
ment of  a  part  or  of  the  entire  aui'icle  (macrotia  partialis 
vel  totalis);  and  (c)  supernumerary  auricles  (polyotia). 

Siiperirinnerary  appendagh  are  most  often  seen  in  front 
of  the  tragus  and  are  composed  of  reticulated  cartilage 
with  its  coverings  of  perichondrium,  subcutaneous  areo- 
lar tissue  and  skin ;  such  a  structure  must  therefore  be 
considered  to  be  a  true  auricular  appendage. 

Macrotia  partialis  is  not  rare  and  is  often  found  among 
the  women  of  those  races  wdiich  wear  heavy  earrings.  In 
such  Avomen  the  lobes  are  often  to  be  found  to  be  of  an 
enormous  size.  Macrotia  totalis  is  rare.  Polyotia  is  ex- 
trcjnely  rare.  Lauger  relates  the  cases  of  two  double- 
bodied  monsters  each  of  which  had  four  auricles.  The 
most  frecjuent  and  most  readily  corrected  of  the  mal 
formations  of  the  auricle  are  those  in  which  the  cephalo- 
aurieidar  angle  measures  55°  or  over.  This  lattei-  condi- 
tion is  not  ahvays  congenital,  but  is  frequently  caused  liy 
a  fault}'  style  of  dressing  the  hair  or  of  using  strings  in 
adjusting  the  headgear;  for  this  reason  it  is  more  fre- 
quently to  be  found  among  women. 

Prognosis. — In  cases  of  malformed  auricles,  wiien  there 
is  an  absence  of  an  external  auditorv  canal  and  the  tuning 
fork  is  not  heard  by  bone  conduction,  it  is  best  not  to  at- 
tempt any  operative  intei'ference  unless  it  be  for  cosmetic 
reasons.  In  ea.ses  of  unilateral  deformity  in  infants  it  is 
almost  impos.sible  to  state  whether  they  hear  or  not,  and 
it  is  therefore  best  to  give  an  unfavorable  inognosis. 

Treatment.— \-a  the  correction  of  some  of  the  above- 
mentioned  defects  otoplasty  is  of  service,  but  its  range  is 
limited.  It  is  often  best,  in  a  ease  of  marked  aurieidai- 
deformity,  to  remove  the  entire  auricle,  Avith  tlie  exce]!- 
tion  of  a  stump  to  which  iin  artilicially  devised  auricle 
may  be  fastened.  8ui)erniunerary  appendages  may  be 
removed.  Congenital  aural  listuhie  must  be  Oiiened'  and 
tUorouglily  exposed  to  view;  the  lining  mendirmie  must 
then  be  carefully  ex,sected  ;  and,  finally,  the  whole  cavity 
must  be  thoroughly  curetted  and  tlu^  woiuid  tlien  allowed 
to  granulate.  Excessively  large  ears  may  be  reduced  in 
size  by  an  operation  of  which  the  following  are  the  two 
fundamental  features:  the  removal  of  an  elliptical-shaped 
piece  of  eartila-e  from  the  fassa  of  the  lielix,  and  IIk;  ex- 
cision oi  a  tiianniilar  section  from  the  jxisterior  border  of 
the  helix.     The  apex  of  this  triangle  should  be  loeateil  in 


the  posterior  portion  of  the  concha.  After  the  removal 
of  these  two  portions  of  the  auricle,  the  edges  of  the 
wound  are  to  be  united  with  fine  interrupted  silk  sutures. 
For  the  correction  of  the  handle-shaped  ears,  if  the  pa- 
tient b(!  young  enough,  pressure  bandages  applied  for 
some  time  may  suttice.  If  this  does  not  accomplish  the 
end  desired,  an  elliptical  piece  of  the  posterior  auricular 
fold  should  be  removed  and  the  edges  of  the  wound  united 
by  sutures.  In  very  marked  cases  it  may  be  necessary  to 
remove  a  small  portion  of  the  cartilaginous  framework  as 
well.  In  operating,  care  must  be  taken  to  have  the  cepha- 
lo-auricular  angle  the  same  on  both  sides. 

In  the  so-called  "cat's  auricle"  the  holding  of  the 
auricle  in  a  correct  position  by  means  of  adhesive  strips 
or  bandages  may  remedy  the  deformitj'.  At  the  same 
time,  if  adhesions  are  found  to  exist  between  the  helix 
and  the  tragus,  the}'  will  have  to  be  cut  through,  and  if 
the  cartilage  is  ncjt  sufficiently  flexible  it  may  also  ha%'e 
to  be  cut  through  along  the  line  marking  the  folding. 
In  some  cases  it  may  be  necessary,  in  addition,  to  hold 
the  auricle  upright  by  denuding  a  small  area  on  its 
jiosterior  surface  and  a  similar  area  on  the  side  of  the 
liead,  and  then  causing  these  two  denuded  surfaces  to 
adhere  together.  Every  case  will  call  forth  a  certain 
amount  of  ingenuity  on  tlie  part  of  the  operator. 

Robert  Leiris,  Jr. 

EAR  DISEASES:  AFFECTIONS  OF  THE  EUSTA- 
CHIAN TUBE.— The  diseases  of  the  Eustachian  canal 
may  be  classed  in  two  general  divisions,  viz.,  one  in 
which  there  is  more  or  less  obstruction,  and  one  in  which 
there  is  nun-e  or  less  dilatation. 

The  obstructive  class  comprises  by  far  the  greater 
number  of  cases  and  constitutes  practically  all  in  which 
treatment  is  of  use. 

The  obstructions  are  of  two  kinds:  one  in  which  the 
occluding  element  lies  without  the  tube,  and  the  other  in 
wdiich  it  lies  within  the  tube. 

The  most  common  of  the  extra-tubal  causes  is  the  naso- 
pharyngeal tonsil  (Luschka's  tonsil,  post-nasal  adenoid, 
third  tonsil,  etc.),  which  is  fully  described  elsewhere  in 
this  work.  Let  it  suffice  to  say  here  that  this  tonsil, 
growing  from  the  roof  and  sides  of  the  naso-pharynx, 
may  entirely  cover  the  pharyngeal  orifices  of  the  tubes 
aud  absolutel}'  prevent  any  aeration  of  the  middle  ear. 
From  this  extreme  condition,  found  only  in  young  chil- 
dren, there  are  gradations  to  so  small  an  amount  of  ade- 
noid tissue  as  to  be  harmless.  Whether  the  occlusion 
be  complete  or  partial,  tliere  is  originally  no  attachment 
between  the  tulial  prominences  and  the  adenoid,  but 
usually  some  attachment  is  soon  formed  by  reason  of 
continued  contact  or  jdastic  inflammation.  "With  the  ap- 
proach of  adult  life  the  glandular  tissue  of  the  adenoid, 
if  not  removed  by  operation,  gradually  gives  place  to 
connective  tissue;  and  this,  in  turn,  as  it  contracts,  will, 
through  the  attachments  just  mentioned,  draw  the  lip 
of  the  tulial  orifice  backward.  Some  degree  of  flexion  is 
caused  in  this  way  and  as  a  further  result  there  is  pro- 
duced a  degree  of  internal  occlusion  which  may  be  even 
more  serious  than  that  due  to  the  earlier  pressure  of  the 
byiiertrophied  gland.  In  addition  to  its  interfering  with 
the  functions  of  the  Eustachian  tube  the  enlarged  Lusch- 
ka's tonsil  may  retard  its  development. 

There  are  still  other  external  conditions  which  in- 
directly favor  obstruction  of  the  lumen  of  the  Eustachian 
tube.  The  vari(nis  pathological  conditions  located  in  the 
nasal  cavities  belong  in  this" category.  The  tubal  orifices 
lie  in  the  track  of  the  inlet  through'which  air  is  supplied 
to  the  lungs.  Anything  tending'lo  retard  this  supply  of 
air  eausesai)artial  vacuum  in  tlie  nasopharyngeal  vaiilt; 
ill  other  words,  it  establishes  a  condition  in  which  suction 
is  exerted  on  the  mucous  membrane  lining  this  canal. 
Chronic  hyiieiu'inia  and  some  measure  of  hyperplasia 
of  the  mucous  membrane  ultimately  follow",  and  the 
calibre  of  the  tube  undergoes  a  corresponding  degree  of 
reduction. 

All  the  acute  febrile  diseases  of  childhood  affect  the 
middle  ear  through  the  Eustachian  canal,  and,  as  a  mat- 
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ter  of. course,  involve  the  canal  walls  themselves.     Of 
these  diseases  scarlet  fever,  iliphtheria,  and  measles  are 
the  most  troublesome.     It  is  doubtful  whether  a  direct 
spread  of  specitie  infection  takes  place,  particularl}'  in 
diphtheria;  but  there  is  intense  congestion  affecting'  the 
whole  tract  of  tlie  middle  ear,  as  a  result  of  which  the 
Eustachian  tube  is  occUuled  and  all  drainage  from  the 
tympanum  ceases.     The  previous  e.xisU'nee  of  a  ci^rtaiu 
degree  of  tubal  stenosis,  due  to  hypertrophy  of  the  ade- 
noid tissue  in  the  vault,  serves  only  to  aggravate  the 
conditions  prodnced  by  the  febrile  disease.     The  partial 
paralysis  of  the  throat  muscles,  that  so  often  follows 
diphtheria,  sometimes  also  involves  tlie  tubal  muscles. 
When  deafness  develops  as  a  sequel  of  diphtheria,  the 
possibility  of  its  association  with  faueial  paralysis — i.e., 
with  paralysis  of  the  tubal  muscles — should  be  carefully 
borne  in  mind.     While  it  will  scarcely  be  possible  to 
establish  a  positive  diagnosis,  the  probable  dependence 
of  the  im|iaired  hearing  upon  the  cause  in  question  may 
be  inferred  frcmi  the  absence  of  mbal  narrowing  depend- 
ent upon  a  swollen  condition  of  the  lining  mucous  mem- 
brane.    For  example,  gentle  catheterization  and  inflation 
reveal  the  absence  of  any  narrowing  such  as  would  be 
produced  b_v  a  swollen  nuicous  memlnane,  and. yet  the 
inflation  improves  the  hearing  to  a  noticeable  degree.     In 
the  presence  of  this  evidence  we  are  warranted  in  dra\v- 
ing  the  conclusion  that  the  habitual  and  frequent  open- 
ing of  the  tube  that  results  from  the  normal  activity  of 
the  muscular  fibres  attached  to  it  has  been  absent  foi-  a 
certain  length  of  time,  and  that  consecpiently  the  atmos- 
]ilierie   pressure   upon  the   outer  surface    of  the   drum 
membrane  lias  during  this  period  been  in  excess.     Then 
again,  the  mere  factthat  the  tubal  prominences  in  tlu; 
pharynx  are  covered  with  mucus  does  not  warrant  the 
inference  that  an  exudative  inflammation  is  present,  for 
oftentimes  the  mucus,  which  is  secreted  at  some  other 
part  of  the  naso-pharyngeal  tract,  flows  down  over  the 
tubal  orifices  and  so  gives  the  appeai'ance  as  if  it  were 
being  secreted  from  parts  situated  higher  up  in  the  tubes 
themselves. 

The  other  diseases  which  iiroduce  local  lesions  in  the 
Eustachian  tubes  are  syphilis,  tuberculosis,  smallpox, 
carcinoma  and  other  varieties  of  new  growths.  Sypliilis 
and  smallpox  may  cause  almost  any  degree  of  distortion, 
according  to  the  location  of  the  ulcer.  The  other  dis- 
eases, on"  the  other  hand,  may  completely  destroy  the 
tubes  and  the  surrounding  tissues. 

Foreign  bodies  are  rarely  encouutereil  in  the  Eustachian 
tube.  Bougies  have  been  bi.iken  while  in  u.se  and  the 
distal  fragment  has  been  left  in  the  tube.  I  have  twice 
removed  a  pin  from  the  tubal  prominence  of  a  jiatient 
who  habitually  carried  several  pins  in  her  mouth  in  spite 
of  repeated  accidents.  A  man  who  amuse  1  himselt  by 
passing  curved  wires  through  his  nostril  and  letting  theni 
slip  past  his  palate  into  his  mouth,  came  to  my  oltice  in 
great  distress  because  a  wire  had  engaged  in  one  of  his 
Eustachian  tubes.  Particles  of  food  are  sometimes  forced 
a  little  way  into  the  tubes  by  vomiting.  (See  also  the 
case  mentioned  by  Dr.  Sprague,  on  p.  591  of  the  ])resent 
volume.) 

The  obstructions  lying  within  the  tubes  are  usually 
Rteno.ses  that  have  resulted  from  inflammations.  These 
consist  chiefly  in  hypertrophies  of  the  mucous  mend)rane 
and  secondarily  in  hyperplasias  of  the  submucous  con- 
nective tissue.  The  lower  ends  of  the  tubes  arc  most 
frequently  affected,  the  upper  ends  rarely,  and  the  cen- 
tral portions  almost  never.  The  stenosis  at  the  lower  end 
of  the  tube  is  caused  by  hyperemia.  This  is  induced  in 
some  of  the  ways  already  mentioned,  and  leads  to  a 
chronic  thickening  of  the  membrane.  This  may  be  said 
to  be  the  intermediate  link  in  the  series  of  pathological 
changes  which  underlie  chronic  inflammation  of  the 
middle  ear  with  its  annoying  subjective  noises  and  asso- 
ciated deafness.  It  is  often  the  condition  that  causes  tlie 
patient  to  come  for  treatment.  It  must  be  reheved  it 
deafness  and  a  wide  range  of  nervous  disturbances  de- 
pendent upon  defective  or  perverted  hearing  are  to  be 
prevented.     The  degree  of  hypertrophy  should  be  ascer- 


tained as  accuiiitely  as  possible  by  learning  as  fully  as 
we  ('an  from  the  patient  the  past  history  of  tlii'  trouble, 
and  by  making  a  thorough  investigation — by  digital  ex- 
ploration, by  direct  inspection  tliiongli  the  anterior  nares, 
and  by  aid  of  the  rhino.scopic  mirror — into  the  condition 
of  the  vault  and  nasal  passages.  Indirectly,  inspection 
of  the  membrana  tympani  is,  of  course,  valuable. 

Trkatmunt. — So  far  as  hypertrojiliy  of  Luschka's 
tonsil  is  concerned,  there  is  only  one  plan  of  treatment 
which  is  likely  to  be  of  much  service,  viz.,  the  removal 
(d'  all  the  redundant  tissue  by  suitable  surgical  measures. 
These  are  described  indelail  in  another  part  of  this  work, 
and  it  will  therefore  not  be  necessary  for  nie  to  discuss 
the  matter  any  further  in  this  place.  The  same  remark 
applies  eiiualiy  well  to  all  the  various  procedures  which 
are  employed  for  the  relief  of  hypertrophied  conditions 
in  different  parts  of  the  nasal  passages,  to  the  methods 
ailoi)ted  for  tin;  removal  of  spurs  of  bone  or  cartilage 
from  the  septum  narium,  to  the  pro]ier  manner  of  intro- 
ducing the  Eustachian  catheter,  and  to  the  i>lan  of  forc- 
ing air  through  the  Eustachian  tul)e  into  the  middle  ear 
by  means  of  what  is  known  as  Politzers  method.  There 
are  a  few  matters,  however,  in  regard  to  which  I  may 
s[ieak  without  incurring  much  risk  of  repeating  what 
will  be  statt'd  dscwhere. 

Electrolysis  for  the  reduction  of  long  standing  hyper- 
tro|ihies  lias  many  advocates.  It  is  accomplished  by  in- 
troducing an  insulated  metal  catheter,  thoroughly  pol- 
ished and  slightly  oiled  on  the  inside,  and  passing 
through  this  a  gold  prcibe  with  a  smooth  nodular  end. 
The  probe  is  connected  Avith  the  negative  ])ole  of  the 
battery,  and  tlie  positive  pole  may  be  held  against  the 
side  of  tlie  neck.  When  the  strictu're  is  reached,  the  probe 
is  allowed  to  rest  against  it,  and  then  an  electric  current 
of  from  two  to  five  milamperes  is  passed  for  five  minutes. 
No  pressure  whatsoever  is  to  be  used  on  the  probe.  It 
is  claimed  that,  after  a  varying  number  of  sittings,  there 
will  be  no  stricture  fVir  tlu^  probe  to  rest  against. 

Sucli  diseased  conditions  of  tlie  middle  ear  as  are  ac- 
companied by  an  irritating  discharge  may  cause  inflam- 
mation of  the  tube  by  the  drainage  \\'hich  takes  place 
through  it.  As  the  drum  membrane  is  perforated  in  these 
cases,  the  tube  may  be  washed  with  antiseptic  and  styptic 
solutions  by  filling  the  external  canal  with  the  desired 
fluid  and  forcing  it  through  by  |)ressing  on  the  tragus 
as  it  is  bent  liackward  over  the  meatus.  Pure  alcohol 
and  weak  solutions  of  nilrateof  .silver  may  be  thus  used. 
Tliey  cause-  pain  at  the  time,  but  much  rehef  almost 
imiuediately  follows.  Polypi  in  the  middle  i-ar  sometimes 
close  the  upper  end  of  the  tube.  These  or  any  accretions 
should  be  removed. 

Dilatation  of  the  tube  is  sometimes  observed  in  connec- 
tion with  atrophic  conditions,  Rkhurd  11.  Uiily. 

EAR  DISEASES:  AFFECTIONS  OF  THE  EX- 
TERNAL AUDITORY  CANAL.— .M.\i.Foioi.\TioNs.—Mal- 
fdrmatioiis  dl'  the  auditory  meatus  are  usually  combined 
with  congenital  defects  of  the  auricle  and  middle  car, 
sometimes  with  arrest  of  development  of  the  bones  of  the 
head  (]\Iich.  Jaeger,  Moos,  Zuckerkandl,  Steinbrligge, 
and  others).  Contractions  of  the  canal,  comidete  closure, 
osseous  or  membranous  (congenital  atresia),  and  entire 
absence  of  the  auditory  meatus,  ivpresent  the  three  dif- 
ferent degrees  of  congenital  defect. 

In  ]ilaee  of  the  external  orifice  of  the  ear  there  may  be 
a  shallow  depression,  or  a  short  blind  canal,  or  a  very  fine 
canal  extending  inward  for  some  distance  beyond  the 
narrow,  funnel-shaped  cartilaginous  portion.  The  canal 
may  be  uniformly  narrowed  throughout  its  extent,  or 
coiistricted  near  its  middle  like  an  hour-glass,  or  the 
principal  contraction  may  be  near  the  membrana  tympani. 
CVnigcnital  liridge-like  bands  of  connective  tissue  cross- 
ing the  meatus  have  lieen  described  by  jMoos  ("Khnik 
der  Ohrenkrankheiten,"  p.  85).  Almormal  width  of  the 
meatus,  amounting  to  deformity,  is  .sometimes  a  con- 
genital condition. 

Some  instances  of  double  mentiiti  are  known  ;  these  are 
to  be  referred  to  an  arrest  in  the  closure  of  the  first 
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branchial  clett  (Sclnvartze).  In  Velpeaii's  case  one  canal 
terminated  at  tlie  drum  membrane;  tlie  other,  situated 
fartlier  tiacl?,  in  the  mastoid  process;  the  two  canals  may 
also  communicate  before  reaching  the  drumhead.  Up 
to  the  fourth  year  of  childhood  an  ossiflcation  gap  exists 
as  a  normal  condition  in  the  anterior  lower  wall  of  the 
meatus. 

Congenital  closure  of  the  meatus,  even  when  complete, 
is  not  incompatible  with  a  useful  degree  of  liearing,  ]u-o- 
vided  the  development  of  the  labyrinth  be  normal.  Op- 
erative interference  for  the  relief  of  congenital  atresia  is 
justifial)le  only  when  the  closure  of  the  canal  can  with 
certainty  be  jiroved  to  consist  of  a  thin  septum,  when 
speech  can  be  understood  through  the  ear  trumpet  ap- 
plied t(i  the  closed  part,  and  when  the  Eustachian  catheter 
and  otoscope  have  demonstrated  the  existence  of  a  tym- 
panic cavity.  It  follows  from  this  that  operable  cases 
of  congenital  atresia  are  extremely  rare. 

Impacted  Cerumen,  Hypbrseceetion  of  the  Ceri'- 
MINAL  Glands.— The  .secretion  of  the  cerumiual  glands 
is,  under  perfectly  normal  conditions,  pi'obably  never 
i-etained  to  the  extent  of  impairing  the  functi(jn  of  hear- 
ing, but  is  gradually  removed  toward  the  exterior,  and 
liucls  its  way  out  of  the  ear,  partly  in  consequence  of  the 
movements  of  the  jaw,  which  are  communicated  to  the 
meatus,  partly  from  the  natural  outgrowth  of  the  epithe- 
lium lining  the  meatus  (Blake),  and,  finally,  in  conse- 
quence of  certain  manual  operations.  These  processes 
are,  however,  not  infrequently  unavailing,  and  the  ceru- 
men remains  in  the  meatus,  forming  a  plug  which  blocks 
up  the  canid  and  causes  a  mechanical  impairment  of 
hearing.  An  accumulation  of  cerumen  is  promoted  in 
various  ways:  1.  It  is  favored  by  h^'persecretion  of  ceru- 
men. Anything  which  induces  persistent  hyperemia  of 
the  auditory  canal  may  lead  to  this  result.  In  some  cases 
the  cau.se  of  the  hypersecretion  cannot  be  recognized, 
but  may  fairly  be  assumed  to  depend  on  some  trophic 
disturbance  in  the  glandular  secreting  apparatus.  Then, 
again,  in  a  certain  number  of  cases,  a  thin,  rather  copious 
secretion  from  the  meatus  (evidently  from  the  ceruminous 
glands)  occurs.  More  often,  however,  there  is  an  absence 
of  cerumen,  as  in  many  cases  of  chronic  sclerosing  otitis 
media.  These  two  opposite  conditions  are  evidently  due 
to  trophic  causes.  3.  Contraction  of  the  meatus,  "espe- 
cially the  well-known  partially  collapsed  condition  of 
the  cartilaginous  meatus  incident  to  old  age,  is  another 
favoring  condition.  3.  Still  another  favoring  factor  is 
to  Ijc  found  in  the  abnormal  nature  of  the  secretion, 
■which  sometimes  acquires  a  tough,  adhesive  property, 
and  readily  becomes  matted  with  exfoliated  epidermis 
and  the  hairs  of  the  cutis.  4.  Foreign  bodies  in  the 
external  meatus  furnish  a  nucleus  around  which  ceru 
men  accumulates,  until  a  plug  is  formed.  5.  Finally, 
the  impacted  condition  is  favored  by  misdirected  effoi'ts 
at  cleansing  the  ears.  Thus,  for  e.vample,  in  washing 
the  ear  a  certain  amount  of  moisture  is  introduced  into 
the  canal,  and  tlien  this  is  followed  by  the  insertion  of  a 
pointed  piece  of  the  towel,  or,  what'  is  still  more  mis- 
chievous, by  the  use  of  the  so-called  aurilave  oi-  ear 
swab. 

It  is  W('ll  to  i-emeiulier  that  cenmiinal  plugs  are  fre- 
(piently  met  with  in  ]iersons  suffering  from  chronic 
middle-ear  disease.  Such  accumularions  are  apt  to  be 
dry  and  hard;  after  tlieir  removal  there  may  be  little  or 
no  inijiiovement  in  the  hearing  ])i]wcr,  to  the  great  dis 
appointnient  of  both  ])hysician  and  patient.  So  long  as 
even  a.  small  space  remains  free,  ceruminal  plugs  do  not 
matenally  interfere  with  the  function  of  hearing;  but  if 
the  plug  presses  upon  the  membrana  tvmpani,  or  if  it 
suddenly  becomes  swollen,  as  in  wa.shing,  or  from  fnr 
pcrspuation,  so  as  entirely  to  occlude  tiie  lumen  of  the 
canal,  diseonilV.rt  and  hardness  of  hearing  ensue  It.  is 
owujg  i„  l|„.  Iiittcr  reason,  as  the  writer  believes,  that  he 
has  nua  with  uiq.aeted  cerumen  much  more  frequently 

.1  nP     "       '  "'  -^''^y  ''''"■^  ^"Kust  than  at  any  other  sea 
son  01  tlie  year. 
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suddenly  and  lasting  for  a  few  Iwurs  or  da3s,  and  as 
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suddenly  passing  off,  are  a  very  common  symptom  of 
impacted  cerumen.  At  .such  times  there  is  apt  to  be  a 
feehng  of  fulness  and  confusion,  with  subjective  noises  in 
the  ear,  and  a  disagreeable  resonance  of  the  subject's 
own  voice.  Reflex  phenomena  such  as  cough  of  a  spas- 
modic character,  which  in  turn  may  induce  laryngeal  con- 
gestion, sometimes  mislead  the  physician  as  to  the  real 
nature  of  the  affection,  and  not  a  few  cases  have  been  re- 
ported in  which  epileptiform  seizures  liave  been  traced 
to  the  presence  of  impacted  cerumen,  or  of  foreign  bodies 
in  the  external  auditory  canal.  Temporary  impairment 
of  the  function  of  the  other  ear  is  also  claimed  by  some 
to  occur  as  a  reflex  condition  in  consequence  of  impacted 
cerumen.  Vertigo,  mental  depres.sion,  and  neuralgic 
pains  sometimes  occur.  When  pain  has  been  at  all  a 
prominent  symptom,  circumscribed  excoriation  or  inflam- 
mation of  the  anditoiy  canal  or  membrana  tj'mpani  is 
not  uncommonly  found  after  removal  of  the  accumulation. 

Impacted  cerumen  of  itself  never  gives  rise  to  total 
deafness.  If  in  this  condition  speech  cannot  be  under- 
stood, there  is  proljably  serious  disease  of  the  middle  or 
internal  ear.  Complete  occlusion  of  the  canal,  and  con- 
tact of  the  l^lug  with  the  membrana  tympani,  may,  how- 
ever, occasion  great  hardness  of  hearing,  lasting  in  some 
instances  for  months  or  years,  before  efficient  steps  are 
taken  for  its  removal.  The  presence  of  impacted  ceru- 
men alone  ])i'ol)ably  never  occasions  serious  injury  to  the 
walls  of  the  auditory  canal  or  membrana  t3'mpani.  En- 
largements or  irregular  dilatation  of  the  meatus,  with 
more  or  less  destruction  of  the  drum  membrane,  belong 
to  other  moj-bid  conditions — e.ff. ,  antecedent  chronic  sup- 
puration, with  the  subsequent  formation  of  laminated 
eijithelial  plugs  (a  somewhat  rare  condition  to  be  de- 
scribed presentl}-). 

JJingiioHix. — lu  connection  with  the  above-mentioned 
symptoms,  the  meatus  is  seen,  by  speculum  or  naked-eye 
examination,  to  be  plugged  with  a  dull  yellow,  brown, 
or  black  mass  which  has  a  dull  or  glistening  surface.  If 
touched  with  a  probe  tlie  mass  is  found  to  be  soft  and 
sticky,  or  doughy,  or  of  stony  hardness.  Various  foreign 
substances  in  the  meatus,  covered  with  cerumen,  are  apt 
to  be  mistaken  for  ceruminal  plugs. 

PdtJuiloriji. — Cerumen  is  commonly  a  rather  soft  and 
somewhat  oily,  saponaceous  substance  readily  softened 
with  warm  water,  but  when  combined  with  a  large 
amount  of  epithelium,  or  when  very  much  desiccated, 
the  mass  maj"  present  considerable  resistance  to  the  ac- 
tion of  water.  After  the  removal  of  an  impacted  mass 
of  long  standing,  it  is  sometimes  found  that  its  inner  ex- 
tremity presents  a  tolerably  perfect  impression  of  the 
membrana  t_ympani.  The  walls  of  the  canal  rarely  show- 
any  considerable  departure  from  the  normal:  in  some 
cases  the  surface  of  the  skin  is  completely  covered  b3' 
layers  of  desquamated  epithelium.  Small  unsuspected 
foreign  bodies  in  the  meatus,  becoming  coated  with  ceru- 
men, may  form  the  starting-point  of  an  accumulation 
containing  a  large  percentage  of  oil  or  fat. 

Treiitiiiviit. — All  that  is  usually  required  for  the  re- 
moval of  the  im|)actcil  cerumen  is  a  syringe  and  warm 
water,  or,  better  still,  a  warm,  weak  sohition  of  the 
bichloride  of  mercury.  The  syringe  itself  should  of 
course  be  aseptic,  and  the  precautio'n  of  using  an  anti- 
septic solution  is  recommemled  because  it  is  impossible 
to  tell  beforehand  whether  the  fluid  used  may  not  enter 
tlie  drum  cavity  thr(nigli  a  perforation  or  an  accidental 
rupture,  and  thus  light  up  a  dormant  septic  process.  In 
any  case  the  fluid  used  shiuild  be  lukewarm.  If  it  is  too 
hot  or  too  cold,  sensations  disagreeable  to  the  patient  may 
result.  The  use  of  .scoojis,  ]irobes,  curettes,  and  forceps,  as 
a  means  of  clearing  the  auditory  canal,  may,  in  the  hands 
of  persons  thoroughly  skilled  in  the  manipulation  of 
aural  surgery,  be  permitted;  otherwise  such  instruments 
should  not  be  emidoyed,  except  within  the  limits  stated 
below.  To  syringes  the  ear  eft'ectually,  a  large  vulcanite 
syringe  should  be  used.  The  instrument"  should  b(! 
capable  of  containing  at  least  two  ounces,  and  should 
be  ]U-ovidcd  Avitli  a  ring  for  the  thumb  on  the  end  of  the 
piston  rod,  and  \\'ith  a  flange  for  the  fore  and  middle 
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fingers  at  the  heel.  Slight  manipulations  of  the  mass  with 
a  silver  probe  often  greatly  facilitate  the  action  of  the 
water  from  the  syringe.  The  small  vulcanite  syringes, 
sold  in  the  shops  for  ear  syringes,  are  very  inefficient, 
and  cheap  glass  syringes  are  simply  useless" for  this  pur- 
pose. 

In  syringing,  the  patient's  head  should  be  held  erect, 
the  clothing  should  be  protected  with  a  towel,  and  a  ves- 
.sel  such  as  a  glass  linger  bowl  shoiild  be  pressed  firmly 
against  the  integument  below  the  auricle.  In  order  to 
throw  a  stream  of  water  eltectivcly  into  the  auditory 
canal,  the  general  inward,  forward,  and  downward  direc- 
tion of  the  canal  must  be  made  rmiform  by  exerting  gen- 
tle traction  upon  the  pinna,  witli  the  left  thumb  and  fore- 
finger, in  a  direction  upward  and  slightly  backward.  The 
force  used  may  be  considerable,  but  never  sufliciently 
great  to  cause  actual  discomfort.  Some  dizziness,  how- 
ever, ma)'  unavoidably  result  from  the  operation. 

The  point  of  the  syringe,  which  should  be  rounded 
and  smooth,  but  not  so  largo  as  to  fill  the  orifice  of  the 
meatus,  should  rest  lightly  against  its  upper  margin  and 
shoidd  point  in  the  same  direction  as  that  of  the  straight- 
ened auditory  canal.  If  these  precautions  are  observed, 
the  stream  of  water  will  pass  along  the  upper  wall  of  the 
canal  and  force  the  obstruction  out  below  the  point  f)f 
the  syringe.  From  one  to  foiu'  injections  will  ordinarily 
suffice  to  remove  the  impaction.  After  two  or  three  in- 
jections, it  is  often  advisable  to  examine  the  ear  and,  if 
necessary,  move  the  mass  a  little  with  the  end  of  a  probe 
to  facilitate  its  remfl^■al  with  the  syringe  and  water,  as 
stated  above.  In  ordinary  cases  impacted  cerumen  can 
and  should  be  removed  at  one  sitting. 

In  otherwise  healthy  ears,  the  function  of  hearing  is, 
as  a  rule,  restored  inuuedialely  by  the  removal  of  the 
ceruminal  accumulation,  and  the  subjective  noises  cease; 
occasionally,  however,  several  daj's  elapse  before  a  feel- 
ing of  perfect  rehcf  is  obtained.'  On  the  other  hand, 
many  persons  immediately  perceive  all  ordinary  sounds 
with  unusual  distinctness  for  some  hours  after  removal  of 
the  impacted  mass.  After  syringing,  the  meatus  should 
be  lightly  closed  for  a  few  hovu-s  with  cotton  wool.  A 
recurrence  of  the  ceruminal  accumulation  may  be  ex- 
pected to  take  place  after  an  interval  of  several  months 
or  years,  occasionally  at  intervals  of  even  a  few  weeks. 

A  want  of  ceruminal  secretion,  with  undue  dryness  of 
the  ears,  is  usuallv  symptomatic  of  chronic  middle-ear 
disease ;  if  it  is  attended  with  itchiness,  painting  the 
meatus  with  some  softening  substance,  such  as  vaseline, 
atfords  a  certain  degree  of  relief. 

Laminated  Epithelial  PluctS  {Keratosis  oMurans, 
Wreden,  Burnett).— Occasionally,  the  meatus  is  found 
obstructed  with  a  mass  which  at"  first  sight  resembles  an 
ordinary  ceruminal  plug,  T)ut  the  use  of  the  syringe  only 
brings  away  a  small  quantity  of  cerumen,  without  rehev- 
ing  the  dea"fness,  which  in  tliese  cases  has  commonly  been 
of  long  duration  and  higli  degree.  An  examination  now 
shows  the  meatus  to  be'filled  with  a  tough  adhesive  sub- 
stance of  lighter  color  than  ordinary  cerumen.  The  con- 
tinued use" of  the  syringe  is  fruitless,  but  crumliling 
fragments  of  the  partially  softened  mass  can  be  removed 
with  curette  or  forceps.  The  removal  of  tliis  form  of 
obstruction  is  tedious  and  difficult,  on  account  of  its 
cohesive  properties  and  close  adherence  to  the  walls  of 
the  canal ;  small  fragments  may  be  detached  and  brought 
away  by  the  use,  from  day  to  "day,  of  the  syringe,  lilunt 
prol")e,  and  forceps,  and  in  the  intervals  repeated  instilla- 
tions of  warm  alkaline  solutions  may  be  made.  The 
writer  has  seen  several  cases  in  which  this  plan  of  treat- 
ment had  to  be  pursued  for  four  or  five  days  before  the 
accumulation  was  all  removed,  and  in  every  instance 
the  auditory  canal  was  found  more  or  less  eroded  and  ir- 
regularly excavated,  probably  from  pressure  of  the  mass. 

The  term  laminated  epithelial  plug  indicates  the  com- 
position of  the  obstructing  substance,  which  appears  to 
be  formed  by  the  gradual  accretion  of  epithelial  lamina', 
derived  from  the  horny  elements  of  the  cutis  lining  the 
external  auditory  canal,  the  result  probably  of  a  chronic 
inflammatory  process  in  this  situation.     A  recurrence  of 


the  obstruction  may  be  avoided  by  suitable  treatment  of 
existing  inflammation  and  by  tlie  early  removal  of  any 
comnieucing  accumulation.  "Tliis  disease  of  tlie  external 
auditdiy  canal  is  analogous  to,  it  not  pathologically 
identical  with,  the  so-called  cholesteatoma  of  the  tem- 
poral bone,  which  originates  in  the  tympanic  cavity  and 
mastoid  antrum  in  consequence  of  chronic  desquamative 
inllainmation  of  these  parts,  but  is  of  course  not  attended 
with  the  dangers  which  attend  such  accumulations  in 
the  deeper  parts. 

Pa n AsiTic  Inflammation .  — { (JUnnijivsis,  MyrincjomyeM- 
sis  Asjii'ir/il/iiiii. ) — A  definite  knowledge  of  this  subject  is 
of  comparativel)'  recent  date.  Isolated  observations  of 
vegetal)le  fiuigi  growing  in  the  living  human  ear  were 
made  by  jMayer  in  1844  (Miiller's  Airhiix'S,  p.  410);  Pa- 
cini in  1851  (sopra,  "LTna  mulfa  parasita  [mucedo]  nel 
con<lotto  auditivo  esterno,"  Firenze,  p.  7);  Carl  Cramer 
in  185!)  (Vicrteljahrseli.  d.  JSainrf.  Ges.  in  Ziirirli),  and 
by  Schwartze  in  1867  {Arch,  far  Ohreti.heiU\,  Bd.  ii., 
lleft  i.).  Wreden's  publication  of  six  cases  of  myringo- 
mycosis  {Arch.  f.  Olin-ithcilk.,  Bd.  iii..  Heft  i.),  followed 
by  his  monograph  in  1868,  drew  the  attention  of  otolo- 
gists generally  to  this  peculiar  form  of  disease. 

Since  this  time  numerous  observations  of  a  similar 
kind  have  been  made  both  in  Europe  and  in  America, 
and  the  existence  of  several  species  of  parasitic  aural 
fungi  has  been  demonstrated.  TJie  fungus  most  com- 
monly met  with  in  the  esir  is  the  Aspergillus,  several 
species  (.if  which  have  been  described  by  otologists. 
These  are  the  A.  nigricans,  A.  flavus,  and  A.  f umigatus ; 
some  doubt,  however,  still  prevails  as  to  whether  the 
two  latter  are  not  merel}'  accidental  modifications  of  the 
Aspergillus  glaucus.  The  fungus  is  found  under  the  mi- 
croscope to  consist  of  four  distinct  elements:  (1)  Myce- 
lium, a  network  of  filaments,  tubules,  or  rootlets;  (2) 
tlie  fruit  stalk  or  hypha;  (3)  the  fruit  head  or  sporan- 
gium; (4)  the  conidia  or  free  spores. 

The  mycelial  filaments  or  tubules  consist  of  pale,  trans 
parent,  straight  or  curved,  branching,  double-contoured 
fibres,  which  are  divided  at  irregular  intervals  by  trans 
verse  septa;  they,  as  well  as  the  fruit  stalks,  contain  a 
faintly  granular"  plasma.  Their  diameter  varies  from 
0.00088  to  0.005  mm.  The  fruit  stalks  are  consider 
ably  thicker  than  the  mycelium,  varying  in  diameter 
from  0.009  to  0.013  mm.  "Their  length  is  from  0.3  to  0.8 
mm.  The  terminal  bulbous  enlargement,  called  the  re- 
ceptaculum  or  sporangium  (the  placenta  of  Micheli),  is 
about  0.038  mm.  in  diameter,  and  bears  upon  its  surface 
a  large  number  of  long  radiating  cells  (sterigmata),  from 
the  tree  ends  of  which  grow  the  round  spores  or  conidia, 
the  whole  forming  the  so-called  capitulum  or  fruit  head. 
The  spores  are  spheroidal,  smooth  or  echinate,  exceed- 
ingly numerous,  and  very  small,  about  0.003  mm.  in 
diameter;  their  color  determines  that  of  the  fruit  head, 
and  is  black-brown  in  A.  nigricans,  yellow  or  greenish 
in  A.  flavus  or  A.  glaucus,  and  grayish-black  in  A. 
fumigatus. 

According  to  Siebenmann  ("Die  Fadenpilze,"  Wies- 
baden, 1883),  the  distinctive  features  of  the  fruit-bearing 
portions  of  A.  flavus,  A.  fumigatus,  and  A.  nigricans  are 
as  follows : 

A.  fl<ir>is.  Fruit  stalk  firm,  colorless,  somewhat  rough- 
ened,'increased  in  thickness  just  below  the  head,  0.4  cm. 
in  length,  7  to  10  /^  in  diameter,  fruit  head  loosely  formed, 
of  a  golden  yellow  color.  Sterigmata  undivided,  usually 
founil  only  on  upper  half  of  rex:eptaculum,  conidia  sul- 
plnir-3'ellow  or  brownish  in  color,  round  or  oval,  surface 
echinate. 

A.  fumigatus.  Fruit  stalk  short  and  delicate,  5  /;  in 
diameter,  and  shaped  like  a  reversed  ninepin  at  its  free 
extremity;  sterigmata  undivided,  elongated,  spring  only 
from  the  convex  extremity  of  receptaculum;  the  latter 
is  occasionally  spheroidal, 'or  long  oval  in  shape.  The 
fully  formed  fruit  head  is  never  globular,  its  color  is 
yellow  or  greenish-gray,  conidia  round  or  oval,  smooth, 
iuid  pale.  ,,  .     , 

A.  nujer  or  nigricans.  Fruit  stalk  8  mm.  m  length, 
thick  and  strong,  of  uuiforni   width  throughout,  con- 
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tains  a  somewhat  granular  durk-colorcd  plasma,  of  a 
deeper  shade  toward  the  receptaculum ;  its  diameter  is 
about  10  to  15  //;  sterigmata  30  to  100  //  in  length,  of  a 
brown  color,  larger  toward  distal  extremity,  where  they 
apparently  sididivide  into  from  three  to  eight  prolonga- 
tions. Conidia  blackish-brown  in  color,  smooth  or  echin- 
ate,  and  very  numerous.  The  fruit  heads  of  A.  glaucus 
are  smaller  and  narrower  than  those  of  A.  nigricans  (Bur- 


-  6' 


Fig.  170.5.— Aspergillus  Nigricans, 
numerous  fallt^n  spores ;  /).  '/, 
taculura;  c,  steriRinata,  with  sp( 


(.\fter    Politzer.)     it.  Mycelium   covered   with 
lyplia ;  c.  sporanpriuni,  with  ripe  spores;  d,  recep- 
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uett.  Am.  Jour,  nf  Otology,  1879).     The  sporangium  of  A. 
fumigatus  is,  according  to  Bezold,  still  smaller  than  these. 

If  we  exclude  the  Otomi/ri-x  Ilageni  of  Ha.gen  and 
Hallier,  the  Graphium  pcnicilloidis  of  Hassenstein  and 
Hallier,  and  the  Penicillium  of  Blake,  on  account  of 
their  having  l)een  obtained  liy  culture  fioin  sul)stances 
of  doubtful  nature  taken  from  the  ear,  there  are  still  four 
varieties  of  aural  fungi  to  be  mentioned.  The}' are:  1. 
Tricotliecevm,  roseiim  of  Steudener  (Arch.  f.  Ohrenheilk., 
Bd.  v.,  p.  163),  and  Mucor  miireili>  s.  fuscus  of  BOke  (Hun- 
garian Med.  (Jhirg.  Pres.%  1868-9,  pp.  13,  16,  19),  both 
varieties  of  doubtful  identity.  3.  Asoophoi-a  elegans  of 
von  TroeltscU  ("  Die  Myringoniycosis,  "  p.  44).  4.  Oto- 
mycts  piirpuiY'iis  of  Wreden  (A'ir/i.  of  Ophtli.  and  Otol- 
ogy, vol.  vi..  No.  1,  p.  87).  Tlie  last-named  fungus  has 
also  been  once  observed  by  Burnett  (AreJi.  of  Otology, 
vol.  X.,  No.  4,  p.  319).  In  Wreden's  case  the  false  mem- 
brane also  contained  spots  of  Aspergillus  nigricans,  and 
he  was  led  to  believe  that  the  O.  purpurens  represented 
theascomyi-ete  of  the  Asjx'rgillii.^  it igricaiu,  that  is,  the  high- 
est form,  of  the  .yieeific  atirid  fiiogiis.  Burnett,  iiowever, 
found  no  evidences  of  such  relationship  in  his  case,  ancl 
regards  the  0.  purpuren.H  as  a  s]iecjes  .^>ii  gi'iieri.-<. 

All  the  conditions  requisite  for  the  growth  of  aural 
fungi  are  not  yet  fully  undei-stooil,  but  since  attempts 
to  cultivate  the  growth  in  the  healthy  human  ear  have 
uniformly  failed,  it  seems  probable  that  the  pi-esence  of 
certain  pathological  changes,  attended  with  undue  moist- 
ure or  a  softened  and  Ioosene<I  condition  of  the  eiiithelial 
lining  of  tlii^  meatus,  are  essential  to  the  develo]iment  and 
growth  of  the  fungus  in  tlie  eai'.  The  age  and  hvgienie 
surroundings  of  tlie  patient,  tjje  climate,  and  1lii'' season 
of  the  year  ai-e  not  witliout  iiiHuence.  The  Kiissians 
living  as  they  do  in  artilicially  lieated  and  badly  ventilated 
dwellings  during  the  long  winter  season  of  tiiat  elimate 
seem  especially  liable  to  ototnycosis.  The  poorei'  ela.sses 
who  live  in  damp  apartments,  aie  sai<l  to  be  more  fre- 
quently affected  than  those  whos(!  circumstances  are 
more  fortunate.  If  this  Ik;  true,  the  compai-ativi;  im- 
munity of  tlie  English  people,  notwitlistiaiding  the 
dampness  of  tlieii'  climate  arid  the  large  paui)er  popu- 
lation IS  somewhat  renuirkuble.  In  Germany  and  the 
united  btates  the  disease  is  by  no  means  rare,  'but  in  the 
province  of  Quebec  the  writer  has  met  with  only  one 
example  ot  aural  fungus  among  thirty-iive  hundred 
patients  1  Ins  case  was  one  of  A. nigricans;  it  occurred 
in  a  youth  htteen  years  of  age,  the  sou  of  a  wealthy  mer- 
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chant,  and  is  all  the  more  remarkable  because  young  peo- 
ple are  seldom  affected  in  this  way.  This  patient  came 
under  notice  again  about  a  year  later  on  account  of  a 
slight  diffuse  otitis  externa  without  any  recurrence  of  the 
fungus. 

The  disease  is  prone  to  occur  in  ears  that  are  already 
diseased,  but  is  seldom  or  never  found  in  the  presence  of 
an  active  purulent  otitis.  Substances  which  readily  un- 
dergo decompositiou,  such  as  fats  and  oils, 
instilled  into  the  ear,  are  said  to  favor  the 
development  of  xVspergillus.  The  presence 
of  normal  ear  wax  is  unfavorable  to  its  de- 
velopment. There  can  be  little  doubt  that 
this  affection  was  formerly  often  mistaken 
for  impacted  ceruiuen,  or  for  ordinary  otitis 
externa  diffu.sa.  The  fungus  usually  origi- 
nates in  the  deeper  portions  of  the  audi- 
tory canal  and  upon  the  membrana  tj'm- 
pani;  hence  the  name  myriugomycosis. 
The  irritation  which  it  cau.ses  may  induce 
ulcerati<m  of  the  membrana  t^-mpani  and 
an  extension  of  the  fungus  to  the  tj-mpanie 
cavity;  but  when  the  new  growth  is  met 
with  in  this  situation  an  exhausted  suppu- 
ration, with  perforation  of  the  membrane, 
has  usually  preceded  the  development  of 
the  fungus. 

Symjitoiii.i. — Growths  of  fungus  in  the 
external  meatus  and  tympanic  cavity  may 
exist  for  a  considerable  time  without  excit- 
ing any  troublesome  irritation ;  according 
to  Bezold  this  is  especially  true  of  the  A.  fumigatus. 
Sooner  or  later,  however,  the  form  of  inflammation  known 
as  otitis  externa  parasitica  sets  in.  This  results  from  the 
fungus  having  penetrated  the  epidermis  and  reached  the 
living  tissues  (Politzer),  or  in  consequence  of  irritant 
qualities  of  the  fermentation  products  to  which  the  grow- 
ing fungus  gives  rise  (Siebenmann). 

Tlie  subjective  phenomena  of  parasitic  otitis  are  itch- 
ing of  the  meatus,  lancinating  pains,  and  a  feeling  of 
fulness  in  the  ear;  tinnitus  is  usuallj'  present,  vertigo 
rarely  so;  the  impairment  of  hearing  is  often  consider- 
able. (Jn  examination,  the  walls  of  the  meatus  and  the 
membrana  tympani  are  seen  to  be  partly  or  completely 
hidden  by  a  membranous  substance  of  a  dull  whitish, 
yellowish,  or  blackish  color.  In  Otomyces  purijureus,  the 
meatus  has  been  found  occluded  with  a  red  substance  re- 
sembling blood  clot,  and  in  A.  flavus  it  is  spoken  of  as 
containing  a  yellow,  dust  like  substance,  like  pollen  dust. 
There  is  often  a  watery  discharge  from  the  ear.  When  the 
ear  is  syringed,  .shreds  of  membrane  resembling  wet  paper 
may  be  removed ;  sometimes  the  aid  of  f(  irceps  is  required. 
The  fruit  heads  of  the  fungus  are  visible  to  the  naked 
eye  as  black  or  yellow  dots  on  tlie  surface  of  the  fal.se 
membrane;  the  microscope  will  readily  show  their  pecul- 
iarities of  structure.  When  the  fungus  is  removed,  the 
auditory  canal  is  found  to  be  more  or  less  reddened  and 
tender;  if  no  other  measures  are  resorted  to,  the  growth 
may  be  reproduced  in  a  few  hours. 

Tlie  /a'ligiio.ii.s  is  favorable  in  all  varieties  of  otitis  ex- 
terna ]iarasitica,  as  there  is  no  difficulty  in  destroying  the 
growth  by  the  use  of  suitable  remedies  and  thus  effect- 
ing a  speedy  cure.  Fresh  attacks  may  occur  if  the  sur- 
roundings of  the  jiatient  remain  the  s;ime. 

Treat itient. — Of  the  luany  remedies  recommended  for 
the  destruction  of  the  fungus,  alcohol  is  probably  the 
best.  The  <u'dinary  sjiii-its  of  wine  may  be  used.  After 
removal  of  the  casts  with  a  syringe  and  warm  water,  the 
meatus  may  be  tilled  with  warm  spirit,  which  should  be 
allowed  to  remain  in  the  ear  for  ten  or  fifteen  minutes. 
This  may  be  repeated  twice  daily  for  several  days.  The 
spirit  may  be  diluted  if  it  causes  pain,  and  gradually  in- 
cri'a.sed  in  strength  if  necessaiy.  Three  or  four  days  of 
this  treatment  will  sutlice  to  effect  a  cure.  To  prevent 
relapses,  Politzer  advises  the  occasional  use  of  the  spirit 
for  at  least  a  year;  this  precaution,  however,  will  seldom 
lie  necessary. 
jMany    other   remedies    have  been   found   sufficiently 
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effective;  repeated  syringing  ivitli  warm  water  would 
probably  suffice,  though  Vi't  so  rapidly  as  when  com- 
bined with  the  use  of  some  parasiticide.'  AVredcn  e-xtols 
the  use  of  chlorinated  lime  (0.07  to  0.15  in  85.0  a([.  dest.), 
Blake  and  Burnett,  the  hyposulphite  of  soda  (0.3  in  oOO)! 
Boracic  acid  in  powder,  alone  or  with  an  equal  (piantity 
of  oxide  of  zinc  (Theobald),  or  in  alcoholic  solution  (1  to 
30);  permanganate  of  potassium  in  one  or  two  percent, 
solution  (v.  Troeltsch  ct  dl.)-  carbolic  acid  in  glycerin 
(3  in  100,  Luca>);  salicylic  acid  in  alcoholic  solution,  two 
percent.  (Bezold);  bichloride  of  mercury  in  water  (1  to 
500),  and  various  other  remedies,  arc  uieniioncd  by  diifer- 
ent  observers.  Painting  the  meatus  with  strong  solutions 
of  nitrate  of  silver  is  found  beneficial  if  intlammatioii 
persists  after  removal  of  the  fiuigus  (Roosa).  If  the 
affection  be  complicated  A\'ith  middle-ear  disease,  this 
too  will  require  appropriate  treatment. 

I'ttt/n'ii.s-i.s  iil/iit  of  the  external  meatus  has  been  de- 
scribed by  Ladreit  Lacharri^re  {Aiuuilen  i/cs  Mtni.r  de 
V Oreille,  1875)  as  a  rare  form  of  mycosis,  for  which  (he 
treatment  is  extraeticm  of  the  stiffc'st  hairs  and  i)aiuting 
the  meatus  with  a  oneper-cent.  solution  of  corrosive 
sublimate. 

Diffuse  Isfi.amMxVtion  (Otitis  Externa.  Diffusa).— 
Diffuse  inflammation  of  the  external  auditory  meatus  is 
either  acute  or  chronic,  primary  or  consecutive.  The 
consecutive  form  occurs  in  C'ounection  with  inflanmiatory 
affections  of  the  middle  ear,  and  is  subonlinate  to  the 
deeper-seated  disease.  As  a  primary  affection,  diffuse 
inflammation  is  rarely  of  idiopathic  origin,  but  may  usu- 
ally be  traced  to  the  instillation  of  irritating  substances, 
or  to  mechanical  and  traumatic  causes.  The  lining  of 
the  osseous  section  of  the  canal  is  the  part  chiefly  affected, 
though  the  menibrana  tympani  and  the  outer  portion  of 
the  meatus  may  become  involved  as  a  complication  of, 
and  consecutive  to,  chronic  purulent  otitis  media.  It  is 
t>y  no  means  uncommon,  especially  in  mihealthy,  badly 
nourished  children. 

Sumptiiins. — The  acute  form  of  the  disease  begins  with 
itching  sensations  in  the  ear,  followed  by  a  feeling  of 
fulness  and  heat.  Pain  of  moderate  or  intense  severity 
occurs  early,  and  is  ahvaj'S  increased  by  ]5ressure  on 
the  ear  and  by  movements  of  the  jaw.  Tinnitus  and 
giddiness  are  sometimes  complained  of.  The  impairment 
of  hearing  is  slight,  except  when  the  membrana  t3'mpani 
is  considerably  swollen  and  the  auditory  canal  contains 
a  sufficient  ([uantity  of  .secretion  and  exfoliated  epithelium 
to  obstruct  its  lumen. 

The  objective  signs  are  a  whitish  exudation  lining  the 
walls  of  the  canal,  and  consisting  mostly  of  exfoliated  epi- 
thelium, often  of  a  pasty  consistence  from  admixture 
with  viscid  secretion;  sometimes  it  consists  of  a  continu- 
ous pouch-like  membrane.  The  real  condition  of  the 
auditory  canal  can  be  seen  only  after  removal  of  this 
aliundant  exfoliated  material.  After  syringing,  or  care- 
ful cleaning  with  the  ordinary  cotton- wrapjied  applica- 
tors, the  meatus  is  found  to  be  more  or  less  narrowed 
from  swelling,  especially  of  its  deeper  parts,  and  at  the 
same  time  reddened  and  sensitive.  The  line  of  demarca- 
tion between  the  meatus  and  membrana  tympani,  as  well 
as  the  usual  anatomical  features  of  the  latter,  may  be  ob- 
literated by  the  swelling  and  imiform  redness  of  these 
parts ;  occasionallj^  the  meatus  is  so  contracted  by  diffuse 
swelling  that  a  view  of  the  deeper  parts  is  not  obtain- 
able. If  the  drum  membrane  is  fovmd  to  be  fairly  nor- 
mal, it  is  fair  to  assume  that  the  disease  is  confined  to 
the  auditory  eaual.  The  writer  once  observed  a  case  of 
diffuse  otitis  externa,  occurring  in  a  profoundly  hysterical 
subject,  which  was  characterized  by  attacks  of  intense 
paiii  followed  in  a  few  hours  by  the  formation  of  large 
blebs  containing  serous  exudation  of  a  pale  yellow  color; 
in  this  way  the  entire  epidermis  of  the  meatus,  and  prob- 
ably of  the  membrana  tympani,  was  several  times  thrown 
off,  leaving  a  moist,  not  swollen,  but  reddened  and  in- 
tensely sensitive  surface,  which  speedily  became  covered 
after  each  attack  with  normal  epidermis.  With  the  ces- 
.sation  of  the  recurring  inflammation,  complete  amesthesia 
of  the  meatus  and  membrana  tympani  supervened ;  there 


was  also  sud<len  and  total  deafness  which  lasted  for  .sev- 
eral^ naaiths  and  was  oliviously  of  a  functional  character. 

The  acute  foruKjf  otitis  externa  diffu.sa  usually  sub- 
sides under  proper  treatment  in  tlie  eouise  of  a  few' days; 
m  less  favorable  cases  thei'e  maybe  relapses  of  the  in' 
flammation,  ulceriition  of  tlie  meatus  or  meiidjrana  tym- 
pani, [uid  the  formation  of  |)oly|)(nil  growths. 

In  chnHiic  dift'u.se  intlamniation  th(.'ie  is  little  or  no 
pain,  but  more  or  less  itchiness  witli  scanty  discharge; 
its  duration  will  depend  lai'gely  upon  the'  presence  or 
ahsence  of  complications,  such  as  purulent  disease  of  the 
middle  ear.  If  the  discli;irge  is  <]istinctly  of  a  fa'tid 
character,  careful  exauunation  should  be  ii'iade  for  other 
evidences  of  chronic  mastoid  di.sea.se  oi-  of  bone  caries 
involving  the  ossicles  or  tympanic  walls.  Suspicious- 
looking  flakes  or  easts  sliould  be  examined  for  fungous 
growths. 

The  possible  con.secutive  nature  -of  the  disease  should 
always  be  held  in  view,  and  the  diagnosis  not  considered 
complete  until  propei-  steps  have  been  taken  to  prove 
the  non-existence  of  deeper-seated  disease. 

The  priKjiaisix  of  uncomplicated  otitis  externa  is  favor- 
able in  all  its  forms. 

Treatment.  — Yf\n\Q  the  acute  symptoms  last,  leeches, 
anodynes,  scarification  of  the  inflamed  parts,  and  warm- 
Wiiter  irrigation  are  in  order.  If  the  disease  be  of  trau- 
matic origin,  continuous  applications  of  cold  compresses, 
or  of  Letter's  coil,  to  the  region  of  the  ear  are  serviceable. 
Leeches  when  apphed  should  be  placed  in  front  of  the 
tragus ;  an  artificial  leech  specially  a(  lap t(  'd  for  aI)straction 
of  ijlood  in  the  vicinity  ul  Ww.  ear  may  be  used  with 
advantage  and  is  free  from  the  objectionable  qualities  of 
the  Hirudo  otl^cin^Uis.  In  this  affection  it  is  claimed  that 
the  best  results  fi-om  the  use  of  the  artificial  leech  are 
obtained  when  it  is  applied  to  the  mastoid  region  (Dench). 
Scarifieations  are  to  be  made  only  in  the  earlj'  stage,  be- 
fore exudation  has  occurred.  The  incisions  should  be 
tlu-ee-fourths  of  an  inch  long  in  the  walls  of  the  canal 
(Gruber).  Por  warm-water  irrigation,  the  founbdu 
syringe,  or  some  form  of  continuous  aural  douche,  may 
be  emploj'ed.  Anodyne  instillations  of  solutions  of  mor- 
phine or  atropine  maj'  be  used ;  in  childhood  the  latter 
cannot  be  used  with  too  much  caution,  especially  if  the 
drum  membrane  is  perforated. 

Poultices,  if  used  at  all,  should  not  be  applied  for  more 
than  two  or  three  hours  consecutively,  not  only  on  ac- 
count of  their  tendency  to  promote  the  formation  of  poly- 
poid growths,  but  because  in  painful  alfectitais  of  the 
ears  they  may — when  used  to  an  excess,  as  is  often  done 
by  the  laity — prove  to  be  veritable  incubators  for  the 
nurture  of  innumerable  disease  germs.  In  this  way  they 
may,  in  effect,  aggravate  the  disease  which  they  are  de- 
signe<l  to  cure. 

In  all  chronic  cases,  repeated  cleansing  of  the  ear  with 
some  mild  antiseptic  irrigation  is  indispensable.  Insuf- 
flations of  boric  acid  powder,  after  the  canal  has  been 
cleansed,  often  act  like  a  charm,  and  may  be  employed 
even  in  acute  cases,  wdien  discharge  has  set  in.  This  may 
be  repeated  wlienever  the  powder  has  become  moist. 
Strong  solutions  of  niti'atoof  silver  are  often  very  useful, 
but  must  be  avoided  so  long  as  there  is  pain.  In  some 
chronic  eases  the  insertion  of  a  plug  of  cotton  wool, 
smeared  with  diachjdon  ointment,  effects  a  speed}'  cure 
(Buck,  Roosa).  In  these  eases  the  disease  has  probably 
Ijeen  of  an  eczematous  character. 

Acute  Cikcumsciubed  Inflammation  (Follieular 
IiiflnniiaeUioii,  Furuncles,  Boils,  Otitis  Externa,  Circum- 
se'ripta). — This  form  of  inflammation  seems  to  have  a 
special  predilection  for  the  external  auditoi-y  canal,  hav- 
ing its  seat  almost  exclusively  in  the  cartilaginous  por- 
tion. The  disease  is  quite  common  in  atlults,  rare  in 
childhood,  and  seldom  or  never  met  with  in  infancy. 
It  is  said  to  occur  with  special  frequency  in  spring  and 
autumn,  sometimes  as  an  epidemic,  and  sometimes  asso- 
ciated with  a  more  general  furunculosis.  Anajmia,  gout, 
disorders  of  menstruation,  diabetes  mellitus,  and  change 
of  life  are  said  to  predispose  to  auditory  furuncles. 
Strong  and  otherwise  healthy  persons  are  by  no  means 
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exempt  from  it,  but  debility  induced  b}'  an  uiilieidtliy 
mode  of  life,  or  by  living  in  badly  ventilated  houses, 
seems  to  exert  a  predisposing  influence. 

As  local  causes  may  be  mentioned :  chrome  discliarge.s 
from  the  ear;  chronic  eczema  of  the  meatus;  mechanical 
irritation,  such  as  may  be  caused  by  the  presence  of 
foreign  bodies;  frecpient  syringing;  scratching  the 
meatus  with  hard  instruments,  such  as  hairpins  and  tooth- 
picks; irritating  medicinal  applications,  and  the  use  of 
alum  lotions.  The  sebaceous  and  ceruminous  follicles 
are  iirobably  the  starting-point  of  the  inflammation ;  occa- 
sionally it  originates  more  deeply,  in  the  iterichondrium, 
or  in  tiie  substance  of  tlie  cartilage  (Buck). 

The  pus  of  aural  furuncles  has  been  found  loaded  with 
micrococci  (Lowenberg),  and  it  is  not  unreasonable  to 
suppose  that  furuucular  inflammation  may  originate  from 
these  having  found  their  way  into  the  glandular  follicles 
from  the  aii-,  or  from  the  water  used  in  syringing;  in 
any  case,  moisture  would  favor  their  rapid  development, 
and  this  may  be  the  reason  that  .syringing  the  ear  is  apt 
to  excite  furuncular  inflammation.  Although  slight  local 
lesions,  such  as  would  favor  the  introduction  of  pus-pro- 
ducing ilisease  germs,  commonly  initiate  otitis  externa 
circumscripta,  the  afllection  cannot  always  be  shown  to 
originate  in  this  way.  Trophic  disturbances  of  the  parts, 
possibly  of  a  reflex  nature,  are  alleged  to  be  the  active 
causative  agents  in  this  case. 

Si/iiiptiiiii^. — The  first  perverted  sensation  is  a  feeling  of 
fulness  and  discomfort,  soon  followed  by  slight  lancinat- 
ing pains  or  by  itchiness.  If  the  inflammation  is  super- 
flciafly  situated,  the  pain  is  usually  slight;  if  it  is  deep- 
seated,  tlie  pain  may  be  very  severe,  of  a  tearing  or 
beating  character,  and  radiating  to  other  parts  of  the 
head  and  neck.  It  is  intensified  by  pressure,  by  traction 
of  the  auricle,  and  by  movements  of  the  jaw.  Hard- 
ness of  hearing,  a  feeling  of  fulness,  and  tinnitus  are 
complained  of  in  some  instances,  especially  when  the 
meatus  is  much  obstructed  by  the  swelling,  which  al- 
ways involves  the  cartilaginous  portion  of  the  meatus, 
and  is  most  marked  in  that  part  of  the  canal  which  hap- 
pens to  be  the  seat  of  the  inflammatory  focus.  Accord- 
ing to  Deuch  the  inferior,  posterior,  and  superior  walls 
are  more  frequently  afi'ected  than  is  the  anterior.  Infil- 
tration and  induration  of  the  adjacent  Ij-mphatic  glands 
are  by  no  means  infrequent  changes,  and  occasionally  the 
parotid  becomes  involved.  A  large  and  deep  furuncular 
abscess  in  the  posterior  wall  may  be  mistaken  for  mas- 
toid disease,  but  the  absence  of  tenderness,  except  when 
pressure  is  so  directed  as  to  move  the  wall  of  the  meatus, 
differentiates  the  two  conditions.  Sometimes  the  tissues 
behind  or  in  front  of  the  ear  are  swollen  and  the  skin  is 
reddened. 

Superficial  furuncles  appear  more  or  less  I'ed  from  the 
outset;  when  they  are  deep-seated,  tlie  redness  is  n(_)t 
present  until  the  abscess  approaches  the  surface.  Febrile 
symptoms  may  be  present  in  the;  severer  cases.  Tender- 
ness over  the  inflamed  centre  is  a  constant  symptom; 
several  furuncles  may  occur  at  the  same  time,  or  follow 
each  other  in  i-apid  succession.  Repeated  attacks  are  not 
uncommon. 

Resolution  of  tlie  inflammation  without  suppuration 
seldom  occurs.  If  the  disease  is  left  to  nature,  rujiture 
of  the  abscess  will  take  place  sooner  or  hiter,  often  not 
for  many  days  if  the  disease  is  ilcep-seated.  After  ruji tore 
of  the  aliscess  the  swelling  and  pain  quickly  subsiile 
Polypoid  granulations  requiring  removal  may  develoi) 
troui  the  point  of  rupture.  The  locality  of  the  swellin- 
and  the  tenderness,  together  witli  the  absence  of  symp"^ 
toms  indicative  of  deep-seated  disease,  render  the  dia.rno- 
sis  a  matter  of  no  difflcnlty.  The  presence  of  an  exosti.sis 
covered  ^yith  inflamed  cutis,  or  bulging  of  tlie  nusleri,,,' 
wall  oi  the  meatus  from  mastoid  disease,  migld,  be  mis 
eoX;i'f=  iTl'"'  !"1""""^'ti"".  '"'t  neither  of  tliese 
tin.  ft  T  "^  '''■'"■''.^'"  ^  ™'''^*'"1  ""'«'''-vcr.  Inflamma- 
,  Wr^i  'l'^''''"'P'"'t"'"S  "f  tl'c  meatus  in  which  ghmd- 
ulaiclenients  are  wanting,  is  probably  not  furuncul.ir. 

tnlw''"'',!""')^^^'"''*''*™""'  ^"'  ''"il'l'iyed  to  allav  pain 
to  shorten  the  duration  of  the  disease,  and  to  prevent  re^ 
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lapses.  If  the  case  is  seen  sufficiently  early  an  effort 
may  be  made  to  abort  the  attack.  Some  aurists  recom- 
mend local  depletion  by  leeching  or  by  means  of  the 
artificial  leech;  others  have  no  confidence  in  this  pro- 
cedure, but  rely  upon  the  topical  application  of  strong 
antiseptics  such  as  a  saturated  solution  of  lioric  acid  in 
alcohol  frequently  applied,  or  alcoholic  solutions  of  men- 
thol, carbolic  acid,  creosote,  eucalyptol,  etc.,  these  latter 
being  sedative  in  their  action  as  well  as  antiseptic. 
They  may  be  applied  in  solutions  var3nng  in  strength 
from  five  to  ten  per  cent.,  on  pledgets  of  cotton  wool, 
and  they  have  the  further  advantage  of  tending  to  pre- 
vent the  formation  of  fresh  foci  of  inflammation.  Of 
all  these  menthol  is  probably  the  best. 

If  a  fair  trial  of  such  measures  does  not  afl'ord  relief, 
the  local  application  of  some  form  of  dry  heat  will  have 
a  .soothing  effect,  and,  bj'  softening  the  tissues,  will  assist 
nature  in  bringing  tlie  suppurating  area  nearer  the  sur- 
face ;  at  the  same  time  syringing  the  ear  every  few  hours 
with  some  warm  antiseptic  solution  is  recommended. 
Most  otologists  are  agreed  in  recommending  an  early  in- 
cision of  tlie  swollen  parts  at  the  point  of  greatest  ten- 
derness, which  may  be  ascertained  by  the  use  of  a  cotton- 
guarded  probe.  The  incision  should  be  sufficiently  deep 
and  long  thoroughly  to  divide  and  relieve  tension  of  the 
inflamed  area;  a  short  strong  and  very  sharp  bistoury 
should  be  used.  General  anaesthesia  is  hardly  necessary, 
but  the  writer  can  from  his  own  experience  confidently 
recommend  the  administration  of  ether  up  to  the  point  of 
producing  the  first  stage  of  anaesthesia,  the  patient  sit- 
ting upright  in  a  chair  and  taking  the  anaesthetic  him- 
self. When  the  proper  moment  arrives,  an  instantaneous 
incision  can  be  made  without  inflicting  pain.  After  the 
incision  has  been  made  syringing  with  warm  bichloride, 
1  to  6,000  or  8,000.  is  in  order.  This  cleansing  nia_y  be 
repeated  several  times  daily  and  supplemented  by  the 
use  of  a  dilute  solution  of  boric  acid  in  alcohol,  to  be  in- 
stilled after  sj-riuging,  until  the  discharge  ceases.  Should 
gi-anulations  or  polypoid  excrescences  spring  from  the 
wound,  their  remoyal  with  the  cold  snare,  by  curetting, 
or  by  caustic  apiilications  will  be  indicated. 

The  sulphide  of  calcium.  Fowler's  solution  of  arsenic, 
iodide  of  potassium,  and  other  remedies  given  internallj-, 
have  been  recommended  by  several  otologists  of  repute, 
but  their  actual  value  has  not  been  sufficiently  established 
to  warrant  more  than  a  passing  mention.  xVnsemia,  con- 
stipation, etc.,  must  be  corrected  by  suitable  therapeutic 
measures.  Change  of  air  may  be  advisable  if  the  disease 
is  protracted  by  repeated  forniati<m  of  furuncles,  and  if 
the  patient's  sanitary  surroundings  are  obviously  insalu- 
brious. Errors  of  diet  and  all  flic  recognized  exciting 
causes  sliould,  as  far  as  possible,  be  avoided. 

A  mild  form  of  membranous  otitis  externa  is  seen  as  a 
rare  affection,  the  membrane  being  detachable  without 
exposing  a  bleeding  or  ulcerated  surface,  and  belonging  to 
the  type  of  so-called  croupous  exudation. 

EczKMA. — To  avoid  repetition  it  has  been  thought  best 
to  consider  the  subject  of  eczema  of  1  lie  auricle  and  of 
tlio  external  meatus  in  the  same  section,  and,  for  the 
same  reason,  the  sections  relating  to  jiathology,  causa- 
tion, and  general  principles  of  treatment  will  be  omitted  ; 
the  reader  being  referred,  for  information  in  regard  to 
tliese  subjects,  to  the  general  article  ou  Ezfeiiia.  We 
have,  therefore,  to  consider  the  subject  only  from  the 
standpoint  of  the  otologist,  which  means  an  attention  to 
certain  details,  chiefly  in  tlie  matter  of  local  signs,  diag- 
nosis, and  treatment,  not  likely  to  lie  found  in  the  text 
books  on  dermatology  or  in  the  article  above  mentioned. 

This  form  of  dermatitis  may,  and  as  a  matter  of  fact 
often  does,  invade  the  auricle  and  meatus  as  a  part  of  a 
more  extensive  affection,  and  the  patient  will  then,  as  a 
rule,  not  come  under  the  observati(m  of  the  otologist  at 
all.  Tliere  are,  however,  a  considerable  number  of  cases 
in  wliicli  the  aural  disturbances  appear  to  be  the  more 
inipcjilant,  and  tlie  subjects  thereof  naturally  seek  the 
advice  (d'  an  otologist,  if  such  can  conveniently  be  ob- 
tained, before  going  elsewhere.  It  is  then  to  tliis  local 
manifestation  of  eczema  that  we  purpose  calling  the 
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readers  attention.  As  in  eczema  of  other  parts,  I  lie 
morbid  condition  of  tlie  inteiiuinent  of  tlie  meatus,  auri- 
cle, and  adjacent  parts  presents  itself  under  two  forms 
acute  and  clironic. 

Aevie  Eczema  of  the  Aiii-iele.—\u  typical  cases  of  this 
disease  the  eruption  is  seldom  eontiiied  strictlj'  to  the  in- 
tegument covering  this  structure,  but  involves  to  some 
extent  that  of  the  meatus  and  also  the  adjacent  liairx- 
scalp;  nevertheless  the  red,  swollen,  and  iullamed  am-icle 
is  the  chief  feature  of  the  disease  and  becomes  the  source 
of  no  little  distress  and  an.xiety  to  the  patient.  Here,  as 
in  eczema  senerall}-,  the  iiredisposing  cause  seems  to'  be 
some  con.stitutional  diathesis  or  fault  in  nutrition,  as 
gout,  rheumatism,  or  serofulosis,  of  which  there  may 
be  no  signs  until  some  furtlier  disturbing  influence  i's 
brought  into  play,  such  as  disorders  of  digestion,  uiisuit- 
able  articles  of  diet,  perverted  habits  of  life,  or  auythino- 
which  interferes  with  the  ju-oper  balance  between  as' 
similation  of  food  and  excretion.  This  will  account  for 
most  of  the  apparently  spontaneous  attacks  of  eczema ; 
but  there  are  many  ca.scs  which  seem  to  come  on  as  the 
result  of  some  local  irritation,  reflex,  meeliauical,  or 
thermic  in  character,  or  as  a  secondary  manifestation, 
following  some  ichorous  discharge  fron'i  the  middle  ear 
and  meatus.  In  these,  also,  some  of  the  above-mentioned 
underlying  causes  doubtless  play  a  part;  children  and 
members  of  certain  religious  conununities  whose  ears  are 
kept  closely  hooded  in  warm  weather  are  particularly 
liable  to  eczema  about  the  auricle,  which  often  appears 
to  commence  as  an  intertrigo  between  this  part  and  the 
skin  behind  it. 

An  acute  eczema  of  the  auricle  begins  with  a  sensation 
of  heat  and  tension  (which,  later  on,  gives  place  to  an  in- 
tense pruritus);  thus  there  is  much  swelling  and  redness. 
The  ear  now  appears  to  project  undidy  from  the  side  of 
the  head,  and  the  clinical  picture  strongly  resembles  that 
of  erysipelas,  but  lacks  the  peculiar  adema,  the  mode  of 
extension,  and  the  severe  constitutional  disturbance  of 
this  disease;  the  last  mentioned  being  absent  or  compara- 
tively slight  in  acute  eczema. 

An  exudation  of  fluid  occurs  beneath  the  epidermis, 
and  this  manifests  itself  in  one  of  two  ways:  either  there 
is  a  multitude  of  fine  vesicles  or  else  the  superticial  epi- 
thelium may  simply  be  east  off  hj  the  exudation,  with- 
out distinct  vesiculation.  In  either  ease  there  is  an  exu- 
dation, from  the  surface,  of  a  copious  j-ellowish  or  san- 
guinoleut,  stickj-  fluid,  and  the  skin  appears  raw  and 
inflamed.  Pus  also  now  appears  upon  the  surface,  and 
the  discharge,  in  drying,  forms  crusts  or  scabs  over  the 
affected  part.  If  these  are  removed,  a  raw,  sometimes 
bleeding,  surface  will  be  fotmd  underneath. 

After  this  stage  has  been  reached,  if  the  disease  attacks 
the  hairy  scalp,  as  it  is  especially  apt  to  do  in  strumous 
children,  the  lymphatics  become  affected,  as  shown  by 
enlargement  of  cervical  glands.  The  skin  lining  the 
auditory  canal  may  be  involved  to  such  an  extent  that 
tinnitus  and  partial  deafness  occur.  If  left  untreated, 
the  disease  readily  becomes  chronic,  with  thickening  and 
induration  of  the  deeper  layers  of  the  skin. 

If  a  local  irritation,  such  as  chronic  discharge  from  the 
ear,  is  the  chief  factor  in  bringing  on  an  attack,  it  often 
remains  unilateral;  but  when  the  affection  is  due  solely 
to  constitutional  causes  both  ears  are  generally  affected 
at  the  same  time.  Wlien  an  acute  eczema  is  limited  to 
the  auricle  and  canal,  it  is  scarcely  possible  to  differen- 
tiate it  from  a  diffuse  otitis  externa  due  to  any  other  cause. 

Chronic  eczema  is  not  necessaril}'  or  indeed  often  trace- 
able to  an  acute  attack,  and  is  by  far  the  more  common 
form.  It  occurs  as  an  extension  from  the  hairy  scalp,  or 
as  the  result  of  some  local  irritation,  or  from  a  constitu- 
tional tendency  which  may  give  rise  to  a  localized  eczema 
at  an}'  part  of  the  general  integument.  It  often  remains 
localized  at  some  particular  part  of  the  ear  for  an  in- 
definite period.  The  loeahties  most  often  affected  are; 
the  meatus  or  the  lobule,  as  a  result  of  chronic  otorrhaa 
or  from  wearing  faulty  earrings;  the  posterior  attach- 
ment of  the  auricle  to  the  head,  especialh'  in  children; 
the  fossa  of  the  helix;  the  antihelix;  the  concha;  and, 


la,stly  the  entire  auricle.  A  slight  scaly  irritation  of  the 
outer  halt  of  the  external  audit(jry  canal,  attended  with 
pruiitus,  repi-esents  a  very  common  and  mild  form  of  the 
disease.  This  condition  in  a  more  pronounced  form  is 
otien  met  with  in  women  suffering  from  the  debility 
which  belongs  to  various  pelvic  disorders  and  their  at- 
tendant digestive  disturbances. 

Thickening  of  the  entire  integument  is  characteristic 
of  chronic  eczema;  it  sometimes  amounts  to  a  veritable 
hypertrophy  of  the  affected  part,  and  may  occlude  the 
external  meatus  so  much  as  to  interfere  with  audition 
The  skin  usually  feels  hard,  leathery,  and  thick.  Its  ap- 
pearance is  not  always  the  same,  but  varies  somewhat 
Irom  tinn^  to  time  even  in  the  same  case.  A  dull  pinkish 
color  is  often  present;  sometimes  the  skin  is  smooth  and 
.glossy,  as  if  it  were  tiglitly  stretched,  or,  if  the  epithelium 
is  cast  off  rapidly,  it  will  be  covered  with  whitish  scales 
and  will  present  a  more  or  less  rough  surface.  Efforts 
to  relieve  the  pruritus  may  lead  to  abrasions  and  per- 
haps bleeding;  hence  blood-stained  crusts  or  scabs  are 
often  seen,  and  a  temporary  inerea.se  of  the  local  inflam- 
mation may  ensue  from  the  same  cau.se. 

Pruiitus  is  a  constant  symptom  of  chronic  eczema  and 
is  sometimes  exceedingly  annoying.  Wherever  the  skin 
is  much  thickened,  the  surface  is  apt  to  present  fissures  ex- 
tending into  the  corium.  These  are  particularly  notice- 
able about  the  entrance  of  the  auditory  canal  wherever 
the  meatus  has  long  been  the  seat  of  a  chronic  eczema. 

Treaiiiieiit. — In  both  varieties  of  eczema  the  constitu- 
tional aspect  of  the  disease  should  first  be  considered, 
and  suitable  treatment  for  this  must  he  adopted.  Habit- 
ual errors  of  diet,  etc.,  must  be  corrected.  The  internal 
administration  of  various  alkaline  and  laxative  reme- 
dies—such as  Rochelle  salts,  the  neutral  tartrate  of  pot- 
ash, bicarbonate,  acetate  or  citrate  of  sodium,  in  rather 
large  doses — materially  aids  local  treatment  in  bringing 
about  a  cure.  Local  exciting  causes,  if  present,  must  of 
course  be  eliminated. 

In  tlic  acute  form  the  subjective  symptoms  require 
special  measures  for  their  relief.  C^old  evaporating  lotions 
tend  to  allay  the  heat  and  itching,  often  so  distressing  to 
the  patient.  Pledgets  of  lint  laid  over  the  part  and  kept 
moist  with  a  solution  containing  liquor  plumbi  acetatis  3 
parts,  glycerin  6  parts,  and  water  fOO  parts,  will  be 
found  to  answer  the  purpose  very  well.  One  per  cent, 
of  bismuth  subnitrate  and  a  small  quantity  of  morphine 
may  be  added  to  this  to  increase  its  soothing  effect.  In 
the  presence  of  a  profuse  discharge  from  the  inflamed 
surface  a  drying  powder,  containing  combinations  of 
starch,  lycopodium,  oxide  of  zinc,  stearate  of  zinc,  bis- 
muth, etc.,  in  varied  proportions,  may  be  found  prefer- 
able to  the  moist  dressing;  but  if  tlie  burning  .sensation 
in  the  skin  is  intense,  some  form  of  ointment  is  indicated. 
One  or  more  of  the  four  last-mentioned  drugs  (with  or 
without  boric  acid,  or  morphine),  combined  with  vase- 
line, make  an  excellent  dressing.  The  unguentum  dia- 
cliyli  or  an  ointment  containing  two  per  cent,  of  creolin, 
smeared  on  piec(!S  of  soft  rag,  maj'  be  applied  constantly. 

It  is  not  at  any  time  desirable  to  irritate  the  inflamed 
surface  mechanically ;  hence,  when  crusts  have  formed, 
they  must  be  softened  with  olive  oil  or  vaseline  until  thej' 
can  easily  be  removed,  after  which  the  surface  should 
be  treated  with  some  soothing  protective  powder,  or  with 
one  of  the  ointments  already  mentioned.  Washing  the 
affected  parts  with  water  is  always  to  be  avoided,  but 
cleansing  occasionallj'  with  a  .solution  of  subacetate  of 
lead  may  be  practised  with  benefit. 

Chronic  eczema  of  the  ear  is  apt  to  run  a  protracted 
course,  even  under  the  most  favorable  circumstances,  and 
especially  so  if  suitable  treatment  be  not  persistently 
carried  on,  or  if  it  be  omitted  too  soon. 

The  local  applications  employed  will  require  to  be 
varied  from  time  to  time  in  most  chronic  cases.  In  a 
general  way  applications  of  an  astringent  and  stimulating 
character  are  to  be  employed,  but  in  the  presence  of  an 
acute  exacerbation  it  may  tie  necessary  to  resort  to  more 
soothing  remedies.  A  light  covering  to  protect  the  auri- 
cle may  often  be  used  with  advantage,  but  not  to  the 
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extent  of  eaiisiucc  undue  heat  aud  moisture  of  the  skin, 
■,i  circumstance  which,  as  already  mentioned,  may  bring 
on  eczema  in  certain  persons.  . 

Tliere  are  many  formula  for  mild  stmudating  ancl  as_ 
trinirent  ointments,  such  as  diachylon  oiutment;  oil  ot 
cade  in  vaseline,  three  per  cent. ;  benzoated  lard,  with  or 
without  oxide  ot  zinc  or  bismuth;  boric  aeicl  m  vaseline, 
four  per  cent.,  etc.  All  of  tliese  act  beneticially,  in  part 
at  least,  by  excluding  the  air  from  the  uUlaiaed  skin. 
Olive  oil  or  vaseline  should  be  used  freely  to  soften  scales 
and  crusts,  so  that  they  can  be  wii)cd  away;  some  warm 
emollient  poultice  is  a  useful  adjuvant  to  these,  it  the 
softening  effect  of  the  oil  is  insutlieient.  When  the  skin 
is  greatly  thickened,  indurated,  and  covered  with  dry, 
exfoliating  epidermis,  stronger  stimulation  is  indicated. 
Under  these  circumstances  one  of  tlie  following  oint- 
ments may  advantageously  be  employed:  an  ointment 
containing  tar  or  ammoniochloride  of  mercury ;  a  niix- 
ture  of  equal  portions  of  ung.  pieis  li(i.  and  zinc  oint- 
ment ;  simple  benzoinatcd  lard,  or  the  latter  with  four  or 
five  per  cent,  of  the  ammonio-cliloride  ;  and,  finally,  ich- 
thyol  and  benzoinated  lard.  Aeetuni  cantharidis,  which 
is  a  still  stronger  stimulant,  has  been  found  to  act  better 
than  any  other  remedy  in  allaying  the  itching  and  reduc 
ing  the  brawny  infiltration'  of  the  skin.  This  ellect  is 
diie  to  the  free  .serous  transudation  which  it  induces.  It 
may  be  painted  over  the  atTected  part  with  a  cotton- 
wool swab  once  every  twenty-four  hours,  until  tlie  prcjper 
effect  is  obtained — that  is,  exfoliation  of  all  thickened 
epidermis  and  softening  of  the  skin,  which  then  becomes 
covered  with  a  thinner  and  more  normal  epithelium. 
Should  the  reaction  be  excessive,  some  soothing  oint- 
ment will  allay  all  discomfort  in  a  few  hours.  The  proc- 
ess may  be  repeated  eveiT  few  days  unlil  all  thickening 
has  disappeared.  Many  authorities  highly  recommend 
nitrate  of  silver — in  solutions  of  from  two  to  four  per 
cent,  or  even  greater  strength — as  a  local  application  in 
chronic  eczema.  Painted  over  the  surface  after  all  scales 
have  been  removed,  it  stimulates  the  epithelium  to  a 
more  healthy  growth,  especially  after  the  thickening  of 
tlie  skin  has  been  reduced  b_v  the  use  of  the  remedies 
already  mentioned.  For  the  relief  of  fissures  in  the  skin 
of  the  meatus  the  writer  lias  found  repeated  painting 
with  a  strong  (ten  to  twenty  per  cent. )  solution  of  sil- 
ver nitrate  most  efficient.  Practitioners  who  are  in  the 
habit  of  prescribing  arsenic  in  all  eases  of  chronic 
eczema  will  do  well  to  remember  that  this  treatment 
has  not  found  much  favor  with  dermatologists  of  the 
present  time;  its  effects,  although  sometimes  favor- 
able, have  on  the  other  hand  often  lieen  found  de- 
cidedly injurious. 

True  Diphtheritic  Otitis  Extern.v  does  sometimes 
occur,  but  very  rarely,  and  then  almost  always  as  a 
complication  of  scarlatinous  diphtheritis  of  tla'  throat 
and  middle  ear  (Politzer).  Piiniary  diphtheritis  of  the 
ineatus  has  been  observed  during  epidemics  of  tlipli theli- 
tis; but  in  these  few  instances  there  already  existed  an 
inflammation  or  excoriation  of  the  meatus,  and  it  was  in 
this  favorable  soil  that  the  ac(.'idental  infection  oc- 
curred. This  primary  form  is  said  not  to  be  attended 
with  constitutional  (jistarbance  and  readily  yields  to 
treatment. 

A  false  membrane  of  a  dirty  white  color  and  fii-mly  ad- 
herent to  the  walls  of  the  meatus  is  eharaetevistic  of  diph- 
theritic otitis  externa.  When  the  membrane  is  forcibly 
removed,  the  exposed  parts  and'ouiid  tender  to  the  touch 
excoriated,  ulcerated,  and  bleediiii^.  Sevei-e  jiain,  a  feel- 
ing of  fulness,  tinnitus,  and  deafness  only  occur  in  the 
primary  form  of  this  disease;  when  it  is  associated  with 
diphtheritis  of  the  throat  and  middle  ear,  there  is  little 
or  no  pain,  ],ut  tliere  may  be  ana'stliesia  of  the  parts 
around  the  ear  (Wreden,  Wendt,  Plan).  Primary  diph- 
theritic otitis  externa  usually   terminates   in   recovery 

ZHvl        vi"''-^  *"  ""=  '■'"■■      T'""'  '■oiisocutiv..  form  (in 
reality  a  diffuse  otitis  externa)  is  apt  to  result  in  destr  „ 
tve  ulceration  of  the  niembrana  tympani.  exfoliation  of 
the  ossicles,  and  more  or  less  extensive  caries  of  tla-  ten, 
poral  lione.     Such  destructive  changes  dep^md  upon  V^ 
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severity  of  the  original  disease— diphtheritic  inflammation 
of  the  fauces,  or  the  angina  of  scarlatina  with  tympanic 
complications. 

The  tmitiiiciil  of  diphtheritic  otitis  externa  should  be 
antisei)tic.  Lime-water  instillation,  followed  by  syring- 
ing with  a  solution  of  boric  acid,  will  favor  separation 
of  the  membrane  (Biirkhardt-Mcrian).  After  syringing, 
the  meatus  may  be  filled  with  jiowdcred  boric  acid.  Car- 
bolic glycerin  (1  to  1.")).  carbolic  spirit  (1  to  30),  or  a  solu- 
tion of  lioric  acid  in  spirit  (1  to  20),  may  be  painted 
over  the  affected  parts  if  the  membrane,  after  being  once 
detached,  tends  to  form  again.  Forcible  detachment  of 
the  membrane  is  injurious  and  likely  to  be  followed  by 
fresh  infection  of  the  denuded  surface  aud  an  aggrava- 
tion of  the  local  condition.  The  treatment  with  anti- 
toxin and  the  employment  of  constitutional  remedies 
are  indicated  in  this  as  in  other  forms  of  diplitheria. 

SvpiiiMTic  Affections  of  the  Meatus  are  discussed 
in  one  of  the  later  articles  of  this  series,  and  the  reader  is 
therefore  referred  to  this  for  information  upon  the  sub- 
ject. 

Exostoses  and  IIvrEUosTOSFs  of  the  external  auditory 
canal  are  not  of  infrei(uent  occurrence.  They  are  con- 
genital orac(iuired,  and  may  be  singh.^  or  multiple,  spongy 
or  eburnated,  pedunculated  or  with  broad  base.  Their 
favorite  situations  aic  at  the  outer  jiortion  of  the  osseous 
meatus,  or  at  its  inner  extremity,  close  to  the  niembrana 
tympani.  Occasionally  they  entirely  close  the  lumen  of 
the  canal,  but  only  in  this  event,  or  when  the  already 
narrowed  meatus  becomes  blocked  with  secretion,  do  they 
cause  much  disturbance  of  hearing.  This  is  the  more 
likely  to  occur  because  the  presence  of  these  tumors 
favors  inflammation  of  the  cutaneous  lining  of  the  mea- 
tus. Exosto.ses  are  often  bilateral,  ami  they  are  much 
more  frequent  in  the  male  than  in  the  female  sex.  The 
causes  of  accjuired  exostoses  have  not  been  determined 
with  certainty.  Rheumatism,  arthritis,  and  syphilis  are 
spoken  of  as  constitutional  causes,  but  these  tumors  are 
often  hereditary  aud  unassociated  with  any  of  these  dis- 
eases. Among  the  aborigines  of  America  and  the  na- 
tives of  the  Sandwich  Islands,  they  seem  to  occur  with 
special  fretpieney ;  in  the  latter,  excessive  indulgence  in 
sea  bathing,  with  the  consecjuent  irritation  of  the  auditory 
canals  by  salt  water,  is  alleged  to  be  the  cause  of  this  de- 
velopment. Local  processes  involving  chronic  hyper- 
aemia  of  tlie  auditory  canal  seem  to  jux'dispose  to  over- 
growth of  the  adjacent  bone,  sometimes  in  the  form  ot 
diffuse  hyperostoses  but  more  often  as  circumscribed  out- 
growths or  exostoses.  "When  thev  coexist  with  chronic 
suppuration  of  the  middle  car,  their  presence  forms  an 
additional  source  of  danger  by  favoring  retention  of  pus. 
Fig.  170(5  gives  a  good  idea  of  the  appearance  presented 
by  multiple  exostoses.  They 
usually  appear  as  white  or  yel- 
lowish, smooth  prominences,  and 
when  examined  with  a  probe  are 
found  to  be  exceedingly  firm  to 
the  touch.  This  feature  serves 
to  distinguish  them  from  all 
other  pathological  formations  in 
the  meatus,  even  when  the  skin 
covering  them  is  red  and  in- 
flamed. 

Small  exostoses  may  last  a 
lifetime  without  detriment  to 
the  subject,  but  larger  osseous 
.growths  are  apt  to  give  trouble 
by  favoring  the  accumulation  of 
cerumen,  epidermis,  etc. 

Tn'.tttiiii'iit. — jMedication,  local 
or  general,  with  a  view  to  ]iro- 
ciiring  absorption,  is  uscdcss. 
When  the  exostoses  are  of  small 
size  anil  present  no  evidences  of 
irrilation,  they  .should  not  be  interfered  with.  If  chronic 
siippura live  disease  of  the  tympanum  is  present  it  should, 
if  possible,  be  healed  ;  if  this  is  impracticable,  the  auditory 
canal  must  be  kept  scrupulously  clean.     An  accumula- 
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tinn  of  sfcri'timi  beyond  the  growths  may,  with  care,  be 
removed,  even  thniugh  a  .small  ap<'rture.  The  oltend- 
iug  substance  may,  if  iiece.ssai'y,  lirst  be  sofli'ned  by 
injecting-  a  few  drops  of  warm  solution  of  carl)oiiat(^ 
of  soda  (1  to  20)  througii  a  suitable  cannula,  the  point 
of  "which  is  pushed  into  the  aperture;  then,  on  tlie  fol 
lowing  day,  a  free  injection  of  warm  water  through  the 
same  instnuuent  will  probably  bring  the  ace\unulation 
away.  AVhen  the  narrowing  of  the  canal  is  too  great  to 
admit  of  such  cleansing  measures,  and  there  are  great 
deafness  and  deep-seated  pain,  indicating  pressure  from 
retained  secretion,  surgical  removal  of  the  exostosis  may 
become  imperative,  or  a  counter-oi)ening,  extending 
down  to  the  antrum,  may  be  established  in  the  niastoiil 
process.  The  operative  procedure  to  be  chosen  will 
depend  chiefly  on  the  particular  characters  of  the  case. 
If  the  growth  is  obviously  jiedunculate  and  can  be  sur 
rounded  by  a  suitable  steel  snare  wire,  it  may  be  removed 
in  this  way,  or  the  peduncle  may  be  broken  by  a  few 
taps  with  chisel  and  mallet.  As  a  rule,  however,  growths 
of  this  kind  recpiiriDg  operative  interference  are  of  a 
more  sessile  kind  and  must  he  chiselle<l  away  ])iceemeal 
or  drilled  through  at  their  bases  and  then  detached  with 
chisel  and  mallet.  Formerly,  operations  of  this  kind 
were  done  through  the  external  meatus,  but  the  difficul- 
ties encountered  Avere  such  as  to  make  some  easier 
method  desirable.  This  has  been  attained  by  first  de- 
taching the  auricle  from  behind,  thro\\ing  it  forward,  and 
so  exposing  the  comparatively  short  bony  canal — a  pro 
cedure  which  has  been  foiuid  greatly  to  facilitate  I'emoval 
of  the  growth,  especially  if  it  springs  from  the  inner 
portion  of  the  canal. 

Absence  of  tue  Meatus. — Occasionally  the  meatus  is 
found  terminating  as  a  smooth,  cutaneous  cul-de-sac, 
without  any  appearance  of  a  tympanic  membrane;  the 
canal,  under  these  circumstances,  being  smooth,  pale, 
and  shorter  than  normal.  This  cfiudition  results  from 
ulcerative  inflammation  of  the  meatus,  with  immediate 
contact  and  union  of  its  walls,  or  the  union  may  take 
place  through  the  intervention  of  granulation  tissue. 
The  atresia  may  be  formed  liy  osseous  or  tibrous  tissue, 
or  it  may  consist  of  only  a  thin  septum.  If  the  obstruct- 
ing tissue  does  notcon.sist  of  bone,  the  fiuidusof  the  cul- 
de-.sac  will  be  foiuid  to  be  j'ielding  and  elastic.  If,  un- 
der these  circumstances,  bone  conduction  shows  a  normal 
condition  of  tlie  internal  ear,  the  .septum  may  be  divided 
or  partially  excised,  and  a  jiermanent  ojicning  secured  by 
the  introduction  of  leaden  pegs,  or,  l)etter  still,  a  smooth 
glass  plug  conical  in  sliaiie  may  be  retained  in  tlie  canal 
until  healing  has  taken  place.  '  Politzer  relates  a  case  of 
this  kind  in  which  he  obtained  great  and  pej-manent  im 
lirovemeut  in  tlie  hearing.  The  writer,  too,  has  liad  ex- 
cellent results  through  the  use  of  a  ])erfectly  smooth  glass 
cone  instead  of  tlie  leaden  jilug. 

Polypi.— The  development  of  pedunculated  connec- 
tive-tissue growths  in  the  meatus  is  a  common  ,se(iueiice 
of  neglected  chronic  suppuration  of  the  middle  ear. 
Those  which  grow  from  some  part  of  the  tympanic  mu 
cons  membrane  will  receive  due  consideration  in  the  ar- 
ticle which  treats  of  the  latter  subject.  Polypi  may  also 
develop  from  the  lining  of  Ihe  meatus,  their  point  of  at- 
tachment conuuonlylieing  tlic'  posterior  or  superior  wall, 
near  the  membrana  tymjiani,  while  only  rarely  do  they 
originate  froiu  a  more  external  part  of  the  auditory  ca 
nal.  In  the  case  of  those  growths  which  spring  from 
the  meatus,  it  is  said  that  they  often  lesult  from  pro- 
longed and  injudicious  poulticing. 

Aural  polypi  are  usually  single ;  .several  may,  however, 
grow  simultaneouslv  in  one  ear.  Their  stu'face  is 
smooth  or  ilnely  lobiilated,  and  they  are  always  covered 
with  epitheliuin.  They  are  sometimes  large  enough  to 
till  the  meatus,  and  they  may  even  project  for  a  short 
distance  beyond  the  external  orifice;  others,  again,  do 
not  exceed  the  size  of  a  p'ea  and  ju-esent  no  external  evi- 
dence of  their  lu'cscnce.  When  they  are  small  but  yet 
large  enough  to  be  moulded  by  the  meatus,  their  shape 
is  globular,  pear-shaped,  or  elongated.  Those  which 
pro'ject  beyond  the  external  meatus  are  of  a  pale  color 


anil  have  a  surface  covei-ed  with  epithelium  not  unlike 
that  of  till'  adjacent  integument. 

The  diagnosis  of  jiolyjii  presents  no  ditliculties.  Simiile 
inspection  will  suthee  to  determine  their  presence.  Malig- 
nant new  formations,  s])ringing  from  the  same  parts,  may 
possilily  lead  to  an  iM-roiieous  diagnosis.  Careful  explora- 
tion  of  the  meatus  with  a  blunt  |)ii)be  will  generally  enable 
the  surgeon  to  deterniini!  the  ])oint  of  attachment  of  the 
polypus.  According  to  Polilzer,  ]iale-red  or  jjearl-gray 
])olypi,  with  a  smooth  or  moderately  rough  .surface, 
spring  usually  from  Ihe  meatus;  while  the  sodden,  red, 
vascular,  raspberry-sliajied  growths  with  villiform  papil- 
lati'il  surfaei'S,  most  fi'equently  arise  in  the  tympanic 
cavity. 

The  prof/iiii.s/s  is  generally  favorable,  es)K'cially  in  the 
case  of  ])olypi  which  spring  from  the  meatus,  their  thor- 
ough eradication  being  less  difficult  than  when  the  growth 
originates  in  the  le,ss  accesfsible  tym])anum.  Large  polypi, 
of  course,  always  act  as  mechanical  impediments  to  hear- 
ing, and  their  removal  maybe  followed  by  greatimprove- 
ment  in  the  hearing  power;  the  prognosis,  however, 
must  be  guarded  in  this  respect,  even  -when  there  is  reason 
to  believe  that  the  condition  of  the  internal  ear  is  normal, 
since  the  physical  conditions  i«  the  middle  ear  (subject  as 
it  has  been  to  the  ])athological  changes  incident  to  a  long 
period  of  chronic  suppiu-ative  intlanmiation)  niaj'  render 
a  restoration  of  the  hearing  ini])Ossible. 

Ireatmeiit. — Removal  of  polypoid  gi-owths  is  alwaj's 
advisable;  it  may  be  accomplished  in  various  ways. 
When  the  fact  can  he  established  that  the  growth  springs 
from  the  walls  of  the  meatus,  its  extraction  by  means  of 
Wilde's  or  Blake's  snare  may  he  rmdertaken.  The  loop 
of  the  snare  should  be  tightened  around  the  pedicle  of 
the  growth,  close  to  its  insertion,  and  the  operation  com- 
pleted by  traction;  or,  if  a  moderate  amount  of  traction 
will  not  suffice,  ligatiu'e  of  .the  polypus  may  be  effected 
by  rotating  the  instrument  on  its  long  axis  vmtil  a  greater 
resistance  is  felt ;  whereupon  the  wire  is  out  loose  from 
the  cross  bar  and  the  instrument  removed,  leaving  the 
twisted  wire  loop  around  the  pedicle.  This  causes  stran- 
gulation and  death  of  the  growth. 

If  thcri'  is  a  probability  that  the  growth  springs  from 
the  membrana  tymjiani  or  from  the  tympanic  cavity,  it 
should  lie  snared  ojf  as  deeply  as  possible,  traction  not 
being  admissible  on  account  of  the  damage  that  might 
accrue  to  the  drum  membrane.  Politzer's  annular  knife 
is  also  a  valuable  instrument  for  the  excision  of  polypi. 
Small  pedunculated  growths  may  sometimes  be  crushed, 
or  removed  with  suitable  foree])S,  or  with  one  of  Buck's 
loop  curettes.  In  most  cases,  after  removal  of  the  mass, 
the  root  will  recpiire  to  be  touched  at  intervals  of  three 
or  four  days  with  chromic  acid,  applied  very  carefully, 
undei-  gooii  illumination,  by  lueans  of  a  cotton-tipped 
probe. 

The  galvano-cautery  may  be  used  with  advantage  for 
the  removal  of  large,  "tirmly  attached  libroid  polypi,  and 
also  for  cauterizing  granulations  and  the  remnants  of 
liolypi.  Its  use  is'said  to  be  followed  by  less  inflamma- 
toi-y  reaction  than  is  observed  after  the  employment  of 
caustics. 

As  the  sidjject  of  benign  growths  in  the  external  audi- 
tory canal  is'  fully  discussed  by  the  \\'riter  of  the  article 
on  chronic  suppu'rative  inflanunation  of  the  middle  ear, 
and  inasmuch  as  there  are  to  be  special  articles  devoted 
to  malignant  new  growths  and  to  injmies  of  the  ear  re- 
spectively, the  present  writer  considers  himself  at  liberty 
to  omit  all  fui'tlier  mention  of  these  subjects  in  this 
,i,.fi,.|i.  Fnink  Biiller. 

EAR  DISEASES:  ALTERATIONS  IN  THE  TYM- 
PANIC MEMBRANE  AND  ADJACENT  BONY  WALLS 
DUE  TO  FORMER  DISEASE.— Inasmuch  as  the  active  or 
ciirrenl  changes  of  the  drumhead  and  adjacent  walls  inci- 
dent to  the  various  diseases  are  to  he  dealt  with  in  the  more 
clinical  articles,  it  is  here  designed  to  present  the  sequent 
and  more  persistent  changes  and.  in  any  overlapping  of 
fields,  to  take  the  standpoint  of  the  morbid  anatomy  and 
the  general  processes  producing  them.     My  topic  does 
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not  deal  with  the  drum  meiiiliiane  aloue,  but  also  with  tlie 
related  structures;  for  eliuical  otology  is  accepting  m 
slowly  increasina;  degree  the  teachings  of  aural  anatomy 
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Fig.  1707.— Inner  Aspect  at  Squama  in  its  Relation  to  the  AnnnliKs 
and  Ossicles.  The  scute  is  partly  hidden  by  the  incus  and  malleus 
head,  but  the  posterior  and  descending  portions  are  well  shown, 
with  the  tegmen  rooting  in  both  antrum  and  attic. 

"which  we  owe  to  Leidy,  and  is  recognizing  that  the 
tympanum  includes  ahvays  the  antrum  and  attic  as  well 
as  the  lower  cavity,  and  hence  that  its  outer  bony  wall 
must  be  considered  with  the  membranous.  Antl  just 
as  modern  anatomy  has  ceased  to  lay  stress  upon  those 
details  of  structure,  like  the  bony  labyrinth,  which  have 
a  merely  picturesque  interest  but  are  without  develop- 
mental or  physiological  importance,  so  as  pathologists 
we  should  slight  mere  morbid  changes,  however  demon- 
strable as  results,  in  favor  of  the  study  of  the  perverted 
processes  which  they  indicate  and  which  it  is  our  cliui 
cal  duty  to  combat. 

The  outer  wall  (more  strictly  the  lower,  as  it  looks  more 
down  than  out)  of  the  tympanum  con.sists  of  the  tense  or 
vibrating  drumhead,  the  flaccid  membrane  above  the 
folds  that  stretch  in  both  a  backward  and  a  forward 
direction  fi'om  the  short  process,  and  the  bony  wall  {jxirs 
ossea,  Walh)  that  separates  the  attic  and  antrum  fi-oin 
the  auditory  meatus.  This  last  is  in  the  adult  an  unde- 
fined part  of  the  canal  wall;  but  in  the  infant  it  is  a  tri- 
angular process  of  the  squama  (the  "scute"  of  Leidy) 
which  can  be  readily  detached  from  the  petro-mastoid 
to  uncover  these  upper  tympanic  cavities  (Fig.  1707), 
Prom  this  plate  all  of  the  upper  and  most  of  the  back 
wall  of  the  canal  develops,  just  as  the  remainder  of  the 
wall  is  the  outgrowth  of  the  tympanic  bone  or  annulus. 
Hence  the  region  of  election  for  opening  the  antrum,  and 
the  spina  svpi-a  meatnm  which  marks  it  in  the  adult,  are 
located,  at  least  in  infancy,  in  the  squaimjsal  and  not  in 
the  true  mastoid  portion  of  the  temporal  bone.  But  it  is 
only  the  innermost  part,  corresponding  with  the  tmde- 
veloped  "scute,"  which  remains  a  bounding  wall  of  the 
tympanic  spaces. 

^  Something  of  the  same  sort  may  also  be  said  of  the  ori  "■- 
lual  annulus,  since  the  bottom  of  the  tympanum  proper 
almost  undermines  it,  forming  a  "cellar"  (Kretschmann) 
below.  The  usual  luck,  in  this  region,  of  septal  fohls  in- 
terlenng  with  drainage  makes  it  far  less  liulile  to  s|)eeial 
involvement  than  the  antium  and  attic;  although  it  is 
not  infrequently  the  seat   of  persistent  caries.,  and   its 

eu,'I?i  H  ""  *"  ^.'I''  '^""'  "f'  ""^  J"g"lar  and  the  lower 
cuive  ot  the  carotid  ctui  render  such  a  caries  serious 
As  the  triangular  light  spot  should  constitute  the  most 

™fvr  ^''  f"  "  •ilt'''-'^t,ions  are  among  tho.se  mos 

easily  recognized.     lis  changes  of  form,  brTghtness   an. 
position  are  dealt  with  in  relation  to  the  iympinic  inila.n 
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Illations  by  other  contributors ;  yet  some  reiteration  seems 
fair  in  regard  to  so  important  a  matter.  Based  upon  the 
glossy  smoothness  of  its  epiderm,  the  oblique  position  and 
the  centrally  depressed  but  slightly  convex  contour  of  the 
membrane,  the  light  spot  is  generally  seen  downward  and 
forward  from  the  tip  of  the  malleus  handle,  because  this 
part  only  of  the  drumhead  is  at  right  angles  to  the  line 
of  illumination  and  of  sight  and  can  thus  reflect  back  to 
the  observer  the  light  thrown  upon  it.  The  light  spot 
can  be  shortened  by  slight  depression,  reduced  to  a  point 
l)y  more  mark^'d  retraction,  altered  to  a  crescent  or  even 
to  a  peripheral  line  concentric  with  the  annulus  by  dis- 
tinct cupping,  changed  to  a  more  horizontal  or  vertical 
direction  by  localized  displacement,  or  divided  fan-like 
by  plications  of  a  relaxed  membrane.  Its  lustre  may  be 
dulled  by  cedematous  maceration  of  the  epiderm  or  lost 
when  this  is  extreme  or  exfoliation  is  going  on ;  and  it  is 
important  in  this  section  to  note  that  these,  which  are 
often  the  earliest  sj'mptoms  in  the  inflammatory  process, 
are  also  generally  the  last  persisting  vestiges  of  its  course. 
The  light  spot  may  be  simulated  by  reflection  from  fluid 
in  front  of  the  drumhead  or  even  from  a  mass  of  wax 
with  its  greasy  lustre,  when  carelessly  observed  through 
a  poorly  illuminated  canal;  and  it  may  be  ab.sent  from 
view  simply  because  the  tortuo.sity  of  the  canal  humps 
up  the  floor  or  anterior  wall  so  as  to  hide  the  region  of 
the  light  spot  from  view. 

Any  change  from  the  typical  cusp-like  triangle  of  light 
in  the  anterior  inferior  quadrant,  or  any  reflection  else- 
where from  the  surface  of  the  drumhead,  is  to  be  cioselj' 
scrutinized  as  anomalous  if  not  strictly  pathological.  De- 
pression of  the  flaccid  "  Shrapnell  "  membrane  above  the 
short  process  usually  gives  a  point  of  light  here  which  is 
of  evil  import,  and  the  prominence  of  the  posterior  fold 
or  of  -ATiy  other  protruding  portion  of  the  membrane  can 
give  a  reflection  from  its  convex  surface.  The  play  of 
these  light  spots  under  the  pneumatic  speculum  is  "al.so 


Fig.  17ns.— Vertical  Section  of  Lower  Part  of  Drumhead.  X  45. 
(Hiinuier.)  I  in  the  left  the  skin  of  the  canal  thins  as  it  passes  over 
the  tendinous  annulus  ( ( ),  until  at  i(  it  is  hardly  more  than  epi- 
derm U)  ;  so  t<.to  d(.tes  the  l\iii]ianic  mucous  menihrane  on  the 
riulit  (/i).  The  memhrana  propria  shows  Us  radiate  fibres  if)  pass- 
ing into  the  thickened  lllirous  annulus  tor  Insertion  into  the  bony 
groove  (HI) :  while  the  t.ransveT-sely  cut.  circular  nbres,  sparse  at  y, 
thicken  at  the  margin  into  a  ilrm  ring  (.x.r). 

full  of  instruction,  not  only  a!?  to  the  past  and  present  of 
the  case,  but  also  as  giving  at  times  indications  for  suc- 
cessful treatment. 

The  color  of  the  drum  membrane  may  also  show'  much 
of  meaning.     Normally  of  a  rather  bluish-gray,  it  ought 
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FIG.  1.  -Normal  left  drum  membrane  as  seen  by  suffused  daylight. 

I'u:  :i  —Normal  right  membrane  by  lamplight.  . 

riu'  3 -Rupture  o(  a  partially  thiimed  left  membrana  tympam  by  a 
kiss.  Slight  ecchymosis  of  tlie  llJ^\■^'r  Hap-iilte  margin  o(  the  tear,  with  m- 
iectionof  the  vessels  of  the  manulirium.  ^k      „       -n.,„ 

FIG  4  — Eupture  of  the  left  drum  memlirane  by  a  box  on  the  ear.  Bag- 
ged rent  with  e.xtravasaunu  in  the  wound  margins  and  injection  of  the 
vessels  along  the  luulleus  handle.  The  rent  extends  nearly  vertically  be- 
hind the  umbo  and  uiipos  sli;:htly.  .  . 

nr,  .5-Riiiituii-  of  Iho  left  membrane  by  puncture  with  a  knitting- 
needle.  Eceh)iiiosis  al  tlii'  lower  periphery  of  the  rounded  opening  and 
inieotiou  of  the  maimbrium  vossels.  . 

Pk;  li— Double  ru|itine  of  the  right  membrana  tympam  caused  by  a 
fall  into  the  water.  SliL^ht  injection.  A  semilunar  rent  in  upper  poste- 
rior quadrant  and  a  longer,  more  crescentic  tear  below.  Both  are  rather 
parallel  to  the  circular  fibres.  .,,,,,     i-       « 

Fig.  7.— Ecchymosis  on  the  right  membrana  tympam  back  of  the  tip  of 
the  malleus  handle.  ^        .  , »  , 

Fig.  8.— Pigmentation  of  the  region  of  the  umbo  in  the  right  me^nlirana 
tympani— the  remains  of  an  extravasation. 

■  FIG.  9.-Fracture  (.f  the  malleus  handle  on  the  left,  with  maliiosition  of 
the  anteriorly  disiila.-ed  lower  fragniput.  Retraction  of  the  ncatrizoil 
neighborhood  of  the  nmho,  witli  distorted  retlection  of  light  and  laeseen- 
tic  opacity  of  the  lower  anterior  i|uudrant. 

Fig.  10.— Injection  of  the  cutis  c  if  tlic  upper  half  of  the  right  drum  mem- 
brane.   Slight  dulling  of  the  lustre  or  oliscurlng  of  details. 

Fig.  11.— Radiate  in.iectiou  of  tlie  right  membrana  tympani.  The  mal- 
leus handle  hidden  by  vascularization,  and  only  the  short  process  vis- 
ible. 

Fig.  12.— Acute  myringitis  of  the  left  membrana  tympani.  Inflamma- 
tion limited  to  upper  half,  wheie  a  iKanisiiiierical  swelling  hides  all  de- 
tails except  a  faint  indication  of  the  short  pro(-ess. 

Fig.  13.— Acute  myringitis  of  the  left  membrane,  with  intense  radiate 
dark  injection.  Exfoliated  eplthelimn  upon  the  posterior  portion  and  a 
line  of  purulent  fluid  below. 

Fig.  14.— Acute  myringitis  of  the  right  membrana  tympani,  with  two 
abscesses  in  the  posterior  half. 

Fig.  15. — Granulations  upon  the  left  membrane  in  chronic  myringitis. 

Fig.  16.— Chronic  myringitis,  with  concealment  of  all  details  by  epider- 
mal exfohation. 

Fig.  17.— t'hronic  myringitis  of  the  left  membrana  tympani,  with  radi- 
ating injectirai,  swelling  of  the  entire  membrane,  and  a  sac-like  bagging 
posteriorly  tilled  with  pus. 

Fig.  Is. — Ulceration  of  the  right  membrana  tympani  in  chronic  myrin- 
gitis.   Line  of  pus  collection  below. 

Fig.  19.- Cholesteatoraata  on  the  left  membrana  tympani,  after  the  re- 
moval of  an  impacted  mass  of  cerumen.  Injection  of  the  vessels  of  the 
manubrium  and  dulling  of  the  light  triangle. 

Fig.  20.— Exostoses  upon  the  left  drum  membrane,  before  and  liehind 
the  manubrium. 

Fig.  21. — Sunken  left  drumhead  in  simple  acute  otitis  media,  with 
prominence  of  the  posterior  fold,  dark  coloration  of  the  membrane,  and 
bright  point  in  front  of  the  short  process. 

Fig.  23,— Strongly  Indrawn  right  drumhead  In  a  case  of  acute  simple 
otitis  media.  Marked  prominence  of  the  posterior  fold ;  broken  triangle 
of  light  and  anomalous  light  spot  in  front  of  the  short  process. 

Fig.  23.— Marked  retraction  of  the  left  membrana  tympani  in  acute 
catarrhal  otitis.  Both  anterior  and  posterior  folds  prominent ;  incus 
shank  discernible;  "kneeing"  of  the  intermediary  zone,  and  dark  col- 
oration of  the  membrane. 

Fig.  24.— Injection  and  swelling  of  the  left  membrana  tympani  in  acute 
simple  otitis  media. 

Fig.  25.— Exudation  in  tlie  right  drum  cavity,  with  curved  surface  line 
visible  through  the  membrane. 

Fig.  26.— Exudation  with  angular  surface  line  in  the  left  tympanum; 
marked  prominence  of  the  posterior  fold ;  punctate  light  spot  'in  front  of 
the  short  process. 

Fig.  27.— Distention  of  the  upper  posterior  quadrant  of  the  left  mem- 
brana tympani  by  serous  exudation. 

Fig.  28.-Sac-Iike  distention  of  the  posterior  half  of  the  right  membrana 
tympani.  Acute  otitis  media  simplex,  with  diffuse  injection  of  the  mem- 
brane. 

Fig.  29.— Bubbles  formed  by  tlie  air  douche  in  the  exudate  within  the 
left  tympanum. 

Fig.  30.— Distention  of  the  left  membrana  tympani  by  exudate  In  simple 
acute  otitis  media.  Bulging  hyperasmia  and  swelling  of  the  entire 
membrane. 

Fig.  31.— Crescentic  opacity  of  the  posterior  portion  of  the  left  mem- 
brana tympani  in  chronic  otitis  media  smifilex. 

Fig.  32.— Peripheral  opacity  of  the  rJLdit  membrane  in  chronic  catarrh 

FIG.  33.— Flaky  opacity  of  the  left  membrana  tympani  in  chronic  otitis 

Fig.  34.— Sunken,  clouded  membrane,  with  prominent  posterior  fold 
and  quadrate  reflex. 

??•  il-~^i'^^^}'':  'Atrophic  areas  in  the  opaque  R.  membrana  tymnani 
.Jj^'l'- •"■-Atrophic  left  membrana  tympani,  showing  the  Incudo-stapedlal 

I'S:-  oJ-~:^'™P';*'''  ™f!  relaxed  L.  membrane  in  chronic  catarrhal  otitis. 
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Fig.  47.-Injectlon,  swelling,  and  discoloration  of  the  right  membrana 
tympani  with  congestion  of  the  manubrium  ;  crescentic  light  reflex,  and 
exudation  in  tympanum  visible  in  lower  portion.  Acute  sunpurative  otitis 
media. 

Fig.  48.— Small  perforation  In  lower  anterior  quadrant  of  the  Injected 
left  membrana  tympani.  Exfoliation  of  epidermis  hiding  manubrium  and 
leaving  but  faint  indication  of  the  short  process.  Small  (pulsating)  point 
of  light  from  the  fluid  in  the  perforation.  Acute  otitis  media  suppurativa. 
Fiij.  49.— Purulent  collection  in  front  of  lower  portion  of  right  mem- 
brana tympani  hiding  details. 

Fig.  50.— The  same  membrana  tympani  after  cleansing.  Perforation 
back  of  umbo ;  gray-red  membrarie  with  Irregular  and  dim  light  spot. 
Acute  suppurative  otitis  media. 

Fig.  51.— Pouting  perforation  of  the  posterior  portion  of  the  right  mem- 
brana tympani.  Membrane  red,  e^iijeriallv  the  very  prominent  posterior 
half.  At  the  nipple-like  apex  of  its  louei  |i:irt,  a  small  perforation.  Light 
reflex  broad  and  faint,  and  short  ijioees^  barely  discernible. 

Fig.  .52.— Small  iierforation  in  Shrapncll's  membrane  above  the  short 
process,  from  whieii  a  Orot)  of  exudation  is  hanging.  Membrana  flaccida 
reil  and  swollen,  and uubrium  strongly  injected.    Broken  light  spot. 

Fig.  53.  -  Recent  iieiloi  ation  in  thessvolien  and  livid  R.  drum  membrane, 
slio\ving  a  ipiilsafingi  point  of  Ijglit  from  tlie  puid  within  it.  Membrane 
bhilsh-red,  \^'itb  sodden  Hakes  of  exfoliated  eiddermls  giving  here  and  there 
tiny  glistening  retlectlons.  Vessels  along  malleus  handle  visible.  Fluid 
in  the  bottom  of  the  meatus  gives  a  faint  crescentic  reflex. 

Fig.  .54.-Sinall  perforation  in  centre  of  anterior  half  of  membrane  in 
chronic  suppurative  otitis.  Membrane  dull,  with  apparently  thickened 
manubrium,  and  the  mucosa  of  the  inner  tympanic  wall  dark  red. 

Fig.  .55. -Perforation  in  the  upper  posterior  quadrant  of  the  right  mem- 
brana tympani  in  chronic  suppuration  with  caries.  The  dislocated  incus 
is  seen  in  the  opening. 

Fig.  .56. — 'Ihe  same  membrane  several  months  later,  showing  thickening 
along  the  manubrium,  the  incus  gone,  and  the  stapes  visilile.  Gr-anulation 
masses  hang  out  over  the  lower  margin  of  the  opening. 

Fig.  .57. — Reniform  perforation  in  lower  half  of  membrana  tympani,  with 
thickening  of  themenibrane,  especially  along  the  malleus  handle,  and  dul- 
uess  of  the  surface.    (Tlistenlng  layer  of  fluid  near  anterior  margin. 

Fi(i.  .58.— Heart-shaped  perioratibn  involving  the  major  part  of  the  left 
drumhead,  leaving  but  a  narrow  remnant  along  the  manubrium  and  at 
the  i)eri|)hery.  Discharge  has  ceased  and  the  tympanic  mucosa  appears 
yellowish-red,  with  a  glistening  streak  posteriorly  and  branching  vessels 
upon  the  promontory. 

Fig.  .59.—  Central  perioration  of  the  middle  of  membrana  tympani,  with 
the  tip  of  the  manubrium  projecting  into  the  opening,  through  whirh 
the  congested  inner  wall  can  be  seen. 

Fig.  60. — Partially  adherent  central  perforation,  with  marked  retraction 
of  the  membrane.  Manubrium  drawn  in  and  up,  and  posterior  fold  promi- 
nent. A  cicatricial  band  fastens  the  upiper  margin  of  the  opening  to  the 
congested  promontory.    Comma-shaped  reflection  of  light. 

Fig.  61. — Double  perforation  in  lower  part  of  the  left  membrana  tym- 
pani in  chronic  suppurative  otitis  media.  Manubrium  indrawn;  light 
spot  broken  and  tympanic  mucosa  injected. 

Fig.  62.— Two  large  oval  perforations  of  the  right  drum  membrane, 
leaving  but  a  narrow  band  of  normal  membrane  e.xtending  up  to  the  mal- 
leus handle.  Anteriorly  a  whitish  crescent  of  chalk  deposit.  Discharge 
has  ceased  and  the  promontory  is  reddish-yellow. 

Fig.  63.— Large,  round  perforation,  with  marked  retraction  of  the  ri.gbt 
membrana  tympani,  through  the  upper  part  of  which  the  Incus  is  discern- 
ible.   Promontory  red  and  hyperplastic. 

Fig.  64. — Exten,sive  destruction  of  the  right  drum  membrane,  leaving 
but  a  narrow  periphery,  with  such  retraction  of  the  manubrium  that  it  is 
almost  lost  to  view.  Thickening  around  the  short  process,  and  granular 
condition  of  tympanic  mucosa. 

Fig.  65.— Large  perforation  in  lower  anterior  quadrant,  fliled  by  polv- 
pold  granuIatioiLs  of  the  mucosa  of  the  tympanum,  standing  out  as  a  rasp- 
berry-like mass  in  the  plane  of  the  membrane. 

Fig.  66.— Perforation  in  low^er  quadrant,  through  which  projects  a  knob 
of  polypoid  granulations  hiding  the  margins  of  the  opening.  'Manubrium 
markedly  retracted,  with  prominence  of  the  posterior  fold.  Crescentic 
opacity  of  the  posterior  part  of  the  membrane. 

Fig.  67.— Commencing  cicatrization  of  a  perforation  below  the  umbo  of 
a  much  retraeted  left  memhrana  tympani,  with  "  cone  of  hght '"  extending 
in  upon  the  bluish-gray  scar  tissue. 

Fig.  68.— Scar  in  anterior  portion  of  opaque  and  retracted  left  mem- 
brana tvmpanl.  Broadening  of  the  tip  of  manubrium  and  area  of  thicken- 
ing of  membrane  i)osti-iiorly. 

FIG.  li'.i.- Central  lieart -shaped  perforation  closed  by  a  thin  cicatrix.  Light 
spot  upon  the  ileiaessed  sear,  and  thickening  of  the  pel  foni lion  margins. 

Fig.  70.— Cent  la  I  depressed  cicatrix  of  L.  membrane,  with  the  tip  of  mal- 
leus handle  projecting  into  the  opening,  tlialk  deposit  near  anterior  mar- 
gin. 

Fig.  71.— Almost  complete  replacement  of  the  left  membrana  tympani 
by  scar  tissue.  Marked  retraction  of  manubrium,  behind  which  the  incus 
is  \  isible.     Broken  rellex  upon  the  imlrawii  cicatrix. 

Fig.  72.— Two  rounded  cii'atriees  in  L.  membrana  tympani,  with  retract- 
ed malleus  handle.  The  membrane  Is  thin  and  dark  above,  showing  the 
descending  process  of  the  incus,  but  gives  a  marked  cone  of  light  below. 

Fig.  i3.— Cicatrized  double  perforation,  with  irregular  chalk  deposit  he- 
low  In  the  right  drum  membrane. 

Fig.  74.  -  Sunken  left  membrana  tvmpanl,  with  thin  cicatrix  wbich  closes 
a  rounded  perforation  lielow,  bellying  out  afier  the  inflation. 

Fig.  7ii.--  Irregular  ci'csccut  of  calcihcation  in  posterior  portion  of  the 
.dull  left  drumhead. 

Fig.  76. --Two  o\al  deposits  of  chalk  in  the  left  membrana  tvmpani,  oc- 
cupying the  grealer  part  of  each  half  of  the  membrane,  and 'extending, 
on  eilller  siile,  clo.se  to  tlie  mannbrlnm. 

Fig.  77.— Itlght  memlirana  tympani,  showing  a  large  calclfled  area  ante- 
riorly, a  small  one  up  and  back,  and  a  perforation  below  with  chalk  deposit 
in  its  thickened  lower  margin. 

Fig.  78.— Lett  nieuiiinina  tympani,  with  irregular  chalky  deposits  on 
eltlier  side  of  a  de|)ressed  cicatrix  closing  an  oval  opening,  the  lower  mar- 
gin of  which  is  calcined. 

Fig.  70.— Dark-red  retracted  left  memhrana  tympani,  with  large  perfo- 
ration, out  of  till'  anterior  portion  of  which  a  dark  crimson  polypus  pro- 
trudes.   Promoiifcry  yellowish-red. 

Fig.  80.  — choiesiratoiiiatoiis  mass  protruding  from  a  perforation  in  the 
red  and  swollen  riglit  nienibrane. 
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Fig.  1709.  —  Right  Metn- 
brana  Tympani,  Show- 
ing an  Oval  t'icatrix 
Closing  a  Perforation  in 
Front  of  the  Manubri- 
um. Posteriorly  a  large 
crescentic  mass  of  challi 
occupies  the  entire 
thicliness  of  the  mem- 
brane and  stands  out 
above  it  on  both  sur- 
faces. From  a  prepara- 
tion of  PoUtzer's  in 


to  be  transpareut  euougli  to  show  much  of  thu  coloration 
of  the  parts  beyoud  it;  and  the  inilldiiess  of  opacities  or 
the  darkness  of  thinned  areas  serves  easily  to  diiferentiate 
tlie  affected   ixirt'ions.     Yet  it  is 
fair  to  question  Iiow  far  we  clini- 
cians are  really  familiar  with  llie 
ideally    normal    drundiead;     cer- 
tainly among   hundreds    of    pre- 
sumably normal  school  children  I 
have  seen  few  that  even  approach- 
ed to  a  modei'ate  ideal;  and  once, 
in  a  child  with  hearing  that  seem- 
ed   to    be    al)solutely   normal,    I 
found  a  drum  membrane  so  deli- 
cate that  it  was  alinost  as  in  visi- 
ble as  though  a  microscopic  cover- 
glass  had  been  placed  across  the 
canal.     Such  transparency  or  any 
approach   to   it   deprives  us,  to  a 
large  extent,  of  our  power  to  ap- 
preciate the  extreme  obliquity  of 
the  drumhead.    On  the  other  hand, 
the    an  opacity  makes  this  conspicuous 
College    of   Physicians,    „.,.j    !„„-]„  ti       hep-inner  to   tliirik 
Philadelphia.    (Randall    '"    ,  ^,      .      "eginnti   to   tnmK 
and  Morse.)  that    such    mclinatiou   is    excep- 

tional. Confusion  in  this  regard 
i.s  likely  to  continue  so  long  as  text-books  teach  that 
the  adidt  drum  membrane  differs  in  its  inclination  from 
that  of  the  infant,  which  every  one  knows  to  approach 
the  horizontal. 

Only  a  totally  opaque  drumhead,  then,  shows  us  solely 
its  own  color;  in  all  other  cases  much  must  depend  upon 
the  degree  of  congestion  of  the  inner  tympanic  wall  and 
the  degree  to  which  its  tint  is  revealed  by  the  transparency 
and  proximity  of  the  drum  membrane.  The  promontory 
is  normally  of  a  pale  straw  color  and  about  3  mm.  distant 
from  the  umbo,  but  depression  may  bring  this  or  other 
portions  of  the  drumhead  nearer  to,  or  even  into  contact 
with,  the  underl3ang  structures  (Plate  xxv. ,  Figs.  39  and 
44).  The  opacity  may  vary  from  epidermal  thickenings 
or  exfoliations  or  similar  changes  in  the  mucosa,  to  fibrous 
thickenings  of  the  memhrana  propria  or  tlie  chalky  forma- 
tions which  succeed  cellular  infiltrations  of  slight  vitality. 
The  thinnings  may  be  cicatricial  closures  of  former  per- 
forations or  atrophic  areas  hardly  ditferentiable  from  such 
scars.  While  the  thinnings  may  be  non-inflammatory 
and  due  to  mere  pressure,  the  perforations,  scars,  or  in- 
filtrations point  back  to  antecedent  congestion,  infiltration 


FIG.  1711.-Iietractc(ILi-ft 
Meinlirana  Tympani. 
Showing  a  Depressed 
and  Adherent  Cicatrix 
below  the  Umbo,  with 
Calclllcation  of  the  Mar- 
gin of  the  Pei-foration. 
Below  the  short  process 
there  is  a  round  disc  of 
chalk  apparently  stand- 
ing above  the  general 
surface. 


Fig.  1710.— Section  of  a  Partially  Calcified  Membrana  Tympani  from  a 
who  Died  of  Tuberculosis  after  Suffering  with  a  Purulent  Otitis.  T  he 
membrane  are  altered  beyond  clear  recognition,  and  a'small  area  in 
the  calcification  shows  bone  corpuscles.    (Politzer.) 

and  consecutive  changes,  and  often  rebut  any  negative 
history  furnished  by  the  patient. 

The  diagnosis  between  epidermal  flakes  lying  upon  the 
drumhead  and  the  fibrous  or  chalky  areas  in  its  substance 
is  not  always  easy;  but  good  illumination  through  the 
well-straightened  canal  can  give  enough  parallax,  espe- 


cially in  the  rarer  cases  in  \vhieli  liinociilar  vi.sion  can  b(^ 
used,  to  clear  up  many  doubts;  and  the  delicate  use  of  th(; 
cotton-tipped  probe  can  .safely  and  quickly  remove  most  of 
the  merely  adherent  material.  If 
the  iiarts  are  moistened,  this  may 
be  accomplished  more  easily,  and 
any  deposit  of  boric  acid  anil  siieli 
medicaments  can  be  promptly  re- 
moved. The  librous  jjUuiues  can 
usually  be  distinguished  from  the 
chalky  by  the  interstitial  vague- 
ness of  the  former  and  the  .sharp- 
cut  and  a  p  p  a  r  e  n  1 1 3'  ])rominent 
characterof  the  chalk.  (Plate  xxv.. 
Figs.  31-34,  7.5-78).  Such  a  chalky 
area  is  often  thicker  than  the  nor- 
mal membrane  and  seems  to  stand 
out  above  its  surface  (Figs.  1709 
and  1711) ;  but  it  is  really  seated  in 
the  middle  layer  and  is  covered  by 
a  thin  film  of  living  tissue,  which 
on  the  exterior,  as  seen  in  life,  can 
be  made  to  flush  by  touching  it. 
Such  congestion  gives  a  yellowish  or  orange  tint  to  the 
chalk  plaque  or  can  wholly  hide  it  from  view, — points 
that  must  be  taken  note  of,  especially  in  those  cases  in 
which  chalk  deposits  have  come  to  view  as  though  newly 
formed  within  a  few  weeks.  Months  or  j'ears  are  usu- 
ally recpiired  for  such  formations.  The  seat  of  chalk 
may  be  in  any  poition  of  the  tense  membrane,  probably 
never  in  the  flaccid ;  it  is  most  commonly  seen  in  the  in- 
termediary zone  between  the  margin  and  the  manubrium. 
Peripherally  along  the  annulus  and  centrally  along  the 
malleus  handle  uncalcifled  areas  are  usually  present  even 
in  extreme  cases  of  calcification ;  and  it  is  curious  how 
extensive  can  be  the  process  without  interference  with 
the  hearing  or  with  the  even  excessive  mobility  elic- 
ited by  the  pneumatic  speculum.  Virtual  ankylosis  of 
the  malleus  by  a  rigid  membrane  is  possible,  but  must 
be  extremely  rare,  since  perhaps  the  only  recorded  case 
is  that  shown  in  the  accompanying  figure  (Fig.  1712). 

The  margins  of  perforations,  open  or  cicatrized  (Fig. 
1711),  may  show  crescents  of  chalk;  and  the  scar  tissue 
itself  may  in  rare  instances  un- 
dergo   such    chalky   infiltration 
(Fig.  1709).     In  very  exceptional 
cases  true  bone  has  been  found 
(Fig.  1710);  l)ut  usually  we  have 
merely  the  amorphous 
deposit  of  lime  salts  in 
the  poorly  vitalized  in- 
filtrating  cells,   as    in 
other  parts  of  the  body. 
The    fibrous    thicken- 
ings of  the  drumhead 
diller     principally     in 
having  had    more   vi- 
tality and  thus  having 
gone  farther  in  the  pro- 
cess   of    organization. 
They  may  be  found  en- 
circling nearly  all  open 
perforations  and  many 
of   those   which    have 
healed,    forming    a 
rounded  rim  contrast- 
ing more  or  less  strong- 
ly with  the  thin  scar 
tissue    or    the    darker 
area  of  perforation.    It 
is  largely  by  the  pres- 
ence or  absence  of  this 
marginal     thickening    that    we 
judge  whether  such  a  thin  area 
is  cicatricial  or  merely  atrophic 
(Plate  xxv.,  Figs.  69-73). 

Far  more  important  than  some 
more  conspicuous   changes  are 


Young  Man 
layers  of  the 
the  midst  of 


Fig.  1713.— Extensive  Calci- 
fication of  the  Left  Mem- 
brana Tympani.  (View 
from  within.)  ;',  Narrow 
uncalcilled  portion  at  the 
lower  periphery  of  the 
membrane:  in  front  of  the 
manubrium  mallei  a  sec- 
ond narrow  strip  of  un- 
calcifled tissue  is  visible  ; 
p,  an  irregularly  shaped 
opening  in  the  upper  pos- 
terior quadrant  of  the 
membrane.  The  malleus 
and  the  drum  membrane 
are  stifT  and  immovable. 
The  incus  and  stapes  are 
disconnected.  The  latter 
ossicle,  however,  is  per- 
fectly movable.  Similar 
pathological  alterations 
existed  in  the  right  ear. 
In  both  ears  the  patient 
was  able  to  distinguish 
whispered  words  correctly 
at  a  distance  of  eighteen 
metres  (the  entire  length 
of  the  room).  (After 
Politzer.) 
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(From  Politzer. ) 


-Scarrprl  and  De- 
Drumliead,  with 
Bands      ■\Vithin. 


the  fibrous  tliickeiiings  wliicli  may  be  seeD  in  the  drum- 
head (Plate  XXV.,  Fig.  i<i)  as  expressions  of  adliesions  to 
the  structures  witliin  (Fig.  1713).  These  may  seriously 
impede  the  due  mobility  of  the 
ossicular  chain,  even  when  they 
are  invisible  or  microseopicallj' 
small.  Many  definite  and  still 
more  ntimerous  indeterminate 
or  accideutal  bands  span  the 
various  pai-ts  of  the  tympanic 
cavities,  cspeciall)'  the  attic, 
and  majr  here  iuimol)ilizc  es- 
sential parts  of  the  conducting 
mechanism.  Through  normal 
or  excessively  thin  membranes 
the  delicate  tendon  of  the  sta- 
pedius can  generally  be  seen 
emerging  from  the  opening  of 
the  pyi'aniid  to  insert  itself 
upon  the  head  of  the  stapes;  and  about  this,  as  well  as 
about  the  crura  of  the  stirrup  and  from  them  to  the  walls 
of  the  oval-window  niche,  folds  of  mucous  membrane 
are  apt  to  stretch  which  need  little  inflammatoiy  tljick 
ening  to  become  obstructive.  Some  of  them  uia}'  bind 
the  tympanic  membrane  to  the  incus  shauk,  to  the 
Troeltsch  fold,  or  to  the  promontorj-.  Similar  folds  may 
accompany  the  tendon  of  the  tensor  tyrapani ;  and  al- 
though they  are  out  of  sight  behind  the  malleus  handle, 
their  pathological  contraction  may  be  noted  l)y  the  ro- 
tation of  the  retracted  manubrium.  In  the  pernicious 
or  sclerotic  catarrhs  such  le- 
sions, especiall}'  at  the  oval 
and  round  windows,  may  cause 
great  deafness  with  little  or  no 
external  sign, — deafness  much 
greater  than  that  due  to  even 
extreme  displacement  of  the 
ossicles  and  drum  membrane 
b.y  pneumatic  pressure  depen- 
dent upon  Eustaeliian  stenosis. 
This  last,  indeed,  is  often  con- 
spieuousl}'  absent  anrl  the  tube 
gapes  widely  to  admit  air  too 
freely, — in  clear  evidence  that 
treatment  per  tvbam  must  be 
medicinal,  not  mechanical. 
Some  indication  of  the  abnor- 
mal condition  of  the  tj'mpanie 
lining  is  often  furnished  in 
sclerotic  cases  by  Loewenberg's 
test  of  inflating  vapors  of 
chloroform;  for  it  must  needs 
be  a  much  altered  mucous  membrane 


Fig.  171i.  —  Leit  Membrana 
Tympanl  o(  a  IMan  Thirty 
Tears  of  Age,  in  whom,  as  a 
Consequence  of  Ooryza,  a 
Marlsed  Swelling  of  the  Mu- 
cosa of  the  Tube  has  Oc- 
curred. The  indrawn  mem- 
brane is  of  violet-gray  color. 
Relief  of  the  extreme  dul- 
ness  of  hearing  w^as  secured 
after  three  weeks'  treatment 
liy  Inflation.     (Politzer.) 


to  which  chloro- 
form feels  cold ;  yet  this  occurs  even  in  early  stages  and 
at  times  when  visible  congestion  is  present"  both  in  the 
drumhead  and  on  the  inner  or  labvrinthine  wall  of  the 
tympanum. 

The  depressed,  I'ctracted,  or  collapsed  diumhead  of 
chronic  tympanic  catarrh  has  been  elsewhere  considered, 
liut  some  points  in  connection  with  it  may  be  dealt  with 
here.  Primarily  this  abnormal  position  tends  to  affect 
the  drumhead  as  a  whole,  for  preponderant  external 
pressure  is  the  cause  of  the  displacement.  The  umbo  is 
deepened,  the  malleus  handle 
is  foreshortened,  and  the  .short 
process  becomes  moi-e  pr(«n- 
inent,  perhaps  even  thorn-like 
in  its  appearance,  although 
rather  be(;ausc  of  the  depres- 
sion of  sun-ounding  portions 
than  from  its  own  protrusion  ; 
firiall}',  the  posterior  and  some- 
times the  anterior  fold  show 
an  equal  or  even  a  greater  de- 
gree of  prominence  (Fig.  1714). 
If  retraction,  strictly  speaking, 
plays  a  part  in  producing 
these  effects,   it  must  be   due 


Mem- 


FiCi.  ]71.5.-The   Sami    ... ..._ 

brana  Tympanl  immediately 
after  the  Inflation.  (Polit- 
zer.) 


Fio.  1710.— Diagram  of  Nornial  Posi- 
tion of  Membrana  Tynipani,  Show- 
ing the  Inclination  of  the  Manu- 
brium and  Upper  Segment  to  the 
A.xis  of  the  Auditory  Canal. 


to  excessive  tension  of  the  tendon  of  the  tensor  tym- 
panl, and  then  usually'  shows  itself  in  a  slight  rotation 
and  forward  displacement  of  the  manubrium.     One  is 

sometimes  puzzled  how 
to  exjjlain  why  the  mal- 
leus handle  can  be  drawn 
so  .sharply  in  without 
being  arrested  b_y  con- 
tact with  the  promon- 
tory, for  its  tip  may  be 
lost  behind  the  sliort 
process,  or  in  collapsed 
cases  it  may  be  drawn 
back  and  seem  higher 
than  the  short  process 
(Fig.  1718).  Inflation 
may  largely  reduce  the 
displacement  (as  .shown 
in  Fig.  1715)  moving  the 
malleus  as  well  as  the 
membiane  farthci'  outward  than  should  be  possible  in 
health,  or  it  may  wholly  fail  to  produce  more  than  a  tiny 
bleb-like  protrusion,  perhaps  at  the  upper  po.sterior  mar- 
gin, in  demonstration  that  air  has  entered  the  tympanum, 
but  has  not  been  able  to  lift  the  depressed  drumhead  from 
its  contact  or  adhesion  with  the  inner  wall.  Such  rigidity 
of  the  apparatus  is  not  always  due  to  attachments  to  the 
inner  striictures;  for  we  must  remember  that  the  circular 
fibres  of  the  membrana  pro- 
pria do  much  to  give  the  fun- 
nel shapc'to  the  normal  drum 
membrane  (Fig.  1716)  and 
tend  to  increase  this  when  the 
other  elements  of  tension  are 
removed,  as  when  the  drum- 
head is  cut  loose.  Hence  a 
deep  depression  (Fig.  1717) 
might  be  maintained  or  even 
caused  by  a  pathological  in- 
crease of  the  influence  of 
these  fibres. 

Of  some  practical  interest 
also  are  the  partial  depres- 
sions of  the  tympanic  mem- 
brane, since  they  may  escape 
hasty  study  and  the' appear- 
ance" be  co"nsidered  normal ;  or  they  may  be  noted  and 
misunderstood.  More  commonly  a"t  the"  lower  anterior 
portion  the  drumhead  mav  show  a  dai'ker  zone  bordered 
peripherally  by  a  sharp  "line  of  light  reflection.  This 
"Knickung"  of  the  Germans — "kneeing,"  as  I  have 
termed  it — is  a  terrace-like  break  of  the  "contour  of  the 
luembrane  (Fig.  1719)  which  may  be  single  or  multiple 
1730)  and  the  peripheral  line  of  light  comes  from 
the  edge  of  the  undepressed  mem- 
lu-ane.  AVhy  this  margin  main- 
tains its  normal  plane  is  evident 
from  the  section  shown  in  Fig. 
1708,  lyhere,  at  the  margin,  the  cir- 
cular fibres  are  so  specially  in  evi- 
dence. When  such  a  de"i3ression 
occurs  near  the  middle  of  the 
drumhead  it  is  readily  mistaken 
for  the  surface  line  of  fluid  within 
the  tympanum  (Figs.  1733  and 
1734). 

The  cpitlernial  exfoliations  from 
the  surface  of  the  drumhead  con- 
cern us  here  in  several  relations. 
It  is  probable,  as  is  elsewhere  dis- 
cussed, tliat  the  epithelium  of  the 
drumhead  is  capable  of  reproduc- 
ing itself  more  rapidly  than  can 
tliat  of  any  other  part  o'f  the  body. 
This  has  great  physiological  im- 
portance, since  it  is  most  active 
at  the  centre  and  as  it  were  over- 
no  ws  the    rest  of   the   membrane 


Fiii.  1717.— Diagram  of  a  Re- 
tracted Membrana  Tympani, 
Showing  the  Mariubrium 
Drawn  almost  Directly  In- 
ward. 


(Fii; 


h:.  17I,s.  —  Left  Mem- 
brana Tympani  of  a  Boy 
I  'f  six  Tears  with  Nasal 
and  Tubal  Obstruction. 
Manubrium  dra\\n  up 
almost  out  of  siglit,  the 
tip  being  higher  than 
the  short  process;  be- 
hind it  the  incudo-stape- 
dial  .loint  is  visible,  and 
below  and  posteriorly 
the  dark  niche  of  the 
round  window  is  i.lis- 
cernible.  There  is  a 
faint  reflection  of  light 
near  the  normal  posi- 
tion and  a  stronger  one 
on  the  promontory 
near  the  stapes. 
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from  this  point,  seeiiiini;  to 
push  the  rest  of  the  epider- 
mal layer  before  it  to  tlie 
periphery  or  out  upou  the 
wall.  In  health  siu'h  a  mi- 
gration carries  tlie  older  skiu 
free  of  the  drumhead,  so  that 
not  even  these  tiny  scales 
shall  exfoliate  upon  its  sur- 
face where  they  might  inter- 
fere with  the  delicacy  of  its 
function.  This  cannot  con- 
tinue, of  course,  in  disease, 
when  the  desquamation  is 
exaggerated,  as  it  is  after  all 
dermal  inflammations;  and 
much  subjective  noise  and 
annoyance  is  sometimes  oc- 
casioneil  by  the  presence  of 
such  flakes  upon  the  vibrat- 
ing membrane.  This  migra- 
tion can  transport  superficial 
extravasations  and  other  lesions  to  the  periphery  or  clear 


Kar  DiMeaMCK. 


.\  Sfheiuatic  St'ctioii 
<>f  !\ii  Indrawn  Meiiibiana 
Tynipani,  .showing  Abrupt 
(liunKi-  ot  Plane  near  the 
I.Dwei-  Marprin.  The  eciRn  of 
till'  ilcpre.ssion,  beins  at  I'icht 
anii:li-,s  to  Uie  lUuTiiinatinf; 
rays,  rellerts  tlieui  back  and 
tonus  a  narrow  gllstenlnR 
line ;  while  the  adjacent  snr- 
fai'H  is  depressed  so  as  to  jjive 
back  little  ot  the  incident 
llBht. 


of  tlie  membrane ; 


Fig.  1720.  — Retracted 
Membrane,  Showing 
Foreshortening  of  Mal- 
leus Handle,  Promi- 
nence of  the  Posterior 
Fold,  and  Visibility  of 
the  Margin  of  the  Pocket 
of  von  Troeltsch  as  it 
Passes  Forward  \a  the 
Manubrium.  The  light 
spot  Is  shortened,  and 
beyond  it  anteriorly  are 
two  parallel  curvilinear 
bright  lines,  marking 
the  edges  of  abruptly 
depressed  areas  of  the 
drum-head,  one  within 
the  other.  From  a  girl 
of  ten  years,  with  long- 
standing nasal  and  tu- 
bal obstruction. 


md  it  has  been  churned  that  even 
an  artiticial  i)erforation,  with  an 
eyelet  inserted  to  keep  it  open, 
has  been  observed  thus  to  traverse 
a  part  of  the  drtimhead.  In  medi- 
eo-legal  cases  such  change  of  po- 
sition might  give  rise  to  conflict- 
ing testimony  as  to  the  location 
of  lesions,  which  although  intrin- 
sicall_v  of  no  special  signiticance, 
might  lie  magnified  into  impor- 
tant discrepancies. 

The  bleb-like  liftings  of  the  epi- 
dermis, wliicli  form  in  some  acute 
cases  (Fig.  1725),  are  sometimes 
slow  to  detach  themselves,  and 
may'  present  puzzling  appear- 
ances; and  localized  hyperplasia 
may  form  wart- like  growths  or  epi- 
dermal horns  as  in  Figs.  1721  and 
1722.  The  pearly  tumors  (Plato 
XXV.,  Fig.  19),  of  which  Politzer 
has  published  a  notable  case  (Pig. 
1726),  have  always,  in  my  limited 
observation  of  them,  occupied  the 


vicinity  of  a   former  perforation. 

They  are  cystic  collections  of  epi- 
thelium and  cholesterin  and  doubtless  mark  an  involuted 
perversion  of  the  epidermizing  process.  Of  more  impor- 
tance, liy  far,  is  the  occa- 
sional tendency  of  the 
epiderm  to  overrun  the 
margins  of  a  perforation. 
This  results  not  merely  in 
"  skinning  over  "  its  edges 
and  causing  it  to  remain 
open,  but  also,  by  estab- 
lishing grafts  of  epider- 
mal flakes  upon  the  mu- 
cous surface,  in  setting  up 
a  train  of  pathological 
changes  the  full  impor- 
tance of  which  we  are  as 
yet  scarcely  able  to  appre- 
ciate. It  may  prove  to 
be  no  overstatement  if  I 
say  that  all  chronic  sup- 
purations owe  their  per- 
sistence, in  greater  or  less 
degree,  to  the  resulting 
formation  of  cholesteato- 
matous  material. 

Perforation  of  the  drum- 
head will  be    considered 
elsewhere    in   relation  to 
Vol.  III.— 40 


Fig.  1731.— Horn-like  Growth  in  a 
Man  Aged  Seventy.  A  blackish 
conical  mass,  looking  like  cei-u- 
men,  lay  in  front  of  the  right 
drum  membrane,  with  its  outer 
part  touching  the  anterior  wall  of 
the  meatus.  When  seized  with 
the  forceps  it  was  found  to  be  at- 
tached to  the  short  process,  but 
was  removed  by  slight  torsi'  maud 
traction.  It  proved  to  be  a  cuticu- 
lar  horn,  G  mm.  long  by  2  mm.  in 
diameter,  composed  of  cap-like 
layers  arising  from  the  short  pro('- 
ess.  No  reaction  nor  recurrence 
lollow-ed  Its  removal. 


Fifi.  1723. —  The  Left  Membrana 
Tympanl  of  a  Man  Thirty-Six 
Years  of  Age,  in  a  great  Measure 
Destroyed  by  ScarlMlinal  Otitis  in 
Childhood,  only  a  Triangular  Por- 
tion Remaining  Anteriorly.  Its 
place  is  supphed  by  a  thin  cica- 
trix irregularly  depressed,  leaving 
the  malleus  apparently  promi- 
nent, although  really  retracted 
and  fast  to  the  promontory.  From 
the  short  process  a  blackish  string, 
slightly  bifurcated  at  its  tip,  pro- 
jects forward  and  downward  and 
moves  but  slightly  under  pressure. 


the  suppurating  process  of 
which  it  is  a  distinguish- 
ing characteristic.  We 
may  here  deal  with  its 
production  by  triiiima,  by 
external  or  intrulamellar 
ulceration,  or  by  the  more 
usual  outbreak  of  serous, 
mucous,  or  purulent  fluid 
from  the  tym|);uiic  cavity. 
Ruptures  ot  the  drum 
memlirane  are  generally 
di'serilieil  as  straight  or 
angled  linear  tears,  gaping 
so  little  that  the  blood- 
stained margins  alone 
mark  thi'  site  until,  on  in- 
flation, the  lips  of  the 
opening  are  separated  b}' 
the  escaping  air.  Some- 
times they  are  round,  oval, 
or  polygonal ;  and  Polit- 
zer seems  more  frequently 
to  have  met  tliem  in  this 
form.  They  arc  rarely 
m  u  1 1  i  p  1  e  (Plate  xx v. , 
Fig.  6)  and  their  form  doubtless  depends  upon  the  relation 
of  their  direction  to  that  of  the  fibres  of  the  'inembraTia 
propria.  Helmholtz  claimed  that  rupture  of  tlie  circular 
fibres  should  precede  that  of  the  radial,  which  would  ex- 
plain such  radiate  openings  as  Po- 
litzer has  depicted  (Pig.  1729). 
The  majority  of  those  which  I 
have  seen  were  vertical  slits  back 
of  the  manubrium,  as  shown  in 
Fig.  1728.  Those  due  to  penetra- 
tion by  a  vulnerating  body  are 
usually  round  (Plate  xxv.,  Pig. 
5)  and  are  more  apt  to  be  followed 
by  suppuration,  perhaps  from  in- 
jury to  the  inner  wall.  In  such  a 
case,  as  a  matter  of  course,  the 
suppuration  would  soon  efface  any 
characteristic  appearance. 

Ulceration  of  the  outer  surface 
of  the  drumhead,  as  shown  in 
Fig.  1731,  is  rare;  and  interlamel- 
lar  abscess 
is  no  more 
commo  n. 
The  latter 
has  been  described  as  a  yellow 
point,  which  resembles  the  local- 
ized pointing  of  pus  that  is  about 
to  escape  from  the  tympanum. 
The  diagnostic  point  lias  been 
made  that  pressure  with  a  probe 
will  usually  indent  the  prominent 
and  inela.s'tic  abscess,  and  this 
dimple  will  remain  for  some  time, 
as  shown  in  Fig.  1730.  The  con- 
tents of  such  an  abscess  are  also 
unaffected  by  inflation  of  the 
tympanic  cavity;  and,  on  evacua- 
tion, no  complete  perforation  will 
be  found.  Such  abscesses  may 
burst  inward  instead  of  outward 
(Politzer),  as  recognized  by  the 
disappearance  of  the  pus  and  the 
distention  of  the  empty  sac  when 
the  air  douche  is  used.  Toynbee 
is  authority  for  numerous  in- 
stances of  tilceration  found  post 
mortem ;  they  were  limited  to  the 
cutaneous  or  the  mucous  surface 
and  were  sometimes  extensive. 
Yet  they  must  be  very  rarely  rec- 
ognized in  life,  and  such  appear- 


FiG.  1723.  — Collection  ot 
Fluid  Exudate  in  the 
Lower  Part  of  the  Tym- 
panum, Marked  by  a 
Glistening  Line  Across 
the  Membrane.  From 
the  right  ear  of  a  young 
man  in  the  middle  of  an 
acute  coryza.  Cure  by 
inflation.     (Politzer.  i 


Fig.  1724. —  Marked  Par- 
tial Retraction  of  the 
Middle  of  the  Right 
Membrana  Tympani,  in 
a  Case  of  Chronic  Catar- 
rhal Otitis.  The  lower 
portion  is  in  about  nor- 
mal position,  and  the 
manubrium  and  upper 
part  are  not  greatly  in- 
drawn; while  the  mid- 
dle portion  is  so  abruptly 
retracted  as  to  form  a 
sharp  "  knee "  over- 
hanging the  dark  de- 
pressed area  above  it. 
The  appearance  pre- 
sented to  the  eye  is  that 
of  a  glistening  line  run- 
ning across  the  mem- 
brane near  its  middle 
and  closely  simulating 
the  surface  line  of  an 
exudate  in  the  cavity. 
In  front  of  the  manu- 
brium is  visible  a  whit- 
ish ill-deflned  thicken- 
ing. 
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Fkj.  1725. —  Delicate 
Bleb  on  the  Druiii- 
bead  In  Acute  Myrin- 
gitis. 


ances  may  geuurally  1)e  ascribed  to 
the  usual  cause  of  perforation,  viz., 
the  outbreak  of  fluid  from  the  tym- 
panum. Such  an  occurrence  is  very 
common;  and  the  history  of  any 
flow  from  the  ear  generally  points 
to  such  perforation.  Few  children 
escape  one  or  more  attacks  of  ear- 
ache; and  these  acute  inflammations 
are  as  often  relieved  by  an  escape 
of  exudate  through  the  drumhead 
as  by  one  that  follows  the  channel 
i)f  the  Eustachian  tube.  The  quan- 
tity of  the  fluid  which  escapes  is,  in  many  instances,  not 
more  than  a  di-op  or  two;  consequently  it  may  be  wholly 
unnoticed,  and  the  denial  that 
there  has  been  any  discharge 
may  be  enlire])-  honest,  how- 
ever unequivocal  the  evidence 
of  perforation.  In  this  connec- 
tion we  nmst  insist  that  there 
is  no  anatomical  or  clinical 
basis  for  tlie  claim  that  a  "  foi'a- 
men  of  Rivinus "  should  nor- 
mally be  present  above  the 
short  process.  It  is  absent  in 
the  emhrj'o  and  the  infant  and 
appears   with    increasing    fre- 


FiG.  IT^i;.-  In   a  young  man 
whose    ear    alTection    had      '-  ,  ,,        ,  .n  t  ^' 

lasted  a  year,  there  was  a    quency  only  as  the  child  grows 


tiny  perforation  in  tlae 
lower  anterior  quadrant  of 
the  left  merabrana  tym- 
pani,  and  upon  the  upper 
part  of  the  drumhead  were 
eight  glistening  globular 
bodies  of  piiihead  size  ar- 
ranged in    a    semicircle. 


older  (in  ten  per  cent,  of  the 
children — most  of  them  over 
ten  years  of  age — which  were 
examined  by  me  for  this  pur- 
pose). In  adults  such  an  open- 
ing or  scar  maj^  be  noted  by 
These  were  found  with  the  careful  scrutiny  in  twenty-five 
probe  to  be  hard  and  firmly  ^     of    all     drumheids 

seated  upon  the  membrane.    1=  !r,  '^       aiumncacis. 

(Politzer.)  Most  of  these  cases  can  give  no 

history  of  discharge;  -but  we 
often  find  even  grosser  lesions  with  a  like  negative  his- 
tory. The  presence  of  such  an  opening  or  scar  confirms 
iny  claim  thatdisea.se  in  the  attic  is  not  necessarily  severe 
and  intractable,  bad  as  certainly 
are  many  attic  supptirations 
with  perforation  in  the  flaccid 
membrane  (Fig.  17^3). 

The  tense  membrana  vibrans 
is  much  the  more  frequent  seat 
of  such  an  outbreak  of  discharge 
from  the  tympanum,  and  most 
authorities  state  tliat  it  is  most 
common  in  tlie  lower  anterior  or 
light-spot  regifin.  A  summary 
of  1,000  consecutive  cases  in  my 
practice  was  made  by  I)i\  Bar- 
ton H.  Potts  and  it  shows  only 


rif4. 1737.— Irregular  Linear 
Rupture  ctf  Posterior  Por- 
tion of  Right  Membrana 
Tympani,  with  its  Edges 
in  Apposition.  (Toynbee.) 


35  per  cent,  at  this  part  as 
against  37  jier  cent,  down  and 
back,  and  10  per  cent,  up  and  back.  The  Slira)incll  i)er- 
forations  were  10  per  cent,  and  those  called  centi-al  (often 
too  large  for  their  region  of  origin  to  be  longer  deter- 
minable) were  less  than  7  per  cent.  I  feel  confident  that 
more  extended  observation  will 
show  that  the  upper  posterior  re- 
gion, which  is  the  site  of  the  most 
common  and  conspicuous  disten- 
tion, will  be  found  to  have  a 
liirger  pi-oportion  of  perforations 
than  that  which  has  just  been 
given. 

While  the  form  of  the  opening 
is  as  varied  as  its  site,  it  generally 
begins  as  a  small  round  yielding 
of  the  distended  tissues  (Plate 
XXV.,  Fig.  51),  and  only  in  the 
very  septic  conditions,  as  in  scarlet 
fever  and  diplitheria,  is  tlu're  a 
hehind  the  muuLibrium'.    I'apid  loss  of  substance  )i}'  idceia- 
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Fir,.  1729.— Double  Rupt- 
ure of  Rigbt  Membrana 
Tympani  in  a  Woman  of 
Thirty,  Produced  by  a 
Fall  upon  the  Ear— seen 
on  the  Third  Day.  The 
two  tears  have  radiat- 
ing directions,  and  show 
marked  gaping.  (Po- 
litzer. ) 


tion  to  enlarge  it  or  even  to  destroy  almost  every  vestige 
of  the  drumhead.  Almost  always  m  infancy,  and  fre- 
quently through.jut  childhood,  the  perfoi-ation  is  but  a 
pinhole  at  the  apex  of  the  bagging 
portion  of  the  membrane  ;  and  this 
nipple-like  or  pouting  perforation 
may  be  recognized  only  by  the 
di'op  of  discharge  which  forms 
upon  it  almost  as  fast  as  it  can  be 
wiped  away  (Plate  xxv.,  Fig.  53). 
The  persistence  of  such  a  protru- 
sion after  an  opening  has  formed 
doubtless  marks  some  impediment 
of  free  drainage ;  and  in  adult  cases 
this  often  has  its  serious  aspect 
(Fig.  1733).  In  early  life,  how- 
ever,and  in  tlie  presence  of  muco- 
purulent discharge  of  no  great 
virulence,  it  may  be  regarded  with 
less  concern.  It  serves  as  a  com- 
plete bar  to  penetration  of  medi- 
caments from  without,  and  there- 
fore is  an  intlieation  for  the  use  of 
heat  by  tlie  douche  as  our  best 
astring"eiit;  for  the  lieat  can  penetrate  where  the  fluid 
which  conveys  it  to  the  bottom  of  the  canal  fails  to 
pass.  It  is  claimed  that  such  openings  are  specially 
liable  to  clogging  under  instifflations  of  powdered  boric 
acid,  a  ]jhenomenon  which  de- 
pends principally  on  the  insolubil- 
ity of  boric  acid  in  mucus,  and 
which  therefore  brings  it  in  all 
sucli  cases  under  the  ban  which 
foil  lids  the  use  of  any  insoluble 
powder.  Such  incomplete  drain- 
age may  also  afford  an  indication 
for  operative  enlargement  of  the 
opening ;  but  incision  through 
such  a  perforation  may  serve  only 
to  freshen  its  edges  for  premature 
closure  and  wholly  defeat  the  in- 
tention of  the  operator.  It  is  bet- 
ter to  incise,  if  at  all,  freely  at  the 
periphery  of  the  membrane,  avoid- 
ing the  site  of  the  perforation ;  but 
in  many  cases  it  seems  simpler 
and  better  to  introduce  a  pair  of 
tine  forceps  into  the  perforation  and  by  separating  the 
blades  to  cause  slight  divulsion,  thereby  securing  aniore 
patulous  condition  with  lessened  tendencv  to  close.  As 
there  is  fi-equcntly  a  tendency  of  the  swollen  mucous 
membrane  to  prolapse  into 
the  opening  and  limit  the 
exit,  the  application  of 
silver  or  other  astringents 
to  the  edges  of  the  per- 
foration maj^  cause  the  tis- 
sues to  retract  and  thus 
favor  drainage.  Tlie  same 
result  may  lie  attained  at 
times  by  light  dusting 
with  lioric  acid,  and  the 
assertion  that  this  medi- 
cament will  enlarge  per- 
forations testifies  in  some 
measui-e  to  its  ellicacy. 

AVith  any  increase  in 
the  size  of  the  ojiening  a 
dark  hole  may  be  seen 
when  the  occluding  dis- 
charge has  been  removud; 
and  in  all  acute  cases  any 
fluid  within  the  opening 
can  generally  be  seen  to 
pulsate  (Plate  xxv.,  Fin'. 
48),  in  evidence  that  tlie 
arterial  pulse  is  propagat- 
ed into  the  distendetl  cap- 


PiG.  1730.  —  Interlamellar 
Abscesses  of  Right 
Membrana  Tym  pani, 
one  at  Umbo  Showing 
the  Pitting  caused  by 
Pressure  of  a  Probe. 
Three  others  are  seen 
backward  and  upward. 
(Schwartze.) 


Fiii.  i;:il.— Ulceration  of  the  Right 
Meuilirana  Tvmpani  of  a  Man 
Si.xty  Years  of  Age  after  the  Re- 
moval of  a  Hard  and  lery  Adher- 
ent Plug  of  Cerumen.  A  dark 
red  rough  and  moist  surface  was 
seen  In  front  of  the  malleus  han- 
dle, bounded  by  a  raised  edge  of 
cuticle.  The  remainder  of  the 
nieinhrane  was  nearly  normal  ex- 
cept for  injection,  and  tbe  light 
spot  was  merely  lacking  in  bril- 
liancy. Examination  of  the  ceru- 
uiinous  plug  showed  that  it  had 
been  in  contact  with  the  ulcerated 
suiface.  Healing  was  prompt  un- 
der boric  acid  powder. 
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illaries  of  the  tympanum.  The  iirnxnnity  of  tlie  carotid 
has  been  cited  as  a  cause  for  this  visible  pulsation  (wliicli 
may  be  as  throbbingly  felt  in  tlie  inflame<l  tinser  tip). 

Such  luilsatidTi  is  therefore 
usually  indicative  of  per^ 
tiiration  and  is  noted  only 
in  or  near  tlje  opening'; 
yet  in  rare  cases  the  lui- 
ruptured  membrane;  lias 
lieen  observed  to  pulsate, 
but  onlj'  when  thinned  to 
the  verge  of  rupture. 
(Compare  Fig.  1749.) 

l^urther  enlargement  of 
tlie  opening  is  apt  to  as- 
sume a  more  oval  form. 
Jiartly  because  of  the  ob- 
liciuity  of  the  memlirane 
and  its  foreshortening. 
Near  the  upper  baclv  mar- 
gin tills  may  make  the 
weeks' diiratiou.    Below  the  umbo    perforation    appear    even 

sutlike;  or,  if  its  margin 
be  swollen,  no  visible 
opening  may  be  noted 
(Compare  Fi'g.  1738),  al- 
though the  curved  probe 
can  be  readilj'  carried 
tlirough  it.  This  is  the 
more  important  since  the 
periplieral  perforations  at 
this  localitj'  are  apt  to  indicate  carious  involvement  of 
the  shank  of  the  incus  (Plate  xxv.,  Figs.  55,  50)  or  of  the 
bony  tj'nipauie  margin,  and  to  demand  prompt  recogni- 
tion and  vigorous  treatment.  Still  larger  openings  are 
commonly  reuiform  (Figs.  1738  and  1746)  and  embrace 
the  tip  of  the  hammer  handle  (Plate  xxv..  Figs.  58  and 
59),  which  may  seem  to  protrude  naked  into  the  open- 
ing. Such  denuding  of  the  malleus  is  not  in  reality 
very  common  and  the  cotton-tipped  probe  will  not  catch 
upon  it,  for  the  condensed  drumhead  tLssues  still  cover 

it  and  are  well  nourished 
by  its  vessels.  Caries  and 
visible  truncation  usually 
follow  quickly  actual  de- 
nudation. Destructiun  of 
the  drumhead  may  )je 
complete,  leaving  no  vis- 
ible   remnant;    but   more 


Fifi.  1733.— Right  MeiiibriniM  Tym- 
pani  of  a  Man  Thirty-two  Years  of 
A^e,  Reeeiitly  Recovered  from 
Typhoid  Fe\er.  Muco-purulent 
catarrh  of  ttio  middle  ear  of  two 


a  reddisli-yellovv  protrusion 
yieldlntr  but  little  on  pressure, 
from  the  point  of  which  the 
dischari^e  flows,  and  on  being 
cleansed,  a  nniuUe  opening  is 
visible.  General  injection  of 
membrane,  especially  behind  the 
manubrium.  Treatment  failed 
until  a  good-sized  opening  was 
made  with  a  paracentesis  needle  ; 
then  proujpt  recovery  ensued. 


Fia.  1733.— Right  Membrana  Tyna- 
pani  of  a  Boy  of  Five  Tears,  with 
Constant  Discharge  for  Three 
Years.  A  perforation  about  1.5 
mm.  in  diameter  Is  with  difflculty 
seen  above  the  short  process,  and 
intratympanio  in,jeotions  bring 
away  epithelial  flakes  and  masses 
of  foetid  secretion.  The  rest  of 
the  membrane  is  slightly  opaque, 
thickened,  and  injected. 


often  there  is  a  rim  of  the 
thicker  tendinous  annulus 
recognizable  throughout 
more  or  less  of  the  circum- 
ference (Plate  XXV.,  Fig.  64), 
and  this  may  form  a  perfect 
basis  for  regeneration  of  a 
cicatricial  membrane  after  the 
destructive  process  has  ex- 
hausted its  force. 

The  perforation  of  the 
drumhead  is  general!}'  sin- 
gle, but  it  is  not  unnatural, 


Fi«.  1734.— Large  Loss  of  Bone 
at  the  Inner  End  of  the  Uppei- 
Wall  of  the  Meatus,  in  a 
Woman  Twentv-si.K  Years  of 
Age,  in  whom  tlie  Tympanic 
Suppuration  began  in  Child- 
hood, and  (.'eased  only  a  Few 
Years  Since.  Membrana 
tympani  dry,  gray,  and 
opaque,  retracted  down  and 
forward  from  the  umbo,  atro- 
phic behind  the  manubnum. 
Through  the  opening  are  seen 
the  malleus  head,  the  antenor 
ligament,  and  the  body  of  the 
incus  with  its  long  process. 
A  very  delicate  membrane 
which  closes  the  opening  and 
applies  itself  closely  to  the  os- 
sicles, bellies  out  on  inflation. 
Hearing,  n.5  metre  for  accai- 
ineter,  5  metres  for  loud  whis- 
per.    (PoUtzer.) 


Fig.  17*-).  —  Pun<c  - 1  i  k  e 
Distention  of  the  Uripcr 
Posterior    guadraiit   of 
the      Left      Membrana    wliicll 
Tympani.   (Schwartze.j 


Fiiv.  n:!li.— Perforation  of 
Upper  Po.sterior  Quad- 
rant, such  as  sometimes 
lemains  after  rupture 
of  the  distended  portion 
shown  in  the  previous 
illustration. 


when  (iiie  <i|icning  is  ill-placed 
fur  ilniiiiing  the  eimiplex  cavity, 
tlial  .-iiiotlier  should  result  from 
the  aclidii  of  retained  tluid  (Plate 
xxv..  Figs.  (il.  f)3,  73,  and  73). 
Esjircially 
is  Ijiis  Ihe 
case  as  re- 
gards Ml  e 
attic  witli 
its  siilidi- 
vided  area, 
uy 
reipiiresev- 
ei'al  cipen- 
ings  in  the  flaccid  membrane  to 
drain  it,  irrespective  of  openings 
in  the  tense  membi'aue  below. 
The  objection  often  raised,  that 
high-placed  openings  (Figs.  1733 
and  1730)  are  ill  suited  for  drain- 
age, is  usually  specious.    Whoever 

raised  this  objection  ignores  the  fact  that  most  persons 
are  recumbent  at  least  one-third  of  the  tiiue,  and.  fur- 
thermore, that  capillary  attraction  counts  for  more  than 
gravitation   in  this  matter  of  draining  the   tympanum. 

As  stated  above,  I  believe 
that  the  majority  of  per- 
forations are  Icicatcd  in 
the  upper  rpiadrant  and 
are  so  ellicient  tliat  they 
permit  of  promjit  cure 
with  little  or  no  recog- 
nizable .sear.  Perforations 
occur  high  up  because  in 
this  region  there  is  reten- 
tion of  lluid  which  is  not 
drained  away  by  the  nor- 
mal channel  of  the  Eu.stu- 
chian  tube.  Yet  the  oe- 
Fic.  1737. —Right  Ear  of  a  Boy,  currence  of  luultiple  per- 
Eight  Years  of  Age,  with  Long-  f orations  in  the  tense 
Sl^^S^a'Ta'mi^lobniS^is^x-  -n?nibrane  should  always 
tensively  destroyed,  leaving  but  a  raise  a  question  as  to  the 
narrow  margin  all  arnund,  except  existence  of  a  tubercu 
where  a  triangular  portion  re- 
mains along  the  retracted  manu- 
brium. The  tip  of  the  long  proc- 
ess of  the  incus  is  just  visible  pos- 
teriorly, the  niche  of  the  round 
window  appears  behind,  and  the 
irregular  depressions  of  the  floor  _ 

of  the  tympanum  may  be  seen  if  not  m  o  r  e  m  a  r  k  e  d 
below.  Anteriorly,  we  look  into  ti.oi,)-,]^  .jt,  one  or  both 
the  Eustachian  tube,  as  far  as  to  .  .,     ,.     ,. 

the  isthmus.  lung-apiees,   or    that    the 

family  history  shows  a 
tendency  to  consumption.  At  times  the  perfoi-ations 
almost  inerit  the  term  "sieve-like,"  as  in  the  cases  tig- 
ureil  (Figs.  1739  and  1740);  and  if  the  process  is  notably 
painless  and  the  drumhead  pre- 
sents rather  a  pallid  than  congested 
aspect,  we  may  feel  nearly  sure  of 
the  diagnosis  "even  though  other- 
wise unsupported.  The  fact  that 
the  promontory,  in  the  later  stages 
of  such  cases,  is  not  infrequently 
denuded  of  its  covering  of  mucous 
membrane,  or  may  even  be  carious, 
may  likewise  be  regarded  as  an  ex- 
tremely suspicious  oircuinsdince. 
Miliary  tubercles  have  been  noted 
in  the  "drum  membrane  as  yellow 
points  which  rtipidly  soften  and 
leave  perforations;  but  I  cannot 
that  I  have  ever  recognized 


lous  process;  and  when 
we  come  to  investigate 
these  cases  we  shall  often 
find  that  there  is  a  pro- 
longed expiratory  sound. 


say 

them,  and  I  know  of  no  certain 
tneansof  differentiating  them  from 
the  more  ordinary  pointing  of  re- 
tained pus,  unless  it  be  in  the  fact 
of  their  multiplicity. 


Fio.  1738. —  Left  Mem- 
brana Tympani  of  a 
Woman  Thirty  Years  of 
Age,  with  Long-stand- 
ing Purulent  Otitis 
Media.  A  reniform  per- 
foration involves  much 
of  the  lower  half  of  the 
drumhead,  and  a  poly- 
pus arises  by  a  narrow 
peduncle  in  front  of  the 
short  process.  Upon  its 
removal,  no  perforation 
was  recognized  at  its 
point  of  origin. 
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The  usual  tendency  of  a  perforation,  of  whatever  size 
aud   however  produced,   is   toward  closure.     Even  the 
most  thorough  e.xeisiun  of  the  entire  drumlicad  has  been 
followed    by   complete   regenera- 
tion; and  Kessel  urged   that  tlie 
tympanic  margin  should  be  chis- 
elled away  in  such  cases  if  a  per- 
manent opening  was  desired.    The 
healing  takes  place  moi'e  promptly 
in  youth  than  in  later  lite  and  in 
aeu"te  than  in  chronic  cases;  yet  it 
is  sometimes  a  far  slower  process 
in  the  case  of  small  than  in  that  of 
FKi.  17;i9  -RiKht  Mi-iii-    lin'.i|:e  openings,— the  reason  being 
hrana    TymiiTiiil    of    a    tli.'lt  the    "skinning  over"  of    the 
Man,  about  Fifty  Ycara    margins  by  ingrowth  of  the  drum- 
mt!fatll!;r"?S  "Z   l'«'^l    epithelium   su]>presses    the 
Lower  Portion.      The    growth  ot  I'epaiative  gi'anulations. 
narrow,  most  po.sterior    Tim    fm-flier  great  imiiortance  of 
;rerftiorfpatTe'ut    this  process  in  tlie  production  of 
liad  larynseal  tubercu-    cholesteatoma  aud  the  renewal  or 
losis.)  maintenance  of  suppuration  will 

be  dealt  with  later. 
Drumhead  healing  in  its  .simplest  form  is  seen  in  many 
of  the  acute  cases,  in  which  the  perforation  has  been  a  mere 
jircssing  apart  of  the  tissues,  especially  the  fibres  of  the 
membraua  propria,  with  little  or  no  loss  of  substance. 
The  tissues  come  together  and  unite  as  if  by  serous  ag- 
glutination, the  epidermal  and  the  miuous  epithelium  are 
promptly  renewed,  and  in  a  short  time  every  vestige  of 
the  opening  lias  disaji- 
jieared.  Where  there  has 
been  loss  of  substance  this 
must  be  replaced  by  new 
tissue,  and  in  the  travnna 
tic  ruptures,  even  when 
promptly  healed  without 
su|ipuration,  there  is  apt 
to  be  enough  new  tissue 
to  make  a  permanent 
scar,  often  more  visiljle 
than  the  inconspicuous 
rent.  Such  cicatrices  in- 
volve only  the  fibrous  lay- 
er, as  a  rule ;  for  the 
epithelial  and  mucous  sur- 
faces soon  lo.se  any  al- 
tered appearance  if  the 
supporting  tissue  approx- 
imates the  normal.  This 
it  often  does,  and  it  is  at 
times  easy  to  ovcrlofik 
large  cicatrices  or,  in  rec- 
ognizing their  thinness,  to 
be  in  doulit  as  to  whetliev 
the  condition  is  one  of  at- 
rophy or  of  a  healed  perforation.  Most  perforations 
present  a  thickened  margin,  which  may  be  recognizable 
after  tlicy  hav(^  healed  and  which  furnish  the  character- 
istic which  distinguishes  them  from  mere  atrophic  areas. 
This  thickening  contains  most  of  the  peculiar  substantia 
propria  flbres  which  spanned  the  site  of  the  opening, 
and  in  the  healing  process 
these  may  be  drawn  back 
into  place;  but  regeneration 
of  these  fibres  probably  does 
not  occur,  although  it  has 
been  reported.  Some  new 
tiss\U3  will  be  present  to 
unite  the  scpaiated  fibre  ends, 
but  this  may  be  liardly  dis- 
cernible under  microsco]nc 
study.  JIdst  commonly,  in 
openings  of  any  size,  granu- 
,,^   ,  -   ^ lations  form  on  the  margins; 

which  raise.s  his  hearing  near-    ^ne  layers,   and  are  clinically 
ly  to  tlie  normal.    (I'oiltzer.,)    recognized  as  a  pink   or  red 


Fic.  1740.— Right  iMembrana  Tym- 
pani  of  a  Man,  Forty  years  of  Age, 
who  Died  about  a  Year  Later  ol 
Tuhercnlosls.  An  oval  perfora- 
tion oci-upics  tile  anterior  portion 
of  the  nieiiiltrane,  a  more  jiear- 
shapedone  Is  down  andbarli  from 
the  limbo,  and  a  thinl,  of  kidney 
-Shape,  is  lip  and  back.  Two  small 
and  elongateil  openiiifrs  are  dose 
to  the  first  and  the  third.  The 
membrane  shows  plications  below 
the  umbo. 


Flc.    1741.— The   Same    Drum 


C'afanh  tor  Eight  Years. 
Naso-pharynf?eal  catarrh  with 
great  swelling  of  the  mucous 
niemhrane  of  the  tube.    The 


edging.     They  grow  inward,  cicatrizing  as  they  do  so, 
and  drawing  inward,  like  a  sphincter,  any  of  the  old  tis- 
sues which  may  be  present.     Finally,  they  meet  and  co- 
alesce.      Yasculai'ization    or 
other  factoi-s  may  make  this 
process    unsymmefrical,    and 
the  new  tissue  may  be  even 
a  tongue-like  growth  which 
proceeds   from  one  side  and 
clo.scs  all  but  a  cleft  at  the 
opposite  margin.     I  have  ob- 
served this  especially  in  per- 
forations  healing   under   the 
stimulation  of  a  jiaper  patch. 
This  new  tissue  is  soon  con- 
Fiff.  1743.  —Right     Membrana    verted  into  a  fibi'Ous  scar,  but 
Tympani,  in  a  Boy  Seventeen    jj     ,.  ,.,,iy    i,j^g   ^^jj^j^    ^f    y 
Years   of   Age,  who   has  Suf-       ■     .  ..1     -^  <■   i,  •     •       1 

fered  with  (.'hrimic  Middle-Ear  rigidity  of  the  oi'iginal  mem- 
brane and  almost  always 
shows  a  flaccidity  and  undue 
mobilit}-  which  are  apt  to  in- 
depressed  area  rests  upon  the  crease.  Hence  such  scars  are 
inner  wall  aiid  shows  the  generally  more  or  less  de- 
inciido-stapedial  joint.      (Po-    "  ,  -'       ,  o    viv 

litzpr.)  pressed    and    niaj'  even   col- 

lapse into  contact  with  the 
inner  structures  of  the  drum  cavity  (Figs.  1741  and 
1743).  Tlicy  niiij'  not  only  fail  to  serve  as  parts  of  the 
vibrating  membrane  but  may  even 
hamper  its  movements  or  tlifise  of 
the  deeper  structures,  bUmkcting 
the  stapes  if  in  its  region  and  .scri- 
ousljf  interfering  with  liearing.  (Jn 
inflation  they  often  bag  out  into 
the  canal  in  .single  or  multiple  bosses 
aud  may  fiii'iiish  strikingly  vai'iable 
pictures  as  shown  in  Figs.  1743  and 
1744.  .So  complete  may  be  the  de- 
pression of  a  scar  that  it  may  be 
pi-actically  unseen,  its  peripheral 
poi'tions  hiding  lieneath  the  per- 
foi-ation  margins,  while  its  centre, 
instcail  of  being  concave  and  giving 
back  the  usual  reflection,  may  applj' 
itself  to  the  convex  promontorj'  and 
seem  but  a  glossy  coating  of  its  sur- 
face (F'ig.  1745  and  1746).  The  per- 
foration may  therefore  seem  still 
open  ;  but  inflation  will  u.sually  dis- 
tend its  eicatri.x  conspicuously  in 
front  of  the  drumhead.  Such  flac- 
cid seal's  often  interfere  with  the 
hearing.  Multiple  incisions  have 
therefore  been  made  in  the  hope  of  effecting  a  firmer 
cicatrization ;  but  I  have  geneially  found  that  better 
lesults  may  be  obtained  froni  IMcKcown's  plan  of  paint- 
ing the  distended  drumhead  with 
couti-iictilc  collodion.  The  tempo- 
rary splinting  is  accompanied  by 
enough  in-itant  effect  to  thicken  up 
the  flaccid  tissue,  and  even  though 
thei-e  is  little  visible  ditfei-enee,  there 
is  often  much  gain  in  hearing  after 
a  few  repetitions. 

Small  scai-s,  however  much  they 
may  Ciillajise,    and   provided    they 
Fi({.  1744.-iniiation  of    are  not    located   directly   over   the 
the  middle  ear  forces    stapes,   rarely  disturb   the 


Fig.  174.3.  —  A  large 
rounded  loss  of  sul)- 
stance  of  the  mem- 
brana tympani  below 
reaches  up  to  the  tip 
of  the  manubrium, 
which  projects  slight- 
ly into  the  upper 
margin.  It  is  closed 
by  a  delicate  cicatrix 
applied  to  the  pro- 
montory and  moulded 
upon  its  inequalities. 
The  edges  of  the  de- 
pression are  sharp-cut 
and  overhang,  so  that 
the  area  seems  an  un- 
closed perforation. 


the 


oeii.ate   eicatri.x  ,     ',      '  .S     -—.    healing 

out  likeabiiiibip  into  ^^  long  as   they   remain  tree;    but 

the  iiieatu.s,  where  it  adhcsicm  to  the  underlying  struct- 

edges  anil  the  handle  "'^{Mr'lg.  ]'4i),  is  usually  very 


--„     „.,,  ..  ,  ,  -    ,     -ry  dis- 

ot  the  malleus.  In  a  iil'ling  to  the  conductinn' apparatus 
E^^IdiT'^ri,^:;^";;;  f^^l'  anac^hment  may  be  primary, 
m  tliat  the  remains  of  the  drumhead 
are  united  thus  to  the  tympanic 
walls  by  granulations  that  shfiuld 
havt^  built  up  a  cicatricial  closure 
of  the  perforation ;  but  it  may  also 


tension,  and  becomes 
plicated  as  It  col- 
laiises,  soon  to  resume 
its  olil  position  in 
contai-t  with  the  inner 
tympanic  wall. 
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be  secondary  to  the  collapse  of  a  full-l'ormed  scar.  Not 
very  rarely  vigorous  inflation  or  pneumatic  massage  is 
seen  to  be  followed  by  extravasations  in  a  scar  lifted 

from  a  contact  thai  has 
given  rise  to  inosculation 
of  its  vessels  with  those 
of  the  underlying  tis- 
sues. Where  the  raai'- 
gins  of  the  open  jier- 
foration  arc  bound  down 
to  inner  structures,  very 
puzzling  pictures  arc 
sometimes  presented;  foi' 
we  generally  recognize 
a  hole  by  its  sharp-cut 
margins,  and  with  the 
Fifi.  1745.— DlagraniTiiutic  Section  of  a  melting  of  these  into 
Large  Free  Cifatrix  I)ei)ressed  nito  other  iiarts  landmarks 
rontiict  witti    tbe  Inner  Tympanic  ,  '  ,v1,nlU'  i.tT.iri.rl 

Wall  and  Stret<'hed  in  all  Direetious,  "^'^J  '"^  A\noll}  ellafcil. 
so  that  the  Margins  of  the  Perfora-  In  very  rare  instances  a 
tion  overhang  it.  fi-ge  cicatiix  may  foi'in  in 

advance  of  parts  thus 
bound  down  and  such  a  condition  of  "detachment  of 
the  manubrium"  results  as  is  shown  in  Figs.  174.5  and 
1748. 

Occasionally  a  complete  new  membrane  may  foiiu  ex- 
ternal to  the  annulus,  arising  apparently  froiii  the  union 
of  granulations  wliich  spring  from  the  canal  walls.  Tliose 
which  I  have  met  were  located  in  the  inner  thii'd  of  the 
canal,  at  the  upper  part,  very 
close  to  the  drumhead  ;  but  they 
were  placed  almost  at  a  right 
angle  to  the  axis  of  the  canal, 
with  none  of  the  obliquity  of  tlic 
real  drumhead.  The  usual  land- 
marks of  the  di-vimhead  were 
also  lacking.  As  they  probably 
impede  hearing  very  little  if  at 
all  and  are  excellent  protective 
partitions  for  the  drum  tissues, 
interference  for  their  removal  is 
rarely  advisable. 

AVhere  healing  of  a  perfora- 
tion is  long  delaj'ed  and  it  seems 
advisable  to  secure  the  protect- 
ive effect  of  an  intact  drum- 
head, this  result  may  often  be 
promoted  by  the  sui'geon,  either 
through  freshening  the  edges  by 
rubbing  or  by  stimulants  such 
as  silver  or  trichloracetic  acid 
(2.5  per  cent.),  or — more  safely — 
by  Blake's  method  of  covering 
it  with  a  patch  of  thin  writing 
or  tissue  paper.      This   may  be 

moistened  so  that  it  .shall  adhci'e  by  its  own  sizing,  or  it 
mav  be  coated  with  a  little  glycerin  or  boroglyceride 
of  tannin  and  carried  by  a  probe  or  forceps  into  siuig 
contact  with  the  margins.  In  a  week  or  two  it  may  be 
washed  away  and  replaced  if  the  healing  is  incomplete; 
but  a  dry  non-vitalized  opening  that  has  been  rather 
widening   than  narrowing   for   weeks   or  months,   will 

sometimes  be  found  per- 
fectlv  healed  at  the  end 
of  a  "week  or  ten  days. 
The  lining  membi'ane  of 
the  egg-shell  has  also 
been  used,  but  with 
doubtful  advantage.  In 
this  delicate  procedure 
full  recognition  of  the 
obliquity  of  the  di'um- 
head  is  essential  if  pre- 
cise placing  of  the  patch 
is  to  be  secured.  It  is 
also  very  impoi'tant  to 
Fig.  1747.— Diagrammatic  Section  of  .^^arn  the  patient  that  a 
rorSSSl^'^^'"''^'^''''   decided  loss  of  hearing 


Fkj.  1746.— a  large  reni- 
forin  perforation  of  the 
left  m  e  m  b  r  a  n  a  tym- 
pani,  in  a  man  twenty- 
one  years  of  age,  is 
closed  by  a  delicate,  al- 
most invisible  cicatrix 
closely  applied  to  the 
underlying  structures. 
The  niche  of  the  round 
windciw  posteriorly,  and 
the  incudo-stapedial  joint 
above,  are  seen  as  clearly 
as  tht.)Ugh  not  covered. 
The  lube  was  but  slighlly 
t)ermeable,  and  lillle 
tuuclional  improvemenl 
or  change  of  the  pi(^ture 
was  afforded  by  Intlalion. 


may  )ic  the  iirimaiy  icsult  of  such  inlcrfei-ence;  foi- 
olhci'wisc  he  may  be  greatly  ilislurlied  liy  this  tempoi-aiy 
chaiige  I'or  the  worse. 

Pcrl'oiations  in  the  flaccid  membrane  show  a  much 
less  mai-kcd  tendcnc)'  Id  clo.sc,  and  this  is  especially 
true  of  those  cases  in  which  thei'c  has  been  any  carii's 
of  the  adjacent  margin  of 
I  he  scute.  Some  i<\'  this  is 
ascribalile  to  the  ingrowing 
of  epithelium  and  the  for- 
mation of  cholesteatoma 
within  the  attic'and  anfrum. 
The  j-apidly  pi-olifcrating 
epithelium  (Blake  has 
shown  that  the'  gi'owth  is 
most  rapid  above)  trans- 
jilaiited  to  the  succulent 
mucous  siuface  grows  with 
unprecedented  activity. 
I)es(iuamation  lakes  place 
FMi    174S.     Diiigrauiniatic  Sectlou    ])romptlv  and  tinds  the  re- 

;^,:^"  n;;i;;«''S'r'Xr  Si[-  unprepared,  to  nd  H- 
lirium  liiawn  in  Behind  the  sell  ot  the  debi'is.  Ihese 
Mi.ldlei.rihe  Membrane.  cavities  are  naturally  lined 

with  cells  which  bi'cak 
down  iiitc]  mucus  and  are  sup]ilied  with  cilia  to  sweep 
the  fluid  down  the  Eustachian  tuljc;  but  the  cilia,  if  not 
already  destroyed,  are  incompetent  to  move  the  flakes 
of  epidermis,  and  these  I'emain  to  excite  further  the 
proliferaling  tendency.  Onion  like  masses  are  formed 
as  layer  is  added  to  layei-,  and  under  pressure  of  the 
collection  Ihe  bony  walls  may  undci'go  absoi'ption,  the 
soft  tissues  stretch  or  yield,  or,  with  the  help  of  any 
infective  material  that  may  be  pi'csent,  a  sui)puration 
may  be  set  up.  This  is  likely  only  to  swell  the  collec- 
tion and  painfully  increases  the  destructive  pressure. 
Fortunately,  the  outwai'd  direction  often  offers  the  least 
resistance,  and  through  the  old  perforation  or  one  new- 
formed  Ihe  pearly  mass  may  I'scape  into  the  canal;  too 
frequently,  however,  it  is  only  by  absorption  or  carious 
destruction  of  tbe  bony  walls  That  an  exit  can  be  secured. 
The  ossicles,  if  uninjured  by  the  earlier  suppuration,  are 
apt  to  sirffer  displacement  in-  caries,  granulations  form  as 
the  natural  protest  of  the  parts,  and,  as  a  result  of  their 
endeavor  to  rid  themselves  of  the  really  foreign  mate- 
rial, all  the  malign  elements  of  chronic  suppuiation  are 
called  into  activity. 
Stilctly,  the  cholesteato- 
ma should  be  called  a 
prodiiet,  not  a  neoplasm, 
although  its  analogy  tcj 
the  peaily  nodule  of  epi- 
thelioma is  very  close; 
yet  it  acts  at  times  almost 
as  destructively  as  does  a 
vascular  growth  and  has 
a  similar  tendency  to  re 
new  itself  after  removal. 
Absorption  or  carious  de- 
struction of  the  scute,  oi' 
so  much  of  it  as  forms 
the  outer  wall  of  tfte  af- 
fected i-cgion,  may  afford 
adequate  exit  for  the 
material  so  often  as  it 
forms,  although  the  .soft 
parts  are  apt  to  grow 
more  or  less  over  the  gap 
and  a  parturition  in  min- 
iature has  to  be  suffered 
each  time  that  a  mass  finds 
exit.  In  some  cases,  even 
without  such  opening  up 
of  the  affected  area,  the 
proliferative  tendency 
.seems  to  wear  itself  out; 
but  more  often  there  is  at 
best    recurrent    suppura- 


Fig.  1749.— Right  Menibrana  Tym- 
pani  of  a  Woman,  aged  Forty-flvt-, 
with  Long-standint?  Intertriittent 
Suppuration  of  the  Tympanum 
Recently  Recurring.  Small  cen- 
tral perforation  in  a  free  cicatrix 
stretched  across  in  front  of  the 
lower  half  of  the  manubrium. 
Periphery  of  iiicinhrane  thickened 
and  opaque, 'Mlriili-d  anteriorly; 
the  central  portiun  depressed  and 
presenting  a  sharp  "kneeing" 
below.  Closure  of  the  perforation 
by  drying  of  the  scanty  discharge 
leads  to  further  depression  of  the 
cicatrix,  and  brings  it  into  con- 
tact with  the  lower  portion  of  the 
manubrium,  which  is  then  seen  to 
be  entire  and  perliaps  bound  down 
to  tbe  promontory.  Before  rup- 
ture the  thin  scar  was  visibly 
pulsating  and  gave  way  spontane- 
ously under  observation. 
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tiun,— "repeated  gatlierinss "  as  the  sufferer  naturally 
calls  them,— if  not  a  persistent  discharge  with  exacerba- 
lions,  until  some  serious  accident  occurs  or  the  surgeon 
forestalls  it  by  operation.  No  branch  of  surgery  has 
made  greater  ad\'aoee  -svithin  tlie  past  active  decade 
than  has  otology  in  dealing  with  these  cliole.steatoma- 
tous  conditions  mid  their  results.  It  is  a  subject  for  most 
earnest  congratulation  that  we  are  growing  into  a  bet- 
ter comprehension  of  the  pathological  principles  which 
underlie  these  cases,  and  while  our  diagnostic  skill  is  in- 
creasingly efficient  in  bringing  them  to  recognition  and 
clearing  "the  mystery  which  often  eushroudcd  them,  we 
are  also  more  "i)rompt  and  rational  in  coml)atiug  tliem. 
For  a  long  time  to  come,  howevci-,  we  may  expect  to 
see  cases  in  which,  owing  to  neglect  (on  the  part  of  the 
|)atient  i-ather  than  on  that  of  the  physicians),  these  cho- 
lesteatomatous  masses  continue  to  exert  tlicir  injurious 
I'Ifeets  unchecked.  I  have  repeatedly  seen  the  entire  mas- 
toid lioUowed  out  into  one  huge  cavity  tilled  with  such 
a  laminated  ma.ss,  with  absorption  or  caries  of  the  iniici' 
I  able  and  serious  pressure  on  the  dura  and  brain.  Knuckle- 
like portions  may  invade  the  eninial  cavity  and  give  all 
the  pi-essnre  symptoms  of  brain  tumor,  or  the  "\\djole  mass, 
with  the  pus  which  it  has  iiiduced.  may  entei-  the  cranial 
fossa  as  an  exti-a-dural  abscess  and  make  its  M-ay  outward 
through  the  st(uama.  In  this,  or  in  one  of  many  other 
ways,  which  will  be  set  forth  in  detail  in  other  articles 
of  this  group,  cholesteatoniatous  masses  may  involve  ex- 
tensive portions  of  the  temporal  bone  and  set  up  a  variety 
of  pathological  processes  of  the  most  serious  character. 

Caries  of  the  ossicles  is  to  beex])ected  in  many  of  these 
cases;  in  some  of  them,  indeed,  it  may  have  already  led  to 
their  dislocation  or  exfoliation  before  the  patient  is  first 
seen.  If  the  disease  has  not  advanced  as  far  as  this  it 
may  often  be  stayed  and  the  ossicular  chain  restored  to 
usefulness  or  at  least  to  innocuousness.  It  is  often  most 
surprisiug  how  perfect  the  hearing  may  be  with  the  attic 
full  of  pus  and  the  ossicles  bare  or  clearly  carious.  The 
most  vulneralile  because  least  vascularized  portion  is  the 
shank  or  descending  process  of  the  incus,  and  its  destruc- 
tion sets  the  sUipes  free  of  hindrance,  as  well  as  of  help, 
from  the  rest  of  the  ossicular  chain.  The  neck  of  the 
malleus,  where  Prussak's  pouch  holds  infective  material 
in  contact  with  it,  is  next  in  the  frecpieuey  of  its  involve- 
ment; yet  it  may  be  eaten  through  and  the  head  loosened 
or  lost  witho\it  great  impairment  of  function.  These  and 
many  otlier  carious  i)ortions  are 
after  all  almost  microscopic  in 
size,  and  operative  intei-ference  on 
a  verj-  minute  scale  maj'  prove 
adequate  for  secuiing  resolution. 
Thus,  for  example,  rubbing  the 
bare  sui'faces  with  a  liare  or  cotton- 
tipped  probe  may  not  only  reveal 
but  at  the  same  time  sufficiently 
cuiette  the  caries,  and  a  speedy 
and  lasting  cure  has  frequently 
rewarded  this  jirocedure  in  my 
experience.  Persistent  polyps  iJr 
granidations  justify  suspicion  of 
the  integrity  of  some  portion  of 
the  bony  structure,  even  when  it 
wliolly  eludes  careful  probing; 
but  painstaking,  and  if  need  lie 
liaiiisgiviiig,  search  and  minutely 
tliDroiigh  use  of  the  measures  else- 

i„i,ran.-,  tiiroiigh    ""'"-'re  detailed  will  bring  most  of 

whii'ii  Its  dim|ii«i  hciiii    these  cases  to  an  apparent  cure 
slmws   perfH-tly.     tIih    This,  however,  should  be  regarded 

auVi'uip'rp'iL'mlsi'rvak    '"^  ''  ""''''■  '''"'■''■  '""I  niiuute  Crusts 

IwistiTicivly  <it  iijiiTriuiii    sliDiild    he   searched    for  at   inter- 

"■''"'■''■  vals;    and    wlicii    found   they  arc 

oticii  hcst  removed  dry,  so  Ui'at  we 

may  see  if  the  under  surface  is  wcl  with  recent  discharge. 

When  the  ossicular  chain   is  broken,  as  by  lo.ss  of  the 

mens  or  its  sliauk,  any  remains  of  the  daniaged  lanrer 

ossicles  are  of  interest  only  as  possililc  mainlainers'of 

suppuration,  and  if  not  soon  brought  to  healing  should 
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Fill.  ]7.il).— Extensive  De- 
struction of  Mcinbrana 
Tyrapani,  Partially  Re- 
placed by  a  Retractefl 
am]  Plicated  Cicatrix. 
TliK  malleus  handle 
s-Tcatly  thickened  and 
apparently  truncated, 
with  its  short  process 
<-overed  mtli  l,^nniii[a- 
tinns.  The  incus  scctns 
lo  he  lost  anil  tin-  slapos 
iscxfiDscd  to  viow,  cov- 
'Ti'd  hy  an  aliiiosl,  invist- 


be  removed;  but  when  the  chain  is  unbroken,  more  can 
generally  be  accomplished  for  the  improvement  of  the 
hearing  by  judicious  mobilization  and  nia.s.sage  than  by 
excision.  Adhesions,  after  being  cut,  often  unite  more 
firmly  than  before ;  but  the  blunt  probe  may  stretch  them 
so  as  to  afford  lasting  relief.  When  the  dimpled  liead  of 
the  stapes  comes  to  view  (Fig.  1750)  we  know  that  the 
incus  is  disarticulated,  if  not  lost,  and  wc  .should  confine 
our  intervention  to  freeing  the  oval  and  round  windows. 

B.  Alexander  Randall. 

EAR  DISEASES:  ARTIFICIAL  AIDS  TO  DEFECTIVE 
HEARING. — ^Vhen,  in  the  course  of  disease,  either  of  the 
soiiiid-coiidiicting  or  of  the  the  .sound-perceiving  appara- 
tus, pathological  changes  have  become  so  pronounced  as 
to  render  ordinary  conversation,  or  even  that  of  a  higher 
jiitch,  unintelligible  to  the  unfortunate  individual,  and 
wlien  all  of  the  well-recognized  methods  of  treatment  have 
proven  unavailing,  then  it  maj'  become  necessar}',  for  his 
comfort  and  convenience,  and  that  of  his  friends  as  well, 
to  resort  to  the  adaptation  of  one  of  the  mechanical  de- 
vices which  experience  has  .shown  to  be  useful  in  such 
conditirjns. 

For  convenience  of  description  these  appliances  may 
be  divided  into  three  classes: 

1st.  Those  for  use  within  the  auditorj-  canal  and 
tympanic  cavity  and  which  are  concealed  from  view,  or 
nearly  so. 

2d.  Those  in  which  the  bulk  of  the  instrument  is  ex- 
posed to  view  and  the  sound  waves  are  transmitted  by 
means  of  a  conveniently  shaped  tip  introduced  into  the 
meatus. 

3d.  In.struments  which  are  brought  into  use  b}-  simply 
placing  the  proximal  end  against  the  auricle  and  the  dis- 
tal end  in  the  direction  from  which  the  sound  waves 
emanate. 

The  ideal  instrument  in  all  respects,  did  it  but  .suffi- 
ciently contribute  to  the  augmentation  i  if  the  sound  waves, 
would  be  one  of  the  first  class,  for  thej-  are  of  necessity 
very  small,  being  limited  in  size  to  the  diameter  of  the 
meatus  and  auditor}'  canal,  and  hence  could  be  worn  un- 
observedly.  But,  unfortunately,  they  can  aid  only  by 
affording  support  to  the  remnant  of  drum  membrane 
which  may  be  present  or  to  the  ossicles,  and  by  directing 
or  concentrating  upon  the  sound-perceiving"  apparatus 
such  aerial  vibrations  as  are  collected  by  the  auricle  for 
transmission  into  the  meatus.  Could  a  small  instrument 
be  devised  that  would  render  the  same  service  as  one  of 
the  larger  kind  later  to  lie  described,  the  ideal  would  be 
reached.  The  problem  has  not  3-et  been  solved  and  will 
not  be  easily. 

Marcus  Banzer  (1640)  suggested  the  introduction  into 
the  auditory  canal  of  an  i\-ory  tube,  over  the  end  of  which 
was  stretched  a  portion  of  pig's  bladder.  Leischevin 
(1763),  Antereith  (1815),  and  Lincke  (1840)  used  similar 
devices  in  cases  of  perforation  of  the  drumhead,  but  seem- 
ingly with  the  only  object  in  view  of  protecting  the  ex- 
posed delicate  structure  of  the  tympanic  cavity,  as  we 
have  no  account  of  any  attempt  o"u  tlieir  part  to'improve 
the  hearing.  It  is  well  known  to  those  familiar  with 
otological  literature  that  the  first  account  of  a  device 
xvorn  within  the  ear,  for  tlie  purpose  of  improving  the 
hearing,  was  recorded  by  Dr.  Yearslev,  of  London,  in 
1848.  He  was  informed  by  a  patient  from  this  country 
who  consulted  him  that  he  could,  by  placing  a  roUe'd 
slri|i  of  jiaper  in  the  auditory  canal,  "markedly  improve 
his  liearing.  Tests  made  at  the  time  proved"  the  state- 
ment lo  be  true  beyond  question. 

Dr.  YcaisJey  was  quick  to  take  advantage  of  the  dis- 
covery, and  subsequent  exiierimentatiou  led  him  to  sub- 
stitute pellets  of  cotton  for  the  twisted  paper,  since  fre- 
quent trials  of  the  latter  liad  invariably  failed  on  other 
liatieiits. 

Toynbee  in  1858  introduced  his  artificial  tympanic 
membrane  (Fig.  1751),  which  consists  of  a  disc  of  vul- 
canized rubber  of  the  size  and  thickness  of  the  normal 
membrane,  and  to  the  centre  of  which  is  attached  a  wire 
about  an  inch  in  length,  terminating  in  a  little  ring  to 
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Fig.  17")!.-  Toynbef's 
Artiflciai  Dnuii 
MHinbrane. 


enable  the  tlmiul)  and  linger  more  readily  to  grasp  it  for 
the  purpose  of  iutroduetion  and  removal,  Modiflcations 
of  the  original  membrane  of  Toynbee  are  mimeroiis,  and, 
as  sold  in  the  shops  of  to-day,  it  con- 
sists of  a  thin  circular  disc 'of  india- 
rubber  tissue,  to  the  centre  of  which 
is  attached  a  gold  wire,  Politzer  in- 
vented fin-  use  among  the  ])ooran  arti- 
ticial  membrana  t3'mi)ani,  the  manu- 
facture of  which  is,  as  he  states,  verv 
simple,  A  piece  is  cut  from  tlie  sid'e 
of  an  India  rubber  tube  2  to  3  nun. 
thick,  and  to  the  lower  end  of  tliis  is 
fixed  a  strong  piece  of  wire  as  indi 
cated  in  Fig,  1752. 

Gru  ber,  on  account  of  the  liability  of 
the  Toynbee  disc  to  become  detached 
from  the  wii-e,  the  conspicuousness  of 
the  latter  when  in  position  in  the  canal, 
and  the  liability  of  the  deeper  parts  to  bo  injured  if  a  blow 
should  fall  upon  the  car,  substituted  for  the  wire  a  thread 
passed  through  the  eeutre  of  the  disc,  and  then  provided 
for  its  introduction  by  specially  devising  for  the  purpose 
an  instrument  which  is  nothing  more  than  a  wire  with  a 
small  ring  at  its  end  and  bent  at  right  angles  to  the  shaft. 
The  thread  is  passed  through  tlie  ring,  and  then,  after  the 
disc  has  been  introduced,  the  wire  Ts  removed,  ami  the 
thread  is  left  lying  in  the  canal  with 
one  end  protruding  from  the  meatus — 
an  arrangement  wliich  renders  it  easj- 
for  either  the  surgeon  or  the  patient 
to  remove  the  disc.  A  small  piece  of 
soft  lint  has  been  used  instead  of  the 
india-rubber.  Again,  an  india-rubber 
tube,  cemented  at  the  end  to  the  disc, 
has  been  employed  instead  of  the 
wire. 

It  matters  not  whether  tlu;  original 
Toynbee  drum  or  one  of  its  modifi- 
cations be  used,  it  will  be  found  ad- 
vantageous to  moisten  it  before  in- 
troduction, either  with  warm  water, 
an  antiseptic  solution,  or  vaseline,  to 
cut  and  trim  it  until  the  desired  size 
is  secured,  and,  finally,  to  change  its 
position  until  the  right  spot  has  been 
found,  and  the  improvement  in  hearing — if  in  anj-  way 
attainable — has  been  obtained.  Frequent  changes  are 
often  found  to  be  necessary  before  the  contrivance  can  be 
worn  comfortably  by  the  patient,  wdiile  at  the  same  time 
rendering  etflcient  service.  If  the  use  of  this  device  im- 
proves the  hearing,  the  patient  can  readilj'  be  taught  to 
introduce  and  remove  it,  and  soon  he  becomes  so  expert 
as  to  be  better  able  to  judge  when  it  is  in  the  proper 
position  than  the  surgeon. 

The  Yearsley  pellet  of  cotton  (Fig,  1753),  is  probably 
more  often  used  at  the  present  day  than  any  other  intra- 
aural  device,  and,  as  stated  by  Dr.  Thomas  Barr,  it  has 
the  following  advantages  over  Toynbee's  artificial  mem- 
brane :  "  (1st)  It  is  softer  and  excites  less  irritation ;  (2d) 
it  is  a  convenient  medium  for  applying  medicaments  to 
the  interior  of  the  ear ;  (3)  it  does  not  cause  disagreeable 


Fig.  17.5:3.  —  PoUtzer's 
Modification  of 
T<  tynbee'a  Artiflciai 
Membrana  T  y  m  - 
pani. 


Fig.  1753. 


-Yearsley's  Ball  of  Cotton  and  Introducer. 
(After  Barr.) 


tainly  recommend  it  in  clinical  practice,  and  it  is  doubtful 
if  tlie  disc  would  be  useful  where  the  cottim  pellet  fails. 

While  the  cotton  pellet  may  be  used  ilry,  belter  results 
will  lie  obtained  by  moistening  with  glycerin,  or  with  a 
suitable  antiseptic,  if  suppuration  still  exists.     The  cot- 
ton is  easily  introduced  with  a  delicate 
forceps  or  by  an  in.strument  such  as  is 
shown  in  Fig.  1753,  or  by  one  made  for 
the  ]iatient's  use,  like  that  shown  in 
Fig.  1754. 

The  method  which  should  be  fol- 
lowed by  the  patient  in  introducing 
the  cotton  pellet  is  so  well  shown  in 
Fig.  1755  that  no  further  explanation 
is  needed.  The  piece  of  thread  which 
is  attached  to  the  ball  of  cotton  and 
which  lies  in  the  canal,  enables  the 
patient  to  remove  it  at  his  pleasure. 

Hassenstein's  device  consfsts  of  a 
small  hard-rubber  stem  (split  through- 
out a  part  of  its  length  and  provided 
with  a  sliding  metal  ring)  which  holds 
the  cotton  plug  firmly  and  is  intended 
to  remain  with  the  plug  in  the  canal. 
Ilartmann  recommends  as  a  substitute 
for  an  artificial  membrane  a  small  thin 
rod  of  whalebone  enveloped  hy  cotton 
wool.  Leiclitenberg  suggested  the  ap- 
plication of  fiexible  collodion  to  cover 
ovei-  the  ]ierforation  in  the  membrane. 
Blake  has  had  marked  success  in  some 
cases  by  the  application  of  sized  paper 
to  the  perforation  in  the  membrana 
tympani.  This  not  only  enables  the 
patient  to  hear  better,  but  contributes 
as  well  to  the  permanent  healing  of 
the  opening.  Gruber  states  that  he  has  tried  various 
materials  for  use  as  an  artificial  membrane  and  that  those 
made  from  linen  or  silk,  as  suggested  by  Czarda,  some- 
times accomplish  more  than  the  others. 

In  all  of  these  devices,  it  matters  not  which  may  be 
used,  success  depends  upon  so  placing  the  appliance  as 
to  induce  pressure  on  the  stapes  or  the  long  process  of 
the  incus,  and  as  a  rule  the  proper  location  can  be  found 
only  by  rejieated  trials.  In  rare  instances  it  is  pos.sible 
to  improve  defective  hearin.g  by  means  of  one  of  these 


Fig.  17,54.  —  Forceps 
for  Patients  to  Use 
in  Introd  u  c  i  n  g 
Cotton  Pellets  in- 
to the  Ear.  (After 
Barr.) 


noises  when  the  wearer  is  chewing,  as  does  the  wire^  of 
Toynbee's  membrane;  (4)  it  has  the  advantage  of  being 
entirely  concealed. "     Its  clieapuess  and  convenience  cer- 


Fig.  17,55.— Patient  Introducins  Disc  of  Cotton  into  bis  Own  Ear. 
(From  Barr.) 

devices  when  the  drum  membrane  is  intact,  but  it  is  only 
in  those  cases  in  which  continuity  of  the  ossicular  chain 
has  been  broken,  or  in  those  in  which  extreme  relaxation 
of  the  parts  exists,  that  we  can  hope,  by  making  pres- 
sure against  the  manubrium  mallei  or  against  the  stapes, 
appreciably  to  improve  the  hearing. 

When  there  is  acute  inflammation  in  the  ear,  or  wdien 
there  is  profuse  suppuration,  or  when  the  wearing  of  the 
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Fi«.  1736.  —  Politzer's  Metallic 
Horn,  to  he  Worn  as  an  Aid  to 
DetPrtive  Hearing,  a.  End 
which  i.s  to  be  Introduced  Into 
tlic  oridce  of  the  external 
auditory  canal;  /),  larger  flar- 
ing end  which  is  to  he  directed 
toward  the  hollow  of  the 
concha. 


artiticial  drum  causes  tinnitus  and  vertigo,  or  when  tlie 
iiarient  lias  one  good  ear,  no  attempt  sliould  be  made  to 
use  an  artificial  membrane.  Neither  should  it  ever  be 
forgotten  that  where  the 
tympanic  cavity  is  the  seat 
ot  a  chronic  suppuratitjn,  be 
the  otorrhoea  ever  so  slight  in 
quantity,  the  necrotic  proc- 
ess is  liable  at  any  time  to 
extend  to  the  mastoid  antrum 
and  cells,  or  through  the  teg- 
men  antri  to  the  dura.  The 
mere  matter  of  improving 
the  heai-ing  sinks  into  insig- 
nificance in  the  presence  of 
the  danger  which  constantly 
menaces  the  patient. 

It  is  needless  to  say  that 
the  canal  and  tlie  device,  whatever  it  may  be,  should  be 
rendered  aseptic  Ijefore  the  latter  is  introduced,  and  the 
appliance  should  be  changed  as  often  as  need  be  to  keep 
tlie  parts  in  a  perfectly  healthy  condition.  Such  pre- 
cautions should  he  taken  as  to  "not  induce  suppuration 
whei-e  none  already  exists.  The  appliance  should  he 
worn  but  a  short  time  at  first,  and  the  periods  should  be 
gradually  increased 
from  day  to  day  until 
the  instrument  ceases 
to  cause  any  discom- 
fort, and  even  then 
it  is  best  to  remove 
it  on  retiring  for  the 
night. 

We  now  come  to 
the  second  class  of 
appliances  —  those 
designed  so  to  collect 
the  sound  waves  as 
to  enable  the  very 
deaf  to  hear,  or  those 
moderately  deaf  to 
hear  at  a  greater  dis- 
tance. The  proximal 
end  of  the  instriiineut 
is,  by  means  of  a  conveniently  shaped  tip,  introduced  into 
the  meatus.  Small  devices,  which  are  sufficiently  small 
to  escape  notice,  and  yet  which  possess  the  power  to  in- 
crea.se  one's  hearing  power,  are  being  constantly  .sought 
for  by  ])ersons  who,  while  deaf,  are  naturally  anxious  to 


Fig.  IT.'JO.— The  London  Hearing  Dome. 


Fig.  1757.— Currier's  Coaico-Cylindrical  Tube 


Fig.  1708.— Ear  ot  I)iony.slus. 

conceal  their  infirmity.  Many  of  them  arc  on  the  market, 
but  as  a  rule  they  are  worthless,  except  where  the  de- 
lect in  hearing  is  due  to  collapse  of  the  walls  of  the  canal, 
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which  is  a  rare  condi- 
tion and  seen  only,  so 
fai'  as  I  know,  in  very 
old  people. 

Politzer  has  intro- 
duced an  instrument 
the  shape  of  a  hunting 
horn  (Fig.  17.56),  and 
about  an  inch  in 
length.  The  narrow 
end  is  introduced  into 
the  meatus  and  the 
mouth  directed  to  the 
hollow  of  the  concha. 
The  object  of  this  in- 
strument is  to  increase 
the  normal  effect  of  the 
inner  surface  of  the 
tragus  in  reflecting  the 
waves  of  sound  com- 
ing from  the  concha 
into  the  external  canal. 
Politzer  noted  im- 
provement in  three-fourths  of  his  cases  from  the  use  of 
this   instrument.     Other  surgeons  have  not  met  with 

the   same   degree   of 
success. 

For  use  in  hearing 
a  person  speak  at 
only  a  short  distance, 
the  best  instrument 
of  this  class  is  proh- 
ably  Currier's  conico- 
cylindrical  tube  (Fig. 
17.57).  This  instru- 
ment, which  is  often 
termed  a  "conversa- 
tion-tube," consists 
of  a  tube  three  and 
one-half  feet  long, 
which  has  a  bone  or 
hard-rubber  tip  at 
one  end,  while  the 
other  end  is  a  bell- 
shaped  mouthpiece  made  of  the  same  material.  The 
tip  and  mouthpiece  are  connected  by  an  elastic  spiral 
wire  tube  covered  with  rubber  and  over-spun  with 
either  silk  or  mohair.  The  tube  is  conical,  thus  form- 
ing a  gradually  decreasing  channel  from  the  mouth- 
piece to  the  ear.  The  lips  should  be  placed  close  to  the 
mouthpiece,  and  the  speaker  should  at  first  modulate 


Fis.  17iiO.— Acoustic  Cane. 

his  voice,  as  loud  tones  are  often  very  distressing  to  the 
listener.  It  maybe  worn  around  the  neck  under  the  coat 
or  cloak  or  rolled  up  and  carried  in  the  pocket.     It  is  use 
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less  for  listening  to  a  public  speaker  or  for  general  con- 
versation. The  best  appliances  for  this  purpose  are  the 
ear  tnunpets.  They  are  more  efficient  for  general  use 
owing  to  the  greater  diameter  of  the  bell-shaped  mouth- 
piece. The  larger  the  size  and  the  greater  the  length  of 
the  corneal  tube  the  uiore  powerful  is  tlieir  souud-con- 


best  appliance  of  this  type  for  near  conversation  is  proli- 
ably  the  otophone  (Pig.  1762),  which  consists,  asdescrihed 


Flu.  1761.— Folding  Fan  Ear  Trumpet. 

veyiug  capacity.  An  instrument  not  designed  to  carry 
about  is  such  an  one  as  is  represented  in  Fig.  1758,  which 
may  be  placed  on  a  stand  or  any  convenient  place  and  is 
useful  in  listening  to  general  conversation. 

The  London  hearing  dome  answers  in  many  instances 
remarkably  well  for  those  who  are  moderately  deaf.  It 
can  be  easily  carried  in  the  pocket  and  is  concealed  in  the 
hand  when  in  use. 
It  consists  of  a  small 
cup-shaped  bowl, 
provided  with  a 
mechanism  peculiar- 
ly adapted  for  sound- 
wave concentration 
and  conduction.  A 
perforated  d  i  a- 
phragm  o-\'er  the 
mouth  of  the  trum- 
pet admits  the  sound 
waves,  w  h  i  1  e  a 
curved  tube,  extend- 
ing from  the  base  of 
the  bowl,  conducts 
them  to  the  ear.  This 
is  shown  in  Fig.  1759. 

The    acoustic  cane  Fig.  17fi2.— The  Otophone, 

(Fig.    1760)    consists 

of  a  walking  stick  with  a  conical,  curved,  hollow  metal 
handle,  open  at  the  end  to  receive  the  sound  waves,  and 
an  ear  tube  at  the  side  below  the  handle.  It  is  conve- 
nient for  gentlemen's  use. 

The  fan  ear  trumpet  (Fig.  17(51'),  answers  a  like  pur- 
pose as  an  aid  for  ladies.  It  consists  of  a  folding  fan  of 
black  silk,  one  side  of  which  is  foroied  into  a  trumpet 
with  an  ear  tip  at  the  handle,  making  an  appliance  which 
can  be  carried  and  used  without  attracting  much 
attention. 

All  these  appliances,  together  with  many  others 
similar  in  construction,  which  have  not  been  re- 
ferred to,  have  a  conical-shaped  tip  for  introduc- 
tion into  the  meatus  and 
canal.  They  are  liable  to 
cause  irritation  and  some- 
times furuncles.  Again,  in 
many  instances,  the  unnat- 
ural augmentation  of  sound 
and  the  reverberations  are 
confusing  and  distressing  to 
the  individual. 

The  third  class  of  instru- 
ments are  of  a  newer  type 
and  to  a  marked  degree  have 
overcome  the  ob.iections  named  in  connection  with 
the  others.  They  do  not  permit  the  column  of  air 
to  strike  against  "the  drum  membrane.  The  sound 
waves  are  "intercepted  by  means  of  a  diaphragm, 
and  it  is  claimed  for  them  that  they  transmit  only  proper 
voice  tones.  The  instrument  is  placed  against  the  auricle, 
thus  avoiding  all  danger  of  irritation  to  the  meatus.    The 


FIG.  ]7(i4. -otophone  with  Hanrlle. 


by  Dr.  Charles 
tube,  thre 


H. 


'  of  a  flexible 


Burnett,  of  Philadelphia, 
*nd  one-half  feet  long  and  one  inch  in  diame- 
ter, with  a  moutli- 
piece  of  convenient 
arrangement  for  the 
speaker.  The  aural 
end  has  the  great  ad- 
vantage and  comfort 
of  terminating  in  a 
disc,  resembling  the 
receiver  of  a  tele- 
phone, which  is  held 
to  the  ear.  By  an 
arrangement  of  dia- 
phragm in  this  ear- 
piece of  the  otophone 
the  disagreeable  reso- 
nance prominent  in 
the  entirely  open  in- 
strument is  prevent- 
ed, and  it  seems  to 
convey  sound  to  the 
deaf  more  completely  than  an}-  other  instnuiient  as  yet 
offered. " 

The  otophone  No.  2  (Fig.  1763)  is  made  in  three  sizes, 
and  this  style  of  instrument  is  particularlj-  adapted  for 
church,  concerts,  lectures,  and  general  conversation.  Its 
use  for  such  purposes  may  be  rendered  more  convenient 
1)}'  the  application  of  a  handle  such  as  is  used  in  connec- 
tion with  opera  glasses,  and  as  is  shown  in  Fig.  1764. 


Fig.  1763.— The  Otophone. 

(No.  2.) 


Fig.  1765.-1116  Auaclare. 

Another  instrument  similar  to  the  otophone  first  de- 
scribed is  the  audiclare  (Fig.  1765),  which  provides  a 
protection  for  the  diaphragm,  so  that  the  earpiece  can  be 
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inessrd  li"litlv  agaiusl  tlic  auricle  without  in  any  way 
tXiu^^  with  its  vihratious.  Tlie  spnug  oonncftiou 
etwren  th,-  disc  and  handl.  gives  t,o  the  user  eon  n. 
over  liie  tnatter  of  degree  of  contact.  It  he  patient  i 
very  deaf  tlie  diaphragm  should  he  pressed  h rntly  i^gauist 
the  ear  Another  form  of  this  instrument  is  useful  for 
healing  at  a  distance  and  for  genei'al  eonversafion. 

The  Rhodes  audiphone  (Fig.  17()(i)  winch  does  m.t 
come  under  my  classitieation,  is  an  app  lance  made  of  a 
thin  plate  of  vulcanite  which  is  .shaped  like  a  fan  and  hy 


Fiti.  17H6.-Tlif  Rlindps  Andiphune. 

means  of  a  cord  may  l)e  Ijent  to  any  degree  of  curvature. 
The  upjier  margin  is  i]laeed  against  the  uiii)er  teeth  and 
the  instrument  Is  held  with  convexity  forward.  In  this 
invention  a  large  convex  suiface  is  provided  for  the  re- 
ception of  Avaves  of  sound,  and  tliese  are  transmitted  first 
to  the  teeth,  and  thence  through  tlie  bones  of  the  skull 
to  the  labyrinthine  fluid  and  the  auditory  nerve  inde- 
pendently of  the  normal  sound-conducting  apparatus. 
This  instrument  is  very  limited  in  its  conducting  prop- 
erty; hence  waves  of  sound  with  no  greater  intensity 
than  those  of  the  human  A'oice  can  affect  it  but  slightly, 
and  on  account  thereof  it  has  proved  disappointing  in 
most  instances. 

The  Akouphone,  which  lias  recently  come  into  use,  is 
perhaps  attracting  more  attention  than  any  instrument 
yet  devised.  It  is  the  invention  of  Mr.  M.  R.  Hutchin- 
son, an  electrical  engineer,  and  is  seemingly  the  liest  aid 
to  defective  hearing  yet  discovered.  A  most  satisfactory 
demonstration  of  its  usefulness  avus  recently  made  before 
the  Otological  Section  of  thi'  New  Yin-k  Academy  of 
IMedicine.  The  instrument  consists  of  a  receiver,  an  ear- 
jiiecc,  a  dry  pocket  storage  battery,  ;ind  a  small  flexible 
coi'd  connecting  the  parts  together.  The  car-piece  is  ad- 
iustable  at  will  to  conform  to  the  degree  of  deafness  of 
the  person  and  tlie  intensity  of  sound  desired.  Tlie 
l)Ocket  storage  liattery  can  be  easily  recharged  from  any 
direct  electric  light  cui-rent.  j\[r.  Hutchinson  also  manu- 
factures a  desk  and  opera  outfit  to  meet  the  indications 
which  the  names  imply. 

Numerous  appliances  which  have  not  been  referred  to, 
both  of  foreign  and  domestic  manufacture,  might  with 
advantage  be  brought  within  the  scope  of  this  article. 
It  seems  best,  however,  to  limit  description  to  those  whii-li 
experience  has  iiroveh  to  be  the  best.  In  any  given  case 
we  should  try  many  of  them  and  not  be  content  until  tlie 
one  is  found  wliicli  proves  to  lie  most  benelicial.  The 
improvement  in  heiulng  which  may  be  temporai-ily  se 
cured  from  the  use  of"  these  instruments,  in  cases  in 
which  the  function  of  the  auditory  nerve  has  not  been 
destroyed,  is  vcny  often  indeed  most  grutifying  t.o  the 
individual,  and  the  relief  afforded  his  friends  is  by  no 
means  an  unimportant  consideration.  Where  acute  in 
flamniation  exists  they  are  never  to  be  used.  In  chronic' 
ear  afleetions.  they  should  Ijc  used  at  a  sufficiently  early 

634 


stage  to  fui-nish  the  necessary  stimulus  to  flic  nerve, 
which  is  tending  toward  atroiihy  owing  to  tlie  ab.sence 
of  its  normal  vibration.  Fniii/diu  M.  Nephem. 

EAR  DISEASES:  CHRONIC  CATARRHAL  OR  NON- 
PURULENT INFLAMMATION  OF  THE  MIDDLE  EAR. 

— ETfOi-oGY.— lu  considering  the  etiology  of  the  process 
which  is  usually  treated  in  the  text  books  under  the  title 
of  chronic  catarriial  inflammation  of  the  middle  ear,  it  is 
necessary  to  recognize  two  separate  and  distinct  processes: 
one  in  which  tlie  thickening  process  is  tubal  in  its  origin, 
whether  in  consequence  of  nasal  trouble  or  the  result  of 
some  other  jiathological  process ;  and  a  second  in  which 
the  process  begins  primarily  at  the  base  plate  of  the 
sliipes  (jiriinary  periostitis  of  the  labyrinthine  capsule: 
Polit/.er)  and  is  for  a  long  rime  confined  to  that  region, 
later  extending  to  tlie  internal  ear  and  also  to  the  other 
middle-ear  structures. 

Th(^  flrst  series  of  cases  are  usually  nasal  or  post-nasal 
in  their  origin,  although  such  nasal  trouble  need  not 
necessarily  be  organic.  In  these  patients  the  first  process 
is  an  acute  secretory  middle-ear  catarrh  which  is  neglected 
liy  the  patient  and  which  passes  off  leaving  a  certain 
amount  of  middle-ear  thickening  to  be  increased  by  the 
nextattack  until  the  resulting  deafness  becomes  percepti- 
ble to  the  patient  and  his  friends.  Of  all  diseases,  adenoid 
disease  in  tlie  na.so-pharynx  unquestionably  cau,ses  the 
greatest  number  of  chronic  middle-ear  thickenin.g.s,— 
many  of  which  never  receive  treatment  until  the  patient 
reaches  adult  life.  Next  to  this,  acute  or  chronic  hyper- 
trophy of  the  turbinates,  spurs  on  tlie  nasal  septum,  and 
any  I'u-ocess  interfering  with  nasal  respiration,  have  an 
important  bearing  on  the  etiology.  The  prominent  part 
formerly  assigned  to  disease  of  the  faucial  tonsils  and  of 
the  naso-pharyux  (other  than  adenoid)  was  undoubtedly  a 
mistake. 

In  many  persons  a  head  cold  has  a  decided  tendency 
to  produce  an  acute  catarrhal  middle-ear  trouble  and  to 
repeat  this  process  with  each  succeeding  cold.  Often  the 
entire  deafness  can  be  definitely  traced  to  a  simple  acute 
rhinitis  where  the  ear  complication  was  at  the  time  dis- 
missed with  the  too  common  remark  that  "it  would  im- 
prove as  the  cold  grew  better." 

Many  of  the  acute  infectious  diseases,  although  more 
frequently  causing  acute  suppurative  processes,  often 
start  a  chronic  catarrhal  middle-ear  trouble.  Especially 
where  Ijotli  ears  arc  simiiltaneously  affected, — the  one 
with  an  acute  inflammatory  process,  the  other  with  an 
acute  catarrhal  process,— the  pain  of  the  former  is  apt  to 
cause  the  patient  completely  to  overlook  the  existence  of 
tlie  latter.  When  the  catarrhal  process  occurs  as  a  com- 
plication of  influenza  or  of  typhoid  it  is  apt  to  be  disre- 
garded, while,  on  the  other  hand,  a  painful  ear  disease 
would,  under  these  circumstances,  be  at  once  recognized. 
Infections  of  the  middle  car  are  apt  to  terminate  in  a 
chronic  catarrhal  iirocess;  tliis  being  especiall}' likely  to 
occur  in  influenza,  typhoid,  and  measles. 

A  large  numlier  of  middle-ear  tliiekeiiings  come  from 
certain  constitutional  diseases,  jiarticularly  rheumatism, 
gout,  and  sj'philis. 

Certain  occupations  are  important  factors:  those  in 
which  the  jiatient  is  exposed  to  draughts,  tiust,  or  other 
conditions  tending  to  cause  an  acute  rhinitis;  and  those 
in  which  tlie  ear  is  subjected  to  the  jar  of  loud  sounds, 
|iarrieularly  boiler  wen  king,  nail  making,  the  shuttle 
rooms  in  mills,  etc.  Also  the  constant  use  of  the  tele- 
jilione  certainly  jilays  the  part  of  a  cause  in  a  number  of 
cases.  It  has  been  the  writer's  experience  that  where 
the  ear  is  liealtliy  Avlien  tlie  patient  enters  an  occupation 
sucdi  as  I  hat  of  a  tele]ilione  operator  or  a  mill  operative, 
no  trouble  will  be  experienced,  but  this  is  not  true  of 
boiler  making  and  nail  working. 

Those  eases  in  which  the  disease  process  begins 
]uimarily  in  the  neighborhood  of  the  stapes  base  plate  are 
rarely  tubal  in  origin  and  not  catarrhal  in  nature.  The 
procc'ss  is  apparently  a  vaso-niotor  one  in  many  instances 
and  often  a  .sequel  of  neurasthenia.  In  many  individuals 
it  is  clearly  hereditary.     In  other  cases  syphilis,  gout,  and 
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rheumatism  are  prominent  t'lietors,  us  iirc  also  debilitat- 
ing diseases  or  severe  uii:cmias. 

PatiioiaXiY. — The  ]iathological  eonditions  found  in 
eliroiiic  eatarrhal  middle-ear  disease  are  either  loeal — i.e.. 
eontined  to  the  neighborhood  of  tlie  stapedo-vestibular  ar- 
liculatioii — or  diffuse  throughout  the  middle  ear,  accord- 
ing to  llie  type  of  disease  present.  In  the  lirst  form,  the 
Hustachian  tuh<',  mastoid  i)roe.ess,  and  menibrana.  t\'m- 
)iani  are  unaffected.  The  stapes  may  be  fixed  by  a  union 
(if  the  base  plate  only  or  by  luiion  of  the  crura  to  one  or 
moi-e  sides  of  the  fenestra  ovalis,  or  the  rigidity  may  be 
due  to  a  general  membranous  or  bony  fixation,  the  latter 
often  in  extreme  eases  projecting  into  the  vestilnde  and 
cochlea.  The  pathological  lesion  here  was  well  under- 
stood and  studied  very  early  \iy  Toynbee  and  carefully 
described  by  him,  but  his  observations  seem  to  have  been 
too  lon.g  neglected.  In  an  examination  of  1,149  cases  he 
found  ')?>  in  which  there  was  a  mendjranous  ankylosis  of 
the  base  plate  of  the  stapes  witliout  any  enlargement  of 
the  base  or  of  the  articidar  surface.  In  49  eases  there  was 
ankylosis  from  eularg<anent  of  the  base  plate  with  no 
alteration  of  the  stnuttvire.  Twenty-nine  cases  showed 
an  osteoma  of  the  base  of  the  stapes,  hypertrophy  of  the 
normal  bone  tissue,  firm  ankylosis,  and  the  enlarged  base 
jilate  projected  into  the  cavity  of  the  vestibule.  New 
biiny  tissue  beyond  the  limit  of  the  oval  window  was 
found  in  35  cases.  In  4  cases  there  was  firm  adherence 
to  the  inferior  portion  I  if  the  oval  window,  and  in  13  cases 
the  ('ntire  circumference  ^vas  ankylosed.  In  12  cases 
the  circumference  and  vestibular  surface  were  affected 
and  the  I'est  of  the  stirrup  was  normal. 

In  the  second  form  of  chi-onic  middle-ear  catarrh  we 
may  find  the  stapes  ankylosed,  but  such  ankylosis  is  asso- 
ciated with  other  pathological  changes  in  the  tympanum. 
Often  the  fenestra  rotunda  is  filled  with  connective  tissue 
and  greatly  thickened ;  some  cases  of  calcification  at  this 
point  have  been  reported ;  at  other  times  the  tympanic 
mucous  membrane  over  tlie  oval  Avindow  is  greatly 
thickened.  Ankjdosis  of  the  malleo-incudal  articulation 
is  occasionally  seen,  but  that  of  tljc  incudo-stapedial 
joint  is  rare— Toynbee  repcjrts  only  two  cases  in  his 
1,149  dissections. 

In  beginning  cases  the  mucous  membrane  of  the  tym- 
panum is  swollen  and  infiltrated,  .so  that  the  depressions 
in  the  attic,  the  r(.iund  and  oval  windows,  and  the  prom- 
ontory are  obliterated  and  the  normal  nuicous  mem- 
brane folds  are  much  swollen.  At  a  later  stage  organi- 
zation takes  place,  the  mucous  mend)rane  is  much  thicker 
than  normal,  and  the  folds  of  the  tympaiunn  as  well  as 
the  capsules  of  the  joints  of  tlie  ossicles  are  con.sequently 
much  more  rigid. 

Sindlar  alterations  take  place  in  the  Eustachian  tulic 
so  that  the  lumen  is  narrowed  by  the  swelling  ()f  the 
nuicous  membi-ane,  but  actual  stricture  is  rare.  Second- 
ary changes  lake  place  in  the  intratympanic  nmscles, 
largely  from  their  ilisuse:  they  become  degenerated  or 
atrophied.  From  the  swelling  of  the  mucous  membrane 
of  its  inner  coat,  the  membrana  tympani  becomes  less 
and  less  transparent  and  thicker,  either  in  whole  or  in  part. 
SY.Mi'TOMATOi.OGy.— The  onset  of  this  disease  is  so 
gradual  and  the  preliminary  symptoms  are  so  slight  that 
usually  several  years  elapse  before  the  patient  presents 
himself  for  treatment.  His  friends  have  assured^hmi  for 
.some  time  that  he  was  "  becoming  absent-minded,"  and  he 
himself  has  probably  noticed  a  slight  tinnitus,  possibly  at 
first  only  with  an  acute  rhinitis,  but  later  constant.  For 
many  years,  in  slowly  progressive  cases,  the  deafness  and 
tinnitus  remain  the  only  subjective  evidence  of  tiouble. 
Then,  as  the  stapes  and  the  membrane  of  the  round  wui 
(low  become  more  rigid,  the  patient  begins  to  have,  with 
a  marked  increase  of  these  symptoms,  auditory  vertigo 
iind  nausea.  The  latter  symptoms  are  much  more  com- 
mon in  ear  disease,  and  especially  this  particular  form  ot 
ear  disease,  than  is  ordinarily  supposed,  and  it  is  the  ex- 
perience of  every  aurist  that  the  correct  diagnosis  is  not 
made  until  the  patient  has  been  put  through  a  long  course 
of  stomach  treatment.  , 

The  amount  of  vertigo  varies  ver}-  much,  but  m  the 


niiddlc-ear  ca.ses  it  is  usually  of  a  mild  type  and  not  apo- 
plcetifoi-m  in  cliaracter,  but  instances  of  this  are  occa- 
sKinally  seen.  It  \aries  directly  with  the  amount  of 
thickening  about  the  stapes  and  within  the  labyrinth, 
and  with  the  general  condition  of  the  patient,  lie  nuij' 
stagger  when  he  walks,  as  if  drunk,  or  in  the  ai)o]ilccti- 
forni  ty|)e  he  may  fall  to  the  groinid  so  snildeidy  as  to 
injure  him.si'lf.  The  vertigo  is  usually  woi'se  in  the  dark 
and  continues  when  the  eyes  are  closed.  In  some  cases 
the  attack  wakes  the  patient  from  his  sleep.  Pure  aural 
vertigo  is,  however,  never  accompanied  by  unconscious- 
ness or  local  ])aralysis. 

The  amount  of  nausea  and  vomiting  is  as  a  rule  de- 
pendent on  the  amount  of  vertigo  and  is  independent  of 
iudisiax'tions  in  diet.  With  some  the  vomiting  is  persist- 
ent for  four  or  five  daj's  and  I'equires  rectal  feeding. 

In  many  cases  of  chronic  middle-ear  catarrh  the  patient 
compliiins  of  a  dull,  heavy  pain  in  the  depth  of  the  ear; 
acute  pain  is,  however,  never  caused  bj'  the  disease. 

In  tile  beginning  stage  there  is  apt  to  be  an  over-ac- 
eunudation  of  cerumen,  so  that  once  in  six  or  eight 
months  a  large  mass  blocks  the  canal  and  has  to  be  re- 
moved. In  the  later  ,stages  of  chronic  middle-ear  thick- 
ening the  revei'se  is  true, — little  or  no  wax  forms,  the 
canal  is  dry  and  .glistening,  and  the  residtant  itching 
from  the  dryness  of  the  canal  is  often  very  annoying  to 
the  patient. 

It  was  long  ago  noticed  that  many  of  these  patients 
possess  the  ability  to  hear  better  in  a  noise  than  persons 
with  normal  liearing  (paracusis — Willis),  and  this  often 
leads  those  engaged  in  noisy  occupations  to  disregard 
their  deafness  until  it  has  reached  a  high  degree. 

A  more  annoying  symptom  wdiich  is  occasionally 
noticed,  especially  in  neurotic  people,  is  a  hyperoesthesia 
to  tones  either  of  a  certain  pitch,  usually  high,  or  of  a 
certain  loudness.  This  piesumably  arises  from  the 
imnatuial  tension  of  the  auditory  mechanism  and  will  be 
found  very  difficult  to  treat  successfully. 

When  the  membrana  tympani  is  relaxed,  and  also  in 
some  cases  from  the  simple  increase  of  intratympanic 
pressure,  the  patient  is  annoyed  by  a  sharping  or  flatting 
of  tones  in  the  affected  ear,  "producing  a  discord  when  a 
simple  musical  tone  is  sounded.  This  symptom  is  prob- 
ably ju'esent  in  many  cases,  but  is  observed  only  when 
the'  patient  has  a  kmnvledge  of  music.  The  middle  and 
upper  registers  are  most  often  aftectcd.  A  variation  of 
this  sjunptom  is  seen  in  some  persons  when  a  jariing 
sound  is  heard  in  the  ear  whenever  a  certain  note  is 
stnu'k. 

In  the  begiimingstagesof  middle-ear  thickening  autoph- 
ony  is  often  coiniilained  of.  Either  the  patient's  own 
voice  <ir  the  sound  of  his  footsteps,  or  outside  sounds,  echo 
in  the  ear  as  if  a  resonator  were  held  to  the  auricle.  Of 
all  the  annoyances  to  which  this  type  of  ear  disease  sub- 
jects one,  the  tinnitus  is  usually  the  most  wearing.  All 
sorts  and  varieties  of  sounds  are  heard  in  most  cases— 
either  vascular  or  from  spasmodic  action  of  the  intratym- 
panic or  pharyngeal  muscles;  hence  we  have  clicking, 
buz/.ing,  beating\  roaring,  or  singing  sounds.  In  the 
cases  of  stapes  fixation  a  very  characteristic  symptom, 
often  noted  one  or  two  years  before  any  other,  is  a  con- 
tinudus  high  pitched  tiniiitus  hke  escaping  steam  or  the 
sound  of  the  fields  in  August.  All  these  varieties  of 
sounds  are  of  course  dependent  upon  the  circulation  and 
general  condition  and  are  apt  to  increase  when  certain 
drugs  are  ingested  or  when  certain  positions  of  the  body 
arc  assumed.  Thus,  for  example,  a  beating  tinnitus  is 
usually  increased  by  alcohol  or  by  bending  forward  or 
lyiii.r  down.  As  elsewhere  stated,  the  rarefaction  of  air 
oljtabied  at  an  altitude  of  over  one-thousand  feet  will 
modify  many  cases  decidedly. 

Both  the  tinnitus  and  the  deafness  are  apt  to  be  worse 
in  damp  weather,  and  at  such  times  the  patient  also  notices 
a  feeling  as  if  the  tympanum  were  filled  with  wool. 
Bodilj-  fatigue  also  infiuences  both  symptoms  to  a  marked 

DiuiNOsis.— The  diagnosis  of  this  affection  is  made  by 
the  objective  examination  of  the  ear  combined  with  a 
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fuDCtioual  examination.  In  the  cases  in  whieli  tlie  process 
starts  in  tlie  fenestra  ovalis,  we  may  expect  t(;  Unci  no 
patliolosical  (■lian2:e  in  tlie  memlirami  tynipani,  excei>t 
tliat  in  some  rare  cases  a  reddisli  s'""'  is  «'^'"  instead  ot 
the  normal  yellowish  reflex  from  the  mucous  membraiK' 
of  the  tympanic  cavity.  This  congestion  may  cover  the 
whole  inner  wall  of  tlie  tympanum  or  be  contined  to  the 
renion  of  the  oval  and  round  windows. 

When  the  process  is  tubal  in  its  ori,!j;in  we  ,i,'et  imme- 
diate objective  changes.  The  membrane  is  retracted,  the 
short  process  of  the  malleus  more  prominent,  and  the 
manubrium  less  so,  beina;  pulled  backward  and  upward 
and  foreshoiteiied.  When  the  retraction  is  extreme,  espe- 
cially in  children,  a  band  extending  nearly  horizontally 
from  the  short  process  of  the  malleus  to  the  periphery 
of  the  membrane  Is  put  on  the  stretch  and  made  more 
prominent.  The  color  of  the  membrana  tympani  is  much 
altered,  being  whiter  than  normal,  and  there  is  of  course;  a 
more  or  less'complete  loss  of  trans]iarency  from  the  in- 
crease in  thickness  of  the  mucous  layer  of  the  tlrum  mem- 
brane. Except  where  some  acute  process  Is  present,  the 
lustre  of  the  membrana  tympani  is  either  unaffected  or 
increased  in  lirilliancy. 

The  functional  examination  is  the  more  important  of 
the  two  in  all  forms  of  middle-ear  thickening,  and  should 
always  be  made  with  instruments  giving  tones  of  several 
different  pitches.  In  even  a  routine  examination  at  least 
the  amount  of  deafness  for  spoken  words,  the  results  ob- 
tainable by  the  Rinne  test  with  a  fork  of  the  middle  regis- 
t<.'r,  and  the  upper  and  lower  feme  limits  should  lie  ascer- 
tained before  an  intelligent  opinion  can  be  given. 

As  a  general  rule  it  ina_y  be  said  that  the  more  fixed 
the  stapes  becomes  in  the  oval  window  and  the  more  rigid 
are  the  membrana  tympani  and  the  ossicular  chain,  the 
greater  the  loss  for  air  conduction  of  bass  tones.  At  the 
same  time  there  will  be  a  diminution  of  air  conduction  for 
all  tones,  this  being  more  marked  the  lower  the  pitch  of 
the  tuning-fork  used;  tlie  liearing  bjr  bone  conduction 
will  also  be  found  to  be  either  unaltered  or  increased. 
If  the  labyrinth  is  unaffected,  the  hearing  for  high  tones 
will  be  unaltered  even  where  the  deafness  for  tones  of 
the  middle  or  low  register  is  very  pronounced. 

As  a  matter  of  practical  experience,  it  will  be  often 
found  that  in  cases  of  thickening  and  rigidity  of  the 
membrana  tympani  alone,  or  of  this  membrane  and  the 
malleo-incudai  and  incudo-stapedial  articulations,  the 
amount  of  deafness  for  the  watch  will  be  proportionally 
greater  than  for  other  tones,  whereas  in  the  primary  stapes 
fixations  the  hearing  for  the  watch  is  better  than  for  other 
tones  and  the  bass-tone  hearing  is  the  most  affected. 

In  all  testing  allowance  must  be  made  for  the  intelli- 
gence of  the  patient,  and  the  test  should  be  made  in  a 
quiet  room,  for  the  reason  that  many  of  these  patients 
hear  much  better  in  a  noise.  One  should  also  be  careful 
not  to  allow  the  patient  to  see  the  lips  in  testing  with 
spoken  words,  as  such  patients  are  often  proficient  lip 
readers. 

Prognosis.— Chronic  middle-ear  catarrh  has  always 
been  considered  the  oiipiobrium  of  aural  surgery,  aiid 
certainly  the  prognosis  of  this  disease  in  the"  past  has 
often  been  given  too  hastily  and  with  too  little  r<-gard  to 
the  etiology  and  the  general  condition  of  the  |ia,tient. 

The  prognosis  of  those  cases  in  which  the  middle-ear 
thickening  is  confined  to  the  membrana  tyininini  alone, 
or  to  this  membrane  and  the  malleo-incudai  mid  incudo- 
stapedial  articulations,  is  usuallv  much  more  ho|)eful  than 
where  the  pi-ocess  starts  in  the  stapedo-ve.stilmlar  articu- 
lation. In  all  cases  in  which  the  chronic  middle-ear  ca, 
tairh  IS  the  result  of  a-general  disease  process,  as  for  in- 
stance gout  or  rheumatism,  the  proi;nosis  iiiusi  iif  coiu'se 
depend  upon  that  of  the  causative  ilisease. 

A.S  a  general  rule,  all  ca.ses  in  which  the  tuning-fork  re- 
action m  the  Rinne  test  shows  the  bone-condiiction  hear- 
ing a  greatdeal  prolonged  over  the  normal,  and  especiallv 
in  those  cases  in  which  the  air  condut^tiouis  lost  for  forks 
ot  51..  V.  s.  or  over,  the  chance  of  any  restoration  of  hear- 
ing IS  very  small.  Much  d(.pends  upon  the  duration  of 
the  disease ;  and  owing  to  the  fact  that  the  onset  is  in  the 
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great  majority  of  cases  slow  and  insidious,  the  treatment 
is  apt  to  be  begun  long  after  the  middle-ear  thickeniug 
has  become  far'advanced.  It  should,  however,  never  be 
forgotten  that  the  disease  left  to  itself  naturally  tends  to 
increase  year  by  year,  and  it  is  as  much  the  dutj'  of  the 
]ihysician  to  arrest  its  progress  as  to  relieve  what  deafness 
has  already  become  the  fate  of  the  patient. 

The  tinnitus  is  often  as  annoying  or  even  more  annoy- 
ing to  the  patient  than  the  deafness  and  requires  as  care- 
ful consideration  in  the  progno.sis  of  anj'  individual  case. 
In  brief,  it  may  be  said  that  any  symptomatic  treatment 
of  this  .symptom  by  drugs — such,  for  example,  as  tin; 
bromidi — will  prove  an  utter  failure  except  to  tide  the 
liatient  over  a  temporar}'  increase  of  the  trouble.  Treat- 
ment of  this  symptom  should  be  with  reference  to  the 
pathology  of  the  ilisease,  and  no  symptom  will  be  found 
more  dependent  upon  tlie  patient's  general  health  than 
this. 

]\hiny  [latients  with  middle-car  thickening  are  troubled 
with  a  certain  amount  of  vertigo  and  often  also  nau.sea 
— symptoms  which  increase  in  proportion  as  the  rigidity 
of  the  ossicular  chain  increases,  and  which  are  decidedly 
more  common  in  neurotic  individuals  than  in  tho.se  who 
show  no  such  predisposition.  Here  we  may  hope  to 
effect  some  improvement  \)y  the  administration  of  drugs, 
especially  those  which  act  on  the  circulatory  system; 
but  we  should  again  remember  tliat  the  vertigo  is  a  symp- 
tom of  a  disease  and  that  it  is  our  chief  duty  to  consider 
its  causation  in  our  treatment. 

Especially  in  the  primary  stapes  fixations,  we  may 
consider  the  prognosis  worse  when  there  is  a  history  of 
hereditary  deafness.  When  the  chronic  middle-ear  thick- 
ening clearly  results  from  nasal  or  post-nasal  troubli'  and 
is  worse  after  colds,  much  can  lie  done  in  checking  the 
progress  of  the  disease;  but  certainly  far  loo  li(i]i(d'ul  a 
prognosis  has  often  been  given  in  these  cases,  for  it  is 
manifestly  impossible  for  any  nasal  or  post-nasal  opera- 
tion to  improve  a  case  of  middle-ear  trouble  wheie  there 
is  ankj'losis  of  the  ossicular  chain,  and  especially  of  the 
stapedo-vestibular  articulatif)n,  and  where  the  air  cim- 
duction  for  bass  tones  has  been  markedly  diminished  for 
any  length  of  time. 

When  the  disease  process  is  owing  to  sypliilis  or  to 
myxedema,  and  has  not  been  of  too  long  duration,  much 
improvement  can  be  obtained  by  appropriate  treatment 
even  when  the  deafness  is  of  a  high  grade. 

Treatment. — Treatment  of  this  disease  may  be  divided 
into  two  great  classes,  local  and  general.  Considering  gen- 
eral treatment  first,  we  find  that  a  very  large  number  of 
cases  are  nasal  or  post-nasal  in  their  origin,  and  such  must 
receive  appropriate  local  treatment  before  any  permanent 
improvement  can  be  attained.  A  large  number  also  are 
secondary  to  some  disease,  particularly  gout,  rheumatism, 
and  syphilis,  or  originate  during  some  acute  disease,  such 
as  influenza,  typhoid,  or  pneumonia.  Furthermore,  mid- 
dle-ear thickenings  of  whatever  cause  are  always  much 
induenced  by  an  intercurrent  neurasthenia  or  ana'iuia. 
The  treatment  in  these  cases  is,  of  course,  plain. 

So  commonly  is  the  syphilitic  element  present  in  middle- 
ear  thickening  that  the  author  believes  that  ii.dide  of 
potas.sium  and  pilocarpine  should  always  be  tried  before 
a  case  is  abandoned  as  hopeless.  The  disease  process 
here  is,  as  a  rule,  a  tertiary  manifestation.  Pilocarjiine 
hydrocldorate,  in  doses  of  gr.  i  to  J  once  or  twice  a  day, 
is  often  of  very  great  benefit  to  such  patients,  especially 
when  given  subcutaneously ;  but  as  a  rule  it  is  of  only 
temporary  value,  unless  given  in  conjunction  with  iodide 
of  potassium  or  mercury. 

In  the  deafness  which  develops  in  the  course  of  myxo>- 
dema  much  may  be  expected  from  the  use  of  thyroid 
extract,  but  it  has  been  the  author's  experience  tliat  no 
improvement  is  to  lie  exjiected  from  this  drug  in  any 
other  class  of  middle-ear  catarrh,  although  many  claims 
have  been  made  for  it,  especially  in  cases  of  primary 
stapes  fixation. 

For  the  relief  id'  linnitus  aurium  and  vertigo  a  formi- 
dable list  of  drugs  has  been  advocated  by  various  authors, 
and  a  careful  consideration  of  the  individual  case  must 
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always  be  made  in  the  selection  of  treatment.  Iron  and 
arsenic  will  of  course  benefit  tlie  anscniic  case,  and  anaemia 
will  be  found  to  be  a  factor  in  a  very  large  proi)ortion. 
The  bromides  will  often,  at  least  temporarily,  benefit  the 
neurotic  patient.  In  such  cases  as  are  circulatory  in 
their  origin,  digitalis,  nitroglycerin,  or  strycimine  will 
be  found  of  benetit.  Small  doses  of  (piinine,  gr.  j'„  to  f 
every  three  hours,  liave  been  strongly  advocated  for  the 
relief  of  vertigo,  especially  by  the  Freneli  writers,  but  tlie 
author  has  found  that  very  little  inii)rovement  follows 
such  treatment.  In  an  occasional  ca.se  some  improvement 
may  be  obtained  from  the  use  of  other  drugs  frecpiently 
mentioned  for  tlie  relief  of  tinnitus— as,  for  example, 
gelsemiuni,  hydrobromic  acid,  etc.  Particulaily  in  the 
nasal,  rheumatic,  and  gouty  cases  climatic  conditions  may 
have  an  influence,  and  much  ma_y  be  gained  if  the  patient 
is  able  to  make  a  change  of  surrovmdings.  When  the 
tinnitus  has  been  due  to  an  increased  intralabyriiithine 
pressure  from  indrawing  of  the  drum  membiaiu^  and 
locking  of  the  ossicular  cliain,  much  temporary  improve- 
ment nia}'  be  secured  by  residence  at  an  altitude  of  one 
thousand  feet  or  over. 

Repeated  head  colds  being  a  very  common  cause  of 
this  disease,  much  benefit  may  be  derived  from  fresh  air 
and  exercise,  proper  clothing,  and  other  measures  de- 
signed to  prevent  the  recurrence  of  the  acute  rhinitis. 

Local  Trentment. — Pre  eminent  in  local  treatmeutstands 
inflation  of  the  middle  ear  liy  the  Eustachian  catheter  or 
by  means  of  the  Politzer  bag,  but  there  is  no  doubt  that 
in  the  past  this  treatment  has  been  adopted  too  indis- 
criminately and  that  much  harm  has  fieen  done  thereby. 
Tlie  Eustachian  catheter  should  be  used  in  preference 
to  Politzerization  in  all  cases  in  which  its  use  is  possible,  as 
in  this  way  the  amount  of  intratympanic  pressure  can  be 
much  better  gauged.  Also  it  is  possible  by  this  mode  of 
inflation  to  treat  one  ear  independently  of  the  other.  In 
children  and  old  people  the  Pohtzer  hag  must  usually  be 
employed.  Care  must  be  taken  not  to  inflate  too  vigor- 
ously or  too  frc(iuently,  and  in  all  cases  treatment  should 
be  abandoned  when  the  drum  membrane  shows  signs  of 
overstretching,  as  indicated  by  an  abnormal  light  reflex 
in  the  upper  posterior  part  of  the  membrane.  The  Val- 
salvan  inflation  is  very  little  used  at  present  and  is  of 
doubtful  benefit,  if  not  of  positive  harm,  to  the  average 
patient.  By  many  aurists  the  middle  ear  is  infiated  by 
means  of  a  compressed  air  apparatus  instead  of  a  Politzer 
bag ;  in  this  case  the  pressure  should  not  exceed  fifty 
pounds  to  the  inch. 

The  Eustachian  bougie  was  formerly  much  used,  and 
at  the  present  time  Eustachian  electrolysis  is  having  some 
vogue;  both  are  based  on  an  insufficient  study  of  the 
pathology  of  the  disease,  as  actual  stenosis  of  the  Eus- 
tachian tube  is  comparatively  rare. 

Occasionally  the  Eustachian  catheter  is  used  for  in- 
jecting fluids  "or  vapors  into  the  middle  car;  pilocarpine, 
menthol,  muriate  of  ammonia,  and  alliolene  are  the  reme- 
dies wliich  have  been  especially  reconunended  for  use  in 
fluid  form,  while  as  vapors  the  fumes  of  iodine,  chloric 
ether,  camphor,  and  ammonia  are  generally  employed. 
In  the  author's  experience  very  little  benefit,  other  than 
that  due  to  the  effect  of  the  simple  inflation  of  the  ear, 
is  to  be  derived  from  the  employment  of  these  drugs  m 
this  manner. 

In  primary  stapes  fixation  little  or  no  benefit  can  be  de- 
rived from  any  form  of  middle-ear  inflation,  as  it  is  obvi- 
ous that  such  a  process  does  not  start  in  the  Eustachian 
tube.  Here  some  form  of  aural  massage,  such  as  the 
tragus  pressure  of  Hommell,  or  one  of  the  various  meth- 
ods of  instrumental  massage— e.g'. ,  that  by  means  of  the 
Siegle  speculum,  or  the  Delstanche  masseur,  or  Luoffi  s 
pressure  probe,  or  that  which  is  based  upon  tlic  employ_ 
ment  of  some  form  of  musical  tone  vibration— may  bo  of 
some  service.  Undoubtedly  the  simple  Siegle  or  the 
Delstanche  instrument  is  vastly  preferable  to  their  elec- 
tric prototypes,  and  by  their  use  an  occasional  improve- 
ment as  to  tinnitus  may  be  obtained ;  but  there  is  a  great 
risk  of  stretching  the  membrana  tympani.  ^  The  Luck 
pressure  probe  also  relieves  an  occasional  tinnitus  auriuni. 


liut  is  usually  un.satisfactory  in  its  results.  All  the  dif- 
ferent forms  of  musical  massage  now  on  the  market  are 
unscientific  in  principle  and  eitlier  productive  of  no  bene- 
lit  or  positively  deleterious  to  the  patient. 

In  this  form  of  the  disease  much  more  is  to  be  expected 
from  general  than  from  local  treatment,  and  a  careful 
consideration  of  the  etiology  of  a  given  case  will  usually 
give  a  clew  to  the  best  treatment  to  adopt. 

Wliere  a  patient  with  rinnitus  presents  one  spot  on  the 
membrana  tympani  which  is  Ihiiiiier  than  the  rest  of  the 
membrane,  relief  may  occasionally  be  obtained  by  cover- 
ing this  jilace  with  a  very  thin  piece  of  rice  paper  or  with 
the  vitelline,  membrane  of  the  egg.  The  paper  in  such 
cases  must  be  highly  sized  and  thin,  and  must  be  made 
to  adhere  by  moistening  it  with  water.  Where  relief  is 
obtained  by  its  use  the  tinnitus  will  return  when  the 
liaper  works  off  the  thin  spot  over  which  it  has  been 
placed,  i.i;.,  usually  at  the  end  of  about  eight  or  ton 
weeks.  The  egg  film  is  best  moistened  in  the  egg  albu- 
men, and  will  then  remain  in  place  for  about  the  same 
length  of  time  as  the  paper  patch. 

Where  from  treatment  or  otherwise  the  membrana 
tympani  has  become  stretched,  the  patient  will  complain 
of  a  flatting  or  sharping  of  tones.  Such  cases  may  nearly 
always  be  reheved  by  placing  a  paper  or  egg-film  patch 
over  the  stretched  portion  of  the  membrane,  but  in  some 
cases  it  may  be  necessary  to  place  several  layers  one  above 
the  other.  The  same  result  is  obtained  by  painting  the 
flaccid  portion  with  contractile  collodion. 

From  the  very  beginning  of  otology  aurists  have  tried 
by  operative  means  to  relieve  the  patient.  Among  these 
operations  may  be  enumerated :  making  a  permanent 
opening  in  the  membrana  tympani ;  tenotomy  of  the  ten- 
sor tympani  alone,  or  of  both  the  tensor  tympani  and 
the  stapedius;  cutting  the  posterior  fold;  removing  the 
membrana  tympani,  malleus  and  incus,  or  the  incus  alone; 
and,  finally,  excision  of  the  membrana  tympani,  malleus, 
incus,  and  stapes,  or  of  the  stapes  alone.  All  these  have 
had  more  or  less  extravagant  claims  made  for  Ihem,  have 
had  a  vogue  for  a  time,  and  then  have  gradually  been 
abandoned.  Unquestionably  each  of  these  measures  is 
applicable  to  an  occasional  case  and  harmful  to  most 
others,  but  this  subject  will  be  better  handled  in  the 
chapter  devoted  to  'it.  (See  article  on  Ear  Diseases: 
Operations  vpon  the  Tympanic-  Membrane  and  Ossicles.) 

Eugene  A.  Crockett. 

EAR  DISEASES:  CHRONIC  PURULENT  INFLAM- 
MATION OF  THE  MIDDLE  EAR.  —  (Symaiyms;  Otitis 
Media  Purnlenta  Chronica;  Chronic  Purulent  Ear  Ca- 
tarrh; Chronic  Suppuration  of  the  Middle  Ear.) 

In  the  present  article  it  is  to  be  understood  that  the 
term  chronic  purulent  otitis  media  applies  only  to  those 
cases  in  which  the  inflammation  has  lasted  for  a  period 
of  three  months  or  more,  with  or  without  treatment ;  and 
that  the  parts  involved  in  the  inflammation  are  the  struc- 
tures which  form  the  middle  ear. 

Etiology.— A  chronic  purulent  inflammation  of  the 
middle  ear  may  be  said  to  develop,  in  all  cases— with  the 
exception,  perhaps,  of  those  which  are  of  a  tuberculous 
nature,- out  of  the  acute  form  of  purulent  otitis  media; 
and  the  factor  which  plays  the  most  important  part  in 
conferring  the  characteristic  of  chronicity  upon  them  is 
the  lack  of  proper  drainage.  There  are  various  patho- 
logical conilitions  which  may  favor  such  imperfect  drain- 
ac^"e.  Thus,  for  example,  the  perforation  in  the  drum 
nfembrane  may  be  of  such  small  size  or  may  occupy  such 
a  position  that  it  can  drain  only  inadequately  the  cavity 
which  lies  behind  it.  Polypi  and  large  granulations  may 
form  and  these  may  partially  obstruct  tile  escape  of  the 
discharo-e  while  at  the  same  time  they  aid  in  rendering 
it  more"  prof  use.  Then,  as  a  result  of  the  retention  of 
the  discharge,  the  solid  elements  which  it  contains  will 
accumulate  in  constantly  increasing  amount,  until  finally 
there  will  be  lodged  in  the  attic,  or  farther  back  in  the 
mastoid  a  cheesy  substance— the  so-called  cholesteato- 
matous  material .  Through  the  agency  of  the  bacteria  of 
decomposition  this  material  soon  becomes  foul-smelhng. 
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Still  otlicr  factors  often  aid  in  producing  or  in  ag.tg'a- 
vating  the  unfavorable  conditions  just  enumevated.  i<  or 
example,  adhesions  may  form  and  may  serve  as  further 
means  of  retaining  the  secretion  in  small  spaces  or  pock- 
ets Necrosis  or  caries  of  the  ossicles  or  of  any  portion 
of  the  tympanum  may  take  place  when  the  disease  has 
been  prolonged  for  any  length  of  time,  and  this  is  partic- 
ularly apt  to  be  the  case  where  the  disease  has  been  con- 
fined to  the  attic  region.  In  this  locality  the  head  of  the 
malleus  and  also  the  inner  portion  of  the  superior  part 
of  the  tympanic  ring,  upon  which  the  head  of  the  mal 
leus  rests,  are  usually  found  to  be  necrotic. 

Pathology.— In  chronic  purulent  otitis  media  Aye  en- 
counter a  series  of  pathological  pictures  (piite  dilferent 
from  tho.se  observed  in  the  acute  or  subacute  form  of  the 
disease.  The  drum  membrane,  or  what  is  left  of  it,  is 
usually  out  of  all  semblance  to  its  former  shape  and  posi- 
tion, and  whatever  portion  remains  is  so  distorted  from 
its  natural  shape,  owing  to  previous  involvement  and  the 
pressure  exerted  upon  it  from  behind,  that  it  looks,  at 
first  sight,  like  one  red  mass  of  granulation  tissue,  with 
usually  a  small  depression — sometimes  a  pouting  out- 
ward—at the  point  of  exit  of  the  discharge.  If  this  con- 
dition be  not  speedily  relieved,  we  very  soon  have  the 
destructive  process  attacking  not  only  the  ossicles  but 
various  portions  of  the  tympanic  wall.  The  bony  part 
attacked  first  is  usually  that  part  whicli  has  a  scant  sup- 
ply of  blood-vessels,  and,  as  the  incus  is  not  at  all  bounti- 
fully supplied  with  blood,  we  usually  find  necrosis  be- 
ginning here  flr.st.  Later,  the  malleus  becomes  involved, 
especially  that  part  which  articulates  with  the  incus, 
and,  still  later,  the  head;  and  if  the  destructive  process 
be  not  arrested  here,  very  soon  erosions,  exfoliations,  and 
necrosis  will  develop  in  other  parts  of  the  tympanum, 
and  particularly  at  the  inner  and  upper  surface  of  that 
portion  of  the  tympanic  ring  on  which  rests  the  head  of 
the  malleus,  as  well  as  over  the  tymjianic  orifice  of  the 
Eustachian  tube.  Very  rarely  in  this  disease  is  the  inner 
wall  affected.  The  amount  of  destruction  involving  the 
drum  membrane  varies  greatlj- :  at  one  time  there  may 
be  nothing  more  than  a  small  perforation,  and  then  at 
another  time  the  membrane  may  be  almost  entirely  de- 
stroyed. In  some  cases  Shrapnell's  membrane  remains 
intact,  but  in  others  it  also  is  destroyed.  The  perfora- 
tion, in  the  cases  in  which  the  damage  done  to  the  mid- 
dle ear  is  not  specially  great,  is  usually  located  in  the 
posterior  inferior  quadrant.  "When  the  ossicular  chain 
and  other  parts  of  the  bony  structure  are  implicated, 
then  we  find,  as  a  rule,  that  the  perforation  is  located  in 
the  posterior  superior  quadrant,  below  or  on  a  level  with 
the  articulation  of  the  incus  and  stapes,  and  the  higher 
up  the  perforation  is  located  in  these  cases  the  more  sure 
are  we  to  find  iutratympanic  caries. 

The  presence  of  a  cholesteatomatous  deposit  in  the  ear 
is  caused  by  a  rapid  desquamation  of  the  superficial  epi- 
thelial layer  of  the  mucous  membrane,  and  it  indicates 
that  the  drainage  from  the  region  in  which  the  deposit  is 
found  has  for  a  long  time  lieen  inade(juate— so  inade- 
((uate,  indeed,  that  the  solid  elements  of  the  discharge 
have  been  retained  in  constantly  increa.sing  quantity. 
Decomposition  sets  in  and  there  is  then  conferred  upon 
the  fluid  portion  of  the  discharge  a  highly  acrid  and  irri- 
tating character  which  doubtless  plays  an  important  part 
in  perpetuating  and  rendering  more  active  the  desquama- 
tive process.  Wherever  tlie  mucous  membrane  is  I'ree 
to  expand  the  acrid  discharge  excites  iirolitVration  of  the 
conneetive-ti.ssue  elements— that  is,  granulation  tissue  is 
formed;  but  where  the  mucous  membrane  is  under  a  cer- 
tain amount  of  pressure— as  in  the  epitympanie  space 
and  the  antrum,— the  irritation  caused  by  the  acrid  dis- 
charge manifestsitself  in  an  active  descpiamative  process 
A  very  offensive  odor  characterizes  these  cases  At 
first,  the  cast-off  epilhclium  mingles  with  the  other  solid 
elements  of  the  discharge,  but  when  these  accumulate  to 
such  an  extent  as  to  form  a  mass  of  a  certain  degree  of 
solidity  the  desquamated  epithelium  is  east  loose  in  lami- 
nated sheets,  oftentimes  (piite  leathery  in  character  As 
these  increase  in  bulk,  layer  by  layer,  they  cause  press- 
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ure  and  then  give  rise  to  a  most  distressing  set  of  .symp- 
toms, to  be  followed  later  by  sclerosis  of  the  cavity  in 
which  they  are  formed,  or  tliey  may  cause  absorption  of 
adjacent  bony  walls,  thus  establishing  communications 
between  two  adjacent  bony  cavities.  When,  as  some- 
times occurs,  we  find  a  collection  of  this  material  in  a 
middle  ear  the  drum  membrane  of  which  is  not  at  that 
time  perforated,  we  are  warranted  in  concluding  that  the 
cholesteatoma  developed  at  some  earlier  period  in  life,  at 
which  time  there  was  doubtlessa  perforation  of  the  drum 
membrane  as  also  a  purulent  discharge  from  the  tym- 
panic cavity. 

The  complications  which  may  arise  from  such  a  condi- 
tion as  I  have  just  described — viz.,  mastoid  disease, 
meningitis,  infective  sinus  thrombosis,  brain  ab.scess,  etc. 
— will  be  treated  at  length  in  other  articles  of  this  .series. 

Symptomatology. — Oturrhn'.a. — This,  which  may  be 
the  only  symptom  present,  varies  greatly  as  to  its  quan- 
tity, in  some  cases  being  so  profuse  as  completely  to  fill 
the  Canal  and  meatus,  no  matter  how  often  these  parts 
are  cleansed ;  at  other  times  it  is  present  onl}'  as  a  dry 
secretion  ujion  the  walls  of  the  canal  or  around  the  edges 
of  the  meatus.  During  the  early  stages,  the  discharge  is 
rather  thin,  resembling  3'ellow-colored  serum,  but  after- 
ward it  becomes  thicker,  and  finally  changes  its  character 
to  that  of  the  purulent  t3'pe. 

In  certain  cases  of  this  disease  we  find  no  discharge 
whatever,  and  only  the  history  of  this  symptom  occur- 
ring from  time  to  time.  The  reason  for  this  is  ea.sily  ex- 
plained if  we  remember  that  partial  destruction  of  the 
drum  membrane  occurs  in  manj'  of  these  cases  early  in 
life,  and  then  at  some  later  date  cicatrization  takes  place, 
leaving  a  certain  area  of  the  middle  ear  exposed ;  and  it  is 
in  these  cases  that  we  get  the  history  of  an  intermittent 
discharge,  caused  by  an  acute  inflammatory  process 
travelling  from  the  mucous  membrane  of  the  nose  or 
nasopharynx  through  the  Eustachian  tube,  and  thus 
starting  up  a  similar  inflammation  of  the  membrane  lin- 
ing the  interior  of  the  tympanum,  the  results  of  which 
would  naturalh'  find  their  way  where  a  minimum  of  re- 
sistance was  present,  namely,  through  these  old  openings 
in  the  drum  membrane,  and  later  appear  at  the  meatus. 
The  absence  of  any  obstruction  to  the  escape  of  the  dis- 
charge from  the  middle  ear  would  explain  the  absence  of 
pain  under  circumstances  such  as  I  have  just  described. 
It  will  also  readily  be  appreciated  how  much  more  easily 
in  these  eases,  owing  to  the  absence  of  a  portion  of  its 
protective  covering,  the  t3-mpauum  may  become  infected. 

Piiin. — This  symptom  is  of  exceptional  occurrence. 
During  an  acute  exacerbation  of  the  disease,  when  there 
is  an  abundance  of  secretion  and  not  enough  space  for  its 
exit,  the  patient  is  likely  to  complain  of  pain.  In  some 
of  the  cases  of  long  standing,  i)articularly  where  destruc- 
tion of  the  osseous  tissues  has  taken  place,  there  is  a 
localized  and  Avell-defiued  headache  on  the  side  corre- 
sponding to  that  of  the  affected  ear.  This  symptom  is 
also  present,  in  its  most  severe  form,  in  those  cases  in 
which  the  cartilaginous  |)art  of  the  canal,  and  more  par- 
ticularly the  base  of  the  tragus,  becomes  the  seat  of  an 
acute  otitis  circumscri])ta,  caused  by  an  infection  from 
the  discharge  coming  from  the  middle  ear.  This  inter- 
current affection  is  by  no  means  an  uncommon  one,  and 
usually  takes  place  by  reason  of  the  patient,  in  his  at 
temjits  to  cleanse  the  meatus,  causing  an  abrasion  of  any 
of  these  structures,  thus  opening  a  gateway  for  infection 
from  the  discharge  which  passes  over  these  ]iarts. 

Enemii.—TlnH  develops  in  cimscquence  of  the  irritat- 
ing ((ualities  of  the  discharge  I  hat  appears  at  the  orifice 
of  the  nu'atus.  It  is  encountered  more  frequently  in 
children  than  in  adults,  because  the  former  are  continu- 
ally carrying  their  fingers  to  the  affected  ear,  and  thus 
causing  a  rapid  spread  of  this  most  distressing  disease. 
At  times  the  eczema  completely  encircles  thc^  external 
ear,  involving  a  goodly  porlioirof  the  skin  of  the  mas- 
toid process  and  the  cheek;  and,  when  present,  it  is  the 
cause  of  a  great  deal  of  suffering  on  account  of  the  con- 
stant desire  to  rub  the  parts  infected. 

Facial   Parali/siK. —Tim   occurs    in   chronic    purulent 
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Fig.  17fi7.— Polypus  Re- 
moved from  the  Right 
External  Auditory 
Caniil  ol  a  Man  Aged 
Twenty-nine  Yeai'^. 
Peduncle  attached  to 
upper  and  posterior 
wall  ot  tynipauum. 
(Actual  size.) 


otitis  when  n  portion  of  the  bony  canal  tlirotigli  Avliicli 
the  facial  nerve  passes  has  become  diseased,  tliereliy  ex- 
posing the  nerve  trunk.  It  may 
also  develop  without  any  such  dis- 
ease of  tlie  bone,  simply  thnmgli 
the  effect  of  pressiiie  exerted  by  iii- 
ttammatory  pro(hicts  upon  a  fiieial 
nerve  which  eongenitally  lael<s  an 
outer  sheathing  of  bone. 

\'eiiiff(/.—T\m  may  take  place  at 
any  stage  of  the  disease,  l)ut  when 
present,  it  is  usually  associated  with 
cases  of  long  standing.  It  is  caused 
by  pressiire  tipon  tiie  walls  of  tlie 
tympanum,  due  to  the  presence  of 
fluid  exudation  or  other  inflam- 
matory product  in  the  tympanic 
cavity,  or  by  a  congestion  of  the 
labyrinth.  In  connection  with 
clironic  purulent  inflammation  of 
the  middle  ear  in  an  aggravated 
form,  vertigo  is  very  frecpiently  a 
symptom  of  soiue  grave,  intracranial  complication.  The 
symptoms  which  indicate  the  development  of  some  laby- 
rinthine disturbance  are,  briefly  stated,  dizziness  ap])ear- 
ing  suddenly,  nausea,  and  marked  deafness,  lasting  for  a 
variable  length  of  time  according  to  the  persistency  ot 
the  cause. 

Fniiriotis  Growths  or  Polypi. — These  sometimes  develop 
from  the  cutaneous  walls  of  the  meatus,  and  doubtless 
they  owe  their  existence  to  the  fact  that  an  irritating 
discharge  from  the  middle  ear  constantly  bathes  the  skin 
of  the  canal.  Those  which  grow  in  the  middle  ear  differ 
very  much  in  size,  some  being  no  larger  than  a  pinhead 
while  others  are  more  than  an  inch  in  length  and  of  vary- 
ing breadth.  The  usual  size,  however,  is  that  of  a  pea 
or  a  small  bean.  In  sliape  they  differ  also,  some  being 
perfectly  round,  while  others  are  spherical,  oblong, 
kidney-shaped,  or  lobulated,  each  one  possessing  a  small, 
firm,  fibrous  peduncle,  whereby  it  is  attached  to  its  base. 
Polypi,  although  the  majority  of  them  spring  from  some 
part  of  the  tympanic  cavity,  are  usuallj'  found  either  in 
the  external  auditory  meatus  or  protruding  from  it.  In 
some  cases,  however,  they  are  entirely  concealed  in  the 
vault  of  the  tympanum.'  The  smaller  and  soft  ones  are 
■made  up  of  simple  granulation  tissue,  while  many  of  the 
larger  ones  contain  fibrous  tissue 
alone.  In  the  latter,  the  peduncle, 
although  small,  is  exceedingly 
strong.  These  masses  usually  arise 
froiu  the  margin  of  an  area  of  ex- 
posed or  carious  b(me,  and  tlieir 
usual  point  of  attachment  is  in  the 
epitympanic  vault  or  at  the  upper 
and  posterior  end  of  the  tympanum. 
Occasionally,  however,  they  arise 
from  the  mucous  membrane  in  the 
vicinity  of  a  mass  of  decomposing  yk 
material  without  any  connection 
with  a  localized  necrosis  of  bone. 

Diagnosis. — Our  first  duty  in 
making  a  diagnosis  is  to  determine 
what  structures  of  the  tympanum 
and  parts  adjacent  are  involved, 
and  to  what  extent  such  involve- 
ment has  taken  place.  In  order 
that  this  may  be  done  properly,  it 
is  necessary  in  every  case,  at  the 
very  beginning,  thoroughly  to  cleanse  the  walls  of  the 
auditory  canal  and  the  di'um  membrane  of  any  secretion 
or  debris  which  may  be  present.  This  once  done,  we 
have  a  clear  field  for  inspection  and  can  arrive  at  an  ex- 
act knowledge  of  the  structures  tmder  examination. 
The  technique  for  such  cleansing  will  be  dealt  with  in 
full  when  the  treatment  is  spoken  of. 

The  various  appearances  which  the  drum  membrane 
presents  in  this  disease  are  so  numerous  that  it  is  an  im- 
possibility to  give  an  accurate  description  of  them  all  m 


detail.  Certain  types,  however,  occui-  more  fi'e(|uently 
than  othei-s,  and  it  is  of  these  that  we  sliall  speak  more 
particula.iiy. 

Among  the  commonest  perfor.'itions  are  those  which 
occupy  the  jxisterior  iiiferioi'  i|uad]ant  of  the  drum  mem- 
brane.    They  have  rather  shai|)ly  defined  edges,  and  as 


„.  _--  Polypus  Re- 
moved from  the  Left 
External  Auditory 
fanal  of  a  Woman 
Aged  Thirty-six 
Years.  The  slender 
peduncle  was  attach- 
ed to  the  upper  and 
posterior  part  of  the 
vaidt  of  the  tym- 
panum. (Actual 
size. ) 


Fig.  17(i9.— Cioss  Sectinn  of  a  Mucous  Polypus,  Covered  with  Ciliated 
Cylindrical  Epithelium.     ( t'l-om  a  drawing  by  Dr.  Ira  Van  (iiesoii.) 

a  rule  the  remainder  o[  the  membrane  is  uualfectcd.  The 
discharge  is  scanty,  and  for  periods  of  varying  length  it 
may  cease  altogether.  Tliis  type  of  chronic  purulent  in- 
flammation of  the  middle  ear  is  seen  more  frequently  in 
children  than  in  adults,  and  is  usually  associated  with  a 
poor  state  of  health  or  with  some  diathesis. 

In  another  group  of  cases  we  rind 
a  perforation  in  Shrapnell's  mem- 
brane, about  on  a  level  witli,  or 
slightly  higher  tlian,  the  articula- 
tion of  the  malleus  with  the  incus. 
Tliis  opening  is  usually  somewhat 
irregular  in  shape,  and  in  not  a  few 
instances  granulation  tissue  may  be 
seen  protruding  through  it.  Such 
granulation  tissue  is  usually  cov- 
ered with  a  grayish  secretion, 
which,  upon  removal,  gives  forth  a 
decidedly  unpleasant  odor.  Upon 
jiassing  a  fine  probe  through  the 
opening,  we  shall  almost  always 
encounter  diseased  bone,  existing 
in  an  upward  and  posterior  direction. 

In  a  third  group  of  cases  the  perforation  is  of  rather 
large  dimensions,  involving  the  greater  part  of  the  pos- 
terior half  of  the  membrana  tympani,  and  its  edges  look 
somewhat  jiigged  and  irregular,  owing  to  the  existence 
of  bands  of  adhesions  which  stretch  from  the  free  bor- 
der of  the  opening  to  the  adjacent 
wall  of  the  tympanum.  In  this 
group  of  cases  we  find  either  a  thin 
serous  discharge  present,  or,  as  in 
the  majority  of  cases,  we  find  an 
abundance  of  granulation  tissue, 
with  a  discharge  of  a  purulent 
character.  If  a  probe  is  passed  di- 
rectly upward,  or  upward  and  b;ick- 
ward,  through  the  perforation,  it 
will,  in  neaily  every  instance,  en- 
counter exposed  and  roughened 
bone  within  the  tympanum. 
In   a  fourth  group  of  cases  the 


Fig.  1770. — Per-foration 
in  the  Posterior  Halt 
of  the  Drum  Mem- 
l3rane. 


FIG.  1771.— Perforation 
through  Shrapnell's 
Membrane. 
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Fi(i.  1772. —Large  Per- 
foration with  Irregu- 
lar Kdges,  I  iceupying 
ttie  (Jreater  Part  of  tlie 
P(«terior  Half  of  the 
Membrane. 


mt'mbraDa  tvnipani  will  be  found  t"  \>l-  destroyed 
throughout  irom  one  half  to  two  thirds  of  its  entire 
area.  The  opening,  in  such  cases,  usually  extends  as 
high  as  the  short  process  of  the 
malleus  above  and  as  low  as  within 
a  few  lines  of  the  inferior  portion  of 
the  tympanic  ring  below;  it  also 
extends  lateially  almost  to  the  cir- 
cumference of  the  ring,  thus  show- 
ing prominently  a  goodly  porti(m 
of  the  handle  of  the  malleus,  al- 
most directly  in  the  centre  of  the 
opening.  In  many  of  the.se  cases 
the  opening  is  filled  in  with  exu- 
berant granulation  tissue,  spring- 
ing from  the  inner  wall  of  the 
tympanum.  There  ma}'  be  only  a 
single  mass  of  this  tissue  or  it  may 
be  present  in  two  or  more  distinct 
masses;  and  wlien  this  occurs,  we 
find  one  overhanging  the  other. 

In  the  fifth  group  we  find  destruction  of  the  entire 
membrane,  except  that  portion  known  as  the  inemljrana 
flaccida,  or  Shrapnell's  membrane.  At  the  margin  of  this 
opening  we  usually  find  a  thick  reddish  membrane,  which 
extends  over  the  entire  background  and  which  is  covered 
with  secretion.  At  first  sight  this  looks  like  a  mass  of 
flattened  granulation  tissue.  In  reality  it  is  the  thickened 
mucous  membrane  covering  the  inner  tj'mpanic  wall. 

In  the  sixth  group  we  find  complete  absence  of  the 
drum  membrane,  except  a  portion 
of  Shrapnell's  membrane,  which 
has  been  left  by  the  disease,  and 
which  through  thickening  and  dis- 
tortion has  entirely  lost  its  natural 
appearance.  The  handle  of  the 
hammer  has  been  completelj'  de- 
stroyed, and  if  anything  is  left  of 
the  ossicular  chain,  it  is  hidden 
from  view  behind  the  thickened 
Shrapnell's  membrane.  It  is  only 
by  using  the  probe  that  we  are  able 
to  ascertain  whether  these  little 
bones  are  jiresent  or  not.  In  a  ease 
of  this  description  we  may  find  that 
the  fjackground — the  inner  wall  of 
the  tympanum — consists  either  of 
bone  divested  of  its  nattnal  cover- 
ing, or  of  thickened  mucous  mem- 
brane. In  both  of  these  conditions  the  amount  of  secre- 
tion present  may  be  very  slight.  In  other  cases,  liow- 
ever.  and  especially  in  those  in  which  proper  cleansing 
measures  liave  not  been  carried  out,  there  may  be  a  con- 
siderable accumulation  of  a  foul-smelling  secretion. 

Finally,  in  a  seventh  group  of  cases,  we  find,  though 
only  in  exceptional  instances,  a  white  cyst-like  body  oc- 
cupying the  region  of  the  posterior  superior  quadrant  of 
the  membrana  tympani.  In  some  cases  the  surface  of  the 
cyst  is  dry,  but  if  it  has  opened  spontaneously,  or  if  a 
puncture  has  been  made  in  it,  a  small  amount  of  a  purulent 
secretion,  or  a  thin  serous  discharge,  will  be  seen  escaping 
from  the  small  opening.  The  pres- 
ence of  such  a  condition  is  due,  no 
d()u]>t,  to  the  fact  that  prolonged 
pressure  exerled  from  within  \ij)on 
the  drum  membrane  iit  this  point 
causes  a  loss,  to  it  ec.'rtain  extent, 
of  the  inherent  elasticity  of  the 
drum  tissue  (atrophy  of  the  sub- 
stantia propi-ia),  and  later  a  grad- 
ual si  retching  and  giving  way  of 
this  structure  takes  place,  so  lliat  a 
cul-de-.sac  or  jiouch  is  fcirmed  which 
becomes  filled  with  the  retained  .se- 
cretions. During  th(!  jiast  yi-ai-  the 
writer  has  had  oeca,sioii  to 'observe 


Fig. 
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1773.— Destruction 
Nearly  ttie  Entire 
Drum  Membrane;  tbe 
manubrium  mallei 
remaining  in  situ  and 
the  inner  wall  of  the 
tympanum  being  e,x- 
poseil  to  view. 


no.  Ii74.— Complete 
Iiestruftion  of  the 
Drum  Membrane,  ex- 
cept Shrapnell's  mem- 
brane, with  preserva- 


tion    oi    the     entire    "'"'  '^f  t'"-'se  cysts  in  private  prac- 
1''"'™*'.  tice.     In  size  it  was  as  large 


as  a 


Fig.  177.5.  —  Complete 
Destruction  of  the 
Drum  Membrane 
Proper,  Including 
the  Manubrium 
Mallei. 


small  pea,  occupied  the  middle  portion  of  the  posterior 
half  of  the  membrane,  was  white  anil  glistening,  showed 
no  evidence  of  any  discharge,  and  was  not  associated 
with  pain  or  discomfort.  When  it  was  opened,  it  gave 
escape  to  a  light-colored  serum,  which  seemed  to  bo 
containetl  between  the  outer  and  inner  layers  of  the 
drum  membrane,  for  close  inspection  failed  to  establish 
any  posterior  opening  leading  to  the  tympanic  cavity. 

Special  Methods  of  Exploring  the  Middle  E(tr  in  Cases 
of  Chronic  I'lirnlciit  Injiamrnation. — It  is  always  a  very 
important  point,  in  these  cases  of 
chronic  purulent  otitis,  to  discover 
the  exact  location  from  which  the 
discbarge  emanates,  as  quite  fre- 
quently we  see  an  area  of  exposed 
bone,  or  a  granulating  surface  cov- 
ered with  .secretion  f)r  with  pus,  and 
are  misled  into  believing  that  at  this 
point  we  have  found  the  .source  of 
the  trouble,  whereas  in  reality  we 
liave  only  exposed  to  view  some  sub- 
ordinate area  of  infiammator}'  action 
— as,  for  example,  a  sw-ollen  and 
granulating  mucous  membrane  cov- 
ering the  inner  wall  of  the  tym- 
panum, the  inflamed  condition  of 
which  is  actuall}'  due  to  the  fact  that 
irritating  jius  from  a  distant  point,  situated  at  a  higher 
level,  constantly  flows  over  its  surface.  In  order  to  make 
sure  of  our  diagnosis,  we  should  bring  to  our  aid,  in  the 
examination,  the  use  of  the  silver  probe,  the  tij)  of  which 
should  be  bent  in  accordance  with  the  anatomical  rela- 
tions of  the  particular  part  which  is  to  be  explored.  By 
carefully  palpating  the  various  regions  of  the  tympanum, 
we  shall  often  be  able  to  demonstrate  the  existence,  in 
some  part  of  the  attic,  of  a  sinus,  or  of  a  polypoid  growth, 
or  of  an  area  of  di.seased  bone.  In  all  cases  we  should 
make  a  most  careful  inspection  of  the  entire  surface  of 
what  remains  of  the  membrana  tympani.  not  forgetting 
the  margins  at  their  insertions  into  the  tympanic  ring. 

The  method  of  examining  for  dead  bone  in  the  attic 
recommended  by  Dench  ("Diseases  of  the  Ear,"  p.  397) 
has  been  found  very  efficient  by  the  writer  in  a  large 
number  of  cases.  It  is  as  follows :  Wind  a  small  piece 
of  cotton  around  the  point  of  a  (h-licate  probe,  bend 
the  latter  to  the  proper  angle,  and  insinuate  it  gently 
into  the  various  portions  of  die  tympanum,  particularly 
above  the  margin  of  the  superior  portion  of  the  tympanic 
ring.  In  this  way,  when  dead  bone  is  encounteretl,  the 
cotton  at  the  tip  of  the  probe  will  often  catch  upon  the 
rotighened  bone  surface,  thus  transmitting  the  sensation 
to  the  fingers;  or  upon  its  withdrawal  we  shall  find  fibres 
of  the  cotton  which  have  been 
imlled  upon  and  drawn  from  tbe 
main  mass  attached  to  the  end  of 
the  probe.  Other  authorities  pre- 
fer to  use  the  probe  without  anv 
such  wrapping  of  col  ton.  In  not  "a 
few  instances  a  mass  of  firm  granu- 
lation tissue,  springing  up  from 
the  tympanic  cavity,  ha"s  been  mis- 
taken, under  mere  ocular  examina- 
tion, for  a  bulging  drum  membrane ; 
but  in  such  douiitful  cases  the  use 
of  the  probe  will  at  once  render 
any  such  error  inqiossible. 

In  cases  in  which  there  has  been 
a  purulent  condition  of  long  stand- 
ing, followeil  afterward  by  a  cessa- 
tion of  tlie  .secretion  and  by  a  partial  regeneration  of  the 
diiim  membrane,  tbe  perforation  may  be"  so  small  that  we 
cannot  locate  it  upon  simple  inspection  or  by  passing  the 
enil  of  the  probe  over  the  surface  of  the  membrane. 
Under  these  circumstances  we  have  at  our  command  two 
simple  and  fairiy  accurate  methods  of  finding  out  if  a 
solution  of  continuity  exists.  In  the  first,  we  ask  the 
liatient  to  ]ierforni  inllatiou  for  himself  by  the  Valsalva 
method,  and  then  we  watch  what  takes  place  in  the  drum 


Fig.  1776.— WTilte  Cyst^ 
like  Ma.'^s  Protruding 
from  the  Posterior 
Superior  Quadrant. 
(.\uthor's  case.) 
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membrane  during  tins  act  of  inflation.  In  a  certain  per- 
centage of  these  cases  we  shall  be  able  to  note  the  facts 
that  a  slight  motion  takes  place  at  a  pai-ticular  jioint,, 
and  that  immediately  afterward  there  is  produced  a  hi.Ks- 
ing  or  squeaking  noise  due  to  the  passage  of  the  air 
through  a  minute  perforati(m.  In  the  second  method 
the  inflation  is  made  by  means  of  the  Eustachian  cathe- 
ter, and  the  operator  connects  his  own  ear  with  that  of 
the  patient  by  means  of  the  soft-rubber  diagnostic  tube. 
In  this  manner  the  hissing  or  S(|ueaking  noise  mentioned 
above  will  be  heard  more  distinctly  than  when  the  other 
plan  is  adopted.  There  are  a  few  other  conditions  in 
which  it  is  possible  to  arrive  at  a  fairly  accurate  diag- 
nosis.    Such  are,  for  example,  the  following ; 

When  a  discharge  is  finding  its  way  through  the  mem- 
brana  flaceida,  or  Shrapnell's  membrane,  we  may  count, 
with  considerable  certainty,  on  finding  caries  of  that  por- 
tion of  the  malleus  which  lies  above  the  tympanic  ring, 
within  the  vault.  If  a  mass  of  granulation  tissue  hangs 
over  the  superior  portion  of  the  dium  membrane,  and 
especially  over  the  membrana  flaceida,  then  we  may  feel 
confident  that  the  principal  area  of  disease  is  located  in 
the  vault,  that  it  has  been  of  long  standing,  and  that  in 
all  probability  both  the  malleus  and  the  incus  are  in 
volved.  A  mass  of  granulations  springing  from  the 
region  of  the  superior  posterior  cpiadrant  would  indicate, 
more  particularly,  a  diseased  condition  of  that  part  of  the 
tympanum  which  corresponds  to  the  aditus  leading 
to  the  mastoid  antrum.  Furthermore,  in  all  of  these 
cases  much  can  be  determined  from  the  character  and 
extent  of  the  discharge ;  for  when  the  discharge  is  slight, 
the  area  of  bone  destruction  is  of  a  correspondingly  small 
extent.  On  the  other  hand,  if  the  existing  discharge  is 
profuse,  and  if  it  possesses  a  pronounced  odor,  then  we 
usually  find  a  much  larger  area  of  bone  involved.  In  a 
very  large  number  of  the  cases  suffering  from  this  dis- 
ease and  accompanied  by  a  discharge,  even  though 
scanty,  we  are  enabled  by  inspection  to  locate  readily 
the  opening  in  the  drum  membrane;  for  when  the  pa- 
tient performs  Valsalva's  method  of  inflation,  we  see  bub- 
bles of  air  escaping  with  the  secretion  through  the  open- 
ing, at  some  particular  point  in  the  membrane;  or  we 
may  see  only  a  drop  or  two  of  serum  or  pus  forced 
through  the  opening.  If  the  pus  is  very  thick  and  the 
opening  a  small  one,  the  former  will  be  forced  against 
the  opening  in  such  a  manner  as  to  be  seen  distinctly ; 
and  then,  when  the  pressure  from  behind  ceases,  the  pus 
will  disappear  within  the  tympanic  cavity  again.  In  cases 
in  which  we  are  in  doubt  as  to  the  exi.stence  of  a  perfora- 
tion, we  mav  derive  aid  from  the  use  of  the  pneumatic 
speculum,  but  by  far  the  larger  number  of  diagnoses  are 
made  by  simple  inspection  rather  than  by  any  other 
method.  When  only  a  fissure-like  perforation  exists, 
inflation  will  show  that  the  edges  of  such  a  perforation 
move  toward  the  person  inspecting  it,  and  this  condition 
is  often  seen  during  the  later  stages  of  convalescence, 
particularly  when  the  perforation  exists  in  the  posterior 
quadrant.  It  is  only  rarely  that  we  meet  with  cases  in 
which  the  Eustachian  tube  will  not  admit  sutticient  air 
to  aid  us  in  making  a  diagnosis.  At  times,  when  an 
opening,  though  small,  exists  in  a  drum  membrane  the 
tissues  of  which  are  greatly  swollen,  we  see  upon  inspec- 
tion, at  the  point  where  such  an  opening  exists,  a  dis- 
tinct, rhythmical  pulsation,  synchronous  with  the  heart 
beats.  This  is  due  to  the  tension  of  the  blood  in  the 
small  vessels  at  this  point.  . 

When  the  mucous  membrane  covering  the  inner  wall 
of  the  tympanum  is  exposed,  it  may  very  often  be  mis- 
taken for  a  bulging  and  markedly  inflamed  drum  mem- 
brane, although  scarcelv  a  vestige  of  the  latter  may  be 
present.  But  if  we  examine  carefully  with  a  probe  be- 
tween the  margins  of  the  canal  and  this  reddened  surface, 
it  will  easily  be  seen  that  a  solution  of  continuity  exists, 
for  the  mucous  membrane  at  this  point  lies  on  a  much 
lower  plane  than  that  of  the  canal. 

In  each  and  every  case,  in  order  to  arrive  at  a  correct 
diagnosis,  and  thus  be  able  to  give  an  intelligent  progno- 
sis, an  examination  of  the  hearing  function  should  be 
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made.  As  a  riile,  the  following  conditions,  with  .slight 
variations,  will  be  found  to  be  present  in  patients  suller- 
iiig  from  this  disease:  The  acoumeterof  Politzerwill  not 
be  heard  so  well  as  whispered  words.  Words  spoken  in 
an  ordinary  tone  of  voice  are  often  not  heard  so  well  or 
so  distinctly  as  those  spoken  in  a  forced  whisper.  In 
many  cases  it  is  found  that  the  upper  tone  limit  is  nor- 
mal, while  the  lower  tone  limit  is  elevated.  If  the  dis- 
ease has  lasted  over  a  long  period  of  time— for  several 
years,  for  example — the  upper  tone  limit  is  almost  invar- 
iably lowered,  owing  to  the  involvement  of  the  labyrinth. 
The  majority  of  cases  show  an  increase  in  bone  conduc- 
tion. When  the  fork  is  placed  on  the  vertex  of  the  skull, 
the  patient  nearly  always  hears  it  more  distinctly  in  the 
alfected  ear,  and  the  difference  wliich  is  ordinarily  ob- 
served beti\een  the  bone  conduction  and  that  through 
the  air  is  usually  reversed.  No  mention  will  be  made 
here  of  the  various  signs  of  mastoid  involvement,  as  this 
part  of  the  subject  is  fully  treated  in  another  portion  of 
this  work. 

Prognosis.  — In  this  disease,  more  than  in  almost  any 
other  form  of  aural  disease,  does  the  prognosis  depend 
upon  the  treatment  and  care  of  the  case,  for  in  a  large 
majority  of  instances  the  general  tendency  is  not  toward 
a  spontaneous  resolution.  We  can  u.sually  sum  up  the 
prognosis  under  the  following  heads:  as  to  hearing,  as 
to  curing  the  otorrhea,  and  as  to  life. 

As  to  Hearing. — W^e  should  never  (except  under  certain 
conditions  to  be  named  later)  encourage  the  patient  to 
bebeve  that  the  hearing  will  be  improved  when  an  ar- 
rest of  the  discharge  is  effected.  In  fact,  it  is  well 
known,  clinically,  that  many  of  the  cases  do  not  hear  so 
well  after  the  existing  discharge  has  ceased  as  they  did 
before,  and  to  such  patients  the  discovery  of  this  fact 
always  brings  marked  disappointment.  The  cause  of 
such  a  diminution  in  the  hearing  power  is  probably  to 
be  found  in  the  increased  dryness,  or  diminished  succu- 
lence, of  the  soft  tissues,  and  this  is  particularly  true  of 
those  which  are  in  the  vicinity  of  the  stapedial  foot-plate; 
for  here  the  drying  of  the  soft  tissues  and  perhaps  more 
or  less  cicatrization  can  scarcely  fail  to  influence  injuri- 
ously the  mobility  of  this  plate  of  bone.  For  this  reason, 
if  for  none  other,  each  case  should  be  tested  functionally 
when  first  seen,  and  this  test  should  be  referred  to  as  a 
standard  during  the  continuance  of  the  discharge  and 
after  it  has  ceased.  When  any  large  area  of  the  mem- 
brana tympani  is  destroyed,  and  particularly  when  this 
area  corresponds  to  the  upper  and  posterior  quadrant; 
and  when,  furthermore,  there  is  no  obstruction  in  the 
region  of  the  oval  window,  and  we  find  upon  the  use  of 
the  probe  that  the  stapes  is  movable,  then  we  are  quite 
safe  in  telling  the  patient  that,  when  the  discharge  ceases, 
the  hearing  will  be  as  good  as  it  is  at  that  time,  although 
but  little  or  no  improvement  beyond  this  point  can  with 
reason  be  looked  for.  On  the  other  hand,  if  adhesions 
exist,  binding  down  the  stapes,  we  may,  by  dividing 
them,  effect  a  distinct  improvement  in  the  function  of 
hearing. 

When  labyrinthine  involvement  is  shown  by  the  tests 
to  be  present,  then  a  guarded  prognosis  should  always 
be  given.  It  was  formerly  supposed  by  many  that  the  ■ 
amount  of  local  destruction  would  give  us  a  fairly  accu- 
rate idea  as  to  the  extent  of  functional  impairment,  but 
clinically  this  has  been  found  not  to  be  true;  for  there 
are  many  cases  in  which,  from  a  mere  physical  examina- 
tion we  should  be  led  to  give  a  very  bad  prognosis  as 
regards  the  hearing,  and  yet,  when  we  compare  the  re- 
sults of  our  functional  examination  in  these  cases  with 
the  physical  conditions  observed,  we  are  surprised  to  find 
that  the  hearing  power  is  out  of  all  proportion  better 
than  we  anticipated.  ,       ,.,  i 

If  upon  simply  cleansing  the  external  auditory  canal 
and  gently  inflating  the  middle  ear,  the  hearing  improves 
to  aS  appreciable  degree,  we  may  safely  predict  that 
treatment  will  restore  a  useful  degree  of  hearing  power 
to  the  affected  ear.  If,  however,  these  simple  measures 
produce  no  effect  upon  the  deafness,  and  especially  it 
with  it  there  be  associated  distressing  tinnitus  and  de- 
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fective  bouc  conduction,  we  miiy  confidently  assume  that 
tliecase  is  one  in  wliicli  no  remedial  measures  of  any  kind 
are  likely  to  improve  the  hearing  to  any  material  extent. 
When  a  large  amount  of  granulation  tissue  is  present 
over  and  around  the  stapes,  its  removal  almost  always  is 
followed  by  an  improvement  in  the  hearing,  and  this  im- 
provement continues  undiminished  so  long  as  the  granu- 
lations are  not  reproduced. 

If  ankylosis  of  the  stapes  has  already  taken  place, 
there  will  be  marked  and  incurable  impairment  of  the 
hearing. 

As  to  the  Otorrhfea.— In  many  cases  the  discharge  seems 
to  cease  spontaneously  without  any  treatment  whatever; 
but  if  we  follow  the  history  of  these  cases  we  shall  find 
that  the  disease  recurs  from  time  to  time,  usually  from 
the  effects  of  a  cold,  thus  showing  that  tlie  pathological 
condition  still  exists  and  needs  only  such  an  irritant  to 
become  active. 

If  no  carious  condition  of  the  bone  is  present  and  if 
free  drainage  exists,  then  under  proper  treatment  the  dis- 
charge will  cease  in  a  short  time ;  but  when  it  persists, 
we  are  sure  to  find,  upon  careful  examination,  that  the 
bone  is  diseased  in  one  or  more  of  the  regions  alreadj' 
mentioned.  If  the  ossicles  alone  are  involved  in  the 
process,  we  can  then  give  a  favorable  opinion  as  to  the 
cessation  of  the  discharge  under  proper  treatment  (men- 
tion of  which  will  be  made  later).  If,  however,  the 
deeper  structures  show  involvement,  and  the  history  is 
one  of  long-continued  suppuration,  then  the  discharge 
will  not  cease  until  after  a  radical  operation  ujjon  these 
parts  has  been  performed,  and  this  will  be  spoken  of  in 
full  in  another  part  of  this  work.  Where  no  dead  bone 
exists,  we  can  usually  promise  immunity  from  mastoid 
and  other  involvement.  Before  expressing  an  opinion  as 
to  the  length  of  time  a  discharge  will  probably  last,  we 
should  always  make  sure  that  we  have  discovered  its 
source;  and  if  we  find  that  it  is  seated  in  the  attic,  we 
should  give  a  guarded  prognosis — at  least  so  long  as  the 
patient  declines  to  submit  to  a  radical  operation. 

The  character  of  the  existing  secretion  will  often  en- 
able us  to  give  a  fairly  trustworthy  prognosis.  Thus, 
for  example,  if  it  is  thick  and  if  the  drainage  is  inadequate, 
we  may  say  that  the  case  will  probably  be  one  of  long 
duration.  When  a  discharge  has  lasted  for  a  long  time, 
and  in  spite  of  frequent  a.septie  irrigations  we  continue  to 
get  a  foul  odor,  both  from  the  discharge  and  from  the 
recently  cleansed  canal,  we  may  be  certain,  under  such 
circumstances,  that  we  are  dealing  with  a  case  in  which 
diseased  bone  is  present.  Again,  when  we  find  a  pro- 
fuse, stringy  discharge,  draining  through  a  large  opening 
in  the  drum  membrane,  we  may  expect  that  the  disease 
will  pursue  an  obstinate  course,  on  account  of  the  extent 
of  mucous  membrane  involved.  It  is  not  an  uncommon 
experience,  in  such  cases,  to  find  that  there  is  a  certain 
amount  of  hypertrophied  adenoid  tissue  in  the  vault  of 
tlie  pharynx ;  and  the  removal  of  it  by  operative  pro- 
cedure often  exerts  a  most  favorable  influence  upon  the 
otorrhoea. 

As  to  Life.— If  at  the  time  of  the  examination  we  find 
no  evidence  of  any  ma.stoid  or  intracranial  involvement, 
we  can  safely  say  that,  under  proper  care  and  treatment' 
no  danger  to  life  exists;  neither  Is  there  immediate  dan- 
ger to  life  even  though  a  simple  uncomplicated  mastoidi- 
tis exists.  But  if,  on  the  other  hand,  we  find  that  some 
intracranial  complication  is  actually  present  the  profuo- 
sis  IS  certainly  grave,  though  not  to  such  an  extent  as  we 
were  wont  to  look  upon  it  several  years  ago  before  the 
aunst  aeeomplished  such  brilliant  and  successful  results 
in  the  treatment  of  intracranial  conditions  The  subiec 
five  noises,  which  are  present  in  some  of  these  chronic 
purulent  cases,  have  proved  to  be  so  disturbing  to  the 
mental  condition  of  certain  patients  that  their  lives  have 
been  in  danger  from  attempts  at  self-destruction 

in  every  case  in  which  intratympanic  caries  exists 
there  IS  always  presr,nt  the  danger  /hat  at  some  sul^e: 
P  rif  tucli  1k""'7;'^  '''■'-;  "'"y  tl'ereby  be  placed  iu 
IZ  fhrwll  r  "'r'  t'««ue  should  therefore  be  removed, 
and  the  best  time  tor  accomplishing  this  is  shortly  aftei- 

642 


the  discovery  of  the  fact  that  bone  caries  exists  in  some 
part  of  the  middle  ear.  That  this  is  a  wise  rule  to  adopt 
is  shown  by  the  fact  that  in  the  past  very  many  people 
have  lost  their  lives  from  the  sequela;  of  chronic  purulent 
otitis  media,  and  in  quite  a  large  proportion  of  these  it 
was  not  even  suspected  that  a  diseased  condition  of  the 
ear  was  the  real  cause  of  death. 

Before  taking  up  the  treatment  of  this  disease,  we  must 
consider  its  bearing  upon  the  question  of  life  insurance, 
for  the  companies  are  continually  rejecting  applicants 
for  insurance  becau.se  they  have  formerly  suffered  from 
this  disease;  and  yet  many  of  the  ca.ses  so  rejected  are 
not  rendered,  by  the  mere  fact  of  their  having  once  had 
a  purulent  otitis  media,  less  desirable  risks  than  those 
who  have  never  suffered  from  such  disease.  The  ira- 
jiortant  question  in  every  such  ca.se  is.  Did  the  patho- 
logical process  really  undergo  healing?  If  we  find  in 
such  an  applicant  complete  closure  and  cicatrization 
of  a  former  perforation,  then  such  an  applicant  should 
be  accepted  as  a  risk.  If,  however,  a  perforation  still 
exists,  even  though  perfectly  dry  and  perhaps  very  small 
in  size,  then  by  no  means  is  the  applicant  an  entirely  safe 
risk. 

Tkeatment. — In  treating  a  case  of  chronic  purulent 
inflammation  of  the  middle  ear  we  should  have  three  ob- 
jects in  view;  first,  the  cure  of  the  otorrhoea;  second,  the 
improvement  of  the  hearing;  third,  the  relief  of  the  dis- 
tressing subjective  sounds,  if  present. 

In  the  treatment  of  the  discharge  the  first  cardinal 
principle  is  to  secure  cleanliness,  and  this  can  be  accom 
plished  in  two  ways.  In  the  first  place,  if  the  discharge 
is  rather  scanty,  and  if  the  patient  can  be  seen  frequently 
by  the  surgeon,  it  will  be  an  easy  task  to  remove  the  ex- 
isting discharge  by  mopping  the  parts  with  sterilized 
cotton  wound  on  a  cotton  carrier.  After  the  field  has 
been  gone  over  in  this  way,  it  should  be  thoroughly 
cleansed  with  some  rather  strong  non-irritating  germicide 
or  disinfectant,  and  one  which  the  writer  has  found  bene- 
ficial is  the  following: 

I^  Acid,  boric gr.  xx. 

Sol.  hydrarg.  bichlor.  (1  to  1,000) 3  ij. 

Spir.  vini  rect ad  5  i 

M. 

The  parts  are  to  be  thoroughly  cleansed  with  this  solu- 
tion, and  then  any  granular  surface  which  may  be  pres- 
ent is  to  be  touched  with  a  small  cotton-tipped  probe, 
dipped    in    silver    nitrate,    of    a 
strength  ranging   from  20  grains 
to    240    grains    to   the    ounce   of 
distilled    water.      Such     applica- 
tions will,  in  a   large  number  of 
the  cases,  so  .stimulate  these  gran- 
ulations that  we  may  expect,  by 
using  such  treatment  two  or  three 
times  a  week,  to  effect  a  speedy 
cure. 

In  the  second  place,  if  we  are 
dealing  with  a  case  in  which  the 
discharge  is  profuse,  then  the  pa- 
tient, or  whoever  is  to  care  for 
him,  must  be  taught  the  ]iroper 
method  of  syringing  the  ear,  and 
the  treatment  must  lie  carried  on 
by  irrigation.  In  adults  a  hard- 
rubber  ear  syringe,  provided  with 
a  blunt  point  or  nozzle,  and  hold- 
ing an  ounce  of  fluid,  is  usually 
employed  for  this  purpose.  In 
the  case  of  young  children,  how- 
ever, it  is  desirable  that  the  syringe  should  be  of  soft 
rubber  in  order  that  it  may  not  irritate  the  meatus  or 
the  canal.  In  a  general  way  its  shape  should  be  like 
that  shown  in  the  accomiianying  figure  (Fig.  1777). 

A  point  to  be  remembered  in  syringing  the  ear,  and 
one  also  to  be  impressed  upon  the  patient  or  nurse,  is 
that,  in  all  adult  cases,   the  auricle  should  be  grasped 


Fig.  1777.— Simple  Model 
(if  Solt-Rubber  Syringe. 
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geutly  between  the  tlmmb  and  lingers  of  tlie  left  lianti 
and  drawn  upward,  backward,  and  a  little  outward,  tlius 
straightening  the  meatus  and  cartilaginous  canal  and 
bringing  it  on  a  line  with  tlie  osseous  canal.  Otherwise, 
when  wo  use  the  syringe,  we  shall  be  directing  the  stream 
of  fluid  against  the  side  of  the  canal  wall  instead  of 
straight  into  the  lumen  of  the  passage.  In  syringing  the 
ears  of  a  child  under  three  years  of  age,  the  auricle 
should  be  drawn  outward  and  downward,  as  this  jiosition 
best  aids  us  to  overcome  the  natural  curve  of  the  canal 
at  that  age.  The  frequency  of  irrigation  will  depend 
largely  upon  the  character  and  quantity  of  the  dis- 
charge, and  at  no  time  must  the  latter  be  allowed  to  ac- 
cumulate to  any  extent  in  the  auditory  canal.  In  an  or- 
dinary adult  case,  the  ear  should  be  cleansed  every  three 
or  four  hours  at  first,  and  then,  as  the  discharge  "begins 
to  lessen,  the  frequency  of  irrigation  may  be  diniini.shed 
10  three  times  a  day,  or  once  or  twice  a  day,  and  later 
even  to  every  second  or  third  day.  In  a  child  it  will  be 
necessary  to  irrigate  more  frequently  on  account  of  the 
smalluess  of  the  canal  and  the  tendency  of  the  walls  at 
the  orifice  to  lie  in  contact,  thus  preventing  the  escape 
of  the  secretion.  In  these  cases  we  should  irrigate  as  fre- 
quently as  every  two  hours  until  we  notice  a  gradual 
lessening  of  the  discharge ;  and,  from  this  time  onward, 
the  frequency  may  be  reduced  to  every  three,  four,  or 
six  hours,  according  to  the  quantity  of  the  discharge  that 
presents  itself  each  day.  It  is  always  well  to  bear  in 
mind  that  an  ear  should  be  irrigated  only  frequently 
enough  to  keep  the  discharge  from  accumulating  in  the 
canal,  inasmuch  as  too  frequent  irrigation  serves  to 
soften,  make  flabby,  and  lessen  the  integrity  of  the 
parts,  thus  prolonging  the  disease.  Only  a  small  amount 
of  force  should  be  used  in  irrigating  an  ear,  whether  the 
case  bo  that  of  a  child  or  that  of  an  adult,  and  we  should 
never  use  a  cold  solution,  but  one  tepid,  or  slightly 
warmer,  depending  upon  the  amount  of  comfort  given 
to  the  patient.  The  quantity  to  be  used  at  each  irriga- 
tion varies  anywhere  from  a  quarter  of  a  pint  to  a  pint. 
Rarely  is  it  necessary  at  one  sitting  to  use  more  than  the 
maximum  quantity  given  above. 

If  irrigation  produces,  as  it  sometimes  does,  disagree- 
able symptoms,  as  pain,  vertigo,  or  nausea,  and  these 
persist,  then,  no  matter  how  profuse  the  existing  dis- 
charge, we  must  cease  the  irrigation  and  remove  the  dis- 
charge by  frequent  mopping  and  cleansing  with  cotton. 
In  a^l  cases,  after  irrigation,  it  is  desirable  to  dry  the 
deeper  parts  as  well  as  the  meatus  with  cotton. 

The  various  solutions  that  have  been  used  for  syringing 
the  ear  are  legion,  but  only  those  will  be  mentioned  which 
the  writer  has  found  of  value  from  a  clinical  standpoint. 

A  solution  of  bichloride  of  mercury  in  boiled  water,  of 
a  strength  ranging  from  1  to  5,000  to  1  to  3,000,  is  the 
solution  most  used,  and  the  one  from  which  we  obtain 
the  best  results  at  the  present  time. 

A  solution  of  value,  and  one  largely  used  to-day  by 
the  general  practitioner,  is  that  of  boric  acid  of  the 
strength  of  twenty  grains  to  an  ounce  of  boiled  water. 
As  a  cleansing  solution  it  answers  the  purpose  very  well, 
but,  if  considered  from  a  disinfecting  or  germicidal  stand- 
point, it  leaves  much  to  be  desired. 

A  solution  of  carbolic  acid  in  sterilized  water,  of  the 
strength  of  one  or  two  per  cent.,  was  formerly  used,  but 
in  recent  times  it  has  been  practically  abandoned.  ^  In  re- 
cent cases,  a  weak  solution  of  formalin,  1  to  500,  is  often 
of  service,  owing  to  its  active  germicidal  properties,  but 
even  in  this  strength  it  has  to  be  frequently  discontinued, 
owing  to  its  irritating  qualities.  If  it  be  thought  advis- 
able to  continue  its  use,  a  much  weaker  solution  must  be 

employed.  .^   i      *        n 

A  solution  of  potassium  permanganate,  of  the  strengtn 
of  half  a  drachm  of  the  liq.  potass,  permanganat.  in  from 
four  to  six  ounces  of  sterilized  water,  is  often  used  to 
abate  the  discharge  on  account  of  its  strong  disinfecting 
properties.  It  possesses  the  further  advantage  that  it 
acts  as  an  excellent  deodorizer  when  we  have  a  foul- 
smelling  discharge  to  treat. 
When  a  certain  amount  of  exfoliated  epithelium  is 


found  m  the  discharge,  accompanied  by  a  roughened 
condition  of  the  canal  walls  and  a  roughened  and  excori 
ated  condition  of  the  meatus,  we  have  found  of  the  ut- 
most value  a  solution  containing  from  one  to  two  drachms 
of  an  eight-per-cent.  alcoholic  solution  of  salicylic  acid 
and  four  ounces  of  sterilized  water ;  the  acid  here  seeming 
to  exert  a  marked  healing  effect  on  the  excoriated  tissue. 

For  simple  cleansing  purpo-ses,  a  tepid  solution  of  plain 
sterilized  water  will  be  all  that  is  needed. 

In  a  few  of  the  cases  that  come  under  the  aural  sui-- 
geon's  observation,  the  so-called  irrigation  treatment 
seems  to  increase  rather  than  diminish  the  amount  of  the 
discharge.  When  this  occurs,  the  patient,  or  whoever 
is  caring  for  the  case,  must  systematically  use  the  dry 
treatment  spoken  of  above,  in  order  to  obtain  the  bene- 
ficial results  desired. 

In  order  to  save  the  patient's  clothing  while  using  the 
irrigation  method,  we  should  always  have  him  hold,  be- 
neath the  ear,  a  kidney-shaped  hard-rubber  or  agateware 
basin  into  which  the  water  coming  from  the  canal  may 
escape.  These  are  easily  obtained  and  are  furnished  for 
sale  in  all  sizes. 

As  soon  as  the  discharge  begins  to  lessen  perceptibly, 
the  congestion  and  swelling  gradually  subside,  and  the 
structures  slowly  regain  their  normal  appearance. 

In  all  cases,  before  we  undertake  the  local  treatment  of 
the  ear,  we  should  make  a  thorongh  investigation  of  the 
upper  respiratory  tract,  and  when  we  find  that  these 
structures  are  involved  in  a  catarrhal  process,  we  should, 
while  giving  the  ear  proper  attention,  direct  our  treat- 
ment to  the  cure  of  these  pathological  conditions;  for,  if 
they  be  neglected,  we  shall  doubtless  observe  that  exac 
erbations  of  the  ear  disease — although  the  latter  may  be 
benefited  for  a  time  by  the  measures  which  we  have 
adopted — occur  from  time  to  time,  owing  to  the  influence 
exerted  by  the  pathological  conditions  in  the  nose  and 
naso-pharynx.  We  should  search  especially  for  any 
lymphoid  hypertrophies,  and  if  found  they  should  be 
promptly  removed.  If  we  discover  any  other  obstructive 
condition,  which  interferes  with  a  normal  naso-pharyn- 
geal  function,  this  also  should  be  removed. 

When  the  drum  membrane  has  to  a  large  extent 
been  destro3red,  and  we  find  the  inner  tympanic  wall  ex- 
posed and  presenting  a  mucous  surface  that  is  swollen, 
congested,  and  covered  with  mucus,  or  even  if  it  is  only 
slightly  moist,  then  we  must  stimulate  this  surface  by 
applying  to  it  some  suitable  remedial  solution.  That 
which  gives  the  best  results  is  one  of  silver  nitrate.  At 
first  a  weak  solution  should  be  employed,  one  of  ten  grains 
to  the  ounce  of  distilled  water,  and  then  afterward,  ac- 
cording to  the  indications,  the  strength  may  be  gradually- 
increased  to  as  much  as  240  grains  to  the  ounce,  or  even  to 
360  grains  to  the  ounce,  when  a  rapid  effect  is  desired.  A 
point  of  value  in  applying  the  silver  solution  may  be 
mentioned  here,  and  that  is,  care  should  be  taken  not  to 
touch  other  parts  of  the  tympanum  or  any  portion  of  the 
skin  lining  the  canal.  The  application  should  be  restricted 
to  the  particular  area  that  we  wish  to  stimulate,  and  this 
can  be  accomplished  easily  by  exercising  a  little  care  in 
preparing  the  cotton-tipped  probe.  It  should  not  be 
laro-e  or  bulky,  but  quite  small,  and  only  the  tip  should 
be  dipped  into  the  solution;  all  the  excess  of  fluid  should 
be  pressed  out  from  the  small  mop  before  we  introduce 
it  into  the  canal,  as  otherwise  there  is  a  strong  probabil- 
ity that  some  of  it  will  come  in  contact  with  normal  tis- 
sues and  thus  cause  excessive  irritation.  Other  solutions 
which  may  be  used  with  beneficial  results  are  varying 
strengths  of  the  zinc  and  copper  salts;  of  the  latter,  a 
two-per-cent.  solution  is  the  one  most  frequently  used. 

As  the  discharge  becomes  less  abundant  and  the  pa- 
tient is  seen  less  frequently,  a  solution  to  be  used  at 
home  should  be  prescribed— as,  for  example,  one  like  the 
following ; 

I?  Boric  acid ■  •  •  ■  ■  ■■■■  S^;  .^^■ 

Bichlor.  of  mercury  solution  (1  to  1,000)    3  ij- 
Absolute  alcohol enough  to  make  1 1. 

M. 
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Five  or  ten  drops  of  this  solution— to  be  placed  m  tlie 
car  twice  a  day  at  first,  then  later  once  a  day,  and  finally 
a-<  the  need  for  stimulation  diminishes,  only  every  second 
day— will  be  found  to  act  admirably,  not  only  as  a  stim- 
ulant on  account  of  its  alcoholic  properties,  hut  also  as 
an  antiseptic,  on  account  of  the  boric  acid  and  the  bichlor- 
ide solution  which  the  mixture  contains. 

There  are  two  effective  methods  of  bringing  such  a 
solution  into  contact  with  the  diseased  mucous  meni- 
brane.  Either  a  dropi^er  can  be  used,  or  the  requisite 
number  of  drops  can  be  j)hiced  in  a  small  spoon  and  then 
poured— after  first  warming  the  fluid,  if  this  be  thought 
best— into  the  auditory  canal :  in  each  instance  the  head 
being  held  well  over  toward  the  opposide  side.  If  any 
residue  remains  after  one  or  two  minutes,  it  can  be  re- 
moved by  turning  the  head  in  an  opposite  direction,  thus 
allowing  the  liquid  to  escape. 

When  the  discharge  is  marlcedly  persistent  and  the 
applications  mentioned  above  fail  to  bring  about  a  satis- 
factory result,  the  writer  has  found  of  benefit  the  so- 
called' Powell's  method  of  treatment,  which  consists  of 
the  application,  to  the  diseased  surface,  of  a  solution  of 
pure  carbolicacid  (ninety -five percent.).  Thisisallowed 
to  run  into  the  canal,  the  head  being  held  well  over 
toward  the  opposite  side,  until  the  auditory  canal  is 
nearly  filled.  It  is  retained  in  this  position  for  from 
thirty  to  sixty  seconds,  and  then  the  canal  is  quickly 
syringed  with  a  solution  of  absolute  alcohol.  In  this  way 
the  alcohol  counteracts  any  escharotic  action  which  the 
carbolic  acid  would  exert  upon  the  normal  tissues,  and 
yet  at  the  same  time  the  diseased  parts  are  stimulated 
iuid  thoroughly  cleansed.  By  this  form  of  treatment 
excellent  results  are  obtained  in  many  cases  that  would 
not  yield  to  the  ordinary  methods  in  vogue. 

The  question  will  naturally  be  asked  as  to  how  great 
is  the  amount  of  pain  involved  in  this  procedure.  It  is 
very  slight,  for  the  carbolic  acid  exerts  an  anaesthetic 
elfeet  supeiiicially ;  and  then,  upon  the  quick  application 
of  the  alcohol  afterward,  the  patient  simply  complains 
of  the  ordinary  stinging  sensation  which  is  usually  expe- 
rienced, in  a  mild  degree,  upon  the  application  of  this 
liquid. 

In  all  cases  under  treatment  we  should,  after  thor- 
oughly cleansing  the  canal  and  before  applying  the  rem- 
edy, direct  the  patient  to  perform  inflation  by  the  Val- 
salva method,  so  as  to  drive  out  from  the  middle  ear  any 
retained  secretion  that  may  be  present.  Should  he  be 
unable  to  do  this,  then  gentle  inflation  by  means  of  the 
catheter  should  be  practised,  and  the  secretion  thus  dis- 
placed should  be  removed  before  our  final  application  is 
made  to  the  surface  to  be  stimulated. 

The  practice  of  Instilling  oil  of  any  kind  into  the  audi- 
tory canal  should  not  be  countenanced,  as  it  affords  a 
medium  which  is  favorable  for  the  development  of  veg- 
etable fungi  of  various  kinds;  and  when  once  these  con- 
ditions are  established  in  the  canal  they  prove  exceedingly 
irritating  and  diflicult  to  get  rid  of.  As  to  the  use  of 
hydrogen  peroxide  in  the  auditory  canal  of  a  patient  suf- 
fering from  chronic  purulent  otitis,  there  is  a  wide  di- 
versity of  opinion.  Some  authorities  report  most  brilliant 
results  from  its  use,  both  by  syringing  the  canal  freely 
with  it  and  also  by  simply  instilling  it  into  the  canal. 
They  claim  that,  when  so  us(!d,  it  cleans  out  the  small 
cavities  by  displacing  retained  secretions,  which  other- 
wise would  not  appear  without  the  use  of  this  agent.  I 
believe,  however,  tliat  we  have  other  means  at  cmr  com- 
mand that  will  do  the  work  quite  as  well,  without  ex- 
posing the  patient  to  the  risk  of  our  displacing  and  driv- 
ing backward  into  the  mastoid  antrum,  through  the 
aditus,  this  retained  secretion,  and  thus  exciting  an  in- 
tlammation  of  this  cavity  by  the  infection  contained  in 
the  secretion  so  displaced.  It  must  be  admitte<l  that 
such  secretion,  when  it  is  displaced,  can  travel  this  path 
quite  as  easily  as  any  other,  and  the  writer  has  seen  .sev- 
eral cases  of  purulent  otitis  in  which,  under  the  emi)lov- 
ment  of  hydrogen  peroxide,  a  dLstinct  mastoiditis  devel- 
oped;  in  fact,  in  four  of  them  the  mastoid  had  to  be 
opened,     in  all  of  these  cases  there  had  been  no  sign  of 
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mastoid  involvement  unril  after  the  peroxide  was  em- 
ployed, and  in  a  general  way  the  ear  affection  had  been 
progressing  favorably  up  to  the  time  mentioned ;— there- 
fore, from  observation  and  personal  experience,  I  am  op- 
posed to  the  use  of  this  remedy  in  this  form  of  ear  dis- 
ease. 

Under  no  circumstances  or  conditions  should  we  in 
this  disease,  either  early  or  late,  put  a  large  quantity  of 
powder  in  the  canal  and  allow  it  to  remain,  for  it  be- 
comes moistened  and  later  forms  a 
crust,  thus  favoring  what  we  wi.sh 
to  avoid,  namely,  a  damming  back- 
ward of  the  secretion.  Further- 
more, the  practice  of  supplying  a 
patient  with  a  quantity  of  powder 
to  use  by  himself  cannot  be  too 
strongly  condemned,  for  in  many 
instances  he  will  cause  the  secretion 
to  be  driven  backward, — a  result 
which  is  brought  about  by  the 
formation,  at  the  point  of  perfora- 
tion, of  such  a  crust  as  has  just 
been  mentioned,  and  which  sub- 
jects the  patient  to  the  danger  <jf 
mastoid  and  other  intracranial  in- 
volvement. 

After  the  discharge  has  been  re- 
duced to  a  minimum  amount,  so 
that  it  only  moistens  the  parts,  then 
we  can  use  with  much  advantage 
some  of  the  many  antiseptic  and 
astringent  powders,  by  insufflating 
a  smaU  quantity  over  the  moistened 
area.  The  powders  more  commonly 
used  under  such  circumstances  are : 
boric  acid,  aristol,  acetanilide,  noso- 
phen,  zinc  oxide,  iodol,  and  alum. 
Iodoform  was  formerly  used  exten- 
sivel}',  but  owing  to  its  disagreeable 
odor  it  has  been  largely  discon- 
tinued. This  drug  is  certainly  verj' 
unpleasant  for  both  the  patient  and 
the  surgeon,  on  account  of  its  peculiar  odor,  and,  besides, 
it  often  gives  rise  to  a  most  distressing  dermatitis.  Der- 
matol has  also  been  used,  but  it  possesses  no  particular 
curative  effects.  In  many  cases  in  which  the  discharge 
is  intractable  and  comes  from  the  attic  region,  the  use  of 
the  intratympanic  syringe  is  of  the  greatest  value,  as  by 
its  use  we  can  introduce  solutions  of  various  strengths, 
upward  and  backward,  beyond  the  point  of  vision.  The 
writer  has  used  a  small  gla.ss  instrument  of  various  sizes, 
with  short  or  long  tip  and  broad  end,  fitted  closely  with 
a  rubber  cap  similar  to  that  of  the  pipette.  These  little 
glass  pipettes  are  made  in  almost  any  size,  and  the  tip 
can  be  made  at  anj'  angle  one  wishes.  They  are  easily 
handled,  neat,  clean,  and  inexpensive,  and  contain,  for  use 
in  treatment,  all  the  way  from  one  to  twenty  drops  of  the 
remedial  fluid,  which  is  usualh'  a  solution  of  silver  nitrate. 

In  cases  in  which  we  find  a  large  amount  of  granula- 
tion tissue  present,  we  proceed  to  destroy  this  after  first 
cleansing  the  canal  and  the  area  to  be  destroyed.  If  the 
granulations  are  only  moderately  large,  we  can  easily 
destro}^  them  by  means  of  chemical  agents.  The  two 
agents  of  this  character  most  used  are  silver  nitrate  and 
chromic  acid.  The  surface  to  be  cauterized  is  first  dried, 
and  then  upon  a  metal  probe  a  bead  of  either  of  the  above 
agents  is  fused  and  applied  carefully  to  the  granulating 
area.  Care  should  be  taken  not  to  smear  tliese  agents 
over  adjacent  parts,  and  all  excess  or  residue  should  be 
mopped  up  with  a  cotton  pledget.  The  actual  cautery 
has  been  recommended  as  admirable  for  the  destruction 
of  these  granulations,  but  its  use  here  is  altogether  too 
ditlicultof  application;  and  besides,  we  have  other  means 
at  hand,  equally  as  good,  and  much  easier  to  use. 

After  cleansing  the  area  to  be  cauterized,  we  should 
apply  to  the  granulating  surface  about  to  be  destroyed  a 
solution  of  cocaine  hydrochlorate  of  a  strength  of  from  five 
to  ten  per  cent.     This  application  can  be  made  by  soak- 
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ing  a  smull  pledget  of  cotton  in  the  cocaine  and  carryinK 
it  with  tlie  forceps  directly  against  the  siirface  we  wisli 
to  ana-sthetize,  or  we  can  applj'  it  l)y  means  of  a  cotton- 
tipped  probe,  whicli  we  are  to  hold  against  the  surface 
for  a  moment  or  two  vmtil  the  ana'sthefic  elTect  has  lieen 
produced.  If  this  jireliniinary  step  is  taken  in  these  cases, 
the  patient  will  experience  little  or  no  pain  dm-ing  tlie 
destruction  of  this  exuberant  tissia';  and  this  in  itself  is 
a  factor  to  be  taken  into  consideration,  for  no  one  likes  to 
suffer  pain  when  it  can  be  so  easily  avoided.  When  tlie 
granulations  are  larger  and  polypoid  in  character,  then 
their  removal  is  best  effected  by  means  of  the  wire  snare. 
The  loop  of  the  wire  is  passed  over  tlie  growth  and  cur- 
ried backward  and  inward  to  its  point  of  attachment, 
and  then  the  growth  is  cut  off  by  the  successive  turning 
or  screwing  of  the  thumb-piece  of  the  snare,  thus  tiglit- 
ening  at  each  turn  the  loop  of  wire  surrounding  "the 
growth. 

As  a  more  rapid  means  of  removing  these  growths  a 
sharp  curette  is  preferred  by  some  operators."  This  in- 
strument can  be  passed  quickly  into  the  canal,  at  the  side 
of  or  beneath  the  growth,  and  carried  backward  to  its 
point  of  attachment,  which  is  usually  a  rather  firm  ped- 
uncle. When  this  ]ioint  is  reached,  the  curette  is  raised 
and  maniptilated  so  as  partially  to  twist  the  stalk  around 
the  shank  of  the  instrument,  care  being  taken  that  the 
sharp  curve  of  the  instrument  shall  rest  upon  the  superior 
or  upper  surface  of  the  peduncle.  The  curette  is  then 
l)ressed  inward  against  the  surface  from  which  the  growth 
springs,  the  peduncle  is  severed  close  to  its  attachment, 
and  the  growth  is  removed  at  the  same  time  that  the  in- 
strument is  -withdrawn.  Cocaine  should  always  be  used 
previous  to  the  removal  of  such  growths,  in  order  to  re- 
lieve the  patient  of  as  much  pain  as  possible.  As  an  ad- 
jimct  of  great  value  in  the  removal  of  these  growths,  we 
may  mention  the  local  use  of  a  scjlution  of  suprarenal 
capsule.  The  following  is  the  formula  used  by  the 
writer : 

I^  Adrenals  (Armour  desic.) 3  i. 

Boric  acid gr.  xvi. 

Cinnamon  water 3  iv. 

Camphor  water  (hot) 3  i. 

Distilled  water  (hot) — enough  to  make  a  two- 
ounce  mixure. 
M.     Macerate  for  four  hours  and  filter. 

The  use  of  this  solution,  which  sliotdd  be  applied  par- 
ticularly to  the  base  of  the  growth,  renders  it  easy  to  re- 
move quite  large  polypi ;  and  furthermore,  what  would 
otherwise  be  a  bloody  operation  is  converted,  by  the  aid 
of  this  fluid,  into  one  that  is  practically  bloodless.  The 
solution  should  remain  in  contact  with  the  tissue  to  be 
removed  for  at  least  five  or  ten  minutes  prior  to  the  oper- 
ation. The  after-treatment  is  also  greatly  facilitated  by 
the  use  of  the  remedy,  for  by  its  aid  we  can  cauterize  the 
base  left  after  the  removal  of  the  growth  without  con- 
tinually going  over  the  surface  for  several  minutes  with 
cotton  pledgets  trying  to  stanch  the  oozing  of  blood  be- 
fore we  apply  our  cauterizing  agent.  Formerly,  when 
the  removal  of  a  polypus  had  to  be  done  without  the  aid 
of  the  suprarenal  extract,  it  was  very  frequently  found 
necessary  to  carry  out  the  cauterization  of  the  base  at  a 
second  sitting  on  account  of  the  free  hemorrhage  existmg. 

For  the  first  twenty-four  hours  after  the  removal  of 
such  a  growth,  it  is  well  to  pack  the  canal  loosely  with  a 
strip  of  plain  sterilized  gauze.  This  acts  in  a  twofold 
manner.  First,  its  prevents  any  marked  secondary  hem- 
orrhage taking  place,  as  sometimes  occurs  after  the  use 
of  the  suprarenal  extract;  and,  secondly,  it  acts  as  a  pro- 
tection; but  it  should  always  be  removed  on  the  follow- 
ing day.  If  the  patient  is  not  to  be  seen  for  a  few  days, 
then  under  no  condition  should  the  canal  be  packed ;  but 
if  much  discharge  is  present,  tlie  patient  should  be  di- 
rected to  use  the  irrigation  method  for  a  few  daj'S  until 
the  discharge  diminishes  sufilciently,  or  until  the  patient 
again  comers  under  the  observation  of  the  surgeon  for 
further  treatment.  In  all  cases  in  wdiicli  exuberant  gran- 
ulations or  polypi  have  been  removed  from  the  auditory 


canal  and  middle  ear,  the  subsequent  treatment  is  to  be 
carried  out  on  exactly  tlie  same  lines  as  tliose  already 
stated,  'i.e.,  the  parts  are  to  be  kept  sterile  and  clean,  they 
are  to  be  stimulated  from  time  to  time  as  maybe  needed, 
and  later,  wlien  the  discharge  diminishes,  tlie  drops  re- 
ferred to  in  a  previous  paragrapli  are  to  lie  used  twice  a 
day. 

If,  after  an  ear  lias  been  treated  in  tJiis  way  for  a  period 
of  ten  days  or  two  weeks,  the  discharge  is  "still  present, 
and  there  is  a  marked  tendency  to  a  reformation  of  the 
granulation  tissue,  then  it  may  be  said  witli  a  degree  of 
certainty  that  we  have  to  deal  with  dead  bone  situated 
farther  back,  and  no  time  .should  be  lost  in  its  removal. 
The  technique  of  this  procedure  will  be  found  in  (he  arti 
do  on  Mdxtoid  Operations,  in  a  later  volume. 

Aspergillus  is  quite  frequently  found  just  within  the 
meatus,  on  the  canal  wall,  on  the  remains  of  the  drum 
membrane,  or  on  the  exposed  internal  tympanic  wall,  in 
cases  in  which  the  ear  has  previously  been  tlie  seat  of  a 
purulent  intlamniation.  Its  presence  may  mislead  us  into 
thinking  tliat  the  ear  has  begun  to  discharge  again.  This 
new  discharge  is  caused  by  the  presence  of  this  fungus  at 
one  or  more  of  the  points  just  mentioned.  It  develops 
slowly  in  the  beginning  when  it  lodges  upon  the  surface, 
owing  to  alack  of  moisture,  but  later,  when  even  a  sligJit 
amount  of  moisture  comes  in  contact  with  it,  the  growth 
is  a  rapid  one,  and  the  discharge  given  out  from  it  is  often 
offensive  and  accumulates  around  the  meatus.  The  treat- 
ment recpiired  is  simply  to  cleanse  the  parts  by  the  ordi- 
nary method,  and  then  to  scrub  the  surface  all  over  with 
a  cotton-tipped  probe  dipped  in  the  alcfiholic  solution 
previously  mentioned.  Afterward  it  is  well  to  insufflate 
just  enough  finely  powdered  acetanilid  or  boric  acid  to 
cover  the  surface  from  which  the  fungus  grows.  A  few 
treatments  like  this  will  sufHce  to  clear  up  the  condition 
as  well  as  to  relieve  any  excoriations  at  the  meatus  which 
maj'  have  been  caused  by  the  discharge. 

In  all  cases  of  purulent  disease  of  the  middle  ear,  in 
which,  upon  examination,  we  find  the  drainage  insuffi- 
cient, we  should  lose  no  time  in  enlarging  the  opening 
through  which  the  discharge  is  passing;  and  oftentimes 
it  is  desirable,  instead  of  enlarging  the  old  perforation, 
to  make  a  free  incision  through  the  drum  membrane  at 
some  otlier  point,  to  facilitate  more  rapid  drainage.  This 
is  particularly  imperative  wdien  the  discharge  emanates 
from  the  lining  membrane  of  the  middle  ear,  and  we  find 
it  being  inadequately  drained.  It  is  in  these  cases  that 
the  subsequent  use  of  the  middle-ear  syringe  is  of  the 
utmost  value,  as  after  a  thorough  cleansing  of  the  tym- 
panic cavity  we  can  introduce  the  stimulating  or  astrin- 
gent solutions,  and  a  sufficient  (piantity  should  be  used 
each  time  to  fill  completely  the  tympanic  cavity.  The 
fluid  will  oftentimes  pass  into  and  down  through  the 
Eustachian  tube,  but  this  will  do  no  harm,  provided  the 
solutions  used  are  not  too  strong,  and  rarely  should  we 
use  for  the  first  time  in  tliis  manner  a  solution  of  sil- 
ver that  is  stronger  than  one  per  cent.  If  the  case  is  one 
of  a  persistent  character,  this  intratympanic  syringing 
should  be  practised  each  dav  until  the  discharge  is  per- 
ceptibly lessened;  then  every  second  day;  and  later  less 
frequently— for  example,  twice  a  week. 

When  a  small  amount  of  discharge  continues  despite 
all  treatment,  and  the  parts  upon  inspection  look  indo- 
lent the  method  suggested  and  practised  by  Blake— viz., 
that  of  fitting  a  small  sterilized  piece  of  very  tlim  paper 
over  the  existing  opening— will  oftentimes  heal  these 
perforations  Itls  not  improbable  that  this  effect  is  pro- 
duced by  the  mechanical  irritation  set  up  by  the  contact 
of  the  disc  with  the  indolent  surface  of  the  membrane. 
In  applying  these  paper  discs,  after  they  are  approxi- 
mated closely  to  the  drum  membrane,  they  should  be 
eently  pressed  around  their  edges  so  as  to  compel  the 
paper  to  adhere  flrmlv.  After  the  disc  has  been  satisfac- 
orily  applied,  a  small  amount  of  powdered  acetamlide 
or  boric  acid  is  to  be  dusted  over  its  surface.  Such  a 
dressing  will  remain  in  place  for  from  two  to  <^i,'?lit  days 
and  when  the  parts  are  again  inspected,  we  shall  find  that 
Uie  disc,  though  still  adherent  to  the  drum  membrane, 

645 


Ear  Diseases. 
Ear  Diseases. 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


lually  worked  its  way  toward  the  edge  of  the 

ne,  exposing  a  part  or  tlie  wliole  of  tlie  perfora- 

is  present.     A  second 


has  gradi 

membrane, 

tion,  while  little  or  no  moisture  --  , 

disc  sterilized  in  the  same  manner,  should  now  be  placed 

over  tlic  opening,  leaving  the  primary  one  undistui-bec , 

and  partially  overlapping  it.     Usually  two  or  three  sucli 

applications  serve,  in  a  large  proportion   of  the  ca.ses, 

eoinpletelv  to  stop  the  discharge  and  close  the  opening. 

The  protection  given  by  the  disc  no  doubt  hastens  the 

favorable  changes  which  take  place  in  tlie  pathological 

mucous  membrane  of  the  middle  ear. 

To  improve  the  hearing,  after  we  have  cured  the  dis- 
charo-e  is  the  next  steji  in  the  tieatment  of  this  disease. 
Wlien  a  large  part  of  the  tymiianic  membrane  has  been 
destroyed  and  the  ossicles  arc  bound  down  by  adhesions, 
we  usually  find  that  the  hearing  is  markedly  dimin- 
ished. However,  by  dividing  liie  existing  adhesions— 
a  procedure  which  can  be  (juite  easily  carried  out  after 
tlie  discharge  has  ceased— we  often  succeed  in  effect 
ing  a  decided  improvement  in  tlie  hearing.  On  the 
other  hand,  some  of  the  cases'  thus  operated  upon  show 
no  improvement.  Nevertheless,  as  those  whose  hear- 
ing is  improved  bj'  the  operation  constitute  a  majority, 
we  sliould  not  fail  to  give  this  part  of  the  treatment 
a  fair  trial.  Personally,  I  have  seen  only  two  cases  out 
of  a  total  of  twenty-four  that  did  not  improve  under 
this  procedure. 

It  is  usual,  in  au  ordinary  case,  in  which  the  greater 
jjart  of  the  tympanic  membrane  remains,  for  the  hearing 
to  improve  shghtly  when  the  discharge  ceases,  and  under 
these  circumstances  we  may  use,  as  an  aid  to  restoring 
the  function  of  hearing,  the  ordinary  methotl  of  inflation 
and  vaporization  of  the  middle  ear,  as  it  prevents  the 
excessive  formation  of  adhesions,  and  tends,  furthermore, 
when  these  adhesions  have  already  taken  place,  to  stretch 
them,  as  well  as  to  stretch  and  make  more  pliable  that 
portion  of  the  drum  membrane  which  is  still  intact.  This 
methoil  of  treatment  should,  if  possible,  be  carried  out 
three  times  a  week  at  hrst,  and  as  improvement  Ijcgins 
to  take  place,  the  frequency  should  be  diminished,  ac- 
cording to  the  indications  present  in  each  case.  In  many 
of  these  cases,  during  convalescence,  and  after  the  dis- 
charge has  ceased,  comjilaint  will  be  made  of  a  most  dis- 
tressing tinnitus,  one  which  does  not  yield  even  though 
the  frequent  inflations  spoken  of  have  been  practised.  In 
these  cases  the  internal  administration  of  small  and  grad- 
ually increasing  doses  of  the  potassium  iodide  will  be 
followed  by  a  marked  relief  in  a  large  number  of  in- 
.-itances.  At  the  lieginning  the  do,se should  be  five  grains 
three  times  a  day,  but  afterward  it  should  gradually  be 
increased  until  the  desired  relief  is  secured.  Usually, 
when  the  patient  has  taken  about  ten  grains  three  times  a 
day  for  several  days,  this  symptom  will  gradually  dimin- 
ish, and,  in  a  fair  number  of  cases,  will  disappear  alto- 
gether. ^  This  effect,  no  doubt,  is  due  to  the  stimulating 
properties  of  the  remedy,  which  causes  an  absorption  of 
a  small  amount  of  exudate  or  recently  formed  dejwsit 
\vithin  the  middle  ear. 

If  any  decided  labyrinthine  involvement  is  already 
jiresent,  then,  of  course,  the  severing  of  the  adhesions 
mentioned  above  is  contraiudicated,  for  the  operation  is 
not  likely  to  be  followed  by  any  im])roveineiit. 

Excision  of  the  ossicles,"and  operative  procedures  for 
the  relief  of  intratympanic  caries  will  receive  full  consid- 
eration in  another  article  of  this  series. 

In  all  cases  that  come  under  our  observation  for  treat- 
ment, we  sh(mld  never  lose  sight  of  the  fact  that  we  are 
practitioners  of  medicine  first,  and  S|)ecialists  .second; 
and  all  eases,  in  \vhi<h  tlie  indications  demand  it,  slioiihi 
have  general  building-up  and  tonic  treatment  in  order 
tha,t  the  local  condilion  may  imin-ove  the  more  raiiidlv 
as  it  must  when  the  patients  receive  a  suri)lus  of  nutii 
tion  through  tlie  medium  of  the  ireneral  system  There 
are^many  chr.mic  cases  which,  if  they  had  bi.,.n  subjected 
0  the  building-up  process  when  they  were  first  attacked 
Dy  tlie  local  disease,  would  never  have  reached  the 
chronic  stage  at  which  they  afterward  present,.,!  Ih,.ni- 

JwmeH  F.  McKernoii. 


selves  for  treatment. 


EAR  DISEASES:  FOREIGN  BODIES  IN  THE  EX- 
TERNAL   AUDITORY    CANAL   AND    MIDDLE    EAR.— 

I.  AuDiTOKY  Canal— Although  the  po.sitiou  of  the  ear 
is  not  sueli  as  to  favor  the  entrance  of  foreign  bodies  into 
the  external  auditory  canal,  it  not  unfrequently  liappens 
tliat  they  find  lodgment  there.  Cliildren  are  much  given 
to  thrusting  into  their  ears  such  bodies  as  glass  beads, 
pebbles,  coffee  grains,  and  the  like ;  adults  "  lose  "  plugs 
of  cotton  in  their  cars  or  break  off  in  the  canal  part  of  a 
match  or  toothpick  with  which  they  have  been  scratch- 
ing an  itching  meatus  or  endeavoring  to  remove  cerumen  ; 
while  insects  occasionally  enter  the  ear  by  accident,  and 
sometimes  by  design,  being  attracted,  perhaps,  by  the 
odor  of  an  offensive  discharge.  Flies,  attracted  in  this 
way,  now  and  then  depcsit  their  eggs  in  the  ear;  and, 
unless  the  discharge  be  sufiicieutly  profuse  to  wash  them 
out,  they  quickly  develop  into  maggots,  which  soon  make 
their  presence  known  by  the  great  irritation  they  create. 
Foreign  substances  are  Sometimes  put  into  the  ear  with 
criminal  intent;  but,  popular  belief  to  the  contrary,  the 
auditory  canal  furnishes  a  most  in, lifferent  avenue  for  the 
introduction  of  poisons  into  the  system,  since  its  dermal 
lining  does  not  permit  of  their  ready  absorption. 

The  presence  of  a  foreign  body  in  the  ear  does  not 
necessarily  give  rise  to  serious  consequences.  If  the  sub- 
stance introduced  possess  irritant  or  caustic  properties, 
inflammation  will  quickly  supervene,  the  drumhead  may 
be  destroyed,  and  n,jt  only  the  integrity  of  the  hearing, 
but  life  it.self,  may  be  jeopardized.  And,  also,  when 
living  insects  invade  the  ear,  they  usually  cause — espe- 
i-ially  when  their  wings  or  claws  come  in  contact  with  the 
tympanic  membrane — great  suffering,  and,  perhaps,  se- 
vere inflammation  of  the  membrane  and  the  cutaneous 
lining  of  the  meatus.  But,  on  the  other  liand,  such  in- 
n,^cuous bodies  as  beads,  cherry  stones,  coffee  beans,  etc., 
unless  they  be  tightl}-  wedged  iu  the  canal,  or  be  so  placed 
as  to  press  rudely  upon  the  drumhead,  may  scarcely 
make  their  presence  felt,  or  induce  even  a  transient 
earache. 

The  prevalent  belief  is  that  the  entrance  of  a  foreign 
body  into  the  auditoiy  canal  is  a  serious  accident,  and 
that,  liowever  harmless  in  itself  the  foreign  substance 
may  be,  dire  consequences  will  ensue  unless  it  be  quicklj' 
gotten  out.  As  a  rule,  it  is  doubtless  judicious  to  remove 
without  unnecessary  delay  any  bodj-  which  has  found  its 
way  into  the  external  ear,  because  its  presence  ^ja;/ ex- 
cite iuflammatiou,  or,  as  sometimes  happens,  troublesome 
reflex  irritati,m,*  and  because,  moreover,  we  shall  scarcely 
be  able,  without  doing  so,  to  allay  the  alarm  of  the  pa- 
tient or  the  anxiety  of  his  friends.  But,  on  the  other 
liand,  as  in  most  instances  no  immediate  ill  consequences 
nec,l  be  apprehended,  we  should  not  be  too  eager  to  un- 
dertake this  oftentimes  delicate  opeiati,m,  imperfectl}' 
eqiiippcl,  perhaps,  for  its  performauce,  and  under  con- 
ditions which  render  doubtful  its  successful  ompletion; 
for,  if  the  operation  fail  of  its  pur]iose,  the  injury  result- 
ing from  the  repeated  efforts  to  extract  the  foreign  bodj' 
will  pnibably  leave  the  au,lit,iry  canal  inflamed  and 
swollen,  and  the  ear  in  much  worse  condition  than  before. 
Ind,'ed.  the  difficult  cases  which  the  specialist  has  to  deal 
with  are  almost  always  tli,>se  in  which,  through  previous 
unskilful  manipulation,  the  delicate  walls  of  the  meatus 
have  Viei'ii  l;i,-,'iat,',l  aiul  bruised,  and  the  foreign  body 
tiijjhtly  im]iacti',l  in  the  bottom  of  the  canal. 

Before  attemiiting  to  remove  a  foreign  bod_y  from  the 
ear  t  he  operator,  by  careful  inspection,  should  "first  assure 
liimself  that  one  is  present.  This  it  is  not  always  possi- 
ble to  do  without  the  aiil  of  an  ear  mirror  and  speculum. 
If  these  are  not  at  command,  and  there  be  doubt  as  to 
the  ])res,'nce  of  a  foreign  b,)dy  (for  it  is  to  be  b,irne  iu 
minil  that  patients  fr,.,iueiitly  imagine  that  something 
has  entered  the  ear  wlii'u  such  is  not  the  case),  it  is  per- 

*  Anioiifi  tli,<  reflex  phpnomenn  which  have  heen  observed  in  fon- 
KeqiiiMioe  ,>t  tlie  Irrilattoii  prnrtiiceil  hy  the  presence  ot  a  foreign  body 
in  till'  I'iir  may  Iu-  iiii'iitionnl,  ,-oucb,  vomiting,  excessive  salivary 
si'frctinn,  hpiuliTiUii!!,  faiiiil  paralysis,  and  epileptic  convulsions 
(I'nuli't).  The  writer  also  has  reported  a  case  (Trans.  Am.  Otologi- 
cal  Soi'iHly,  vol.  v.,  p.  ,'")08)  in  which  inahilitv  to  swallow  food  was 
(■aus,Hi  by  the  presence  of  a  plug  ot  cerumen  in  the  ear. 
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missible  to  attempt  to  solve  the  doubt  b}' the  use  of  warm 
water  and  the  syringe ;  but,  under  such  cireunistanees,  to 
grope  blindly  in  the  ear,  with  any  sort  of  instrument,  is 
a  practice  fraught  with  great  danger  and  utterly  un- 
justitiable.  It  may  be  well  to  mention  that  the  glisten- 
ing surface  of  the  tympanic  membrane  is  sometimes  mis- 
taken for  a  foreign  body  by  those  unaccustomed  to 
examining  the  ear ;  and,  as  such  a  mistake  is  apt  to  lead 
to  serious  consequences,  the  possibility  of  it  should  be 
borne  in  mind  in  order  that  it  may  be  avoided. 

IVeatment. — The  question  of  how  to  deal  with  a  foreign 
body  lodged  in  the  ear  depends  upon  a  variety  of  circum- 
stances: In  the  first  place,  upon  the  nat\ire  of  the  intrud- 
ing body,  whether  it  be  an  animate  or  an  inanimate  ob- 
ject; and  if  the  latter,  whether  it  be  an  irritant  or  an 
innocuous  substance,  and  what  its  shape  and  size.  In  the 
second  place,  upon  the  manner  of  its  lodgment,  whether 
it  be  tightly  wedged  or  lying  loose  in'the  canal,  and 
whether  resting  near  its  orifice  or  beyond  its  constricted 
middle  third,  in  the  neighborhood  of  the  tympanic  mem- 
brane. In  the  third  place,  upon  the  skill  and  experience 
of  the  operator;  for  what  would  be  a  judicious  and  safe 
method  of  procedure  for  one  accustomed  to  operating 
upon  the  ear,  might  be  an  extremely  unwise  and  hazard- 
ous one  for  a  tvro  in  this  department  of  surgerj-  to  under- 
take. Generally  speaking,  it  may  be  said  that  unless  the 
foreign  body  be  near  the  external  orifice  of  the  ear,  and 
be  of  such  shape  that  it  may  be  readily  grasped  by  suit- 
able forceps,  iu  the  absence  of  special  skill  upon  the  part  of 
the  operator,  the  syringe  is  the  safest  and  best  instrument 
with  which  to  undertake  its  removal.  In  most  cases  this 
plan  will  prove  successful,  and,  when  it  does  not,  at  least 
no  harm  will  have  been  done  by  the  attempt.  If  it  can- 
not be  removed  in  this  way,  resort  must  be  had  to  the 
forceps,  or  to  the  blunt  hook  devised  for  this  purpose. 
Neither  of  these  instruments,  however,  can  he  used  with 
safety,  or  to  good  purpose,  unless  the  meatus  be  illumi- 
nated, so  that  the  foreign  body  may  be  kept  iu  view  and 
every  movement  of  the  instrument  watched.  If  the  in- 
truding body  be  lying  near  the  external  orifice  of  the 
canal,  it  is  possible  to  obtain  a  satisfactory  illumination 
by  turning  the  ear  toward  a  window  or  a  bright  artificial 
light;  but,  if  it  be  lodged  near  its  inner  extremity,  a 
concave  ear  mirror  attacheil  to  a  head  band,  by  means  of 
which  either  diffuse  sunlight  or  artificial  light  may  be 
concentrated  and  reflected  into  the  ear,  and  in  most  in- 
stances an  aural  speculum,  must  be  employed.  Unless, 
however,  the  operator  be  used  to  this  method  of  examin- 
ing the  ear,  he  will  find  that  he  cannot  accomplish  much 
in  this  way;  and,  under  such  circumstances,  supposing 
that  the  syringe  has  been  tried  without  avail,  he  will 
serve  his  own  interest  and  his  patient's  welfare,  if  with- 
out more  ado  he  refer  the  case  (if  it  be  in  his  power  to  do 
so)  to  some  one  having  more  skill  in  this  particular  direc- 
tion than  himself;  for  farther  instrumental  effort  upon 
his  part  is  little  likely  to  be  successful,  and  may  result 
in  serious  damage  to  the  ear. 

In  skilful  hands  a  traction  hook,  such  as  is  represented 
in  the  woodcut,  is  the  most  generally  useful  instrument 
for  the  removal  of  foreign  bodies  from  the  ear.-  It  is 
especially  useful  when  the  foreign  body  is  spheroidal  in 
shape,  or"  is  so  large  as  to  be  wedged  tightly  in  the  canal. 
Under  such  circumstances  forceps  are  worse  than  useless ; 
for  it  is  almost  impossible  to  open  them  wide  enough  to 
grasp  the  foreign  body,  and  each  unsuccessful  attempt 
to  catch  hold  of  it  tends  to  force  it  more  deeply  into  the 
meatus.  With  the  hook,  however,  which  can  be  gently 
insinuated  between  the  foreign  body  and  the  walls  of  the 
canal,  and,  when  it  has  been  gotten  beyond  it,  can  be 
turned  so  as  to  catch  the  body,  and,  upon  its  withdrawal, 
either  roll  or  drag  it  toward  the  external  orifice  of  the 
meatus,  any  body  which  has  found  its  way  into  the  car 

*  The  writer  employs  a  hook,  the  shank  ol  which  is  6..5  emj"  If «/ '>} 
and  forms  an  angle  ot  about  100°  with  the  handle  The  hook  at 
the  extremity  of  the  shank,  as  represented  m  the  i'"*'  >\ o™*  ^T^^ 
not  too  abruptly,  and  is  serrated  upon  its  under  surf  ace.  I"  h'^  «Pl°  »" 
the  angular  form  is  preferable  to  the  straight  traction  Hook  which 
some  aurlsts  employ,  as  with  it  the  operator's  hands  are  less  likely  to 
interfere  with  the  illumination  of  the  meatus. 


may  he  extracted— unless,  indeed,  it  has  become  greatly 
enlarged  (as  sometimes  happens  from  the  imbibition  o"f 
moisture),  or  the  calibre  of  the  canal  has  been  consider- 
ably lessened  by  infiammatory  swelling.  When  such  an 
instrument  is  not  at  command,  a  .silver  probe  suitably 
bent  near  its  extremity  may  be  used  in  its  stead;  or  an 


excellent  substitute  for  it  may  be  fasli- 
ioned  out  of  an  English  steel  hairpin, 
by  separating  the  prongs  until  they 
form  with  each  other  an  obtuse  or 
right  angle,  as  may  he  preferred,  bend- 
ing one  into  a  loop  for  a  handle,  and, 
after  filing  the  extremity  of  the  other 
prong  somewhat  flat,  bending  it  over 
very  close  to  the  end  and  serrating  its 
under  surface  with  a  file  or  knife,  that 
it  may  more  readily  catch  hold  of  the 
foreign  body.  With  such  a  contriv- 
ance the  writer  has  extracted  many 
foreign  bodies  from  the  ear.  Indeed, 
it  has  become  quite  a  favorite  instru- 
ment with  him,  and  several  of  these 
improvised  hooks,  their  extremities  dif- 
ferently shaped,  form  a  useful  part  of 
his  armamentarium.  The  wire  loop  of 
an  aural  snare,  which  may  be  passed 
around  the  foreign  body,  is  recom- 
mended especially  for  the  extraction 
of  spherical  bodies  which  fill  the  lu- 
men of  the  canal,  and,  it  would  .seem, 
should  answer  an  excellent  purpose. 
In  the  case  of  peas  or  beans  or  other 
sottish  bodies  a  sharp  hook,  which 
may  be  made  to  penetrate  and  in  this 
way  to  catch  hold  of  them,  is  useful. 
If  the  body  be  so  impacted  that  it  can- 
not be  drawn  out  in  this  way,  it  may 
be  cut  in  pieces  with  the  hook  or  with 
a  narrow-bladed  knife  and  removed 
piecemeal  with  the  angular  forceps  or 
syringe. 

When  a  corrosive  substance  finds  its 
way  into  the  ear,  it  should  be  syringed 
out  as  quickly  as  possible  with  tepid  water,  without  loss 
of  time  iu  searching  for  something  which  may  neutral- 
ize it  chemically.  If  such  an  agent  be  at  hand— as  for 
instance  a  weak  acid,  such  as  vinegar,  in  the  case  of  an 
alkaline  caustic,  or  carbonate  of  soda  or  potassa,  if  the 
corrosive  substance  be  acid,  it  should  he  added  to  the 
water  with  which  the  ear  is  syringed. 

When  animate  objects  invade  the  ear  they  usually 
cause  much  suffering.  Insects,  by  the  rapid  movements 
of  their  wings  and  feet,  not  only  excite  severe  pain,  but 
create  an  uproar  which  renders  nearly  frantic  the  un- 
fortunate individual  into  whose  ear  they  have  penetrated. 
Their  movements  may  be  arrested,  and  their  lives  put  an 
end  to  by  pouring  into  the  meatus  any  bland  oil,  such 
as  olive  or  almond  oil,  or  melted  lard  when  these  are  not 
obtainable.  Their  bodies  may  then  be  removed  by  means 
of  the  syringe  or  forceps.  The  writer  met  with  a  case 
some  years  since  in  which  a  physician,  possessed  of  some 
orio-inality,  succeeded  in  arresting  very  promptly  the 
distressing  movements  of  a  small  insect  which  had  entered 
the  ear  by  pouring  into  the  meatus  a  quantity  of  melted 
cerate  '  Unfortunately,  however,  upon  parting  with  its 
heat  the  cerate  became  hard,  and  moulded  itself  firmly  m 
the  canal  The  remedy,  as  may  be  imagined,  was  worse 
than  the  disease,  for  the  discomfort  it  caused  was  almost 
as  great,  and  the  difSculty  of  getting  rid  of  it  ten  times 
greater. 
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Maggots  are  not  only  difficult  to  remove  from  the  ear, 
but  cause  very  great  suffering,  because,  as  Blake  lias 
-pointed  out,  they  attach  themselves,  by  an  apparatus 
provided  for  the  purpose,  to  the  walls  of  the  meatus,  and 
feed  upon  the  inflamed  integument.  It  is  frequently 
necessary  to  seize  and  extract  them  witli  forceps,  as  the 
syringe  will  not  always  bring  them  out.*  They  survive 
for  some  time  in  oil,  live  only  live  or  ten  minutes  in  al- 
cohol, and  are  killed  instantaneously  by  chloroform  (Bur- 
nett). Alcohol,  liowever,  is  not  a  desirable  thing  to  pour 
into  an  inflamed  and  excoriated  meatus,  and  to  use 
chloroform  in  this  way  is,  of  course,  out  of  the  question. 
Dr.  Roosa  recommends  chloroform  vapor  and  also  Labar- 
raque's  solution  of  chlorinated  soda  to  destroy  them 
with,  wlieu  it  becomes  neces.sary  to  do  this  before  re- 
moving tlieni  from  the  ear. 

In  tlie  removal  of  foreign  bodies  from  the  ear,  espe- 
cially if  tlie  walls  of  the  meatus  have  been  lacerated  or 
there  is  a  probability  that  the  tympanic  membrane  has 
been  injured,  antiseptic  precautions  should  be  employed. 
Sterile  water  should  be  used  in  syringing  the  ear;  all 
the  instruments  used  should  be  sterilized,  preferably  by 
boiling,  and  the  hands  of  the  operator  should  lie  surgi- 
cally clean.  After  the  intruding  substance  has  been  re- 
moved, it  will  be  well  to  syringe  the  ear  gently  with  a 
sterile,  saturated  solution  of  boric  acid,  and,  as  a  further 
precaution,  to  close  the  orifice  of  the  meatus,  but  not  too 
tightly,  witli  a  plug  of  sterile  cotton. 

To  relieve  the  pain  and  inflammation  caused  by  a  foreign 
body  in  the  ear,  or  by  the  efforts  to  remove  it,  the  writer 
has  found  useful  the  French  anodyne  oil,  known  as 
oleum  composituin  or  bcmme  tr(mquiUe,\  of  which  eight  or 
ten  drops  may  be  warmed  and  dropped  into  the  ear  three 
or  four  times  a  day.  Perhaps,  a  still  more  efficacious 
remedy  is  the  solution  of  atropine  and  cocaine  (atropia  alk. , 
gr.  i. ;  cocaine  alk.,  gr.  ij.  ;  ol.  aniyg.  dulc,  3  ij.)  which 
the  writer  has  recommended  in  the  treatment  of  otitis 
media,  and  of  which  six  or  eight  drops  may  be  poured 
into  the  ear  as  often  as  may  be  thought  desirable. 

To  facilitate  the  removal  of  foreign  bodies  from  the 
ear  the  anaesthetic  action  of  cocaine  (ten-per-cent.  solu- 
tion) or  holocaine  (two-percent,  .solution)  may  be  availed 
of;  but,  as  might  be  anticipated,  the  effect  obtained  is 
not  very  satisfactory.  With  nervous  children,  it  is  neces- 
sary, in  many  cases,  to  administer  a  general  ana'Sthetic, 
not  so  much  to  lessen  the  pain  of  the  operation  (which  in 
uncomplicated  cases  should  not  be  considerable),  but  to 
overcome  tjie  fear  and  quiet  the  resistance  of  the  patient. 

II.  Tympanum.— Foreign  bodies  occasionally  fincl 
lodgment  in  the  tympanic  cavity.  They  commonly  en- 
ter through  the  external  auditory  canal,  but  exceptionally 
reach  the  cavity  by  way  of  the  Eustachian  tube.  When 
the  tympanic  membrane  lias  been  destroyed  by  pre-exist- 
ent  disease,  a  foreign  body  which  has  entered  the  audi- 
tory meatus  may  easily  find  its  way  into  the  tympanum. 
Usually,  this  happens,  however,  in  consequence  of 
awkward  efforts  to  extract  it.  When  the  ear  previous 
to  the  entrance  of  the  foreign  body  is  in  normal  condi- 
tion, rupture  of  the  drumhead  must,  of  course,  take  place 
before  it  can  pass  into  the  cavity  beyond.  Tliis  again 
happens  commonly  through  persistent  and  unskilful  at'- 
tempts  to  remove  the  body  from  its  original  point  of 
lodgment.  It  may  occur  also  when  the  foreign  body  has 
eutcie(  the  ear  with  such  force  as  to  drive  it  at" once 
through  the  membrane,  as,  for  example,  might  happen 
wi  1  small  .shot  flred  from  a  gun.  Again,  thedestruction 
ot  the  membrane  and  the  passage  of  the  body  beyond  it 
may  be  due  to  the  caustic  action  ot  the  latter,  or  to  its 
being  so  lodged  as  to  cause  continuous  pressure  upon 
tlie  membrane,  leading  in  time  to  ulceration 
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As  might  be  supposed,  by  the  other  route  of  entrance 
—the  Eustachian  tube— substances  other  than  fluids  very 
rarely  find  their  way  into  the  tympanum.  Still,  instances 
of  this  character  have  occurred.  Urbantschitsch  has  re- 
ported a  case  in  which  a  fragment  of  an  oat  stalk  entered 
the  tympaum  in  this  way,  and  another  case  is  on  record 
in  which  a  broken  bit  of  a  hard-rubber  syringe  passed 
from  the  nose  into  the  drum  cavity  liy  way  of  the  Eus- 
tachian tube.  Ascarides  have  also  been  known  to  enter 
the  tympanum  in  tliis  manner.     (Cf.  also  p.  591.) 

The  passage  of  irritant  fluids  from  the  nasal  cavit)- 
into  the  middle  ear  is  a  misadventure  ot  comparatively 
frequent  occurrence,  and  often  gives  rise  to  unfortunate 
results.  It  usually  happens  as  a  con.sequence  of  em- 
ploying a  nasal  douche,  and  formerly,  when  this  practice 
was  more  in  vogue  than  it  is  at  present,  severe  cases  of 
otitis  media  brought  about  in  this  way  were  constantly 
coming  into  the  hands  of  the  aural  surgeon. 

The  con.sequenees  likely  to  ensue  from  the  presence  of 
a  foreign  body  in  the  tympanum  are,  as  might  be  sup- 
posed, usually  more  grave  than  when  a  similar  body  is 
lodged  in  the  external  auditory  canal.  If  it  has  entered 
by  way  of  the  Eustachian  tube  the  irritation  provoked 
by  it  will  almost  certainly  lead  to  suppurative  inflamma- 
tion of  the  middle  ear  with  perforation  of  the  membrane. 
This,  indeed,  is  nature's  method  of  ridding  itself  of  the 
offending  body,  and  in  most  instances  it  is  likely  to  suc- 
ceed, the  foreign  body  escaping,  with  the  discharge, 
through  the  external  ear.  If  the  foreign  substance  has 
been  forced  through  the  drumhead  from  the  external 
canal,  or  has  passed  into  the  tympanum  through  a  previ- 
ously existing  perforation,  inflammation,  attended  bj' 
severe  pain  and  probably  by  symptoms  of  cerebral  irri- 
tation, is  likely  to  supervene  quieklj',  and  still  more  seri- 
ous con,sequences  may  ensue,  unless,  by  surgical  inter- 
ference, relief  is  obtained. 

It  should  be  stated,  however,  that  some  ears  are  very 
tolerant  of  the  presence  of  a  foreign  body  even  in  the 
tympanic  cavit}',  and  that  such  serious  consequences  as 
have  just  been  described  do  not  invariably  follow.  "As 
illustrative  of  the  slight  degree  of  disturbance  which  may 
be  set  up  by  the  presence  of  a  foreign  body  in  the  drum 
cavity,"  to  quote  from  Dr.  Huntington  Richards'  excel- 
lent article  upon  this  subject  in  the  first  edition  of  the 
Repehence  Handbook  (p.  3o9),  "  reference  may  be  made 
to  certain  cases  related  by  Voltolini  (3f>iuitssc7tnfffiir  Oh- 
rcnheilkuiide.  1876,  No.  5)  where  a  Politzer's  eyelet,  a 
small,  smooth  body  made  from  hard  rubber,  lay  within  the 
drum  cavity  without  exciting  inflammation,  and  to  a 
case  reported  by  Bartscher  and  ([uoted  by  Gruber,  where 
for  nine  months  a  corset  ring  la}'  impacted  in  the  tym- 
panum of  a  child  previously  affected  with  chronic  otitis 
media  purulenta,  without  giving  rise  to  serious  trouble.'' 

Since  nearly  all  that  has  been  said  in  regard  to  dealing 
with  foreign  bodies  lodged  in  the  external  ear  applies  to 
similar  bodies  in  the  tymiianuin.  there  remains  but  little 
to  aild  as  to  the  tn-dtmeiit  of  this  class  of  cases.  When 
the  drumhead  is  intact  it  is  difficult,  and  may  be  quite 
imjiossible,  to  assure  one's  self  of  the  presence  of  a  foreign 
body  in  the  cavity  beyond.  The  inflammation  which  is 
almost  sure  to  supervene  would  of  itself  probably  call 
for  the  making  of  a  free  incision  in  the  membrane;  so 
that,  under  such  circumstances,  one  need  not  hesitate  to 
resort  to  this  measure  to  facilitate  the  escape  of  the  body, 
because  of  uncertainty  as  to  its  presence.  On  the  other 
band,  if  symptoms  of  inflammaticui  have  not  manifested 
themselves,  such  a  step  would  hardly  be  warranted, 
though  there  might  be  no  room  for  diui'bt  as  to  tlie  pres- 
ence of  the  foreign  substance.  AVIien  tlie  body  has  en- 
tered through  a  |H'rforati(m  in  the  tympanic  membrane, 
or  has  been  forced  through  the  menibrane,  it  will  some- 
times be  necessary  to  enlarge  the  opening  to  facilitate  its 
removal,  whetlier  this  be  attempted  with  the  syringe, 
with  slender  foreeiis,  with  some  form  of  traction'instru- 
ment,  or  with  a  polypus  snare,  as  von  Troeltsch  has  recom- 
mended. The  ])ossibility  of  driving  the  foreign  body 
from  the  tympanum  by  forcing  air  V>r  a  non-iiTitating, 
sterile  li(iuid— such  as  normal  salt  solution— through  tlie 
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Eustachian  tube,  by  means  of  the  air  bag  and  catheter, 
sliould  not  be  lost  sight  of.  Finally,  it  may  be  added 
that  if  the  operation  of  displacement  of  the  auricle  and 
cartilaginous  meatus  is  ever  indicated  for  the  removal  of 
a  foreign  body  from  the  ear,  it  is  in  cases  in  which  sucli 
body  is  impacted  in  the  tympanic  cavity.  Among  otliei-s 
who,  under  such  circiuiistanees,  have  resorted  to  this 
procedure  with  success  may  be  mentioned  Israel,  Molden- 
haur,  Bezold,  Huber,  Politzer,  Buck,  Roosa,  and  Bishop. 

Samuel  Theobald. 

EAR    DISEASES:    GENERAL   THERAPEUTICS.— In 

writing  upon  general  aural  llierapeutics  a  practical  divi- 
sion of  the  subject  has  seemed  to  me  one  of  the  great  dif- 
ticultics.  That  previous  -writers  have  experienced  tlie 
same  difflcidty  seems  shown  by  the  fact  that  scarcely  two 
of  them  have  written  along  jiarallcl  lines.  Almost  every 
one  has  divided  this  chapter  in  a  different  manner  from 
all  the  others.  At  first  it  seemed  to  me  as  if  the  rational 
plan  would  be  to  take  general  symptomatology  as  a 
basis;  the  objection  to  this,  however,  is  the  fact  that  each 
symptom  is,  or  mav  be,  produced  by  many  of  the  indi- 
vidual diseases,  an(i  that  general  therapy  along  this  line 
would  resolve  itself  more  or  less  into  a  consideration  of 
what  could  be  done  for  these  individual  diseases,  which 
seems  without  the  scojie  of  such  a  chapter  as  tliis  one. 

Considerable  dchberation  on  the  subject  has  resulted  in 
the  determination  to  purs\ie  the  following  line  of  thought : 
First.  To  consider  briefly  some  prophylactic  measures 
whereby  those  having  sound  ears  may  avoid  and  over- 
come conditions  which  are  prone  to  originate  ear  diseases, 
and  wdiereby  those  already  the  subject  of  such  condi- 
tions, or  already  having  some  ear  trouble,  may  take  such 
precautions  as  will  tend  to  prevent  those  conditions  from 
growing  worse. 

Second.  To  take  up  the  subject  of  local  remedies, 
under  which  heading  will  be  considered  those  procedures 
in  more  or  less  frequent  use,  such  as  blood-letting,  heat, 
cold,  inflation  by  the  various  methods,  massage,  electric- 
ity, etc. ,  and  to  assign  to  them  in  a  general  way  their 
various  values  and  uses;  and  finally, 

Tliird.  To  consider  very  briefly  general  remedies— 
i.e.,  the  treatment  of  the  ear  by  means  of  constitutional 
measures. 

I  Prophylaxis.— "To  prevent  disease  is  better  than 
to  cure  disease  "  has  become  a  trite  saying,  and  to-day, 
more  than  ever  before,  do  we  very  properly  follow  out 
the  principles  of  prophylaxis,  both  in  general  medicme 
and  in  our  own  limited  specialty  of  otology.  Much  can 
be  accomplished  in  many  cases  by  the  carrying  out  of 
simple,  yet  important,  hygienic  measures,  m  other  eases 
through  a  practical  and  timely  resort  to  medication  or  to 
operative  procedures.  ,  •  i      t- 

In  order  to  a  wise  prevention  a  moment  s  consideration 
must  be  given  to  the  manner  in  which  the  ear  becomes 
involved  as  a  result  of  general  or  local  disease  elsewhere. 
We  know  that  under  normal  conditions,  and  m  perfect 
health,  we  carry  about  in  our  mouths  a  large  number  ot 
pathogenic  germs,  whose  possibilities  for  harm  are  be- 
yond question.  We  remain  in  health  so  long  as  the  nor- 
mal protective  factors  retain  their  functional  activity ; 
but  when  they  suffer  injury,  then  these  pathogenic  tac 
tors  become  capable  of  harm  to  the  health.  One  ot  tlie 
most  important  factors  in  protection— a,  factor  wLucn 
varies  in  efiicienoy  according  to  the  locality— is  tfie  un- 
broken continuity  of  the  epithelial  layer;  another  is  the 
fact  that  some  germs  and  their  products  are  antagonistic 

to  others.  ,       .       <■„,„„ 

.  Inflammatory  processes  in  the  ear  may  develop  tioin 
within  and  also  from  without.  By  far  the  most  frequent 
point  of  origin  is  the  naso-pharynx.  Given  a  cold  oi 
a  surface  chill,  a  congestion  of  the  naso-pharyngeal  mu- 
cous membrane  is  sure  to  develop,  and  soon  thereaftei 
there  will  be  a  decrease  or  cessation  of  the  ciliary  activity 
of  the  tubal  epithelium;  and  with  this  will  be  associated 
an  interference  with  the  normal  ventilation  ot  the  tym- 
panic cavity,  which  is  thereby  rendered  much  more  acces- 
sible to  pathogenic  germs. 


From  without  arise  injuries  and  inflammatory  processes 
of  tlie  auricle  and  external  canal  which  may  extend  from 
tliei-e  to  the  parotid  region,  the  side  of  the  neck,  or  the 
mastoid  process,  or  which  may  set  up  some  general  dis- 
ease, cf/.,  erysipelas,  or  may  reacfi  tlie  tympanic  cavity. 
These  paths,  or  methods,  of  infection  point  the  way  for 
liniphylaxis,  or  for  treatment  in  the  early  stages. 

Preventive  measures  should  begin  then  with  the  naso- 
pharynx, and  first  of  all  may  he  mentioned  some  of  the 
sinqile  means  that  should  be  employed  when  a  condition 
of  health  exists.  An  important  matter  is  the  hygiene  of 
the  mouth  and  naso-pharynx,  where  may  at  any  time  be 
found  a  list  of  germs  that  is  already  astoundingly  large, 
luit  is  still  growing.  The  care  of  the  teeth,  even  among 
those  who  give  them  care,  is,  as  a  rule,  insufficient;  they 
.should  at  least  be  thoroughly  cleansed  on  retiring  and  on 
ri.sing;  I  believe,  too,  with  Dio  Lewis,  in  the  proper  use 
of  the  tootfipick  after  each  meal,  and,  if  this  is  supple- 
mented by  a  mouthful  of  water  forced  rapidly  to  and 
fro  between  the  teeth  to  as  far  as  jiossible  wash  out  any 
remaining  fragments  of  food,  certainly  the  condition  of 
most  mouths  would  be  much  improved.  Gargling  may 
also,  in  my  judgment,  be  made  a  more  valuable  cleans- 
ing means  than  is  ordinarily  tlie  case.  The  noisy  pi'oe- 
ess  with  which  we  are  most  familiar  accomplishes  but 
little,  the  fluid  employed  not  reaching  as  a  rule  beyond 
the  anterior  pillars. 

The  following  procedure,  described  by  Haug,  is,  I  be- 
lieve, mnch  better:  "Take  a  medium-sized  mouthful  of 
some  good  antiseptic  mouth  wash,  throw  the  head  par 
tially,  not  too  far,  backward,  allow  the  flni<l  to  run  by 
gravity  slowly  and  quietly  downward  until  the  reflex 
irritation  causes  a  contraction  of  the  muscles  of  degluti 
ti(m,  when  the  head  is  thi'own  slightly  forward,  and  the 
contents  expelled  through  the  mouth."  By  this  means 
certainly  the  tonsils  and'much  of  the  pharynx,  possibly 
also  some  of  the  naso-pharynx,  are  influenced  by  the 
cleansing  process. 

In  acute  catarrhal  inflammation  ot  the  naso-pharynx 
and  nose,  wdiether  in  the  form  of  a  simple  angina  or  as  a 
symptom  of  measles,  scarlatina,  etc.,  the  middle  ear  is 
threatened ;  and  here  we  may  properly  say  a  word  or 
two  in  relation  to  the  various  procedures  which  may 
compress  the  air  in  the  naso-pharynx,  and  as  to  which 
preidiylaxis  requires  a  warning.  First  of  all,  as  regards 
blowini;-  the  nose — a  homely  subject,  hut  one  of  decided 
imiiortance.  So  far  as  is  possible  this  should  be  avoided 
during  the  first  few  days  of  such  an  acute  coryza,  and, 
when  it  must  be  done,  let  it  be  done  with  both  nostrils 
ojien,  and  as  gentlv  as  is  possible ;  for,  as  a  matter  of  fact, 
it  accomplishes  but  little  good,  whereas  the  tendency  is 
distinctly  toward  an  increase  of  the  congestion,  which  in 
turn  increases  the  desire  to  again  blow  the  nose.  ^  Again, 
snuft's  which  cause  sneezing  are,  as  a  rule,  irritating,  and 
sneezing  itself,  especially  if  it  he  a  person's  habit  more 
or  less  t;o  suppress  it,  may  forcibly  open  the  Eustachian 
tubes  with  bad  results.  Adopting  the  same  hne  of  rea- 
soning we  should  say  a  word  against  the  use- certainly 
the  general  and  indiscriminate  use,  without  previous 
eleansinn-  of  the  nose  and  naso-pharynx— of  the  various 
therapeutic  measures  (Valsalva,  Politzer  bag,  and  Eus- 
tichian  catheter)  which  cause  compression  ot  the  air  m 
the  naso-pharynx  and  tympanic  cavity.  This  precau- 
tion is  advisaljle,  not  only  s.i  long  as  the  acute  naso- 
nharvngeal  irritation  remains,  but  also  during  the  con- 
tinuauc?^  of  pain  and  deafness  in  the  ear,  with  exudate 
in  ffie  tympanic  cavity.  The  danger  to  be  feared  is  that 
fluid,  and  with  it  the  agents  of  infection,  may  be  forced 
back  into  the  mastoid  antrum  and  cells 

During  many  of  the  acute  illnesses  of  infants  and  chil 
dren  or  even  of  adults,  especially  if  attended  by  symp- 
toms'not  easily  accounted  U»;-e.g.,  coma,  gastro-mtesti- 
naTdisturbanoes,  etc.  ,-a  daily  inspection  of  the  tympamc 
mci  Inanes  may  wiselv  be  made,  so  that,  if  occasion  arises, 
promp  incision  may  be  made,  and  thereby  certain  dan- 
gers and  unnecessary  destruction  of  tissues  be  avoided, 
"in  he  case  of  people,  wlietfier  ctiildren  or  adul  s,  who 
are  the  subjects  of  frequently  recurring  or  chrome  colds 
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(]r  catarrhs  the  hearing  is  at  all  times  moie  or  less  threat- 
ened The  cause  of  such  catarrhal  manifestations  needs 
to  be  carefully  looked  for  and  removed,  and  consists  usu- 
allj'  in  some  form  of  nasal  obstruction  or  intranasal  press- 
ure Under  this  geneial  designation  comes  adenoid  hy- 
pertrophy, by  far'the  most  important  single  item  to  be 
mentioned  under  the  heading  of  "propliylaxis  of  ear 
diseases.  "  The  presence  of  these  glandular  masses  must 
be  looked  upon  as  a  distinct  threat  to  the  lieariug  not 
only  of  children,  but— and  upcin  tliis  point  I  wish  to  lay 
special  emphasis— of  adults  as  well,  even  tho.se  who  may 
not  necessarily  in  childhood  have  )iad  the  ear  symiitoms 
attributable  to  adenoids.  I  say  this  because  I  am  thor- 
oughly convinced  of  the  need,  fi'om  the  aurist's  stand- 
point, for  removal  of  adenoids  when  present  in  any  con- 
siderable amount,  even  though  the  ear  symptoms  at  the 
time  be  shglit  or  nil.  The  faucial  tonsils,  while  not 
exerting  by  any  means  the  same  harmful  influence  upon 
the  ears  as" does  the  enlarged  third  t()n.sil,  may  still,  when 
much  enlarged,  and  especially  if  the  seat  of  frequently 
recurring  acute  inflammatory  attacks,  do  considerable 
harm.  The.y  should  therefore  be  removed,  both  in  the 
interest  of  the  ears  and  in  that  of  the  general  health. 

The  nasal  douche,  when  considered  from  the  viewpoint 
of  the  ear,  must,  on  the  whole,  receive  our  condemnation, 
since  occasionally,  even  when  used  with  much  care,  it  is 
the  source  of  violent  middlecar  and  mastoid  inflamma- 
tions. 

Inflammations  of  the  auricle,  external  canal,  and  mid- 
lUe  ear,  arising  from  external  causes,  are  many  of  them 
capable  of  easy  prevention.  Eczema,  eiysipelas,  tumors, 
inoculation  tuberculosis,  and  abscesses  of  the  lobule,  are 
all  of  them  conditions  which  may,  and  do,  arise  from 
piercing  the  lobe  of  the  ear  for  the  wearing  of  earrings, 
and  may  all  of  them,  therefore,  be  prevented  if  people 
can  be  reasoned,  or  shamed,  out  of  that  form  of  vanity 
which  is  especially  an  inheritance  from  our  heathen  an- 
cestry. 

Improper  methods  of  cleansing  the  external  canal  are 
accountable  for  manj' ear  troubles,  e.g.,  for  simple  im 
paction  of  cenmien,  for  localized  and  diffuse  inflamma- 
tions of  the  canal  walls,  and  even  for  serious  middle-ear 
troubles,  all  of  which  are  largely  or  entirely  prevent- 
able. I  refer  to  the  various  ear  spoons  of  wood,  hard 
rubber,  ivory,  or  metal,  ear  sponges,  penholders,  tooth- 
picks, matches,  hairpins,  the  twisting  of  the  corner  of  a 
towel  into  shape  for  use  as  a  boring  machine,  etc.  I 
would  include  here  also  the  frequent  syringing  of  healthy 
ears,  and  the  senseless  use  of  oily  and  other  drops,  such, 
e.g.,  as  are  applied  to  the  ear  for  the  relief  of  earache! 
All  the  evils  attending  these  various  manipulations  may 
be  avoided  if  we,  the  members  of  the  medical  profession, 
will  instruct  our  patients  that  wax  is  a  normal  secretion, 
that  an  all-wise  Providence  has  provided  natural  methods 
for  its  removal,  and  that,  finally,  ears  in  health  can  be 
cleansed,  and  should  be  cleansed,  l)y  means  of  a  moist 
cloth  stretched  over  the  end  of  the  index  flnger. 

Injury  to  the  ear  as  a  result  of  foreign  bodies  is  so 
shght,  and  that  due  to  unwi.se  and  miskjlful  elforts  to 
remove  them  is  so  great  and  .so  easily  preventable,  tliat 
I  cannot  avoid  the  mention  of  the  one  means— a  suit- 
able syringe  and  warm  water— whereby  a  very  lar-e 
proportion  of  them  can  be  harnilesslv  removed,  and  re- 
lentlessly to  condemn  the  almost  universal  early  resort 
to  forceps  and  such  injury-woikinu'  measures. 

The  principles  underiy'ing  proj.livlaxis  impel  me  also 
to  say  a  word  relative  to  anotlan-  condition,  often  simple 
in  Itself,  VIZ.,  traumatic  perforation  of  Ihe  I  vnipaiiie  mern- 
Oraue.  A  majority  of  such  cases,  if  left  alone  —Ihe  canal 
being  gently  wiped  out  with  cotton  moistened  with  some 
antiseptic,  and  then  plugged  with  a  little  sterile  cotton  - 
recover  without  serious  results ;  while,  on  the  other  hand 
t  ( y  may  be  seriously  complicated  by  even  such  seem- 
ingij  narmless  measures  as  syringing  etc 
,  Ihe  general  question  of  sea-l)athing  seems  of  suflicient 
importance  to  warrant  us  in  .levoting  a  few  1  ne  i 

amsi^era  lon.  For  Uiis  purpose  it  is  necessarv  to  (  W  e 
people  into  two  large  classes-those  who  liave,  an<l  those 
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wdio  have  not,  a  perforation  of  the  tympanic  membrane. 
In  the  former  class  sea-bathing  is  attended  with  very  con- 
siderable danger,  because  in  them  the  harm  arises  through 
the  water  reaching  the  middle  ear  by  way  of  the  external 
auditory  canal;  for  this  class  the  sa'fe  course  is  to  avoid 
bathing  of  any  kind,  especially  sea-bathing,  without  tak- 
ing the  utmost  precautions  against  "getting  water  in  the 
ear."  This  danger  can  be  warded  off  to  a  large  extent, 
although  not  entirely,  by  tightl}'  plugging  the  affected 
ear  with  "  uon -absorbent "  cotton.  In  the  second  class, 
injury,  when  it  arises,  is  due  to  the  water  reaching  the 
tympanic  cavity  through  the  nose  or  mouth,  the  naso- 
pharynx, and  the  Eustachian  tube.  The  danger  to  this 
class  is  far  less  than  to  those  with  perforated  membranes, 
but  that  danger  exists  is  shown  by  the  veiy  con.siderable 
increase  of  acute  middle-ear  affections  which  is  observed 
during  each  bathing  season.  However,  the  risk  is,  on 
the  whole,  so  slight  that,  offsetting  against  it  tlie  benefit 
to  be  gained,  we  cannot  in  a  general  way  advise  against 
sea-bathing. 

II.  Local  Remedies. — 1.  Blood-Jetting. — Local  blood- 
letting is  of  use  almost  exclusively  in  acute  inflammatory 
processes  of  cither  the  external  or  the  middle  ear,  and 
especially  in  their  early  stages.  Its  effect  in  such  ca.ses 
is,  as  a  general  rule,  amelioration,  in  a  fair  proportion, 
cessation,  of  the  pain.  In  the  chronic  hyperajmias  not 
much  effect  is  to  be  looked  for.  The  abstraction  of  blood 
is  usually  accomijlished  bj'  means  of  either  tlie  natural  or 
the  artificial  leech.  The  number  of  the  former  used  varies 
from  about  one  to  three  in  young  children  to  three  to  six 
in  adults.  When  the  inflammation  is  located  in  the  ex- 
ternal canal,  membrana  tympani,  or  tympanic  cavitj',  the 
leech  .should  be  placed  close  in  front  of  the  tragus.  The 
surface  of  the  mastoid  should  be  selected  in  case  of  inflam- 
mation within  that  process.  When  the  application  of 
leeches  is  left  to  the  patient's  own  management,  it  is 
advisable  to  mark  with  ink  the  exact  spots  upon  which 
it  is  desired  that  they  be  placed.  At  the  same  time  pro- 
vision should  be  made  for  rendering  the  skin  of  this  re- 
gion, before  the  leeches  are  applied,  as  nearh-  as  possible 
aseptic.  The  canal  is  also  to  be  closed  with  cotton,  and 
careful  directions  should  be  given  as  to  how  the  after- 
bleeding  may  be  controlled.  For  the  latter  purpose  the 
following  measures  will  be  found  useful :  Apply  a  pledget 
of  absorbent  cotton  to  the  wound,  and  keep  up  pressure 
upon  it  for  several  minutes;  apply  styptic  in  the  place 
of  absorbent  cotton  ;  or,  finally,  make  pressure  by  means 
of  adhesive  plaster  or  hj  an  a'pplication  of  iodoform  col- 
lodion. Whatever  material  may  have  been  used,  it  should 
not  be  removed  for  several  hours  after  the  bleeding  ceases. 

The  field  of  usefulness  of  the  artificial  leech  is  some- 
what limited,  owing  to  the  freipient  tenderness  existing 
at  the  spot  where  it  would  naturally  be  placed.  Its  spe- 
cial advantages  are,  that  it  can  be  had  and  used  in  locali- 
ties where  the  natural  leech  is  not  procvirable.  and  that  in 
the  shortest  possible  time  a  considerable  quantity  of  blood 
can  be  removed. 

The  quantity  of  blood  to  be  taken  Avill  of  course  de- 
pend upon  the  needsof  the  case;  from  30  to  100  gm.  being 
thi'  usual  limits.  The  time  when  the  blood  should  be 
abstracted  seems  to  be  of  some  importance;  Schwartze's 
rule  is,  to  do  the  operation  in  the;  evening  and  then  to 
insist  on  absolute  rest  and  quiet  the  following  day.  If 
after  a  second  abstraction  of  blood  relief  is  not" obtained, 
other  measures  should  be  employed.  Scarification  of  the 
canal  walls  has  been  much  used,  and  is  recommended  as 
an  etlicacious  means  of  blood-letting  in  inflammation  of 
the  soft  parts  of  the  canal.  Of  all  the  forms  of  arrificial 
leech.  Bacon's  is  i>erhaps  the  most  practical. 

3.  ITent  mid  Cold. — ((/)  Heat:  From  time  immemorial 
heat  in  some  form  or  other  has  been  a  much-used  means 
of  quieting  pain  in  the  ear.  As  a  home  remedv  it  has 
been  apjilied  in  almost  every  conceivable  way,  and  to  the 
charge  of  having  used  heat" in  many  objectionable  forms 
the  medical  profes.sion  too  must  plead  guilty.  Heat  has 
lieen  applied  to  the  ear  in  the  form  of  a" roasted  onion,  of 
flaxseed  and  bread-and-milk  poultices,  of.  warm  oil,  glyc- 
erin (jr  vaseline,  of  warm  milk,  and  even  of  warm  urine. 
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etc.  ;  ami  amon-  tlie  objectionable  ways  of  usiiii;  lieat 
1  would  iiicUide  the  introduction  of  hot  sweet  oil  and 
laudanum,  hot  almond  oil,  hot  cocaine  solutions  etc 
which  are  still  extensively  recommended  by  druec-ists 
and  othe.s.  At  present  we  speak  of  usini,^  heat  in  eitlier 
the  moist  or  the  dry  form.  As  sources  of  dry  lieat  mav 
be  mentioned  the  hot-water  bai?,  a  hot  brick  an  elec- 
tnc-light  bulb,  a  "Japanese  stove,"  Leiter's  ceil  etc 
iMoist  heat  too  may  be  u.sed  in  various  ways-  tlu'  liot' 
water  ear  bath  of  von  Troeltsch,  coiisistin'V  of  the  fre 
quent  tilling  of  the  external  canal  with  hot  water  fr.jm 
a  spoon ;  tlie  ear  douche  from  a  six'cial  apparatus  or  from 
the  fountain  syringe,  or  Fayette's  ear  douche,  by  means 
of  which  a  constant  stream  of  continually  renewed  water 
of  proper  temperature  tlcnvs  through  the  canal  and  over 
Ihe  face  of  tlie  membrana  tympani.'" 

It  is  my  belief  that  most,  i'f  not  all,  of  the  virtue  claimed 
for  the  various  forms  of  ear  drops  in  relieving  earache  is 
due  to  the  fact  that  they  are  put  in  the  ear  warm  If 
this  be  so,  then  more  virtue  can  be  obtained  from  hot 
water,  because  -jvith  it  a  nearly  continuous  heat  can  be 
secured,  with  the  additional  advantage  that,  when  we 
cease  using  it,  the  car  after  simple  drying  is  left  clean 
As  between  dry  and  moist  heat,  it  is  generally  believeil 
that  moist  heat,  rather  favors  su]ipuration ;  therefore  if 
in  a  given  case  it  is  thought  that  suppuration  may  still 
be  avoided,  the  choice  should  favor  dry  heat. 

(i)  Cold:  The  use  of  cold  as  an  antijahlogistic  measure 
in  inflammatory  ear  affections  is  of  much  more  recent 
date,  and,  even  before  the  general  prejudice  ai,^ainst  cold 
in  these  conditions  has  been  entirely  overconie,  already 
the  pendulum  of  professional  opinion  is  beginning  t'o 
swing  back  toward  heat  as  the  preferable  measure.  Dur- 
ing recent  years,  however,  cold  has  been  much  used,  es- 
pecially for  the  pain  accompanying  acute  mastoid  in- 
volvement. It  can  be  conveniently  employed  by  allowing 
a  continuous  stream  of  ice-cold  water  to  flow  through  a 
Leiter's  coil  surrrounding  the  ear;  or  by  means  of  the 
aural  ice-bag;  or,  in  accordance  with  the  plan  of  Winter- 
nitz  for  bringing  about  a  contraction  of  the  carotid  artery, 
by  the  use,  in  the  antero-laterai 
region  of  the  neck,  of  a  cold  com- 
press or  its  equivalent,  whereby, 
it  is  asserted,  the  temperature  in 
the  external  auditory  canal  can  be 
distinctl_y  lowered.  To  sum  up, 
as  to  heat  and  cold:  in  pain  due 
to  inflammations  of  the  external 
canal  and  of  the  tj'mpanio  cavity, 
heat  is  almost  universally  ap- 
proved— in  the  moist  form,  when 
it  is  desired  to  favor  suppuration, 
in  the  tXiy,  in  eases  inAvhich  there 
is  still  a  chance  of  avoiding  it. 
When  the  mastoid  process  is  in- 
volved, heat  and  cold  both  have 
their  adherents,  while  some  are 
beginning  to  oppose  both  because 
of  the  fact  that  they  may  obscure 
a  condition  already  in  many  cases 
difficult  of  recognition.  All  agree, 
however,  that  if  either  heat  or 
cold  is  employed  in  this  class  of 
cases,  it  should  not  as  a  rule  be 
used  for  more  than  from  t^^■euty- 
four  to  forty-eight  hours. 

3.  Syriririing  the  Eur. — Under 
this  heading  may  be  considered 
both  syringnng  of  the  external 
auditory  canal,  and  syringing  of 
the  tympanic  cavit}'— the  latter, 
either  through  a  tympanic-cavity 
cannula,  or,  more  rarely,  through 
the  Eustachian  tube.  The  im- 
mediate purpose  of  all  ear  syring- 
ing is  to  remove  either  foreign  bodies  or  pathological 
secretions.  It  may  also,  however,  prove  to  be  directlj' 
curative  of  the  pathological  isrocesses  themselves;   i.e., 
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removes   the    foreign   bodies  or  the   impacted 
It  cures  at  the  same  time  the  associate  inflam- 
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matory  disturbance.  Syringing,  however,  is  commonly 
employed  as  the  first  preparatory  step  in  an  examination 
of  the  ear  or  in  instituting  treatment. 

As  to  syringes,  they  may  be  constructed  of  hard-rub- 
ber, metal,  or  glass.  They  should  have  a  capacity  of 
from  two  to  four  ounces.  The  tip  may  vary  according 
to  individual  preference;  the  one  shovi'n  in  the  cut  ha's 
given  me  better  results  than  any  other,  though  I  recog- 
nize its  possibilities  for  harm  if  carelessly  used.  On  the 
other  hand,  an  olive-shaped  tip  may  be  dangerous  through 
its  interference  with  the  return  flow.  For  convenience 
of  manipulation  there  should  be  attached  to  the  barrel,  at 
the  proximal  end  of  the  syringe,  two  rings,  and  to  the 
plunger,  one  ring.  It  is  of  great  importance,  from  the 
view-point  of  cleanliness,  to  have  the  s}'ringe  fitted  with 
an  asbestos  plunger,  so  that  the  whole  thing  can  be  regu- 
larly sterilized  by  boiling.  For  use  by  the  patient,  al- 
though as  a  rule  patients  use  no  syringe  efficiently,  prob- 
ably the  best  and  safest  is  either  an  irrigator  or  aural 
douche  (fountain  syringe),  or  a  hard-rubber  syringe  of 
one-ounce  capacitj';  for  children  jierhaps  the  rubber  ball 
with  soft-rubber  tip  will  answer  the  purpose  best. 

Water  that  has  been  sterilized  by  boiling,  and  cooled 
to  a  temperature  of  from  100'  to  115'  F.  (the  best  general 
rule  is  to  use  it  as  hot  as  the  patient  can  comfortably 
bear  it),  is  the  best  fluid  to  use  in  the  syringe  or  douche. 
If  desired,  and  especially  if  the  solution  is  for  use  in  the 
tympanic  cavity,  boric  acid  may  be  added  to  the  point 
of  saturation,  or  table  salt  to  the  extent  of  a  0.75-per- 
cent, solution.  The  temperature  is  important,  since  if 
the  fluid  used  is  too  cool,  very  disagreeable  symptoms 
may  result,  such  as  vertigo,  nausea,  vomiting,  syncope, 
and  even  prolonged  unconsciousness.  The  same  S3anp- 
toms  may  develop  if  too  much  force  is  used,  the  rule 
Ijeing  to  begin  with  the  least  possible  force  and  gradually 
to  increase  until  the  object  of  the  syringing  is  accom- 
plished, provided  threatening  symptoms  do  not  sooner 
develoji.  At  the  same  time  the  canal  should  be  straight- 
ened with  the  left  hand,  and  the  thumb  and  index  finger 
should  be  used  as  a  sujjport  for  the  nozzle  end  of  the 
syringe,  in  order  that  all  danger  of  injuring  the  canal 
walls'may  be  avoided. 

For  washing  out  the  tympanic  cavity  through  a  per- 
foration in  the  drum  membrane,  specially  bent  tips  at- 
tached directly  to  a  small  syringe,  or  to  a  bulb  syringe, 
or  to  a  simple  rubber  cap  (Fig.  1782),  are  useful.     Of 
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these  the  best  and  most  generall}'  used  is  that  known  as 
Hartniann's  tynipanic-eavity  cannuUi  (see  Fig.  1781). 

Syringino-  of  the  tympanic  cavity  througli  the  Eusta- 
chian tubels  not  much  resorted  to  in  this  country.  It 
presuppcses,  as  a  matter  of  course,  a  free  exit 
for  the  liquid  used  tlirougli  a  perforation  in  the 
memln-ana  tympani,  and  requires  a  catlieter,  tit- 
ted  at  one  eiid  by  the  syringe,  and  lifting  at  the 
other  end  ratlier  snugly  into  the  mouth  of  the 
Eustachian  tube.  It  seems  to  me  a  rare  occa- 
sion indeed  when  all  that  this  method  will  ac- 
complish cannot  be  more  easily^  and  better  done 
in  some  other  way.  This  criticism  applies  with 
even  greater  force  to  the  method  of  Saemann  and 
Gruber,  by  whom  it  is  recommended  that,  in 
some  cases  of  perforation  of  both  membranes, 
the  ear  be  syringed  out  by  means  of  Politzer's 
method  of  inflation,  with  the  single  difference 
that  the  air  bag,  instead  of  being  filled  with  air, 
be  filled  with  water  of  a  suitable  temperature. 

4.  Drying  the  i?rtf.— This  seems  to  me  a  thera- 
peutic measure  of  sufficient  importance,  and  one 
that  is  so  often  wrongly  carried  out,  or  not  car- 
ried out  at  all,  as  to  warrant  us  in  speaking  of 
it  under  a  separate  heading.  In  all  cases  in 
which  .111  ear  is  syringed,  or  in  which  secretion  is 
present,  whether  in  the  external  canal  or  in  the 
tympanic  cavity,  and  especially  if  any  medication 
is  to  be  applied,  thorough  drying  is  an  es.sential 

V       factor  in  .successful  treatment.    The  reason  for 
this  is  evident:   the  amount  of  medica- 
■^  ment  that  can  come  into  contact  with 

any  particular  portion  of  the  skin  of 
the  canal  or  mucosa  of  the  tympanum 
is  at  best  small;  if  this  be  diluted  at 
the  point  of  contact  by  ever  so  little 
water  or  secretion,  the  strength  of  our 
application  becomes  at  once  an  un- 
known quantity. 

This  drying  may  be  best  ac- 
complished by  means  of  absorb- 
ent cotton  and  a  cotton  carrier ; 
the  sinnll  pledgets  of  cotton 
being  applied  under  a  good  il- 
lumination of  the  ]5arts.  The 
pledgets  used  at  the  termination 
of  this  diying  process  should  be 
so  small  as  to  pass  through  the 
perforation  of  the  membrane, 
and  absorb  and  remove  the  moisture  from  within  the 
tympanic  cavity.  For  the  same  reason  I  believe  that 
patients  should  have  impressed  upon  them  the  import- 
ance of  drying  the  ear  as  a  part  of  the  home  treatment, 
^md  I  find  that,  as  a  rule,  they  can  be  taught  to  accom- 
plish this  with  a  fair  degree  of  success  by  means  of  small 
pledgets  of  cotton  rolled  together  between  the  thumb 
and  finger  of  one  hand  to  such  a  consistence  as  to  hold 
their  shape  and  reach  nearly  or  quite  to  the  bottom  of 
the  external  auditory  canal — bevond  this  of  course  a  pa- 
tient cannot  safely  go.  The  diy  treatment  of  suppura- 
tive conditions,  including  dry  cleansing,  will  undoubt- 
edly be  treated  in  detail  elsewhere. 

5,  Compression  and  R(ircf(icti„nofAir.—(ii)  Air  Coin- 
pression  :  The  technique  of  using  compressed  air— by 
I  oUtzer's  method,  catheterization,  etc.— is  described  els(>- 
where.  To  my  lot  falls  a  short  discussion  of  its  thera- 
peutic use. 

The  influence  of  the  air  douehi^  is  first  of  all  mechanical 
111  the  next  place,  by  opening  the  Eustachian  tube  it  ven- 
tilates the  tympanic  cavity,  and  makes  pressure  on  ils 
walls,  especially  on  tlie  membiaiia  tvni|)ani,  pushin--  il 
outward,  and  with  it  the  ossicular  chain,  thus  tendinij-  (o 
rectify  a  position  of  the  membrane  which  is  pathoh.gieal 

walls    the''  '     'i'"'"  "'"  "^''^''''''^  P^^''^^  "f  ""■  labyrinth 

It  al.7hv,inV;  ■'     ■'"■'"■*'  *''"^  """'^'  "^  le««  alfecting  the 

Docednr         ""'   '"""","''■       ^^«  "   f'"'*''"-  ^'"'^■ct   of'   the 

pioccduie,  there  may  be,  and  probably  is,  some  slight 
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tendency,  on  the  part  of  the  air  current,  to  catch  up  small 
portions  of  mucus,  germs  included,  and  force  them  from 
the  naso-pharynx  and  Eustachian  tube  into  the  tympanic 
cavity. 

Upon  the  tympanum  the  effect  is  dependent  upon  the 
presence  or  absence  of  a  perforation  in  the  tympanic 
membrane.  If  a  perforation  exists,  secretion  is  pushed 
through  it  into  the  external  canal.  If  there  is  no  perfora- 
tion, it  is  still  possible  that  a  portion  of  the  secretion,  if 
not  too  thick  and  if  the  heacl  be  held  in  a  proper  posi- 
tion, may  be  forced  out  through  the  Eustachian  tube 
and  thus  escape  into  the  naso-pharynx.  More  usually, 
however,  the  air  and  secretion  toecome  mixed  up  and 
spread  out  in  a  thin  layer  over  much  of  the  surface  of 
the  tympanum.  The  further  influence  produced  b}^  the 
changes  in  the  air  pressure  upon  the  circulation  and  the 
lymph  stream  seems  to  require  a  word,  since,  according 
to  Kessel,  the  lymph  ves.sels  in  the  tympanic  mucosa 
show  round  or  sac-like  enlargements,  and  stand  in  open 
communication  with  the  tympanic  cavity.  If  this  be 
true,  then  pressure  upon  the  mucous  membrane  should 
cause  a  movement  of  the  contents  of  the  lymph  vessels 
in  the  natural  direction.  With  the  lessening  of  the  press- 
ure the  lymph  spaces  are  refilled  from  the  tympanic 
cavity,  and  in  this  way  a  sort  of  suction  is  produced 
which  must  effectively  aid  the  absorption  of  the  me- 
chanicallj'  broken-up  and  spread-out  secretion.  However 
this  may  be,  experience  proves  that  ab.sorption  of  secre- 
tion can  be  accomplislied  by  the  u.se  of  the  air  douche. 

The  therapeutic  effect  to  be  obtained  from  Politzer's 
method  of  inflation  seems  much  more  limited  than  that 
from  the  Eustachian  catheter,  and  to  Ijc  attended  with 
rather  more  risk  of  harm.  The  former  would  seem  to 
find  its  legitimate  use  especiallj'in  cases  with  perforation 
of  both  tympanic  membranes,  when  it  is  desired  to  em])ty 
the  cavities  of  secretion;  and  possibly  in  children  with 
tubal  catarrh,  as  a  temporary  expedient  until  the  condi 
tion  is  removed  by  proper  attention  to  the  cause.  Cathe- 
terization, on  the  otlier  hand,  would  seem  to  be  the  better 
method  when  the  desire  is  for  the  ventilation  of  one  ear 
only,  and  in  the  chronic  cases. 

(b)  Rarefaction,  of  the  Air :  This  procedure  has  been 
used  in  the  external  auditory  canal  to  affect  the  mem- 
brana  tympani  and  ossicles,"as  well  as  to  influence  the 
intralabj-rinthine  pressure;  it  has  also  been  much  recom- 
mended for  the  removal  of  secretion  from  the  middle  ear. 
When  the  membrane  is  intact  it  maj'  fie  used  through  the 
Eustachian  tube,  but  in  the  case  of  a  perforation  it  should 
be  employed  through  the  external  canal.  To  get  the  de- 
sired effect  in  the  canal  the  simplest  means  consists  of  a 
piece  of  rublier  tubing  armed  at  one  end  with  a  tip  which 
tightly  fits  the  meatus,  and  at  the  other  with  a  mouth- 
piece "through  which  suction  is  applied.  The  same  prin- 
ciple is  iux-olved  whether  the  suction  be  made  liy  an  empty 
rubber  bag,  as  with  Siegle's  otoscope,  or  with  the  Del- 
stanche  rarefacteur.  A  woi'd  of  caution  as  to  all  these 
methods  is  necessaiy.  .since  if  rarefaction  is  too  vigorouslv 
applied,  the  result  may  be  a  rupture  of  tlie  vessels  with 
ecchymosis,  or  even  rupture  of  the  membrana  tvmpani 
itself.  The  therapeutic  effect  most  frequently  obtained 
is  a  lessening  or  cessation,  for  a  longer  or  shorter  time, 
of  tinnitus,  a  lighter  feeling  in  the  car  and  head,  and  less 
often  a  gain  in  hearing. 

The  most  frc(|ucut  manner  of  using  this  principle  for 
the  removal  of  secretion  from  the  tymiianic  cavity 
through  the  Eustachian  tube,  corresponds  in  a  general 
way  with  the  process  for  inflating  the  ear.  with  the  dif- 
ference that  the  air  liag,  supplving  the  suction  power, 
is  applied  to  the  catheter  euipty'ins'tead  of  full,  the  effect 
being  more  or  less  enhanced  by  placing  the  head  at  the 
.same  time  in  sueli  a  jiosition  as  to  favor  the  escape  of  fluid 
through  the  tube.  This  method  of  necessity  presupposes 
that  the  secrelion  is  thin,  and  in  suitable  cases  the  pro- 
ce(lurc  is  oftentimes  attended  by  appreciable  results. 

6.  Tlie  Use  of  the  Eiist((chian  Boiir/ie. — Opinion  has 
varied  greatly  in  regard  to  the  use  of  the  Eustiicliian 
bougie.  Many  have  clainie<l  excellent  results  from  its 
use,  while  some  have  put  their  very  positive  stamp  of 
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disapproval  \ipon  it,  as  an  instrument  capable  of  doing 
much  lui7-m.  While  it  must  be  admitted  that,  if  care- 
lessly or  unskilfully  used,  serious  injury  may  result,  can 
this  not  be  said  with  equal  truth  of  all  good  measures 
whether  medical  or  surgical  ?  For  my  self  ,1  am  sure  that 
much  good  can  be  accomplished  with  the  Eustachian 
bougie,  especially  in  cases  in  which  tinnitus  and  deafness 
are  in  a  measure  due  to  stenosis  of  the  tube.  The  ordi- 
nary celluloid  bougie  answers  well  tlie  pmpose. 

A  closely  allied  therapeutic  meas\ire  is  that  which  is 
based  upon  the  use  of  the  metallic  (gold)  bougie,  or  elec- 
trode. This  consists  really  of  the  bougii^  pUis  electroly- 
sis, and  some  authorities  claim  that  much  more  goofl  is 
to  be  obtained  from  this  procedure  than  from  the  use 
of  the  bougie  alone,  especially  in  tho.se  cases  in  whicli 
the  strictures  are  dense  and  tight.  The  use  of  the  bougie 
for  massage  of  the  isthmus  tuba^  will  be  spoken  of  under 
massage. 

7.  Mii.tsiiyc. — The  application  of  massage  to  the  organ 
of  hearing  may  be  accomplished  in  various  ways,  and 
various  parts  of  the  ear  may  be  thus  treated.  In  the  first 
place,  going  from  without  inward,  may  be  mentioned 
that  form  of  massage  which  was  first  described  by  Gerst, 
then  elaborated  by  Zaufal,  and  finally  warmly  recom- 
mended by  Schwartze.  In  this  form  the  massage  is  ap- 
plied to  the  region  nrouiid  tlie  auride,  and  is  said  to  have 
its  greatest  value  in  promoting  the  absorpti(in  of  secre- 
tion from  the  tympanic  cavity  in  acute  middle-ear  ca- 
tarrh. Zaufal's  description  of  the  method  follows:  "  The 
patient  sits  with  bared  breast,  and  head  inclined  to  the 
opposite  side,  on  a  low  stool.  The  masseur  stands  be- 
hind the  patient;  both  hands,  well  anointed  with  vase- 
hne,  are  laid  flat,  one  on  the  mastoid  process,  tlie  other 
on  the  parotid  region,  so  that  the  index  finger  of  one 
presses  upon  the  root  of  the  steruo-mastoid  muscle,  the 
other  on  the  anterior  edge  of  the  tragus ;  then  rub  down- 
ward, at  first  lightly,  then  with  increasing  pressure,  to 
the  level  of  the  shoulder,  so  that  the  pressure  of  the  in- 
dex fingers  is  exerted  especial!}'  in  the  groove  between 
the  ranvus  of  the  jaw  and  the  head  of  the  muscle,  as  well 
as  upon  the  vessel  furrow  below."  He  recommends 
daily  three  sittings  of  three  minutes  each,  or  two  of  five 
minutes;  and  that  in  acute  processes  it  should  be  de- 
ferred until  the  fever  has  disappeared. 

Secondly,  massage  of  the  membrana  tympani  and  ossi- 
cles, applied  bj'  some  one  of  the  various  methods,  may  be 
used  directly  or  indirectly.  In  case  of  its  indirect  appli- 
cation the  cylinder  of  air  in  the  external  auditory  canal  is 
used  as  a  medium  for  alternate  rarefaction  and  compres- 
sion. "Tragus  pressure,"  as  recommended  by  Hammell, 
may  be  mentioned  first  on  account  of  its  great  simplicity. 
By  rapid  to-and-fro  pressure  on,  and  releasing  of,  the 
tragus,  the  air  in  the  canal  is  thereby  alternately  com- 
pressed and  rarefied,  thus  causing  more  or  less  motion  of 
the  membrana  tympani  and  ossicles.  The  procedure  is  to 
be  carried  out  by  the  patient  from  four  to  six  times  daily, 
each  time  for  a  minute  or  a  minute  and  a  half,  and  at 
the  rate  of  from  one  hundred  and  twenty  to  one  hundred 
and  fifty  times  per  minute.  Although  this  method  is 
frequently  recommended  by  a  number  of  aiirists,  I  can- 
not say  that  I  have  ever  seen  much  benefit  from  its  u.se. 

The  same  principle,  it  seems  to  me,  can  be  much  more 
effectively  carried  out  by  means  of  Siegle's  otoscope, 
Delstanche's  masseur,  or  some  similar  apparatus.  In 
a  certain  proportion  of  the  cases  the  tinnitus  is  certainly 
somewhat  relieved,  at  least  temporarily,  and  less  often 
the  hearing  manifests  some  improvement.  In  a  some- 
what similar  manner  the  massaging  force  has  been  ap- 
plied by  means  of  more  or  less  powerful  sound  vibrations, 
as  produced  by  the  vibrophone,  vibronieter,  etc.  I  men- 
tion these  procedures,  however,  only  to  condemn  them. 

Direct  application  of  massage  to  the  membrane  and 
ossicles  may  be  accomplished  by  means  of  the  flexible 
pressure  probe  of  Lucw,  applied  to  the  short  process  ot 
the  malleus,  or  by  the  mechanical  vibrators  of  Lester, 
Freudenthal,  and  others.  My  experience  Avith  t;he  so- 
called  mechanical  massage  is,  I  must  confess,  limited, 
but  it  has  been  sufiicient  to  force  upon  me  the  conclusion 


that  Its  use  IS  not  likely  to  be  very  extensive  on  account 
ot  the  marked  tympanic  congestion  which  results,  as  well 
as  on  account  of  the  pain  experienced  by  the  patient 

Iiiiriitjimpnrtu  manmr/e  seems  to  me  to  be  well  worthy 
ot  mention  here.  For  its  accomplishment  it  is  necessary 
that  a  more  (jr  less  rapidly  interrupted  stream  of  com- 
pressed air,  cold,  warm,  or  meilicated,  should  be  con- 
ducted through  th('  Eustachian  catheter  and  tube  against 
the  inner  surface  of  the  membrana  tympani.  Its  u.se  is 
naturally  limited  to  a  great  extent  to  the  treatment  of 
chronic  middle-ear  catarrhal  conditions. 

Finally,  massage  of  the  isthmus  tubm  has  been  recom- 
mended by  Urbantsehitsch  and  more  or  less  used  by  many 
of  us.  It  is  carried  out  as  follows;  a  probe-pointed 
bougie  (celluloid)  is  pushed  through  the  Eustachian  tube 
to  the  isthmus,  and  then  rapidly  ^from  one  hundred  and 
fifty  to  two  hundred  and  fifty  times  per  minute)  moved 
in  and  out,  first  in  the  bonjr,  then  in  the  membranous 
portion.  Begin  with  a  session  lasting  a  lialf-minute,  and 
gradually  increase  the  length  of  time  of  the  sitting  to 
three  or  even  five  minutes,  with  short  pauses.  The  spe- 
cial indication  for  the  employment  of  the  method  is  to 
be  found  in  the  tubal  swelling  which  accompanies  chronic 
middle-ear  catarrh,  in  which  eases  it  should  do  more  good 
than  simple  dilatation,  the  benefit  manifesting  itself  by 
better  hearing  and  less  tinnitus. 

8.  Local  Medication. — This  maybe  applied;  (1)  to  the 
region  around  the  ear;  (2)  by  way  of  the  external  audi- 
tory canal;  (3)  by  way  of  the  Eustachian  tube. 

(1)  The  application  of  drvgs  to  the  region  around  the  ear 
is  limited  almost  entirely  to  (n)  sedatives,  in  the  form  of 
salves  or  liniments,  and  (6)  to  counter-irritants,  mostly 
applied  to  the  mastoid  region.  The  power  of  either  for 
good  must  of  necessity  be  slight,  while  the  use  of  the 
latter  in  certain  acute  mastoid  affections  may  be  positively 
harmful  through  the  masking  of  symptoms  which  at  best 
are  not  always  easy  to  determine. 

(2)  Medication  by  icayof  the  external  auditory  canal  is  of 
much  value,  because  a  direct  therapeutic  effect  can  be 
obtained  upon  the  disease  processes  of  the  canal  and 
membrana  tympani,  and,  if  the  latter  is  perforated  or  a 
sinus  exists,  upon  the  more  or  less  distant  parts  of  the 
tympanic  cavit}^.  Liquids,  powders,  or  solids  may  be 
used.  Of  great  importance  for  the  suc- 
cessful employment  of  this  mode  of 
treatment  is  the  previous  thorough  re- 
moval of  all  secretions,  etc.,  which,  by 
covering  the  parts,  by  diluting  the  medi- 
cament," or  through  chemical  combina- 
tion, may  limit  tilie  effect  of  the  drug. 
All  fluid  applications  should  be  warmed, 
and  should  be  introduced  by  means  of  a 
pipette  or  spoon,  the  head  being  in- 
clined to  the  opposite  side  and  the  ex- 
ternal canal  straightened;  after  which, 
by  appropriate  pressure  on  the  tragus, 
the  fluid  can  be  forced  further  into  the 
canal,  into  the  tympanic  cavity,  or  even 
all  the  way  through  the  Eustachian  tube 
into  the  naso-pliarynx.  A  prolonged 
effect  may  be  obtained  by  saturating  a 
pledget  of  cotton  and  placing  it  in  eon- 
tact  with  the  affected  part. 

Medication  of  the  external  and  middle 
ears  by  means  of  powders  has  been,  and 
is,  a  much-abused  method.  If  the  ma- 
terial is  finely  pulverized,  or  triturated, 
and  used  in  small  quantities,  excellent 
results  are  often  obtained  in  eases  hav- 
ing a  fairly  large  perforation  in  the  tym- 
panic membrane.  For  the  introduction 
of  powders  into  the  ear  various  powder 
blowers  have  been  devised,  of  which  the 
one  shown  in  the  cut  (Fig.  1783)  gives^ 
excellent  satisfaction.  For  use  by  the  patient  a  glass  tube, 
with  an  attachment  of  rubber  tubing  and  a  mouthpiece, 

^"Scsf^h^^omic  acid  and  nitrate  of  silver 
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(fused  on  the  end  of  a  slender  probe)-are  applied  through 
the  external  canal.  In  using  ( hem  it  is  of  great  importance 
to  the  patient's  comfort  that  only  the  desired  spot  be 
touched  and  that  too  only  after  thorough  cleansing  and 
drving  Under  this  heading  may  bo  mentioned  a  special 
form  of  local  treatment,  that  of  aural  suppositories  or 
bougies  of  medicated  gelatin,  as  suggested  by  (rruber; 
these  are  introduced  into  the  ear  by  means  of  forceps, 
and  then  afterward  the  canal  is  closed  with  cotton. 

(3)  In  case  of  an  intact  membrana  tympaui  fluids  and 
vapors  may  be  introduced  into  the  tympanic  cavity 
through  the  Eustachian  tube.  Only  small  quantities  (from 
eight'  to  ten  drops)  should  be  used  at  a  time,  and  only 
after  being  warmed.  After  the  catheter  is  in  position, 
introduce  into  it  with  a  syringe  or  pipette  the  requisite 
amount  of  the  fluid  to  be  used,  and  then  with  the  air  bag 
blow  it  with  some  force  into  the  tympanic  cavity,  always 
using  the  diagnostic  tube  for  information  as  to  the  suc- 
cessful carrying  out  of  the  manosuvre.  The  entry  of  the 
fluid  into  the  'tympanum  may  be  facilitated  by  having 
the  patient  swallow  at  the  moment  of  emptying  the  air 
bag,  by  having  the  head  well  inclined  toward  the  side  to 
be  medicated,  and  by  using  a  catheter  which  enters  well 
into  the  mouth  of  the  tube.  Steam,  plain  or  medicated, 
formerly  much  used  in  the  treatment  of  middle-car  ca- 
tarrhs, has  now  largely  given  place  to  volatile  medica- 
ments (chloroform,  chloride  of  ethyl,  menthol,  etc.),  or  to 
some  of  the  vaporized  or  nebulized  oils  containing  various 
sub.stances  in  solution.  By  using  some  one  of  the  well- 
equipped  nebulizing  apparatuses  the  fine  vapors  can  be 
thrown,  warm,  into  the  tympanic  cavity  through  the 
catheter,  with  rapid  interruptions,  so  as  to  obtain  a  three- 
fold effect,  viz.,  that  of  the  medicated  oils,  that  of  the 
heat,  and  that  of  the  pneumatic  massage  acting  upon  tlie 
inner  surface  of  the  membrane  and  the  ossicles.  While 
the  injection  of  fluids  into  tiie  tympanum  is  certainly  less 
in  vogue  than  formerly,  still  with  caution,  especially  as 
to  the  fluids  used,  it  sometimes  accomplishes  beneficial 
results,  mostly  for  tinnitus,  when  other  means  fail. 

9.  Electricity. — Tlie  general  aural  therapeutics  of  elec- 
tricity furnishes  a  good  illustration  of  how  great  an  ab- 
sence of  unanimity  there  may  be  in  the  profession  rela- 
tive to  a  given  sulaject.  While  as  regards  the  value  of 
electricity  in  diagnosis  and  prognosis  there  seem  to  be  a 
few  who  think  alike,  when  it  comes  to  the  question  of 
therapeutics  there  exists  the  most  astonishing  divergence 
of  opinion.  It  is  true  that  there  are  competent  observers 
who  claim  good  results  from  the  treatment  of  the  ear  by 
galvanism,  faradism,  static  electricity,  and  cataphoresis. 
It  is  also  true  that  equally  good  observers  have  utterly 
failed  by  the  same  methods  to  obtain  similar  results.  In 
a  general  way,  as  the  result  of  a  moderate  amount  of  ex- 
perimenting, I  am  compelled  to  cast  in  my  lot  with  the 
latter  class  At  the  same  time  the  eft'ort  to  bring  order 
out  of  what  is  at  present  a  state  of  semi-chaos,  is  a  fasci- 
nating one.  I  believe  that  much  good  thought  and  con- 
siderable time  are  being  given  to  the  subject,  and  that 
the  time  is  not  far  distant  when  those  who  are  prosecut- 
ing these  studies  will  be  able  to  give  to  the  medical  world 
some  greater  uniformity  of  thought  iu  regard  to  this 
matter  than  now  exists. 

It  does  seem  in  some  measure  settled  that  tliere  are 
eases  of  tinnitus  which  are  benefited,  and  even  cured, 
by  both  the  constant  and  the  interrupted  current.  This 
appears  to  l)e  especially  true  of  those  cases  in  which  a 
morbid  state  (either  torpidity  or  hyperajsthesia)  of  the 
auditory  nerve  exists.  It  is  also  easy  to  believe,  what 
seems  to  be  pretty  well  proven,  that  electrolysis  is  u.sef  ul 
in  the  treatment  of  strictures  of  the  Eiistachiitn  tube,  as 
well  as  in  connective-tissue  strictures  of  the  external 
auditory  canal.  The  use  of  the  galvano-cautery  in  the 
external  and  middle  ears,  although  it  has  been  higlily 
recommended,  seems  to  me  to  present  no  advantages  ovrr 
other  methods,  and  to  be  fraught  with  greater  possibili- 
ties for  harm. 

_  In  the  present  uncertainty  as  to  the  value  of  elei^tricity 
m  aural  therapeutics,  it  seems  to  me  better  to  refer  any 
one  wishnrg  to  investigate  the  subject,  to  treatises  and 
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articles  in  which  the  general  and  special  methods  of  ap- 
plication can  be  more  exhaustively  handled  than  would 
be  possible  in  the  present  article. 

III.  General  Remedies.— It  is  self-evident  that  gen- 
eral conditions  are  often  of  the  utmost  significance  in 
local  disease ;  that  ear  diseases  may  both  cause  and  arise 
from  constitutional  disturbances,  and  that  the  cure  of  the 
former  may  be  greatly  hindered  unless  our  therapeutic 
efforts  take  into  account  not  only  the  local  disease,  but 
the  general  bodily  health  as  well.  Suppose,  for  exam- 
ple, a  disease  of  the  ear  has  for  its  underlying  cause 
tuberculosis,  anaemia,  disturbances  of  nutrition,  etc.  ;  the 
best  results  can  be  obtained  only  by  using  all  the  thera- 
peutic procedures,  medicinal,  hygienic,  dietetic,  etc., 
which  medical  science  offers  for  the  cure  of  these  condi- 
tions. The  following  should  receive  careful  attention : 
the  climatic  conditions;  the  condition  of  the  dwelling- 
place;  the  choice  of  bedrooms;  the  proper  ventilation  of 
the  house;  and  the  suitablene.ss  of  the  clothing.  A  gen- 
eral tendency  to  take  colds  must  be  combated ;  the  con- 
dition of  the  general  circulation  is  an  important  factor; 
outdoor  exercise  may  have  to  be  urged ;  the  school  life 
of  children  often  needs  regulation;  tobacco  and  alcohol 
will  need  to  be  limited  or  stopped;  and,  finally,  the  evil 
effects  of  late  suppers,  venereal  excesses,  masturbation, 
etc.,  must  all  be  done  away  with.  Changes  of  climate 
from  cold  to  warm,  and  vice  versa,  or  from  the  seashore 
to  the  mountains,  often  accomplish,  especially  among 
children,  what  local  treatment  utterly  fails  to  effect. 
Patients  who  show  a  tendency  to  frequently  recurring 
stubborn  middle-ear  catarrhs,  as  well  as  those  who  are 
subject  to  the  milder  transient  catarrhal  attacks,  need  a 
stimulation  of  the  superficial  circulation.  Such  patients 
may  often  be  benefited  by  baths,  saline,  hot  and  cold. 
Russian,  Turkish,  etc. 

Treatment  of  ear  diseases  by  internal  medication,  for- 
merly almost  the  exclu.sive  treatment,  still  has  its  uses. 
For  example,  purgation  in  acute  ear  processes,  especially 
in  those  of  full  habit,  after  blood-letting,  is  of  practical 
use,  as  it  is  also  in  chronic  passive  liyperaemic  conditions 
of  the  ear.  Pilocarpine,  which  is  so  effective  in  inducing 
sweating,  may  also  afford  material  aid  to  local  treatment, 
in  cases  of  acute  and  chronic  middle-ear  catarrh,  liy  favor- 
ing the  absorption  of  exudates  or  as  yet  unorganized  in- 
flammatory products  in  the  internal  ear.  A  kind  of  spe- 
ciflc  action  has  been  ascribed  to  the  use  of  quinine,  in  the 
manner  recommended  by  Charcot,  in  Meniere's  group  of 
symptoms.  Although  in  general  I  do  not  approve  of 
the  use  of  narcotics,  antineuralgics,  and  antipj'reties,  in 
affections  of  the  ear,  there  are  times  when  it  seems  neces- 
sary to  prescribe  them. 

Suggestion  and  hypnosis  have  been  recommended  for 
the  cure  of  hysterical  deafness,  and  Urban tschitsch  claims 
to  have  achieved  success  with  it  in  the  relief  of  tinnitus 
as  well  as  deafness.  Other  writers  also  have  published 
good  results  from  its  use.  Nevertheless,  great  caution 
must  be  urged  upon  those  who  contemplate  dealing  with 
remedies  such  as  these.  ./.  E.  Sheppard. 

EAR  DISEASES:  INTRACRANIAL  COMPLICATIONS 
OF  ACUTE  AND  CHRONIC  INFLAMMATIONS  OF 
THE  MIDDLE  EAR.— The  intracranial  complications  of 
suppurative  otitis  are  due  to  infection  of  the  brain  and 
its  membranes  by  the  same  microbes  which  are  infecting 
the  ear,  the  infection  reaching  the  brain  either  through 
caries  of  the  bone  in  direct  relation  with  the  brain,  througli 
some  of  tlie  natural  passages  which  lead  from  the  aural 
cavities  to  the  brain,  or  through  some  of  the  connective- 
tissue  fibrils  and  minute  blood-vessels  which  pass  through 
the  bone.  The  intracranial  disease  originates,  in  most 
cases,  at  the  point  where  the  infection  has  penetrated  the 
eraiiiiim  ;  consequently,  when  the  extension  is  through  the 
ro(d'  of  the  tympanum  or  mastoid  it  is  in  the  cerebrum, 
and  ^\'hl'\^(■  the  extension  is  through  the  medial  wall  of  the 
mastoid  or  tlirough  the  labyrintli  it  is  iu  the  cerebellum. 
The  intracranial  infections  of  otitic  origin  manifest  them- 
selves as  pachymeningitis,  leptomeningitis,  brain  abscess, 
and  sinus-phlebitis. 
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Pachymkninuitis  is  an  iufective  auppuration  of  tlic 
external  surface  of  tlie  dura  mater.  It  may  be  limited  in 
extent  about  the  spot  where  the  infective  material  entered 
the  skull,  and  by  adhesion  of  the  d\ira  lothe  bone  tlie 
pus  may  be  contined  to  a  small  area— the  so-called  extra- 
dural abscess;  or  it  may  be  diffusely  spread  out  over  a 
large  surface  of  the  dura.  Wlien  the  dural  infiammu 
tion  forms  about  the  lateral  sinus  it  is  called  perisinous 
pachymeningitis;  when  over  the  tympanic  roof,  epitym- 
panic  pachymeningitis.  When  an  extradural  abscess  has 
formed,  it  may  be  large  enougli  to  jiroduce  brain  press- 
ure; but  when  the  pachymeningitis  is  diffuse,  the  jius  is 
usually  in  such  a  thin  layer  that  marked  brain  pressure 
is  wanting. 

Pachymeningitis  is  the  most  fre(iuent  of  the  intra- 
cranial complications.  Jansen  asserts  that  it  is  four  times 
as  common  as  sinus-phlebitis,  and  twenty  times  as  com- 
mon as  brain  abscess.  Perisinous  pachymeningitis  is  its 
most  common  form.  Pachymeningitis  is  very  often  as- 
sociated with  one  or  more  of  the  otlier  intracranial  dis- 
eases ;  the  most  common  being  phlebitis  of  the  lateral 
sinus  in  connection  with  perisinous  abscess. 

Symptoms. — In  the  majority  of  the  eases  the  develop- 
ment of  the  disease  is  insidious,  and  marked  by  no  symp- 
toms whatever  that  can  be  distinguished  from  those  of 
the  ear  affection,  the  pachymeningitis  being  discovered 
on  removal  of  the  carious  inner  wall  of  the  mastoid  or  of 
tlie  carious  tympanic  or  mastoid  roof.  In  exceptional 
cases,  and  particularly  in  children,  there  may  be  in  the 
beginning  a  chill  with  fever.  Other  symptoms,  when 
present,  are  due  to  pressure  on  the  brain:  headache,  gen- 
eral or  localized  on  the  affected  side ;  slowed  pulse  rarely ; 
and  somnolence.  Fever  is  tiie  exception  lather  than  the 
rule,  except  in  the  last  few  hours  of  life. 

Leptomeningitis  (an  infective  suppuration  of  the 
iirachnoid  and  pia)  is  often  the  closing  scene  in  cases  of 
brain  abscess,  sinus-phlebitis,  and  pachymeningitis,  but 
in  more  than  half  the  cases  it  exists  alone  and  is  due 
either  to  a  genei'al  sepsis  or  to  infection  of  the  arachnoid 
and  pia  through  the  minute  blood-vessels.  There  are 
two  distinct  varieties  of  the  disease:  the  rapid,  almost 
apoplectiform  variety,  usually  fatal  in  from  a  few  hours 
to  two  or  three  days ;  and  the  protracted  variety,  of  from 
two  to  three  weeks'  duration. 

Symptoms. — Fever  and  headache  are  the  two  prominent 
symptoms.  In  the  rapid  variety  the  fever  is  high  (104° 
to  106°  F.),  with  a  very  variable  curve  and  continuous; 
in  the  protracted  variety  it  is  alternately  high  and  normal 
or  subnormal.  In  both  varieties  headache  is  usually 
present  in  the  earlier  stages,  in  most  cases  of  a  very  in- 
tense character  and  referred  to  any  part  or  the  whole 
head.  It  is,  however,  often  remittent;  exceptionally  the 
headache  is  only  sUght.  As  the  disease  progresses 
symptoms  of  irritation  of  the  Ijrain  appear;  restlessness, 
excitement,  sensitiveness  to  noises  and  light,  nau.sea,  de- 
lirium. From  irritation  and  pressure  on  the  gray  sub- 
stance of  the  convexity  of  the  cerebrum  we  may  have 
convulsions  of  the  extremities,  with  monoplegic  or  hemi- 
plegic  paralyses;  from  exudation  in  the  fossa  Sylvii,  oc- 
casionally motor  aphasia.  From  involvement  of  the 
base  of  the  brain  there  may  be  symptoms  of  irritation 
and  pressure  on  the  cranial  nerves  of  the  base,  showing 
themselves,  in  the  ocular  muscles,  as  strabismus  and  pto- 
sis, or  as  dilatation  or  contraction  of  the  pupil  without 
reaction  to  light ;  in  the  facial  as  facial  paralysis ;  in  the 
vagus  as  disturbances  of  respiration.  Constipation  is  al- 
most always  present. 

Diagnosisis.  easy  in  the  rapid  variety,  for  the  high  fever, 
the  excruciating  headache,  and  the  brain  iriitation  fol- 
lowed by  paralytic  symptoms,  monoplegic  or  hemiplegic 
—in  the  extremities  when  the  disease  is  in  the  convexity  of 
the  cerebrum,  or  in  the  cranial  nerves  (third,  fourth,  fifth, 
sixths  when  the  disease  is  at  the  base  of  the  cerebrum,  or 
in  the  seventh,  eighth,  and  tenth  when  it  is  at  the  base 
of  the  cerebellum,— leave  no  doubt  when  the  disease  of 
the  ear  and  of  the  bone  has  been  already  recognized.  In 
the  protracted  variety  the  diagnosis  is  very  difficult  in  the 
earlier  stages,  for  the  moderate  headache  and  remittent 


fever  are  found  also  with  sinus  phlebilis,  and  only  when 
llie  serious  di.slurl)ances  of  tlie  sen.sorium  sel  in  can  the 
ihagnosis  be  alisolule. 

Luinliar  |)uiicturc  (Quincke)  and  examination  (jf  tlic 
cerebro-spiiml  lluidwliich  is  witlidrawn  are  in  some  cases 
of  undoubted  value  in  proving  the  diagnosis,  but  in  what 


Fig.  1784.— Carles  of  the.  Sigmoid  Groove.    Leptomeulngltls  of  ceiv- 
bellum. 

proportion  of  the  cases  cannot  yet  be  said  to  be  deter- 
mined. The  presence  of  the  pyogenic  organisms,  the 
Streptococcus  and  Diplococcus  pneumonia',  is  conflrnia- 
tory  of  the  existence  of  leptomeningitis,  as  is  also  proli- 
ably  that  of  the  Staphylococcus  aureus  and  albus,  but  the 
absence  of  the  organisms  cannot  be  said  to  exclude  the 
disease.  For  a  detailed  description  of  the  method  of  pro- 
cedure see  Vol.  II.,  p.  348. 

Treatment. — Ice  to  the  head,  best  by  a  Leiter's  coil,  an<l 
leeches  behind  the  ear  and  to  the  temporal  region,  with 
morphine  subcutaneously,  often  afford  a  certain  measure 
of  relief.  By  exposure  and  incision  of  the  brain  mem- 
branes, in  cases  in  wiiich  the  disease  was  circumscribed, 
Macewen  has  effected  a  cure  in  several  instances. 

Prognosis. — Only  within  the  last  few  years  has  tlir 
prognosis  of  otitic  leptomeningitis  been  considered  other 
than  absolutely  unfavorable;  coma  sets  in,  sometimes 
with  convulsions,  and  death  ensues.  The  opinion  now 
.seems  to  be  gaining  ground  that  patients  occasionally  re- 
cover, although  anatomical  proof  of  this  is  very  difficult. 
The  otitic  intracranial  diseases  present  usually  such  a 
confused  mass  of  symptoms  that  when  a  recovery  from 
apparent  leptomeningitis  takes  place  one  is  apt  to  con- 
sider that  an  error  in  diagnosis  has  been  made,  but  I  my- 
self— judging  from  my  own  clinical  experience  and  from 
that  of  others— believe  that  recovery  does  sometimes  oc- 
cur. The  only  anatomical  proof  I  can  offer  is  that  of  a 
case  of  otitic  brain  disease  which  presented  all  of  the 
characteristics  of  leptomeningitis,  and  yet  recoverey  was 
perfect ;  but,  death  having  occurred  six  months  later,  from 
another  disease,  the  autopsy  showed  old  adhesions  with 
slight  thickenings  of  the  dura,  arachnoid,  and  pia  over 
the  convexity  of  the  cerebrum  on  the  side  of  the  ear 
affection.  These  were  considered  Ijy  the  pathological  ex  - 
perts  to  be  the  result  of  leptomeningitis,  but,  unfortunate- 
ly, the  value  of  the  specimen  was  not  appreciated,  and  no 
thorough  examination  and  report  of  it  were  made. 

Bkain  Abscess  is  much  more  common  from  chronic 
than  from  acute  tympanic  suppurations,  the  proportion 
being  variously  given  at  from  83  (Jansen)  to  91  (Gru- 
nert)  per  cent,  for  chronic,  against  17  to  9  per  cent,  for 
acute.  In  93  (Korner)  per  cent,  of  the  cases  the  bone  is 
diseased  directly  on  to  the  dura,  and  the  abscess  is  usually 
connected  directly  with  the  suppurating  ear,  either  lying 
directly  against  the  diseased  bone,  or  situated  within  the 
brain  at  a'distance  of  from  a  quarter  to  half  an  inch  from 
the  diseased  bone,  but  connected  with  the  latter  by  a 
fistulous  tract.  In  9.5  per  cent,  of  the  cases  there  are 
multiple  abscesses,  usually  connected  by  fistuloe.  In  6.6 
percent.  (Korner) the  abscess  lies  within  the  brain,  and  is 
separated  from  the  bone  by  normal  brain  tissue,  it  being 
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assumed,  in  these  cases,  that  tlie  infection  was  coramum- 
cated  by  phlebitis  of  the  minute  blood-vessels  or  along  the 
conneetivc  tissue  accompanyini;  Hie  blood  and  lymph  ves- 


Fifi.  ira5.— Abscess  of  Cerebelluiri  from  Infection  Throagh  the  Labyrintti  and 
Meatus  Internus.  1,  Carles  extending'  intjj  external  semicircular  canal ;  2, 
carles  involving  the  vestibule  ;  3,  facial  nerve  exposed  by  carious  destruction  of 
the  bone ;  4,  caries  extending  into  the  carotid  canal. 


sels.  The  common  seats  of  abscess  are,  in  the  cerebrum, 
the  middle  and  posterior  portion  of  the  temporal  lobe  in 
the  third  temporo-sphenoidal  convolution ;  in  the  cere- 
bellum, the  outer  portion  of  the  lateral  lobe  close  to  the 
inner  wall  of  the  mastoid.  Less  common  seats  of  abscess 
are.  in  the  cerebrum,  the  second  or  first  temporo-sphe- 
noidal convolutions  of  the  temporal  lobe,  the  froutal  lobe, 
and  very  rarely  the  occipital  lobe;  in  the  cerebellum,  in 
its  extreme  anteiior  portion.  The  path  of  infection  de- 
cides this ;  when  the  latter  travels  by  direct  contiguity 
through  the  roof  of  the  tympanum  or  mastoid  the  abscess 
is  in  the  third  temporo-sphenoidal  con- 
volution; when  it  extends  along  the  ves 
sels  or  connective  tissue,  the  abscess  may 
be  in  the  other  portions  of  the  cere 
brum;  when  it  extends  by  direct  eonti 
guity  through  the  inner  wall  of  the 
mastoid,  the  ab.scess  will  be  in  the  lat 
eral  lobe  of  the  cerebellum;  and,  tinally. 
when  it  extends  by  continuity  through 
the  labyrinthine  cavities,  the  collection 
of  pus  will  be  found  in  the  extreme  an- 
terior portion  of  the  cerebellum,  close  to 
the  aqueductus  vestibuli  or  meatus  in 
ternus. 

SymptoiuH. — These  are  divided  into 
four  stages;  initial,  marking  the  begin- 
ning of  the  encephalitis,  and  often  show- 
ing a  slight  inflammatory  fever,  but  thi.s 
usually  so  slightly  marked  that  it  is  re- 
ferred to  the  tympanic  suppuration; 
latent,  sometimes  of  weeks'  or  even 
months'  duration,  with  only  occasional 
slight  brain  symptoms,  slight  headache, 
depression,  and  perhaps  moilerate  even- 
ing tempei-ature ;  iiainifcut,  from  a  few 
days'  to  several  weeks'  duration,  when 
many  of  the  characteristic  symptoms  of 
brain  abscess  to  be  siioken  of  show 
themselves;  terminal,  usually  rajiidly  fa- 
tal from  increasing  brain  pressure,  brain 
ledema,  or  rupture  into  the  ventricles. 

The  manifest  symptomsare  well  classi- 
fied by  von  Berginann  into  (1)  general 
brain  pressure,  (3)  local. 

TT[i<i  general  st/miitom.',  htl:  referable  to  the  suppuration 


evening  rise  of  temperature  and  anorexia;  chills  are  rare. 

Slight  intermittent  rises  of  temperature  are  conimon,_but 

a  steadily  rising  temperature  is  against  the  probability 
of  ab.scess.  In  children  the  fever  may  be  more 
pronounced. 

Brain  and  hrain-pressHre  .<iynipt(>m.i  are  pro 
duced  by  a  diminution  of  the  space  within  the 
skull.  There  is  headache,  persistent,  varying 
in  intensity,  but  not  usually  severe.  Its  loca- 
tion, however,  is  no  indication  of  the  situa- 
tion of  the  abscess.  Slowing  of  the  pulse  is 
often  present,  but  is  not  constant,  and  some- 
times disappears,  probably  from  the  breaking 
down  of  the  brain  tissue  and  consequent  relief 
to  the  pressure.  Dizziness,  nausea  and  vomit- 
ing, and  constipation  are  common ;  disturb- 
ances of  the  sensoritim  in  the  form  of  slow 
cerebration  and  drowsiness  are  very  common, 
but  delirium  is  rare.  Convulsions  of  the  ex- 
tremities and  of  the  facial  maj'  come  from  press- 
ure on  the  temporal  lobe  of  the  opposite  side; 
general  convulsions  are  usually  due  to  press- 
ure on  the  cerebellum.  Optic  neuritis  is  often 
seen,  usually  of  slight  degree.  All  of  these 
symptoms  may  disappear  and  then  reappear, 
being  most  pronounced  during  the  evening 
fever ;  and  von  Bergmann  sa^'S  that  if,  at  this 
time,  the  pulse  becomes  slow  and  the  patient 
somnolent  the  suspicion  of  abscess  is  increased. 
Loral  brain  symptoins  are  produced  by  (a) 
direct  injury  of  brain  substance,  (b)  by  action 

of  the  abscess  on  parts  away  from  the  seat  of  disease, 

or  (c)  b}'  injury  of  the  cerebral  nerves. 

(a)  If  the  ab.scess  is  in  the  white  substance — the  com- 
mon position, — no  localizing  symptomsare  present;  such 
are  only  to  be  expected  when  some  centre  of  the  gray 
matter  of  the  cortex  is  involved,  and  it  is  extremely  rare 
for  an  abscess  actual]_v  to  destroy  the  centres  in  the  cortex, 
and  symptomsfromthe.se  centres  are  consequently  rather 
due  to  pressure  from  a  distance  than  to  actual  destruction. 
In  very  exceptional  cases  such  destruction  may  occur. 

(b)  Pressure  of  the  abscess  on  distant  parts  (Fernwir- 


Fiii.  ITHti.— Caries  of  the  Wbole  Labyrinth.    Abseess'of  cerebellum. 


(2)  brain  and 


alone,  but  are  seldom  v 


ery  pronounced  — usually  a  slight 


kung,  as  the  Germans  term  it)  tlirough  the  intervening 
tissue  is  the  most  common  cause  of  localizing  symptoms 
emanating  from  the  brain  and  the  usual  cause  "of  injury 
of  the  cerebral  nerves.     Any  such  pressure  is  limited, 
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however,  absolutely  by  the  tentorium,  and  consequently 
cannot  extend  from  the  cerebrum  to  the  cerebellum  or 
vice  versa.  It  is  not  limited  toward  the  internal  cap- 
sule, the  lenticular  nucleus,  the  facial,  and  the  motor 
and  psycho-sensory  tracts,  and  is  only  partially  liniit^'d 
by  the  pia  between  the  temporal,  frontal,  an"d  occijii- 
tal  lobes.  In  the  cerebrum  the  seats  of  otitic  abscess 
are  almost  universally  in  the  temporal  lobes,  lower  fron- 
tal lobes,  and  the  occipital  lobes;  rarely  if  ever  in  the 
parietal  lobes.  The  temporal  lobes  are  "by  far  the  most 
common  situation.  The  determined  focal  centres  in 
these  parts  are  the  motor  speech  centre,  in  the  lower  part 
of  the  third  frontal  convolution  in  tlie  Holandic  cortex; 
the  general  auditory  area  in  the  superior  (first)  tcTuporai 
convolution  in  the  cortex  surrounding  the  temporo- 
parietal sulcus,  where  the  auditory  nerves  have  their 
ultimate  distribution,  probably  by  complete  decussation; 
the  sensory  speech  centre  in  the  posterior  two-thirds  of 
the  superior  (lirst)  temporal  convolution,  just  in  front  of 
the  angular  gyrus ;  the  visual  centre  in  the  posterior  por- 
tion of  the  inferior  parietal  lobe,  i.e.,  the  angular  gyrus; 
and  the  primary  visual  centre  in  the  occipital  lobe 
(cuneus).  The  inferior  frontal  (third),  the  superior  tem- 
poral (first),  and  the  inferior  parietal  gyri  represent  the 
confines  of  the  zone  of  language,  the  former  for  kinies- 
thetic  perceptions,  the  next  for  auditory  perceptions,  the 
last  for  visual  perceptions.*  Perversion  of  function  of 
the  zone  of  language  gives  aphasia,  and,  as  the  most 
common  seat  of  abscess  is  in  the  tempoi-al  lobes,  aphasia 
in  some  of  its  many  forms  would  be  looked  for  in  these 
eases  if  any  localizing  sj'mptoms  existed.  As  a  fact 
this  is  the  case ;  in  83  abscesses  in  the  left  temporal  lobe 
53 showed  disturbances  of  speech — viz.,  7  word-deafness, 
11  paraphasia,  and  22  amnesic  aphasia,  which  included 
14  cases  pure,  5  with  monophasia,  4  with  alexia  or  agra- 
phia, and  3  with  optic  aphasia;  while  in  12  no  accurate 
analysis  of  the  variety  of  aphasia  was  made.f 

It  must  be  remembered,  however,  that  these  determined 
centres  apply  to  the  left  cerebrum  in  right-handed  per- 
sons, and  to  the  right  cerebrum  in  left-handed  persons, 
although  it  seems  probable  that  the  same  centres  exist 
in  the  opposite  hemispheres,  but  are  only  partially  de- 
veloped. 

In  most  cases  an  accurate  and  careful  analysis  of  the 
exact  form  of  aphasia  is  impossible  to  the  surgeon  who 
finds  the  case  urgent.  What  he  wishes  to  know  is 
whether  he  is  to  look  for  the  pus  near  the  Rolandic 
fissure  or  in  the  central  or  posterior  portions  of  the  tem- 
poral lobes.  Given  the  aphasia,  if  he  can  decide  whether 
it  is  motor  or  sensor3^  he  has  an  answer.  Sensory  aphasia 
is  a  defect  in  speech  due  to  interference  in  the  reception 
and  interpretation  of  speech;  motor  aphasia  is  a  disabil- 
ity in  respect  to  externalization  of  speech,  j:  To  put  it 
roughly,  it  may  be  said  that  if  speech  is  not  tmderstood 
we  have  sensorj'  aphasia,  if  speech  is  not  possible  we 
have  motor  aphasia;  that,  however  imperfect  the  pa- 
tient's speech  maj'  be,  if  he  understands  what  is  said  to 
him,  the  aphasia  is  motor;  that  if  he  cannot  think  of  the 
word  wanted,  although  he  is  able  to  say  it,  the  aphasia  is 
sensory;  but  that,  if  he  can  think  of  the  word  but  is  un- 
able to  say  it,  the  aphasia  is  motor.  Absolute  impossi- 
bility of  speaking  must  not  be  looked  for,  however,  in 
motor  aphasia,  and  Collins  adds  to  the  above  description 
of  motor  aphasia  that  the  patient  may  bo  able  to  articu- 
late one  or  several  words  which  he  uses  pertinently  or 
non-pertinently ;  that  the  words  used  are  often  recurring 
utterances;  that  agraphia  always  exists  and  is  propor- 
tionate to  the  aphasia,  showing  "itself  in  voluntary  writ- 
ing and  in  writing  from  dictation,  but  not  in  writing  from 
copy,  for  in  copying  he  copies  print  in  script,  and  script 
in  script,  thus  proving  not  a  mechanical  but  an  intellect- 
ual act ;  finally,  that  defective  internal  speech  is  present. 

Sensory  aphasia  points  to  the  posterior  portions  of  the 
temporal  convolutions,  while  motor  aphasia  points  to  the 
neighborhood  of  the  Rolandic  fissure.     From  pressure  on 

*  Collins  :  "  Faculty  ol  Speech." 

+  Hansberg :  "  Encyclopadie  der  Ohrenliellkunde." 

*  Collins:  Op.  fit. 
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r.«?-,=",',u°'''  *''"i'''^'  ^"'1  l«yfl»-sensory  tracts  of  the  internal 
capsule  may  be  produced  crossed  pareses  of  the  extremi- 
ties, crossed  convulsions,  and  crossed  hemianesthesia  and 
hemiopia. 

Absc^sse.9  of  the  cerebellum  encounter  no  distinct  brain 
loci  The  function  of  the  cerebellum  is  .still  but  imper- 
fectly understood.  Luciani  describes  it  as  an  organ  riv- 
ing motor  innervation  to  all  the  voluntary  muscles  but 
particularly  to  those  of  the  lower  exti-cmi'ties  and  to  the 
spinal  stretchers,  and  having  also  a  tonic,  static  and 
trophic  function.  The  vermiform  process  of  the  cerebel- 
lum is  considered  by  Nothnagel  and  von  Bergmann  to  be 
concerned  in  equilibration.  From  these  observations  we 
should  expect  motor  disturbances  with  convulsive  action 
in  tlie  muscles,  especially  of  the  lower  extremities  and 
back,  and  disturbances  of  equilibrium,— symptoms  which 
have  been  observed  but  not  with  .sufficient  frequency  and 
critical  analysis  for  us  to  speak  very  positively  of  theu- 
value.  Action  from  a  distance  of  a  cerebellar  abscess  is 
but  little,  if  at  all,  limited  by  the  pia,  and  may  affect  not 
only  any  part  of  the  cerebel'lum  and  vermiform  process, 
but  may  extend  its  influence  to  the  pons  and  medulla 
oblongata. 

(c)  Injuries  of  the  Cerebral  NerveH.—Ot  these  the  most 
common  is  pressure  on  the  third  (oculomotorius),  giving 
paralysis  of  the  upper  lid  and  pupil  with  ptosis  and 
dilatation — symptoms  which  are  observed  in  the  case  of 
an  abscess  of  the  lower  (third)  temporal  lobe;  occasion- 
ally paralysis  of  the  sixth  (abducens)  comes  from  this 
same  cause.  Injury  of  the  fifth  (trigeminus),  producing 
neuralgia,  may  be  due  to  pressure  on  the  nerve  in  its 
course  or  to  pressure  on  the  Gasserian  ganglion  from 
abscess  in  the  temporal  lobe.  Paralysis  of  the  seventh 
(facial)  may  be  due  to  pressure  of  a  cerebellar  abscess 
on  the  meatus  intemus,  or  to  pressure  on  the  pons;  in 
the  former  case  the  paralysis  is  on  the  affected  side 
only ;  in  the  latter  it  may  be  on  the  affected  side  only, 
or  it  may  be  a  crossed  paralysis  on  the  opposite  side,  or 
it  may  be  on  both  sides,  according  to  the  pressure  on  the 
pons  where  the  fibres  cross. 

It  must  be  confessed,  however,  that  in  the  majority  of 
brain  abscesses  localizing  sjunptoms  are  not  pres<!ut,  at 
least  in  the  earlier  stages  when  surgical  interference  is 
often  of  great  value,  and  the  surgeon  is  guided  in  his 
search  for  the  abscess  by  finding  the  spot  where  the  in- 
fection penetrated  the  skull.  This  he  does  by  exposing 
the  ear  cavities  and  following  the  disease  inward  through 
the  carious  penetration  of  the  skull,  and  thus  exposing 
the  dura,  through  which  in  many  cases  a  fistula  leads 
directly  to  the  abscess. 

Diagnosis  of  otitic  brain  abscess  is  almost  impossible  in 
the  initial  and  latent  stages ;  it  is  often  uncertain  in  the 
manifest  stage  unless  we  are  able  to  build  up  a  connected 
series  of  symptoms;  in  children  it  is  specially  difficult  on 
account  of  the  impossibility  of  making  out  the  nicer  dis- 
tinctions of  symptoms.  It  is  comparatively  easy  when 
a  fistula  through  the  bone  leads  to  the  abscess,  and  this 
is  fortunately  the  case  in  a  very  large,  proportion  of  the 
cases. 

As  a  first  help  in  diagnosis  we  have  a  distinct  etiological 
cause  in  the  suppuration  of  the  ear;  next,  we  look  for 
general  brain  and  brain-pressure  symptoms.  The  gen- 
eral brain  symptoms  are  not  in  themselves  of  diagnostic 
value,  and  only  become  in  a  measure  confirmatory  in 
connection  with  other  symptoms.  Brain-pressure  symp- 
toms point  to  some  process  within  the  skull  which  is 
diminishing  its  capacity,  and  this  process  in  connection 
with  a  suppurating  ear  may  be  extradural  abscess,  tu- 
mor or  brain  abscess.  As  it  is  possible  for  an  extradural 
abscess  to  press  on  the  cortex  of  either  the  cerebrum  or 
the  cerebellum,  we  may  have  from  the  extradural  col- 
lection all  the  brain-pressure  symptoms  which  exist  with 
a  brain  abscess  except  those  due  to  pressure  on  the  in- 
ternal capsule,  and  differentiation  from  these  alone  is 
often  impossible  except  by  opening  the  ear  cavities  and 
skull.  Crossed  pareses  of  the  extremities,  crossed  con- 
vulsions and  crossed  hemianassthesia  and  hemianopsia, 
if  present,  point  distinctly  to  abscess.     To  differentiate 
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an  alisfcss  from  a  t.inior,  we  have,  m  favor  of  the  for- 
mer a  distinct  etiological  cause  in  the  aural  suppuration, 
and  more  or  less  fever  and  a  remission  of  the  head  symp- 
toms- while,  in  the  case  of  a  tumor,  there  are  an  absence 
of  cause,  rarely  any  fever,  and  a  steady  increase  m  the 
head  symptoms  without  remission.  In  children  tuber- 
culosis of  the  brain,  associated  with  suppuration  of  the 
ear  may  render  the  diagnosis  very  difficult;  but  bram 
tubercles  are  usually  multiple,  and  symptoms  whicli  can 
only  be  referred  to  several  different  situations  point  to 
the  presence  of  tubercles,  while  symptoms  which  point 
to  the  disease  solely  in  those  parts  of  the  brain  where 
otitic  abscesses  usually  lie  render  an  abscess  probal)le. 

Injuries  of  the  cerefual  nerves  are  common  with  le]ito- 
meuingitis,  not  infrequent  with  brain  abscess,  and  com- 
mon with  tumors,  but  with  extradural  abscess  they  are 
rare  and  are  confined  to  the  seventh  and  fifth  nerves. 

Phlemtis  op  the  Sinuses  of  the  Dura  and  of  the 
Jugular  Vein  is  less  common  than  simply  pachymen- 
ingitis, but  more  common  than  leptomeningitis  and  bniin 
abscess.  It  occurs  usually  in  the  lateral  sinus,  being  due 
■to  an  extension  of  inflammation  from  an  extradural  (peil- 
sinous)  abscess  in  the  posterior  fossa,  but  it  occurs  occa- 
sionally only  in  the  superior  petrosal  sinus,  in  which  case 
it  is  due  to  a  collection  of  pus  upon  either  the  posterior 
or  the  superior  surface  of  the  petrous  bone ;  it  also  occurs, 
though  very  rarely,  in  the  inferior  petrosal  sinus  only, 
and  is  then  ilue  to  suppuration  in  the  labyrinth  or  to 
caries  at  the  apex  of  the  pyramid.  In  the  case  of  the 
jugular  vein  it  is  almost  always  due  to  extension  of  phle- 
bitis from  the  lateral  sinus.  Phlebitis  of  the  cavernous 
sinus  is  always  associated  with,  and  caused  by  extension 
ex  continuo  from,  phlebitis  of  the  lateral  sinus.  It  is  not 
unusual  for  all  of  these  sinuses,  together  with  the  jugu- 
lar, to  be  involved  secondarily  by  extension  from  a  pri- 
mary phlebitis  of  the  lateral  sinus.  It  is  rather  the  rule 
than  the  exception  for  these  phlebitides  to  be  complicated 
with  the  other  otitic  intracranial  diseases  of  which  pachy- 
meningitis is  tlie  most  frequent.  The  bone  is  diseased  in 
immediate  contact  with  the  dura  in  eighty-two  per  cent, 
of  the  cases  (Korner) ;  and  the  diseased  bone  is  on  the 
inner  wall  of  the  mastoid,  usually  in  the  sigmoid  groove. 

Symptoms  are  dependent  upon  the  stage  of  the  patho- 
logical process,  upon  the  phlebitis  and  thrombosis,  upon 
suppuration  of  the  thrombus,  and  upon  stasis  of  blood 
within  the  brain. 

The pJileMtin  alone  gives  no  symptoms;  the  thrombus 
may.  exceptionally  obstruct  the  circulation  in  the  veins 
which  drain  into  the  sinus,  but  a  collateral  circulation  is  so 
soon  established  that  these  symptoms  are  generally  absent . 
From  obstruction  of  the  mastoid  emissary  we  may  lia\e 
swelling  and  oedema  just  behind  and  below  the  mastoid 
process ;  from  obstruction  of  the  cavernous  sinus  we  may 
have  congestion  of  the  ophthalmic  veins,  choked  discs, 
oedema  of  the  eyelids  and  conjunctiva,  protrusion  of  the 
.  eyeball,  and  congestion  of  the  vena  frontalis;  and  from 
the  periphlebitio  swelling  we  have,  very  rarely,  paralysis 
of  the  oculomotorius  (third)  or  of  the  abducens  (sixth),  or 
neuralgic  pains  in  the  trifacial  (fifth).  Prom  obsti  uction 
of  the  jugular  there  are  often  cording  of  the  vein,  swelling 
and  oedema  of  the  tissues  and  glands  about  the  vein,  anil 
cellulitis  of  the  neck :  very  rarely,  from  the  periphlebitic 
swelling  at  the  jugular  foramen,"  there  is  paraly.sis  of  llie 
glossopharyngeus  (ninth)  or  of  the  pneumogastric  (tenth). 

T/ie  iSir/t/mralioii.  of  i]ie  Tliroinbiifs  usually  gives  the 
characteristic  symijtoms  of  tlie  disease.  These  are  gen- 
erally wellniarked  py;emic  and  septica'mic  symiitoms; 
well-defined  rigors  (one  or  more) ;  high  tem])enit  ure  ( 1 04 
to  106°  P.),  remitting  or  intermitting  several  tiines  a  day, 
even  falling  to  the  normal.  Metastatic  infarcts  are  most 
frequent  in  the  lungs,  for  the  emboli  are  seldom  small 
enough  to  pass  these  organs;  but  occasionally  tlii'y  are 
found  in  the  spleen,  the  joints,  or  the  muscles.  Not  all 
emboli  are  necessarily  infected,  however,  and  non  in- 
fected infarcts  without  abscesses  occur.  Metastatic  ab- 
scesses in  the  lung.s  are  usually  in  the  periphery  of  these 
organs,  and  multiple,  giving  the  symptoms  of  a  in-ofuse 
Drouchial  cataiTh;  they  often  break  into  the  pleura  and 
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give  an  empyema.  It  is  said  that  non-infected  infarcts 
may  produce  bloody  sputa. 

The  St<tsis  of  Blood  within  the  Omnium  may  give  head- 
ache, either  d'iffuse,  or  unilateral  on  the  affected  side ; 
vomiting,  especially  in  the  beginning  of  the  disease; 
congested  papilla;  and  optic  neuritis,  although  these  are 
not  so  common  as  was  formerly  thought;  nystagmus, 
particularly  on  turning  the  eyes  away  from  the  diseased 
ear;  psychic  depression;  and  occasionally  delirium,  but 
serious  disturbances  of  consciou.sness  are  unusual. 

i>'/a9no.sj>.—Pyoemic. symptoms,  chills  with  sharp  varia- 
tions in  temperature,  during  a  suppuration  of  the  tym- 
panum, either  acute  or  chronic,  immediately  suggest  in- 
volvement of  the  sinuses.  Inflammatory  sj^mptoms  in 
the  mastoid  are  confirmatory;  and  if,  on  opening  the 
mastoid,  its  inner  wall  is  fou'nd  to  be  inflamed  and  ex- 
posure of  the  dura  at  this  spot  fails  to  discover  a  large 
extradural  abscess,  the  diagnosis  of  sinus  disease  is  almost 
certain.  Cording  of  the  jugular  is  a  sure  indication  of 
the  di.sease  and  occui-s,  according  to  Jansen,  in  one-third 
of  the  cases.  Leucocytosis  I  regard  as  of  no  diagnostic 
value,  for  I  have  found  that  it  is  present  in  nearly  eighty 
per  cent,  of  uncomplicated  tympanic  suppurations. 

Sinus-phlebiris  alone,  without  other  intracranial  dis- 
(;ase,  is  found  in  less  than  half  of  the  cases;  it  is  usually 
combined  with  pachymeningitis  and  occasionally  with 
brain  abscess,  and  consequently  the  clinical  picture  is 
often  bewildering  till  opening  of  the  bone  reveals  the 
]iath  of  inflammation  from  the  ear  to  the  sinus.  Some- 
times a  natural  cui-e  takes  place  by  a  connective-tissue 
obliteration  of  the  sinus.  ./.  Oine  Green. 

EAR    DISEASES:     MASTOID     OPERATIONS.      See 

Mastoid  Opera  tions. 

EAR  DISEASES:    METHODS  OF  DIAGNOSIS.— The 

condition  of  each  part  of  the  ear  maybe  determined  with 
a  fair  degree  of  accuracy  after  a  careful  consideration  of 
the  subjective  and  objective  materials  at  hand,  notwith- 
standing the  fact  that  the  internal  ear  is  entirely  beyond 
the  range  of  vision  and  that  when  it  is  in  its  normal  con- 
dition but  little  can  be  seen  of  the  middle  ear.  The  ex- 
amination of  the  ear  is  logically  divided  into  the  subjec- 
tive examination,  which  includes  the  histoiyand  the  tests 
for  hearing,  and  the  objective  examination. 

The  srihjeHire  examination  embraces  the  investigation 
into  the  history  of  the  case  and  the  carrying  out  of  the 
hearing  tests  lioth  for  the  ear  as  a  whole  and  for  the  per- 
ceptive apparatus  alone. 

In  ascertaining  the  history  of  the  case  it  is  important 
to  learn  what  is  the  most  prominent  symptom  comjilained 
of,  whether  one  or  both  ears  are  atlected,  and  if  both, 
whicli  of  the  two  seems  to  be  the  more  seriously  involved. 
In  chronic  cases,  when  but  one  ear  is  complained  of,  it 
will  often  be  found  that  both  are  affected  though  in  dif- 
ferent degrees.  It  is  well  to  examine  the  better  ear  first 
so  as  to  ascertain  the  normal  direction  and  shajje  of  the 
canal  and  thus  facilitate  a  comparative  test. 

The  duration  of  the  atTection  is  of  importance  in  de- 
termining the  ])rognosis  as  well  as  tlie  diagnosis.  The 
shorter  the  duration  the  better  the  prognosis,  as  a  rule. 
The  time  of  onset  may  usually  be  determined  with  ac- 
curacy in  the  acute  cases,  for  these  date  from  a  "cold." 
from  a  traumatism,  from  one  of  the  exanthemata,  from 
tyi>hoid  fever,  from  influenza,  from  the  expansion  of  a 
mass  of  cerumen,  or  from  the  introduction  of  a  foreign 
body  (U' the  hatching  out  of  maggots;  while  in  the  chronic 
cases,  especially  in  those  belonging  to  the  sclerotic  form 
of  otitis  media,  the  disease  may,  owing  to  its  insidious 
onset,  exist  for  a  long  time  lieforc  its  presence  is  notice<l 
by  the  patient.  The  origin  in  such  cases  is  often  dated 
from  the  time  wdieu  the  tinnitus  made  its  appearance. 
In  other  cases,  however,  the  jiatient  discovers  by  chance, 
long  after  the  true  onst't  of  the  disease,  that  he  is  hard  of 
hearing  in  one  ear.  Thus,  for  example,  he  may,  while 
lying  on  the  good  ear,  miss  certain  familiar  sounds,  as  the 
ticking  of  a  clock.  There  are  cases,  furthermore,  in 
which  both  ears  have  been  insidiouslj'  growing  hard  of 
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heariug  for  a  loug  time,  but  in  which  tlic  patieut  does  not 
become  aware  of  liis  deficiency  until  he  tiually  observes 
that  lie  has  considerable  difficulty  in  carrying  on  a  con- 
versation. In  still  other  cases  the  patient's  attention  is 
first  drawn  to  his  ears  by  the  devcloiniieiit  of  tinnitus  or 
by  the  aggravation  of  the  defective  hearing  that  follows 
a  "cold."  In  the  early  stages  of  hardness  of  hearing  the 
patient  frequently  complains  of  a  confusion  of  words 
when  in  company ;  he  can  hear  one  speaker  very  iNcll, 
but,  when  several  are  talking  at  the  same  time,  lie  cun- 
not  distinguish  tlie  words. 

The  probable  at  use  can  in  many  castas  be  ascertained 
from  the  answers  given  by  the  patient,  and  such  knowl- 
edge is  often  a  decided  aid  to  diagnosis.  The  important 
points  to  be  learned  are;  (n)  whether  the  affection  is  due 
to  any  cause  which  affects  the  ear  directly,  as  cold,  trau- 
matism, scalds,  burns,  frost-bite,  explosions,  fungi,  or 
insects;  (A)  whether  it  is  the  sequel  of  some  general 
malady,  as  one  of  the  exantliemata,  inlluenza,  smal]|iox, 
syphilis,  tuberculosis,  diphtheria,  gout,  mumps,  rachitis, 
malaria,  whooping-cough,  or  some  one  of  the  niunerous 
diseases  of  the  nervous  system,  the  lungs,  or  the  circu- 
latory apparatus;  (c)  whetlier  it  is  the  effect  irf  some 
drug — usually  quinine  or  the  salicylates;  or,  finally.  ((/) 
whether  it  is  a  result  of  heredity,  which,  in  the  ear  as  in 
other  diseases,  often  skips  a  generation.  Unfortunately, 
there  are  many  cases  in  which  the  cause  cannot  be  traced. 

EnriirJw-  or  ■pain,  if  present,  is  usually  the  most  promi- 
nent symptom.  If  it  develops  in  an  ear  that  has  previ- 
ously been  healthy,  it  indicates  the  existence  of  an  acute 
inflammation  of  the  middle  car  or  a  furunculo.sis  of  the 
external  auditory  canal;  if  it  occurs,  on  the  other  liand, 
during  a  chronic  process,  it  very  probably  signifies  the 
spreading  of  bone  caries,  or  the  damming  uj^  of  pus,  or 
the  pressure  caused  l:iy  a  cholesteatomatous  mass.  Pain 
may  at  times  be  purely  a  reflex  otalgia  dependent  upon 
carious  teeth  or  upon  some  inflammatoiy  process  in  the 
pharynx  or  tonsils,  or  it  may  in  reality  be  a  part  of  a 
trifacial  or  a  cervico-occipital  neuralgia.  It  may  or  ma_y 
not  be  present  in  mastoiditis.  Careful  ob;3ervation  of  the 
objective  signs  will  often  determine  the  origin  of  the 
pain.  Thus^  for  example,  pain  caused  by  pressure  on 
the  tragus  or  due  to  drawing  on  the  auricle  indicates  an 
inflammation  of  the  auditory  meatus;  the  presence  of 
tenderness  in  the  depression  "below  the  lobule  indicates 
an  otitis  media;  Avhile  a  tenfler  mastoid  indicates  the  ex- 
istence of  an  inflammation  in  the  interior  of  that  bony 
prominence. 

SvhjectiTe  ear  noises  (tinnitus  aurium)  occur  in  two- 
thirds  of  all  ear  cases,  according  to  Pohtzer.  They  are 
probably  due  to  pressure  and  irritation  of  the  nerve  end- 
ings in  the  labyrinth.  Ear  noi.ses  are  variously  described 
as  singing,  ringing,  blowing-off  of  steam,  hissing,  rush- 
ing, roaring  like  the  waves  of  the  seashore,  certain 
musical  notes,  clicking,  or  voices.  In  some  cases  the 
noises  are  heard  only  during  perfect  silence,  as  after  re- 
tiring or  when  the  "patient  is  reading  alone.  They  are 
especially  marked  when  the  patient  is  fatigued,  or  durmg 
a  "cold,""  or  when  his  general  condition  is  below  par. 
Noises  are  more  common  in  the  sclerotic  form  of  chronic 
middle  ear  catarrh  than  in  the  chronic  suppurative  con- 
ditions. In  the  sclerotic  cases  the  tinnitus  is  frequently 
described  as  a  singing  or  a  blowing  sound,  and  here  it 
often  precedes  the  deafness  by  many  years,  if  indeecl  the 
latter  ever  follows.  Tinnitus  may  occur  in  cases  of  as- 
pergillus  or  of  impacted  cerumen,  oi'  it  may  follow  the 
use  of  quinine  or  the  .salicylates.  When  it  is  due  to 
drugs  it  is  evanescent  and  probably  is  caused  by  anaemia 
of  the  labyrinth.  If  the  noises  are  diminished  by  com- 
pression o'f  the  carotid  artery  they  are  probably  caused 
by  congestion  of  the  arterioles  in  the  middle  or  external 
ear,  and  in  such  cases  they  are  often  synchronous  with 
the  pulse.  The  clicking  or  crackling  forms  of  noises  are 
generally  due  to  spasm  of  the  palatal  muscles  acting  on 
the  Eustachian  tube  and  causing  separation  of  its  sticky 
walls.  They  may  also  be  due  to  spasm  of  the  tensor 
tvmpani  or  the  stapedius  muscle.  In  a  certain  number 
o'f  cases  these  noises  may  be  heard  by  tlie  examiner  as 


well  as  l)y  the  patient.  When  the  subjective  sounds  aic 
sustained  musical  notes  tliey  usually  represent  the  higli 
Aot  beethoven.  Hysterical  patients  may  describe  the 
subjective  musical  sounds  as  "entire  operas."  Voices 
are  rarely  lieard  except  in  in.sanity.  A  small  epithelial 
scale  attached  tfi  the  drum  membrane  has  at  times  been 
the  sole  cause  of  distressing  subjective  noises.  When 
the  tinnitus  intermits  the  prognosis  is  more  favorable 
than  wlien  it  is  e(]nstaiil. 

JJizziiiesK  or  n ilqi,,  is  (lecasionally  due  to  ])alliolo!iical 
conditions  in  tlie  ear.  'J'liis  .symp'tom  suggests  henioi'- 
rliage  in  the  labyilnlh,  especiafly  when  aceonqiuiiied  liy 
the  chain  of  symptoms  described  liy  Meniei-e  (tinnitus, 
nausea,  vomiting,  and  depression).  "Dizziness  may  be  a 
symptom  in  any  ear  disease  in  which  there  is  pressure 
ui)f)n  tlie  membrane  of  the  oval  or  of  the  round  window, 
which  pressure  is  in  turn  transmitted  to  the  nerve  end- 
ings. Thus,  fluid  in  the  middle  ear  may  be  a  cause,  or 
there  may  ))e  iucreased  tension  of  the  ossicular  chain  in 
consequence  of  adhesions  or  of  an  increa.se  in  atmospheric 
pressure  ui)on  the  tympanic  membrane  (from  occlusion 
of  the  Eu,staehiau  tube).  Vertigo  has  also  been  set  u]! 
by  syringing  tlie  ear,  or  by  pressure  made  with  a  probe 
upon  the  free  stapes,  or  by  inflation  of  the  middle  ear. 
Vertigo  may  be  a  symptom  of  meningitis  with  ear  involve- 
ment. It  must  be  remembered,  however,  that  vertigo 
from  brain  or  other  lesions  may  coexist  with  an  independ- 
ent affection  of  the  ear.  Impacted  cerumen  has  been 
kn(jwn  to  cause  vertigo. 

Discharnc — The  character  and  duration  of  a  discharge 
are  important  diagnostic  factors.  The  discharge  ma>' 
indicate  an  otitis  media,  a  furuncnlosis,  an  otitis  externa 
diffusa — either  simple  or  comjilicated  by  aspergillus, — or 
a  fracture  of  the  temporal  bone.  Should  the  onset  of  the 
disease  be  sudden,  as  after  a  cold,  bathing,  or  one  of  the 
acute  diseases  mentioned  above  as  causes;  should  it  be 
accompanied  by  pain  and  by  a  clear  or  blood-.streaked 
serous  discliar.ge ;  and,  finally,  should  the  pain  cease  as 
the  discharge  begins,  an  acute  otitis  media  may  rightly 
be  suspecteil.  A  discharge  that  commences  without  pain 
and  becomes  purulent  in  character,  indicates  a  tubercu- 
lous condition,  especially  if  multiple  perforations  of  the 
niembrana  tympani  are  found.  The  quantitj'  of  the 
.s(.'eretion  varies  greatly  in  different  eases.  Thus,  in  dii- 
fuse  otitis  externa  or  in  furuncnlosis  it  is  usually  shglit 
in  (|uantity,  while  in  scarlet  fever,  in  diphtheria,  in  in- 
fluenza, in  bone  caries  with  granulations,  and  in  mastoid- 
itis, it  is  generally  excessive.  It  is  often  bloody  in  the 
different  forms  of  cachexia,  in  leuka?mia,  in  cases  of 
traumatism,  and  in  persons  in  whose  ears  there  has  been 
a  iiost-diphtheritic  erosion  of  an  artery.  In  bone  caries 
the  discharge  often  resembles  meat  washings,  or  else  it 
is  like  serum  and  irritating  in  character.  In  fractures  of 
the  base,  and  at  times  after  operation  on  the  stapes,  there 
is  an  excessive  serous  discharge,  which  rapidly  flUs  the 
meatus  if  it  is  not  firmly  packed.  The  presence  or  ab- 
sence of  odor  does  not  throw  any  fight  upon  the  ques- 
tion whether  bone  caries  is  present  or  not,  for  the  un- 
pleasant smell  simply  indicates  that  there  is  retained 
discharge  which  is  undergoing  decomposition.  The  dis- 
charge may  be  continuous  or  it  may  intermit.  Periodical 
brief  discharges  preceded  by  a  pain  indicate  attic  trouble, 
and  a  perforation  of  the  membrana  flaccida  should  be 
looked  for.  The  color  of  a  chronic  discharge  may  be 
modified  to  any  shade  and  it  may  contain  detritus  and 
numerous  cocc"i,  bacteria,  and  vibriones,  together  with 
ei)ithelial  scales  when  cholesteatoma  is  present.  In  some 
cases  the  objective  examination  reveals  cicatrices,  per- 
forations or 'adhesions,  all  of  whieli  lesions  indicate  that 
a  discharuv  has  existed  at  some  previous  time.  Thus, 
for  exam])le,  the  small  perforations  which  are  found  m 
Shraimell's  region,  and  which  were  formerly  referred  to 
as  the  foramen  of  Kivini,  represent  the  remains  of  such  a 
pathological  process.  After  long-standing  chrome  sup- 
puration much  destruction  of  tissue  may  be  expected. 
Thus  for  example,  large  perforations  in  the  cb'um  mem- 
liraue  and  caries,  or  even  the  complete  disappearance  of 
the  ossicula  and  neighboring  bony  parts,  may  be  found. 
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OtUer  sj'mptdins  coinnionly  complained  ol  arc:  stiifli- 
nessaudafuU  feeling  or  a  sensation  of  pressure  in  the  ear. 

In  addition  to  the  special  points  presented  above,  brief 
consideration  Tnav  be  given  to  the  more  general  subjects 
of  vocation  and  hihilx  of  life.  In  the  case  of  jjcrsons  who 
are  exposed  to  all  weathers  or  who  are  working  in  damp, 
dusty,  over-heated,  draughty  or  very  noisy  places,  or 
who"  lead  sedentary  lives  or  have  vicious  habits,  a  more 
guarded  prognosis'  as  to  a  spt^edy  i-ecovery  from  ear  dis- 
ease must  be  given.  Auditory  nerve  lesions  are  espe- 
cially apt  to  b(^  detrimentally  affected  by  noises.  It  is 
well"  to  remember  that  ear  affections  are  nion'  frequent  in 
early  childhood  and  in  late  life,  that  tlicy  are  more  com- 
mon in  men  than  in  women,  and  tliat  the  left  car  is  more 
frequently  involved  than  tlie  right.  Aliout  one-fourtli 
of  all  ear  diseases  are  found  in  the  external  ear,  sixty  ])er 
cent,  in  the  middle  ear,  and  eight  per  cent,  in  the  internal 
ear.  Painful  sensations  (liypeiwiithesia  acoustica)  are  some- 
times found  in  nervous  people,  especially  in  cases  of 
slowly  progressing  nerve  di'afness.  Avtoplionia  or  tyni- 
panoplionia  is  met  with  when  the  walls  of  the  Eustachian 
tube  are  swollen  or  when  there  is  impacted  cerumen  in 
the  external  auditory  canal.  In  this  condition  the  pa- 
tient's own  voice  sounds  as  if  lie  were  talking  in  a  barrel. 

Paracusis  Willisii,  or  heai'iug  better  in  a  noise,  is 
found  more  often  in  the  sclerotic  form  of  chronic  otitis 
media  and  is  therefore  an  unfavorable  symptom;  Para- 
cusis locaUs,  or  inability  to  locate  the  direction  from  which 
a  sound  comes,  is  found  in  marked  unilateral  deafness. 
Sudden  loss  of  hearing  is  a  common  plienonienon  in  im- 
pacted cerumen,  but  it  also  often  means  labyrinthine 
syphilis.  At  times  the  pitch  is  altered  in  one  ear ;  this 
is  an  annoying  symptom  in  musicians  and  usually  occurs 
in  disturbances  of  the  inner  ear;  the  affected  car  can  be 
detected  by  holding  a  fork  of  known  pitch  alternately  in 


Fig.  1787.- 


Hartmann's  Set  of  Tuning  Forks. 


^nnn,l       ^f     "'"'  ''""^  '''''■'"K  "'^'  P'i«'-"t  imitate   the 
sound.      These  cases  are  usually  characterized  by   the 

a^rinThff'"'/'^'^''''  'f-  '"'^■•'''^^''d  prcsB,ire  upon  the 
stapes  m  tlie  fenestra  ovalis. 
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Tests  FOR  Hearing.— The  hearing  should  be  tested: 
first,  as  a  whole;  second,  as  to  the  perceptive  apparatus 
alone.  In  testing  the  liearing  it  is  customary  to  employ 
the  voice  (words  spoken  in  the  or- 
dinary tone  and  whispered),  a  watch 
which  is  heard  in  the  noi'mal  ear  at 
from  fifty  to  seventy  inches,  a  small 
clock  normally  heard  from  fort}'  to 
fifty  feet,  a  set  of  Hartmann's  tun- 
ing forks,  and  a  Galton  whistle. 
Many  other  devices  have  been  sug- 
gested, some  of  which  are  ingenious 
and  of  value  to  the  expert.  Amongst 
the  latter  may  be  named  the  univer- 
sal acomneter  of  Politzcr,  the  sono- 
meter of  Hughes,  the  tuning  forks 
of  Blake,  LuCie  and  Dencli,  Konig's 
cylinders,  and  Appunes'  apparatus 
for  determining  the  upper  tone  lim- 
its, all  of  which  are  fully  described 
in  the  more  comprehensive  works 
on  this  subject.  Tlie  normal  hu- 
man ear  varies  in  its  capabilities  of 
detecting  sounds,  not  only  in  differ- 
ent people  but  in  the  same  person 
under  different  conditions.  As  a 
rule,  tones  of  from  sixteen  to  thirty- 
three  thousand  vibrations  may  be 
distinguished  by  the  ear,  but  only 
those  of  from  forty  to  four  thousand  vibrations  are  pleas- 
ing or  mu.sical;  and  the  range  of  musical  tones  which 
the  voice  is  capable  of  producing,  is  limited  to  those  of 
from  fifty  to  eighteen  hundred  vibrations. 

In  treating  of  the  hearing  power  as  a  whole,  we  may 
conveniently  consider  the  subject  under  the  two  heads 
of  (rt)  intensity  and  (h)  pitch. 

Intensit}/  is  most  conveniently  tested  by  a 
watch,  clock,  acoumeter,  sonometer,  or 
\T)ice.  The  voice  is  useful  to  the  expert, 
but  the  beginner  will  find  the  watch  more 
practical.  Each  ear  should  be  tested  sep- 
aratelj'.  The  one  not  being  tested  should 
be  closed  by  a  moistened  finger  tip,  and 
the  ej'es  should  be  closed  in  order  to  elim- 
inate any  psychical  element.  The  patient 
should  first  be  allowed  to  hear  the  character 
of  the  sound  used  in  testing,  and  then  the 
watch  .should  be  held  in  a  line  perpendic- 
ular to  the  auricle,  at  a  short  distance  be- 
j'ond  the  normal  hearing  power,  and  should 
be  gradually  approached  to  the  ear  until  it 
is  heard.  The  hearing  distance  is  expressed 
\>y  a  fracticm  the  numerator  of  which  is  the 
distance  at  which  the  watch  is  heard  by  the 
patient  under  examination,  and  the  denomi- 
nator the  distance  at  which  the  watch  should 
be  heard  normally ;  thus  A.  D.  "W.  D.  f| 
would  indicate  that  in  the  right  ear  the 
watch  distance  is  one-half  of  the  normal; 
or,  in  other  words,  since  sound  varies  as  the 
square  of  the  distance,  that  the  hearing  has 
been  reduced  one-fourth.  This  distance  may 
be  expressed  in  inches  or  feet.  Should  the 
watch  be  gradually  withdrawn  from  the 
ear  to  the  farthest  "hearing  limit,  the  frac- 
tion will  be  greater  than  when  the  above 
method  is  used,  for  the  probable  reason 
that  the  nerve  endings  having  once  been 
set  in  motion  tend  to"  continue  so,  while  if 
at  rest  they  require  a  louder  noise  to  over- 
come the  inertia  and  start  them  vibrating. 
It  must  be  remembered,  in  this  connection, 
that  the  watch  may  not  indicate  changes  in 
the  hearing  power  with  accuracy,  because 
while  the  hearing  for  other  tones  may  be  modified,  it  is 
possible  that  hearing  for  the  tones  of  the  watch  used 
might  not  change.  AVlien  the  voice  is  used  for  this  test 
the  "  forced  whisper  "  from  a  full  chest  is  best  for  com- 
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parative  purposes,  and,  instead  of  fixed  sentenees,  num- 
bers of  two  figures  sliould  be  used.  Tlie  plionograpli  of 
Gradenigo  and  Urban tsehitsch  need  simply  be  mentioned 
in  tliis  connection  as  having  been  suggested  for  tliis  pur- 
pose. 

Errors  in  pitch  are  tested  by  tuning  forks,  the  Galton 
whistle  (Fig.  1788),  and  other  musical  instruments. 
Hartmann's  set  consists  of  five  tuning  forks  (Fig.  1787), 
as  follows : 

0.  128  vibrations  per  second  Jor  the  pure  tone. 

C.         25(5         

C".        513  

C".    1,034  "  

C"".  4,i:i28        

This  set  is  used  by  Schwabach  in  his  test.  On  the 
other  hand,  a  very  accurate  diagnosis  may  be  made  by 
using  the  following  instruments:  a  low-pitched  fork, 
C-1,  to  determine  the  low-tone  limit  (or  errors  of  the 
conducting  apparatus);  a  higlier-pitcbed  fork,  as  C", 
for  determining  the  Schwabach,  Weber,  and  Hinne  teats 
(absolute  bone  conduction) ;  and  the  Galton  whistle,  for 
determining  the  upper-t(me  limits  or  disturbances  of 
hearing  due  to  disease  of  the  receptive  apparatus.  The 
tuning  forks  should  be  struck  on  a  moderately  soft  sub- 
stance (e.g.,  wood,  covered  with  leather),  in  order  to 
avoid  the  formation  of  over-tones.  The  clamps  shown 
on  tlie  C  and  C  forks  are  used  in  order  to  prevent  these. 
Gallon's  whistle  is  employed  tox  the  purpose  of  testing 
the  ability  of  the  auditory  nerve  fibres  to  distinguish 
tones  ranging  from  6,481  vibrations  per  second  to  the 
highest  perceptible  tone  limit.  This  apparatus  (Fig. 
1788)  consists  of  a  steel  tube  of  a  given  size  in  which  air 
is  caused  to  vibrate  by  means  of  a  rubber  ball  fitted  to 
one  e-xtremity,  while  the  length  of  the  tube  may  be  regu- 
lated by  turning  the  milled  head  at  the  other  end.  The 
note  produced  by  it  will  become  higher  and  higher  as  its 
length  is  diminished.  In  other  words,  the  Galton  whistle 
acts  as  a  closed  organ  pipe  in  which  the  colunm  of  air  is 
set  in  vibration  and  whose  length  may  be  varied  at  will. 
The  following  rules,  although  they  cannot  be  trusted 
implicitly,  are  of  much  diagnostic  value  when  taken  in 
connection  with  other  points:  1.  In  hardness  of  hearing 
originating  in  the  conducting  apparatus  low  tones  are 
often  lost  while  high  tones  are  usually  heard  well.  For 
example,  in  ^this  form  of  deafness  thunder  may  not  be 
heard  while'  the  voice  is  heard  fairly  well.  In  other 
words,  the  low-tone  Umit  is  raised.  2.  In  diseases  of  the 
receptive  apparatus  the  high  tones  are  lost  or  the  high- 
tone  limit  is  lowered  while  low  tones  are  heard  well.  In 
such  cases  conversation  is  heard  fairly  well  while  the 
watch  is  very  poorly  heard.  In  certain  diseases,  in 
which  there  is  increased  pressure  on  the  auditor.v  nerve, 
both  high  and  low  tones  may  be  lost  while  middle  tones 
are  heard  fairly  well. 

By  applying  the  above  rules  to  the  results  obtamed  by 
the  forks  nam^ed  (C-1  or  Dench  adjustable  fork  for  low 
tones,  and  Galton  whistle  for  high  tones),  the  condition 
can  be  diagnosed. 

Testing  the  Hearing  Poicer  in  the  Perceptive  Apparat'is 
^^one. —Among  the  tests  used  to  determine  wiiether  the 
defects  in  hearing  are  due  to  nerve  lesions  or  to  alterations 
in  the  conducting  apparatus,  are  those  of  Weber,  Rinue, 
Gelle,  Bing,  Schwabach,  and  Gradenigo. 

The  Weber  test  consists  first  in  holding  the  handle  ot 
the  tuning  fork  (513  vibrations  or  lower)  on  the  median 
line  of  the  skull  or  against  the  incisor  teeth  or  the  sym- 
physis of  the  mandible;  then,  if  the  vibrating  fork  is 
best  lieard  in  the  deaf  ear,  the  trouble  is  in  the  conduc- 
tive apparatus  and  if  best  heard  in  the  better  ear  the 
trouble  is  in  the  perceptive  apparatus. 

SinnS's  Test.— Bmne  first  ascertained  that  the  normal 
ear  heard  the  vibrating  tuning  fork  through  the  air—t.c, 
when  the  fork  was  held  before  the  ear— about  twice  as 
long  as  when  its  heel  was  pressed  on  the  mastoid  process 
—i  e  when  the  vibrations  were  transmitted  through  the 
bone  '  He  found,  however,  that  when  the  conducting 
apparatus  is  obstructed,  the  vibrations  can  be  heard  loudei 
and  longer  with  the  fork  in  contact  with  the  mastoid  than 


through  the  air.  In  the  Riime  test,  therefore,  the  vibrat- 
ing fork  IS  held  alternately  before  the  ear  and  in  contact 
with  the  mastoid  process;  and  if  the  sound  of  the  fork  is 
heard  louderand  longer  through  the  air  than  through  the 
bone,  in  a  partly  deaf  ear,  it  is  permissible  to  infer  that 
the  lesion  is  located  in  the  perceptive  apjjaratus.  On  the 
other  hand,  if,  in  a  similarly  deaf  ear,  the  sound  is  lieard 
better  through  the  hone,  it  may  rightly  be  concluded  that 
the  le.siou  is  in  the  conductive  apparatus.  The  C"  tuning 
fork  is  commonly  used  for  this  purpose  because  if  prop- 
erly made  it  is  free  from  over-tones.  When  the  loss  of 
hearing  is  slight  the  watch  may  be  used,  and  if  its  tick- 
ing is  heard  when  it  is  placed  on  the  mastoid,  between 
the  teeth,  or  on  the  forehead,  and  not  heard  in  front  of 
the  ear  (through  the  air),  the  defect  of  hearing— it  may 
be  inferred — is  in  the  conducting  apparatus. 

Gelle  s  test  is  for  the  purpose  of  ascertaining  the  mobil- 
ity of  the  stapes  in  the  oval  window.  It  depends  upon 
the  fact  that,  if  the  foot  plate  is  movable,  eompressiou 
of  the  air  in  the  external  canal  will  cause  the  sound  from 
a  vibrating  tuning  fork  held  on  the  skull  to  be  diminished 
or  lost,  while  if  the  foot  plate  is  not  movable  there  will 
be  no  change  in  the  intensity  of  the  sound. 

Biiig's  text  is  a  modification  of  Weber's. 

Sc/iinih{ic/i'x  test  consists  in  measuring  the  actual  time 
of  hearing  each  of  the  different  vibrating  forks  on  the 
mastoid  and  before  the  ear,  tabulating  these  periods  of 
time  and  ai)plying  the  rules  gi^'en  above.  Schwabach 
uses,  in  making  this  test,  the  live  Hartmann's  folks. 

In  nerve  deafness  the  conduction  through  air  is  better 
than  that  through  bone,  although  the  absolute  duralion 
of  both  is  reduced.  Bone  conduction  is  usually  decreased 
in  the  aged,  as  the  auditory  nerve  is  tlien  somewhat  de- 
fective. In  all  tests  for  bone  conduction  diseases  of  the 
external  ear  should  be  eliminated  by  inspection. 

The  vibrating  tuning  fork  C"  has  been  used,  according 
to  the  suggestion  of  Politzer,  as  a  means  of  testing  the 
permeability  of  the  Eustachian  tube.  For  this  purpose 
the  vilirating  fork  should  be  held  in  front  of  the  nostrils 
during  the  act  of  swallowing.  If  the  sound  is  then  heard 
better  in  one  car,  the  opposite  Eustachian  tube  is  prob- 
ably closed.  In  this  test,  however,  the  fork  may  be 
heard  better  in  the  worse  ear  if  it  happen  to  be  the  seat 
of  a  sclerotic  otitis  media  with  an  ojien  tube. 

The  Objective  Examination.— The  objective  exami- 
nation consists  of  a  careful  inspection  of  the  periotic  re- 
gion, the  external  ear,  and  as  much  of  the  middle  ear  as 
is  visible.  This  is  done  with  the  aid  of  a  strong  light 
and  certain  instruments  of  precision,  and  contirnis  the 
subjective  examination. 

Inspection  by  the  naked  eye,  aided  by  concentrated 
light,  should  detect  any  skin  'lesions  (eczema,  furuncles, 
eft'.),' errors  of  development,  traumatism,  tumors  or  new 
growths,  and  variations  from  the  normal  color.  By  the 
aid  of  palpation  any  tenderness,  bogginess,  or  fluctuation 
may  be  detected,  tenderness  from  pressure  on  the  tragus 
would  imply  inflammation  of  the  meatus,  while  the  same 
sensation  caused  by  pressure  made  liclow  the  lobule 
would  point  rather  to  inflammation  of  the  middle  ear. 
Tenderness  over  the  mastoid  indicates  inflammation  m 
that  region.  So  too  palpation  is  competent  to  deternurie 
the  consistence  of  tumors  or  swellings.  A  rigid,  cord- 
like swelling  along  the  anterior  border  of  the  sterno- 
eleido-mastoid  muscle  is  one  of  the  imporlant  signs  ot 

sinus  thrombosis.  .,,.,,  ,  , 

Mmnination.--Dax\\ght  or  artificial  light  may  be  used 
either  directly  or  indirectly.  Daylight,  when  obtained 
from  a  light  cloud,  is  excellent,  but,  inasmuch  as  it  is  avail- 
able only  at  certain  times,  it  cannot  be  depended  upon. 
Direct  Hght  may  be  used  in  the  ear  in  emergencies  when 
there  is  no  mirror  at  hand,  but  its  value  except  for  the 
examination  of  external  parts,  is  sraaU.  Indirect  artihcia 
io-ht  furnishes  the  form  of  illumination  most  commonly 
eranloyed  The  source  of  light  may  be  a  candle  (or, 
wha  is  better  three  candles),  a  kerosene  lamp,  gas,  or  an 
ekctri^^li'lt  TheWelsbaeh  light  is  the  better  form  of 
gsl'l        When  any  artificial  light  is  used  allowance 


must  be  made  for  the  changes 


in  color  due  to  the  source, 
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the  reds  and  yellows  being  slightly  exaggerated  in  all 
artiticial  lights.  In  practice  the  light  is  usually  reflected 
by  a  centrally  perforated  concave  mirror  (Figs.  1789 
aiid  1790).     The  mirror  shoidd  be  about  three  and  a  half 


Fii;.  17H9.- 


-McKenzle  Condenser.    May  he  fitted  to  an  adjustable  brat 
Welsl)a(^li  light,  or  electricity. 


inches  in  diameter  and  suspended  from  a  head  band  or  a 
movable  bracket  attached  to  the  wall.  Such  a  miri-or 
will  focus  parallel  rays  at  from  seven  to  ten  inches.  For 
office  work  a  good  combination  of  light  and  reflector  is 
that  shown  in  Fig.  1789.  In  this  contrivance  the  light 
(Argand,  Welsbach,  or  electric  lamp)  is  condensed  by  the 
condensor  on  the  mirror,  which  in  turn  focusses  the  rays 
upon  the  point  to  be  examined.  The  bracket  may  be 
raised  or  lowered  by  a  screw.  For  bedside  work  the 
mirror  should  be  suspended  from  the  headband  (Fig. 
1790)  while  the  light  should  occupy  a  position  slightly 
above  the  level  of  the  patient'.s  ear  and  as  nearly  in  the 
vertical  plane  that  embraces  the  eye  of  the  observer  and 
the  ear  to  be  examined,  as  is  possible  without  allowing 
the  patient's  head  to  interfere  with  its  rays.  The  joint 
that  connects  the  tnii'ror  with  the  head  band  should  be 
so  arranged  as  to  allow  the  former  to  be  moved  in  all 
directions,  thus  rendering  it  possible  to  bring  it  close  to 
the  observer's  eye  and  to  turn  it  in  such  a  direction  that 
it  shall  throw  the  rays  upon  the  spot  to  be  examined 
while  yet  permitting  the  examiner's  head  to  remain  in 
a  position  of  ease  and  comfort.  A  convenient  bedside 
light  is  the  portable  apparatus  described  by  Deuch  ("Dis- 
eases of  the  Ear,"  p.  77). 

A  speculum  of  some  kind  is  essential  for  the  thorough 
examination  of  the  fundus.  Specula  may  ))o  made  of 
various  shapes  and  materials,  as  pictured  in  the  catalogues 
of  the  instrument  makers;  those  which  have  the  largest 
internal  calibre  with  a  given  external  si7.(^  l)eing  the  bet- 


FiK.  irnn. -Headband  Made  o(  Steel  Sefrmenis,  which  fol.l  as  1„  , 
told  over  the  mirror,  tlius  protectiiifr  ji. 


ter.  Grubei's  specula  niad( 
small  end  oval-shaped  and 
milled  to  facihtate  rotation, 
have  a  double  longitudii 


ol  .sterilug  silver,  with  the 
I  he  large  end  circular  and 
Very  convenient.     They 


lal  curv.'  as  iudicateil  in  Fig. 


1791  and  may  readily  be  sterilized.  The  naked-eye  ex- 
amination having  been  completed  the  speculum  is  intro- 
duced into  the  external  auditory  canal,  which  is  then  ex- 
amined as  well  as  the  tympanic  membrane  and  fundus. 
The  better  ear  should  be  examined 
first,  for  purpo.ses  of  comparison. 

Introdnction  of  the  Speculum. — In 
the  ca.se  of  an  adult  the  auricle  should 
be  grasped  between  the  index  and 
middle  finger  of  the  left  hand  (the 
index  finger  in  front)  and  drawn 
gentlj'  but  firmly  upward,  backward 
and  outward,  so  as  to  straighten  the 
canal.  In  children,  on  the  other  hand, 
the  auricle  should  be  drawn  down- 
ward, backward,  and  somewhat  out- 
ward, in  order  to  open  and  straighten 
^-^  the  meatus.     The  warmed  speculum 

^^^  should  then  be  gently  inserted  with 

the  thumb  and  index  finger  of  the 
right  hand  by  a  rotary  motion,  care 
ket  with  Arnand  burner,    being  exercised  to  prevent  its  turn- 
ing up  scales  of  epithelium  or  detritus 
in   the   line  of  vision.     It  should  be 
pushed  on  into  the  cartilaginous  canal  as  far  as  possi- 
ble, but  not  into  the  bony  part,  as  this  region  is  exceed- 
ingly sensitive  to  pressure  on  account  of  the  thinness  of 
its  .soft  parts.     In  certain  cases  the  presence  of  the  spec- 
ulum in  the  canal  excites  a  reflex  cough  due  to  irrita- 
tion of   the  auricular  branch    of    the  vagus   (Arnold's 
nerve)  which  is  transmitted  through  the  superior  laryn- 
geal to  the  muscles  of   the   laiynx.      Fainting   fits   or 
epileptiform  convulsions  are  said  to  have  occurred  from 
the  simple  introduction  of  the  speculum.     The  vibrissse 
having  been  pressed  aside  the  state  of  the  meatus  may 
be  noted  as  to  size,  shape,  secretion,  and  blood  suppl}-. 
The  state  of  the  cerumen,  whether  dry  or  moist,  and  the 
presence  of  such  pathological  conditions  as  seborrhoea, 
eczema,    traumatism,    pustules,    furuncles,    pus,    blood, 
fungi,  exostoses,  foreign  bodies  or  polypi,  should  all  be 
noted.      Fungi   are  apt  to  be  overlooked  and  furuncle 
must  be  ditterentiated  from  otitis  media  or  mastoiditis. 
The  e_Ye  shotild  be 
over    the    central 
orifice  of  the  mir- 
ror which  should 
be  exactly  focus- 
sed  upon  the  point 
u  n  tl  e  r    observa 
tion.      The    posi 
tion  of  the  specu 
lum     should      Ik 
changed     from 
time  to  time  so  as 
to  bring  each  part 
of   the  canal  anil 
membrana      tyni 
pani     into     view. 
In   this   examina- 
tion   the    eye     is 
aided  by  a   juobe 
made  of  light  ta 
pering   steel,    the 
tip    of    which    is 
barely  covered  with  cotlon.     The  probe  enables  the  ob- 
server to  remove  particles  of  epithelium,  detritus,  or  ceru- 
men from  the  line  of  vision  and  at  the  same  time  to  judge 
of  distance,  which  of  course  could  not  be  estimated  by 
the  single  unaided  eye.     For  the  removal  of  large  masses 
of  detritus  forceps  slumld  boused  (Figs.  1793  and  1794), 
and  of  these  at  least  two  patterns  shou'ld  be  at  hand:  one 
« ith  blades  that  open  in  the  vertical  plane,  and  another 
^\'ilh  blades  that  open  horizontally.     The  various  shapes 
of  the  normal  canal   must  be  borne  in  mind,  and  espe- 
cially should  it  be  rememliercd  that  on  the  anterior  in- 
ferior wall  there  is   often   a   decided  lump  which   may 
nearly  shut  out  a  view  of   the   anterior  portion  of  the 
membrana  tympani. 


Fuj.  ir»l.--Fnr  Specula.  I.Wilde's.  2. 
(iriibcr's.  They  are  made  in  nests  of  three 
or  four,  and  may  be  either  of  metal  or  of 
vulcanite. 
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.  Theappeam me  of  the  memhrana  tympard  varies  greatlv 
in  different  subjeets,  even  when  the  liearinir  power  is 
normal.     Tlie  liglit  sp,it,  for  example,  is  blurred  in  about 


Fig.  179a.— Introducing  tlie  Speculum  and  Examining  tlie  Parts  by 
Means  ol  a  Slender  Probe. 

eighty -six  percent.  (Bezohl)  of  healthy  ears;  the  obliqui- 
ty of  the  drum  membrane  is  less  evident  in  wide  than  in 
narroAv  canals  and  less  marked  in  the  living  than  one 
would  exjject  after  seeing  the  dissected  specimen.  In 
c-hildhood  the  membrane  is  usually  lustreless  and  in  old 
age  it  is  often  gray  normally 

Briefly,  then,  after  the  walls  of  the  canal  have  been 
surveyed,  the  eye  should  be  focussed  upon  the  different 
parts  of  the  membrana  tympani  in  succession;  first,  the 
sh(.)rt  process  and  the  manubrium  mallei  should  be  scru- 
tinized throughout  its  eutiie  length,  and  a  note  should 
be  made  of  any  existing  abnormalities;  then  the  periph- 
eral  and    iu- 
t  e  r  V  e  n  i  n  g 
jjortions      oi' 
the     m  e  m- 
brane  should  be  examined,  and  in  do- 
ing this  the  examiner  must  not  forget 
that  the   posterior  superior  portion  is 
much  nearer  the  observer's  eye  than  is 
any  other   portion   of  the  membrane. 
He  should  also  note  carefully  its  shape, 
color,    lustre,    transparency,    opacity, 
and    degree  of    vascularity.     The    re- 
gion  of    Shrapnell's  membrane    must 
also  be  carefully  studied  and  the  pres- 
ence of  chalky  deposits,   perforations, 
cicatrices,  bulgings  (from  the  presence 
of  fluid  back  of   the  tympanic  mem- 
brane), granulations,  polypi,  etc.,  must 
not  be  overlooked.     In  the  absence  of 
the   membrana  tvmpani   and  ossicles, 
it  is  often  impossible  to  tell,  by  simple 
Fir..  1793.— Sexton's    inspection,  whether  one  is  viewing  a 
Forceps,  which    congested  drum  membrane  or  the  mu- 
may  be  dtted  with    ^,3^3    membrane    of    the    promontory, 
pitces? " '     ""      This  difticulty,  which  is  due  to  the  lack 


FKi.    1794.— Wilde's 
Angular  Force{)s. 
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of  perspective  which  exists  when  only  one  eye  is  used 
can  be  overcome  only  by  the  use  of  a  suitable  probe  '  ' 
,  ihe  biegle  speculum  (Pig.  1795)  will  aid  one  in  clear- 
ing np  many  obscure  points.  It  consists  of  a  speculum 
the  smaller  end  ot  which  is  surrounded  by  a  piece  of  soft- 
rubber  tubing  by  means  of  which  it  may  be  inserted  alr- 
ight into  the  external  orifice  of  the  auditory  canal,  while 
the  outer  flaring  end  is  closed  by  a  plate  of  glass  set 
olilnpiely.  It  has  a  nipple  which  projects  from  its  side, 
and  over  this  is  slipped  a 
rubber  tube,  whose  other 
extremity  is  attached  to  a 
rubber  ball  or  a  Delstanche 
rarefaoteur.  Tliis  instru- 
ment should  be  carefully 
inserted  into  the  meatus  and  the  air 
alternately  exhausted  and  condensed 
by  means  of  the  bulb,  rarefacteur,  or 
tlie  month  applied  to  the  tube  end. 

Normally,  the  drum  membrane  should 
follow  the  impulse  of  the  air,  moving 
inward  when  it  is  condensed  and  out- 
ward when  it  is  rarefied,  and  such 
movements  would  be  most  apparent  in 
the  postero-superior  quadrant.  In  such 
cases  the  tip  of  the  malleus  is  revolved 
about  the  folds  as  an  axis  unless  ad- 
hesions happen  to  be  present,  in  which 
case  their  location  is  made  evident  by 
the  ab.sence  of  the  normal  movement. 
Thus,  if  the  tip  of  the  malleus  is  bound 
down  by  intratynipanic  adhesions,  it  will  evidently  not 
move  outward,  although  there  may  be  bulging  of  the 
membrane  in  front  and  behind  and  although  the  short 
process  may  move  sUghtly  outward  if  there  is  relaxa- 
tion at  that  point. 

If  the  ossicular  chain  and  the  drum  membrane  as  a 
whole  are  drawn  inward  by  extensive  adhesions  the  mal- 
leus may  be  revolved  on  its  long  axis. 

Freipient  observations  will  acquaint  the  surgeon  with 
the  normal  range  of  these  excursions  of  the  various  parts 
of  the  membrane  and  the  malleus. 

The  nose  and  naso-pharynx  play  a  part  in  the  etiology 
of  most  diseases  of  the  ear.  They  should,  therefore,  be 
carefully  examined  according  to  the  rules  set  down  in 
the  proper  place  in  this  work. 

The  naso-pharynx  is  the  vestibule  of  entry  for  the 
middle  ear,  not  only  in  so-called  "  colds  "  but  in  measles, 
scarlet  fever,  diphtheria,  infiuenza,  smallpox,  pneumonia, 
and  many  other  diseases.  A  careful  search  must  there- 
fore be  made  for  stenoses  of  the  nares  or  naso-phar3'nx, 
for  hypertrophic  or  atrophic  conditions,  and  for  other 
abnormalities,  such  as  polypi,  exostoses,  deflections,  etc.  ; 
and  if  irregularities  are  found  to  exist  they  must  be  cor- 
rected before  the  best  results  will  be  obtained  in  the  treat- 
ment of  ear  diseases.  Posterior  rhinoscopy  also  furnishes 
evidence  of  the  condition  of  the  orifices  of  the  Eustachian 
tubes — whether  swollen  or  atrophied,  or  whether  cica- 
tricial bands  are  present. 

Miriviinaiion  of  the  Middle  Ear. — The  presence  of  evi- 
dences of  disease  in  the  middle  ear  and  the  permeability 
of  the  Eustachian  tube 
can  be  ascertained  by 
the  aid  of  various 
methods  of  inflation, 
which  are  also  at  the 
same  time  important 
therapeutic  proced- 
ures. The  methods  of 
inflation  are:  (a)  The 
Valsalva  method;  (A) 
catheterization,  in 
which  bougieing  may 
lie  included;  and  {<•) 
Politzer's  method.  In  each  of  these  methods— but  more 
particularly  in  the  last  two— the  nose  and  naso-pharynx 
should  be  thoroughly  cleansed,  and  the  Eustachian  tube 
orifices  should  be  wiped  out  with  a  curved  cotton-tipped 
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Fig.  179b.— Auscultation 
Tube,  fur  Usy  In  E.x- 
amining^  the  Middle 
Ear. 


probe  whicli  has  been  dipped  in  glycerol  of  tanuin  or 
iodine  and  introduced  through  the  mouth  and  up  belund 
the  soft  palate. 

(a)  The  Valsalva  Method  consists  in  compressing  tlie 
air  in  the  naso-pharyux  by  foi-ciug  it  up  from  the  limgs 
when  the  nostrils  are  compressed  between  the  tliuml)  and 
fingers.  While  easily  applied  and  of  some  diagnostic 
value  this  method  is  not  an  entirely  safe  tlierapeutic  [iro- 
cedure.  The  entrance  of  air  into  the  middle  ear  may  be 
detected  by  the  changes  in  the  aiipearance  of  the  mem- 
brana  tyiiipani  and  especially  in  tlie  liglit  cone,  which 
may  disappear  entirely.  The  malleus  often  moves  out- 
ward, and  so  also  does  the  part  of  tlie  membrane  between 
it  and  the  periphery.  The  air  passes  more  easily  when 
there  is  a  perforation  in  the  tympanic  membrane. 

An  auscultation  tube  consisting  of  a  simple  rubber  tube 
(Fig.  1796),  one  end  of  which  is  placed  in  the  observer's 
and" the  other  in  the  patient's  ear,  may  be  used  to  test  the 
passage  of  air.  As  the  tympanic  membrane  bulges  out- 
ward a  short  blowing  sound  reaches  the  ear  of  the  ob- 
server. In  cases  of  perforation  of 
the  tympanic  memlirane  there  will 
be  a  hissing  or  whistling  sound  if 
the  air  is  not  impeded  in  passing 
through  the  Eustachian  tube. 

(b)  Cathetenzation  of  the  Eiista- 
cliian  Tube  consists  in  the  introduc- 
tion of  a  catheter  into  the  pharyn- 
geal extremity  of  this  tube,  au 
o]ieration  which  is  usually  accom- 
plished by  way  of  one  of  the  nasal 
passages,  although  it  may  also  be 
effected  by  way  of  the  mouth. 
The  Eustachian  tube  may  be  re- 
garded as  a  continuation  of  the  inferior  meatus  of  the 
nose,  although  the  mouth  of  the  tulie  is  tisually  di-stinctly 
outlined  by  the  fold  of  mucous  membrane  and  the  car- 
tilage which  bound  it  above  and  on  either  side.  At 
times,  however,  catheterization  is  rendered  difficult  on 
account  of  the  presence  of  cicatricial  bands,  of  excessive 
lymphoid  tissue,  of  posterior  turbinated  hypertrophies, 
or  of  actual  polypi.  It  is  at  best  a  most  debcate  opera- 
tion and  requires  a  gentle  and  highly  educated  touch. 
The  instrument  to  be  used  (Fig.  1797)  may  be  made  of 
any  metal  or  of  vulcanite,  the  latter  being  necessary  in 
cases  in  which  it  is  desired  to  apply  electricity  through 
the  catheter.  For  diagnostic  purposes  the  catheter  made 
of  pure  silver  is  preferable;  its  tubal  end  should  be  well 
rounded  or  somewhat  bulbous  to  protect  the  soft  parts, 
and  the  outer  end  .should  have  a  milled 
head,  to  facilitate  the  rotation  of  the  instru- 
ment, and  an  eyelet  to  indicate  the  direction 
of  the  tip.  With  a  metal  catheter  a  larger 
calibre  is  obtained  for  a  given  outer  di- 
ameter, and  those  made  of  pure  silver  are 
more  desirable  on  a'ccount  of  their  greater 
pliability.  The  catheter  must  be  thoroughly 
sterilized  before  and  after  use,  and  an  in- 
strument which  has  bc'eu  used  on  a  syph- 
ilitic patient  should  never  be  used  on  cither 
patients. 

A  number  of  methods  have  been  advo- 
cated for  the  introduction  of  the  catheter 
and  of  these  the  ones  which  I  am  about  to 
describe  are,  I  Ijelieve,  the  most  useful. 
They  are  named  in  the  order  of  their  rela- 
tive merit,  although  any  one  of  them  may 
he  neeesssary  in  a  given  case. 

(1)  The  posterior  edge  of  the  vomer  is 
tne  guiding  landmark  in  LOwenbeig's 
method.  The  nose  and  nasopharynx  .slioidd 
be  carefully  cleansed  as  above  described  the 
irregularities  in  them  should  be  noted  and 
the  patient's  head  shoidd  be  in  a  natiiial 
vertical  position.  If  the  nasal  irregularity 
IS  great,  leaving  little  room  between  tli'e 
mfenor  turbiniite  and  tlie  septum,  or  if  the 
patient  is  nervous  and  shows  a  marked  aver^ 
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siou  to  the  introduction  of  the  catheter,  a  cotton-tipped 
probe  bearing  a  two-per-cent,  solution  of  cocaine  may 
be  passed  through  the  inferior  meatus  to  open  and 
anaesthetize  it;  but  the  cocaine  should  not  be  allowed 


Fig.  1707.— Eustachian  Catheter,  of  Vulcanite  or  Metal.     (About  one- 
half  natural  slze.J    Several  sizes  are  available,  as  shown  at  a. 

to  reach  the  mouth  of  the  tube  lest  the  topography 
be  marred.  The  tip  of  the  nose  should  be  tilted  up 
by  the  thumb  of  the  operator's  left  hand,  while  the 
other  fingers  rest  for  support  fin  the  bridge  of  the 
nose,  or  upon  the  side  of  the  bead,  as  shown  in  Fig. 
1798.  The  aseptic  catheter,  warmed  and  properly  oiled, 
.should  then  be  lightly  held  like  a  pen,  or  between  the 
index  and  middle  fingers,  with  the  flaring  end  resting 
against  the  thumb  (as  shown  in  Fig.  1798),  at  an  angle  of 
about  sixtj' degrees;  then,  under  good  illumination  and 
with  great  gentleness,  the  tubal  extremity  of  the  instru- 
ment is  to  be  steered  along  the  floor  of  the  nose  while 
the  shaft  is  allowed  to  rest  upon  the  floor  of  the  vestibule. 
When  the  tip  reaches  the  pharyngeal  wall,  or  is  felt  to 
glide  over  the  velum,  it  is  to  be  rotated  toward  the  median 
line  and  the  catheter  drawn  out  until  the  point  is  caught 
by  the  septum.  Then,  without  further  longitudinal 
motion,  the  tip  is  to  be  revolved  downward  and  outward, 
through  an  angle  of  somewhat  more  than  180',  when  it 
will  be  felt  to  bring  up  in  the  mouth  of  the  tube,  at  about 
the  same  time  that  the  eyelet  in  the  outer  extremity 
points  to  the  outer  canthus  of  the  eye.  The  position  of 
the  catheter  in  the  tubal  orifice  may  then  be  verified  by 
a  gentle  blast  from  the  P(jlitzer  bag  or  from  the  com 
pressed-air  tank.  The  milled  head  of  the  catheter  should 
then  be  grasped  with  the  thumb  and  index  linger  while 
the  other  three  fingers  rest  upon  the  bridge  of  the  nose 
to  steady  it. 

(3)  In  the  second  method  the  catheter  is  introduced  in 
the  same  way  as  in  the  first  until  the  pharyngeal  wall  is 
reached,  when  the  tip  is  turned  outward  into  Rosen- 
milller's  fossa  and  the  instrument  gently  drawn  out  until 
it  is  felt  to  slip  over  the  posterior  lip  of  the  Eustachian 
orifice,  into  whicli  it  may  then  readily  be  turned.  This 
method  is  not  entirely  sure  or  easy  to  carry  out  when  the 


Fig.  1798.— Introduction  of  the  Catheter. 
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posterior  lip  is  small  or  flat,  as  sometimes  resiilts  from 
ulceration  or  from  atrophy,  or  when  the  aiiatomieiil  rela- 
tions of  the  nose  or  pharynx  are  such  as  not  to  allow  of 
the  tip  of  the  catheter  being  drawn  along  the  pharyngeal 


Fig.  1799.— Pulitzer's  Apparatus,  complete  (one-third  natural  size),    a,  Nosepiece  (natural  size). 


wall.  This  procedni'e  is  also  difficult  to  carry  out  in  the 
presence  of  cedema  or  when  there  are  adenoids,  polypi, 
or  hypertrophies  of  the  posterior  turbinates.  The  pos- 
terior lip  of  the  tubal  orifice  may  at  times  be  so  promi- 
nent that  the  catheter  cannot  be  slipped  over  it,  and  in 
other  cases  the  beak  of  the  insti-nment  may  be  drawn  too 
far  forward  and  thus  pass  in  front  of  tlie  anterior  lip. 

(3)  A  third  and  rather  uncertain  method  consists  in  in- 
troducing the  catheter  as  before  until  the  pharyngeal 
wall  is  reached,  when  the  instrument  is  drawn  outward 
about  threc-ijuarters  of  an  inch  and  the  point  turned 
from  its  downward  position  through  an  angle  of  about 
1S~)°  until  it  enters  the  pharyngeal  mouth  of  the  Eus- 
tachian tube.  It  will  be  readily  seen  tliat  adenoids, 
atrophy,  or  anj'  irregularities  of  the  phar3rngeal  wall 
would  entirely  eliminate  accuracy  from  this  method, 
which  is  in  far  too  common  use. 

(4)  The  expert  often  introduces  the  catheter  in  the 
manner  stated  above,  gently  turning  the  point  outward 
before  the  phar^'nx  is  reached,  and  thus  lightlj'  guiding 
it  into  the  tubal  orifice  by  the  sense  of  touch  upon  the 
outer  wall  of  the  meatus  and  the  ])harynx  without  stop- 
ping at  any  special  landmark.  Tliis,  of  course,  can  be 
done  only  with  highly  educated  fingers. 

(5)  In  certain  cases,  it  may  be  necessary  to  catheterize 
through  the  opposite  nostril.  For  this  purpose  a  more 
acute  angle  is  given  to  the  tip  of  the  catheter,  which  is 
then  revolved  into  RosenmiiUer's  fossa,  di-awn  over  the 
posterior  lip  of  the  tubal  orifice,  and  pressed  into  the 
ostium  tubte. 

(6)  If  both  nares  are  occluded,  or  in  cases  in  which 
there  is  a  cleft  palate,  a  catheter  with  a  special  bend  for 
the  case  at  hand  may  be  introduced  through  the  mouth 
into  Kosenmliller's  fossa  and  slipped  over  the  posterior 
lip.  A  two-per-cent.  solution  of  cocaine  wiped  over  the 
back  of  the  velum  may  aid  in  this  little  operation,  which, 
fortunately,  is  rarely  neccssarj'. 

After  the  catheter  has  been  successfully  introduced,  air 
is  sent  through  it  into  the  middle  ear  by  the  aid  of  a 
Politzer  bag  or  a  tank  containing  compressed  air. 

The  pear-shaped  Politzer  bag  is  made  of  soft  rubber 
and  should  have  a  capacity  of  about  eight  ounces;  it 
should  have  no  valve,  and  the  outlet  should  be  spherical 
so  that  the  opening  may  be  brought  over  the  end  of  the 
catheter  without  the  nozzle  or  end-piece  slipping  into  the 
catheter.  Jamming  and  consequent  jarring  will  thus  be 
avoided.  An  ingenious  attachment  has  recently  been 
invented  for  regulating  the  pressure  of  the  compressed 
air  as  it  comes  from  the  tank.  Owing  to  this  invention 
the  Politzer  bag  has  been  superseded  to  a  great  extent  as 
a  means  of  forcing  air  through  the  catheter.  Air,  chloro- 
form, or  iodine  vapor  may  be  forced  into  the  catheter 


from  the  bag  or  tank.  At  first  this  should  be  done  gently 
m  order  to  preclude  traumatism  and  couse((uent  emphy- 
sema; but  afterward  several  Ijlasts  should  be  given  in 
qiuck  succession.  If  the  Eustachian  tulje  through  which 
the  air  is  thus  foi'ced  is  ])atulous  and  the  catheter  is 
rightly  pointed  in  the  ostium,  clear  of  folds,  the  ausculta- 
ti(m  tube  .should  transmit  a  clear  sound  to  the  ear  of  the 
observer.  Tlie  advantages  of  the  tank  over  the  Politzer 
bag  for  purposes  of  catheterization  are :  nicety  of  regula- 
tion of  pressure;  the  cut-ofl^  need  not  be  removed  from 
the  catheter  between  the  successive  blasts,  as  is  necessary 
when  the  Politzer  bag  is  used,  and 
hence  unnecessary  jarring  is  avoid- 
ed; the  air  may  be  heated  or  medi- 
cated when  Ihe  tank  is  used;  a 
steadjf  current  may  be  kept  up  if 
deemed  advisable.  The  patient's 
own  sensations  are  not  always  ac- 
curate as  to  the  passage  of  air  into 
the  middle  ear.  In  siich  cases  the 
auscultation  tube  or  a  manometer 
may  be  used.  To  use  the  ausculta- 
tion tube  inteUigently  one  must  be 
familiar  witli  the  blowing  soun(l 
(bruit  de  pluie)  which  is  transmit- 
ted to  the  observer's  ear  in  normal 
cases  and  its  miiuy  modifications. 

(c)  Politzer\i  Metliod  of  InJIation. — Politzer's  method 
does  awaj'  with  the  catheter  and  has  not  the  disadvan- 
tages of  Valsalva's  method.  In  fact  it  may  be  regarded 
as  the  routine  method,  the  use  of  the  catheter  being  re- 
stricted to  obstinate  cases  in  which  Politzer's  is  not  C'tfee- 
tive,  or  to  those  in  wliieli  it  seems  desirable  to  pass  medi- 
caments or  the  bougie  tlirough  tlie  instrument.  The 
end-pie.ce  originally  recommended  by  Politzer  and  still 
preferred  by  many  otologists  is  that  represented  in  Fig. 
1799,  ((..  Other  authorities  give  the  preference  to  a 
straight  or  an  olive-shaped  end-piece.  For  young  chil- 
dren the  latter  pattern  is  unquestionably  preferable.  A 
rubber  tube  eight  or  nine  inches  in  length  serves  to  con- 
nect the  end-piece  and  the  bag.  This  method  of  inflating 
the  ears  depends  upon  the  compression  of  the  confined 
air  in  the  naso-pharyux,  which  air  is  forced  in  tlie  direc- 
tion of  least  resistance  into  the  Eustachian  tubes.  In 
this  method  the  end-piece  or  nozzle  is  entered  into  one 
naris  and  both  nasal  orifices  are  then  closed  anteriorly  by 
compression  between  the  thumb  and  fingers  while  the 
naso-|iliarynx  is  shut  in  by  approximating  the  palate 
against  the  pharyn- 
geal wall.  The  lat- 
ter is  accomplislied 
by  the  act  of  swal- 
lowing, by  pronounc- 
ing certain  woi'ds  as 
"buck"  or  "hock," 
or  by  puffing  out  the 
cheeks  balloon  fash- 
ion. When  swallow- 
ing is  the  method  em- 
ployed, only  a  small 
quantity  of  water  is 
used  and  the  bag  is 
compressed  at  the 
moment  the  pomum 
Adami  is  seen  to  rise. 
The  soft  palate,  dur- 
ing the  act  of  swal- 
loAving,  is  closely 
pressed  against  the 
pharvngeal  wall  and 
the  Eustachian  tubes 
are  drawn  open  by 
the  palatal  muscles. 
Previous  to  com-  ,     ,  ^i 

Dressing  the  bag  the  patient  should  be  warned  of  the 
shock  to  be  expected,  and,  in  order  that  it  may  be  as 
slio-ht  as  possible,  tlie  Politzeration  should  be  done  very 
geStly  at    first.     The   air   will  often   enter  both  ears 
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when  one  tube  is  swollen,  but  it  will  enter  on  the  dis- 
eased side  with  less  force.  Frequently  the  patient  is 
unable  to  tell  whether  or  not  the  air  has  passed.  Wlien 
chloroform  vapor  is  used  a  sense  of  "heat"  or  cold  is 
felt  In  children  the  act  of  crying,  or  often  tlie  rehex 
from  tlie  impact  of  the  air  upon  the  soft  palate,  will  throw 
the  latter  up  and  thus  close  tlie  naso-pliarynx ;  m  any 
event  Politzeration  is  more  easily  accomplished  in  child- 
hood becau.se  the  Eustachian  tubes  of  children  arc  shorter 
and  wider  than  are  those  of  adults. 

Many  modifications  of  Politzeration  have  been  sug- 
gested. Condensation  of  air  in  the  external  meatus  may 
be  useful  to  discover  perforations  when  other  methods 
fail  This  may  be  accomplished  by  placing  the  olive  tip 
of  Politzer's  bag  in  the  meatus  and  compressing  the  bag. 

Oci/rrje  V.  Stout. 

EAR  DISEASES:  NEW  GROWTHS.— New  growths 
of  the  ear  may  be  diviilcd  into  benign  and  malignant 
groAvths.  Ordinary  polypi  and  syphilitic  new  growths 
are  dealt  with  elsewhere  in  this  series  of  articles  and  will 
not  bo  included  in  the  present  one. 

Benign  New  Growths  of  the  Aubicle. 

The  benign  new  growths  comprise  (1)  fibroma  or  keloid, 
(3)  hpoma,  (3)  atheroma,  (4)  cysts,  (5)  angioma,  and  (6) 
papilloma;  while  the  malignant  growths  include  (1)  car- 
cinoma, (2)  sarcoma. 

Fibroma  is  probably  the  most  common  new  growth  of 
the  auricle.  Those  which  have  come  under  the  observa- 
tion of  the  author  have  been  unilateral,  and  Dench  holds 
that  this  is  the  rule,  while  Politzer  claims  that  they  are 
almost  always  bilateral  but  of  different  sizes  in  the  two 
ears.  They  usually  occur  in  the  lobule,  although  cases 
have  been  reported  in  which  fibromata  filled  the  concha 
and  partly  occluded  the  external  meatus  (Habermann :  A. 
f.  0.,  Bd.  ix.,  p.  294;  and  Burkner:  A.  f.  0..  Bd.  xv., 
p.  58). 

Etiology. — A  very  common  cause  of  fibroma  is  the 
piercing  of  the  lobule  for,  and  the  wearing  of,  earrings. 
These  growths  are  more  common  in  the  negro  race. 

Pathology. — They  are  usually  smooth  and  hard  to  the 
touch  and  varj-  in  .size;  Agnew  and  Turnbull  having  re- 
ported cases  in  wliicli  the  growths  were  larger  than  the 
auricle  itself. 

Microscopically,  they  consist  of  white  fibrous  tissue, 
in  which,  as  a  rule,  there  are  verj'  few  cells.  Anton, 
however,  reported  a  case  in  which  the  growth  was  soft 
and  contained  many  cells  and  leucocytes.  Buck  ex- 
amined a  specimen  of  fibroma  under  the  microscope, 
after  its  second  or  third  recurrence,  and  found  it  to  be 
composed  entirely  of  fibrous  tissue.  These  growths  do 
not  recur  if  thoroughly  extirjiated. 

Agnew  rejiorted  an  iiileresting  cas(^  of  fibroma  which 
recurred  with  regularity  after  repeated  removals.  Finally 
it  changed  its  character  and  appeared  as  a  myxo-filiroina. 
Strawbridge  (Trans.  Am.  Otol.  Soc,  July  "2d,  1875)  re- 
ported a  case  of  flbro-chondronia  following  the  irritation 
of  earrings.  Haug  (A.  f.  0.,  Bd.  xxxii.,  ]>.  IGl)  reported 
a  lymplio-fibroniaof  the  tragus  in  a  child  of  twelve  years 
of  age;  this  growth  was  as  large  as  a  cherry  and  pedun- 
culated. The  keloid  cicatrices  and  myxo-fibroinata  are 
next  in  frequency  to  the  true  fibiomata. 

TreatiiieiU. — Thorouffh  extirpation  of  the;  gi-owth  is  the 
only  proper  plan  of  treatment.  The  incision  should  be 
made  through  healthy  ti.ssiie,  the  auricle  being  cut 
through  and  through,  and  tlie  edges  of  the  wound 
stil,ched  together.  Or,  if  the  growth  be  large,  the  loliule 
should  be  removed  entire  witliout  any  attempt  being 
ma(le  to  save  the  edges.  Disfigurement  should  be  guarded 
agauist,  so  far  as  this  may  bi'  done  consist.ently  with  the 
absdlute  (extirpation  of  the  tumor, 

LiPo.\i.\.—Ki,,p  (Trans.  Am.  Otol.  Soc,  vol.  iii.,  part 
■j)  has  reported  a  case  of  fibro-lipoma  of  the  conclia 

Athehom,\. -While  atli(.|-onia  is  not  stri('lly  a  new 
growth,  It  may  lie  conveniently  considered  uiKler  this 
head.      Ihese  tumors  are  really  sebaceous  cysts  (wens, 
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milium,  or  steatoma).  They  usually  occur  in  the  lobule, 
or  at  the  juncture  of  the  auricle  with  the  head,  although 
Moran  reported  a  case  in  which  the  tumor  was  seated  in 
the  concha. 

The  cause  is  the  blocking  up  of  the  duct  of  a  sebaceous 
gland,  causing  the  retention  of  selmm  in  the  fundus  of 
the  gland  and^tlie  consequent  formation  of  a  cystic  tumor 
which  may  attain  any  size.  If  the  growth  should  be 
rapid  the  sac  may  undergo  a  rupture,  and  there  may  be 
a  history  of  recurrent  discharge,  which,  if  infected,  be- 
comes purulent.  The  outlet  for  the  discharge  may  be 
situated  in  front  of,  or  behind,  the  lobule.  The  contents 
of  these  sacs  consist  of  sebum,  degenerated  epithelial 
cells,  and  at  times  cholesterin  cry.stals.  As  a  rule,  the 
deformity  caused  by  the  presence  of  the  tumor  is  the  only 
symptom  complained  of,  unless  traumatism  be  super- 
added. 

Treatment. — A  linear  incfsion  should  be  made  over  the 
central  part  of  the  tumor  and  then  tlie  sac  should  be 
carefully  dis,sected  out.  If  it  should  be  ruptured,  some 
ditticulty  may  lie  experienced  in  enucleating  it  in  its  en- 
tirety; but.  if  it  should  remain  unbroken,  the  removal 
may  easily  be  accomplished  by  the  aid  of  a  pair  of  strong 
dissecting  forceps.  In  the  case  of  a  timid  patient,  the 
author  has  evacuated  the  contents  of  the  cyst  and  then 
has  drawn  the  cyst  wall  through  an  incision  less  than 
one-quarter  of  the  diameter  of  the  growth.  The  removal 
effected  in  this  manner  was  not  followed  by  a  recurrence. 

Cystom,v. — These  tumors  are  less  common  than  those 
of  the  atheromatous  variety.  Under  this  head  Hartmann 
classes  effusions  of  serum  in  the  auricle  which  are  due  to 
degenerative  changes.  Though  these  effusions  are  prob- 
ably due  to  some  old  forgotten  traumatism,  it  is  often 
impos.sible  to  fix  the  cau.se  in  a  given  case.  Dentigerous 
cysts  should  come  under  this  head.  The  only  symptom 
complained  of  is  the  deformity,  unless  there  has  been  a 
contusion.  Cystomata  are  usually  located  on  the  anterior 
aspect  of  the  auricle,  although  they  sometimes  occur 
posteriorly.  They  do  not  contain  blood  as  do  the  haema- 
tomata.  They  usuallj'  appear  suddenly  and  have  no 
tendency  to  increase  in  size. 

Treatment. — A  cystoma  should  be  incised  along  the 
natural  folds,  and  horsehair  or  gut  drainage  should  be 
introduced.  If  the  tumor  is  of  large  size,  it  ma}'  be  in- 
ci.sed  anteriorly  and  its  contents  thus  evacuated.  The  in- 
cision should  then  be  carried  through  and  through  the 
cartilage;  after  which  the  anterior  incision  should  be 
sewed  up  and  allowed  to  heal  by  first  intention,  while 
sub.sequent  drainage  is  continued  through  the  posterior 
wound. 

Angioma. — Angioma,  or  na^vus,  is  a  congenital  hyper- 
trophy of  the  vascular  tissues  of  the  corium  and  subcu- 
taneous tissue.  Growths  of  this  nature  may  be  flat  or 
elevated,  single  or  multiple ;  the\'  may  occur  in  any  part 
of  the  auricle  or  its  vicinity,  and  as  a  rule  they  present 
a  bluish-black  color.  They  are  usually  congenital,  though 
Kipp  has  reported  a  case  following  freezing  of  the  auricle. 
Their  growth  may  be  slow  or  ra|>id,  and  they  may  extend 
to  the  meatus  or  to  the  skin  in  the  neighborhood  of  the 
auricle.  When  the  growth  is  rapid  there  may  be  pain, 
but  usually  this.symptiim  isabscnt.  Intercurrent  hemor- 
rhages sometimes  occur.  They  are  due  to  the  rupture  of 
the  walls  of  a  blood-vessel  which  has  undergone  atrophj^ 
through  pressure.  Jungkeu  has  reported  such  a  case 
which  terminated  fatally. 

'I'realinriit. — The  treatment  depends  upon  the  size  and 
character  of  the  growth.  If  it  is  small  and  Hat,  coagula- 
tion of  the  contained  blood  and  shrivelling  of  the  growth 
as  a  whole  may  be  effected  by  passing  through  its  sub- 
stance several  aseptic  silk  threads  which  have  been  dipped 
into  chloride  of  iron  solution.  If  the  tumor  is  peduncu- 
lated it  may  be  caused  to  undergo  atrophy  by  encircling 
the  peduncle  with  tensely  drawn  india-rubber  bands.  In 
the  case  of  larger  growths  the  actual  cautery,  cautiously 
used  on  successive  occasions,  has  been  employed  with 
marked  success.  Electro-  or  therino-cauteries,  heated  to 
a  red  heat,  ari'  preferable  for  this  ]iurposr,  although  a 
large  darning  needle  or  similar  instrument  may  beem- 
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ployed,  as  was  done  by  the  autlior  in  a  case  in  which  no 
other  instruments  were  at  hand.  Dnpuytren  and  Wein- 
leclmer  liave  effected  cures  by  resorting  to  the  rather 
lieroic  method  of  ligating  the  carotid  artery.  Wlien  con- 
fined to  tlie  auricle  tliese  growths  may  be  dissected  out 
and  the  vessel  secured  while  the  growth  is  surrounded 
by  a  clamp  similar  to  that  used  in  operations  ou  the  eve- 
lids.  ^ 

PAriLi.ojrATA,  or  warts,  are  at  times  encountered  on 
the  auricle.  They  are  usually  slightly  pedunculated, 
long  and  narrow,  and  may  be  readily  re'moved  by  a  cold 
wire  snare;  the  point  of  attachment  should  be  touched 
with  a  solution  of  silver  nitrate  (sixty  grains  to  the  ounce) 
to  prevent  recurrence.  Buck  has  reported  an  interesting 
case  of  "cornu  humanum"  which  developed  as  a  result 
of  excessive  manipulation,  parings,  etc.,  of  one  of  these 
growths  liy  the  patient.  In  the  course  of  two  years  this 
horn  attained  a  height  of  three-quarters  of  an  inch  and  a 
breadth,  across  the  base,  of  the  same  measurement.  Dr. 
Buck  excised  the  growth  by  a  wedge-shaped  incision 
Avhich  removed  it  in  its  entirety,  and  there  was  no  recur- 
rence. Burnett,  Pomeroy,  Roosa,  and  others  liave  re- 
ported similar  cases.  Other  rare  aifections  of  the  auricle 
are  hyperostoses,  lupus,  and  calcareous  degeneration. 

Benign  New  Gkowths  op  the  External  Auditoby 
Canal. 

Benign  growths  of  the  external  auditory  canal  include 
(1)  Bony  growths,  (2)  sebaceous  cysts,  (3)  angiomata,  and 
(4)  false  membranes. 

Osteoma. — Bony  growths  are  the  most  frequent  be- 
nign tumors  of  the  meatus.  They  are  hyperplasias  of 
some  part  of  the  osseous  external  canal  and  occasion  no 
symptoms  per  se,  often  being  discovered  by  chance. 
They  may  be  single  or  multiple,  may  be  found  at  the 
junction  of  the  osseous  and  cartilaginous  portions  of  the 
canal,  or  at  any  point  between  this  and  the  tympanic 
membranes.  Those  which  occiu'  at  the  junction  of  the 
osseous  and  cartilaginous  portions  of  the  canal  usuallj' 
arise  from  the  posterior  wall,  are  more  often  single,  and 
vary  in  size  from  small  mounds  to  spherical  masses  which 
till '  the  canal.  They  may  be  sessile  (liyperostoses)  or 
peduneidated  (exostoses),  and  they  vary  in  density  from 
ivory-like  hardness  to  the  consistence  of  cancellous  bone. 
They  are  covered  with  skin  which  is  thinner  than  that  of 
the  neighboring  canal ;  in  the  larger  growths  this  thinness 
is  more  marked.  On  account  of  its  tenseness  the  skin  is 
apt  to  be  more  tender  over  the  growths  than  elsewhere. 
"When  small  they  occasion  no  discomfort  and  are  often 
discovered  by  chance.  When  they  are  larger,  however, 
epithehum  and  detritus  are  prone  to  collect  in  the  canal, 
between  them  and  the  membrana  tympani,  and  thus 
cause  hardness  of  hearing  and  tinnitus.  Their  rate  of 
growth  is  variable  and  in  the  eariy  stages  it  has,  for  ob- 
vious reasons,  seldom  been  observed.  Later,  however, 
they  have  been  seen  to  grow  rapidly  for  a  time  and  then 
apparently  to  stop  growing  without  cau,se.  In  one  case 
observed  by  the  author  the  osteoma  continued  to  grow, 
for  six  months  after  it  had  been  discovered,  until  it  en- 
tirely closed  the  canal.  This  ca.se  was  operated  upon  by 
means  of  the  hand  gouge  used  in  mastoid  work,  and  al- 
though the  growth  was  situated  at  the  above-named 
junction,  it  was  found  to  be  exceedingly  hard  and  re- 
quired forty-live  minutes  of  most  careful  and  diligent 
work  for  its  removal.  The  excision  of  the  tumor,  which 
possessed  a  broad  base,  gave  decided  relief  to  both  the 
tinnitus  and  the  hardness  of  hearing. 

Etiology.— Some  osteomata  are  believed  to  be  of  con- 
genital origin,  while  others  are  attributed  to  rheumatism, 
gout,  or  syphilis.  It  is  an  undoubted  fact  that  these 
growths  often  develop  in  the  course  of  chronic  suppura- 
tive or  non-su]ipurarive  processes  involving  cither  tlie 
middle  ear  or  the  external  auditory  canal.  As  regards 
the  relation  of  osteomata  to  gout  and  syphilis,  it  is  true 
that  they  frequently  occur  in  gouty  or  syphilitic  subjects, 
but  this  does  not  prove  that  the  relationship  between 
them  is  one  of  cause  and  effect;  for  many  other  aural  dis- 


eases develop  in  such  sulijects  and  yet  nobodv  would 
thmk  of  attributing  them,  for  tliis  reason,  to  either  gout 
or  sypliilis  as  a  cau.se.  That  tliey  occur  congenitallv  is 
doubtful  (Buck)  from  the  fact  tiiat  at  birtli  the  osseous 
canal  is  but  a  ring  of  bone.  On  the  otlier  hand,  it  is 
scarcely  doubtful  that  a  chronic  inflammatory  process  or 
a  traumatism  is  competent  to  cause  the  development  of 
an  osteoma,  for  either  of  these  will  produce  a  localized 
periostitis,  and  this  in  turn  would  he  hkely  to  result  in  the 
formation  of  osseous  tissue.  The  theory  that  polypi  oc- 
casionally become  organized  as  osseous  tissue  seems  also 
plausible.  A  clear  history  of  such  an  origin  in  any  given 
case  can  seldom  be  obtained.  The  reports  of  Sir  William 
Dalby  and  others  imply  Uiat  exostoses  occur  more  fre- 
quently in  the  better-class  Englishmen  than  they  do 
among  the  people  of  this  country.  They  are  said  to  be 
common  in  pearl  divers  and  in  tiie  natives  of  Hawaii 
wild  bathe  excessively,  hut  Wyman  found  many  in  the 
skulls  of  Peruvians  who  lived  inland. 

Treatment. — In  many  of  the  recognized  cases  the  treat- 
ment is  usually  restricted  to  the  removal  of  the  cerumen 
and  detritus,  liy  the  most  gentle  means  at  hand,  from 
that  portion  of  the  canal  which  is  situated  between  the 
growth  and  the  drum  membrane.  This  majr  be  accom- 
plished by  a  delicate  bent  probe,  armed  with  a  small 
whisp  of  cotton  twisted  over  its  end.  Syringing  may  be 
resorted  to,  but  it  is  often  both  ineffectual  and  undesir- 
able, for  it  may  increase  the  tinnitus  and  hardness  of 
hearing.  The  cleaning  process,  which  is  usually  tediou.s, 
should  be  carried  out  in  a  thorough  but  gentle  fa.shion. 
When  the  growth  attains  such  dimensions  as  to  cause 
complete  occlusion  of  the  canal,  thus  producing  deafness 
and  sometimes  distressing  tinnitus,  or  else  causing  reten- 
tion of  a  purulent  discharge  that  is  escaping  from  the 
middle  ear,  it  should  be  removed  at  least  in  part.  This 
is  especially  true  if  bone  conduction  is  good.  The  only 
two  methods  of  operation  worthy  of  consideration  are; 
(1)  removal  bj'  means  of  the  hand  gouge  and  (2)  removal 
by  means  of  dental  drills.  It  is  not  necessary  in  either 
case  to  dissect  off  the  skin.  The  mastoid  hand  gouge  is 
a  very  effective  instrument  for  the  removal  of  an  exos- 
tosis when  it  is  located  in  the  external  portion  of  the  ca- 
nal, especially  if  it  is  composed  of  spongy  bone.  The 
dental  drills  are  better  for  the  ivory-like  growths  or  fcjr 
tlio.se  located  deep  in  the  canal,  though  the  operator's 
familiarity  with  either  method  is  a  factor  in  the  case. 
Pedunculated  growths  may  at  times  be  readily  snapped 
off  by  a  prying  niovement'of  the  gouge,  as  in  a  case  ob- 
served by  the  author.  The  narrowness  of  the  canal  and 
the  fact  that  the  deeper  growths  are  more  apt  to  be  ivory- 
like make  the  drills  preferable  for  those  so  located.  The 
shape  of  the  drill  is  to  be  chosen  according  to  the  condi- 
tions present  in  the  case  under  consideration.  The  num- 
ber of  revolutions  of  the  dental  engine  per  minute  should 
also  vary  according  to  the  character  of  the  growth.  The 
hemorrhage  from  these  operations  is  usually  slight  but 
may  at  times  be  embarrassing,  as  it  obscures  the  held  of 
operation.  These  operations,  which  often  require  much 
patience,  should  be  done  under  strict  asepsis  and  with 
the  aid  of  a  general  antesthetic.  The  after-treatment  con- 
sists chiefly  in  the  maintenance  of  strict  asepsis,  and  if 
there  is  no  discharge  from  the  middle  ear  the  external 
auditory  canal  should  be  packed  with  gauze  in  order 
to  prevent  the  cicatrix  from  narrowing  the  meatus. 
If  there  is  a  discharge  from  the  deeper  parts,  a  tube 
should  be  inserted  for  this  purpose,  as  otherwise  mem- 
branous bands  are  apt  to  form  which  may  entirely  close 

the  canal.  ,  ,  . 

Sebaceous  Cysts.— Cysts  of  the  meatus  are  of  rare  oc- 
currence, but  tiiev  have  been  occasionally  reported.  They 
resemble  milium'or  the  sebaceous  cysts  which  occur  else- 
where They  vary  in  size  from  that  of  a  millet  seed  to 
the  entire  diameter  of  the  canal.  When  they  are  small 
they  do  no  harm,  but  wdien  large  enough  to  occlude  the 
canal  they  cause  tinnitus,  autophony,  or  deafness;  and 
if  they  continue  to  n'row,  they  may  cause  pressure  atrophy 
or  erosion  or  may  lead  to  the  formation  of  the  mollus- 
cous tumors  "  mentioned  by  various  writers  (Toynbee, 
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Kirk  and  Duncanson,  and  others).  Tliey  have  _  been 
known  to  suppurate.  They  are  more  often  found  m  the 
cartnrgnous^  meatus,  where  the  cerummous  glands  and 


found   in   the   tympanic  membrane.       They  consist   of 
cholesterin  crystals,  epithelial  cells,  and  debris. 
Growths    Composed    of    Fibrous    Tissue.— Newly 
formed  membranes  and  bands  which  are  observed 
in  the  middle  ear  may  at  times  require  operative 
interference.     They  may  be  excised  or  incised,  due 
attention  being  paid  to  the  possible  dam- 
age which  tl  c  resulting  scai  may  cause. 
^  I    '\         These  rem  irl  s  h  1 1  ti  uc  ilsr  w  ith  regard 

1^*'^  )  V  t    f    til  remnants  (coipuscles 

i  pi  l'     ■"    --^^  °f  P  ^^^^^^  '^"'^  Kesscl) 


An&iomat  V 


tym- 


-Cross  Section  ol  An- 
giodiatous  Polypus,  as  seen 
under  a  low  power.  (Buck's 
case.)  From  a  drawing  made 
by  Dr.  Ira  Van  Gieson. 


sebaceous  follicles  are  uumer 
ous,  than  in  the  osseous  per 
tion. 

As  regards  the  pathology  j.,g,  jsqi 
of  these  sebaceous  cysts  it  is 
sufficient  to  say  that  the}'  are 
simply  retention  cysts,  con- 
taining cheesy  or  atheroma- 
tous material. 

Treatment. — These  cysts  should  be  incised  with  a  small 
sharp-pointed  bistoury,  their  contents  evacuated,  and  a 
solution  of  iodine,  potassium  iodide,  and  glycerin  applied 
to  the  open  wound. 

Angioma. — A  few  cases  of  angioma  of  the  external 
auditory  canal  have  been  reported,  and  under  this  head 
aneurismal  tumors  like  that  reported  b}'  Todd,  of  St. 
Louis  {Amer.  Journal  of  Otol.,  vol.  iv.,  p.  187,  1882), 
would  he  classed.  As  regards  their  pathology  and  treat- 
ment, nothing  need  be  added  to  what  was  stated  under 
the  head  of  angioma  of  the  auricle. 

False  Membranes  or  bands  are  at  times  found  in  the 
external  auditory  canal,  and  if  they  cau.se  symptoms 
they  may  be  excised  or  incised,  great  care  being  taken  to 
prevent  the  sub.sequent  narrowing  of  the  canal. 

Encuondroma.— A  few  ca.ses  of  enehondroma  of  the 
external  auditory  canal  have  been  reported.  These 
growths  should  be  dealt  with  on  lines  similar  to  Ihosc 
mentioned  under  the  head  of  exostoses. 

Benign  New  Growtus  of  the  ^"Miiidi.r  Ear. 

Ordinary  poly])!,  cholesteatomata,  and  new  growths  of 
a  syphilitic  or  tuberculous  character  will  Ix^'di'all  with 
elsewhere  in  the  Handbook. 

Papillomata  (jr  wart-like  growths  are  at  times  found 
on  the  tympanic  membrane;  they  are  possibly  due  to  the 
msti  lation  of  irritating  fluids  into  the  external  auditory 
canal.  ■' 

Pearly  Growths,  according  to  Gruber,  have  been 
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panic  membrane  have  been  reported  bj"  Weir,  Buck, 
and  others.  They  may  be  detected  by  the  abnormally 
red  appearance  of  the  tympanic  membrane  or  of  the 
growth  itself,  should  the  tympanic  membrane  be  absent. 
Redness  may  extend  over  the  lower  half  of  the  mem- 
brane or  may  present  itself  in  irregular  splotches:  the 
membrane  itself  may  be  bulged  outT\ard  from  pressure, 
and  it  may  pulsate  s_ynchronously  with  the  radial  pulse  ; 
tinnitus  is  often  present;  and,  finally,  the  hardness  of 
hearing  may  be  extreme.  These  growths  occur  at 
times  without  apparent  cause  and  develop  slowl_y;  they 
are  composed  almost  entirely  of  blood-vessels,  and  if 
removed  by  cutting  may  recur  (Buck)  (Fig.  1801).  Para- 
centesis may  be  followed  by  a  severe  hemorrhage  in 
which  an  ounce  or  more  of  blood  is  quickly  lost. 

The  ireaiiiieiit  consists  in  the  application  of  chromic 
acid,  tlic  acid  nitrate  of  mercurv,  or  pure  nitric  acid  on 
the  tip  of  the  delicately  wrapped  cotton  carrier;  or  a 
small  ignipuncture  may  be  made  by  means  of  a  fine  elec- 
tro-cautery. 

Exosto.scs  or  ecchondroses  of  the  ossicles  have  been 
reported. 

Fibroma  and  osteoma  of  the  middle  ear  have  been 
found  post  mortem. 

Malignant  Growths  of  the  Auricle. 

EpitJieUoina  and  sarcoma  are  the  most  common  malig- 
nant growths  of  the  auricle,  epithelioma  being  far  the 
more  common.  i\linor,  in  104,413  ear  cases  collected  in 
the  service  of  nine  American  hospitals,  found  that  cpi 
thclioma  oceurrcil  eight}'  times  wdiile  there  were  no  cases 
of  sarcoma  in  this  list.  This  in  a  measure  agrees  with 
the  general  statistics,  which  show  that  epithelioma  is  far 
more  common  than  any  otiier  malignant  growtli  of  the 
auricle.  Cases  of  epithelioma  have  been  reported  by  Buck, 
Orne  Green,  Gruber,  Sacke,  Habermaun,  Burnett,  AVilde, 
Schubert,  Kipp,  Kramer,   Moos,  Marian,   Kretschmaun, 
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Seely,  Haug,  Brunei',  Bryant,  Deniarquay,  and  others. 
So  far  as  one  can  infer  from  the  accounts  of  the  cases 
mentioned  above,  epithelial  cancer  is  mucli  the  same 
wlien  occurring  in  the  auricle  as  when  it  involves  other 
parts  of  the  b(xly.  In  nianj'  eases  there  is  at  first  a  wart- 
like growth,  which  is  subjected  to  traumatism,  scratched, 
pineTied,  touched  with  strong  acids,  or  removed  by  the 
knife,  and  whicli  then  grows  more  and  more  rapidly  the 
more  it  is  disturbed,  until  finally  the  alleeted  part  becomes 
covered  with  scabs  under  which  will  he  fcnuid  ulcers  that 
are  more  or  less  deep  and  that  may  or  may  not  show  a 
tendency  to  bleed.  There  may  also  be  severe  pain,  but 
this  symptom  is  not  conuuon.  More  often  the  patient 
applies  for  relief  simply  on  account  of  a  long-standing  or 
obstinate  "  sore. "  In  some  cases,  as  in  that  reported  by 
Valpau,  the  growth  seems  to  have  been  rapid.     Epitlie- 

liomata  are  more  apt  to  occur  in  those  past  middle  life. 

They  tend  to  spread  to  the  external  auditory  canal  and 

neighboring  parts  of  the  head.     On  the  other  hand,  they 

are  often  secondary  to  growths  in  these  neighboring  parts. 

The  terra  epithelial  carcinoma  is  usually  applied  to  these 

growths,  Grubcr  claiming  that  this  is  the  onlj'  form  of 

malignant  tumor  which  attacks  the  auricle  primarily. 

When  the  disease  is  allowed  to  spread  to  the  head — the 

meatus,  middle  and  internal   ears    becoming 

affected  in  turn — death  results  from  debd 

ity  or  from  meningeal  or  brain  involve 

ment;  the  glands  of  the  neck  or  the 

parotid  gland  may  also  in  some  in 

stances  become  involved. 

Treatment. — Here    as   1 1  / 

where     the    only    rationa 

treatment    is    complete 

extirpation.       All     of 

the     diseased     and 

suspected  tissues- 
including     the 

tire 

ous 

exter 

canal,    the   1  y  m  p  h 

glands  of  the  neck,  and 

the  parotid  gland  if  nee 

essary  —  should    be    le 

moved.     If  the  case  is  seen 

early    the    removal     of     the 

growth  by  a  V-shaped  incision 

may   suiBce.     The    entire    auri 

cle  has  been  removed  a  number  of  ^ 

times,  and  in  one  case  at  least  this 

was   done   by  means  of   the  cautery 

snare.     Dench  and  others  have  removed 

the  entire  cartilaginous  canal.    When  the 

operative  interference  involves  the  canal, 

a  tube  should  be  introduced  and  kept  m 

position  until  the  wound  is  entirely  healed; 

otherwise  cicatricial  closure  is  to  be  feared_ 
Sarcoma.— Although   sarcomata   are   of  rela- 

tively  infrequent  occurrence,  they  have  been  reporte^  by 

Roudout,  Stacke  and  Kretschmann,  Schabert,  and  others^ 

In  the  case  reported  by  Roudout  the  growth  had  existed 

for  twenty  years,  but  its  complete  extirpation  resulted 

in  a  cure      In  the  case  of  Stacke  and  Kretschmann  the 

growth  was  removed  by  the  galvano-cautery  snare  and 

the  result  proved  to  be  an  entire  success. 

OF    THE   External    AnuTORY 
Canai,. 


young  girl  fourteen  years  of  age.  This  latter— an  os- 
teo-sarcoma  —  recurred  repeatedly  until  it  was  finally 
thoroughly  removed,  the  neighboring  parts  having  been 
well  scraped,  and  a  strong  solution  of  chloride  of  zinc 
applied  to  the  wound. 

Malionant  Growths  of  the  Middle  Ear. 

Here  also  the  malignant  growths  which  have  been  re- 
ported were,  as  a  rule,  carcinomatous  in  character.  Ap- 
parently, they  occur  only  rarely.  In  most  instances  they 
develop  in  the  course  of  a  neglected  chronic  suppurative 
inflammation  of  the  middle  ear  or  a  necrotic  process  of 
the  temporal  bone.  They  may  also  appear  in  the  middle 
ear  secondarily  to  their  <levelopment  in  .some  neighboring 
part ;  and  this  undoubtedly  is  the  more  common  course 
of  events.  These  growths  usually  occur  in  patients  of 
from  forty  to  sixty  years  fif  age. 

Syviiitoms. — These  include  pain,  which  is  often  severe, 
paralysis  of  the  facial  nerve  from  its  involvement  in  the 
malignant  disease,  hemorrhage,  which  may  be  frequent 
and  profuse,  induration  of  the  cervical  glands,  meningitis, 
abscess  of  the  brain,  sinus  thrombosis,  or  hemorrhage 
from  the  lateral  sinus.     Death,  which  is  the  usual  ter- 


suspecieu  tissues — 
including     the    en-      / 
tire  auricle,  cutane-     / 
ous    walls    of    the    W     ' 
external      auditory         "^  . 


Malignant    Growth;- 


Primary  malignant  growths  in  this  region  are^  more 
]-are  even  than  those  of  a  secondary  nature,  carcinoma 
predominating  here  as  in  the  auricle.  Buck  reports  two 
cases  of  secondary  carcinoma,  one  of  which  originated  in 
the  middle  ear  and  the  other  in  the  cervical  glands  behind 
the  ear.  Kessel,  Delstanche,  and  others  have  reported 
cases  of  carcinoma.  In  most  cases  it  is  doubtful  whether 
they  are  primary  or  secondary.  Buck  also  reports  a  case 
of  priniarv  sarcoma  occurring  in  the  external  canal  ot  a 


Fi«.  I802.-Destruction  ot  the  Temporal  Bone  by  EpitheM  gincer 
/.  Mpriian  remnant  of  the  pars  petrosa  on  the  suriace  or  its  ayeA 
?he'lone°/a.riestroyed  b'y  the  new  growth  ;bpor^s  acus tic^ 
intcrniiQ-  c  foramen  lacerum  antei'ius  ri,  foramen  cvaie,  euwi  b>^" 
b°yTstruct%'nTfte  edges  to  twice  it^"^'"™'  tTs^hwIrUe') "' 
foramen  spinosum  ;  /,  sphenoid  articulation.     (After  Schwart^e. ) 

mination,  is  due  to  exhaustion  or  to  one  of  the  four  events 

^''!5«r-lThe  gradual  development  of  a  malignant 
.rowft  in  the  middle  ear,  in  the  course  of  some  chronic 
affection  of  that  region,  renders  it  practically  impossible 
?o  make  a  correct  diagnosis  until  the  frequent  recurrences 
aft™oval  and  perhaps  the  behavior  of  the  growth  in 
other  respects  arouse  the  surgeon's  suspicions  and  lead 
him  to  examine  the  tissues  with  the  microscope. 

r,'°S-This  is  usually  palliative  only,  although 
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as  a  last  resort  the  mastoid  may  be  operied  (Scbwartze), 
fu  eases  in  whieh  the  disease  is  pent  „p>n  the  tympanum 
or  in  wliich  it  is  apparently  extending  inward. 

SAKCOMV-Cases  are  on  record  in  .vliich  sarcomatous 
growths,  both  primary  and  secondary,  have  been  observed 
^nthe  riiiddle  ear.  They  are  more  apt  to  be  tound  m 
childhood,  and  are  usually  of  rapid  g'-"^^-"^-  J"  ^'f 
early  stages  they  senerally  resemble  ordinary  polypi,,  but, 
unlike  them,  they  recur  (piickly  after  repeated  excision. 


Fig.  ia03.— Carcinoma  of  the  Temporal  Bone.     (Case  of  Dr.  Gorhum 
Bacon.)     From  a  photopraph. 

As  in  the  case  of  carcinomata  they  arc  apt  to  follow 
chronic  inflammatory  conditions.  The  discharge  may  be 
bloody,  very  ofEen.sive,  and  purulent.  In  the  later  stages 
there  may  be  paralysis  of  the  facial,  the  abducens,  or  the 
lirst  division  of  the  fifth  nerve,  in  association  with  me- 
ningeal or  brain  symptoms  or  severe  hemorrhage  from 
erosion  of  the  large  blood-vessels  in  the  neighborhood. 

Malignant  Growths  of  the  Intkrnai,  Ear. 

In  the  labyrinth,  as  in  the  middle  ear,  malignant  new 
growths  are  more  apt  to  be  secondary  than  primary. 
Very  few  of  the  cases  of  primary  growth  in  the  labyrinth 
have  been  fully  enough  reported  to  possess  any  clinical 
value.  Sarcoma,  neuroma  (glioma),  and  carcinoma  have 
been  reported.  Vircliow  has  shown  tliat  the  auditory 
nerve  is  more  often  the  sciit  of  new  gro\\'ths  than  is  any 
other  of  the  cranial  nerves.  Politzer  reports  a  case  of 
carcinoma  of  the  labyrinth  in  a  man  aged  forty-seven 
years.  In  this  case  tlie  growl  )i  originated  in  tlie  mastoid 
region,  spread  Uirough  the  middle  ear  to  the  cochlea,  and 
thence  through  the  internal  meatus  to  tlie  Inaln.  Deatli 
occurred  through  ery.sipelas.  New  growths,  however, 
are  more  apt  to  reacli  the  audit(n'y  nerve  and  labyrinth 
from  the  cranial  cavity,  and  in  niost  instances  they  are 
primarily  carcinomata  of  the  dura  or  of  the  lirain  itself 
Biirkhardt-Merian  (.1.  /.  0.,  lid.  xii.)  reported  the  find- 
ing, post  mortem,  of  a  fil)ro-sarcoma  in  a  man,  aged  sixtv- 
six,  who  had  die<l  of  pneumonia.  Tliis  had  originated  'in 
the  termination  of  the  inferior  petrosal  sinus  and  had 
passed  thence  by  two  tracks  into  the  labyrintli— one 
through  the  aquffiductus  cochlete  and  the  other  below 
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the  internal  auditory  meatus,  around  the  cochlea  to  the 
tunica  adventitia  of  the  carotid  artery.  Field  has  re- 
ported a  sarcoma,  the  size  of  an  orange,  on  the  posterior 
surface  of  the  petrous  bone,  which  had  originated  in  the 
dura  and  had  destroyed  the  auditory  nerve. 

Moos  (A.f.  0.,  Bd.  iv.)  has  reported  a  case  of  spindle- 
cell  sarcoma  which  was  as  large  as  a  walnut  and  situated 
externally  to  the  left  internal  auditory  canal.  It  was 
connected  with  the  cerebellum  and  pushed  the  medulla 
oblongata  over  toward  the  right;  the  auditory  nerve  en- 
tered into  the  tumor  but  was  speedily  lost  among  its 
component  tissues;  and  a  second  tumor,  the  size  of  a 
pea,  was  found  in  the  dilated  internal  auditory  canal. 
The  cervical  and  dorsal  portions  of  the  spinal  cord  were 
degenerated,  as  was  also  the  labyrinthine  portion  of  the 
auditory  nerve.  This  case  occurred  in  a  woman,  aged 
forty-five,  who  died  of  suffocation  one  year  after  a  sudden 
attack  of  vertigo,  deafness,  ptosis,  laclirymation,  and 
licadache.  George  O.  SUnit. 

EAR  DISEASES:  OPERATIONS  UPON  THE  TYM- 
PANIC MEMBRANE  AND  OSSICLES.— Operationsupon 
the  drumhead  and  ossicles  and  within  the  middle  ear  are 
usually  done  through  the  natural  channel  of  the  external 
auditory  canal ;  when  this  canal  does  not  permit  a  suffi- 
ciently "free  access  to  the  operative  field,  it  is  necessary  to 
reflect  the  auricle  forward  by  means  of  a  curvilinear  in- 
cision through  the  integument  and  underlying  soft  tis- 
sues; this -necessity  is  a  comparatively  rare  occurrence, 
for,  even  when  the  external  auditory  canal  is  much  nar- 
rowed, it  is  possible,  under  good  illumination  and  with 
the  exercise  of  an  educated  tactile  sense,  to  do  the  ma- 
jority of  middle-ear  operations  through  the  natural 
channel. 

In  all  operations  involving  the  opening  of  the  tym- 
panic cavity,  especially  those  ap]died  to  the  relief  of  con- 
ditions incident  to  non-.suppurative  disease,  sterilization 
of  the  canal,  of  the  auricle,  and  of  such  parts  of  the  head 
and  neck  of  the  patient  as  may  come  in  contact  with  the 
hand  of  the  surgeon,  is  an  Important  prerc(iuisite.  To  this 
end,  the  auricle,  and  the  skin  about  it,  should  be  thorough- 
ly washed  with  soapsuds  (green  soap)  and  afterward 
with  alcohol,  and,  if  the  sterilization  is  done  the  night 
before  operation,  the  parts  mentioned  should  be  covered 
with  dry  baked  gauze ;  at  the  time  of  operation,  a  ster- 
ilized towel  should  be  pinned  over  the  head  and  another 
over  the  neck  and  shoulders  of  the  patient.  The  exter- 
nal auditory  canal  should  be  carefully  cleansed  of  ceru- 
men and  epidermis,  preferabh'  by  means  of  a  moist, 
cotton-tipped  probe,  and  this  should  be  followed  by  a 
similar  swabbing  Avlth  either  the  peroxide  of  hydrogen 
or  alcohol,  care  being  taken,  if  this  cleansing  is  done 
shortly  before  operation,  to  avoid  maceraticm  of  the  outer 
coat  of  the  drumhead,  or  to  increase  unduly  the  circula- 
tion. In  emergency  operations,  such  as  incisions  for 
phlebotomy  or  to  give  exit  to  fluid,  when  the  more  thor- 
ough precautions  of  sterilization  are  not  possible,  it  is 
still  im]iortant  to  have  the  hands  of  the  operator  and  the 
instruments  and  dressings  which  he  uses  sterile,  and  to 
avoid  contact  of  the  former  with  the  patient  and  of  the 
instruments  with  the  walls  of  the  canal. 

The  simple  operation  of  incising  the  drumhead  is  usu- 
ally done  for  the  purpose  of  relieving  blood  pressure  or 
of  evacuating  the  fluid  contents  of  the  middle  ear,  con- 
tents which  luav  vary  in  quantity  from  a  few  drops  to  a 
bod}'  of  fluid  sufflcing  to  fill  the  whole  tympanum,  and 
in  consistence  from  the  thinness  of  fresh  serum  to  the 
lliiekness  of  inspissated  mucus. 

The  point  usually  chosen  for  paracentesis,  for  the  evac- 
uation of  fluid,  is  the  jiosterior  inferior  quadrant  of  the 
drumhead,  the  incision  varying  in  size  from  that  of  a 
simjilc  ])uiicture  to  a  cut  of  two  or  more  inillimetres  in 
length  made  from  below  upward  and  ]iarallel  to  the 
])eripheral  line  of  the  drumhead.  For  purposes  of  phle- 
botomy, in  cases  of  acute  congestion  in  theepitympanum, 
the  incision  is  usually  made  along  the  posterior  superior 
periphery,  from  belo^v  ujiward,  ending  at  or  near  the 
short  process  of  the  hammer  and  capable  of  penetrating 
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to  the  deeper  layer  of  blood-vessels  in  the  iuner  tym- 
panic fold. 

After  incision,  in  such  cases,  the  car  should  be  wiped 
dry  and  plugged  at  the  meatus  with  a  piece  of  sterile  cot- 
ton, ortlie  canal  should  be  tilled  with  a  loosely  rolled  ab- 
soi'bont  cotton  wick  extending  as  far  out  as  the  entrance  of 
the  canal ;  over  this  and  filling  the  concha,  a  second  piece 
of  cotton  should  be  placi'd,  directions  being  given  for  its 
renewal  when  thoroughly  moistened  by  the  outflow  fioni 
the  ear,  fresh  cotton  then  being  applied  externally  but 
the  drainage  wick  being  allowed  to  remain  in  place  for 
several  hours  at  a  time  and  changed  only  mider  condi- 
tions of  careful  sterihzatiou  of  the  hands'which  roll  the 
wick  and  of  the  instruments  which  introduce  it.* 

If  the  fluid  to  be  released  from  the  middle  ear  is  thick 
and  tenacious,  a  larger  incision  in  the  drumliead  is  re- 
quired than  when  it  is  thin  and  flows  freely ;  evacuation 
may  be  assisted  by  auto-inflation  of  the  middle  ear,  by 
Politzerization,  by  the  use  of  the  catheter,  or  by  means  of 
the  pneumatic  speculum  and  suction.  When"  the  secre- 
tion is  so  thick  that  only  a  small  bead-hke  portion  ex- 
trudes, tliis  ma}'  be  touched  with  a  weak  solution  of 
nitrate  of  silver  on  a  cotton-tipped  probe,  the  resvdting 
coagrdum  affording  a  hold  to  the  forceps  by  means  of 
which  the  tenacious  mass  may  be  withdrawn. 

Forcible  inflation  of  the  middle  ear  after  paracentesis 
for  the  relief  of  acute  congestion  or  the  release  of  the 
products  of  acute  suppurative  inflammation  is  contrain- 
dicate<l. 

In  the  two  classes  of  cases  demanding  the  more  exten- 
sive operations  ui^on  the  drumhead  and  within  the  mid- 
dle ear,  the  operations  are  more  distinctlj'  differentiated 
in  their  purpose  than  in  their  method  of  procedure. 

In  suppurative  middle-ear  disease,  operation  is  usually 
undertaken  with  a  view  to  affording  exit  to  morbid  prod- 
ucts and  permitting  access  to  diseased  parts  for  purposes 
of  removal  or  of  curative  application,  the  betterment  of 
the  hearing  being  a  secondary  consideration.  In  non- 
suppurative middle  ear  disease,  operative  interference  is 
nsuallj'  undertaken  as  a  measure  of  last  resort,  for  the 
relief  of  a  high  grade  of  impairment  of  hearing  or  of  the 
concomitant  symptoms  due  to  immobihty  of  the  sound- 
transmitting  apparatus  in  the  middle  ear. 

In  all  middle-ear  operations,  but  especially,  of  course, 
in  non-suppurative  cases,  conditions  of  sterilization  should 
be  strictly  observed,  and  the  more  uniformly  these  are 
insisted  upon  by  the  surgeon,  Ijoth  for  himself  and  his 
assistants,  the  more  defimtely  do  they  become  fixed  as 
an  important  and  necessary  habit. 

A  common  result  of  suppurative  middle-ear  di.sease  is 
a  persistent  opening  in  the  drumhead,  and  if  the  middle 
ear  has  become  dry  and  the  mobility  of  the  ossicular 
chain  is  comparatively  unimpaired,  closure  of  the  open- 
ing effects  an  improvement  in  the  hearing.  This  is  easily 
tested  by  covering  the  perforation  with  a  disc  of  mois- 
tened paper,  and  i^f  the  result  is  favorable,  the  paper  niay 
be  used  to  assist  in  the  permanent  closure  of  the  opening. 
The  edge  of  an  old  perforation  of  the  drumhead  con- 
sists of  afhin  line  of  cicatricial  tissue  or  of  a  union  of  the 
outer,  dermoid,  and  inner,  mucous  coats  in  the  form  of 
a  transition  membrane ;  both  of  these  structui-es  are  inmi- 
ical  to  proliferative  growth  and  must,  therefore,  be  re- 
moved. This  is  done  preferably  by  means  of  a  thm- 
bladed  knife,  the  cut  edges  are  then  wiped  dry,  and  a 
disc  of  thin,  sized  paper  is  floated  and  moistened  m  a 
weak  corrosive  solution,  picked  up  on  a  cotton-tipped 
probe,  and  gently  apphed  over  the  opening ;  immediately 
upon  contact  with  the  dry,  warm  surface  of  the  drum- 
head the  paper  leaves  the  wet  cotton  tip  and  adheres  to 
the  membrane.  Bv  this  manipulation  and  by  patting 
with  a  dry,  cotton-tipped  probe  adhesion  is  favored  and 
the  superfluous  moisture  is  absorbed.     Inflation  of  the  ear 

*  A  convenient  method  ot  preparation  and  ol  carrying:  sterile  absor- 
bent cotton  to  be  used  for  tbese  and  similar  purposes  in  mi™l";ear 
operations  is  to  roll  the  cotton  into  balls,  place  these  on  top  ol  eat  n 
other,  in  a  small,  tubular,  screw-top  glass  b»«'e.  bake  from  two  t« 
four  hours  at  a  temperature  of  140°  F.,  and  open  the  bottle  only  when 
required  for  use. 


for  at  least  twenty-four  li„urs  after  application  of  tlio 
paper  should  he  avoided. 

The  stiff,  adherent  pai)er  not  only  pulls  upon  the  lim 
of  the  perforation  with  every  ma'ior  vihiatitai  uf  tlie 
drumhead,  causing  an  in-itation  which  stimulates  new 
growth,  but  serves  as  a  protection  rnd  a  guide  along 
^^  Inch  the  nascent  tissue  progresses.  This  application  has 
been  found  serviceable  not  only  in  the  healing  of  smaller 
perforations  (one  dressing  alone  sometimes  sufficing),  but 
also  in  the  building  up  of  larger  cicatrices  when  a  prin- 
cipal portion  of  a  drumhead  has  been  destroyed,  and 
when  it  has  been  necessary  to  apply  tiie  paper  to  succes 
sive  portions  of  the  perforation  rim  and  to  occupy  sev- 
eral months  in  the  entire  healing. 

As  after-results  of  suppurative  middle-ear  disease,  there 
may  be  thickening  of  the  mucous  folds  in  the  epitym- 
panum,  the  formation  of  adhesions  limiting  Uic  move- 
ments of  the  ossicles,  and  of  cicatricial  membranes  grow- 
ing inward  from  the  edges  of  the  perforation  of  the 
drumhead  and  interfering  with  the  transmission  of  sound. 
Tlie  common  locations  of  adhesions  are  between  the  long 
process  of  the  malleus  and  the  inner  tympanic  wall  and 
around  the  stapes  and  into  the  fenestral  niche,  while  the 
thickening  of  the  reduplications  of  mucous  membrane, 
normal  in  a  large  majority  of  middle  ears  and  often  filling 
the  lower  limit  of  the  epitympanum,  serves  to  keep  the 
ossicles  in  the  abnormal  position  into  which  the}'  are 
drawn  by  contraction  of  tlie  tensor  tympani  muscle  ex- 
erted when  the  counter-balancing  ten.sion  of  tlie  drum- 
head is  removed  by  perforation. 

The  extension  of  a  cicatrix  from  the  posterior  edge  of 
a  large  perforation  of  the  drnmhead  inward  upon  the 
inner  tympanic  wall  will  .sometimes  enclose  the  round 
window  in  an  individual  space.  Under  this  condition, 
absorption  of  air  in  the  enclosed  space  or  the  exudation 
of  fluid  into  it  will  so  far  impair  the  movement  of  the 
membrane  of  the  round  window  as  to  still  further  de- 
crease the  hearing,  puncture  or  incision  of  the  cicatrix 
being  required. 

In  all  tentative  operations  for  improvement  i>{  hearing 
by  division  of  adhesions  and  mobilization  of  the  ossicles, 
if  the  suppurative  process  has  run  its  course  and  the  ear 
has  become  dry,  it  should  be  remembered  that  there  is  a 
possibility  of  awakening  acute  trouble,  and  that,  unless 
completeevulsion  of  the  larger  ossicles  is  intended,  mobili- 
zation had  best  be  gradually  effected  in  successive  stages, 
and  preferably  without  general  anaesthesia,  in  order  that 
the  effect  upon  the  hearing  may  be  progressively  tested. 

In  a  case,  for  instance,  of  a  large  perforation  of  the 
drumhead  with  the  tip  of  the  malleus  adherent  to  the 
promontory  and  adhesions  or  cicatricial  bands  obstruct- 
ing the  movements  of  other  members  of  the  ossicular 
cliain,  the  first  step  should  he  the  division  of  the  adhe- 
sions at  the  tip  of  the  malleus  and  gentle  mobilization  of 
that  bone  by  means  of  a  blunt  hook.  If  it  is  decided  to 
su.spend  interference  at  tliis  point,  the  middle  ear  should 
be  carefully  dried  and  lightly  packed  with  sterile,  ab- 
sorbent cotton,  a  dossil  of  cotton  being  placed  behind  the 
malleus  to  prevent  recurrence  of  adhesion.  At  subse- 
quent sittings,  other  bands  and  adhesions  should  be  di- 
vided, circumcision  of  the  stapes  done,  and  tenotomy  of 
either  the  tensor  tympani  or  the  stapedius  muscles.  It 
is  occasionally  possible,  in  cases  of  ankylosis  of  the  ossi- 
cles, without  fixation  of  the  stapes,  to  utilize  the  ossicu- 
lar chain  as  a  columella  by  dividing  the  tendons  of  both 
the  stapedius  and  tensor  tympani  muscles,  and  inserting 
an  artificial  drumhead. 

If  the  chronic  suppurative  disease  is  in  progress,  and 
there  are  present  the  redundant  granulomata  which  al- 
most in variahlv  indicate  the  existence  of  areas  of  necrotic 
bone  such  surfaces  should  be  carefully  sought  for  and 
curetted  either  by  means  of  the  cup-shaped  middle-ear  or 
wire-ring  curettes.* 


*  These  curettes  are  made  of  stout  steel  wire  drawn  to  a  point  the 
noint  flattened  into  a  disc,  and  the  disc  bored  in  the  centre  and  filed 
??tlie  ede:es  to  make  a  ring  ;  the  larger  end  of  the  wire  is  bent  at  an 
ang?e  of  fortyJve  desn-ees  aid  made  into  a  ring-shaped  handle.  They 
are  simple  in  construction,  easily  made,  and  inexpensive. 
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The  common  seats  of  limited  neCT(Jsis  in  tlii'  cpitym- 
panumarc  the  liead  of  tlie  malleus,  the  body  of  the  incus, 
and  the  outer  epitympanic  wall.  The  thorough  cleans- 
ing of  the  epitympanum,  which  is  necessary  to  the  sat- 
isfactory treatment  of  all  cases  of  suppurative  epitym- 
panic di'sease,  and  as  an  adjuvant  to  surgical  interference 
is  best  effected  by  means  of  the  middle-ear  syringe  and 
the  use  of  hydrogen  dioxide ;  but  as  this  remedy  is,  when 
used  undiluted,  distinctly  irritating  to  the  skin  in  some 
individuals,  it  is  well  previously  to  smear  the  canal  walls 
lightly  with  vaseline.  Limited  curetting  may  be  ettectu- 
ally  done  upon  any  portion  of  the  tympanic  \vall  or  of 
the  ossicles,  but  should  be  carefully  restricted  to  tlie  dis- 
eased area. 

In  the  e\'ent  of  a  considerable  necr(jsis  of  the  t  wo  larger 
ossicles,  or  when  their  presence  presents  an  obstructive 
baiTier  to  drainage  from  the  epitympanum  or  to  access 
to  other  diseased'parts,  their  removal  is  indicated. 

This  operation  should  be  done  under  general  anassthe- 
sia,  not  only  because  it  is  painful  and  may  need  to  be 
considerably  prolonged,  but  because  a  thorough  exami- 
nation and  possibly  curetting  of  the  tympanic  walls  is  a 
part  of  its  purpo.se. 

The  instruments  necessary,  in  addition  tn  specula, 
bhmt  probes,  cotton  sticks,  paracentesis  needles,  and  a 
slender  curved  bistourj-,  are  a  spatula-.shaped  knife,  for 
division  of  adliesions  in  the  cpit3'mpanum,  a  wire  snare 
or  stout  forceps  for  extraction  of  the  malleus,  an  incus 
hook,  or  a  blunt  angular  curette  for  removal  of  the  incus, 
and  a  small  blunt  hook  for  use  about  the  stapes;  in  addi- 
tion, there  should  be  a  saturated  solution  of  boric  acid 
in  alcohol  and  a  solution  of  extract  of  suprarenal  capsule, 
the  former  for  dipping  the  instruments  and  the  latter  for 
controlling  the  sometimes  annoying  bleeding  which  ob- 
scures the  field  and  prolongs  the  operation. 

If  the  perforation  is  in  the  membrane  of  Shrapnell,  the 
drumhead  being  intact,  or  if  the  perforation  of  the 
drumhead  is  small,  the  entire  removal  of  that  membrane 
accompanying  the  evulsion  of  the  malleus  may  seem 
desirable,  or  the  posterior  portion  of  the  drumhead  ma}' 
be  retained  to  be  carried  inward  and  attached  to  the  head 
of  the  stapes. 

In  this  as  in  most  other  middle-ear  operations  under 
general  ana!sthesia,  two  assistants  can  be  employed  with 
advantage:  one  to  etherize  and  to  control  the  position  of 
the  head  of  the  patient,  the  other  to  twist  cotton  sticks, 
cleanse  and  dry  the  instruments,  and  hand  them  to  the 
surgeon  when  he  wishes  to  keep  his  operative  field  con- 
tinuously in  view.  Before  using,  and  after  each  succes- 
sive cleansing  and  drying,  the  blades  of  the  instruments 
should  be  dipped  in  the  alcoholic  solution  of  boric  acid, 
the  speedy  evaporation  of  the  alcohol  leaving  the  steel 
covered  with  a  thin  film  of  boric  acid  which  dulls  the 
metallic  lustre  and  makes  the  instrument  more  plainly 
visible. 

Partial  or  complete  peripheral  excision  of  tlie  drum- 
head should  be  done  with  the  parencentesis  needle  or 
curved  bistoury,  the  membrane  being,  in  addition 
stripped  from  the  handle  of  the  malleus  for  the  sake  of 
removing  an  obstruction  to  both  slight  and  manipulation 
and  of  making  the  malleus  and  the  parts  beyond  it  more 
accessible. 

If  the  incus  is  in  place  and  it  is  desired  to  remove  it 
also,  either  subsequently  to  or  simultaneously  with  the 
removal  of  the  malleus,  the  next  step  would  be  the  divi- 
sion of  the  mcudo-stapedial  articulation  by  means  of  the 
angular  knife  carried  into  the  joint,  from  below  upward 
and  cutting  from  behind  foi-ward  against  the  pull  of  the 
stapedius  muscle.  The  release  of  the  incus  from  its  at- 
tactiment  to  the  stapes  allows  the  descending  process  to 
swing  outward  and  downward  into  view  and' close  to  the 
ong  process  of  the  malleus.  If  this  movement  fails  to 
take  place,  it  may  be  aided  by  means  of  Die  blunt  hook, 
or.  It  desirable,  the  incus  may  be  at  once  extracted  By 
esTn?fh         iP'''"'  '?"«  '"■'""'!  «'<=  tip  of  the  longproe- 

he  bone   Illf  f"'""'  "'"'^'''^  *'  """•'"■<1  *"  ^'""t^ict  with 

he  bone,  the  teusor-tympani  tendon  is  felt  and  divided 

the  complete  cutting  of  the  tendon  being  usually  made 
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apparent  by  the  increased  mobility  of  the  malleus.  The 
division  of' the  anterior  and  posterior  ligaments  of  the 
short  process,  which  steps  follow  next,  leaves  the  malleus 
freed  from  its  major  attachments  and  makes  it  possible  to 
determine  how  firmly  it  is  held  in  place  by  other  means, 
and,  if  it  is  resistant  to  a  light  pull  with  the  forceps,  the 
curved  spatula  knife  should  be  passed  upward  into  Prus- 
sak's  space  and  swept  backward  and  forward  to  divide 
the  adliesions  and  thickened  mucous  membrane  redupli- 
catioDS  which  fasten  tlie  heads  of  the  larger  ossicles  to  the 
outer  epitympanic  wall.  To  extract  the  hammer  and  an- 
vil simultaneously,  or  to  remove  them  individually,  the 
looj)  of  the  wire  snare  should  be  drawn  tightly  about  their 
descending  processes  as  high  up  as  possible,  the  move- 
ment of  withdrawal  being  downward  and  slightly  from 
side  to  side.  If  completely  freed  from  attachment,  they 
come  away  easily,  and  that  these  bonds  should  be  thor- 
oughl}'  cut,  especially  above  the  short  process  of  the 
malleus,  is  important  because  it  is  an  evil  experience,  in 
removing  that  bone,  to  peel  away  the  soft  tissues  from 
the  superior  wall  of  the  inner  end  of  the  auditory  canal. 
Throughout  the  operation,  the  extract  of  suprarenal  cap- 
sule can  be  used  with  good  effect,  and  after  removal  of 
the  ossicles,  the  tympanum,  and  especially  the  epitym- 
panum, should  be  swabbed  with  the  alcoholic  solution 
of  boric  acid  and  then  dry-scrubbed  by  means  of  a  cotton- 
tipped  probe.  The  subsequent  examination  should  in- 
clude careful  tactile  survey  of  the  tympanic  and  epi- 
tympanic walls  and  a  determination  of  the  condition  of 
the  stapes,  necrotic  spots  should  be  curetted,  adhesions  in 
the  fenestral  niche  divided,  and  if  the  stapes  is  otherwise 
free  and  can  be  utilized  for  sound  transmission  either  by 
membranous  attachment  or  the  use  of  an  artificial  drum- 
head, the  tendon  of  the  stapedius  muscle  should  be  di- 
vided. 

At  the  conclusion  of  the  operation,  the  middle  ear  should 
be  wiped  dry,  the  canal  washed  with  sterile  water  b}' 
means  of  a  cotton-tipped  probe,  similarlj'  scrubbed  with 
alcohol,  and  then  stopped  with  sterile  cotton,  this  dress- 
ing to  be  renewed  within  forty-eight  hours  under  aseptic 
precautions. 

New  cicatricial  protective  tissue  forms  rapidly  from 
the  cut  edges  of  the  drumhead  in  many  of  these  cases, 
and  especially,  apparently,  in  tho.se  in  which  the  middle 
ear  has  been  rendered  aseptic  b}-  operation  and  allowed 
to  fill  in  with  blood  clot. 

The  obstructive  changes  which  occur  in  the  middle 
ear  in  non-suppurative  diseases  are  so  varied  in  location 
and  extent  as  to  make  the  question  of  the  success  of 
operation  for  relief  of  impairment  of  hearing  a  dubious 
one  without  better  preliminary  knowledge  of  the  point 
in  the  sound-transmitting  apparatus  to  be  attacked  and 
the  extent  of  interference  justifiable.  Lender  these  con- 
ditions of  dubiety,  it  is  very  natural  that  recourse  should 
bo  had  to  the  somewhat  desperate  and  frequently  inef- 
fectual major  operation  of  removing  the  drumhead  and 
two  larger  ossicles,  but  leaving  the  stapes,  which  was 
either  or  thus  became  the  key  to  the  unfortunate  situa- 
tion, untouched.* 

This  operation  follows  the  same  lines  as  the  similar 
operation  in  suppurative  cases;  it  is,  however,  compara- 
tively bloodless,  and  the  field  remains  clear;  it  demands, 
like  the  exploratory  tympanotomy,  the  most  stringent 
aseptic  precautions. 

Forcilile  mobilization  of  the  ossicles  by  other  than  ap- 
plications external  to  the  middle  ear  may  be  effected  by 
making  a  triangular  cut  in  the  posterior  superior  segment 
of  the  drumhead  opposite  the  descending  process  of  the 
incus  and  the  stapes  and  the  introducrion  of  a  small, 
blunt  hook.  The  objections  to  this  method  of  operating 
arc  the  smallness  of  the  field  exposed  and  the  consequent 

*  Kessel's  operation  of  reniovul  of  tlie  drumliead,  malleus,  and  in- 
cus, Willie  exact  as  a  surcical  procedure,  simple,  easily  done,  and 
altciiilc.l  with  but  lliilerlsli,  is  iinjiislillalilc  unless  warranted  by  a 
previous  l<ii(.wlcdL'-cMir  what  it  is  liliciv  tocffoct  in  the  indlvldnal  ca.se. 
In  several  eases  ot  tills  kind  wlilih  have  couie  to  my  l;no\vlcdge  after 
ttie  operation  and  when  cicatricial  heatinR  liad  talien  place,  tenotomy 
M  the  siapedlus  iiuisclc  alone,  or  with  the  nse  ol  an  artificial  dmm- 
oead,  has  given  the  souglit-for  improyement  in  hearing. 
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difficulty  in  maniDulation ;  the  location  of  the  opening, 
in  the  centre  of  an  important  segment  of  the  membrana 
vibrans,  is  of  less  importance,  as  it  is  well  known  that 
fresh  incisions  in  the  driimhead  heal  so  readily  that  at- 
tempts to  maintain  a  permanent  opening  by  excising 
large  portions,  by  the  use  of  escharotics,  and  by  intro- 
duction of  eyelets  have  mainly  failed  of  their  purpose. 

To  permit  free  access  to  the  middle  ear  in  the  line  of 
the  ossicular  chain,  to  avail  of  the  intelligent  participa- 
tion of  the  patient,  and,  if  any  operation  more  serious 
than  an  attempt  at  mobilization  is  found  to  be  unjustifi- 
able, to  permit  the  immediate  closure  of  the  opening  in 
the  drumlicad  and  the  restoration  of  the  parts  to  their 
former  condition,  the  operation  called  exploratory  tym- 
panotomy was  devised.  This  operation  consists  in  an 
incision  along  and  close  to  the  posterior  and  superior 
periphery  of  the  drumhead,  beginning  at  a  point  oppo- 
site the  round  window,  or  a  little  higher,  and  ending 
close  to  the  handle  of  the  malleus  below  the  short  process ; 
the  dendritic  fibrous  tissue  in  the  flaps  thus  formed  tends 
to  pull  it  downward  and  outward,  thus  exposing,  with- 
out the  need  of  manipulation,  the  descending  process  of 
the  incus  and  the  stapes,  and  permitting  free,  tactile  ac- 
cess to  the  tensor-tympanic  tendon  and  the  tendon  of  the 
stapedius.  The  operation  is  done  without  general  anaes- 
thesia, thus  making  hearing  tests  during  its  progress 
possible,  and  is  comparatively  painless  if  the  cut  is  made 
close  to  the  periphery  and  if  contact  with  the  skin  of 
the  canal  is  avoided;  in  especially  sensitive  patients  the 
incision  may  be  suspended  in  its  lower  third  and  a  sterile 
cocaine  solution  applied.  Hemorrhage,  even  in  the  up- 
per part  of  the  cut,  is  usually  inconsiderable,  and  can  be 
easily  controlled  by  sopping  with  a  dry,  cotton-tipped 
probe. 

In  a  series  of  experiments  on  tlie  progressive  growth 
(if  the  dermoid  coat  of  the  membrana  tympani,  it  was 
found  that  the  movement  outward  from  the  centre  of 
llie  membrane  at  the  tip  of  the  malleus  toward  the  supe- 
rior and  posterior  periphery  was  slowest  in  the  inferior 
third  of  the  posterior  segment,  more  rapid  in  the  middle 
tliird,  and  most  rapid  in  the  upper  third,  and  that  the 
rate  of  movement,  as  shown  by  small  pieces  of  paper 
pasted  upon  the  membrane,  bore  a  proportionate  relation 
to  the  corresponding  degree  of  vascularity  of  the  three 
sections  mentioned.  Tactile  examinations  show  that  the 
sensitiveness  of  the  sections  of  the  posterior  segment  of 
the  membrana  tympani  has  the  same  relative  correspon- 
dence, and  therefore  that  an  incision,  begun  opposite  the 
round  window,  causes  increasing  pain,  as  it  is  extended 
upward  and  forward  along  the  periphery. 

A  part  of  tliis  progressive  increase  in  pain  can,  ot 
course,  be  accounted  for  psychologically;  but  it  is  evi- 
dent that  the  edges  of  a  small  and  comparatively  painless 
cut  can,  by  affording  access  to  the  mucous  membrane 
forming  the  inner  coat  of  the  membrana  tympani,  be 
availed"  of  for  purposes  of  anaesthetization  by  cocaine, 
and  that  the  cut  can  be  successfully  continued  under  the 
same  influence  and  with  comparatively  little  diseomtort. 
Tactile  investigations  as  to  the  comparative  sensitive- 
ness of  the  different  portions  of  the  tympanic  cavity  also 
show  its  lining  membrane  and  intrinsic  structures  with 
exception  of  the  superior  and  posterior  portions--tornix 
tympani  and  aditus  ad  antrum  mastoideum,— to  be  com- 
paratively insensirive,  especially  in  the  line  of  the  sound- 
transmitting  apparatus  of  the  middle  ear. 

Operations  within  the  middle  ear,  therefore,  except 
such  as  include  interference  with  the  membrana  tympani 
and  invasion  of  the  upper  portion  of  the  tympanic  cavity 
may,  in  the  great  majority  of  non-suppurative  cases  witli 
proper  care,  be  conducted  not  only  without  general  but 
also  without  local,  ana;sthesia;  and  in  the  cases  therelore, 
of  chronic  non-suppurative  disease  of  the  middle  earwiin 
intact  membrana  tympani,  for  which  this  operation  ot 
exploratory  tympanotomy  is  proposed,  when  the  sensi- 
tive membrana  tympani  has  once  been  passed,  there  is 
opened  to  the  observer  an  aseptic  and  comparatively 
insensitive  cavity.  i„„,r 

The  successive  stages  of  the  exploratory  tympanotomy 
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are,  first,  the  crescentie  incision  beginning  in  the  poste- 
rior segment  and  carried  upward  and  forward  through 
the  tliin  and  comparatively  insensitive  portion  of  the 
drumhead  between  the  annulus  cartilagineus  and  the 
periphery,  and  then  downward  along  the  posterior  border 
of  the  handle  of  the  malleus.  This  cut  may  sometimes 
be  completed  without  withdrawing  the  knife,  but  usually 
it  is  necessary  to  suspend  it  when  the  upper  portion  of 
the  drumhead  is  reached,  either  for  the  purpose  of  mak- 
ing an  appHeation  of  cocaine  or  to  allow  the  patient  a 
moment  of  rest.  Almost  immediately  upon  the  comple- 
tion of  the  incision  the  flap  tlius  formed  curves  down- 
ward and  outward,  leaving  the  descending  process  of  the 
incus  and  sometimes  the  posterior  cms  of  the  stapes,  the 
stapedius  tendon,  and  the  corresponding  portion  of  the 
inner  tympanic  wall  plainly  in  view.  Bleeding  from  the 
cut  edges  is  taken  up  by  the  cotton  stick  and  the  wound 
allowed  to  glaze.  During  this  period  of  waiting  the 
hearing  tests  are  made  and  recorded. 

Second,  a  small,  blunt  hook,  previously  dipped  in  the 
alcoholic  boric-acid  solution,  is  pas.sed  through  the  open- 
ing, care  being  taken  to  avoid  touching  the  cut  edges  and 
inner  surface  of  the  flap,  and  the  mobility  of  the  malleus 
is  tested  by  a  series  of  gentle  pulls,  the  same  process 
being  repeated  by  passing  the  hook  behind  the  descend- 
ing process  of  the  incus  and  under  the  head  of  the  stapes, 
the  various  degrees  of  fixation  or  mobility  being  deter- 
mined by  this  means. 

Third,  from  a  piece  of  thin,  foreign  post  paper,  highly 
sized,  there  is  cut,  by  means  of  curved  scissors,  a  disc 
large  enough  to  cover  the  flap  formed  in  the  drumhead 
and  to  extend  upward  over  the  perijJiery  of  the  drum- 
head on  to  the  inner  end  of  the  canal.  This  disc,  dipped 
in  a  weak,  corrosive  solution  to  moisten  its  sizing,  is  then 
taken  upon  the  end  of  a  wet,  cotton-tipped  probe,  and 
its  lower  half  brought  into  contact  with  the  outer  sur- 
face of  the  flap  in  the  drumhead  and  held  in  position  for 
a  few  seconds  until  it  adheres,  when  the  paper,  carry- 
ing the  flap  with  it  into  position,  may  be  similarly  at- 
tached to  the  skin  above  the  incision,  thus  bringing  the 
edges  of  the  crescentie  cut  in  apposition  and  holding  them 
flrmly  in  place.  The  patient  should  be  directed  not  to 
practise  inflation,  the  ear  should  be  lightly  stopped  with 
sterile  cotton,  and  this  dressing  allowed  to  remain  in 
place  until  the  healing  of  the  drumhead,  which  usually 
occurs  within  three  days,  has  taken  place. 

In  the  second  stage  of  this  operation  there  may  be  in- 
cluded almost  any  form  of  interference  in  the  line  of  the 
sound-transmitting  apparatus  of  the  middle  ear,  other 
than  evulsion  of  the  two  larger  ossicles.  It  is  possible 
to  disarticulate  the  incus  and  stapes,  cut  the  tendon  of 
the  stapedius,  and  extract  that  bone  and  the  incus  also 
through  such  an  opening  as  that  described. 

The  operation  ot  stapedectomy,  while  very  simple  in 
itself,  is  open  to  question  because  of  tlie  varied  conse- 
quences which  may  follow  invasion  of  the  cavity  of  the 
internal  ear,  and  because  of  its  doubtful  value  for  the 
purpose  for  which  it  is  usually  demanded— amelioration 
of  an  extreme  degree  ot  deafness. 

When  the  extreme  deafness  is  accompanied  by  disturb- 
in  o-  or  incapacitating  tinnitus  and  vertigo,  the  removal 
of" the  stapes  mav  be  considered  a  justifiable  expedient, 
and  has  occasionally  proved  of  benefit.  It  should  be 
borne  in  mind,  however,  that  the  fixation  which  causes 
these  extreme  symptoms  is,  not  infrequently,  only  sec- 
ondary to  a  hyperostotic  process  of  the  labyrinthine  cap- 
sule which  removal  of  the  stapes  cannot  relieve,  that, 
under  these  circumstances  of  fixation,  the  crura  not  un- 
usually break  in  the  attempt  at  extraction,  and  that  there 
remains  then  only  the  alternative  of  drilling  or  of  break- 
ing up  the  base  plate.  ,     .  ., 

In  21  consecutive  eases  of  attempted  removal  of  tlie 
stapes  in  chronic,  non-suppurative  disease  ot  the  middle 
ear  the  stapes  was  removed  entire  in  9  cases  only, 
there  was  fracture  of  both  arms  of  the  stapes  in  10 
cases  and  in  3  cases  the  bone  was  found  to  be  so  abso- 
lutely immovable  as  to  make  it  impossible  to  rotate  the 
head  of  the  ossicle  by  traction  upon  the  blunt  hook  in- 
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serted  between  the  crura.  In  6  of  the  cases,  which  had 
not  l)een  dizzy  before,  vertigo,  more  or  less  severe,  fol- 
lowed the  operation,  persisting  for  more  tlian  a  month  in 
3  of  them,  in  1  for  nearly  a  year,  and  in  but  3  out  of 
the  31  cases  was  there  improvement  in  hearing,  except 
temporarily.*  . 

As  an  example  of  the  feasibility  of  operation  upon  the 
middle  ear  through  the  exploratory  tympanotomy  open- 
ing, the  following  case,  that  of  a  woman  fifty-five  years 
of  age,  in  whom  the  operation  included  the  removal  not 
only  of  the  stapes,  but  also  of  the  incus,  may  be  cited. 
At  the  time  of  operation,  there  was  marked  decrease  in 
hearing  in  both  ears  in  consequence  of  chronic,  non-sup- 
purative  disease  of  long  standing,  and  in  the  right  ear 
neither  Politzer's  acoumeter,  nor  the  tuning-fork,  nor  the 
upper  portion  of  tlie  scale  of  the  Galtou's  whistle  was 
heard.  Subsequently  to  the  injection  of  a  two-per-cent. 
solution  of  cocaine  through  the  Eustachian  catheter,  the 
crescentic,  peripheral  cut  in  the  right  drumhead  was  made 
with  but  one  application  of  cocaine  solution  to  the  edges 
of  the  cut  and  with  but  little  discomfort  to  the  patient. 
Tests  of  hearing  at  the  end  of  the  first  stage  of  the  opera 
tion  showed  no  improvement  either  by  aerial  or  by  bone 
conduction,  and  served  to  confirm  the  diagnosis  of  fixa- 
tion of  the  stapes  in  consequence  of  the  long-continued 
thickening  process  in  the  middle  ear.  Careful  tiictile  ex- 
amination of  the  accessible  portions  of  the  inner  tympanic 
wall,  espeeialljf  in  the  neighborhood  of  the  feuestral  niche, 
by  means  of  a  probe,  showed  lack  of  sensitiveness  to  ■ 
touch,  with  the  exception,  perhaps,  of  a  slight  pricking 
sensation  ;  if,  however,  the  probe  came  accidentally  or  in- 
tentionally into  contact  with  the  cut  edges  of  the  drum- 
head, especially  upon  the  superior  posterior  margin,  there 
was  a  sense  of  discomfort,  which  amounted  to  pain  as  the 
effect  of  the  cocaine  passed  off,  which  it  apparently  did 
before  the  more  important  part  of  the  operation  was  con- 
cluded; care  was  therefore  taken  in  subsequent  manipu- 
lation to  avoid  touching  the  edges  of  the  opening.  Under 
these  conditions  the  operation,  including  tenotomy  of  the 
stapedius  muscle,  disarticulation  and  removal  of  the 
stapes,  was  continued  and  completed  without  pain.  The 
division  of  the  tendon  caused  to  the  patient  the  sensation 
of  a  dull  thud,  and  in  dividing  the  articulation  between 
the  incus  and  stapes  the  grating  sound  made  by  the 
knife  was  similarly  heard.  The  ankylosis  at  this  point 
was  very  firm,  and  disarticulation  was  effected  with 
such  difiiculty  that  at  its  completion  the  incus  dropped 
not  only  outward,  but  also  slightly  downward,  in  such 
a  manner  as  to  show  that  it  was  separated  from  the  mal- 
leus also;  its  removal,  therefore,  seemed  advisable,  and 
this  was  easily  done  by  means  of  the  blunt  hook  and 
forceps,  the  only  pain  caused  being  Incident  to  the  pas- 
sage of  the  body  of  the  incus  through  the  opening  in  the 
drumhead.  The  stapes  was  now  plainljr  in  view,  and  as 
no  improvement  in  hearing  had  thus  far  been  etfeeted, 
this  bone  also  was  extracted,  by  means  of  a  blunt  hook 
passed  between  the  crura  from  above,  and  came  away 
with  a  sensation,  to  the  patient,  of  a  loud  report,  biit 
without  causing  either  pain  or  vertigo;  the  pulse,  which 
had  been  80,  rose  to  100  and  became  weaker,  but 
returned  to  its  former  rate  and  volume  within  two 
minutes.  Subsequently  to  the  operation  there  was  no 
other  discomfort  than  that  naturally  incident  to  having 
the  head  held  for  a  long  time  in  a  constrained  pcisition" 
and  m  this  respect,  as  well  as  in  the  conditions  of  the 
operation  itself,  the  result  was  a  satisfactory  one  al- 
though the  hearing  was  not  materially  improved. 

In  a  man  twenty-nine  years  of  age  the  hearing  in  both 
ears  liad  become  impaired,  and  in  the  left  ear  u:ravely 
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affected,  as  the  result  of  a  chronic  non-suppurative  dis- 
ease of  the  middle  ear.  The  Politzer  acoumeter  was  heard 
only  when  held  so  close  to  the  ear  that  the  hammer  was 
on  a  line  with  the  posterior  border  of  the  concha ;  the 
tuning-fork  (.512  v.  s.)  was  heard  aerially  -|f.  and  by  bone 
conduction  Jf ;  Politzer's  forks,  Nos.  1  and  2,  were  not 
heard  aerially,  nor  was  a  Galton's  whistle,  ranging  from 
6,000  v.  s.  to  13,000  v.  s. 

After  the  first  stage  the  operation  was  painless,  except 
when  the  shaft  of  the  instrument  touched  the  cut  edges 
of  the  drumhead,  but  it  was  accompanied  by  the  audi- 
tory sensations  incident  to  tenotomy  and  disarticulation. 

Efforts  at  mobilization  showed  the  stapes  to  be  firmly' 
fixed,  and  in  an  attempt  at  circumci.sion  by  means  of  a 
fine  paracentesis  needle,  the  knife  met  with  bony  resist- 
ance on  the  superior  and  posterior  borders  of  the  niche, 
and  gentle  traction,  made  with  a  blunt  hook,  resulted  in 
the  coming  away  of  the  head  and  both  crura  of  the 
stapes  broken  off  close  to  the  foot  plate.  There  was  no 
sense  of  suction  on  this  extraction,  no  vertigo,  no  change 
in  pulse,  and  no  special  sensations  to  the  patient,  except 
a  snapping  noise  which  was  i^resumably  heard  at  the 
moment  of  fracture.  Investigation  of  thefenestral  niche 
by  means  of  a  probe  showed  the  base  plate  to  be  appar- 
ently fixed  b_y  bony  union,  especially  to  the  posterior  and 
superior  niche  walls;  subsequent  examination  of  the 
crura  showed  them  to  be  distinctly  atrophied,  as  is  the 
case  in  long-continued  ankylosis  of  the  base  plate  of  the 
stapes.  The  whole  operation,  including  the  tests  of  hear- 
ing made  during  its  progress,  lasted  but  twelve  minutes 
and  was  without  pain  to  the  patient,  who  was,  however, 
it  should  be  said,  a  well  man  of  an  equable  temperament. 
Five  days  after  the  operation,  during  which  interval 
there  had  been  neither  pain  nor  other  discomfort,  the 
hearing  test  gave  the  same  result  for  Politzer's  acoumeter 
and  for  duration  of  the  tuning-fork  aerially  ;  but  the  hear 
ing  was  improved  in  the  following  respects:  Galton's 
wliistle,  previously  not  heard  at  all,  was  now  heard 
throughout  its  whole  register;  the  tuning-forks,  Nos.  1 
and  2,  were  heard  plainly,  as  was  also  the  voice  in  a  low 
tone,  close  to  the  ear;  a  loud  voice,  however,  even  if 
one  or  more  feet  distant,  was  heard  onlv  confusedly. 

Cliireiire  John  Blake. 

EAR     DISEASES:     SYPHILITIC    AFFECTIONS.— I. 

AcfiUIRKD  SyI'UILIS  —  AuRICI.E.  —  Priliulftl  syp/iilltii- 
chancns  have  been  but  very  seldom  seen  on  the  auricle 
and  the  adjacent  parts.  Despres '  found  among  twelve 
hundred  syphilitic  patients  one  with  a  chancre  (soft)  on 
the  auricle.  Pellizzari*  reports  having  seen  a  primary 
sore  on  the  lobule,  and  thinks  that  it  was  caused  by  the 
use  of  a  towel  which  the  son  of  this  patient  had  previ- 
ously used  in  cleaning  a  sore  on  his  penis.  Hermet"  saw 
a  chancre  on  the  lobule  of  a  woman's  ear,  which  resulted 
from  a  kiss  by  her  infected  husband.  The  same  author^ 
saw  also,  in  the  clinic  of  Dr.  Fournier  in  Paris,  a  phage- 
denic hard  ifiancre  on  the  lolie  and  the  posterior  part'of 
the  lower  third  of  the  auricle,  caused  by  the  bite  from 
an  infected  individual.  A  similar  case,"  due  to  a  bite, 
has  been  ob,served  also  by  Hutchinson.''  Hulot*  saw  a 
cliancre  on  the  base  of  the  tragus,  the  origin  of  which 
was  problematical.  Zucker''  ha's  described  at  length  the 
history  of  a  case  of  chancre  on  the  outer  surfacc^of  the 
tragus.  A  chancre  on  the  mastoid  process  in  a  man,  due 
to  the  kiss  of  a  lu'ostitute,  has  been  observed  by  Mracek,'* 
and  anolher  iu  tlie  same  place  in  a  child,  caused  by  in- 
fection from  the  nurse,  has  been  described  by  Hiilot.' 
Finally,  Lineke,' speaking  of  otitis  syphilitica"  externa, 
.says  that  it  attacks  sometimes  the  auricle,  at  other  times 
the  external  canal,  or  it  mav  attack  both  parts  simulta- 
neously, and  that  it  manifests  itself  usually  in  the  form 
of  a  chancre. 

As  far  as  can  be  seen  from  the  description  of  the  cases 
here  cited,  the  chancres  presented  the  usual  appearance: 
the  lyniidiatic  glands  in  the  vicinity  were  enlarged  and 
indurated,  hi  Ziickcr's  case  the  tragus  was  of  a  livid 
red  color,  of  twice  the  normal  thickness,  and  on  its  an- 
terior surface  was  a  pigmented  radiating  cicatrix.     The 
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entire  parotid  region  was  involved  in  the  process;  it  was 
greatly  swollen,  felt  as  hard  as  a  board,  but  was  not  at 
all  painfnl.  Tliere  was  no  secretion  from  the  external 
canal,  and  the  hearing  was  but  slightly  diminished  in 
acuteness.  In  tliis  case  the  diagnosis  of  primary  syphi- 
litic infection  was  facilitated  by  the  recent  appearance,  on 
the  surface  of  each  hand,  of  three  or  four  small,  round, 
slightly  seal}''  efflorescences.  The  genitals  were  intact, 
and  the  inguinal  glands  were  not  swollen.  A  course  of 
inunctions  produced  a  perfect  and  rapid  cure. 

A  primary  sore  on  the  auricle  nni)'  be  mistaken  for 
cancer,  from  which  it  ditfers,  however,  in  that  it  presents 
a  clean  surface  and  secretes  but  little.  The  nearest  lym- 
phatic glands  usually  enlarge  with  the  development  of 
induration  in  the  primary  sore. 

Secondary  and  Tertiori/  Form.f. — Manifestations  of  con- 
stitutional syphilis  are  not  veiy  rarely  oliserved  in  the 
auricle.  Sciuamous,  pustular,  and  papular  eruptions, 
usually  in  connection  with  the  same  affection  ou  the  in- 
tegument of  adjacent  parts,  hut  sometimes  limited  to  the 
auricle  and  external  canal,  have  been  seen  by  many  writ- 
ers. According  to  Gruber, '»  papular  eruptions  are  most 
frequently  seated  at  the  point  of  insertion  of  the  auricle, 
while  exanthematous  eruptions  appear  mostly  on  the 
other  parts  of  the  auricle.  Broad  condylomata  have 
been  often  seen  by  Despres  on  the  lobule,  and  usually 
in  the  hole  for  the  earring.  Wilde,"  as  far  as  I  know,  is 
the  only  author  who  maintains  that  syphilitic  ulceration 
is  by  no  means  uncommon,  and  that  rupia  is  frecjuently 
seated  on  the  external  ear. 

Tubercular  sj'philides*  and  gummata  of  the  auricle 
havebeen  observed  by  Zeissl,' 3  Burnett,'*  Btick,'*  Field, '» 
Hessler,"  Pelletan,"  Sexton.'^  Pierce,"  RavogU,'" 
Woakes,-'  Barklay,'''^  Bumstead  and  Taylor, '-^  McBride,'^-' 
and  Packard."^  In  all  of  the  cases  reported,  the 
affections  appeared  in  the  so-called  tertiary  stage  of 
syphilis.  In  almost  all  onl}'  one  ear  was  affected,  and  in 
tiie  majority  of  the  cases  no  other  symptom  of  syphilis 
was  present  at  the  time  the  patient  came  under  observa- 
tion. The  seat  of  the  tubercle  or  gumma  was  in  the 
anterior  part  of  the  auricle  in  all  the  cases,  except  Bur- 
nett's, in  which  it  occupied  the  posterior  surface.  A 
case  with  symmetrical  patches  of  lupus  erythematosus 
in  the  concha  of  each  ear,  probably  syphilitic,  was  seen 
by  Hutchinson  (lor.  tit.,  p.  348).  According  to  Zeissl,  the 
auricle  may  be  the  seat  of  both  the  dry  (non-rdeerating) 
and  the  ulcerating  forms  of  gunnnata,  and  the  latter 
frequently  shows  a  tendency  to  the  lupoid  character  in 
this  situation  (Fournier).  In  Burnett's  case,  which  is 
about  the  only  one  recorded  in  which  the  disease  was 
seen  in  its  earliest  stages,  there  first  appeared  a  circum- 
scribed infiltrated  lump  on  the  posterior  surface  of  the 
auricle,  and  this  gradually  extended  until  it  had  diffused 
itself  throuffhout  the  tissue  of  the  pinna.  It  was  slightly 
elevated  above  the  general  surface  of  the  auricle,  of  a 
deep  reddish  color,  painless,  and  was  not  attended  with 
itching;  it  was  inclined  to  run  a  slow  course.  In  the 
space  of  a  month  or  six  weeks  the  infiltration  had  diifused 
itself  throughout  the  greater  part  of  the  auricle,  ancl 
somewhat  over  the  mast'oid  portion.  The  thickemng  and 
deformity  of  the  auricle  had  become  considerable,  the 
groove  behind  the  auricle  was  obhterated,  and  the  ap- 
pendages assumed  a  firm,  thick  feeling.  This  condition 
lasted  for  some  weeks,  then  softening  and  ulceration  en- 
sued, the  latter  beginning  in  some  natural  groove  or  de- 
pression.    The  ulcer  thus  formed  by  the  breaking  down 

*  The  tubercular  syphllide  Is  a  solid  rounded  nodule  ol  the  skin  and 
subcutaneous  cellular  tissue,  and  is  copper.v  or  PurPle-^ron  n  in  color , 
commonly  several  tubercles  are  collected  in  a  group.  The  tucercie  is 
liable  to  ulcerate,  and  its  course  is  slow.  Somrtimes  f^eping  ulcemion 
attacks  a  tubercle.  When  this  takes  place,  little  tubercles  develop^at 
the  margin  of  the  first  deposit  and  merge  int«  each  other,  "e  orig- 
inal tubercle  soon  ulcerates  ;  a  scab  is  formed,  under  which  t^e  ulcer 
creeps,  healing  where  the  tubercle  flret  began  to  melt  a^.^/ ™f 
spreading  by  the  destruction  of  the  tubercles  at  the  margin  of  the  ul- 
cer. The  course  of  the  aflecUon  is  indefinite,  unless  controlled  by 
treatment.  Ulcerated  tubercles  always  leave  indelible  white  scars 
Gummy  tumors  form  solid  nodules  beneath  the  skm.  Presently  the 
skin  becomes  absorbed  over  the  tumor,  and,  bluish-red  "}  ™lor,  oreaKs 
down  in  slow  ulceration.  Sometimes  the  mass  is  absorbed  belore  ul- 
ceration is  reached  (Hill  and  Cooper  '^). 


of  the  gumma  may  assume  any  shape,  and  if  not  properly 
treated  soon  ineri'ases  in  size  juid  depth.  The  fioor  of 
the  ulcer  is  usually  ragged  and  covered  with  dirty  gray- 
ish maltor  which  cannot  be  icadily  removed.  The  dis- 
charge from  the  ulcer  is  dftcn  excessively  offensive.  In 
several  of  the  rc|)inte(l  eases,  necrosis  of  parts  of  the 
auricular  cartilage  and  cxbiliulion  of  the  sequestra  oc- 
curred, and  ill  Field's  case  I  wo-thirds  of  the  auriele  was 
destroyed.  As  a  rule,  comparatively  little  deformity 
seems  to  result  from  this  altection,  sometimes  even  when 
the  infiltration  is  extensive  and  the  ulcer  large  and  deep; 
very  often  an  indelible,  depressed  white  scar  is  in  after- 
years  the  only  evidence  remaining  of  the  gumma.  In 
Barklay's  case,  in  which  the  cartilage  of  the  concha, 
tragus,  and  canal  was  exfoliated,  the  general  outline  of 
the  ear  remained  normal.  The  first  abnormality  to  strike 
the  attention  was  the  peculiar  deformity  of  the  concha, 
the  upper  and  lower  limits  of  which  were  preserved, 
while  the  tragus  and  meatus  were  absent.  The  begin- 
ning of  the  helix  above  was  at  an  oval  pit  in  the  concha, 
and  the  intertragal  notch  below  was  a  circular  pit. 
There  was  a  shining,  bulging,  yellowish  spot — resem- 
bling somewhat  a  sebaceous  cyst — right  over  the  site  of 
the  normal  meatus,  upon  a  strong  band  of  cicatricial 
tissue,  extending  downward  and  backward  from  a  spot 
above  and  in  front  of  the  site  of  the  normal  tragus,  which 
band  completel_v  closed  the  meatus.  Except  a  slight 
tightening  of  the  skin,  a  seeming  loss  of  subcutaneous 
tissue  on  the  anterior  side,  and  a  slight  drawing  outward 
and  forward  of  the  auriele,  it  was  otherwise  apparently 
normal.  Above  and  anterior  to  the  site  of  the  normal 
tragus,  and  near  that  of  the  temporo-maxillary  articula- 
tion, was  a  stellate  cicatrix. 

Packard's  case"-''  was  that  of  a  negro  twenty -five  years 
of  age.  A  painful  swelling,  fluctuating  on  pressure,  de- 
veloped in  the  upper  portion  of  the  auricle  twelve  years 
after  the  primary  sore.  There  was  no  history  of  injury. 
Under  treatment  the  auricle  attained  its  normal  condition, 
except  for  the  presence  of  .some  hardening  and  thicken- 
ing of  the  cartilage,  in  a  month. 

The  din[iiiiisix  of  the  diseases  under  con,sideration,  as 
well  as  of  those  which  I  shall  treat  farther  on,  must  rest 
largely  on  the  previous  history  of  the  case.  If  syphihtic 
infection  is  denied,  and  necrosis  of,  or  gummata  on,  the 
bones  are  absent,  careful  search  should  be  made  for  scars 
and  marks  left  by  secondary  affection  of  the  skin  and 
mucous  membranes.  An  ulcerated  tubercle  may  possibly 
be  confounded  with  lupus  vulgaris  and  scrofulous  ulcer. 
In  both  of  the  last-named  affections  there  is,  however, 
very  frequently  considerable  redness  and  n?dema  of  the 
skin  around  the  ulcer,  while  the  syphihtic  ulcer  is,  in 
most  instances,  sharply  bounded  by  healthy-looking  skin. 
Lupus  vulgaris  begins,  moreo vei'.  usually  before  puberty ; 
its  course  is  much  more  chronic,  and  there  is  but  little 
discharge  from  the  ulcer. 

From  an  ulcerating  epithelifima*  the  .syphilitic  ulcer 

*Di1ferentua.  DiniinosK  between  Ulct-r,  Tvherde,  and  Cavccr.— 
Hutchinson  iliif.  rit.,  p.  511),  speaking ol  the  diflerential  diagnosis  be- 
tween cancer  and  syphiUs,  says  :  "I  am  most  anxious  to  insist  on  its 
extreme  dilBculty.  The  surgeon  who  trusts  to  rules,  or  who  ventures 
to  rely  with  confidence  on  his  own  powers  of  observaUon  as  regards 
minute  differences  of  appearance  between  cancerous  and  syphilitic 
ulcers  will  often  make  serious  mistakes.  Cancerous  processes  may  be 
simulated  hy  syphilis  in  the  closest  possible  manner.  As  a  general 
?e  it  may  lies 'oiltliat  we  mstinjiuish  between  a. -an.'erous  ulcer  and 
"m' that  is  sviihilitii^  by  ohseiviiig  that  in  the  fnnner  a  process  o 
CTOWth  prece  1  es  that  ot  ul.'cn.ti.al,  whereas  in  syi.liilis  it  is  at  best 
on°y  one  oTch ron  c  inflamnaiti.,,,.  Without  *.iil,t  this  is  a  most  im- 
nnrtart  dWinctk ,n  In  syphilis  Ihe  edges  of  an  ulcer  may  be  greatly 
Fnrlnrited  and  its  base  may  hetlrin,  but  there  are  sphlom  any  sprouting 

=r£;tsSin^s^^'S:^.sr;ses^^^ 

enlthelioma     I  possess  more  tl,;iii  one  rlrawmg  ii  n  Inch  tie  or  imoy 
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the  presence  or      ^;n  '?    f    '  H  '.j  '  ™^^    y^P,,,^^^        jbe  lymphatic 
can  be  more  ilh  s y     " ;  "    ' '  •    »  ^.'^  .^       ^^^  can  be  distinguished 
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can  g-euLTiillj'  be  distinguished  by  tlio  absence  of  en- 
larged glands  in  tlie  neigliborbood,  and  by  the  more  of- 
fensive'odor  of  tlie  discharge. 

The  treatment  of  these  affections  does  not  differ  from 
tliat  of  tertiaiy  manifestations  in  otlier  parts  of  tlie  body. 
Iodide  of  potassium,  alone  or  combined  with  mercury, 
will  cure  these  cases. 

Local  treatment  alone  was  of  no  avail  in  any  one  of  the 
cases  reported. 

External  Auditory  Canal.— This  part  of  the  ear  is 
not  very  rarely  the  scat  of  Broad  Condylomata  (iMiiroim 
F«ri!s)  and  of  ulcers  in  persons  suffering  from  constitu- 
tional syphilis.  The  occurrence  of  the  condylomata  of 
tlie  external  canal  is  mentioned  by  Moos  and  by  Troeltsch ; 
but  for  the  first  full  description  of  this  affection  and  its 
treatment  we  are  indebted  to  Stohr,"  who  had  the  op- 
portunity of  seeing  fourteen  cases  of  this  disease  in  about 
three  years.  Wilde's  (loc.  eit.,  233)  case,  published  nearly 
twenty  j'cars  before  Stohr's  paper  appeared,  may,  as 
K^napp  suggests,  have  been  also  one  of  syphilitic  origin  ; 
but  Wilde,  who  throughout  his  book  shows  that  he  was 
familiar  with  the  manifestations  of  syphilis  in  the  ear, 
says  e.xpressly  that  the  patient  was  otherwise  healthy, 
and  attributed  her  affection  to  cold. 

Since  Stohr's  publication  broad  condylomata  have  been 
observed  and  described  bj'  Buck,'"  Knapp,'^'  Chiistin- 
neck,-''  Noquet,''s  Zncker,'  Purjesz,'"  Felici.i""  Traut- 
mann,"  Kochuer.^-  Despres '  found  among  1,200  syph- 
ilitic patients  (980  of  whom  had  condylomata  in  various 
places),  5  cases  of  condylomata  of  the  external  canal ; 
while  Ravogli  was  unable  to  find  a  single  case  of  condy- 
lomata of  tlie  external  canal  in  144  syphilitic  individuals 
(77  of  these  had  condylomata  in  other  parts  of  the  body) 
whose  ears  he  had  examined.  Buck  saw  b>it  3  cases  in 
3,976  ear  patients;  Knapp  met  with  only  1  case  in  from 
9,000  to  10,000  ear  cases;  and  the  writer  of  this  has  seen 
but  3  cases  out  of  about  sixteen  thousand  ear  patients. 
Analyzed  with  regard  to  the  sex,  the  published  cases 
show  a  preponderance  among  the  females.  In  most  cases 
Imt  one  ear  was  affected.  As  a  rule,  condylomata  of  the 
external  canal  appear  early  in  constitutional  syphilis, 
while  other  skin  eruptions,  ulcerated  papul*  on  the 
fauces,  and  glandular  swellings  are  present.  In  most 
cases  purulent  inflammation  of  the  middle  ear,  sometimes 
of  long  standing,  precedes  the  development  of  the 
growth.  Condylomata  begin  as  broad,  slightly  reddish 
papuloB,  the  surface  of  which  at  first  is  dry,  but  soon 
lieeomes  moist.  The  papula.'  gradually  grow  in  size,  and 
when  situated  close  to  each  other  they  coalesce  into  large 
patches.  Tiie.se  are  often  subdivided  by  rhagades.  In 
most  cases  the  upper  surface  of  the  excrescence,  which  is 
at  first  smooth  and  somewhat  convex,  becomes  ulcerated 
and  secretes  a  sero  purulent  fluid,  which  often  causes  in- 
flammation and  ulceration  of  the  adjacent  parts  free  from 
these  growths.  If  ulceration  does  not  occur,  the  epider- 
mis covering  the  excrescence  becomes  thickened  whit- 
ish, and  granular.  These  growths  often  occur  in  great 
numbers  m  all  parts  of  the  canal,  and  may  even  be  seated 
on  the  drum  membrane.  Sometimes  thev  not  only  fill 
tlie  canal,  but  also  protrude  out  of  the  external  meatus 
The  excrescences  are  at  first  painless,  but  after  ulcera- 
tion has  occurred  they  often  cause  severe  pain  which  is 
increased  by  movement  of  the  j;iw.  More  or  less  im- 
pairment of  healing  and  tinnitus  usually  result  from  the 
obstruction  of  the  canal,  and  occasionally  a  purulent  in- 
fiammatum  of  the  middle  ear  is  developed  subse.iuent  to 
tfie  appearance  of  the  warts.  In  one  of  I5uck's  cases 
{.American.  Jniirnal  of  Otoloyy,  i..   p.   36),   a    man,  aged 
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twenty -eight,  who  had  had  otorrhoea  for  seven  months 
before,  but  whose  hearing  was  not  impaired,  the  orifice 
of  the  meatus  was  found  almost  completely  obliterated 
by  the  presence  of  an  elevated  patch  of  what  seemed  at 
first  granulating  tissue.  The  dividing  line  between  this 
patch,  wdiich  completely  encircled  the  orifice  and  the 
healthy  skin  of  the  auricle,  was  sharply  drawn,  the 
edges  of  the  elevated  portion  being  quite  abrupt.  In 
Knapp's  case,  the  condylomata  developed  a  few  months 
after  infection,  and  when  the  patient  came  under  his  ob- 
servation, six  months  after  he  had  contracted  syphilis, 
he  found  the  ear  canals  filled,  and  the  external  orifice  of 
the  meatus  and  the  adjacent  parts  of  the  concha  occupied, 
all  around,  by  reddish,  wart-like  excrescences  resembling 
the  syphilitic  condjdomatous  growths  so  often  seen  at 
the  anus.  Some  of  these  were  ulcerated  at  their  apices 
and  discharged  a  thin,  watery  fluid.  A  papular  syphi- 
lido  covered  the  whole  body,  and  was  verj'  marked  on 
the  forehead.  In  the  soft  palate  there  were  ulcers  with 
unclean  bottom  and  raised  concave  edges.  The  glands 
of  the  neck  were  swollen,  and  the  patient  was  very  pale 
and  weak.  During  the  first  weeks  of  treatment,  how- 
ever, there  was  an  aggravation  of  the  affection  of  the 
pharynx.  She  suffered  intense  pain  in  the  ears,  and  was 
relieved  when  profu.se  purulent  discharge  from  the  ear 
set  in.  The  walls  of  the  ear  canals  were  so  much  swollen 
that  no  speculum  could  be  introduced;  3'et  the  charac- 
teristic whistling  sound  on  inflation  showed  that  both 
drumheads  were  broken.  The  patient  recovered  fully 
under  antisyphilitic  treatment. 

The  diagnosis  of  broad  condylomata  of  the  external 
canal  can  usually  be  made  without  difflcultj',  as  manifes- 
tations of  secondary  syphilis  are  almost  alwa3-s  puesent 
in  other  parts  of  the  body  at  the  same  time. 

The  prognosis  is  favorable.  Under  constitutional  anti- 
syphilitic  treatment  and  the  local  applications  to  be  men- 
tioned, the  excrescences  usually  shrink  rapidlj',  and 
eventually  disappear  entirely.  Depressed  cicatrices,  des- 
titute of  hair,  sometimes  remain,  but  permanent  contrac- 
tion of  the  canal  very  rarely  follows  this  affection. 

Constitutional  treatment  alone  will  in  most  cases  cause 
the  condylomata  to  disappear.  But  if  they  occlude  the 
canal  and  cause  retention  of  the  discharge  from  the 
tympanic  cavity,  they  ma_y  be  abscised  or  carefully  cau- 
terized with  nitrate  of  silver  in  substance.  Thorough 
cleansing  of  the  canal  with  warm  .salt  water  and  inflation 
of  the  middle  ear  should  also  be  practised  if  suppuration 
of  the  middle  ear  is  present.  In  some  cases  benefit  was 
apparently  derived  from  dusting  iodoform  or  calomel  on 
the  excrescence,  or  washing  the  same  with  a  one-per- 
cent, solution  of  nitrate  of  silver. 

Si/ii/ii/iti'r  n/rers  of  the  external  canal  seem  to  have  been 
observed  by  some  of  the  older  writers,  as  Bell,  in  his 
work  on  Lues,  speaks  of  deafness  jiroduced  by  a  "  scruffy  " 
eruption,  and  sometimes  ulceration  of  the  e'xternal  audi- 
tory passage,  occurring  as  a  consequence  of  that  disease. 
Referring  to  this  Wilde  says:  "But  his  description  is  not 
sutticiently  accurate  to  be  depended  upon,  and  has  not 
lieeii  confirmed  by  subsequent  observers.  No  doubt, 
c-utaneous  syphilitic  disease  will  extend  by  ordinary  con- 
tinuity of  surface  into  the  meatus,  but  as"a  special  form 
I  am  _uiiac(|uainted  with  it"  (he.  cit.,  p.  198).  Since 
Wilde's  time  such  ulcers  have,  however,  been  frequently 
observed,  and  have  been  studied  especiallyby  Schwartze.^' 
According  to  this  auth<u- they  are  usuall.y  annular  in  form 
and  covered  by  a  dirty,  grayish-white  exudation.  Their 
edges  are  usually  greatly  swollen,  and  may  thus  cause 
considerable  diminution  o'f  the  calibre  of  the  canal.  They 
were  seated  in  the  outi'r  iiart  of  the  canal  up  to  the  point 
of  union  of  the  cartilaginous  and  osseous  portions,  and 
were  found  in  one  or  liotli  ears.  He  saw  these  ulcers  in 
ears  with  normal  membranes  and  healthy  middle  ears, 
but  in  most  cases  they  were  associated  with  chronic  pur- 
ulent inflammation  of  the  middle  car  and  perforation  of 
the  drum  membrane.  The  glands  in  the  vicinity  of  the  ear 
were  alway.s  much  swollen  in  these  cases,  and  other  mani- 
festations of  constitutional  disease  were  never  wanting. 
The   treatment  recommended  by  Schwartze  consists  in 
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energetic  cauterization  with  nitrate  of  silver  in  substance 
which,  though  painful,  may  be  relied  upon  to  heal  the 
nicer.  Hinton  •'•'  has  also  seen  secon(lar_y  syphilitic  ulcer- 
ation of  the  meatus,  mostly  in  the  forni'of  a  nan-ow  un- 
healthy ulcer  at  the  oritice,  attended  with  an  icluirous 
discharge  and  general  inflammation  and  swelling  of  the 
passage.  Tlie  appearance  and  history  sufficiently  mark 
its  character,  and  in  the  cases  Hinton  ^^  saw,  iodide  of 
potassiumand  black  wash  brought  alioutacuiv.  A  ease 
of  this  kind  has  been  described'by  Buck.'''  The  patient 
had  acute  purulent  inHammation  of  the  middle  car,  with 
perforation  of  the  drum  membrane.  The  ulcer  occupied 
the  lower  wall  of  the  outer  half  of  the  canal  and  extended 
outward  upon  the  auricle.  The  limits  of  the  ulcer  were 
well  defined.  The  chancre  had  appeared  one  year  be- 
fore, and  there  was  also  syphilitic  pharyngitis. 

Politzer  has  observed  two  cases  of  this  description.  In 
one,  with  chronic  purulent  inflammation  of  the  middle 
ear,  the  ulcer  occupied  the  lower  lateral  wall  of  the  car- 
tilaginous portion.  Syphilitic  iilcers  of  the  pharyn.x  were 
present  at  the  same  time.  In  the  other,  the  ulcer  ex- 
tended along  the  entire  length  of  tlie  cartilaginous  por- 
tion, and  a  second  ideer  with  everted  edges  occupied  the 
concha. 

In  a  case  reported  by  Jacobson,''»  the  patient  had  been 
afflicted,  up  to  within  a  few  months  l)ef()re  he  came 
under  observation,  with  chronic  suppuration  of  the  mid- 
dle ear.  He  was  suffering  intense  pain  in  the  head,  and 
had  other  symptoms  of  cerebral  irritation.  He  had  con- 
tracted syphilis  six  months  before,  and  had  ulcers  on  the 
palatine  arches  at  the  time.  The  ulcer,  wdiich  was  seated 
at  the  entrance  of  the  right  external  canal,  was  of  the 
form  of  a  ring,  its  floor  was  covered  with  an  adherent, 
dirty,  whitish-gray  exudation,  and  its  margin  was  much 
swollen.  It  was  very  sensitive  to  the  slightest  touch, 
and  the  tragus  and  mastoid  process  were  tender  on  jiress- 
ure. 

DUignomn. — Non-specific  ulcers  of  the  external  canal 
are  very  rarelj^  seen,  except  in  children  witli  neglected 
purulent  inflammation  of  the  midlde  ear,  and  in  eczema 
of  the  canal  in  adults,  and  the  presence  of  an  ulcer  should 
therefore  always  arouse  suspicion  as  to  the  existence  of 
constitutional  sjq>hilis.  It  seems  hardly  possible  that  the 
opening  of  a  furuncle  can  be  mistaken  for  ulcer  by  any 
one  at  all  familiar  with  ear  afifections.  In  cases  of  syph- 
ilitic ulcer  the  glands  near  the  ear  are  alv/ays  swollen, 
and  other  signs  of  syphilis  are  never  absent. 

Diffuse  iivjlcmnmatioii  of  the  external  canal  due  to  sj'pli- 
ilis  is  said  by  Ladreit  de  Lacharrifere  to  be  of  frciiuent 
occurrence  in  the  secondary  stage.  According  to  this 
author  both  canals  are  usually  attacked  simultaneously ; 
there  is  only  moderate  swelling;  the  .skin  is  red  and 
cracked,  and  the  discharge  is  very  ofl'ensive.  But 
McBride '-  appears  to  be  the  only  other  author  who  has 
seen  such  a  case,  and  in  his  there  was  no  disagreeable 
odor.  If  we  exclude  the  ca.ses  in  which  papula;  or  con- 
dylomata are  present,  the  secretion  from  which  causes 
inflammation  of  the  lining  of  the  parts  of  the  external 
canal  free  from  them,  instances  of  diffuse  inflammation 
of  this  part  are  doubtless  very  rare  in  syjihilitic  persons. 
The  writer  of  this  article  has  seen  but  a  single  case  of 
this  kind,  and  this  occurred  many  years  after  infection, 
and  was  associated  with  nonpurulent  inflammation  of 
the  middle  ear,  and  caries  of  the  superior  maxillary  and 
palate  bones  of  the  same  side.  In  this  case  the  walls  of 
the  osseous  part  of  the  canal  were  veiy  red  and  some- 
what swollen.  The  pain  was  very  great,  and  not  niuch 
relieved  by  repeated  deep  and  long  inci-sions,  which  at 
no  time  liberated  pus.  The  walls  were  at  no  time  cov- 
ered by  exudation,  and  there  was  but  little  secretion 
from  them.  The  drum  membrane  was  but  little  inflamed, 
and  although  it  was  repeatedly  freely  incised  in  the  hope 
of  giving  exit  to  supposed  pent-up  secretion  in  the  tym- 
panic cavity,  none  escaped.  The  Eustachian  tube  was 
almost  impermeable.  After  much  and  long  continued 
suffering  the  pain  subsided  eventually  while  the  patient 
was  taking  iodide  of  potassium ;  complete  deafness  re- 
mained. 


The  eharactenstic  symptom  of  syphilitic  inflammation 
of  the  externa  canal  is  said  to  be  very  severe  pain,  even 
whe'n  the  swelhug  is  not  very  great,  which  is  not  relieved 
by  the  usual  remedies,  but  yields  at  once  to  con.stitu- 
tional  treatment  (Schwahach). 

Kmatones  «f  the  e.rteriial  canal  may,  according  to  Gruber 
be  caused  by  syphilis;  but  nearly" all  other  writers  deny 
that  syphilis  has  anything  whatever  to  do  with  the  pro- 
duction of  these  gi'owths. 

The  Drum  Mkmbkane.— This  part  ui  the  ear  appears 
to  be  but  rarely  the  seat  of  svi>hilitic  infiltration  and 
growths.  Lang  ™  observed  a  ease  in  which  tlieie  was  a 
lai-ge,  pale,  glistening  papule  at  the  place  of  the  short 
process  of  the  hammer  on  a  dium  membrane;  the;  mem- 
brane itself  was  very  red  in  its  anterior  upper  quadrant, 
and  slightly  opa(iue  throughout.  The  patient  was  a 
woman,  with  early  symptoms  of  constitutional  syphilis. 

Condylomata,  as  we  have  seen,  have  been  found  here 
in  a  few  eases,  in  wdiich  these  growths  existed  also  on 
the  walls  of  the  canal. 

Baratoux  ■"  has  recorded  the  ease  of  a  woman  in  whom 
he  found  five  small  gummata  on  the  cheek,  in  front  of 
the  ear;  a  .sixth  on  the  ma.stoid  process;  three  in  the 
concha  and  outer  part  of  thi^  external  canal;  a  small  egg- 
shaped,  prominent,  faintly  opalescent,  gummatous  tumor 
on  the  lower  posterior  part  of  the  drum  membrane;  and 
a  small,  round  ulcer,  covered  with  a  yellowish-white, 
adherent  substance,  in  front  of  the  handle  of  the  malleus. 

The  gumma  on  the  drum  membrane  became  ulcerated 
at  its  summit  in  a  few  days,  wdiile  the  ulcer  was  cica- 
trizing. 

Middle  E.\n. — The  diseases  of  the  middle  ear  observed 
in  individuals  afflicted  with  constitutional  syphilis  do 
not  differ  essentially,  in  their  objective  and  subjective 
symptoms,  from  the  same  diseases  oecuiring  in  non- 
syphilitic  subjects.  Most  writers  are  agreed,  however, 
that  the  syphilitic  forms  are  characterized  by  a  marked 
tendency  to  implication  of  the  labyrinth,  or,  to  speak 
more  precisely,  by  the  appearance  of  symptoms  com- 
monly regarded  as  indicative  of  disease  of  the  auditory 
nerve,  at  an  unusually  early  period.  The  middle-ear 
disease  may  present  itself  in  the  form  of  an  acute  catar- 
rhal inflammation,  a  chronic  catarrhal  inflammation,  a 
purulent  inflammation,  or  as  a  neuralgia  of  the  tympanic 
cavity. 

Acute  Catarrhal  Inflammation. — This  disease  is  usuall}',. 
but  by  no  means  always,  associated  with  sj'philitic  dis- 
ease of  the  naso-pharyugeal  cavity.  Frequently  but  om- 
ear  is  affected,  and  in  such  cases  the  disease  of  the 
pharynx  is  usually  found  to  be  confined  to  that  side. 
Sometimes  this  consists  of  only  a  superficial  erosion.  In 
many  cases  the  ulceration  is  confined  to  the  ))osterior 
wall  of  the  pharynx,  behind  the  velum  palati,  and,  as  in 
this  location  it  rarely  causes  the  patient  much  inconven- 
ience, it  may  be  overlooked  if  an  examination  with  the 
rhinoscopic  mirror  is  omitted. 

The  subjecUiie  and  objective  si/rnptom»,  and  the  course 
of  syphilitic  acute  catarrhal  inflammation,  resemble  so 
closely  the  idiopathic  form  that  a  description  of  the  same 
seems  unnecessary  in  this  place.  Sehwartze  {op.  cit.,  p. 
134)  asserts  that  an  impairment  in  the  conduction  of 
sound  through  the  bones  occurs  regularly  at  an  early 
period  in  this  disease,  and  adds  that  it  is  not  known  to 
what  this  is  due.  The  present  writer  has,  however,  seen 
a  number  of  cases  of  this  affection  in  which  the  bone 
conduction  remained  unimpaired  throughout. 

With  regard  to  the  treatment,  it  is  only  necessary  to 
state  that,  in  addition  to  the  local  measures  usually  em- 
ployed in' the  idiopathic  form,  a  course  of  antisyphilitic 
reniedies  will  be  found  necessary  to  cure  the  disease 
of  the  ear  and  the  pharynx.  In  this  connection  it  may 
be  well  to  point  out  the  danger  arising  from  using,  on 
healthy  persons,  catheters  and  other  instruments  that 
have  been  employed  on  syphilitic  individuals.  Boiling- 
the  instruments  in  a  five-per-cent.  solution  of  carbolic 
acid  may  possibly  be  suflJeient  to  destroy  the  virus,  but 
in  the  opinion  of  the  writer  it  would  be  far  safer  to  pro- 
vide each  patient  with  instruments  for  his  exclusive  use. 

■  6Tr 
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Chronic  Anr,n  Catarrh .-\\\t\y  reganl  to  this  disease, 
Wilde  (op.  at.,  p.  254)  says:  ■•All  the  eases  I  liave  seen 
of  this  affectiou  occurred  in  youiis  men,  and  genera)Iy 
those  of  fair  complexion  and  blue  eyes,  who  iiad  had 
primary  sores  upon  the  .genitals  from  six  to  twelve 
months  previously,  which  sores  Avere  j-ather  of  a  (lecep- 
tive  character,  so' that  mercur.y  was  seldom  given,  m  the 
first  instance  at  least,  in  a  legitimate  form.  Sore  throat 
pai;)ular  eruptionT;,  coppei- colored  blotches,  fissuix-s  and 
ulcers  of  tongue,  with  loss  of  strength  and  slight  noctur- 
nal pains,  existed  previous  to  the  aural  affections,  which 
should,  I  think,  be  ranked  as  tertiary  symptoms.  In 
almost  every  case  I  have  witnessed  the  di.sease  a]ipeared 
suddenly  as  an  eruption  was  fading  off;  in  two  it  eanie 
on  at  a  later  period  and  Avas  aecomiianied  by  loss  of  liaii'; 
in  most  it  appeared  in  tlie  upper  and  middle  i;anks  ol 
life.  In  some  cases  there  is  at  tirst  a  sensalion  of  fulness 
in  the  head,  and  often  vertigo  upon  stooping  or  I'ising 
up  suddenly,  but  in  no  instance  have  1  seen  it  accom- 
panied by  acute  pain.  Tinnitus  is  not  always  present.'' 
In  all  of  the  cases  ob.served  by  Schwartze,  except  two, 
in  which  the  patients  positively  stated  that  the  disease 
began  with  lancinating  pain,  and  in  all  seen  by  the 
writer  of  this  ai-ticle,  the  disease  -ivas  insidious  in  its  ap- 
proach, and  pain  in  the  ear  Avas  absent  throughout  its 
course.  Pain  in  the  bones  of  the  head  was,  liowevei-, 
occasionally  complained  of.  Tinnitus  was  present  in 
nearly  all  the  cases,  though  it  was  not  always  verv  an 
noying. 

As  regards  the  appearance  of  the  drum  membrane 
Wilde  saj'S;  "Upon  inspection  the  amount  of  redness  and 
A'aseularity  will  be  found  much  greater  than  in  subacuti; 
myringitis,  and  in  this  consists  one  of  the  chief  charac- 
teristics of  this  disease,  that  while  it  is  unaccompanied  bj* 
local  pain,  the  membrana  tympani  Avill  be  found  to  pre- 
sent an  amount  of  redness  equal  to,  and  sometimes  ex- 
ceeding, that  seen  in  acute  myringitis.*  The  redness 
has  generally,  however,  a  brownish  hue  in  the  ,syphilitie 
form.  There  is  not  at  first  much  loss  of  polLsh,  but  in  a 
short  time  the  membrane  assumes  a  f\r/.7.y  appearance. 
Both  ears  are  usuall_y  attacked  at  the  same  time." 
Schwartze  (op.  cit.,  p.  264),  Roosa,  and  most  of  the  more 
recent  writers  on  this  subject,  on  the  other  hand,  have 
been  unable  to  find  in  the  appearance  of  the  drum  mem- 
brane in  this  disease  anything  that  could  be  regarded  as 
pathognomonic  of  its  syphilitic  character.  Pomeroy*' 
lielieves  that  it  very  frequently  does  not  differ  in  appear- 
ance from  that  in  non-syphilitic  disease,  but  that  signs  of 
infiltration  of  the  membrane,  giving  it  a  greater  degree 
of  opacity  than  would  result  from  a  non-specific  inflam- 
mation, will  cau.se  one  to  suspect  constitutional  disease. 
In  his  opinion  the  most  important  aid,  however,  to  diag- 
nosis is  the  history.  Sturgis  (Boston  Med.  and  Surg. 
Joirrnal,  June  3d,  4880)  regards  the  infiltration  of  the 
tympanum,  conjoined  with  the  absence  of  vascular  con- 
gestion, as  eharactei-istie  of  syphilitic  eatari-h  of  the 
middle  ear. 

The  Eustachian  tube  is  usuallv  easily  permeable,  at 
least  by  tlie  aid  of  the  catheter.  "The  sounds  heard  on 
auscultation  are  usually  dry  and  broad,  but  sometimes 
moist  rales  are  heard.  The  inflation  rarely  improves  the 
hearing  even  for  a  short  time,  thougli  it  sometimes  tem- 
porarily ariests  the  tinnitus.  Tlie  lining-  memlirane  of 
the  pharynx  is  neariy  always  liy]ierannic,'and  very  often 
superficial  ulcers  are  fouud  oii  the  arches  of  tlie'  palate 
and  the  tonsils.  The  nose  is  usually  not  markedly  dis- 
eased. Tlie  impairment  of  liearing,  wliich  is  comiuonly 
already  well  advanced  when  the  patient  comes  under 
treatment,  m  the  majority  of  eases  goes  raiiidly  fimn  bad 
to  worse,  so  that  in  the  course  of  a  few  moiitlis  onlv  loud 
speech  can  be  heard  (dose  to  the  ear.  In  I  he  uMiiainder 
tue  progress  is  much  slower,  an<l  instea<l  of  months  vears 
may  pass  before  this  state  is  reaehe.l.  In  a  case  seen  hx 
hchwartze  a  sudden  and  great  increase  in  the  hardness  o"f 
l.earmg  followed  a  blow  on  the  head.     In  many  of  the 
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cases,  even  in  persons  under  thirty  years  of  age,  an  im- 
pairment or  loss  of  bone  conduction  occurs  at  an  early 
stage  of  the  disease  when  the  tick  of  the  watch  is  still 
heard  at  some  distance  from  the  car.  In  several  of 
Schwartze's  eases  even  the  large  tuning-fork  C  was 
heard  indistinctly  or  very  faintly  when  placed  on  the 
vertex. 

Our  knowledge  of  the  pathological  anatomy  of  .syphi- 
litic catarrhal  inflammation  is  very  imperfect,  as  it  must 
be  of  all  diseases  which  are  not  fatal.  Moos  '*  found  in  a 
case  of  deafness,  supposed  to  have  been  due  to  syphilis, 
beside  adhesive  inflammation  of  the  labyrinth  and  the 
deposit  of  chalky  concretions  on  the  membranous  semi- 
circidar  canals  and  sacs,  inflammatory  changes  in  the 
drum  membrane,  thickening  of  the  pale  mucous  mem- 
brane of  the  middle  ear,  and  ankylosis  of  the  malleo- 
ineudal  joint  and  of  the  stapedio-vestibular  articulation, 
all  of  which  have  been  seen  often  enough  in  non-syphi- 
litic ca.ses.  In  Toyubee's  case  ("Catalogue  of  the  Mu 
seum,"  No.  512),  which  occurred  in  a  man  about  fortv- 
eight  j'cars  of  age,  the  deafness  began  five  years  before 
death.  Eight  ear:  loud  voice  close  to  the  ear.  Left  ear: 
total  deafness.  The  deafness  commenced  while  he  had  a 
severe  ulcei-ation  of  the  fauces  from  syphilis.  Post  mor- 
tem: Right  ear:  ankylosis  of  the  .stapes;  the  articular 
surface  of  os  Sylvii  much  flatter  than  usual;  adhesion 
between  the  anvil  and  hammer;  tensor  tympani  atrophic; 
membrane  of  )'(jund  window  thickened;  cochlea  of  a 
deep-red  color.  Left  ear:  ankylo.sis  of  stirrup;  thicken- 
ing of  membranous  vestibule.  Schwartze  (op.  cit.,  p. 
135)  surmises  that  the  pathological  change  in  the  syphi- 
litic cases  is  a  periostilis,  and  Roosa  ^'  thinks  that  this 
view  is  correct.  The  last-named  author  is  also  of  the 
opinion  that  there  may  be  also,  in  the  course  of  the  later 
periods  of  the  disease,  a  syphilitic  exudation  into  the 
t3"mpanum  and  about  the  ossicles;  and  that  it  may  be 
said,  in  general,  that  the  S3'philitic  diathesis  seems  to 
cause  a  more  rapid  proliferation  of  tissue,  and  one  that 
is  less  amenable  to  treatment.  Kirchner-"'  has  had  the 
opportunity  of  examining  microscopically  the  mucous 
membrane  of  the  promontorj-  of  a  man,  twenty -nine  years 
of  age,  who  four  years  before  his  death  had  had  a  pri- 
mary sore  and  later  an  inflammation  of  his  middle  ear 
witli  amber  colored  exudates  in  the  tympanic  cavity. 
At  the  autopsy  a  moderate  amount  of  bloody  serous  exu- 
dation was  found  in  the  tympanic  cavity  and  some  con- 
gestion of  the  mucous  membrane  of  the  promontory. 
He  found  the  mucous  membrane  somewhat  thickened  in 
some  places  and  the  walls  of  the  blood-vessels  and  the 
tissues  around  them  infiltrated  with  small  cells.  The 
calibre  of  some  of  the  larger  Ijrancbes  of  the  arteries  was 
much  narrowed  by  a  syphilitic  endarteritis,  and  some  of 
the  larger  arteries  were  entirely  obliterated  bj'  an  inflam- 
mation of  both  the  intima  and  the  adventitia.  In  the 
periosteum  corresponding  to  the  most  di-seased  places  in 
the  mucous  membrane  were  found  ]iatehes  of  newly 
formed  bone,  the  result  of  a  periostitis  similar  to  that 
found  in  other  bones.  In  the  Haversian  canal  of  the  bone 
were  seen  patches  of  thickening  together  with  an  infiltra- 
tion of  small  cells  and  heaps  of  pigment.  In  the  bone 
itself  were  holloAV  places  fillrd  with  detritus. 

Woakes-"  claims  to  have  Seen  through  the  drum  mem- 
brane a  gummatous  exudation  in  the  tympanic  cavity. 

From  what  has  been  saidAvith  regard  to  the  symptoms, 
it  mu.st  be  evident  that  there  is  none  by  which  we  can 
positively  distinguish  chronic  catarrhal  inflammation  of 
the  middle  ear,  due  to  sj'philis,  from  that  arising  from 
other  causes.  The  supervention  of  symjitoms  indicative 
of  disease  of  some  jiart  of  the  acoustic  nerve  (impairment 
Ol  hiss  (if  bone  conduction,  etc.)  in  the  earlier  stages  of 
the  disea.se,  occurs  umiucstionably  much  more  frequently 
in  the  syphilitic  cases  than  in  others,  but  is  by  no  means 
a  positive  sign  of  the  specific  character  of  the  disease. 
Such  .symptoms,  when  present,  especially  in  young  and 
middle-aged  persons,  should,  however,  arouse"  our  suspi- 
cion as  to  the  presence  of  syphilis,  and  lead  us  to  make  a 
\cry  careful  search  for  other  symptoms  of  this  disease. 
(Inly  wlien  such  are  found,  or  a  clear  history  of  constitu- 
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tioiial  sj'iihilis  c;in  be  obtiiined,  are  we  justified  iu  mak- 
iug  the  diagnosis  of  syphilitic  ear  disease, 

Tlie  proguosis  of  tlie'  syphilitic  chronic  middle-ear  ca- 
tarrh is,  on  the  whole,  even  less  favoiable  than  that  of 
the  idiopathic  form.  Nearly  every  writer  has  met  with 
some  cases  in  which,  under  judicious  local  applications 
and  a  tliorough  course  of  antisyphilitic  remedies,  the 
hearing  was  improved  and  even  restored.  But  such  eases 
are,  after  all,  according  to  the  writer's  ex]ierieiiee,  rarely 
encountereil — outside  of  the  books.  To  arrest  the  prog- 
ress of  the  disease  is  about  the  most  we  can  hope  for. 

In  the  treatment  of  this  disease  it  will  Ix'  found  neces- 
sary, in  addition  to  the  usual  remedial  measui'es  for  the 
ordinary  chronic  catarrhal  inllammation,  to  resort  to  con- 
stitutional remedies.  In  all  eases  in  which  no  doubt  ex- 
ists as  to  the  diagnosts,  the  patient  sho\dd  be  brought 
rapidly  luider  the  influence  of  merciu-y  by  inunctions  or 
injections  under  the  skin,  and  this  shoiddbe  kept  up  for 
a  considerable  period.  Iodide  of  potassium  may  be  given 
at  the  same  time.  The  muriate  of  pilocarpine,  in  doses 
of  gr.  -J-  to  gr.  i  administered  hypodermically,  once 
dail)'  for  several  weeks,  has  been  of  some  service  in  the 
hands  of  Politzer,  Lucae,  and  others,  in  cases  complicated 
with  disease  of  the  inner  ear. 

Purulent  Injiainmatioa. — Among  the  writers  on  otology 
much  diversity  of  opinion  has  always  existed  as  to  the 
occurrence  of  a  syphilitic  purulent  inflanunation  of  the 
middle  ear.  Thus,  Frank*'-  and  Linckc*'  describe  an  oti- 
tis interna  the  result  of  lues.  In  this  form,  they  say,  the 
inflammation  and  ulceration  extend  from  the  throat  and 
nose  to  the  ear,  are  accompanied  by  great  pain,  and  often 
terminate  in  suppuration  of  the  middle  ear,  destruction 
of  the  tympanal  membrane,  and  caries  of  the  temporal 
bone.  AVilde  (»;>.  cit.,  p.  2i52),  on  the  other  hand,  says 
that  under  certain  circumstances  such  a  disease  may,  no 
doubt,  occur,  although  he  himself  has  never  seen  such  a 
case  and  has  not  met  with  a  well-authenticated  instance 
of  it  recorded.  Kramer"  doubts  that  syphilis  can  cause 
a  specific  disease  of  the  ear,  and  adds  that  he  has  never 
in  his  own  practice,  or  in  that  of  others,  observed  such 
cases,  and  Erhard  ■"  is  of  the  same  opinion.  Virchow  ^^ 
mentions,  as  the  result  of  sj^philis,  primary  purulent  in- 
flammation of  the  tympanic  cavity;  stricture  of  the 
Eustachian  tube  resulting  from  cicatricial  closure  of  its 
pharyngeal  mouth  ;  and  caries  of  the  temporal  bone.  In 
the  treatises  on  diseases  of  the  ear  of  more  recent  date, 
but  little  can  be  found  relating  to  this  disease.  Politzer 
(op.  cit.,  p.  380)  devotes  less  than  a  page  to  it,  and  G-ruber 
(op.  cit.)  merely  mentions  syphilis  as  one  of  the  causes  of 
otitis  media  pvirulenta.  Pritehard,"  in  speaking  of  the 
affections  of  the  middle  ear  caused  by  syphilis,  says  that 
they  are  of  comparatively  rare  occurrence,  and  that  in 
some  cases  suppurative  catarrh  is  set  up  with  perfora- 
tion, etc.  Pomeroy  (op.  cit.,  p.  239)  thinks  that  syphilis 
may  interrupt  the  progress  of  the  disease  toward  i-ecov- 
ery,  and  Schwartze  (op.  cit.,  p.  176)  only  says,  with  re- 
gard to  this  disease,  that  under  the  influence  of  constitu- 
tional syphilis  the  suppuration  may  become  chronic. 
Troeltsch,  Roosa,  Burnett,  and  others  make  no  mention 
of  it  whatever.  It  may  also  be  stated  here  that  the  num- 
ber of  cases  of  this  disease  reported  in  the  medical  jour- 
nals within  the  last  twenty  years  is  exceedingly  small. 

Of  our  present  knowledge  of  this  form  of  otitis  media 
purulenta  it  cannot  be  said  that  it  is  much  more  definite 
than  it  was  in  Lincke's  time.  Schwartze  has  seen  cases 
in  which  syphilitic  disease  of  the  fauces  was  absent,  but 
most  other  writers,  including  the  present,  have  found 
such  an  affection  existing  in  nearly  every  case.  The  dis- 
ease of  the  naso-pharyngeal  cavity  may  be  any  one  of  the 
various  manifestations  of  constitutional  syphilis  metwilh 
in  this  locality,  or  may  be  a  primary  chancre  due  to  the 
accidental  inoeulation'of  this  part  during  catheterization 
of  the  Eustachian  tube.  Fortunately  such  accidents  have 
but  very  rarely  occurred. 

"With  regard  to  the  symptomatology  and  course  of  the 
purulent  ostitis  media,  most  authors  are  agreed  that  they 
do  not  differ  essentially  from  the  non-syphilitic  form. 
Buck,i'>  while  not  disputing  this  statement  with  any  great 


degree  of  positiveness,  owing  to  the  scantiness  of  the  mate- 
ria which  has  come  under  his  observation,  cannot  help 
tee  iiig  that,  with  increased  experience  and  acloser  study 
ot  tins  particular  cla.ss  of  cases,  we  shall  in  time  learn  to 
recognize  in  these  parts  textural  lesions  as  distinctly  char- 
acteristic of  syphilis  as  are  most  of  itsc^xternal  manifesta- 
tions. In  one  of  the  cases  reported  by  him  (Case  Xlf  ) 
a  second  perforation  developed  in  the  drum  membrane 
more  than  two  montiis  after  the  first,  through  a  melting 
process  similar  to  that  observed  so  frequentiy  in  the 
vehim  palati,  and  he  regards  this  oecairence  as  totally 
different  from  anything  that  he  has  ever  observed  in  any 
case  of  non-syphilitie  inflanunation  of  the  middle  ear. 
Probably  a  similar  melting  away  of  a  limited  area  of  the 
drum  meml)rane  took  place  in  another  of  his  cases  (Case 
XI.).  In  neiUier  of  these  cases  was  there  any  evidence 
of  pressure  from  within.  In  the  first-mentioned  case 
caries  and  facial  paralysis  were  subsecpiently  developed, 
wdnle  there  was  no  evidence  of  interference  with  the  free 
escape  of  the  pus  formed,  and  this  Buck  regards  as  cer- 
tainly not  in  harmony  with  the  ordinary  course  of  non- 
syphihtie  otitis  media  purulenta  acuta.  Politzer  and 
others  frequently  noticed  a  high  degree  of  deafness  iu 
these  cases,  caused  by  the  frequent  simultaneous  occur- 
rence of  syphilitic  disease  of  the  labyrinth.  Of  tlie  oc- 
casional occurrence  of  condylomata  "and  ulcers  in  the 
external  canal,  in  connection  with  this  disease,  mention 
was  made  in  the  first  part  of  this  article.  In  the  cases 
observed  by  the  present  writer  the  symptoms  were  pre- 
cisely those  of  the  non-syphilitie  form,  and  the  course 
and  termination  of  tlie  disease  differed  in  nowise  from  the 
other.  Ulceration  of  the  mucous  membrane,  with  caries 
and  necrosis  of  the  walls  of  the  tympanic  cavity,  the 
mastoid  process,  and  the  petrous  portion,  and  facial 
paralysis,  may,  according  to  Politzer,  occur  under  un- 
favorable circumstances  or  inappropriate  treatment,  and 
end  fatally  through  some  intracranial  affection.  Caries 
has  been  observed  in  this  form  probabU'  no  more  fre- 
quently than  in  the  non-s3'philitie  forms. 

Fatal  hemorrhage  from  erosion  of  the  internal  carotid 
artery,  caused  by  caries  of  tlie  canal  of  the  vessel,  has 
been  observed  iu  syphilitic,  as  well  as  in  non-syphilitic, 
subjects.  Thus  we  find  in  the  nineteen  cases  of  fatal 
hemorrhage  collected  by  Hessler,-"  two  in  which  syphilis 
was  present.  One  of  these  cases  (reported  in  full  by 
Tlingle  iu  the  Di^utKche  KKnik,  No.  23,  p.  223)  occurred 
in  a  patient  suffering  from  tertiary  syphilis.  Two  years 
after  he  had  come  under  observation  he  had  a  sudden 
profuse  hemorrhage  from  the  left  deaf  ear,  and  four 
months  later,  after  repeated  hemorrhages,  the  patient 
died.  An  autopsy  revealed  a  complete  destruction  of  the 
interior  of  the  petrous  portion  of  the  left  temporal  bone. 
The  membrana  tympani  and  ossicles  were  wanting.  Of 
the  other  case  (deserilied  by  Pilz  in  his  dissertation,  "De 
Arteria;  Carotidis  utriusque  Ligatura,"  Beriin,  1865)  it  is 
only  known  that,  after  severe  pain  in  the  region  of  the 
rigiit  ear,  without  objective  symptoms,  a  sudden  and 
copious  hemorrhage  occurred  from  this  ear ;  subsequently 
the  blood  was  mixed  with  pus.  The  patient  had  syphi- 
lis, and  a  fistula  on  the  posterior  wall  of  the  pharynx 
from  which  pus  escaped.  After  repeated  hemorrhages 
Billroth  first  ligated  the  right  and  then  the  left  carotid. 
The  patient  died  under  symptoms  of  anwmia.  The  au- 
topsy showed  extensive  caries  of  the  lower  wall  of  the 
carotid  canal,  exposing  the  vessel.  The  eroded  spot  in 
the  artery  measured  "8  mm.  in  length  and  6  mm.  in 
breadth.  ,  . , 

Metastatic  irido-choroiditis  of  the  eye  on  the  same  side 
as  the  purulent  middle-ear  disease,  developed  in  a  syphi- 
litic subject,  observed  by  the  writer  of  this  article.-*" 
In  this  ease  the  ear  disease  was  arrested  and  the  hearing 
restored  under  general  treatment  alone. 

As  regards  the  diurinom.  the  writer  must  confess  that 
he  knows  of  no  aurai  symptoms  by  which  the  syphilitic 
form  of  this  disease  can  be  distinguished  from  the  ordi- 
nary form  Woakes  "  thinks  that  the  caries  due  to  syphi- 
litic purulent  inflammation  of  the  middle  ear  frequently 
has  this  distinguishing  feature :  the  caries  is  symmetrical, 
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that  is,  there  is  a  corresponding  lesion  in  both  ears.  In 
this  disease,  as  in  the  diseases  previously  desci'ibed,  the 
presence  of  other  symptoms  of  syphilis  can  alone  decide 
the  diagnosis. 

Of  the  patliologiMl  anatomy  of  syphilitic  suppuration 
of  the  middle  ear  we  know  but  little.  Quite  recently 
Moos  and  Steinbrligge '"  have  had  the  opportunity  to 
examine  both  temporal  bones  of  a  case  of  tertiary  syphi- 
lis. Moos  first  saw  the  patient  fourteen  years  before  his 
death.  At  that  time  the  faucial  orifices  of  the  Eusta- 
chian tubes  were  closed  by  numerous  thick,  radiating, 
fibrous  bands,  so  that  tlie  ventilation  of  the  drum  cavity 
must  have  been  almost  impossible;  notwithstanding, 
there  was  no  demonstrable  deviation  in  the  plane  of  the 
drum  membrane,  in  the  position  of  the  liandle  of  the 
hammer,  or  in  the  cone  of  light.  Strange  to  say,  the  pa- 
tient never  complained  of  subjective  noises  nor  of  dizzi- 
ness. Bone  conduction  was  always  sufficiently  preserved 
to  detect  the  loud  tick  of  a  watch  and  the  tuning-fork; 
the  capacity  for  hearing  speech  was,  however,  so  much 
reduced  that  ordinary  conversation  was  not  heard  beyond 
one  metre.  The  patient  remained  under  Moos'  treat- 
ment for  about  two  years,  and  then  passed  from  under 
his  observation  till  a  week  before  his  death.  At  this 
time  he  was  examined  by  Steinbrligge,  who  found  that 
he  was  now  able  to  hear  spoken  words  only  in  close 
proximity  to  the  ears ;  a  watch  of  twelve  metres  normal 
hearing  distance  was  heard  merely  on  contact  in  the  right 
ear,  and  not  at  all  in  the  left.  Tuning-fork  A'  applied  to 
the  forehead  was  not  perceived,  applied  to  the  teeth  it  was 
heard  in  the  left  ear.  The  otoscopic  examination  of  the 
right  ear  revealed  a  cicatrix  in  the  inferior  posterior 
quadrant  of  the  membrane ;  the  external  canal  of  the  left 
ear  contained  pus,  and  there  was  a  round,  medium-sized 
perforation  directly  under  the  handle  of  the  malleus. 
Post  mortem,  the  following  conditions  were  found  :  Syphi- 
litic caries  of  the  skull  and  hard  palate.  Chronic  pneu- 
monia. Amyloid  degeneration  of  the  spleen,  kidneys, 
and  liver.  Right  temporal  bone  :  The  greater  part  of  the 
mastoid  process  was  sclerosed.  The  mucous  lining  of 
the  remaining  cells  was  slightly  injected.  The  Eusta- 
chian tube  (a  portion  of  the  pharyngeal  orifice  was  miss- 
ing) was  patent  throughout.  The  tympanum  contained 
a  quantity  of  pus.  The  mucous  membrane  was  thick- 
ened. The  drum  membrane  was  in  an  atrophic  state. 
The  bony  roof  of  the  labyrinth  was  hemorrhagically  in- 
filtrated. Left  temporal  hone:  Greasy  pus  in  external 
canal.  Membrana  tympani  perforated.  The  mastoid 
process  was  sclerosed  and  of  ivory -like  hardness.  The 
mucous  membrane  of  the  tympanum  was  very  much 
thickened,  and  enveloped  all  structures  contained  there- 
in. The  cavity  was  filled  with  a  secretion  composed  of 
pus  cells  and  giant  cells.  The  Eustachian  tube  (also 
here  a  portion  of  the  pharyngeal  orifice  was  wanting) 
was  pervious.  Carotid  artery  and  osseous  portion  of  Eii- 
staehian  tube:  There  was  no  noticeable  change  in  the 
outer  and  inner  coats  of  the  artery  on  either  side,  not 
even  in  the  part  where  tlie  bony  partition  between  the 
artery  and  the  Eustachian  tube  measured  but  0.087  mm. 
in  thickness.  The  mucous  membrane  of  the  Eustachian 
canal  was  normal,  but  the  periosteum  of  the  osseous 
portion  in  a  medial  direction  was  changed  and  thickened 
in  a  manner  to  be  described  below.  Periosteum  and  bones 
of  middle  and  internal  ear  :  In  the  bony  floor  of  the  tym- 
panum and  below  the  cochlea,  as  well  as  in  the  rooif  of 
the  tympanum,  in  the  bone  over  the  semicircular  canals, 
and  in  the  lateral  wall  of  the  osseous  portion  of  the  tube' 
were  found  markedly  dilated  medullary  spaces,  not  only 
enclosing  the  usual  normal  contents,  but  also  invariably 
nued— sometimes  more,  sometimes  less— witli  larger  or 
smaller  groups  of  cells  enclosing  blood  corpusclei,  and 
also  with  a  conglomeration  of  yellow  or  yellow-brownish 
pigment.  Evidently  we  liad  to  deal  here  with  the  prod- 
ucts of  a  metamorphosis  of  blood  extravasation,  the  re- 
sul  of  rupture  of  the  thln-walled  vessels  contained  in  the 
mcduilary  spaces.     In  the  anterior  wall  of  the  bony  ves 


tibule,  and  in  the 

irve  of  the  Fallopian  canal,  were  noticed 
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several  spaces  in  the  bone,  varying  in  size  up  to  3  mm. 
in  length  and  2  mm.  in  width  on  the  left  side,  and  2  mm. 
in  length  and  li  mm.  in  width  on  the  right  side.  A  sim- 
ilar condition  was  observed  in  the  bone  tissue  below  the 
first  turn  of  the  cochlea  on  the  right  side.  The  cavit}' 
here  was  circular;  its  diameter  measured  2  mm.  The 
contents  of  these  spaces  clearly  demonstrated  two  sepa- 
rate stages  in  the  pathological  process.  In  the  early 
stage  these  spaces  were  filled  with  a  fibrous  network, 
which  in  .several  sections  showed  unmistakable  connec- 
tion with  the  periosteum  of  the  labyrinthine  wall.  Tlie 
meshes  of  this  network  were  filled  with  vessels  more  or 
less  numerous,  and  a  small-celled  infiltration.  The  con- 
dition demonstrating  a  later  stage,  however,  mostly  pre- 
dominated. Here  the  meshes  were  filled  with  yellowish 
coagulated  ma.s.ses,  composed  to  a  limited  extent  of  blood 
corpuscles  and  large  round  cells,  and  mainly  of  fat 
globules  and  fatty-degenerated  cells  stained  black  by  the 
osmic  acid.  In  addition,  there  were  seen  in  many  places, 
as  indications  of  the  earlier  stage,  the  remains  of  fibres 
of  this  network  in  connection  with  the  periosteum  of  the 
labyrinth  mentioned  above. 

The  condition  of  the  periosteal  covering  of  the  ijromon- 
tory  on  both  sides  is  worthy  of  special  notice.  Very 
much  thickened,  at  places  to  0.7  mm.,  the  presence  of 
numerous  cavities  imparted  to  it  a  cavernous  appearance. 
The  spaces  were  here  and  there  lined  with  a  low  cylin- 
drical epithelium,  and  in  some  places  were  filled  with  a 
tissue  composed  of  fine  fibres  enclosing  coagulated  fibrin 
and  fatty -degenerated  cells.  At  first  glance  these  spaces 
gave  the  impression  of  gland  tissue ;  closer  examination, 
however,  proved  them  to  be  numerous  circumscribed 
foci  of  inflammatory  products  undergoing  retrogressive 
clianges.  The  presence  of  smaller  and  larger  portions  of 
bone,  cut  off  from  the  main  bony  mass  of  the  promon- 
tory by  strangulation  of  the  proliferating  periosteum, 
deserves  additional  notice.  In  some  portions  of  the  sec- 
tions these  spicula  of  bone  were  arranged  in  rows  sepa- 
rated from  each  other  by  narrow^  bands  of  periosteal  tis- 
sue. In  other  parts  the  proliferating  periosteum  produced 
deep  indentations  in  the  bone.  The  periosteum  of  the 
canalis  pro  tcnsore  tympani  and  that  lining  the  delicate 
canaliculi  of  the  plexus  tympanicus  presented  a  similar 
pathological  appearance. 

In  their  comments  on  the  above  the  authors  say  that, 
taking  into  account  the  fact  that  in  their  case theyhad  to 
deal  not  with  a  fresh  gummous  neoplasm  but  with  the 
later  consequences  of  periosteal  proliferation,  the  above- 
described  changes  in  the  periosteum  with  their  conse- 
quences would  show  a  close  correspondence  with  the  de- 
scription given  by  Rindfleisch  of  syjihiloma  ossium. 
Several  hemorrhagic  extravasations  were  found  in  the 
perineurium  of  the  tympanic  plexus  and  these  as  well 
as  the  proliferation  of  the  periosteum  explained,  they 
thought,  the  genesis  of  many  of  the  so-called  pure  ner- 
vous otalgias  occurring  without  objective  sigus  of  ear 
disease  in  the  course  of  constitutional  sypliilis.  They 
are  also  of  the  opinion  that  in  cases  of  aural  trouble  with- 
out objective  symptoms,  occurring  in  syphilitic  subjects, 
in  which  the  functional  examinations" pointed  to  a  per- 
ipheral disease  of  the  ear,  the  diagnosis  of  periostitis  of 
the  labyrinthine  wall  miglit  thereafter  be  made  with  a 
great  degree  of  probability.  The  attacks  of  otalgia 
would  serve  as  an  adjunct  in  making  the  diagnosis. 

The  penetration  of  the  proliferating  periosteum  into 
the  thin,  long  septum  dividing  the  osse'ous  portion  of  the 
tube  from  the  carotid  canal  will  afford  an  explanation 
for  those  fatal  hemorrhages  which  occasionally  occur  in 
syphilitic  subjects,  and  which  are  attributable  to  caries. 
The  observed  changes  in  the  floor  of  the  right  tympanic 
cavity  invile  attention  to  the  possible  involvement  of  the 
bulbus  ven;iB  jugularis,  similar  to  that  of  the  carotid  in 
the  dangerous  hemorrhages  occurring  in  tertiary  syphilis. 

Among  other  changes  found  may  be  mentioned;  the 
absence  of  a  not  inconsiderable  number  of  fibres  of  the 
right  facial  nerve;  the  presence  of  rust  brown,  homo- 
geneous deposits  between  the  fibres  of  the  acoustic  nerve ; 
the  destruction  of  ganglion  cells  and  nerve  fibres  in  Ro- 
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seuthal's  canal  in  the  lirst  turn  of  the  coclilea,  and  hemor- 
rhagic extravasations  between  tlie  nerves  of  the  modiolus 
of  the  same  side;  and  the  absence  of  the  outer  cells  of 
Corti,  which  may,  however,  have  been  due  as  well  to  the 
action  t)f  reagents  as  to  a  pathological  process. 

In  marked  contrast  with  the  great  changes  found  in 
the  above  case  was  tlie  condition  of  the  structures  of  the 
ears  in  a  case  observed  by  Betz,''  who  with  von  Troeltsch 
made  the  autopsy.  A  man,  thirty-six  years  of  age 
Otorrhira  and  moderate  hardness  of  hearing  since  m- 
fancy.  Eight  years  before  death  he  contracted  syphilis 
of  which  symptoms  were  still  present  five  years  before 
he  died.  A  few  yeai's  after  infection  there  was  a  great 
increase  in  the  hardness  of  hearing.  During  three  years 
of  his  life  he  was  totally  deaf. 

Autopsy:  The  right  car  was  free  from  caries.  The 
left  ear  revealed  otitis  media  purulenta  with  kidney- 
shaped  perforation  of  the  drum  membrane.  The  lining 
membrane  of  the  tympanic  cavity  was  much  thickened 
and  injected.  Ulcei'ation  of  mucous  membrane  or  ex- 
posure of  bone  could  not  be  discovered.  The  anvil  and 
stirrup  were  completely  preserved  and  freely  movable. 
There  was  no  caries  anywhere.  With  the  exception  of  a 
shght  thickening  of  the  contents  of  the  vestibule,  and 
uncommon  abundance  of  otohths,  the  inner  ear  seemed 
normal.  In  his  comments  on  the  autopsy  von  Troeltsch 
points  out  that  it  does  not  in  the  least  explain  the  total 
deafness,  the  cause  of  which  must  therefore  be  sought 
for  in  the  brain. 

In  the  other  cases  examined  after  death,  only  such  al- 
terations were  found  as  are  seen  in  purulent  inflammation 
of  the  middle  ear  in  non-syphilitic  subjects. 

The  prognosis^a  favorable  onl^'  in  the  beginning  of  the 
ear  disease,  in  the  milder  cases,  and  in  persons  of  strong 
constitution:  but  when  this  disease  occurs  in  cachectic 
individuals,  or  is  complicated  with  polypi  and  caries,  or 
the  hearing  is  totally  destroyed,  the  prognosis  is  very  bad. 
Yet  recovery  has  been  observed  under  judicious  general 
treatment  in  cases  which  seemed  hopeless. 

The  local  treatment  usually  adopted  for  the  non-syphili- 
tic form — viz.,  thorough  and  frequent  cleansing  witli 
warm  salt  water  when  the  otorrhaa  is  at  all  copious ;  instil- 
lation of  warm  nitrate-of -silver  solution  or  of  alcoholic  and 
watery  solutions  of  corrosive  sublimate  (as  recommended 
by  BUrkner),  after  all  pain  has  ceased ;  the  removal  of 
granulations  with  the  wire  snare  or  with  the  sharp  spoon, 
etc. — will  be  found  of  service  as  well  in  the  syphilitic 
form.  That  in  this,  as  in  all  syphilitic  ear  affections,  a 
thorough  course  of  antisyphilitic  remedies,  perhaps  com- 
bined with  tonics  and  a  generous  diet,  is  as  necessary  as 
the  local  treatment  for  the  ear  affection,  is  the  experience 
of  all  who  have  written  on  the  subject. 

Neuralgia  of  the  middle  ear,  due  to  constitutional  syphi- 
lis, is  an  extremely  rare  disease.  Usually  syphilitic  dis- 
ease of  the  faucial  orifice  of  the  Eustachian  tube  or  of 
some  part  of  the  pharynx  or  larynx  is  present  at  the  same 
time,  and  is  probably  the  starting-point  of  the  pain  in  tlie 
ear.  The  entire  absence  of  objective  symptoms  of  dis- 
ease of  the  tympanic  cavitv,  and  the  paroxysmal  charac- 
ter of  the  pain,  will  establish  the  diagnosis.  Moos,  as 
we  have  seen,  thinks  that  the  hemorrhage  in  the  neuri- 
lemma of  the  plexus  tympanicus,  as  well  as  the  prolifer- 
ation of  the  periosteum  which  he  found  in  one  of  the 
cases  examined  by  him,  explains  to  us  the  genesis  of 
many  cases  of  so-called  pure  "nervous  otalgia,"  occur- 
ring without  objective  signs  of  ear  di.sease  in  the  course 
of  constitutional  syphilis.  Kirchner"  also  believes  that 
the  otalgia  is  due  to  a  periostitis  and  disease  of  the  ves- 
sels of  the  tympanic  cavity.  The  treatment  must  be 
directed  against  the  constitutional  disease;  and  if  disease 
of  the  pharynx  or  larynx  is  present,  applications  to  these 
parts  will  also  be  of  benefit.  Of  these,  cocaine  will  prob- 
ably give  greater  temporary  rehef  than  any  other  rem- 
edy. Schwartze  has  found  of  especial  use  gargles  of  a 
solution  of  the  bromide  of  potassium  in  such  cases. 

The  Eustachian  Tube.— Instances  of  primary  syphi- 
litic sores  at  or  near  to  the  pharyngeal  orifice  of  the  Eu- 
stachian tube  have  been  observed,  according  to  Politzer, 


by  Ricord,  Lanccreaux,  Blanchet,  Fournier,  Bouquay 
Laboulbene,  Baratoux,  and  others.  .T.  Solis  Cohen ("  Dis- 
eases of  the  Ihroat,"  p.  113)  says  that  he  has  seen  a  fear- 
lul  case  of  ravage  from  a  chancre  (locality  not  specified) 
communicated  by  the  incautious  use  of  the  Eustachian 
catheter.  Chancres  of  the  naso-pliaryugeal  cavity  are 
however,  according  to  all  writers,  of  extremely  rare  oc- 
ciirrence.  The  contagion  is  probably  always  conveyed 
through  the  Eustachian  catheter.  The  sores  present  no 
characteristic  featui-es.  The  floor  of  the  chancre  is  usu- 
ally indurated  and  the  lymphatic  glands  at  the  angle  of 
the  lower  jaw  are  commonly  much  enlarged.  The  sore 
as  a  rule,  causes  but  little  pain.  Primary  chancres  of 
the  pharynx,  like  erratic  chancres  occurring  in  other 
parts,  are  usually  single.  The  treatment  must  consist  of 
mercury  administered  internally  or  by  inunction,  and 
local  application  of  iodoform  or  iodol;  but  if  the  sores 
prove  intractable,  they  should  be  touched  with  tlie  acid 
nitrate  of  mercury  or  other  caustics. 

Constitutional  syphilis  rarely  causes  isolated  affections 
of  the  Eustachian  tube.  As  a  rule,  the  adjacent  mucous 
membrane  is  the  seat  of  the  same  morbid  process.  The 
earlier  manifestations  of  syphilis  met  with  in  this  local- 
ity are  erythema,  mucous  patches,  and  superficial  ulcera- 
tion. The  erythema  may  be  generally  diffused  over  the 
whole  mucous  membrane,  or  distributed  in  irregular 
patches  between  which  the  mucous  membrane  is  of  nor- 
mal color.  While  not  infrequently  the  syphihtic  ery- 
thema presents  no  features  by  which  it  can  be  positively 
distinguished  from  the  simple  catarrhal  inflammation  o"f 
the  mucous  membrane,  a  symmetrical  distribution  of  thi^ 
erythematous  patches  is  regarded  by  many  authors  as 
strong  evidence  of  the  syphilitic  nature  of  the  disease. 
Mucous  patches  may  occur  in  any  part  of  the  naso- 
pharynx, and  have  been  occasionally  observed  on  the 
tubal  prominence.  They  present  themselves  as  small, 
round,  slightly  elevated  patches  of  a  grayish-white  color, 
surrounded  by  a  zone  of  more  or  less  inflamed  mucous 
membrane.  Ulcers  are  comparatively  seldom  found  in 
the  naso-pharyngeal  cavity  in  the  early  part  of  the  sec- 
ondary stage.  They  are  usually  quite  shallow,  and  are 
nearly  alwaj's  theresidt  of  the  breaking  down  of  mucous 
patches.  Usually  the  ulceration  begins  in  the  middle  of 
the  mucous  patch,  and  gradually  spreads  to  its  periphery. 

Excrescences  resembling  pointed  condylomata  liavc 
been  observed  on  the  phaiyngeal  mucous  membrane  in 
two  eases  by  Schwartze.  In  connection  with  the  morbid 
states  above  briefly  described,  we  very  often  find  redness 
and  more  or  less  oedematous  swelling  of  the  mucous  mem- 
brane of  the  greater  part  of  the  cartilaginous  portion  of 
the  Eustachian  tube.  Frequently  there  is  also  a  great  in- 
crease in  the  secretion  from  the  mucous  membrane,  so 
that  then  on  inspection  the  upper  portion  of  the  pharynx 
is  found  covered  by  or  filled  with  it. 

The  subjective  symptoms  are  those  of  ordinary  catar- 
rhal inflanimation  of  the  Eustachian  tube,  viz.,  slight 
pain  in  the  throat,  extending  to  the  ear,  especially  on 
swallowing;  pressure  and  a  sense  of  fulness  in  the  ear; 
more  or  less  impairment  of  hearing,  and  subjective 
noises.  Vertigo  and  headache  are  rarely  complained  of. 
Auscultation,  during  inflation  of  the  Eustachian  tube 
through  the  catheter,  commonly  reveals  distant  moist 
rales,  which  cease  after  the  secretion  has  lieen  forced  into 
the  pharynx.  The  drum  membrane  shows  changes  here, 
as  in  simple  catarrh  of  the  tube,  only  after  the  ventila- 
tion of  the  tympanic  cavity  has  been  interfered  with  for 
some  time,  and  these  consist  chiefly  in  a  retraction  and 
duluess  of  this  structure. 

The  prognosis  is  always  favorable  under  proper  man- 
agement of  the  case. 

The  treatment  of  the  diseases  of  the  Eustachian  tube 
occurring  in  the  secondary  stage  consists  in  the  admin- 
istration of  mercury ;  the  cleansing  of  the  naso-pharyngeal 
space  by  means  of  the  posterior  nasal  syringe  or  an  ato- 
mizer •  topical  apphcations  of  weak  solutions  of  corrosive 
sublimate  or  nitrate  of  silver  to  the  mucous  membrane  of 
the  nasopharynx ;  and  frequent  inflation  of  the  Eusta- 
chian tube  through  a  catheter  or  by  Politzer's  method. 
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In  tlie  tertiary  stan'e,  gumiuv  tuiiKirs  ami  (k-cji  ulcers, 
sometimes  invoiving'"tlie  cartilage  of  the  lube  arc  occa- 
sionally met  with  at  or  within  the  faucial  onhcc.  Ac- 
eordinLrto  Zauf,»- the  plica  salpingo-pharyngia  is  most 
frequently  the  seat  of  gnmmata.  Tliey  present  them- 
selves as  Vounil  tumors  of  a  yellowish-red  or  red  color, 
smooth  surface,  and  a  broad  base,  \-arymg  m  size  from 
a  pea  to  a  hazelnut.  The  deep  ulcerations  found  in  this 
stage  of  the  disease  are  probably  always  the  result  of  the 
breaking  down  of  gummatous  deposit.  Such  ulcers  arc, 
according  to  Sehwarlze,  not  infrequently  found  on  the 
tubal  prominence  and  at  the  entrance  to  the  faucial  ori- 
fice, together  with  similar  ulcers  on  the  .septum  nanum, 
choana',  forni.v.  i)osterinr  surface  of  the  velum  palati, 
etc.,  in  cases  in  which  the  usual  inspection  without  the 
rlnnoscopie  mirror  fails  to  arouse  a  suspici<m  as  to  their 
presence.  They  have,  however,  been  seldom  found  be- 
yond the  mouth  of  the  tube.  These  ulcers  frequently 
spread  with  great  rapidity  and  cause  extensive  destruc- 
tion. If  seated  on  or  near  the  mouth  of  the  tube,  a  com- 
plete growing  together  of  its  walls  may  occur  during 
cicatrization  of  the  ulcer.  The  aural  symptoms  caused 
by  an  ulcer  on  or  near  the  minith  of  the  tube  do  not 
differ  from  those  described  under  the  head  of  di.sea.ses  of 
the  secondary  stage.  Pain  referred  to  the  ear  is,  liow- 
ever,  more  frequently  complained  of  in  connection  with 
ulceration  than  witli  erythema  and  mucous  ]>atehes  on 
or  near  the  mouth  of  the  passage. 

In  the  treatment  of  the  tertiar}'  symptoms  (jur  chief 
reliance  must  be  placed  on  iodide  of  potassium  alone  or 
in  combination  with  mercury.  Locally,  nitrate  of  silver, 
in  substance  or  in  solution,  the  acid  nitrate  of  mercury, 
iodoform,  or  iodol,  may  be  applied  daily  or  less  often. 
Thorough  cleansing  of  the  ulceration  should  precede  the 
application  of  the  remedies  named. 

liyperostods  and  exostosia  of  the  osseous  jiart  of  the  Eu- 
stachian tube  are,  according  to  Gruber,*"  sometimes 
caused  hy  syphilis.  This  is,  however,  denied  by  other 
writers. 

Mastoid  Pkocess. — Oatcn-xclerosis  and  hyperostosis  of 
the  mastoid  process  are,  according  to  Schwartze,  some- 
times caused  by  syphilis.  We  know  of  no  signs  by 
which  a  differential  diagnosis  can  be  made  between  the 
idiopathic  and  syphilitic  forms  of  tlies(^  diseases.  A 
course  of  antisyphilitic  treatment  will,  however,  soon 
decide  which  form  we  have  to  deal  with.  Gummata  of 
the  mastoid  cells  are  extremely  rare.  Superficial  and 
exten.sive  caries  of  the  outer  cortex  of  the  mastoid  proc- 
ess, without  disease  of  the  middle  ear.  occurs,  according 
to  Schwartze,  only  as  the  result  of  syphilitic  or  tubercu- 
lous periostitis.  The  syphiloma  or  gumma  may  develop 
under  the  picture  of  a  periostitis  of  the  mastoid  process. 
It  may  break  down  in  parts  and  simulate  the  feeling  of 
fluctuation.  Its  development  may  be  very  rapid,  and 
it  may  disappear  as  quickly  under  antisyphilitic  treat- 
ment," 

The  Inkei!  Eak,— Of  the  affections  of  the  organ  of 
hearing  caused  by  syphilis,  diseases  of  the  inner  ear  are 
probably  least  frequently  met  with.  These  diseases  usu- 
ally make  their  appearance  toward  tlie  latter  part  of  the 
secondary  .stage,  or  at  a  still  later  period,  Accordin'T  to 
Pohtzer,  they  are  sometimes  developed  simultaueously 
with  secondary  skin  or  throat  affections,  and  in  one  case 
observed  by  huu,  a  disease  of  the  inner  ear  appeared  as 
early  as  the  seventh  day  after  the  jirimary  infection 
J  he  .same  author  has  also  recorded  a  ease  in  which  lab\  - 
rinthuie  disease  was  developed  simultaneously  with"  a 
gumma  of  the  .skull,  twenty-one  y,.ars  after  i„ lection - 
and  the  present  writer  has  notes  of  a  case  in  which  su.l- 
den  and  absolute  deafness  of  one  ear,  in  connection  an  ill, 
naso-eramal  osteitis,  oecurivd  twenlv  si\-  vears  after  the 

twcnty-hve  years  of  complete   fn.MJom   from  sympt.mis 
of  consitutmnal   .syphilis,     ilul.-hins.ai    C'Syiihiis" 
33),  on  the  other  hand,  has  no  knowledije  of  any  form     f 
stil'TfH'^'"   ♦",''.Vr''ilis  which   occurs  in   the   lev    ,, 
stage  of  the  acquired  form  ■ 

The  diseases  of  il,.:  labyrinth  may  be  <l,.ve|„pc,l  alone 
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or  in  association  with  tympanic  diseases.  Frequently 
they  supervene  on  pre-existing  catarrhal  or  purulent  in- 
flammation of  the  middle  ear. 

The  symptoms  of  syphilitic  disease  of  the  labyrinth  do 
not  differ  essentially  from  those  of  the  affection  of  this 
part  due  to  other  causes.  In  this  form,  as  in  diseases  of 
the  laliyrinth  in  general,  a  marked  diminution  or  total 
loss  of  the  liearing  power  in  one  or  both  ears  occurs,  usu- 
ally more  or  less  suddenly.  Subjective  noises,  of  a  vari- 
able nature,  often  of  great  intensity,  sometimes  precede 
the  onset  of  the  deafness,  but  more  commonly  are  devel- 
oped at  the  .same  time.  They  are  rarelj^  entirely  absent. 
Vertigo  and  unsteadiness  of  "gait  sometimes  usher  in  the 
attack,  but  more  frequently  these  symptoms  follow  the 
deafness.  Nausea,  vomiting,  headache,  and  weakness  in 
the  limbs  arc  also  early  symjjtoms  in  many  cases.  Pain 
in  tlie  ear  very  rarely  accompanies  the  attack.  Inspec- 
tion of  the  drum  membrane  will  in  many  cases  give  a 
negative  result,  while  in  others  it  will  reveal  the  changes 
usually  found  in  connection  with  chronic  catarrhal  dis- 
ease of  the  miildle  ear.  Evidencesof  acute  inflammation 
of  the  tympanic  cavity  are  usually  wanting.  The  air 
douche  through  the  catlieter  commonly  shows  a  pervi- 
ous Eustachian  tube,  and  the  sounds  lieard  on  ausculta- 
tion are  generally  broad  and  diy. 

A  closer  examination  of  the  hearing  pjower  in  these 
cases  shows  that  besides  the  impairment  of  hearing  for 
the  voice,  the  perception  of  sounds  through  the  bones  of 
the  skull  is  either  greatl}'  diminished  or  entirely  want- 
ing. In  cases  in  which  both  ears  are  deaf,  vibrating 
tuning-forks  placed  on  the  vertex  or  between  the  teeth 
are  usually  not  lieard  at  all,  and  in  cases  in  which  only 
one  ear  is  diseased,  the  tuning-forks  are  heard  most  dis- 
tinctly in  the  health}'  ear  and  never  only  in  the  affected 
ear.  Placed  on  the  mastoid  process  of  the  affected  side, 
the  tuning-fork  (the  writer  usually  employs  for  this  pur- 
pose a  small  C'^  fork  of  212  vibrations  a  second),  if  heard 
at  all,  is  heard  from  this  part  less  long  than  normally  in 
persons  of  the  same  age.  In  cases  of  great  impairment 
of  hearing  for  the  voice  the  employment  of  Rinne's  test 
nearly  always  shows  the  predominance  of  aerial  over 
bone  conduction ;  while  in  total  deafness  for  the  voice 
small  tuning-forks  are  not  pierceived  at  all,  but  very  large 
ones,  when  struck  with  much  force,  are  heard  when 
placed  on  the  mastoid  process.  The  examination  with 
the  piano  or  tuning-forks  of  different  pitch,  not  infre- 
quently shows  tliat  the  perception  of  certain  tones  of  the 
scale,  usuallj'  the  highest,  is  diminished  or  destroyed,  or 
that  whole  groups  of  tones  are  not  perceived.  In  a  case 
observed  by  Knapp,"  tuning-forks  of  high  and  low  pitch 
were  not  heard,  while  those"  of  medium  pitch  were  per- 
ceived: neither  the  highest  four  (e""— a'  ")  nor  the  low- 
est four  tones  (A''^— D')  were  heard;  the  octave  next  to 
the  highest  was  lieard,  and  that  above  the  lowest  tones 
onl)'  feebly.  The  power  of  appreciating  low  tones  is  the 
last  to  suffer  and  the  first  to  recover  in  most  cases,  so 
that  these  will  be  heard  when  the  high  ones  are  not 
heard  at  all,  or  false,  or  doubled, »'■'  In  a  case  reported  by 
Blake  and  "Walton,''*  a  tuning-fork  (.J63  v,  s,)  was  heard 
in  the  left  car  one-fifth  higher  than  in  the  right;  and 
sixteen  da.ys  later,  tuning-forks  (•■)()0  v,  s,  and  1,200  v,  s,) 
which  were  heard  through  the  air,  and  the  tone  repro- 
duced by  the  patient's  singing,  normally  in  the  right 
ear,  were  heard  and  reprculuced  below  their  pitcli  in  the 
left  ear;  otherwise  the  hearing  was  equally  good  in  both 
ears. 

The  course  of  this  disease  is  not  always  the  same  in  all 
eases.  While  the  (dinical  picture  usually  presented  is 
that  of  a  very  rapid  deelinc  of  the  hearing  power,  till 
complete  deafness  is  reached,  the  progress  in  the  impair- 
ment is  in  some  ca.scs  comparatively  slow.  In  cases  ob 
served  by  Politzer,  nearly  total  deafness  was  present 
three  days  after  the  onset  of  the  disease.  Concussion  of 
the  head,  sometimes  of  slight  degree,  will  occasionally 
cau.se  a  raiiid  increase  in  the  deafness  in  these  cases  (Pol- 
itzer. Troeltsch,  I'riiantschitsch,  Gruber),  Fluctuation 
ill  the  deafness  is  less  often  observed  in  this  disease  than 
in  affections  of  the  middle  ears.     The  vertigo,  unsteadi- 
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uoss  of  gait,  iiiul  lieadiK'lu;  guncniUy  continue  for  u  few 
weelvs-or  monllis,  and  Ihen  giailually  (lisap])eai-.  The 
hardness  of  lieariiig  nnCortunately  ofien  remains,  and  in 
the  few  cases  which  end  in  recovery  tlie  improvement 
talies  place  very  slowly. 

Syphilitic  disease  of  the  labyrinth  cannot  lie  distin- 
guished from  disease  of  this  ]")art  due  to  other  causes, 
either  by  the  aural  symptoms  or  by  the  hearing  tests  em- 
ployed. The  sudden  onset  of  the  disease  and  the  rapid 
progress  of  the  deafness  for  the  voice,  together  with  t  lie  ab- 
sence of  bone  conduction,  are  regardetl  by  manj-  authors 
as  peeidiar  to  the  syphilitic  form  of  this  di.sease.  Tlie 
present  writer  has,  however,  seen  quile  a  nundier  of  cases 
presenting  such  a  histoiy  in  which  syiiliilis  was  entirely 
out  of  the  ciuestion,  aud  therefore  cannot  regard  the  above- 
mentioned  symptoms  as  characteristic  of  syphilis  of  the 
inner  ear.  If,  hoAvever.  the  train  of  symptoms  described 
occurs  in  connection  with  undoubted  evidence — in  the 
skin,  the  eye,  or  other  parts  of  the  body — of  constitutional 
syphilis,  or  in  an  individual  with  a  clear  history  of  ,syph- 
ilis,  we  may  assume  with  much  conlidence  that  the  laby- 
rinth disease  is  due  to  the  invasion  of  syphihs.  In  the 
absence  of  a  history,  or  of  other  symptom  of  syphilis, 
our  suspicion  as  to  its  presence  slnndd  be  aroused,  nevei- 
theless;  and  we  should  make  a  searching  examination  foi- 
its  presence  in  all  cases  of  sudden  loss  of  hearing,  unac- 
companied by  pain,  occurring  in  vigorous  young  or 
middle-aged  persons  whose  nervous  system  was  in  a  heal- 
thy condition  previous  to  the  attack,  and  in  whom  trau- 
matism or  other  plau.sible  causes  of  the  deafness  can  be 
excluded  (Schwartze).  In  several  of  such  cases  in  which 
S3'philis  was  absolutely  denied,  Politzer  was  enabled  by 
a  rigorous  search  to  prove  conclusively  that  constitu- 
tional syphilis  was  the  basis  of  the  ear  disease.  In  this 
connection  it  should  also  not  be  forgotten  that  an  out- 
break of  tertiary  symptoms  ma}-  occur  after  a  long  period 
of  apparently  good  health. 

The  differential  diagnosis  between  this  disease  and 
affections  of  the  middle  ear  involves  no  great  difficulty 
in  recent  cases.  The  absence  of  objective  symptoms  of 
middle-ear  disease,  and  the  results  of  te.sts  with  tuning- 
forks  and  the  piano  will  decide  the  diagnosis.  The  case 
is,  however,  entirely  different  if  well-marked  signs  of 
middle-ear  disease  are  present,  and  more  particularly  if 
both  ears  are  diseased  and  the  loss  of  hearing  has  devel- 
oped graduallv.  Under  these  circujiistances  the  results 
of  even  the  most  patient  examination  \\ith  tvniing-forks 
and  the  piano  will  often  leave  it  undecided  whether  one 
or  the  other  or  both  parts  are  diseased.  The  superven- 
tion of  syphihtic  disea.se  of  the  labyrinth  upon  middle-ear 
disease  ma)-  be  inferred  from  the  history  of  the  case,  the 
suddenness  of  the  increase  in  the  hardness  of  hearing,  and 
the  result  of  the  hearing  tests  i)reviously  mentioned. 

So  far  as  is  known  to  the  present  writer,  Roosa  {op.  cit.. 
p.  610)  is  the  only  author  who  thinks  that  we  are  justi- 
fied in  going  a  little  farther  in  our  classification  than 
merely  to  state  that  this  is  a  disease  of  the  labyrinth.  We 
may  perhaps,  he  says,  diagnosticate  disease  of  the  cocli 
lea,  or  at  least  say  that  the  affection  of  the  cochlea  is 
predominant  in  certain  cases  (great  impairment  of  hear_ 
ing,  inability  to  hear  certain  tones,  and  the  production  of 
false  ones),  just  as  we  may  speak  of  disease  of  the  semi- 
circular canals,  when  Aertigo  and  staggering  gait  are  the 
predominant  symptoms.  To  such  cases  he  applies  the 
name  of  syphilitic  cochleitis. 

With  regard  to  the  ixithological  anatomy  of  syphilitic 
disease  of  the  labyrinth,  it  must  be  admitted  that  our 
knowledge  is  still  in  a  very  unsatisfactory  state.  Indeed 
Schwartze,  than  whom  no  one  is  better  qualified  to  ex- 
press an  opinion  on  this  subject,  does  not  hesitate  to  say 
that  we  have  no  anatomical  knowledge  whatexer  of  this 
disease,  and  that  the  pathological  changes  in  the  laby- 
rinth found  by  Toynbec.Gruber,  Moos,  Politzer,  and 
others,  of  which  a  brief  account  will  be  given  farther  on, 
cannot  be  regarded  as  specific,  since  the  same  alterations 
occur  in  nomsyphilitic  cases.  The  condition  of  the  organ 
of  hearing  found  post  mortem  in  individuals  in  whom 
syphilis  and  ear  disease  were  known  to  have  existed,  was 


as  follows.  In  a  case  of  secondary  svpliUis,  with  catarrii 
ot  the  middle  ear,  dcserilicd  l,y  Vollelini,"  there  was 
found  hyperaMiiia  of  the  vestibuk',  of  tlie  commencement 
of  the  cochlea,  and  of  the  horizontal  semieircnlar  canal 
and  hyperostosis  coiitined  t(j  the  parts  surrounding  the 
fenestra  ovalis.  Grulier  ■■' foiiiul  in  a  syphilitic  .subject 
who  had  become  sud<lenly  totally  deaf,  and  who  died 
from  tyijhus  fever,  considerable  hyperemia  of  the  lining 
membrane  of  the  tympanic  cavity  and  of  the  membran- 
ous labyrinth,  which  appeared  much  thickened.  The 
fluid  in  the  labyrinth  was  abundant  in  quantity  and 
l.)U)ody  in  color.  It  is  not  stated  that  a  microscopic  ex- 
amination was  made.  Whether  the  changes  found  in  this 
case  were  the  result  of  syphilis  or  of  the  typhus  must 
remain  undecided. 

Moos""  made  an  examination  of  the  right  petrous  bone 
of  a  woman,  forty -nine  years  of  age,  who  had  been  very 
deaf  on  this  side  and  blind  in  her  right  eye  since  her  sev- 
enteenth year.  The  deafness  and  blindness  were  attrib- 
uted by  her  to  washing  her  head  while  in  a  .state  of  per- 
spiration. In  the  liist()iy  of  the  case  it  is  said  that  she 
had  been  treated  for  syphilis,  but  whether  the  infection 
occurred  lietore  or  after  the  development  of  the  deafness 
is  not  stated.  She  died  from  intracranial  disease.  At 
the  autopsy,  made  by  Professor  Arnold,  parts  of  the  right 
parietal  bone  were  found  to  be  atrophied  in  con.sequence 
of  gummy  tumors.  There  were  gelatinous  oodema  of 
the  pia  mater  and  hydrocephalus  iuternus.  In  the  right 
corpus  striatum  was  found  a  fresh  diffuse  hemorrhage. 
Old  syphilitic  scars  were  seen  in  the  liver.  The  exami- 
nation of  the  petrous  bone,  made  by  Moos,  showed,  besides 
alterations  in  the  drum  membrane  and  in  the  tympanic 
cavitj',  rarefactive  osteitis  in  the  posterior  semicircular 
canal.  The  stapes  was  firmly  united  with  the  oval  win- 
dow. The  membranous  structures  of  the  vestibule  and 
the  membranous  semicircular  canals  were  in  part  inti- 
mately attached  to  the  periosteum  by  connective-tissue 
bands,  with  the  exception  of  the  posterior  membranous 
semicircular  canal,  which  was  much  thickened  but  not 
adherent  to  the  periosteum.  In  tho.se  parts  of  the  semi- 
circular canals  which  could  still  be  isolated,  the  epithe- 
lium aud  the  connective-tissue  membrane  were  no  longer 
distinguishable.  They  Avere  covered  partly  by  innumer- 
able large  and  small  cells  lying  close  together.  The 
bands  of  newly  tVirmed  connective  tissue  between  the 
periosteum  and  the  connective-tissue  membrane  were 
also  infiltrated  with  cells.  The  form  and  stnicture  of 
the  membranous  portion  of  the  vestibule  were  obliterated 
by  a  thick  layer  of  hyperplastic  connective  tissue  which 
covered  the  liiembrane  almost  everywhere ;  in  some  cen- 
tral places  of  the  membrane,  where  the  tissue  was  less 
opaque  and  more  reticulate,  the  described  infiltration  of 
cells  could,  however,  be  observed.  Where  the  newly 
formed  connective  tissue  was  most  abundant  there  were 
seen  numerous  isolated,  and  in  some  places  aggregated, 
globular  concretions  of  phosphate  of  lime.  The  lamina 
spirahs  was  of  a  lemon  color,  it  was  much  thickened  and 
appeared  under  the  microscope  very  opaque,  very  vascu- 
lar, aud  infiltrated  with  numerous  cells ;  of  its  several 
zones  only  the  dentate  region  could  be  made  out. 

Commenting  on  the  above  Moos  says:  "The  above- 
described  anatomical  lesions  of  the  organ  of  hearing  fur- 
nish a  suflicient  explanation  of  the  total  deafness  during 
life  Leaving  out  of  account  the  myringitis  which  su- 
pervened tow'ard  the  end  of  lite,  the  deafness  was  due  to 
the  ankylosis  of  the  ossicles  and  the  chronic  inflamma- 
tion of  the  labyrinth.  Very  probably  this  condition  re- 
sulted from  secondary  syphilis,  although  the  microscopic 
data  would  not  of  themselves  point  to  it  as  a  specific 
cause  As  far  as  I  know,  we  have  not  as  yet  rehable 
anatomical  signs  of  syphilitic  inflammation  of  the  laby- 
rinth We  know  too  little  of  the  pathological  anatomy 
of  the  labyrinth  to  be  able  to  decide  this  question." 

In  another  case  of  constitutional  syphilis  examined  by 
Moos  ='  in  which  violent  subjective  noises,  vertigo,  and 


nain  m  the  bones  of  the  skull  were  followed  later  by  a 
remarkably  rapid  destruction  of  the  hearing  power,  he 
found  the 'following  condition:  The  osseous  substance  of 
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the  petrous  lione  was  sclerosed  wherever  it  was  exam- 
ined The  middle  ear  was  entirely  normal  in  every  part. 
The' labyrinth  alone  showed  pathological  alteration,s. 
The  periosteum  of  the  vestibule  was  slightly  thickened ; 
the  foot  plate  of  the  stapes  was  also  thickened  and  im- 
movable The  connective-tissue  supports  between  the 
bony  walls  of  the  vestibule  and  the  vestibular  ineml)ran- 
oiis  structure  were  hyperplastic  and  infiltriited  with  small 
cells  The  connective-tissue  membrane  itselt  oi  the  mem- 
branous vestibular  structures  was  likewise  hyperplastic 
and  infiltrated  with  small  cells.  The  periosteum  of  the 
lamina  spiralis  ossea,  as  well  as  all  the  zones  of  the  lamina 
spiralis  membranacea,  exhibited  the  same  small-cell  m- 
liltration.  The  exudation  consisted  of  small  round  cells, 
with  a  few  oval  ones  containing  a  single  nucleus,  which 
were  placed  with  regularity  very  close  to  each  other. 
With  regard  to  the  degree  of  dissemination  of  the  infil- 
tration, it  remains  to  be  mentioned  that  the  periost(!um 
of  the  lamina  spiralis  ossea  was  much  less  infiltrated  than 
that  of  the  zona  pectiuata  and  Corti's  arches;  the  two 
last-named  regions  were  so  densely  infiltrated  that  but 
few  of  the  teeth  and  of  Corti's  arches  could  be  seen  dis- 
tinctly ;  on  the  other  hand,  the  infiltration  was  more  copi- 
ous in  the  ampulla'  and  saeculi,  and  in  the  connective- 
tissue  supports  between  them  and  the  bony  walls,  than  in 
the  membranous  semicircular  canals.  The  trunk  of  the 
auditory  nerve  was  intact. 

According  to  Politzer,"'  recent  investigations  leave  no 
doubt  that,  in  cases  of  long  duration,  a  chronic  inflamma- 
tion of  the  lining  membrane  of  the  labyrinth  may  result 
in  a  periosteal  bone  proliferation  in  the  cavity  of  the  laby- 
rinth. The  following  case  occurred  in  his  own  practice: 
The  patient  was  a  man,  fifty  years  of  age,  who  had  been 
totally  deaf  for  ten  years  in  consequence  of  syphilis.  In 
the  right  drum  membrane  two  broad,  ribbon-shaped 
stripes  extended  downward  at  an  acute  angle  from  the 
end  of  the  handle  of  the  hammer.  Bone  conduction  was 
destroyed.  Death  was  caused  by  phthisis  pulmonalis. 
Autopsy;  Tae  ribbon-shaped  stripes  on  the  drum  mem- 
brane proved  to  be  ridges  of  horny,  thickened  epidermis. 
The  lining  membrane  of  the  tympanic  cavity  and  the 
ossicles  were  normal  on  both  sides.  In  decalcified  sec- 
tions of  the  cochlea,  pathological  alterations  were  mainly 
found  in  the  ganglion  cells  in  Rosenthal's  canal.  Within 
these  cells  were  seen  .small,  round,  granular  cells  without 
a  distinct  nucleus,  and  also  oval  and  annular  bodies,  in 
only  a  few  of  which  a  nucleus  could  be  recognized. 
(Atrophy  and  degeneration  of  the  ganglionic  cells  in  the 
ganglion  spirale. )  The  modiolus  showed  in  spots  a  retic- 
ular structure.  In  the  spiral  membrane,  in  the  vestibule, 
and  in  the  .semicircular  canals  no  changes  were  visible 
which  could  be  interpreted  as  pathological. 

Pathological  alterations  in  the  blood-vessels  of  the  inner 
ear,  similar  to  those  described  by  Heubner  as  occurring 
in  syphilis  of  the  brain,  have  thus  far  been  observed  (jnly 
in  a  case  examined  by  Baratoux. 

The  prognosis  must  be  guarded  as  regards  the  recovery 
of  hearing.  In  acute  cases  of  recent  date  recovery  has 
occasionally  followed  the  energetic  employment  of  mer- 
cury and  iodide  of  potassium;  but  in  eases  of  gradual 
loss  of  hearing  or  in  those  of  long  standing,  the  progno- 
sis is  decidedly  unfavorable.  Politzer  is  of  the  opinion 
that  the  degree  of  deafness  is  not  always  decisive  for  the 
recovery  of  normal  hearing,  since  recovery  from  total 
deafness  has  been  observed  ;  while,  on  the  other  hand,  in 
milder  cases,  active  an tisyphilitic  treatment  not  only  fails 
to  produce  an  improvement,  but  is,  moreover,  sometimes 
followed  by  an  increase  in  the  deafness.  This  author 
has  also  seen  patients  in  whom  the  deafness  came  on 
while  they  were  under  the  influence  of  mercury. 

TmUiaent.—li  the  ear  disease  occurs  during  "the  earlier 
stages  of  CHinstitutional  .syi)hilis,  mercury  should  be  used 
Ireely,  preferably  byinuncrions,  rill  the.system  isbrou'dit 
under  Its  influence;  after  that  the  remedy  must  !„■  eon- 
tinued  in  smaller  do.ses  for  a  long  period.  ]\Iercurial 
haths  subcutaneous  injections  of  corrosiv(.  subliiiiale 
and  the  internal  administration  of  calomel,  blue  iiill  iind 
other  preparations  of  mercury,  may  be  substituted  for 
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tlie  inunctions  when  they  are  objected  to.  The  iodide  of 
potassium,  alone  or  in  combination  with  mercury,  is  es- 
pecially useful  in  cases  occurring  during  the  interinediate 
or  tertiary  stage.  Roosa  has  obtained  very  encouraging 
results  from  this  remedy  in  very  large  doses  (gr.  cxx.  to 
gr.  ccclxix.  daily),  in  cases  in  which  smaller  doses  failed 
to  produce  any  effect.  He  used,  however,  inunctions  of 
lheoleal(.M)f  mercury  at  the  same  time.  Toavoid  disturb- 
ance of  digestion  it  will  be  found  best  to  dilute  the  iodide 
largely  with  watei-,  and  to  administer  it  in  divided  por- 
ti(ms  during  meals.  Tonics  and  a  generous  diet  should 
be  given  with  both  the  mercury  and  the  iodide  to  patients 
in  feeble  health.  Subcutaneous  injections  of  the  muriate 
of  pilocarpine,  in  gradually  increasing  doses  (gtt.  iv.  to 
xij.  of  a  two-per-cent.  solution),  have  also  proved  use- 
ful in  this  disease  in  Politzer's  hands.  He  is  of  the  opin- 
ion that  it  should  lie  tried  for  from  eight  to  fourteen  clays 
in  all  recent  cases,  and  that  mercury  and  iodide  of  potas- 
sium should  be  given  only  if  at  the  end  of  the  above- 
stated  period  no  improvement  is  manifest.  Lucae,  Moos. 
Barr,  Bacon,  and  others  also  speak  highly  of  the  effect 
of  pilocarpine  in  these  cases,  and  think  it  worthy  of  fur- 
ther trials.  Lucae  has  also  seen  temporary  improvement 
of  hearing  follow  the  application  of  the  artificial  leech. 

In  order  to  protect  the  diseased  ears  as  much  as  possi- 
ble against  the  injurious  effect  of  noi.ses,  while  undergo- 
ing treatment,  the  patient  should  be  kept  in  a  perfectly 
quiet  room,  away  from  the  streets,  and  it  may  even  be 
advisable  to  cover  the  ears  and  the  side  of  the  head  with 
cotton  batting.  If  disease  of  the  middle  ear  is  present, 
this  must  be  treated  in  the  manner  already  described. 
Care  should,  however,  be  exerci.sed,  that  the  force  em 
ployed  during  inflation  be  not  greater  than  is  absolutely 
necessary. 

Auditory  Nerve. — Of  the  syphilitic  diseases  of  the 
auditory  nerve,  beyond  the  labyrinth,  little  or  nothing  is 
known.  An  Intracranial  disease  involving  some  part  of 
this  nerve  may  be  a.ssumed,  however,  if  in  addition  to 
the  symptoms  enumerated  under  the  head  of  diseases  of 
the  labyrinth,  positive  symptoms  of  intracranial  disease 
are  present  in  a  syphilitic  individual.  Foci  of  softening 
in  the  brain,  gummata,  circumscribed  basilar  meningitis 
or  pachj'meningitis,  chronic  periostitis  ossificans  of  the 
petrous  bone,  with  h3rperostotic  narrowing  of  the  porus 
acusticus  and  paralj'sis  of  the  trunks  of  the  nerves  from 
compression,  are  mentioned  by  Schwartze  as  the  morbid 
conditions  probably  present  in  such  cases.  Of  the  mor- 
bid changes  in  the  trunk  of  the  auditor}'  nerve  and  in  its 
nuclei,  due  to  syphilis,  we  have  no  knowledge. 

B.  Inherited  Syphilis. — Affections  of  the  ear  due  to 
inherited  s_yphilis  are  met  with  at  two  periods  of  life, 
during  the  first  3'ear  and  between  the  fifth  and  twenty- 
fifth  years  of  age. 

In  Inf.\nts. — In  infants  suffering  from  syphilitic  dis- 
ease of  the  nose  and  pharynx,  atteetious  of  the  middle  ear 
are  of  common  occurrence.  Both  the  catarrhal  and  the 
purulent  inflammations  of  this  part,  occurring  under  these 
circumstances,  present  no  features  by  which  they  can  be 
distinguished  from  the  non-syphilitic  form  of  inflamma- 
tion. Caries  and  necrosis  of  the  ossicles  and  tlie  walls  of 
the  t3rmpanic  cavit}'  may  perhaps  be  developed  more 
frequently,  or  more  speedily,  in  the  syphilitic  than  in  the 
ordinary  form,  but  no  statistics  are  available  by  which 
this  is  proved.  As  in  many  of  these  cases  the  general 
health  is  seriously  impaired  by  the  constitutional  disease, 
often  but  little  attention  is  given  to  the  ear  affection  by 
the  |)arenls  or  the  medical  attendant  of  the  infant,  anil 
treatment  is  delayed  until  great  destruction  has  already 
taken  place.  In  a  case  oi  purulent  inflammation  of  both 
middle  ears,  of  two  months'  standing,  which  was  recently 
under  the  care  of  the  writer,  paralysis  of  the  right  facial 
nerve  existed  when  the  patient  was  first  seen,  and  paraly 
sis  of  the  left  facial  and  exfoliation  of  the  hammer  and 
anvil  of  both  ears  occurred  a  few  days  later.  The  child 
Avas  greatly  emaciated,  and  although  mercury  was  given 
iit  once  and  th(!  usual  local  treatment  pursued,  the  child 
died  two  weeks  later,  apiiarently  from  marasmus.  The 
prognosis  is  probably  less  favorable  in  syphilitic  cases 
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than  ill  otlR-rwise  hualtliy  cliildren,   but  under  jM-nnor 
genoral  au(l  local  treatment,  begun  shortly  after  the  ap- 
pearance of  the  disease,  many  cases  make  a  good  recov- 
ery.    Concerning  the  pathological  anati any  of  diseases  of 
the  ear  ID  syphilitic  infants,  we  know  hut  little.     Rara 
toux   (TraiKsactions   of   Iiileniationul  Jledical  Conn-rcss 
held  in  Washington,  D.  C,  Sci>teml)er,  IHHT),  who  made 
autopsies  of  forty-three  still-born   or  new-born  iufmits 
with  hereditary  syphilis,  found  lesions  of  the  middle  ear 
twenty-three  times,  lesions  of  the  labyrintli  four  times 
and  lesions  of  both  parts  twelve  times."    When  the  inter- 
nal car  was  alfccted  simultaneously  with  the  middle  car 
without  pus  being  formed  in  the  labyrinth,  the  walls  of 
the  ampulliE  and  cochlea  were  reddened;   the  axis  of  the 
cochlea  was  injected  and  infiltrated  with  round  cells,  and 
the  jiarts  were  bathed  in  a  sero  sanguiiioleiit  fluid  which 
had  taken  the  place  of  the  lym]ilK     AVhen  the  internal 
car  alone  was  atfected,  the  Ijlood-vessels  were  found  di- 
lated, the  walls  were  thickened,  and  in  some  instances 
hemorrhagic  spots  were  found. 

The  local  treatment  of  these  diseases  does  not  require 
any  other  measures  than  those  usually  employed  in  the 
non-.syphilitic  form.  Local  treatment  will,  however,  ac- 
complish but  little  so  long  as  the  constitutional  disease  is 
active.  For  this  mercury  must  be  given;  gr.  x.  of 
the  mercurial  ointment  rubbed  into  the  palms'and  soles 
twice  daily,  as  recommended  by  Hutchinson,  will  usu- 
ally make  the  symptoms  disaiipear  very  rapidly.  Iodide 
of  potassium  is  rarel_y  beneficial  in  these  cases." 

In  Chii-diioou  and  Adolescence. — Tlie  Drum  Mcm- 
hrinie. — Special  affections  of  the  external  canal  and  drum 
membrane  are  doubtless  of  very  rare  occurrence  in  con- 
nection with  syphilis  hereditaria  tarda.  The  only  case 
of  such  a  disease  on  record,  so  far  as  the  writer  knows, 
has  been  described  by  Pomeroy  ("The  Diagnosis  and 
Treatment  of  Diseases  of  the  Ear, "  2d  cd. ,  p,  350)  under  the 
heading  Papulo-tubercular  Affection  of  the  Drum  ]\Iem 
braue  in  a  Subject  of  Hereditary  Syphilis.  In  this  case, 
that  of  a  boy,  eighteen  years  of  age,  with  parenchymatous 
keratitis  and  considerable  impairment  of  hearing,  both 
drum  membranes,  just  behind  and  below  the  malleus 
handle,  were  the  seat  of  a  nodular,  grayish  mass  of  tri- 
angular form.  Large  blood-vessels  tra\'ersed  the  region 
of  the  tumors.  Efforts  to  remove  the  masses  b_v  wiping 
with  cotton-wool  were  unsuccessful.  After  a  few  days 
the  color  of  the  tumors  changed  from  gray  to  a  dull  red, 
and  after  the  tumors  had  disappeared  vessels  of  large  size 
remained.  Under  constitutional  treatment  and  inflation 
of  the  tympanic  cavity  the  drum  membrane  regained  its 
normal  appearance  in  about  six  months.  Pomeroy  in- 
fers that  the  tumors  were  in  the  dermal  layer  of  the  drum 
membranes,  as  the  malleus  handles  and  short  processes 
were  distinctly  behind  the  tumor.  The  drum  membranes 
were  not  perforated.  It  is  not  denied  that  there  was 
more  extensive  disease  than  this,  there  evidently  being 
an  inflammation  of  the  drum  cavity  with  exudation  into 
the  tympanal  lining,  including  that  covering  the  round 
and  oval  windows.  The  tuning-fork  tests  pointed  to  a 
suspicion  of  labyrinthine  disease,  but  actual  proof  of  that 
does  not  exist. 

Middle  and  Inner  Ear.— In  the  offspring  of  syphilitic 
parents,  and  almost  exclusively  in  those  of  the  female  .sex 
between  five  and  twenty-five  years  of  age,  there  occurs 
occasionally  a  disease  of  the  ears  producing  in  most  cases 
great  impairment  of  hearing  or  total  deafness  in  a  short 
space  of  time.  The  connection  between  the  ear  affection 
and  inherited  syphilis  was  first  pointed  out  by  Hutehin- 
.son,"*  though  von  Troeltscli  and  others  had  previously 
mentioned  the  occurrence  of  hardness  of  hearing  in  the 
children  of  syphilitic  parents.  Wilde's  ("p.  (it.,  p.  ^60) 
familiarity  with  the  disease  under  consideration  is  shown 
by  his  remark:  "It  sometimes  coexists  with,  sometimes 
alternating  with,  the  ocular  disease."  "What  is  termed 
strumous  ophthalmia,  and  also  corneitis,  are  the  forms 
which  the  eye  affection  assumes.  Occasionally  it  is  that  of 
iridochoroiditis."  Since  the  appearance  of  Hutchinson  s 
paper  numerous  cases  of  this  affection  have  been  put  on 
record  by  various  authors,  and  the  clinical  history  of  the 


disease  is  now  well  known,  but  our  knowledge  of  its 
pathology  ,s  still  very  meagre.  This  disease  is  by  no 
means  of  as  frequent  occurrence  as  the  eye  affection  of  in- 
lierited  syphilis,  and  is,  as  hasalready  been  ob.served,  found 
ciuetiy  in  the  female  .sex.  The  present  writer  has  met  with 
It  (or  rather  has  .seen  it  associated  with  well-marked  symp- 
toms of  inherited  syphilis)  but  once  in  a  male,  while  he 
has  notes  of  over  twenty  eases  occurring  in  females. 
Other  physicians  have  had  a  similar  experience  The 
disease  seems  to  be,  from  all  accounts,  of  less  frequent 
occurrence  in  this  country  and  in  Germany  than  in  Eng- 
land, where,  according  t"o  Ilinton,  five  per  cent,  of  the 
aural  patients  treated  at  Guy's  Hospital,  London,  suf- 
fered from  it. 

The  subjects  of  this  disease  of  the  ears  have,  in  many 
cases,  manifested  symptoms  of  hereditary  syphilis  during 
the  first  year  of  their  lives,  and  usual'ly  have  enjoyed 
good  hearing  during  eariy  childhood.  The  ear  disease 
usually  begins  between  the  fifth  and  twenty-fifth  years 
of  age,  and  is  commonly  preceded  by  an  atta"ck  of  paren- 
chymatous keratitis  or  of  an  inflammation  of  the  uveal 
tract  of  one  or  both  eyes.  Not  infrequently  the  ear  dis- 
ease commences  while  the  eyes  are  still  inflamed,  and  oc- 
casionally it  precedes  the  eye  disease.  Painless  swellings 
of  the  larger  joints,  more  particularly  of  the  knees,  which 
pass  away  without  much  treatment,  are  often  present  at 
the  same  time,  or  are  developed  later  on.  In  most  of  the 
cases,  the  patients  or  their  guardians  are  unable  to  assign 
an  immediate  cause  for  the  ear  trouble;  but  occasionally, 
as  in  one  of  Gradenigo's  cases,"'  and  in  one  of  the  writer's 
cases,  botli  of  which  occurred  in  young  women,  the  deaf- 
ness was  attributed  by  the  patients  to  exposure,  partic- 
ularly of  the  head,  to  draughts  of  cold  air  while  the  hair 
was  wet.  The  first  symptom  to  attract  the  attention  of 
the  patient,  or  of  those  who  are  with  her,  to  the  ear  af- 
fection is  a  sudden  and  marked  impairment  of  hearing. 
Pain  in  the  ear  is  almost  never  complained  of.  VertigD, 
unsteady  and  staggering  gait,  subjective  noises,  and 
headache  accompany  the  hardness  of  hearing  in  most 
cases.  In  a  number  of  cases  seen  by  the  writer,  vertigo 
and  headache  preceded  the  impairment  of  hearing ;  while 
in  others  these  symptoms  developed  afterward.  Occa- 
sionally nausea,  vomiting,  and  headache  usher  in  the 
attack.  The  hardness  of  hearing,  which  at  first  perhaps 
may  not  be  of  the  ,same  degree  in  both  ears,  ine/eases 
steadily,  and  often  very  rapidly,  to  total  deafness.  Some- 
times total  deafness  is  found  to  exist  as  early  as  the  sec- 
ond or  third  day  after  the  beginning  of  the  attack,  but 
more  commonl)'  a  period  of  from  six  to  ten  weeks  elapses 
before  this  stage  is  reached.  Occasionally  the  progress  is 
still  slower,  and  is  then  usually  characterized  hy  marked 
variations  sn  the  degree  of  deafness  from  day  to  day. 

The  vertigo  and  the  staggering  gait  usually  continue 
for  months  and  then  gradually  pass  away.  The  deafness, 
after  it  has  once  become  total,  nearly  always  remains  so. 
In  several  of  the  cases  seen  by  the  writer  a  perforative 
purulent  inflammation  of  the  "middle  ear,  of  one  or  both 
sides,  develops  several  years  afterward. 

In  the  beginning  of  the  disease  the  patients  can  usually 
hear  the  tuning-fork  (the  writer  use.s  tuning-forks  which, 
when  struck  "with  moderate  force,  are  heard  for  from 
thirty  to  forty  seconds  normally  when  vibrating  in  the 
air  n"ear  the  ear)  longer  and  louder  through  the  air  than 
through  the  mastoid  process.  The  tuning-fork  C^  (3,048 
vibrations  a  second)  is  often  not  heard  at  all.  In  some 
cases  bone  conduction  for  tuning-forks  of  small  size,  of 
hi"-h  and  low  pitch,  is  entirely  abolished,  while  massive 
forks  (for  instance  Politzer's  C  fork,  described  and  illus- 
trated in  his  "Lehrhuch,"  2d  ed.,  p.  117)  are  still  heard 
through  the  mastoid.  In  cases  of  complete  deafness  of 
both  ears  seen  by  the  writer,  he  found  that  the  tuning- 
forks  C  (1,285  V.  s.),  C  (2,.565  v.  s.),  C'^  (5,215  v.  s.) 
were  heard  both  through  the  air  and  through  the  mas- 
toid only  when  they  were  struck  with  great  force,  and 
louder  and  longer  through  the  mastoid  than  through  the 
air  None  of  these  forks  was  heard  from  the  vertex  or 
when  placed  between  the  teeth,  but  the  large  C  fork  of 
Politzer  (which  is  two  or  three  times  larger  than  the 
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others  mentioned)  was  beard  from  vertex  and  teeth.  The 
tuniu-fork  C'  was  not  heard  at  all.  The  shnll  wins  le 
0  Tdistant  faetory  was  heard.  Their  own  voices  the 
patients  conld  scarcely  hear.  In  other  eases  "f  f;'' 
noarlv  total  deafness  of  both  ears,  m  which  also  only  the 
larcre  tuning-fork  C  was  heard,  tlie  writer  found  some- 
tini'es  a  preponderance  of  bone  conduction  over  aBnal  m 
one  ear,  while  the  other  ear  gave  an  opposit^  result. 
Gradenigo  («p.  dt.),  who  used  tunmg-forks  of  the  same 
size  and  make  as  the  writer,  obtained  similar  results  trom 
his  experiments.  The  examination  ot  children  with  tun- 
ing-forks is,  however,  in  most  cases,  very  unsatisfactory 
in  its  results,  as  many  of  them  are  apathetic  and  mdifler- 
eut  and  can  rarely  be  induced  to  produce,  by  smging, 
the  tone  of  the  fork,  and  one  is,  tlierefore,  never  certain 
whether  they  hear  the  fork  or  simply  feel  its  vibrations. 

The  objective  examination  of  the  ear  may  reveal  a 
perfectly  normal  condition  of  the  drum  membrane,  the 
tympanic  cavity,  and  the  Eustachian  tube,  or  evidence 
o"f  present  or  past  disease  of  these  structures.  Acute 
catarrh  of  the  middle  ear  will  be  found  present  in  an  in- 
considerable number  of  cases,  and  changes  in  the  druni 
membrane,  evidently  the  remains  of  bygone  disease,  in 
many  others.  Synimetrically  jjlaced  areas  of  redness 
(localized  periosteitis)  on  the  posterior  and  upper  wall, 
in  close  proximity  to  the  drum  membrane,  in  both  exter- 
nal canals,  were  observed  in  a  well-marked  case  of  this 
disease  by  Buck  (Transactions  of  American  Otological 
Society,  1889,  p.  63).  Disease  of  the  naso-pharynx  is  as 
often  present  as  it  is  not.  .  Perforating  ulcers  of  the  hard 
and  soft  palate,  caries  and  necrosis  of  the  naso-cranial 
bones,  and  ulceration  of  the  larynx  will  be  found  in  a 
small  percentage  of  the  cases. 

The  diagnosis  of  the  peculiar  ear  affection  under  notice 
presents  no  ditHculty  if,  in  addition  to  the  aural  symp- 
toms previously  described,  other  symptoms  of  syphilis 
hereditaria  tarda  are  present  or  have  precedeil  the  ear 
trouble.  In  addition  to  the  eye  diseases  already  men- 
tioned, these  patients  often  suffer  from  chronic  intlamma- 
tion  of  the  knees  or  other  large  joints.  The  knees  are 
often  very  much  enlarged  and  locomotion  may  be  pain- 
ful, but  there  is  rarely  spontaneous  pain.  The  disease 
usually  passes  off  in  the  course  of  a  few  weeks,  leaving 
the  joints  apparently  in  as  good  a  condition  as  they  were 
before  the  attack.  Nodes  on  the  long  bones  are  also  not 
infrequently  present.  With  regard  to  the  peculiarities 
of  the  teeth,  Hutcliinson  says:  "If  the  upper  central  in- 
cisors are  dwarfed,  too  short,  and  too  narrow,  and  if  they 
display  a  central  cleft  in  their  free  edge,  then  the  diag- 
no,sis  of  syphilis  is  almost  certain.  If  the  cleft  is  present 
and  the  dwarfing  absent,  or  if  the  peculiar  form  of  dwarf- 
ing is  present  without  any  conspicuous  cleft,  the  diagno- 
sis may  still  be  made  with  much  confidence. "  Perforating 
ulcers  of  the  hard  and  soft  palates,  deep  ulcers  of  tlie 
pharynx,  caries  and  necrosis  of  the  naso-cranial  bones, 
and  laryngitis  are  less  often  seen  than  the  other  affections 
above  mentioned.  The  patients,  moreover,  often  have 
withered  and  old-manlike  features,  a  peculiar  s(iuare 
form  of  the  forehead,  prominent,  frontal  eminences,  a 
sunken  nose,  and  scars  about  the  angles  of  the  mouth. 

With  regard  to  this  disease  Hinlon-'-'  remarks  that  he 
knows  of  no  otlier  affection,  except  fever,  wliich  in  a 
person  under  twenty  years  of  age  brings  on  a  deafness 
so  rapid  and  complete,  and  Hutchinson  says  that  it  may 
be  broadly  stated  that  if  a  child  or  young  person,  with- 
out either  earache  or  otorihcea,  becomes  quickly  and 
rampletely  deaf,  the  patient  is  almost  certainly  sypriiliU<'. 
The  writer  has,  howevei',  recently  met  with'  two  cases, 
both  in  vigorous  boys,  without  the  slightest  sign  of  syiih- 
ilis,  in  whom  nearly  total  deafness  was  very  rapidly  dv- 
veloped  while  they  were  in  excellent  lieullh.  No  disease 
of  the  middle  ear  could  be  discovered,  and  no  febrile  dis- 
turbancTi  preceded  or  accomjianied  the  on.set  of  the  deaf- 
ness Examination  failed  to  reveal  intracranial  disease 
at  the  time,  and  none  has  developed  since.  The  i.arenls 
of  these  boys  absolutely  dcii..,!  Imving  had  syphilis 
Other  otologists  have  douhlless  met  ^vitll  similar  eases' 
and  have,  like  the  writer,  erne  t..  the  conclusion  that 


hereditary  syphilis  of  the  ear  cannot  lie  diagnosed  from 
the  symptoms  presented  liy  tin;  ear  affection  alone. 

From  the  ordinary  catarrhal  inflammation  of  the  mid- 
dle ear  (from  which  syphilitic  children  are  no  more  ex- 
empt than  others)  the  disea.se  here  described  can  be  read- 
ily distinguished  by  the  clinical  history  and  the  results 
of  the  local  treatment. 

In  the  absence  of  post-mortem  examinations  of  the 
organs  of  hearing  of  typical  cases  of  this  disease,  the 
writers  on  this  subject  are  divided  in  the  opinion  as  to 
the  .seat  of  the  lesion.  Hutchinson  thinks  it  tolerably 
certain  that  the  internal  ear  or  the  nervous  apparatus  is 
the  seat  of  the  affection,  but  as  to  the  exact  site  and  the 
nature  of  the  morbid  process  he  is  .still  in  doubt,  and 
most  English  writers  are  of  the  same  opinion.  Politzer 
and  Schwartze  do  not  hesitate  to  speak  of  the  disease  as 
inherited  syphilis  of  the  labyrinth,  and  Gradenigo  calls 
it  a  .syphilitic  otitis  interna.  The  view  that  both  the 
conducting  and  the  nervous  apparatus  are  liable  to  be  in- 
volved in  this  disease  is  held  by  Hinton  and  others,  and 
Roosa  has  come  to  the  conclusion  that  the  disease  is  one 
chiefly  of  the  peripheral  and  not  of  the  central  part  of 
the  organ  of  hearing.  The  view  expressed  by  the  writer 
in  another  place,"  that  disease  of  the  nuclei  of  the  audi- 
tory nerves  might  be  the  cause  of  the  deafness,  he  has 
now  abandoned,  and  a  larger  experience  and  further 
study  of  the  disease  leave  but  little  doubt  in  his  mind 
that  the  labyrinth  is  involved  in  all  cases,  and  that  in 
many,  both  "it  and  the  middle  ear  are  the  seat  of  the 
morbid  process.  The  apparently  normal  state  of  the  ac- 
cessible jiarts  of  the  middle  ear  found  in  acute  cases,  to- 
gether with  the  total  deafness  for  the  voice  with  which 
the  disease  ends,  must  be  regarded  as  strong  evidence 
that  the  auditory  nerve  is  the  part  affected,  and  the  ab- 
sence of  other  signs  of  cerebral  disturbance  makes  it  posi- 
tively certain  that  its  terminal  apparatuses  are  chiefly 
affected.  The  results  of  tuning-fork  tests  cannot  be  util- 
ized, as  we  have  .seen,  in  the  settlement  of  the  question 
as  to  the  seat  of  the  disease.  That  in  many  cases  evi- 
dences of  disease  of  the  middle  ear  are  not  wanting  is 
generally  admitted,  but  the_y  are  rareiv  sufficiently  marked 
to  account  for  the  profound  deafness.  The  usual  treat- 
ment for  the  middle-ear  affection  of  children,  moreover, 
is  rarely  followed  by  improvement  in  the  hearing,  even 
in  the  eases  in  which,  under  it,  the  objective  signs  of  the 
disease  disappear. 

The  purulent  inflammation  of  the  middle  ear,  with 
perforation  of  the  drum  membrane,  which  developed  in 
several  of  the  writer's  cases  years  after  the  attack  w  liich 
destroyed  the  hearing,  may  "have  been  due  as  well  to  a 
gradual  increase  in  the  inflamuiatiou  of  the  lining  mem- 
brane of  the  middle  ear  as  to  an  extension  of  a  purulent 
inflammation  from  the  inner  ear  to  the  tympanic  cavity. 

Trintiiii'iit  is  generally  regarded  as  of  no  avail  in  anj' 
except  veiy  recent  cases.  Hutchinson  thinks  it  more 
than  justifiable,  having  regard  to  the  terrible  results  in 
prospect,  in  early  stages  of  ear  disease  of  this  type  from 
inherited  taint  to  confine  the  child  to  bed  and  induce 
ptyalism  quickh'.  Kiiapp  lias  reported  a  case  in  which 
a  cure  occurred  under  the  use  of  mercury;  but  the  writer, 
who  adopted  Hutchinson's  advice  in  a  number  of  cases, 
has  been  unable  to  arrest  the  progress  of  the  disease  in  a 
single  one.  The  ioilide  of  potas.sium  has  been  given  in 
such  cases  by  the  writer  for  many  years,  and  sometimes 
with  apparent  benefit,  which,  however,  was  generally 
transient.  Buck  saw  marked  improvement  follow  the  ad- 
ministration of  this  remedy  in  gradually  increasing  doses 
(gr.  v.  to  gr.  xxxviij.  three  times  a  day).  If  middle  ear 
disease  is  present,  it  should  be  treated  by  inflation  and 
otfu'i'  means,  and  even  in  cases  presenting  no  marked  evi- 
dence of  a  niiddle-ear  affection  it  is  best  to  give  the  pa- 
tient the  benefit  of  the  doubt  and  treat  him  locally  as 
well.  Pritchard  advises  repeated  blistering  behind  the 
ear  for  several  months  in  all  cases,  and  as  it  can  do  no 
harm  it  may  be  worth  while  to  try  it.  Hinton  has  seen 
striking  improvement  follow  in  a  severe  case  from  scruple 
doses  of  hydrochlorate  of  ammonia,  and  has  seen  good 
effects  produced  by  the  injection  of  iodine  vapor  into  the 
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tympauuin  in  less  marked  cases.  Favoralilc  hygieuie 
surroundings  and  a  sufficiency  of  good  food  arc,  of 
course,  to  be  desired  in  the  treatment  of  all  cases  of  ear 
disease,  but,  if  the  writer  may  j  udge  from  his  personal 
experience,  they  have  little  or  no  iatluence  on  the  course 
of  this  disease.  VharlcitJ.  Kipp. 
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EAR  DISEASES:  TRAUMATIC  AFFECTIONS.-PVjr 

the  sake  ot  orderliness  and  convenience  it  is  proposed  to 
discuss  the  subject  of  injuries  to  the  different  parts  of 
the  organ  of  hearing  under  the  following  lieads-  Trau- 
matism of  tlie  Auricle,  Traumatism  of  tlie  External  Au- 
ditory Canal,  Traumatic  Perforations  of  the  iMembrana 
Tympani,  Gunshot  Wounds  of  the  Ear,  and  Fractures  at 
the  Base  of  the  Skull  involving  the  Petrous  Portion  of 
the  Temporal  Bone. 

Tramnatmn  of  the  Anriiie. —The  exposed  pcjsition  of 
the  auricle  renders  it  jiarticularly  liable  to  various  forms 
of  injury.  The  importance  of  these  injuries  depends 
entirely  upon  the  extent  of  the  deformity.  Superlicial 
bruises  and  light  forms  of  contusion  generally  fade  away 
rapidljr  without  leaving  any  disfigurement.  Perichon- 
dritis, ulceration,  or  gangrene  rarely  follows  the  lighter 
injuries,  but  if  tlie  cartilage  has  been  weakened  by  pre- 
vious disease  the  tendency  to  ulceration  is  thereby  much 
increased.  Ulceration  of  the  cartilage  frequently  results 
in  auricular  deformity.  Fracture  of  the  cartilage  is  not 
infrequently  seen  when  the  violence  has  been  very  severe. 
Incised  wounds,  even  when  there  has  been  more  or  less 
loss  of  tissue,  usually  terminate  favorably.  Union  occurs 
by  first  intention  if  the  edges  of  the  wound  are  brought 
together  by  interrupted  sutures  under  strict  antiseptic 
precautions.  Piercing  the  lobe  of  the  ear  is  a  practice 
liable  to  cause  violent  inflammation,  gangrene,  and  pos- 
sibly tetanus.  The  dragging  of  heavy  earrings  is  apt  to 
produce  a  eonditi(ni  known  as  cleft  ear,  whicli  is  easily 
corrected  by  a  pilastic  operation.  Where  the  lobe  is  torn 
or  cut,  the  edges  of  Ihe  wound  should  be  brought  to- 
gether and  sutured.  The  absolute  loss  of  the  auricle 
from  any  cause  does  not  appear  to  affect  the  hearing 
power  to  any  appreciable  degree  unless,  as  a  result  of 
replacing  the  severed  member,  atresia  of  the  auditory 
canal  develops  during  the  process  of  healing.  Should 
replacement  be  inipossilile,  an  auricle  made  of  papier- 
mache  will  be  found  a  very  serviceable  substitute. 

Traumatic  liEematoma  amis,  or  otluismatoma,  is  caused 
by  the  severer  fcjrms  of  injury  and  is  more  frequently 
seen  on  the  left  auricle  tlianon"the  right,  seldom  on  both. 
It  is  characterized  in  most  cases  by  an  etiusion  of  blood 
between  the  perichondrium  and  cartilage,  but  should  the 
violence  be  slight  the  effusion  may  be  limited  to  the  lay- 
ers of  the  cartilage,  or  it  may  be  simply  subcutaneous. 
The  tumor  is  a  circumscribed  swelling  of  a  bluish-red 
color  and  appears  most  frequently  in  the  fossa;  triangu- 
laris and  scaphoidea.  It  is  rarely  fluctuating  and  is  hard 
or  soft  to  the  touch.  Considerable  pain  and  a  feeling  of 
fulness  and  heat  are  usually  e.xperienced  during  its  de- 
velopment. The  entire  auricle  is  but  .seldom  involved. 
Perfect  absorption  of  the  sanguiuolent  fluid  will  insure 
a  normal  restitution  of  the  part,  but  imperfect  absorp- 
tion will,  on  the  other  liand,  lead  to  organization  of  the 
fluid  with  cicatricial  thickening,  contraction ,  and  atrophy , 
producing  a  shrivelled  mass  so  well  known  to  pugilists 
—the  shrunken  or  cauliflower  ear.  The  lighter  forms  of 
traumatism  of  the  auricle  rarely  require  any  treatment 
In  hamiatoma  tlie  treatment  should  be  expectant,  and  if 
the  tumor  is  painless  it  is  better  not  to  interfere  at  all. 
Massage  and  fomentations  tend  to  increase  the  effusion 
rather'  than  favor  its  absorption.  Evacuation  of  the 
swelhng  by  aspiration  is  advised  only  when  positive 
sio-us  of  pus  are  present,  or  after  local  treatment  fails  to 
retieve  the  pain.  The  application  of  ice,  or  ice  water  by 
means  of  the  Leiter  coil,  or  the  use  of  Goulard's  solution 
tends  to  reduce  the  violence  of  the  inflammation  and  pain. 
Incision  and  packing  the  cavity  with  gauze  are  to  be 
resorted  to  only  when  other  means  fail  to  effect  a  cure. 

As  a  result  of  personal  encounters,  the  practice  ot  biting 
the  auricle  is  not  infrequently  seen  in  foreign  countries 
and  among  our  foreign  population.  Various  degrees  ot 
mutilation,   from  incised  wounds  to  total  amputation, 

687 


Ear  Diseases. 
Ear  Diseases. 


REFERENCE   HANDBOOK   OP   THE   MEDICAL   SCIENCES. 


liave  been  reported.  The  dunger  of  such  wounds  lies 
principallv  in  ulceration  of  the  cartdage  and  in  the  de- 
velopment of  general  toxa-mio  syniptoms. 

Traumatum  of  the  Anditory  eV(»/(?.-Traumatism  of 
the  auditory  canal  is  more  frequently  seen  in  the  osseous 
portion  and  is  commonly  due  to  rough  and  over-zealous 
efforts  made  in  extracting  foreign  bodies,  or  to  the  use 
of  hairpins,  knitting  needles,  and  the  like,  for  the  reliet 
of  itching.  Injuries  of  the  cartilaginous  canal  almost 
always  represent  an  extension  of  traumatism  ot  the 
auricle  Fiactures  are  generally  due  to  indirect  forms  ot 
violence  and  are  further  complicated  in  many  cases  by 
fractures  of  the  base  of  the  skull.  A  blow  or  fall  on 
the  point  of  the  chin  may  fracture  one  or  both  osseous 
canals,  and  such  a  fracture  may  or  may  not  involve  the 
osseous  walls  of  the  tympanum.  Rupture  of  the  mem- 
braua  tympani,  Avhile  nearly  always  present,  is  not  a 
constant  factor.  The  swelling  and  laceration  of  the 
membranous  canal  make  it  very  dilflcult  to  verify  the 
presence  of  a  perforated  drum  membrane.  Bleeding 
Irom  the  canal  is  always  present,  and  when  tlie  soft 
parts  have  lieen  badly  torn  the  hemorrhage  is  consider- 
able ;  but  its  profuse'ness  by  no  means  proves  the  exist- 
ence of  a  fractured  base,  the  escape  of  a  watery  fluid 
from  the  injured  ear  is  commonly  considered  to  be  a  re- 
liable sign  of  such  a  fracture.  Facial  paraly.sis  usually 
complicates  the  severe  cases,  and  occasionally  loss  of 
taste  is  observed,  from  involvement  of  the  chorda  tympani 
nerve.  The  subjective  symptoms  in  the  light  forms  of 
trauma  are  transient.  Deafness  and  constant  tinnitus 
auriura  are  liable  to  become  permanent  if  the  labyrinth 
is  in  any  way  involved.  Deformities  resulting  from 
slight  injuries  are  rarely  observed;  but  an  extensive 
fracture  of  the  osseous  walls  may  result  in  caries,  in  the 
formation  of  sequestra,  and  ultimately  in  stenosis  or 
complete  atresia.  The  complicated  forms  of  trauma 
often  end  fatally  in  meningitis,  although  a  number  of 
seeiningly  hopeless  cases  have  terminated  in  recovery. 

The  treatment  of  all  forms  of  trauma  should  'depend 
upon  the  changes  noted  in  the  tissues.  Douching  with 
hot  boric-acid  solution,  four  per  cent.,  or  with  1  to  5,000 
hichloride  solution,  is  usually  practised,  and  is  particu- 
larly indicated  when  there  is  evidence  of  suppuration. 
For  the  relief  of  active  inflammation  of  the  soft  parts  anti- 
phlogistic measures  are  of  benefit.  The  progress  of  re- 
pair in  extensive  fractures  is  most  tedious,  since  in  such 
eases  the  removal  of  sequestra,  cauterization  of  granula- 
tions, and  obliteration  of  fistulous  openings  may  be  neces- 
sarj'.  The  pronounced  inflammatory  reaction  following 
severe  injuries  is  not  confined  to  the  auditory  canal  only, 
but  is  often  located  within  the  middle  ear  as  well,  thereby 
adding  other  important  considerations  in  the  question  of 
treatment. 

In  considering  the  lesions  of  the  auricle  and  auditory 
canal  from  a  medieodegal  standpoint,  it  is  most  difficult 
to  foi-mulate  any  rules  upon  which  a  surgeon  can  base 
an  opinion,  as  it  is  most  exceptional  ever  to  see  two 
cases  alike.  In  estimating  the  extent  of  an  injury  to 
the  auricle  it  is  essential  to  exclude  any  previous  dis- 
ease or  weakness  of  the  cartilage,  since  a  deformity  out 
of  all  proportion  to  the  force  of  the  violence  may  result 
in  such  cases.  One  should  be  guided  by  the  form  of  the 
violence,  the  extent  of  the  injury,  and"  the  final  result. 
Serious  injuries  are  those  which  result  in  disfigurement; 
an  injury  may  be  termed  slight  when  no  change  in  the 
form  of  the  auricle  takes  place. 

TmnniitUc  PerforatioriH  of  the  Memhrana  Ti/mpnni.— 
Traumatic  perforations  of  tiiemembrana  tympani  are  the 
result  of  direct  or  indirect  forms  of  violence.  The  direct 
forms  are  most  frecpienfly  due  to  efforts  made  in  extraet- 
mg  wax,  or  to  the  use  of  knitting  needles,  bair])ins  anil 
the  like,  to  ease  itching  of  the  canal.  The  instrument  in 
such  cases  is  inserted  too  far,  or  by  an  accidental  i.ush 
ot  the  arm  it  is  driven  down  through  the  drum  mem- 
brane. Careless  use  of  the  probe  without  sufflcient  il 
lumination  lack  of  skill  <,n  the  part  of  the  surgeon  in 
removing  foreign  bodies,  reckless  use  of  ear  syrino-es 
particularly  those  with  long,  pointed  tips,   too'  viofeni 
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■syringing,  introducing  Eustacbian-tube  bougies  too  far, 
are  among  the  occasionally  observed  causes  of  direct 
rupture.  Indirect  ruptures  are  due  to  sudden  conden- 
sation or  rarefaction  of  air  in  the  external  canal,  as  in 
detonation  of  heavy  ordnance,  in  explosions,  in  violent 
coughing  or  sneezing— in  which  acts  the  intratympanic 
pressure  is  increased,— in  abuse  of  pneumatic  massage, 
and  in  concussion  of  the  head ;  they  may  also  be  caused 
by  extension  of  fractures  at  the  base  of  the  cranium. 
Fracture  and  dislocation  of  the  ossicles  can  occur  quite 
as  readily  through  the  entrance  of  a  foreign  body  (direct) 
as  by  extension  of  cranial  injury  (indirect).  The  seat  of 
fracture  is  usually  in  the  lower  portion  of  the  manubrium, 
and  is  recognized  by  the  obtuse  angle  formed  by  the 
broken  portion  with  the  upper  end. 

The  symptoms  following  the  various  kinds  of  trau- 
matic injuries  to  the  drum  membrane  are  often  so  severe 
that  the' patient  is  incapacitated  for  any  work.  The  in- 
stant the  perforation  occurs  there  is  a  loud  report  in 
the  affected  ear,  followed  by  pain,  tinnitus  aurium,  and 
more  or  less  deafness.  Vertigo,  nausea,  and  vomiting 
are  more  frequently  present  when  simple  concussion  of 
the  labyrinth  exists.  Bleeding  from  the  ear  is  generally 
slight  in  uncomplicated  cases;  but  profuse  and  prolonged 
hemorrhage  indicates  deeper  and  more  extensive  involve- 
ment. Suppuration  of  the  middle  ear  is  not  so  apt  to 
follow  the  indirect  as  the  direct  forms  of  rupture,  but  its 
development  will  retard  the  recovery  in  either  form.  In 
mild  cases  of  trauma  the  deafness  rapidly  disappears,  but 
should  suppuration  of  the  middle  ear  follow  the  trauma- 
tism and  produce  permanent  changes  within  that  cavit}', 
or  should  the  labj'rinth  be  injured,  such  conditions  are 
liable  seriously  to  affect  the  hearing  power.  Simple,  un- 
complicated traumatic  rupture  of  the  drum  membrane 
heals  in  a  very  short  time,  the  site  of  the  perforation 
being  finall}'  indistinguishable  from  the  uninjured  por- 
tion. Some  importance  is  attached  to  traumatic  perfora- 
tions on  account  of  the  exposure  of  the  middle-ear  cavity 
and  the  subsequent  inflammatory  process  that  is  liable 
to  follow  such  injuries.  When  the  drum  membrane 
has  become  resistant  through  the  presence  of  intenstitial 
catarrhal  changes,  calcitication,  etc.,  traumatic  perfora- 
tions rarely  occur,  so  that  the  full  force  of  the  violence  is 
transmitted  through  the  ossicular  chain  to  the  labyrinth 
and  terminal  filaments  of  the  auditory  nerve.  The  objec- 
tive changes  noted  in  such  cases  are  injection  of  the  ves- 
sels, ecchymoses,  and  hypera?mia.  Extreme  and  occa- 
sionally absolute  deafness  and  distressing  tinnitus  aurium 
are  almost  alwaj'S  the  results.  Again,  when  the  drum 
membrane  has  been  weakened  by  previous  disease,  as 
atroph}',  cicatrices,  etc.,  traumatic  perforations  readily 
follow  the  lightest  forms  of  injuiy,  causing  little  or  no 
damage  to  the  hearing  power,  provided  no  subsequent 
complications  develop.  Traumatic  perforations  can  be 
single  or  multiple.  The  form  following  an}'  direct  vio- 
lence depends  upon  the  size  and  shape  of  the  instrument 
used  to  produce  them.  They  are  usually  seen  in  the 
anterior  or  posterior  inferior  (piadrant;  still  any  portion 
of  the  membrane  is  quite  as  liable  to  be  injured.  Indirect 
ruptures  are  most  frequently  seen  behind  or  in  front  of 
the  manubrium,  and  are  oval  or  elliptical  in  shape,  seldom 
round.  The  long  axis  of  the  rupture  is  parallel  with  the 
direction  of  the  radiating  fibres,  and  the  edges  are  par- 
tially or  totally  coyered  with  blood.  Ecchymoses  in  the 
drum  membrane  and  injection  of  the  vessels  along  the 
malleus  and  over  Shrapiu'll's  membrane  are  often  pres- 
ent. In  treating  cases  of  traumatic  rupture  it  is  best  to 
avoid  all  forms  of  meilieation.  and  simply  to  protect  the 
delicate  middle  ear  from  sudden  atmos]iheric  changes  by 
th(!  introduction  of  a  piece  of  cotton  into  the  external 
canal.  The  devi'lopment  of  suppuration  in  the  tympanum 
siKudd  be  handled  by  the  recognized  rules  governing 
that  disease.  Jhirked  tinnitus  aurium  and  deafness  due 
to  labyrinthine  involvement  are  often  relieved  by  the  ap- 
jilicatiou  of  the  galvanic  current. 

An  action  for  damages  in  a  court  of  law  for  simple, 
uncomplicated  perforation  of  the  drum  membrane  is  of 
less  frequent  occurrence  than  formerly,  when  the  popular 


REFERENCE   HANDBOOK   OP  THE   MEDICAL  SCIENCES, 


Ear  DiNeanos. 
Ear  DisrasoM. 


fallacy  of  absohite  deafness  following  such  injuries  re- 
ceived more  or  less  credence.  AVben  a'niedico-lcgal  opin- 
ion is  required,  it  is  ((uite  essential  that  llie  case  be  exam- 
ined within  two  or  three  days  after  the  injury  has  been 
received.  Shouhl  the  characteristic  appearances  of  a 
traumatic  perforation  be  present,  its  nature  can  be  further 
verified  by  observing  the  progress  of  cicatrization  from 
day  to  day;  this  plan  will  enable  the  examiner  to  dis- 
criminate between  it  and  the  presence  of  a  perforation 
due  111  prior  ])athological  processes.  If  too  long  a  time 
elapses  between  the  date  of  the  injury  and  the  exaniina- 
tion,  complete  cicatrization  may  obliterate  all  traces  of 
the  perforation,  and  any  existing  functional  complica- 
tions could  not  then  be  associated  with  the  cause.  If,  at 
the  time  of  the  examination,  suppuration  has  already  di;- 
veloped,  it  will  be  imi)Ossible  to  differentiate  the  condi- 
tion from  the  appearances  seen  in  primary  forms  of 
pundeut  inflammation.  Audition  is  (inly  in  rare  cases 
permanently  involved  by  uncomplicated  traumatic  ]ier- 
foration.  The  hearing  power  genei-ally  returns  to  its  for- 
mer degree  of  acuteness  on  the  completion  of  cicatrization. 
As  the  amount  of  damages  depends  upon  the  degree  of 
permanent  disability  incurred,  such  injuries  are  consid- 
ered transient. 

Serious  injuries  of  the  drum  membrane  are  those  which 
are  complicated  with  concussion  of  the  labyrinth,  and  in 
which  the  subsequent  development  of  pm-ulcnt  inflam 
mation  of  the  middle  ear  produces  deafness  through  the 
pathological  changes  following  that  tlisease.  Yet  deaf- 
ness due  to  concussion  of  the  labyrinth  .has  been  known 
to  disappear  in  from  four  to  six  months'  time,  and  severe 
purulent  inflammation  has  subsided  without  leaving  any 
unfavorable  results  to  the  hearing  po's\'er.  When  deaf- 
ness and  distressing  tinnitus  aurium  follow  a  blow  un- 
accompanied by  the  occurrence  of  a  perforation  of  the 
niembrana  tympani,  it  is  very  difficult  to  determine,  in 
the  absence  of  any  reliable  data,  whether  the  condition 
present  was  prodviced  by  the  trauma,  or  was  caused  by 
the  existence  of  previous  chronic  pathological  changes  in 
the  tympanum  and  labyrinth.  In  any  given  case  it  is 
wiser  to  reserve  judgment  until  satisfactory  and  conclu- 
sive evidence  is  secured  through  pndonged  and  careful 
observation. 

Ounshot  Woundii  nf  the  .E'^(r.— Gunshot  wounds  of  the 
auricle,  although  rare,  may  cause  considerable  loss  of 
tissue  and  much  deformity;  but  any  extensive  loss  of 
substance  is  seldom  uuassociated  with  involvement  of  the 
adjacent  structures.  Small  bird  shot  are  occasionally 
found  embedded  beneath  the  auricular  epidermis  as  a 
consequence  of  accidents  attending  hunting  parties.  No 
deformity  is  produced  therebv  and  no  difficulty  attends 
their  successful  removal.  On  account  of  the  complicated 
structure  of  the  auricle,  all  attempts  to  correct  deformi- 
ties following  much  loss  of  tissue  by  plastic  surgery  have 
been  rather  unsatisfactory.  Small  defects  of  the  upper 
border  and  lobule  have  been  successfully  replaced  by 
flaps,  but  new  auricles  made  in  a  similar  manner  are 
without  character  or  formation,  and  give  far  less  satis^ 
faction  from  a  cosmetic  poiut  of  view  than  the  aititicial 
ones. 

Gunshot  wounds  of  the  exiermil  auditory  canal  are 
nearly  always  associated  with  cranial  injury.  The  close 
relationship  between  the  auditory  canal  and  the  temporal 
bone  renders  it  impossible  to  injure  the  one  without  in- 
juring the  other.  A  spent  bullet  may  strike  the  auricle 
or  auditory  canal  without  causing  any  laceration,  al- 
.  though  a  deep,  painful  liruise  and  absolute  deafness  re- 
sult." A  bullet  striking  the  head  in  the  immediate  neigh- 
liorhoodof  the  ear  usually  enters  the  middle  cranial  to.ssa, 
causing  extensive  fracture  of  the  pyramid,  and  in.iury 
to  the  jugular  bulb  or  vein,  to  the  carotid  artery,  and  to 
the  brain  and  its  membranes.  Such  cases  are  necessari  y 
fatal.  Suicidal  attempts  made  by  shooring  m  the  audi- 
tory canal  are  by  far  the  most  frequent  class  of  cases  seen. 
Vast  damage  may  be  the  result  therefrom,  or,  as  has  liecn 
reported,  the  bullet  may  reach  the  pars  petrosa  and  lodge 
there  without  causing  any  injury  to  the  meninges  oi 
lirain.  and  upon  its  removal  recovery  will  take  place. 
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but  tlie  hearing  power  will,  as  a  rule,  be  completely  de- 
stroyed. In  some  other  eases  of  a  similar  nature  tli'e  re- 
ports state  that  the  pistol  was  placed  in  the  auditory 
meatus  and  pointed  backward,  and  the  ball,  after  shat- 
tering till'  osscdus  wall,  became  lodged  in  tlie  sulistanee 
of  the  mastoid  b(me,  from  which  it  was  sulwciiuently  re- 
moved without  fatal  results.  From  these  reijorts  it  would 
apiiear  that  shooting  into  the  car  is  not  necessarily  fatal 
Gnnsliot  wounds  of  the  car  eompUcated  by  injury  to  the 
meninges  and  brain  are  of  secondary  importai'ieeas  eom- 
pai-ed  with  that  of  the  cerebral  lesion,  and  it  is  tlierefore 
rare  that  an  otologistcver  lias  an  opportunity  1o  see  such 
injuries  in  their  eariy  stages.  It  is  only  after  recovery 
from  the  head  injury  that  the  patient  seeks  the  aid  of  an 
ear  specialist  to  restore  the  hearing  power  or  to  check 
the  purulent  discharge.  In  such  cases,  as  has  been  re- 
ported, it  is  not  uncommon  to  lind  the  jiistol  Ijall  lodged 
in  some  portion  of  tlie  osseous  canal,  a  fact  wdiieh  an 
early  examination  would  have  ascertained;  and  in  con- 
sequence of  this  discovery  the  ball  would  have  been 
promiitly  removed  and  the  serious  aspects  of  the  .situa 
tion  would  have  been  diminished.  Wounds  in  and  about 
the  ear  should  suggest  the  most  careful  and  painstaking 
investigation. 

Treatment. — The  utmost  care  must  be  exercised  in  en- 
deavoring to  locate  the  bullet,  and  if  it  is  found,  every 
effort  should  be  made  to  extract  it,  particularly  if  threat- 
ening synqitoms  are  present.  The  Roentgen  rays  may 
prove  to  be  of  inestimable  value  in  detecting  the  location 
of  the  bullet,  and  in  determining  whether  or  not  it  might 
be  successfully  extracted.  Whatever  operation  may  be 
determined  upon  should  be  .guarded  bj'  every  observance 
of  modern  antiseptic  surgery.  Much  destruction  of  tissue 
and  shattering  of  bone  may  render  any  required  opera- 
tion very  difficult  through  the  obliteration  of  well-known 
surgical  landmarks. 

Fracturen  of  the  Temporal  Bime. — In  describing  frac- 
tures at  the  base  of  the  skull,  it  is  the  intention  to  limit 
this  article  to  that  portion  of  the  subject  which  relates 
more  especially  to  the  domain  of  otology  and  which  usu- 
ally meets  with  brief  mention  at  the  hands  of  the  gen- 
eral surgeon.  Cases  of  this  class  involving  the  temporal 
bone  rarely  come  under  the  immediate  care  of  the  aural 
surgeon,  and  in  consequence  a  careful  examination  of 
the  auditory  canal  and  membrana  tympani  with  reflected 
light  and  aural  speculum  is  seldom  thought  of  or  con- 
sidered necessary.  In  view  of  the  brilliant  advance  of 
modern  surgery  and  its  achievements  in  special  or  regional 
work,  it  is  to  be  regretted  that  the  opportunity  offered  by 
such  an  examination  to  learn  of  the  condition  of  the  tem- 
poral bone  in  relation  to  a  fractured  base,  and  the  invalu- 
able aid  sucli  information  would  give  in  shaping  the  course 
of  the  treatment,  have  been  so  wantonly  neglected. 

It  may  be  asserted  in  a  general  way  that  fractures  of 
the  base  of  the  skull  always  involve  the  tenijioral  bone 
to  a  greater  or  less  degree,  but  the  wisdom  of  dividing 
them  into  the  two  following  classes  has  often  been  verified 
by  cUnical  observation : 

1.  A  fracture  or  fissure  of  the  tympanic  or  squamous 
portions  without  causing  any  corresponding  damage  to 
the  petrous  portion. 

3.  A  fracture  of  the  tympanic  portion  and  pars  petrosa 
occurring  simultaneously.  _ 

The  line  of  fracture  or  fissure  in  the  first  division  is 
found  to  extend  along  the  line  of  union  of  the  squamous, 
the  tympanic,  and  the  petrous  portions,  which  represent 
in  the  fietus  three  centres  of  ossification.  The  line  of 
fracture  in  the  second  class  passes  through  the  body  or 
substance  of  the  petrous  portion.  Whether  a  fracture 
of  the  petrous  portion  of  the  temporal  bone  may  occur 
without  involving  the  tympanic  or  squamous  divisions 
is  a  possibility  not  yet  fully  estahhshed  by  clinical  data. 
'  Fractures  such  as  we  are  now  considering  are  always 
caused  by  the  indirect  forms  of  violence,  styled  by  the 
French  observers  "contrccoup"  (counter-stroke)  and  are 
usually  seen  as  a  result  of  a  fall,  the  patient  striking  the 
top  or  base  of  the  skull.  The  peculiar  eons^truction  of 
the  temporal  bone  renders  it  liable  to  such  forms  of  in- 

689 


Ear  Diseases. 
Ear  Diseases. 


REFERENCE  HANDBOOK   OP  THE   MEDICAL   SCIENCES. 


iurv  as  its  resisting  power  is  mucli  reduced  by  tlie  pres- 
ence'of  several  cavities  witliin  its  substance— cavities 
wliich  are  separated  only  by  very  tliin  osseous  wa Us. 
Force  applied  to  the  vertex  expends  itself  on  some  dis- 
tant point  tlirougli  elasticity  of  the  cranium,  and,  owmg 
to  its  wealine'ss,  the  temporal  bone  is  almost  always  dam- 
aged The  external  auditory  canal  in  the  region  of  the 
fissura  Glaseri  is  that  portion  of  the  temporal  bone  which 
is  most  frequently  involved,  yet  the  locality  of  the  frac- 
ture depends  on  the  site  of  the  traumatism.  If  the  vio- 
lence is  applied  in  the  region  of  tlie  occiput,  fracture 
of  the  posterior  osseous  wall  results,  and  this  may  or 
may  not  involve  the  mastoid;  a  severe  blow  or  fall  on  the 
point  of  the  chin  may  cause  a  fissure  or  comminuted  frac- 
ture of  one  or  both  anterior  walls.  As  a  rule,  however, 
fractures  are  rarely  seen  limited  entirely  to  the  auditory 
canal,  for  in  most  cases  in  wdiich  the  traumatism  has  been 
severe,  it  is  further  complicated  by  a  contemporaneous 
fracture  of  the  superior  or  inner  walls  of  the  tympanum, 
and  at  times  of  the  pyramid.  Fracture  of  the  walls  of 
the  tympanum  may  involve  the  facial  canal  in  some  por- 
tion of  its  course,  producing  a  paralysis  corresponding  to 
the  particular  locality  injured.  There  is  always  a  lacera- 
tion of  the  mucous  membrane  lining  the  cavity  of  the 
tympanum,  corresponding  to  the  line  of  fracture.  Frac- 
ture of  the  ossicles  or  dislocations  of  their  articulations  or 
detachment  of  the  drum  membrane  from  its  groove  arc 
seen  only  as  a  result  of  excessively  violent  traumatism. 
The  membrana  tympani,  while  not  always  involved,  is 
ruptured  most  frequently  in  the  neighborhood  of  Shrap- 
nell's  membrane.  The  perforation  appears  in  the  form 
of  a  linear  or  oblong  slit  traceable  along  the  superior  or 
anterior  meatus.  Multiple  perforations  of  the  drum  mem- 
brane are  most  rarely  observed.  Concussion  of  the  skull 
occasionall3'  produces  a  hemorrhagic  extravasation  in  the 
tympanum,  causing  a  condition  known  as  liaBmotympa- 
num.  The  drum  membrane  appears  to  bulge  and  is  of  a 
dark-blue  color;  sudden  deafness,  tinnitus  aurium,  pain, 
vertigo,  and  a  feeling  of  fulness  in  the  ear  result,  but 
upon  absorption  of  the  extravasation  these  subjective 
symptoms  disappear.  "When  the  line  of  fracture  passes 
through  the  petrous  portion  of  the  temporal  bone,  involv- 
ing the  internal  auditory  canal  and  the  nerve  ti-unks  pass- 
ing through  it  and  lacerating  the  delicate  membranous 
labyrinth,  deafness  is  immediate  and  absolute,  and  it  is 
observed  as  soon  as  the  patient  recovers  consciousness. 
Damage  to  the  nerves  in  the  internal  auditory  canal  is 
.seldom  if  ever  confined  to  the  acoustic;  the  facial  nerve 
is  injured  at  the  same  time.  A  staggering  gait,  vertigo, 
nausea,  vomiting,  and  facial  paralysis  generally  persist 
for  months,  and  in  some  cases  these  symptoms  remain 
unchanged  for  years.  Such  functional  disturbances  are 
not  always  due  to  a  fracture,  however,  but  are  seen  as 
a  result  of  pressure  following  an  extravasation  of  blood. 
Injuries  to  the  osseous  portion  of  the  Eustachian  tube 
and  the  mastoid  cells  are  rare,  but  the  extension  of  the 
line  of  fracture  to  the  nose  through  the  anterior  fossa  and 
ethmoidal  cells  is  more  frequently  observed.  Paralyses 
of  special  nerves  appearing  immediately  after  the  injury 
are  due  to  laceration  or  compression ;  those  seen  to  occur 
some  time  after  the  injury  may  be  due  to  inflammatory 
action.  Among  the  symptoms  connected  with  fractures 
or  diastases  of  the  temporal  bone,  associated  or  not  with 
a  contemporaneous  fracture  of  the  base,  and  to  wdiicli 
considerable  importance  has  been  attached,  arc:  hemor- 
rhage and  an  escape  of  a  watery  fluid  from  the  injured 
ear.  Profuse  bleeding  from  the  auditory  canal,  with  a 
discharge  of  a  watery  fluid,  can  occur  only  when  some 
portion  of  the  membrana  tympani  is  perforated  or  when 
the  line  of  fracture  and  laceration  of  the  soft  parts  extends 
well  into  the  external  auditory  canal.  Bleedin  g  from  tlie 
ear  under  these  circumstances,  even  though  it"  persists  a 
comparatively  long  time,  has  not  that  critical  significance 
which  has  heretofore  been  attributed  to  it.  It  does  not 
nec'essarily  indicate  that  the  tympanum  and  one  or  more 
nllnfJ"'?"  yf«°^'ar  channels  surrounding  it  have  been 
??e.nf„  ti  '^  ''^l"''  '"  ^'^"''1^  tJ^ose  lacerations  most 
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superior  wall  of  the  auditory  canal— is  sufliciently  rich  in 
blood-vessels  to  account  for  it.  Alarming  hemorrhage 
from  the  ear  has  been  known  to  follow  injury  limited  to 
the  os.seous  canal;  it  has  also  been  observed  in  cases  in 
which  a  rupture  of  the  drum  membrane  and  a  laceration 
of  the  mucous  membrane  of  the  middle  ear  have  occurred 
without  any  demonstrable  evidence  of  the  existence  of  a, 
fractured  base.  As  a  symptom,  therefore,  bleeding  from 
the  ear  means  a  rupture  of  the  soft  parts  in  the  vicinity 
of  the  line  of  fracture,  since  authentic  cases  of  fracture  of 
the  temporal  bone  have  occurred  without  the  slightest 
hemorrhage  or  bleeding  from  the  ear.  The  escape  of 
watery  fluid  from  the  ear  is  a  symptom  of  graver  import, 
and  is  generally  considered  to  point  to  a  fracture  of  some 
part  of  the  petrous  portion  of  the  temporal  bone,  with  a 
tearing  of  the  cerebral  membranes.  When-  first  seen  its 
color  is  a  reddisli-wdiite,  but  later  it  becomes  clear  as 
water,  and  is  considered  to  be  cerebro-spinal  fluid.  Every 
watery  or  serous  discharge  from  the  ear  is  not  necessarily 
cerebro-spinal  fluid,  for  this  symptom  occurs  in  acute 
inflammation  of  the  middle  ear  of  non-traumatic  origin. 
The  presence  of  this  watery  discharge  from  the  ear  in  no 
way  implies  a  fatal  issue,  as  such  patients  have  recovered, 
but  the  symptom  aids  in  forming  an  estimate  of  the  ex- 
tent of  the  injury  sustained  by  the  temporal  bone. 

Diagnosis. — In  trying  to  discover  the  extent  of  a  frac- 
ture of  the  temporal  bone  in  a  general  way,  the  use  of 
the  tuning-forks  renders  much  valuable  information. 
In  fractures  of  the  first  class,  a  tuning-fork  placed  on  the 
vertex  will  be  heard  better  in  the  affected  ear;  in  those 
of  the  second  class,  in  which  the  fracture  includes  the  pars 
petrosa,  the  tuning-fork  will  be  perceived  more  distinctly 
in  the  unaffected  ear.  A  complete  or  partial  restoration 
of  the  hearing  power  may  be  looked  for  in  the  first  class 
of  cases;  in  the  second,  permanent  deafness  follows. 
Deafness  following  contusion  of  the  head  without  S3'mp- 
toms  of  basal  fracture  is  usually  incompilete,  and  is  gen- 
erally first  noticed  some  days  after  the  injury.  It  may 
be  caused  by  inflammatory  neuritis,  by  hemorrhagic  in- 
flammation of  the  labyrinth,  or  by  involvement  of  the 
acoustic  centre. 

Treatment. — In  treating  fractures  of  the  temporal  bone 
more  attention  should  be  devoted  to  learning  the  extent 
of  damage  sustained  by  the  osseous  canal,  drum  mem- 
brane, and  middle  ear,  with  the  view  of  preventing  anj' 
extension  of  the  inflammation  resulting  therefrom  to  the 
adjacent  structures.  Acute  inflammation  of  the  tym- 
panum follows  these  injuries,  and  when  the  cavity  of  the 
cranium  and  the  delicate  meninges  are  exposed  through 
the  line  of  fracture,  thereby  opening  uj^  paths  of  infec- 
tion for  countless  numbers  of  micro-organisms,  much 
might  be  done  to  reduce  the  development  of  meningitis. 
Both  the  external  auditory  canal  and  the  membrana  t.ym- 
pani  should  be  thoroughlv  inspected  to  establish  the  pres- 
ence of  a  fracture  or  a  rupture.  Copious  hemorrhage 
might  make  this  difficult  of  accomplishment,  but  still  it 
can  be  done.  The  treatment  usually  employed  in  acute 
inflammation  of  the  middle  ear  can  be  used  with  benefit 
in  the  inflammation  arising  from  a  traumatism.  When 
the  details  cannot  be  carried  out,  a  thorough  drainage  and 
cleansing  of  the  middle-ear  cavity  through  the  mastoid 
is  a  surgical  possibility  not  to  be  forgotten.  To  prevent 
the  development  of  meningitis  should  be  the  efEort  of 
the  surgeon,  but  the  application  of  the  ice  cap  and  rest 
in  bed  will  not  sufllce  when  the  channel  of  infection  is  left 
to  tall  jr  neglected  to  the  invasion  of  what  too  often  proves 
to  be  the  exciting  cause.  Jiniic.i  B.  Clemens. 

EAR  DISEASES:  TUBERCULOSIS  OF  THE  MIDDLE 
EAR. — The  occurrence  of  a  purulent  discharge  from  the 
ear  in  the  latter  days  of  patients  afflicted  with  phthisis 
pulmonum  was  observed  by  the  earliest  clinical  writers, 
who  attributed  it  to  poison  within,  seeking  its  way  out. 
Naturally,  nothing  very  precise  was  written  on  the  sub- 
ject until  the  use  of  the  head  mirror,  wdiich  afforded  a 
more  exact  way  of  observing  the  conditions  occurring 
in  various  diseases,  had  been  discovered.  After  this 
discovery  had  been  made,  certain   peculiarities  of   the 
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objective   appeamnces    in   ear    tuberculosis   were  soon 
cbromcled. 

As  in  most  otber  pioneer  otological  work,  so  licre  also  we 
find  evidences  of  tbe  fact  that  Politzer  contributed  his 
share.  In  his  "Beleuchtungsbilder,"  published  in  ISOo  he 
pictures  one  of  tbe  typical  appearances  of  tliis  condition 
He  was  one  of  the  earliest  observers  to  write  at  all  ex- 
tensivelj'  on  the  subject,  and  gave  one  of  the  first  satis- 
factory desoripti(jns  of  tbe  microscopic  cbanfes  taking 
place  in  tbe  mucous  membrane  of  tbe  middle  ear  in  this 
disease.  Still  later,  wlien  tubercle  bacilli  were  discovered 
we  tind  bim  one  of  tbe  first  to  work  out  the  presence  of 
these  in  tbe  discharge  and  in  the  ulcerated  membranes 

During  this  Interval  many  other  observers  worked  upon 
tbe  subject  from  various  standpoints  until  to-day  we  tind 
tuberculosis  of  tbe  middle  ear  thoroughly  we'll  recof- 
nized,  exhaustively  studied,  and  in  general  as  well  uS- 
derstood  as  tuberculosis  of  any  otber  organ  or  portion  of 
the  body. 

Etiology  and  Pathologt.— Theoretically,  there  is 
no  reason  why  a  tuberculosis  cannot  begin  p"rimarily  in 
the  ear,  but,  owing  to  tbe  fact  that  the  middle  ear  is  shut 
off  from  the  rest  of  the  body,  and  communicates  only  in- 
directly with  tbe  lymphatic  system— the  great  dissemi- 
nator of  tuberculosis,  and  also  in  view  of  the  fact  that  the 
only  direct  connection  which  it  possesses  with  the  out- 
side world  is  through  a  very  naiTow  tube  which  passes 
down  into  the  nose,  we  ha\-e  a  riglit  to  assume  that  it 
can  only  rarely  serve  as  the  primary  source  of  a  general 
tuberculosis.  Cases  have  been  reported  in  which  the 
discharging  ear  furnished  the  first  objective  symptom, 
while  only  later,  sometimes  after  a  considerable  lapse  of 
time,  did  tbe  lung  and  other  symptoms  manifest  them- 
selves. I  have  myself,  however,  never  seen  any  cases  in 
which  I  could  satisfy  myself  that  I  had  before  nie  a 
genuine  instance  of  primary  middle-ear  tuberculosis. 
Thei'e  is  one  fact,  however,  which  is  indisputable,  viz., 
that  in  the  vast  majority  of  cases  the  ear  tuljerculosis 
manifests  itself  long  after  the  disease  has  been  more  or 
less  active  in  some  other  part  of  the  body. 

How  often  aural  complications  occur  in  tuberculous 
subjects,  it  is  not  possible  to  state  in  exact  statistics,  all 
of  the  latter  being  more  or  less  modified  by  tbe  fact  that 
the  ear  trouble  is  often  so  little  noticed  by  the  patient 
(and  even  less  so  by  bis  medical  attendant)  that  a  great 
many  ])atients  even  in  our  best-managed  institutions  die 
without  any  mention  being  made  on  the  record  of  anjr 
discharge  from  tbe  ear.  In  private  practice  a  still  larger 
number  of  cases  remain  undiscovered,  or,  if  mentioned, 
are  soon  forgotten  as  being,  in  tbe  presence  of  disease 
elsewhere  in  the  body,  unimportant.  For  tliese  reasons 
I  am  disposed  to  believe  that  tuberculosis  affects  the 
middle  ear  much  more  often  than  is  generally  supposed. 

It  is  probable  that  tuberculosis  in  the  middle  ear  de- 
velops in  one  of  two  ways:  either  the  tubercle  bacilli 
effect  a  lodgment  in  the  relatively  healthy  but  constitu- 
tionally vulnerable  tissues  of  tbe  membrana  tympani  and 
middle-ear  mucous  membrane,  or  else  they  are  favored, 
in  making  a  successful  invasion  of  the  ear,  b,y  the  fact 
that  these  parts  are  weakened  by  disease  (infection  by 
Streptococci,  pneumocooci,  etc.).  The  mode  of  approach 
of  the  bacilli,  which  doubtless  are  in  the  air  a  large  part 
of  the  time,  is  clearly  by  way  of  the  Eustachian  tube. 

It  is  interesting  to  note,  in  this  connection,  that  often- 
times the  most  careful  and  persistent  search  (micro- 
scopical and  bacteriological)  fails  to  discover  the  exist- 
ence of  tubercle  bacilli  in  either  the  discharge  or  the 
affected  tissues  themselves,  anil  that  too  in  cases  which 
present  the  strongest  possible  clinical  evidences  of  the  ex- 
istence of  a  tuberculous  process  in  the  middle  ear.  This 
experience  has  happened  to  the  author  in  a  number  of 
instances. 

It  seems  natural  to  inquire  next  as  to  tbe  nature  of  the 
pathological  processes  which  take  place  in  the  ear ;  how 
they  progress  step  by  step,  Tbe  inflammation  is  almost 
always  of  tbe  sluggish,  asthenic  type.  Without  much 
disturl)anco  a  discbarge  appears,  and  then,  shortly  after- 
ward, a  large  part  of  the  drum  membrane  will  frequently 


disappear.  1  hus,  .sometimes,  in  the  course  of  oul v  a  few 
hours,  a  whole  quadrant  will  as  it  were  melt  away  or 
two  independent  iierforations  will  form,  will  persi.st  for 
a  short  lime,  and  will  then  merge  into  one  large  defect 
Alter  this  first  loss  of  substance  has  taken  place  fre- 
quently nothing  further  transpires  beyond  the  .simple 
conversion  of  tlje  mucous  membrane  on  the  promontory 
wall  of  the  middle  ear  into  a  granulating  mass,  and  from 
tins  and  the  whole  cavity  of  the  middle  ear  there  is 
secreted  a  thm  acrid  pus  which,  often  in  no  very  large 
amount,  runs  on  for  months  and  months  until  the  demise 


Fig.  1804.  —Cast  of  Petrous  Portion  of  the  Temporal  Bone,  from  a  ease 
of  advanred  tdliprfulcisia  of  this  part  of  the  skull.  (Original.)  a, 
Roof  of  tiif  tyuiitaniini,  \s-hirti  is  sppu  tit  lie  arched  up  into  the  mid- 
dle fossa  of  the  siiuM.  Tile  iiverlyint^  brain  suhstanee  at  this  point 
showed  a  corresponding  depression. 

of  the  patient.  No  very  great  further  destruction  of 
tissue  takes  place,  and  the  granulating  surfaces  do  not 
ulcerate,  but  most  obstinately  persist  in  giving  forth  the 
discharge. 

In  another  group  of  cases  the  tuberculous  jjrocess 
shows  a  most  decided  destructive  tendenc}'.  Possiblj' 
this  may  be  due  in  some  measure  to  the  fact  that  the 
patient  lives  longer,  mm'e  time  being  thus  afforded  for 
the  destructive  processes  to  work.  It  is  more  probable, 
however,  that  there  are  real  differences  in  the  types  of 
tbe  disease  itself.  The  drum  membrane  undergoes  com- 
plete destruction.  The  ossicles  become  loosened  and  dis- 
appear in  the  discharge,  and  later  we  are  able  to  discover 
that  the  bone  on  the  promontory  wall  is  bare  underneath 
the  granulating  tissues  which  cover  it.  The  process  in- 
deed does  not  even  stop  here,  that  is,  with  the  formation 
of  a  limited  area  of  bone  cai-ies;  but,  instead,  quite  large 
masses  of  bone  tissue  die.  Especially  is  this  liable  to  be 
the  case  in  children  in  whom  there  is  a  well-developed 
general  tuberculosis.  The  sequestra  thus  formed  are 
sometimes  of  extraordinary  size,  including  wellnigh  the 
whole  ])etrous  portion  of  the  temporal  bone  as  well  as 
the  wall  of  the  external  auditory  canal.  Such  pieces  are 
only  rarely  c-xtruded  by  natural  processes;  usually  opera- 
tive measures  are  needed  for  their  removal.  The  peri- 
osteum or  dural  surface,  in  the  specimen  pictured  in  the 
accompanying  cuts,  presented  an  entirely  healthy  appeai-- 
ance  except  at  the  spot  where  the  bone  has  been  sawed 
in  two,  as  is  shown  in  Fig,  1805.     At  this  spot  the  peri- 

691 


£ar  Diseases. 
Ear  Diseases. 


REFERENCE   PIANDBOOK   OF   THE  MEDICAL   SCIENCES, 


ostcum  was  very  much  thickened  aud  consequeatly  must 
have  served  as  a  Ijarrier  to  the  invading  forces  trying  to 
enter  the  skull  from  tlie  middle  ear.  Tlie  bone  was  en- 
tirely gone  in  places,  but   Ihe  thickened  subperiosteal 


Fir,.  180.-).— Temporal  Bone  from  the  Same  Case  as  that  shown  in  Fig 
1804.  The  section  (made  with  a  saw)  passes  horizontally  throufrh 
the  external  auditory  canal.  Slightly  reduced.  (Original.)  a.  The 
floor  ot  the  external  auditory  canal  and  lower  half  of  the  middle 
ear;  h,  the  upper  wall  of  the  canal,  while  the  upper  half  of  the  mid- 
dle ear  is  filled  by  a  caseous  mass,  c,  c',  section  of  a  sequestrum  or 
of  a  portion  of  the  bone  which  is  In  a  condition  of  osteoporosis  (the 
extent  of  the  same  may  be  i-eadily  distinguished)  ;  r(,  rl'.  intact 
outer  table  of  the  skull ;  e,  locality  of  the  cochlea  which  had  been 
involyed  in  the  necrosis  of  the  neighboring  bone  structures  ;  f  f 
caseous  mass  in  the  internal  auditory  canal, 

tissues  wei-e  good  for  a  long  resistance,  and  the  meninges 
of  the  brain  were  perfectly  healthy,  although  there  was 
at  one  point— corresponding  to  the  projection  shown  on 
the  temporal  bone— a  depression  which  extended  into  the 
bram  substance  and  into  which  the  ball  of  the  thumb 
could  be  easily  inserted. 

Fig.  1805  shows  also  the  marked  osteoporosis,  r,  and  e' 
involving  a  large  mass  which  includes  the  internal  ear  e 
and  the  auditory  and  facial  nerves,  /and  /,  especially 
the  former,  which  had  been  reduced  to  almost  a  iiultacc- 
ous  mass.  Although  death  in  tlris  particular  case  was 
ti-om  pure  asthenia,  it  could  not  have  been  long  delayed 
as  a  .septic  meningitis  was  imminent  owing  to  the  bi-oken- 
(lowu  condition  of  the  nerve  tissues,  as  mentioned  above 
huch  a  meningitis  occurred  in  another  case  the  temporal 
bone  of  which  I  had  the  opportunity  thoroughly  to  studv 
in  tins  case  I  removed  a  S])ecinien  from  a  pait"wlieie  the 
root  ot  the  tympanum  was  very  thin,  decalcified  it  and 
cuf  It  into  sections.     E.xcept  in  tho.se  portions  of  sections 

not  finding  by  the  microscope  anything  that  was  materi- 
ally difterent  from  what  we  find  in  cases  of  rarefyin.- 
osteitis,  whether  tuberculous  or  otherwise  in  its  origin" 
Intlie  deeper  layers  of  the  periosteum  there  wasacer- 
am  amount  of  inflanimatmy  tissue,  and  this  was  foimd 
to  extend   mto   the   Howsliip's  lacunae  and   Haversian 

irthe'w^"'^"'^'  "'"'/  *°  I'^y^^raiwl  tiers  of  cells  close 
to  the  bone  proper.     As  will  be  seen  fi-om  Fig   1800   the 

stanc^taetlv  ■''-■'•  *",f '^.*'— 'ves  into  tbe-bonc  ■sub- 
stance exactly  as  in  otlier  iorms  of  bone  decav      The  im 

^^i^z^^^j  '^'■'"'  '■-'-t-iyingtt^.scl!:ai:"s 

and  those  whi  I  ^  dilleren.e  betw,.,,  11,,.  con,lit,ions  her,, 
s  h  he  o.  T  ';''""''''f''  '"  ■"'■"'l''''  '■'■■'■I'ving  osleitis, 
b.,  i  V'«  o«|«'clasts  mthe  tuberculous  form  are  ner 
Wps  a  tnlie  larger  than  they  are  in  the  simple  variet;. 

692 


In  this  case  the  tubercle  bacilli  were  found  back  in  the 
ca.seous  tissue,  where  the  coagulation  necrosis  was  taking 
place,  but  were  not  discovered  in  the  actuallj'  inflamed 
area  where  we  assume  that  phagocyto.sis  is  most  active, 
the  latter  being  nature's  attempt  to  throw  a  barrier  around 
the  diseased  tissue  for  the  purpose  of  separating  it  fi'om 
th,.  health}'. 

In  the  milder  eases  we  have  in  the  mucous  membrane 
of  the  middle  ear,  as  occurs  in  the  larynx,  ulceration  and 
the  formation  of  granulation  ti,s,sue;  the.se  alterations, 
which  ai'e  caused  by  other  micro-organisms  than  the 
tubercle  bacilli,  freijuently  3-ield  readily  to  treatment. 
The  otlj,.r  dec|ier  lesiems  of  the  mucous  membrane  are 
found  to  have  the  giant  cells  and  the  coagulation  necrosis 
as  well  as  the  tubercle  bacilli. 

This  leails  inc  to  repeat  the  statement  which  I  made  in 
the  earlier  part  of  the  article,  viz.,  that  the  beginning  of 
the  trouble  in  the  car  in  manj'  eases  is  probably'  simply  a 
streptococcus  or  pneumococcus  infection,  and  that  it  is 
only  later  that  the  tubercle  bacilli  get  a  chance  to  work 
out  their  full  measure  of  mischief,  the  tissues  being  pre- 
par,'il  for  the  latter  by  the  previous  inflammatory  con- 
ditif)ns 

Sympto.matology, — When  a  tuberculous  patient  comes 
to  c.on.sult  the  aural  surgeon  for  relief  of  his  ear  trouble 
he  relates  that  he  bad  a  feeling  of  fulness  and  discomfort 
in  his  ear  for  perhaps  only  a  few  hours  or  for  a  number 
of  days,  but  that  his  attention  was  onlj'  seriously  directed 
to  his  ear  when,  on  arising  some  morning,  he  discovered 
that  his  ear  hail  been  discharging  as  shown  by  the  pres- 
ence of  dried  matter  on  the  outside  of  his  ear  or  by  the 
staining  of  his  pillow.  He  will  relate,  further,  that  since 
this  particular  occasion  he  had  experienced  no  trouble 
beyond  the  fact  that  the  discharge  and  the  deafness  had 
both  continued  to  exist.  The  Tatter  symptom  is  fre- 
quently much  less  marked  than  that  which  would  ac- 
company any  other  puruli-nt  otitis  media  So  significant 
is  this  quiet  beginning  of  the  ,lisease  that  whenever  a 
patient  comes   complaining   of   painless   discharge   and 


Fin.  ISCKi.-Sectioii  throutrh  Decalcifleil  Bone  from  Rn.if  ot  Tym- 
panum X  l,(KHidlani,.t,.rs.  I, ii-iginal.1  o,  (»'.  osU-oclasts  resting 
in  a  holtow  which  lliey  ]„„i  uuulr  in  tli,.  bone  siibstan.-,. ;  h.  h'.  bone 

;.n  fnn"re,i  ,v,f,   ,    ""'V  'r"''-    ''"'"'  """"^''st  'iitleren,.e  to  size,  as 
compared  with  tin;  osti.oi-|asts,  is  notli-eable. 

pei-sisleul  though  ntit  severe  deafness,  I  am  at  once  sus- 
picious that  the  underlying  cause  is  a  tuberculosis  of  the 
mi,ldle  car. 
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H'  an  examination  is  iiuulo  early  in  the;  piunii.ss  ol'  tlic 
trouble,  one  often  tinds  more  tlian"one  perforaliou.  <Jiiil(^ 
frequently  I  have  seen  these  double  perforations,  but  in 
no  instanee  have  I  seen  more  I  ban  two.  Troeltseli,  how 
ever,  records  liaving  seen  on  one  ocea.sion  lliree.  Multiple 
perforations  are  considered  a  sure  pnsumiitive  si.t;n  of 
tuberculosis,  aud  my  own  experience  would  lead  I'ne  to 
place  as  high  a  value  upon  this  piece  of  evidence  as  I 
would  upon  the  presence  of  a  pyriform  swelling  of  the 
arytenoid  cartilages  of  the  larynx,  or  vipon  that  of  a  dull 
apex  of  the  lungs.  These  indeiiendent  perforations  per- 
sist for  a  shorter  or  a  longer  time  aud  then  merge  into 
one  large  defect. 

In  carrying  out  the  treatment  of  one  of  these  cases  of 
tuberculous  disease  of  the  miildle  ear  the  surgeon  secures 
ample  opportunities  for  observing  closely  the  progress 
of  events.  Thus,  feu-  examiile,  he  will  notice,  in  the 
milder  cases,  that  after  a  certain  period  there  ceases  to  he 
anjr  further  erosion  of  the  drum  membrane ;  the  idceratcd 
edge  retracts,  folds  backward,  and  is  usually  more  or  less 
overlapped  by  the  granulation  tissue  wdiicii  springs  up 
from  the  promontory  wall.  Tlien,  in  a  certain  propor- 
tion of  the  cases,  even  when  all  local  treatment  is  com- 
pletely abandoned,  the  further  formation  of  granulation 
tissue  or  of  polypi  ceases ;  in  fact,  such  granulations  may 
gradually  shrivel  up  and  the  discharge  become  very 
scanty.  Such  partial  spontaneous  cures  are  not  very  un- 
common. They  remain  in  this  state  of  comparative  qui- 
escence for  varying  iieriods  of  time;  the  patient  finally 
dying  without  anything  new  of  any  importance  having 
transpired  in  the  middle  ear. 

In  other  cases  the  disease,  from  tlie  stait  to  the  finish, 
pursues  a  very  different  course.  In  these  cases,  which 
belong  to  a  more  virident  type,  and  in  Avhich,  after  the 
destruction  of  the  membrana  tympani,  the  malleus  and 
incus  are  exfoliated  and  washed  out  with  the  discharge 
at  a  comparatively  early  stage,  tlie  patients  frequently 
complain  that  the  ear  is  more  or  less  painftd  and  tliat 
there  is  a  deep-seated  boring  ;  tlie  discharge  also  becomes 
very  foul-smelling,  traces  of  blood  are  seen,  and  if  one 
carefully  cleanses  such  an  ear  and  uses  his  ])robe  witli 
discretion  he  will  easily  discover  that  it  passes  through 
or  between  the  portions  of  the  granulating  tissue  and  en- 
counters bare  bone.  This  bare  bone  sometimes  is  merely 
a  simple  caries  of  the  bony  wall  of  tlie  middle  ear  and 
may  be  found  in  any  portion  of  it,  more  frequently  on 
the  promontory  wall," — perhaps  because  it  is  more  acces- 
sible,—but  it  also  occurs,  as  the  probe  will  often  discover, 
on  the  annulus  tympanicus,  on  the  roof  of  the  tympanum, 
toward  the  mastoid,  and  even  in  the  external  canal  itself. 
At  a  still  later  stage,  in  these  progressive  cases,  it  be- 
comes evident  to  the  medical  attendant  that  he  has  to  do 
with  conditions  of  tlie  ear  such  as  are  pictured  in  Figs. 
1805  and  1806,  i.e.,  with  the  formation  of  large  necrotic 
masses  and  of  sequestra.  In  children  this  will  frequently 
progress  in  such  a  way  that  a  little  manipulation  with 
the  instruments  or  a  little  direct  operative  interference 
will  disclose  the  fact  that  the  masses  are  no  longer  at- 
tached to  the  healthy  bone  aud  consequently  that  they 
can  be  removed.  Almost  every  aurist  who  has  had  more 
than  a  limited  experience  can  recall  cases  in  which  larger 
or  smaller  masses  have  thus  been  removed  either  through 
the  natural  canal  or  by  the  various  metliods  of  laying 
open  the  ear  from  behind. 

Occasionally,  however,  it  transpires,  as  in  the  case  from 
which  the  specimens  which  illustrate  this  article  were 
taken,  that  the  mass  does  not  separate,  does  not  give  any 
evidence  of  loosening,  and  is  so  extensive  as  to  deter  one 
from  even  advising— in  the  weak  condition  in  which 
these  patients  iind'tliemselves- any  operative  interfer- 
ence. In  cases  of  this  kind  the  infection  which  induces 
the  terminal  meningitis  reaches  the  cranial  cavity  either 
by  Avay  of  the  roof  of  the  tympanum,  which  breaks 
down  and  disappears,  or  by  way  of  the  labyrinth  and  in- 
ternal auditory  canal,  after  the  destruction  of  the  soft 
parts.  The  resulting  meningitis  in  these  cases  is  usually 
of  the  asthenic  type.  Gradually  the  patient  succumbs 
to  the  slowly  oncoming  coma.     He  may  have  short  at- 


tacks ot  dizziness  and  headaches  from  which  he  seems  to 
recover  entirely,  later,  however,  he  .generally  sinks  into 
the  comatose  conditu.n  as  into  a  sleep,  and  never  rcRains 
consciousness  ^  It  very  rarely  haiipens  that  a  patient,  in 
a  ease  ot  this  kind,  develoiw  a  brain  aljscess  or  any  other 
intracranial  allection  than  the  basilar  meningitis  wliicli 
liroduees  the  fatal  termination.  In  the  simpler  cases  on 
the  other  hand,  one  rarely  has  to  do,  fi-om  first  to  I'ast, 
with  any  pain  or  inconvenience,  such  as  ar<'  quite  com 
monly  experienced  liy  the  patients  belonging  to  the  class 
.just  described.  "      ' 

PuooNOSis.— As  already  stated  in  an  earlier  part  of  this 
article,  it  is  sometimes  a  very  diffleult  matter,  or  even 
impossible,  to  prove,  in  any  given  case  of  extensive 
necrosis  of  the  temporal  bone,  that  we  are  dealing  with 
tuberculous  disease.  Furthermore,  the  formation  of  these 
large  sequestra  in  tlie  temporal  bone  has  been  known  to 
follow  a  severe  attack  of  scariet  fever,  without  tlie  inter- 
position, so  far  as  could  be  .judged,  of  tubercle  bacilli. 
Consequently,  when  one  of  these  large  masses  is  cast  olf 
spontaneously,  or  is  removed  by  operative  interference, 
and  the  patient  gets  entirely  well  again,  it  is  liard  to 
maintain,  with  any  degree  ot  confiden'ee,  that  the  case  in 
liand  was  a  genuine  instanee  of  recovery  from  extensive 
bone  disease  due  to  tuberculosis  of  the  middle  ear.  1 
have  myself  observed  only  one  case  in  wdiich  I  felt  coii- 
fideiit  that  my  patient  had  really  recovered  from  an  ex 
tensive  tuberculous  necrosis  ot  the  temporal  bone.  Under 
these  circumstances,  therefore,  I  am  scarcely  warranted 
in  saj'ing  very  much  about  the  prognosis  of  the  disease. 
That  it  is  very  grave,  but  not  absolutely  unfavorable,  is 
all  that  tlie  facts  permit. 

Diagnosis. — So  much  has  already  been  said  in  various 
parts  of  the  present  article  (in  relation  to  the  diagnosis) 
that  it  will  suffice  here  simply  to  recapitulate  tlie  main 
points  briefly.  When  the  discharge  is  found,  upon  ex- 
amination with  the  microscope,  to  contain  tubercle  bacilli, 
no  further  doubt  can  be  entertained  with  regard  to  the 
nature  of  the  disease.  We  are  also  warranted  in  feeling 
toleratily  sure  of  our  diagnosis  when  we  find  evidences, 
in  otlier  parts  of  the  body,  of  the  presence  of  tuberculous 
disease.  The  existence  of  multiple  perforations  in  the 
membrana  tympani,  even  when  the  presence  of  tubercle 
bacilli  cannot  be  demonstrated,  affords  strong  presump- 
tive evidence  of  the  tuberculous  nature  of  the  disease. 
The  sluggish,  asthenic  type  of  the  inflammation,  the  ap- 
parent ease  with  which'  bone  caries  develops,  and  the 
slight  tendency  of  tlie  tissues,  or  even  the  total  absence 
of  any  tendency  on  their  part,  toward  re-formation  of  the 
parts' destroyed,  furnish  additional  and  strong  evidence 
of  the  tuberculous  nature  of  the  disease. 

A  word  more  with  regard  to  the  search  for  tubercle 
bacilli.  If  we  were  to  follow  up  all  our  cases  of  middle- 
car  discharge  by  carefully  staining  for  the  micro-organ 
isms  which  are  involved,  'l  doufit  not  we  should  discover 
the  tubercle  bacillus  where  we  never  suspected  it.. 

TitE..\TMEKT. — Under  this  latter  head  much  or  little 
might  be  said  according  to  the  view  which  is  taken  of 
the' matter.  It  would  "seem  perhaps  better  to  consider 
llrst  if  there  is  anything  speeific  for  the  tuberculosis 
which  can  be  given  as  specific  treatment  pur  m.  For 
example,  lactic  acid  has  been  lauded  in  the  treatment  of 
tuberculous  larvngitis,  and  has  been  thought  by  some  to 
bo  almost  specific  in  its  working.  Numerous  experi- 
ments have  been  made  in  regard  to  tuberculosis  of  the 
ear  but,  so  far  as  I  am  able  to  judge,  we  have  nothing  for 
tuberculous  disease  in  the  ear  which  approaches  being  as 
nearly  specific  as  lactic  acid  is  for  tuberculosis  ot  the 
larynx  I  have  used  this  remedy  by  rubbing  solutions 
of 't'Tadually  increasing  strength  over  the  granulating 
surtiices  in  the  middle  ear,  but  have  failed  to  get  any 
better  results  than  from  otlier  forms  of  careful  treatment. 

Iodoform  has  been  recommended  on  account  of  the  fact 
that  it  seems  to  act  favorably  upon  tuberculous  jomts 
and  lione  tuberculosis  in  general.  Perhaps  it  has  some 
snecial  usefulness  in  these  cases,  but  I  have  not  succeeded 
in  obtaining  specially  favoraljle  results.     In  view  of  the 
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laent  wliicli  tlie  use  of  ioiloform  always  entails,  and  of 
the  uufavorable  results  thus  far  obtained,  I  tlimk  it  should 
never  be  employed. 

Orthoform  lias  been  u.sed  iu  the  advanced  tuberculous 
cases  in  which  the  ulcerative  process  Involved  uerve 
trunks  of  sufficient  sensitiveness  to  give  more  or  less 
constant  pain,  and  I  have  found  that  it  acted,  as  it  fre- 
([Ueutly  does  in  the  larynx,  both  to  the  comfort  of  tlie 
]>atieut  and  to  the  cleaning  up  of  the  ulcerated  surfaces. 

The  treatment  then  may  be  summed  up  un<ler  two 
heads:  wdiat  the  patient  should  do,  and  what  nica.sures 
the  medical  attendant  should  adopt.  In  mild  cases  in 
which  tlie  discharge  is  copious  and  the  granulation  tis- 
sill-  abundant,  but  without  any  invcjlvement  of  the  bone 
or  any  I'ctentiou  of  large  ciiolusteatomatoiis  masses,  tiie 
patient's  portion  of  the  treatment  may  be  limited  to  the 
.simple  maintenance  of  cleanliness.  A  weak  .solution  of 
carbolic  or  boric  acid  is  to  be  syringed  into  the  ear  two, 
three,  or  four  times  a  day,  according  to  the  amount  of  the 
discharge  present.  I  have  always  found  that  the  car 
had  les.s  odor  and  was  as  a  rule  less  offensive  if,  following 
till'  cleansing  of  the  canal  witli  an  effective  syringe,  drops 
were  instilled — as,  for  example,  a  solution  of  eipial  parts 
of  glycerin  and  water  containing  one  per  cent,  of  zinc 
snlpliate  and  two  percent,  of  carbolic  acid.  This  simple 
astringent  and  antiseptic  solution  should  be  instilled 
warm  into  the  ear. 

In  cases  in  which  the  granulation  tissue  .secms  to  be 
abundant,  equal  portions  of  absolute  alcohol  and  glycerin 
will  be  found  to  make  an  effective  remedial  solution  for 
purposes  of  instillation.  Before  using  this  the  ear  should 
be  very  carefully  dried  out,  as  of  course  the  effectiveness 
of  this  solution  depends  upon  the  hj-dropliilic  jiroperties 
of  the  materials  employed.  These  instillations,  if  used 
at  all,  had  better  always  follow  the  cleansing  of  the  ear. 

Peroxide  of  h3'drogen  is  a  much-used  and  iu  many 
quarters  a  much-lauded  preparation,  but  it  is  more  effi- 
cient when  used  by  the  physician  himself  than  when 
given  into  the  bands  of  the  patient  for  daily  use. 

The  physician  who  undertakes  the  treatment  of  a  case 
of  middle-ear  tuberculo.sis  should  see  the  patient  often 
enougli  to  keep  the  granulations  down,  and  if  be  succeeds 
in  holding  the  disease  in  check,  he  has  a  right  to  believe 
that  he  is  doing  as  well  as  can  reasonably  Ijc  expected. 

It  is  only  when  the  locality  in  which  both  physician 
and  patient  live  possesses  specially  favorable  climatic 
conditions  that  the  former  may  hope  to  accomplish  better 
results  by  the  adoption  of  a  more  vigorous  plan  of  treat- 
ment. Under  ordinary  climatic  conditions,  however,  he 
.should  rest  .satisfied  with  tin-  thorough  cleansing  of  the' 
ear;  b}'  which  is  meant  that  he  slioidd  not  merely  syringe 
out  the  ear,  but  should  also— by  means  of  the  swab  and 
the  curette,  and  by  the  use  of  the  peroxide  of  hydrogen 
— remove  all  accumulations,  of  wdiatsoever  nature,  from 
every  accessible  place  (more  ]iarticularlv  the  attic)  where 
it  may  become  lodged.  After  this  has  been  accomplished, 
he  should  apply  milil  caustics  to  the  granulating  surfaces! 
If  the  latter  are  proliferating  to  such  a  degree  as  to  pro- 
duce polypoid  mas.ses,  these  should  be  removed  by  means 
of  the  snare  or  the  sharp -ed.ged  curette.  For  simple  stimu- 
lating purposes  nitrate  of  silver,  in  strengths  varying 
from  fifteen  to  twenty  per  cent.,  will  be  found  to  answer 
wril  in  this  class  of  cases.  Some  authorities  urnc  the 
ni-crssity  of  using  the  .stronger  caustic  preparations  (cliid- 
mic  acid,  nitrate  of  silver  in  the  form  of  a  soli.l  bead) 
with  great  caution  in  eases  helicvcd  t,i  be  of  a  tiiliereu- 
lous  nature. 

If  the  malleus  is  found  fo  be  necrotic,  (ir  the  sent  of  a 
limited  caries,  this  ossicle,  lo-,.|her  with  all  that  liiav  le- 
iiiam  of  thi'  upper  |H,iii,,n  ,,{  t  in-  drum  mi-mbranc-  should 
be  removed,  in  nnler  l|,.-,t  th(-  fi-,-est  possibl.-  drainti"-,- 
may  be  ])iovided  b.r  the  r,-i;i,,n  ,,f  i),,.  aiij,. 

Inasmticli  as  we  ean  seai-c(-lv  hope  I,,  di,  more  tii-iii 
palliate  the  disease  by  the  various  nieasun-s  which  hav(- 
iieen  described  above,  and  since  it  is  forth. -r  evi.lent  that 
even  the  most  radical  operativ(-  interferen.-,-  is  nol  lik(-ly 
to  be  rewarded  by  materially  b.-tter  result.s,  it  is  plainly 
o.ir  duty  not  to  recommend  these  to  this  class  of  patients. 
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As  regards  the  cases  in  which  the  tuberculou.s  disease 
has  produced  such  gross  lesions  as  are  shown  in  Figs.  1^04 
and  1805,  it  is  not  an  easy  matter  to  determine  how  far  it  is 
wise  to  proceed  with  surgical  measures  of  a  more  or  less 
radical  character.  Much  will  depend  upon  the  condition 
of  the  patient's  strength,— whether  he  can  bear  the  strain 
of  the  operation, — and  also  uprin  the  fact  whether  the 
.sequestrum  is  or  is  not  loose.  If  the  patient's  general 
condition  is  fairly  good;  if  tliere  are  no  evidences  of 
meningeal,  cerebral,  or  sinus  involvement;  and  if  the 
sequestrum  appears  to  be  of  not  too  large  size  and  dis- 
connected from  the  surrounding  living  bone,  it  is  fair  to 
expect  that  ojjerative  interference  will  place  the  patient 
in  a  more  comfortable  condition  and  will  probably  pro- 
long his  life.  That  it  can  accomplish  anything  toward 
curing  the  disease  is  not  to  be  expected. 

As  is  so  often  the  case  with  the  treatment  of  these  and 
other  cases  of  tuberculosis,  we  can  best  sum  uj)  the  whole 
affair  by  saying  that  each  case  will  have  to  be  treated 
thoroughly  and  solely  on  its  individual  merits  or  pro  re 
Mttii.  Henry  L.  Sirain. 

EAR:  SURGICAL  ANATOMY  OF  THE  MASTOID.— 

The  mastoid  ]ioi-tion  of  the  temporal  bone  takes  its  name 
from  the  nipple-like  process  which  develops  ujion  its 
outer  surface  to  form  the  major  insertion  of  the  sterno- 
cleido-mastoid  muscle,  but  it  comprises  all  the  part  pos- 
terior to  this  which  articulates  with  the  occipital  bone 
and  forms  a  considerable  element  of  the  skull  base.  Its 
demarcation  from  the  petrous  portion  is  indefinite  and  can 
be  but  arbitrarily  stated  by  assigning  to  the  latter  all 
that  encloses  the  labyrinth;  but  from  the  squamous  por- 
tion it  is  easily  separable  at  birth,  and  sometimes  in  later 
life,  and  its  line  of  suture  with  the  tympanic  scroll  is 
rarel_v  effaced  bj'  growth.  Its  outer  anterior  part  is 
largel}'  ensheathed  by  these  portions,  and,  paradoxical 
as  it  may  sound,  much  of  our  "  mastoid  operation  "  is 
done  upon  this  extension  of  the  squama  {cide  Fig.  1707, 
p.  622).  Its  surgical  importance  depends  upon  the  lia- 
bility of  the  tj'mpanic  structures  within  to  incur  septic 
infection,  which  is  easily  transmitted  to  it  and  to  the  more 
important  adjacent  structures,  thus  giving  rise  to  a  de- 
mand for  intervention  to  eliminate  such  dangerous  foci. 
Through  the  soft  tissues,  in  life,  little  can  be  felt  of  the 
mastoid  process  except  the  convexity  of  the  bony  promi- 
nence, where  the  hairless  skin  and  tlie  periosteuiii  form  a 
thin  covering,  with  only  enough  loose  subcutaneous  tis- 
sue to  give  free  mobility  to  tbc'skin  (Fig.  1813).  Inflam- 
matory in<luration  and  tt'dema  may  distend  this  layer, 
however,  to  an  inch  or  more  in  thickness,  and  so  may  ren- 
der accurate  i)ali)ationof  the  part  impossible ;  but,  "so  far 
as  this  difficuit}-  is  concerned,  it  is  well  to  remember  that, 
much  as  the  two  sides  may  differ  in  other  respects,  there 
is  apt  to  be  enougli  sj-mmetry  to  make  the  other  mastoid 
a  fair  criterion  for  the  size  and  form  of  its  fellow. 

The  mastoid  process  is  a  eonoidal  protuberance  of  the 
lower  posterior  portion  of  the  temporal  bone,  and  since 
it  is  in  large  part  a  response  to  the  needs  of  the  muscle 
inserted  upon  it,  it  shows  an  external  form  usually  cor- 
responding to  the  general  ossecnis  and  muscular  develop- 
ment of  the  indixidual;  being  large,  rough,  and  massive 
in  most  strongly  built  males,  aiul  smaller,  smoother,  and 
thinner- widled  in  females  and  in  males  of.  slight  pbysi(|ue. 
Its  posterior  boundary  is  partly  marked  "by  the  deep 
groove  of  the  digastric  fo,ssa,  wliich  intervenes  between 
its  apex  and  the  skull  base;  anteriorly,  its  convex  ex- 
t(-rnal  surface  slopes  inward  to  become'the  back  wall  of 
ihe  mciitus.  Abo\-e,  it  may  be  said  to  extend  to  the 
curving  and  often  ill  defined  temporal  ridge  Aviiich  ex- 
tends back  from  the  root  of  the  zygoma;  but  it  is  better 
to  consider  if  as  ending  at  ilie  imaginary  horizontal  line 
on  the  level  of  the  upper  edge  of  the  zygoma  and  the 
upper  margin  of  the  meatus.  Almost  ii-xactly  at  the 
junction  of  these  anterior  and  supi-rior  hmits  there  may 
;diuost  always  be  found  a  depressed  groove  or  pit  belo-v\' 
which  a  spine  or  ridge  iirojects  t<nvard  the  canal.  This 
"sii]U'ameaf.-il  spine"  (Fig.  1808),  to  which  Henl.-  ami 
Bezold  din.-cfi-d  attention,   is  recognizable  in  the  great 
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majorit}'  of  cases  and  forms  a  fixed  and  definite  truidinir. 
pomt  not  onlj'  for  the  mastoid  but  also  for  tlie  whole 
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[  mastoid 

Fie,.  1807.— Vertical  Section  of  Mastoid  Proces.s  at  Rislit  Angles  ti5  the 
Axis  ol  the  Auditory  Canal,  sliowlng  highlv  developed  pneumatic 
cells  and  their  radiating  relation  to  the  antrum  *.    (After  Eyssell.) 

skull.  Kiesselbach  found  it  in  eighty-two  percent,  of 
iuveuile  and  eighty-seven  per  cent,  oif  adult  bones,  and 
I  have  rarely  missed  it  among  my  specimens  or  in  foiir 
hundred  mastoids  operated  upon. 

The  mastoid  process  consists,  externally,  of  a  cortical 
lamina  of  compact  bone,  while  in  its  interior  it  is  more 
or  less  hollowed  out  by  cavities,  diploic  or  medullary 
in  early  life,  but  generally  largely  displaced,  at  a  later 
period,  by  pneumatic  extensions  of  the  tympanum.  As 
diverticula  of  the  tympanic  cavity  these  have  a  rather 
radiate  arrangement  in  relation  to  it  (Fig.  iy07),  and  ma)' 
extend  not  only  throughout  the  mastoid  but  into  all 
other  portions  of  the  temporal  heme,  and  even  inward,  or 
backward  into  the  occipital.  They  may  be  said  to  be 
always  most  marked  in  the  large  mastoids,  fewer  and 
more  imperfectly  developed  in  the  less  prominent  ones. 
Zuckerkandl's  finding  that  among  3,50  bones  36.8  per 
cent,  were  wholly  pneumatic,  and 
20.4  per  cent,  wholly  diploic, 
while  in  43.8  per  cent,  various 
combinations  of  pneumatic  spaces 
and  diploe  existed,  has  not  been 
borne  out  by  the  writer's  study 
of  500  temporals,  which  showed 
a  surgically  notable  proportion  of 
diploe  in  hardly  10  pei-  cent,  of 
adult  bones.  Whether  the  diploic 
or  the  pneumatic  structure  is  the 
more  prone  to  septic  infection 
and  transmission  does  not  appear ; 
and  the  spaces  are  devoid  of 
known  function  except  as  aiding 
nature's  economy  of  material  in 
developing  the  process  in  response 
to  the  needs  of  the  muscle  inserted 
upon  it.  Their  practical  import- 
ance is  that  they  in  a  sense  hold 
away  from  the  cortex  the  inner 
table  and  the  deeper  structures 
which  are  related  to  it. 

These  inner  structures — wdiich 
are  the  ones  that  concern  us  froiu 
a  surgical  standpoint — are  the  lat- 
eral sinus,  the  dura  and  brain  of 
the  middle  cerebral  and  the  cere- 
bellar fossa,  and  the  facial  nerve ; 
and  while  modern  writings  might 
seem  to  indicate  that  we  now  op- 
erate more  often  with  the  purpose 
of  reaching  than  of  avoiding  them. 


It  will  yet  always  he  a  piece  of  bungling  needlessly  or  un- 
uitentionally  to  expose,  still  more  to  iniure,  any  of  them. 
I  he  lateral  sinus  occupies  the  sigmoid  sulcus  which 
grooves  more  or  less  deejily  the  inner  posterior  surface 
ot  the  mastoid.  The  vessel  itself  is  of  very  varying  size 
partly  because  the  ciuTcnt  of  the  longitudinal  sinuses  is 
laiely  e(|ually  divided  at  tlie  torcular— the  main  flow  be- 
ing ottener  to  the  riglit;  and  the  impress  which  it  makes 
upon  the  bone  is  still  more  varialile.    In  general  the  larger 


squama 


temporal 
ridge 


sigmoid  sulcus 

mastoid  cells 


carotid  canal 
jugular  fossa 


styloid 


f  lunstoid 
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Fig.  1R08.— Posterior  Inferior  Aspect  ol  Temporal,  sectioned  nearly 
frontally  to  show  the  mastoid  cells  between  the  lateral  sinus  and  the 
exterior,  generally  thin-walled  toward  the  sigmoid  sulcus  and  the 
digastric  fossa  within  the  mastoid  tip. 

the  sinus  is  the  more  deeply  do  its  curves  hollow  out  the 
sulcus,  pressing  closer  to  the  external  auditory  canal,  to 
the  mastoid  cortex,  or  to  both.  The  usual  thickness  of 
bone  externally  covering  it  averages  7  mm.  (0  to  20),  and 
this  thinnest  place  is  at  a  point  averaging  17  mm.  (0.5  to 


■Bif   iRfM     Horf'/onfal  .Section  of  Lett  Temporal  Bone,  showing  an  extreme  anterior  and  super- 
flc^^m"t"nrf  bringing  the  lateral  sinus  almost  in  contact  with  the 

Sus  wal  and  the  i.mstoid  surface  in  the  region  of  the  spina,  and  rendering  who  ly  im- 
I^Sbie  the  ordinary  operation  for  opening  the  antrum.    (Randall,  Photographic  lllustra- 

tionsj 
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■tO)  back  of  tlie 
13  mm.,  on  an 


snprameatal  spine.     It  approaches  within 
average  (0  to  25),  of  the  external  meatus, 


Fig.  1810. —Vertical  Section  at  liiffht  Angles  to  the  Canal  ilf,  of  a 
Diploic  Rigbt  Temporal  Bone,  showing  a  forward  and  superficial 
position  of  the  sigmoid  fossa,  F,  and  a  middle  cerebral  fossa,  C,  lower 
than  the  temporal  ridge.    (After  Hartmann.) 

leaving    a    veiy   moderate    "operation  space "    through 
which  the  surgeon  can  peneti-ate  to  tlie  antrum  ;  but  the 
minima  stated  (Fig.  1809)  sliow  that  there  can 
be  no  assurance  of  safe  peueti'ation  in  this  di- 
rection,  since   no   rule  can   be  laid  down  by 
which  the  less  favorable  relation  can  be  fore- 
told.    In  spite  of  some  assertions  to  the  con- 
trary it  has  been  proved  that  the  dangerous 
relations  may  be  met  in  any  type  of  sktill  and 
on  either  side.     The  only  safe  rule,  therefore, 
is  tliat  of  Hartmann,  v'iz.,  to  operate  always 
as  though   the  most  dangerous  relation   were 
present  until  the  contrary  has  been  proved  to  be 
the  fact.     As  regards  its  relations  to  the  antrum,  the  sinus 
usually  approaches  it  more  nearly  than  it  does  either  the 


upon  the  mastoid,  is  brought  into  immediate  touch  with 
the  thin  wall  of  the  sulcus — a  structure  brittle  and  easily 
penetrated  even  when  healthy.  A  large  emissary  vein 
passes  back  from  tlie  lower  curve  of  the  sigmoid,  chan- 
nelling the  bone  to  emerge  at  the  back  of  the  digastric 
fossa  near  the  occipito-temporal  sutui-e.  In  rai'c  cases, 
as  in  the  fellow  of  the  mastoid  represented  in  P'ig.  1809, 
the  entire  sigmoid  sinus  emerges  here ;  and  again  in  otlier 
cases  tills  emi.ssary  may  be  as  large  as  a  lead-pencil. 

The  floor  of  the  middle  cerebral  fossa  has  been  said  to 
correspond  fairly  with  the  ridge  extending  back  from  tlie 
zygoma  above  the  meatus;  but  this  snprameatal  ridge 
is  no  safe  guide,  .since  the  fossa  not  infrequently  extends 
below  it  (Fig.  1810).  The  average  height  is  6  mm.  (0  to 
18)  above  the  npina  supra  meatum  and  the  upper  wall  of 
the  meatus,  and  this  should  form  our  landmark  in  enter- 
ing the  bone,  as  the  fossa  can  never  be  below  the  meatus 
and  is  usually  higher  and  back  of  it.  An  embryonic 
.sinus  not  infrequently  persists  along  the  petro-squamous 
suture  near  the  lowest  part  of  the  fossa.  If  the  surface 
of  the  bone  has  been  well  bared,  the  surgeon  will  be  able 
to  distinguish  the  bluish  tinge  which  is  generall}'  present 
when  the  sinus  approaches  very  near  to  the  external  sur- 


'''.f^rf'^y'^'"'"^''^"'  "'  ^'^^^  Temporal  Bone  ,Secti(jni-d  Horiyontmiv 
sagitte?Dh',fe"'r  '"'■"""*""  "f  'he  Tuho-ty,,,panic'L is  ;    o  "      [■ 

bv  ceils      A  I'  >"t.-rvenmK  bone  is  commonly  occupied 
liy  cells.     As  a  rule,  therefore,  the  operator,  in  his  work 
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I'ifi.  1S12.— Exenteration  of  Mastoid  and  Tvmpanic  Cavities,  showing 
prominence  of  facial  canal  above  oval  window,  the  sinus  wail 
posteriorly,  and  the  ridge  covering  the  facial  between. 

face.  The  outer  wall  of  the  antrum  is  rarelv  less  than  lo 
mm.  from  the  surface.  (Fig.  1811.)  Hence,  "in  the  adult, 
a  penetration  to  a  depth  less  than  this  will  generally  fail 
to  enter  the  antrum.  In  the  infant,  however,  the  "latter 
cavity  is  situated  niucli  nearer  the  surface.  Neverthe- 
less, one  who  has  merely  noted  that  it  is  just  below  the 
surface  in  the  uew-born  will  be  sur]u-ised  at  the  thick- 
ness of  the  bone  which  has  to  be  traversed  even  in  very 
young  children  before  theautruni  isopeiied.  "Withtheni, 
fortunately,  the  seiiaiiition  of  ihe  sigmoid  sulcus  from 
the  meatus  is  often  actually,  as  well  as  relatively,  greater 
than  in  adults,  and,  besides,  this  relaliOnship  is  iuore  con- 
stant. Mastoid  operations  sh(uild  I  here  fore  be  safer  and 
ea.sier  in  children. 

The  inner  wall  of  the  antrum  is  formed  by  the  facial 
and  semicireuhir  canals  (Fig.  1809);  a  fact  wliich  renders 
it  dangenuis,  as  regarils  the  integrity  of  these  important 
sti'uetui-es,  unguardedly  to  enter  th'is  cavity,  to  lurette 
its  Willis,  or  even  in  some  cases  to  ])aek  the  cavity.  Meas- 
urements indicate  that  tlie  facial  canal  is  proliably  never 
less  than  12  mm.  from  the  spina,  although  rareiv  more 
than  2r,  mm.  ;  and  the  latter  distance  should  in  do'ubtful 
cases  be  the  limit  of  our  penetration  even  in  a  large 
mastoid. 

The  problem  of  avoiding  injury  to  the  facial  nerve 
grows  more  dillicult  in  c.\enterat'ioii   of   the  tym]niuic 
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ruvity,  111  htacke's  opi-ration,  or  in  tlie  iikhc  radic-il 
tympauo-inastoid  exenteration.  In  eitlier  case  it  must 
l.e  rememberorl  tliat  tlie  canal  of  the  facial  forms  the 
upper  hp  of  the  fossa  of  the  oval  window,  and  curves 
thence  backward  and  downward  to  a  point  situated  from 
a  to  4  mm.  Ijaek  ot  the  midiUe  of  the  posterior  mar- in  of 
the  tympaiuc  nug.     While  the  desci'ndin-  part  erf  the 


FIG.  1813.— Horizontal  Section  (npper  lialf )  of  the  Lett  Ear,  with  the 
Soft  Parts  in  Place,  showing  the  location  back  of  the  meatus,  M. 
and  the  spina,  SjJ,  of  the  posterior  in.sertion  ot  th(A  auricle,  /.  The 
glenoid  cavit.v,  G.  the  tympanum,  T,  ami  the  jugular,  J,  are  als(p 
shown;  and  the  sigmoid  sinus,  S,  which  in  tliis  case  is  safely  dis- 
tant from  the  Held  of  operation,  is  seen  to  he  most  superficial  op- 
posite the  insertion  of  the  amide.  A  dotted  line  indicates  the 
antrum. 


canal  is  usnally  exactly  vertical,  it  .seems  clinically  to 
pass  somewhat  outward,  because  we  refer  its  course  to 
the  annulus  and  forget  how  ver_y  oblique  the  position  of 
this  really  is.  If  wc  remove  the  tympanic  margin  above, 
without  striking  across  to  the  innei-  .side  of  the  drum 
cavity  (Fig.  1811),  and  in  removing  the  posterior  margin 
keep  above  its  middle,  the  facial  and  its  canal  ought  to 
remain  untouched.  A  spur  of  bone  at  the  back  wall  of 
the  canal — largely  the  back  poition  of  the  tympanic 
scroll — will  thus  be  preserved,  and  lieueath  this  spur  will 
he  the  facial  canal  (Fig.  181:2). 

It  is  well  to  note  the  relation  of  the  soft  parts  to  the 
underlying  bony  structures,  as  some  errors  in  regard  to 
this  are  jirevalcut.  The  incision  preliminaiy  to  opening 
the  mastoid  has  geneially  been  made  5  or  10  mm.  back 
of  the  apparent  inseitiou  of  the  auricle  and  parallel  to  its 
curve,  and  some  of  the  older  surgeons  considei'cd  the  boss 
of  the  mastoid,  at  or  behind  this  insertion,  as  the  proper 
point  for  entering  the  bone.  At  the  present  time  the 
chosen  point  of  entrance  is  well  in  advance  ot  this,  in 
the  region  covered  by  the  concha  (Fig.  1813).  The  finger 
thrust  into  the  meatus  and  pressed  upward  and  backward 
can  generally  feel  the  spina,  and  it  is  at  a  point  close  be- 
hind this  that  the  chiselling  usually  begins.  Tlie  inser- 
tion line  of  the  auricle,  back  of  the  meatus,  corresponds 
to  the  average  position  of  the  sigmoid  sulcus  at  its  most 
superficial  and  anterior  position,  i.e.,  about  15  mm. 
back  of  the  spina.  B.  Ale.rnnder  Enndall. 

EASTMAN  SPRINGS— Berrien  County,  Michigan. 

Post  Ob'Fice. — Benton  Harbor.     Hotel. 

Benton  Harbor  is  in  the  midst  of  the  fruit  belt  of 
Michigan,  60  miles  from  Chicago  and  00  miles  from 
Milwaukee.  The  springs  are  nineteen  in  number.  Fol- 
lowing are  analyses  of  some  of  the  representative  springs : 


Ear. 
Ear!(tiiiait 


OXE 
Solids. 
Sodium  chloride 
Sodium  liii-arhonnl( 
tussiuin  .sulphati 


KlXd    D.WII,    .Sp|;iN(i. 

U.xiTKti  States  tiAi.Lo.x  Contaixs: 


C'alciiim  liii'iirlKinate 

MagnrsJimj  lilcarhonate  .         

Iron  lilcailionate 

Mangjmese  phosphate ■.■.■,■..■.■.;.■  WeU-marM 


.•^luiiima 
Silica... 


Spplnss. 


Grains. 

ti.ll 

.B7 

.14 

S.I:;  - 
;i..'):i 

1.2(1 

traces. 

.11 


Total 

Carbonic  acid  gas. 


:!K.!lli  cubic  inches. 

811.VEU  Queen. 


OXE  Umteii  States  Gallon  Contains- 
Solids. 

Sodium  chloride 

Snilium  bicarbonate 

Pota,s,<ium  bicarbonate 

Potassium  sulphate 

Cali-iuiu  bicarbonate 

Magnesium  bicarbonate.  

Silica 


Total 

Carbonic  acid  gas,  3ij.4B  (-ubic  inches. 

Silver  Kino. 

One  United  States  Gallon  Contains- 
Solids. 

Sodl-am  chlorid.!' 

Sodium  bicarbonate 

Potassium  bicarbonate 

Potassium  sulphate 

Calcium  bicarbonate 

Magnesium  bicarbonate 

Lithium  bicarbonate 

Manganese  phosphate 

Silica 


Grains 
D.ti!) 
l.;i« 

1 .07 
Traces. 

li.HII 

3.22 

.11 

vi.m 


Grahis. 
(1,10 
1.13 
1.0.5 
Traces. 
.5.02 
3.12 
3.03 
.01 
.11 


Total  

Free  of  organic  matter. 


13.57 

Carbiaili-  acid  gas,  19  i-ubic  Inches. 


Bi.Mixi  Spuing. 

One  United  States  Gallon  Contains: 
Solids. 

Potassium  sulphate 

Sodium  sulphate 

Soditmi  chlnride ' ' 

Sndlimi  tihnspliatc 

Sodium  horatp 

Sodium  birarl innate , . 

jMagnesium  bicarbonate 

Calcium  iiicarbouate 

Ir-on  bi(-arbonate  

A  Unnina 

Silica 


Total 

Gas  not  estimated. 


Grains. 
.0.5 
.52 
.10 
.111 

Traces. 
.2ti 
3..50 
7.48 
.07 
.113 
.54 

12.61 


Golden  Fount.^in. 

ONE  United  States  Gallon  Contains: 

Solids.  Grains. 

Potassium  sulphate 0.11 

Sodium  sulphate .2ti 

Sodium  phosphate .04 

Sodium  chloride .011 

Jlagneslulii  sulphate .IS 

Magnesium  bicarbonate 3.21 

Calcium  bicariionate ■ . . .  8.20 

Iron  bicarbonate .38 

Manganese  bicartionate Traces. 

Alumina .01 

Silica 40 


Total 

Gas  not  estimated. 


12.88 


Other  well-known  springs  are  the  "C^olonel's  Own," 
the  "Saul,"  the  "Psyche,"  and  the  "Winans." 

This  is  quite  a  remarkable  group  of  springs.  They 
all  appear  to  be  more  or  less  carbonated,  some  of  them 
quite  heavily  so.  They  differ  from  most  of  the  springs 
of  Michigan 'in  containing  a  much  smaller  proporrion  of 
chloride  of  sodium.  The  waters  undoubtedly  possess 
con.siderable  medicinal  value.  Facilities  for  mineral  and 
mud  baths  will  be  found  at  the  springs;  the  water.s  are 
also  used  commerciiiUy.  James  K.  Crook. 
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EASTPORT  MAINE.— Situated  on  the  coast  of  Maine 
near  tlie  Caimdiau  Ix.ider,  is  a  town  of  about  four  tliou- 
sand  inhabitants.  It  is  an  attractive  place,  located  upon 
a  small  island  on  the  western  shore  of  Passamaquoddy 
Bay.  It  is  not  known  as  a  seaside  resort,  although  it 
affords  a  cool  summer  temperature  and  facilities  tor  fish- 
ing and  boating.  Its  climate  is  representative  of  that  ot 
the  northern  New  England  coast,  a  cool  summer  marine 
climate— as  indicated  by  the  following  table.  Fogs  are 
frequent  as  at  most  other  resorts  upon  this  northern  coast. 

CLIMATE  OF  Eastport,  Me.    Latituoe,  44°,  .54' :  Lo.ngitude  «i°,  SO'. 
PERIOD  OF  Observation,  April  1st,  1H73,  to  December  31st,  ISW. 


Data. 

2 
5 

^ 

u 

i 
>" 

Temperature  (Fahrenheit  scale.)  — 

lfl.7» 
1.5.9 
27.6 
11.7 
51.0 
-  20.0 

3.15 

X.  W. 
12.4 

7.1 
12.3 
10.4 

00.5° 
17.2 
69.6 
53.4 
86.G 
45.0 

78.7:; 

4.S2 

S. 
0.3 

.5.2 
14.0 
19.2 

60.8° 
1.5.6 
68.9 
.53.3 
88.0 
45.0 

78.9:« 

3.16 

S. 
5.9 

8.0 
11.5 
19.5 

41.2° 

Average  daily  rdw/e 

Mean  of  warmest 

Huraidity- 

76.3^ 

Precipitation— 

Average  rainfall  in  inches 

Wind— 

48.91 

s. 

Average  hourly  velority  in  miles 

Weather- 
Average  number  clear  days 

Average  number  fair  days 

Average  number  fair  and  clear  days. . . 

9.7 

78.7 
134.3 
213.0 

Eihrard  0.  Otis. 

EATON   RAPIDS  WELLS.— Eaton  County,  Michigan. 

Post-Offick. — Eaton  Rapiils.     Numerous  hotels. 

Access. — From  .Jackson,  Micli..  via  Grand  River  Valley 
Railroad  to  Eaton  Rapids. 

The  town  of  Eaton  Rapids  is  pleasantly  situated  on 
tlie  Grand  River.  The  wells  were  discovered  in  1869  and 
1H70,  and  have  drawn  considerable  attention  to  tlie  place. 
Several  of  the  wells  are  connected  with  the  hotels,  and 
all  facilities  for  bathing  are  offered.  The  following 
analyses  were  made  before  the  insertion  of  the  first  tubing, 
and  it  is  probable  that  a  considerable  proportion  of  sur- 
face water  was  contained  in  that  submitted  for  c-xamina- 
tiou.  The  first  three  springs  were  analyzed  by  R.  C'. 
Kedzie  and  the  fourth  by  C.  T.  .Jackson: " 


One  United  States  gallon  contains. 

<i/  X  -^ 

HI 

^  -j-j  „■ 

"^x -' 

lis 

X  x"— 

5.05 
3.TO 
4iu7 
8.40 

57. .■>0 

V..Vl 
2.00 

5.;i8 

1.15 
19.43 
4.52 

V.lVl 

45.il'i 

.'.Kl 

2.54 

.85 

11.57 
1.27 

2ii74 
3.84 

2.2;) 

48'.i:'i 

.90 
1.10 
.IHI 

Sodium  bicarbonate 

PotiLSsiinn  carbonate 

Potassium  l)icarbonate 

Calcium  carbonate 

CiilciLUii  bicjirboiiatr  . . 

Mugncsiiiui  carln»natt' 

MuLTiHsunn  biearljouatc 

In.m  carbonate 

:,».8(i 

Irnn  bji'arliunate 

Sddiiiiii  sulpliate 

12.59 

'.t.-td 

Calcium  sulphatp 

Maj/ncsium  sultibatc 

Sodium  chloride 

Silica 

Ortranic  inatter  i 

Total 

l:;o.l7 

80.9:i 

90.9K 

Carlionic  acid  fras 

('II.  ill. 
I7.:)5 

I'll.  111. 
15.:)8 

I'll.  ill. 
15.97 

Cii.  in. 

J^i/urs  A'.    Ci;,,./,-. 

ECBOLICS  AND  EMMENAGOGUES.^E,nmen,igo..u,.s 
are  remedial  agents  which  stiniulalc  or  restoro  Ihe  men- 
strual function  of  the  uterus  when  it  is  irregulur  or  absent. 
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Ecbolics  are  agents  which,  by  exciting  uterine  con- 
tractions, cause  the  contents  of  that  organ  to  be  expelled. 
Strictly  speaking,  this  applies  to  foreign  bodies  and  new 
growths  like  polypi  and  fibromata  as  well  as  to  the  prod- 
ucts of  conception,  tliough  the  last  is  the  usual  inter- 
pretation. From  the  wide  prevalence  of  the  practice  of 
criminal  abortion  ecbolics  are  the  most  abused  class  of 
remedies  in  the  range  of  therapeutics.  It  is  necessary  to 
C(jn.sider  these  subjects  in  conjunction  with  the  patho- 
logical conditions  for  which  they  are  employed.  Were 
the  uterus  absent,  amenorrhaa  would  continue  in  spite  of 
all  drugs.  It  is  unnecessary  to  mention  other  patho- 
logical conditions  that  have  a  similar  effect.  Aside  from 
such  considerations,  however,  no  doubt  many  different 
remedies  act,  with  or  without  assistance,  to  increase  the 
amount  of  menstrual  discharge  or  to  restore  it,  after  long 
periods  of  amenorrhcea  or  at  times  wlien  it  would  not 
appear  at  the  expected  time. 

C.  Martin,  who  carefully  studied  the  subject  of  men- 
struation (Biii.  Gjjii.  .Jiiiir.,  November,  1893),  reached 
the  following  important  conclusions: 

(1)  ^lenstruation  is  a  process  directly  controlled  b_y  a 
special  nerve  centre.  (2)  This  centre  is  situated  in  the 
lumbar  portion  of  the  spinal  cord.  (3)  The  changes  in 
the  uterine  mucosa  during  a  period  are  brought  about  by 
catabolic  nerves  and  during  the  interval  by  anabolic  ones. 
(4)  Menstrual  impulses  reach  the  uterus  either  through 
the  pelvic  splanchnics  or  through  the  ovarian  plexus — 
possibly  both,  {h)  Removal  of  the  uterine  appendages 
arrests  menstruation  by  severing  the  menstrual  nerves. 

These  deductions  are  in  tlie  main  correct.  However, 
abolishment  of  menstruation  by  removal  of  the  uterine 
appendages  is  by  no  means  constant.  Clinical  experience 
demonstrates  the  incorrectness  of  this  statement.  Ex- 
cessive exercise  or  sexual  indulgence  or  even  desire,  and 
strong  emotions,  will  continue  menstruation.  Whether 
a  diseased  endometrium  or  uterine  muscle  is  the  direct 
cause  cannot  now  be  stated,  though  sucli  occasional  in- 
fluence is  not  to  be  doulited. 

IndicatioHH  for  the  Use  of  Eiiiiin'iiafiog'WK. — Twodjstinct 
varieties  of  amcnorrha'a  are  met  with.  One  of  them,  in 
wliich  the  appearance  of  menstruation  is  delaj'cd  con- 
siderablj'  beyond  the  usual  age  of  puberty,  is  known  as 
emando  meiixiin/i.  The  other  is  called  «;y>/)/'c,s-.9iVj  mensium. 
In  the  former  we  liave  first  to  consider  the  age  and  gen- 
eral condition  of  the  individual.  It  is  only  in  those  cases 
in  which  the  patient  has  reached  the  age  of  at  least  eigh- 
teen years  that  treatment  should  be  attempted,  unless  the 
general  condition  or  the  environments  of  the  patient  be 
bad.  When  such  conditions  exist  they  should  lie  righted, 
and  if  molimina  be  present  some  of  the  direct  emmcna- 
gogucs  may  be  employed  preceding  or  during  the  exist- 
ence of  the  molimina,  usuall_v  withhai)p_v  results.  Phys- 
ical obstructions  to  tlie  menstrual  IJow  may  exist  and 
majf  later  require  investigation.  Very  rarely  indeed  are 
direct  emmenagogues  indicated  in  tlie  treatment  of  de- 
layed, scanty,  or  absent  menstruation.  Usually  some 
faulty  general  condition  of  the  jiatient  exists,  the  men- 
strual disorder  Jjciug  merely  one  of  the  many  symptoms 
present.  It  is  one,  hoivever,  to  which  much  importance 
is  attached  by  the  mind  untrained  to  such  matters,  and 
conse(|uently  it  assumes  tlie  place  of  first  importance  and 
may  indeed  be  the  only  complaint  made  by  the  debih- 
tated  or  neurotic  girl,  or  by  one  who  is  the'unfortunate 
victim  of  tuberculosis.  TJiis  matter  is  to  some  people 
of  such  seeming  imiiortance  that  a  regular,  scant  tiow  of 
llii'ee  days  or  a  good  amount  of  flow  recurring  regularly 
at  slighlly  greater  intervals  tJian  four  weeks,  c-auses  them 
to  seek  the  advice  of  the  physician  in  attempting  to  in- 
crease the  amount  in  the  one  case  or  the  frequencw  in  the 
(itlier.  Tlie  usual  t raining  received  by  girls  during  the  flrst 
flv(^  years  of  menstrual  life  is  unfa-vorable  to  the  proper 
development  of  their  genitalia.  It  likewise  debilitates  or 
Ill-events  their  general  jihysical  development.  The  ner- 
\'(nis  system  is  usually  overtrained  and  as  a  result  the  pro- 
portion of  neurotics  large.  A  markedly  intimate  relation 
exists  between  the  nervous  and  reproductive  systems; 
the  neurotic  origin  of  menstrual  abnormalities  is  clear. 
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The  TherapeuUc  Use  of  Eiiinirimf/of/iirx. — The  remedies 
Avhich  act  directly  on  the  utcnis  tl)  nifreusc  the  uiiiouiit 
of  menstrual  flow  are  called  diirci  einineiiaiionucs  and 
those  which  act  by  changing  the  general  eondiUon  ol'tlie 
patient  and  thereby  iuci'easing  or  producing  the  men- 
strual flow  are  named  im/irert  emmcnagogues.  The  lat- 
ter class  is  important  and  comprises  not  only  the  tonics 
as  iron,  arsenic,  cop]ier,  manganese,  gold,  digitalis,  ha- 
rium  chloride,  strychnine  and  (iuiniiie\  but  also  salicylic 
acid  and  its  salts,  Cocculus  indieus.  Lappa  olHcinalis,  and 
such  external  applications  as  the  si)inal  ice-bag  and  baths. 

The  principal  direct  enuuenagogues  are  c'l'got,  oxalic 
acid,  apiol,  binoxide  of  manganese,  santonin"  einnenol, 
indigo,  aloes,  jMenyanthes  trifoliala,  i)ermanganate  of 
potassium,  turpentine,'  cantharides,  myrrh,  rue,  savin, 
tansy,  pennyroyal,  giiaiac,  American  mistletoe,  seneeio 
.Jacobcea,  cimicifuga,  saffron,  cotton  root,  quinine, 
Pulsatilla,  water  peiijier,  serpentaria,  aconite,  sage! 
chamomile,  blue  cohosli,  leeches  to  the  cervix,  warm 
vaginal  douches,  sitz  batlis,  and  local  applicati(ms  of 
electricity. 

It  is  evident  from  the  long  list  of  direct  emmenagogues 
that  a  short  route  to  success  in  the  treatment  of  men- 
strual disorders  is  frequently  attempted,  in  spite  of  the 
well-known  fact  that  they  are  usually  due  to  some  gen- 
eral vicious  condition.  By  such  treatment  it  may  he 
possible  to  produce  the  menstrual  flow  once  or  twice  in 
most  cases,  but  tlie  previous  condition  recurs.  It  is  only 
by  treating  the  underlying  general  condition  that  success 
is  to  be  expected. 

In  such  general  conditions  as  tuberculosis,  carcinoma, 
and  syphilis  amenorrlKca  is  probably  a  conservative 
featijire  and  should  leceive  no  treatment.  iVnir>mia  is  the 
principal  cause  of  lessened  menstrual  discliarge  and  calls 
for  the  tonics  mentioned.  An  elixir  of  the  seeds  of  the 
common  burdock  (Lappa  oflicinalis),  in  the  dose  of  a  tea- 
spoonful  after  each  meal  for  a  period  of  a  montli,  has 
been  highlj'  recommended  for  suppressed  menstruation  in 
young  girls.  Digitalis,  by  increasing  the  arterial  tension, 
acts  weJl  in  many  cases.  Salicjlic  acid  and  tlie  salicylates 
are  the  most  etflcient  remedies  when  a  uric-acid  diathesis 
underlies  the  suppression.  Guaiac,  though  generally 
considered  a  direct  emmenagogue,  certainly  acts  well  in 
this  condition.  Phillips  strongly  recommends  picro- 
to.xin,  the  active  principle  of  Cocculus  indieus,  in  doses 
of  gr.  ^tj  to  jV,  in  ana?mia  with  amenorrhtea.  The  prepa- 
ratTons  of  iron,  especially  Avhen  combined  with  man- 
ganese, are  favorite  remedies  for  such  conditions.  Gen- 
eral galvanization  and  faradization  are  useful  as  general 
tonics.  The  ice-bag  apphed  to  the  lumbar  spine  has  a 
stimulating  and  touic  action  on  the  nervous  system,  es- 
pecially the  vaso-motor  portion.  It  increases  the  amount 
of  menstrual  flow  by  engorging  the  pelvic  blood-vessels 
and  stimulating  the  centre  of  menstruation.  General 
bathing  in  cold  water,  sea-bathing,  brisk  rubbing,  and 
the  cold  plunge  often  prove  to  be  efficient  indirect  em- 
menagogues. 

The  usual  accompanying  consti|)atiou  is  best  treated 
bv  aloes  and  myrrh  or  by  carbonate  of  magnesia.  Aloes 
aiid  myrrh  act  by  engorging  the  pelvic  viscera.  The 
magnesia  salt  is  given  in  delayed  luenstruation  m  doses 
of  gr.  xxx.-xc.  The  smaller  dose  may  be  given  nightly 
for  a  fortnight,  but  afterward  the  larger  dose  should  he 
prescribed  until  the  flow  appears.  After  the  contmued 
use  of  general  tonics  direct  enunenagogues  are  often  in- 
dicated. The  simplest  consist  of  the  sitz  bath,  pechluvia 
and  external  friction,  to  which  may  be  added  hot  drinks 
(infusions)  of  cinnamon,  chamomite,  ginger,  tansy,  pen- 
nyroyal, water  pepper,  sage  or  serpentaria,  all  of  which 
act  as  relaxants  or  dia]ihoretics.  Some,  however,  act  as 
stimulants  to  tiie  pelvic  circulation.  White  (M/'cri,  Lon- 
don, 1895)  prai-ses  wineglassful  do.ses  of  ]\Ienyanthes  tri- 
foliata.  Ergot,  though  a  pronounced  direct  emiuena- 
gogue,  acts  best  in  .small  doses  with  iron.  Guaiac  is 
valuable  in  ana>mic  amenorrhnea,  but  it  should  not  he 
administered  except  in  combination  with  other  agents. 
It  may  be  given  for  weeks  without  danger.  AVlien  heavy 
nerve  strain  has  produced  irregular  or  delayed  menstrua- 


tion, a  combination  of  strychnine,  aloin,  and  atropine  is  of 
signal  beiieflt.  The  bromides  are  also  often  useful  in 
this  class  of  cases.  The  compound  sumhul  pill  (Goodell's 
formula),  consisting  of  iron,  siimbul,  a.safu'tida,  and  ar- 
seiuoiis  acid,  is  valuable  when  nervous  manifestations 
accompany  aiuemia.  Physical  shock  has  been  known  to 
restore  the  menses  when  other  remedies  had  failed.  Aloes 
acts  well  in  obesily  by  depleting  the  .system  and  engorg- 
ing the  i)elvic  circulation.  The  spinal  ice-bag  is  here 
useful.  When  the  flow  is  absent  as  a  result  of  "taking 
cold,"  general  ti'eatinent  in  the  way  of  hot  baths  and 
cathartics  to  the  extent  of  restoring  the  circulatory  equi- 
librium, is  requiretl.  Aconite  acts  well  in  such  cases, 
esi)ecially  when  given  in  hot  water.  A  few  days  before 
the  expected  flow  the  eniphjymeut  of  nearly  any  of  the 
direct  emmenagogues  has  a  marked  tendency  to  restore 
the  nieustrual  function.  jMost  of  the  direct  emmena- 
gogues act  by  stimulating  the  centre  of  menstruation 
in  the  spinal  cord.  Ergot  acts  as  a  strong  stimulant 
upou  all  iinstriped  muscular  fibres,  in  doses  of  gtt.  x.  to 
XXX.  daily;  combined  with  iron  it  is  a  splendid  though 
treacherous  emmenagogue.  V.  Poulet  (Airh.  de  Tii.ricvl., 
Paris,  ISWl),  xiii.,  .589)  first  called  attention  to  the  em- 
menagogue action  of  oxalic  acid.  Since  then  it  has  been 
largely  employed  with  gratifying  results.  It  is  not 
without  danger,  as  pointed  out  by  Talley,  who  noted 
marked  prostration  and  partial  collapse  following  a  small 
dose  of  the  drug.  One-quarter  grain  every  four  hours 
in  syrup  of  orange  or  lemon  may  be  given  for  a  few  days 
preceding  the  expected  flow.  Apiol,  used  just  preceding 
and  during  the  period,  is  best  given  in  pill  form,  in  doses 
of  gr.  i.  or  gr.  ij.  after  meals,  for  a  period  of  from  one 
day  to  several  weeks.  Ringer  sa}'s  it  will  restore  the 
flow  in  young  girls  after  a  lapse  of  two  }'ears.  It  is  use- 
ful in  amen(n'rha?a  from  seasickness  and  in  women  be- 
tween the  ages  of  thirty  and  forty  ^vlio  are  rapidly  in- 
creasing in  weight  and  in  whom  the  flow  is  decreasing. 
Jlanganese  binoxide  maj^  be  employed  advantageously 
under  similar  circumstances.  Santonin  is  principally 
employed  when  anaimia  complicates  the  absent  flow. 
Its  beneficial  action  appears  to  depend  upon  its  power 
to  cause  contraction  of  the  engorged  uterus.  It  is  given 
in  ten-grain  doses  at  night  for  two  nights  preceding  the 
time  when  the  flow  is  expected.  The  dose  is  large  and 
the  drug  treacherous.  Its  use  will  never  be  popular  on 
this  account.  Local  faradization  and  the  application  of 
the  negative  galvanic  pole  against  the  cervix  or  in  the 
cavity  of  the  uterus  have  been  resorted  to  with  moderate 
success.  The  results  of  the  use  of  indigo  have  not  been 
such  as  to  give  it  a  prominent  place  in  this  list.  Eumenol, 
Merck's  preparation  of  the  Tang  kui  root,  is  strongly  in- 
dorsed by  iMueller  and  Ilirth.  It  has  been  employed  for 
centuries  in  China  as  an  emmenagogue.  Turpentine  and 
cantharides  are  dangerous  emmenagogues  because  of  their 
tendency'  to  irritate  the  urinary  organs.  Pennyroyal,  rue, 
savin  and  tansy  are  unreliableand  dangerous  by  reason  of 
their  liability  to  produce  gastro-iutestinal  irritation  and 
because  they  exert  an  ecbolic  action.  The  American  mis- 
tletoe and  cotton  seed  are  largely  employed,  in  the  form 
of  infusion,  in  the  West  and  Southwest  for  menstrual 
suppression  due  to  cold,  and  undoubtedly  they  have 
merit.  Leeches  to  the  cervix  are  troublesome  and  of 
litUe  value.  The  bleeding  following  their  removal  is 
often  severe. 

&/)0//''.v.— Nearly  all  the  direct  emmenagogues  given  in 
the  usual  doses  are  ecbolics,  and  in  still  larger  doses  they 
check  the  flow.  Direct  emmenagogues  should  never  be 
employed  v,'\im  the  existence  of  pregnancy  is  probable. 
The  principal  ecbolics  are  ergot,  apiol,  quinine,  rue,  savin, 
tansy,  jiennyroyal,  cotton  root,  oxalic  acid  and  turpen- 
tine. '  Ergot  is'  the  strongest  in  its  action,  but  many 
others  like  cotton  root,  pennyroyal,  and  cantharides,^  are 
employed  by  ignorant  people  as  ecbolics.  Oxalic  acid  is 
umiucstionably  an  ecbolic.  Carter  says  that  the  Ameri 
can  mistletoe 'produces  more  prompt  and  sure  uterine 
contractions  than  ergot.  Manganese  dioxide  has  a  simi- 
lar action,  cases  of  abortion  from  its  use  being  recorded. 
The  ecboUc  action  of  quinine  is  probably  less  than  is  be- 
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licved  Tliat  it  has  the  power  to  strengthen  uterine  con- 
tractions cannot  be  doubted.  All  these  drugs  are  dan- 
gerous in  their  action  and  should  not  be  employed  without 
a  thorough  familiarity  with  their  actions  and  dangers. 

,/.  Wesley  Bmve. 

ECLAMPSIA  INFANTUM— (Synonyms:  Convulsions 
in  children;  acute  infantile  epilepsy;  spasms.)  By 
eclampsia  in  children  is  meant  a  variety  of  convulsions, 
more  or  less  general,  occurring  with  or  without  pro- 
dromal manifestations,  and  not  dependent  upon  any  ma- 
terial organic  lesion  of  the  nervous  centres.  Most  au- 
thorities regard  absolute  abolition  of  consciousness  as 
an  essential  element  of  eclamptic  as  well  as  of  epileptic 
attacks.  This  loss  of  consciousness  need  not  persist  dur- 
ing the  whole  attack,  but  must  liave  occurred  at  some 
part  of  it.  It  is  true  that  there  are  attacks  of  very  slight 
spasms  in  children  in  which  it  is  difficult  to  be  positive 
that  consciousness  has  been  lost,  by  the  appHcation  of 
such  imperfect  tests  (irritation  of  the  conjunctiva?,  etc.) 
as  these  little  subjects  will  admit;  but  analogous  attacks 
in  adults  prove  tliat  loss  of  consciousness,  however  brief, 
is  an  essential  element  of  an  eclamptic  convulsion.  An 
important  point  in  the  differential  diagnosis  between  an 
attack  of  eclampsia  and  one  of  epilepsy  is,  that^  in  the 
former  the  convulsions  are  not  repeated  in  a  series.  It 
is  true,  attacks  of  eclampsia  may  be  repeated,  but  unless 
the  repeated  attacks  can  be  shown  to  have  depended  upon 
one  or  other  of  the  conditions  which  ordinarily  give  ri.se 
to  eclampsia,  every  repetition  of  the  convulsion  renders 
our  suspicion  as  to  its  epileptic  character  stronger. 

In  describing  an  eclamptic  seizure,  it  is  important  to 
remember  that  the  convulsion  differs  in  no  way  from  an 
attack  of  epilepsy.  Hence  a  general  clinical  picture  of 
the  disease  will  be  that  of  an  ordinary  epileptic  spasm. 
Tliere  maj'  be  an  aura,  a  cry,  then  convulsive  movements 
in  some  of  the  voluntary  muscles,  proceeding  rapidly  to 
more  or  less  general  convulsions,  at  first  tonic,  then  clonic 
in  character.  There  is  loss  of  consciousness,  generall)-, 
before  the  tonic  convulsions  have  set  in,  the  little  patient 
may  froth  at  the  mouth,  the  tongue  may  be  bitten,  the 
respiration  is  that  characteristic  of  epileptic  attacks ; 
finall.y  the  spasm  is  often  followed  by  sleep.  It  is  evi- 
dent, then,  that  we  must  not  depend  upon  the  character 
of  the  convulsion  for  a  differentiation  between  epilepsy 
and  eclampsia,  although  a  careful  study  of  the  clinical 
history  of  the  case  will  generally  give  us  the  data  neces- 
sary to  a  correct  diagnosis. 

Clinical  Occurrekcp;. — Nothnagel '  and  Ozanam'' 
discuss  the  possibility  of  the  occurrence  of  eclampsia  in- 
fantum as  an  idiopathic  affection.  The  latter  authority 
Umits  the  term  eclampsia  to  convulsions  of  non-epileptic 
origin,  occurring  independently  of  other  diseases  or 
pathological  conditions.  Nothnagel,  however,  includes 
under  the  term  eclampsia  convulsions  which  are  the  re- 
flex expression  of  some  peripheral  irritation,  such  as 
dentition,  etc.  The  convulsions  occurring  at  the  outset 
of  acute  infectious  diseases  and  acute  inflammatioDs  he 
terms  simply  epileptiform,  a  term  that  might  be  apjjlicd 
toall  varietiesof  eclamptic  attacks.  Eclampsia  infantum 
should  be  considered  not  so  much  a  disease  as  a  symptom 
of  other  diseases;  in  one  case  the  convulsion  may  laily 
precede  or  usher  in  a  pneumonia,  in  another  it  may  ap 
pear  at  the  same  time  with  a  brilliant  scariatina;' here 
dentition  appears  to  have  been  the  exciting  cause  there 
the  ingestion  of  indigestible  food;  in  all  of  these  condi- 
tions the  attacks  resemble  each  other,  although  in  each 
case  the  clinical  etiology  is  different.  Looking,  then, 
upon  eclampsia  from  an  etiological  standpoint,  it  ap- 
pears tlmtall  the  possible  conditions  under  which  eclamp- 
tic attacks  may  occur  in  chiklren  will  come  under  one  of 
tlie  following  subdivisions: 

1.  Felirile  or  .symptomatic  eelami>sia 

3.  Reflex  eclampsia. 

3.  Toxic  eclampsia. 

4.  Eelanip.sia  of  raeliitis 

mrik  or  ^ywplowatir  AV.?„„,p,,,:„._The  most  common 
foim  ot  eclampsia  oeccurring  in  young  children  is  un- 


doubtedly the  first  group,  the  febrile  or  symptomatic 
eclampsia.  By  this  class  is  meant  that  form  of  ec- 
lampsia which  occurs,  as  a  rule,  at  the  outset  of  febrile 
diseases;  we  say  at  the  outset,  to  distinguish  these  in- 
itial convulsions  from  those  occurring  later  on  in  the 
course  of  severe  inflammatory  conditions,  and  due  noc  so 
much  to  the  fever  as  to  cerebral  adynamia,  or  the  aggre- 
gation of  toxic  elements  in  the  blood  as  a  result  of  the 
disease.  So  commonly  does  a  convulsion  mark  the  out- 
set of  inflammatory  disease  and  acute  infectious  fevers 
of  infancy,  that  it  would  almost  appear  that  in  the.se 
little  patients  the  eclamptic  seizure  corresponds  to  the 
chill  wdiich  ushers  in  similar  diseases  in  adults  and  grown 
children.  This  substitution  of  a  convulsion,  an  eminently 
nervous  phenomenon,  for  a  chill,  corresponds  to  the  ex- 
alted irritability  of  the  nervous  sj'stem  characteristic  of 
infants.  This  excess  of  irritability  is  especially  marked 
in  the  medulla  oblongata;  and  since  the  studies  of  most 
ob.servcrs,  among  others  Schroedcr  van  der  Kolk,''  point 
to  the  medulla  as  the  starting-point  of  the  changes  re- 
sulting in  an  epileptiform  convulsi(m,  the  increased  liabil- 
ity to  convulsions  at  this  early  age  is  readily  explicable. 
How  shall  we  explain  the  occurrence  of  tliis  febrile  form 
of  eclampsia?  Is  the  convulsion  due  to  the  fever,  or  to 
some  mysterious  infection  of  the  blood  b}'  the  poison  of 
the  disease  of  whicli  the  fever  is  a  svmptom?  Authori 
ties  differ  as  to  tliis  point,  the  tendency  being  to  indi- 
vidualize and  explain  the  occurrence  of  the  eclampsia  in 
distinct  ways  for  different  diseases.  In  the  first  place,  in 
inflammations  of  the  brain  and  meninges  the  convul- 
sions are  not  eclamptic,  being  dependent  upon  a  material 
lesion  of  the  nervous  centres.  But  the  eclampsia  intro- 
ducing an  attack  of  pneumonia,  pleurisy,  measles,  or 
scarlet  fever,  how  is  this  produced?  Steiner''  considers 
the  convulsions  which  jirecede  an  attack  of  pneumonia 
as  the  reflex  result  of  the  irritation  of  the  peripheral  fila- 
ments of  the  pneumogastric  distributed  to  the  congested 
lung.  The  weakness  of  this  explanation  does  not  lie  in 
the  fact  to  which  Soltmann  =  calls  attention,  that  eclamp- 
tic convulsions  do  not  occur  in  all  cases  of  pneumonia  in 
children,  but  rather  in  this,  that  the  convulsions  are  not 
so  frequently  repeated  as  we  should  expect  were  this 
theory  true,  for  the  lung  remains  congested  during  many 
hours,  while  the  convulsion  lasts  but  a  few  minutes,  and 
in  many  cases  is  not  repeated.  We  do  not  think  that  any 
furthia'  explanation  of  the  eclampsia  of  the  early  stage 
of  pneumonia  need  be  given  than  tliat  it  is  due  to  the 
high  tem])erature  which  ushers  in  the  disease.  The  rapid 
and  bounding  pulse,  characteristic  of  the  febrile  process, 
produces  cerebral  hyperoemia.  the  already  over-excitable 
medulla  is  rendered  more  excitable,  and  a  convulsive  dis- 
charge of  nerve  force  takes  place;  the  cause  here  is  evi- 
ilently  sini]ily  increased  temperature,  and  its  recognition 
.serves  as  an  important  indication  for  treatment. 

In  the  acute  infectious  diseases,  one  might  readily  be 
excuse<l  for  supposing  that  the  initial  convulsion  is  most 
judbably  due  to  the  altered  condition  of  the  blood.  The 
bacteria  of  scarlet  fever,  as  well  as  those  of  measles  and 
diphtheria  and  other  infectious  diseases,  may  well  have 
so  changed  the  blood,  even  in  the  opening  stages  of  the 
disease,  as  no  longer  to  cnalile  it  properly  to  nourish  the 
nerve  centres;  accordingly  such  writers  as  Soltmann-''  and 
Henocli'  consider  that  the  eclampsia,  even  in  the  onset 
of  these  diseases,  is  mainly  due  tn  the  toxauuia  ;  and  yet 
these  convulsions  frequently  do  not  occur  in  the  most 
severe  cases,  and  do  occur  in  the  mild  ones.  The  toxaemia 
iiiust  be  regarded  as  varying  in  direct  proportion  to  the 
severity  of  the  affection,  and  the  same  should  be  true  of 
the  convulsions  to  enable  us  to  accept  the  view  of  He- 
noch. Wc  do  find,  however,  that  in  most  of  the  cases  in 
which  convulsions  have  occurred,  the  temperature  was 
very  high,  irrespective  of  the  severity  of  the  disease.  I 
recall  a  case  in  my  own  experience,  similar  to  one  re- 
liorteil  by  Hunter,'  in  which,  with  theonsetof  a  varicella, 
the  temperature  rose  to  10.")  F.,  and  the  child  had  two 
eclamptic  convulsions ;  on  the  succeeding  day  the  temper- 
ature had  fallen  and  tlie  little  patient  Avas  able  to  run 
about  in  the  room.     Due  can  cause  the  cessation  of  re- 
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peatcd  eclamptic  attacks  in  a  case  of  commencing  in- 
fectious disease  by  tlie  uiiplieation  of  a  cold  bath.     For 
tlicse  reasons  it  would  appear  that  in  these  cases  also 
the  active  cause  of  tlie  convidsion  is  tlie  increased  heat 
cd'  the  body.     It  must  l)e  ackiiowlediced,  however,  that 
there  are  cases  in  wliieh  the  specilie  t'oxamiia  of  the  dis- 
ease is  SI)  great  that  the  nervous  centres  are  completely 
overwhelmed.     In  these  cases  the  convulsions  are  really 
toxic  in  character,  and  arc^  far  more  fatal  than  those  de- 
pendinij;  upon  the  fever;  hei'e,  too,  we  shall  often  hiid 
npon  post-mortem  examination  infianunatorydisturliiuiei's 
of  the   brain  and  spinal   cord.      In   the  vast  maiorily   of 
cases  of  eclampsia  occiurinn-  early  in  the  course  of  infec- 
tious diseases,   reduction  of  temperature  will  residt   in 
cessation  of  the  convulsions.     The  diseases  in  which  this 
febrile  form  of  eclampsia  may  occur  include  almost  all 
of  the  febrile  atTections  of  childhood,  that  is,  all  of  the 
acute  infectious  diseases,  among  which  must  not  be  for 
gotten  erysipelas  and  ty phoid lever ;  also  all  of  the  in- 
llannnatory  affections  of  the  respiratory  organs,  such  as 
laryngitis,    bronchitis,    pleiui.sy,    and    pneumonia;    and 
the  acute  catarrhal,  cro\i|)()us,  and  diplitheritic  affections 
of  the  throat  and  idiarynx.      Febrile  eclanijisia,  although 
nunx'  frequent  at  the  outset  of  febrile  diseases,  may  occur 
later  on  in  the  course  of  these  diseases.     As  already  stated, 
the  eclampsia  then  occurring  is,  as  a  rule,  dependent  upon 
blood   changes;    but  not   necessarily,   for  although  the 
nervous  system  of  the  child  seems  to  become  habituateil  to 
mere  elevated  temperature,  yet  a  great  and  sudden  rise 
of  the  fever  at  any  stage  of  the  disease  may  produce  a 
convulsion.     Thus,  I  have  seen  a  convulsion  occur  in  a 
child  suffering  from  a  pneumonia  on  the  evening  before 
the  critical  daj',  the  convidsion  being  simultaneous  with 
the  highest  rise  of  the  temperature  curve. 

Malarial  fever,  according  to  many  authorities,  fre 
quently  has  the  chill  which  ushers  in  the  paroxysm  in 
adults,  replaced,  in  children,  by  a  convulsion. 

Malarial  eclampsia,  so  calletl,  is  most  frequent  in  in- 
fants under  three  years  of  age  suffering  from  intermittent 
fever.  In  older  children  tiie  convulsion  is  absent  while 
the  chill  is  present  When  the  convulsion  takes  the 
place  of  the  chill  it  is  said  to  be  exceedingly  severe  and 
may  last  for  hours;  sometimes  each  recurrence  of  the 
malarial  paroxysm  is  accompanied  by  a  convulsion. 
Dubrisay*  reports  a  case  in  which  the  convulsion  re- 
curred with  eleven  distinct  malarial  paroxysms.  These 
convulsions  are  proljaljly  toxic  in  character. 

Parotitis,  when  accompanied  by  high  fever,  may  be 
an  etiological  factor  in  the  production  of  an  attack  of 
eclampsia.  Dysentery,  gastritis,  cholera  infantum,  all 
of  the.se  w  hen  'accompanied  by  high  fever  may  produce 
a  convulsion.  Here  again,  liowever,  we  must  distinguish 
the  febrile  convulsions  from  those  which  occur  in  the 
later  stages  of  these  diseases  and  are  dependent  upon  the 
cerehral  vascular  changes,  of  which  the  depressecl  fon- 
tanel is  so  characteristic  a  symptom.  In  conclusion,  it 
may  be  said  that  any  affection  accompanied  by  high  fever 
may  result  in  an  eclamptic  attack  in  infants. 

Relie-^  Edaiiipi<ia.—B\  the  term  reflex  eclampsia,  which 
is  the  second  subdivision  under  which  we  shall  discuss 
the  subject,  we  mean  that  form  of  eclampsia  which  is  the 
reflex  motor  expression  of  some  peripheral  irritation  of 
sensitive  nerves.  Such  motor  manifestations  as  a  reflex 
result  of  peripheral  irritation  are  not  unfamiliar,  even  in 
adult  life ;  as  an  instance  we  have  the  hysterical,  and  even 
epileptic,  manifestations  in  females  as  a  result  of  uteiine 
disease.  In  infants  the  inhibitory  action  of  the  brain  over 
the  spinal  cord  is  still  in  abeyance,  and  reflex  action  is 
more  uncontrolled;  there  is  an  exalted  irritability  of  the 
spinal  cord,  and  hence  these  little  patients  are  excellent 
subjects  for  the  full  manifestation  of  the  evil  effects  of  a 
constant  peripheral  irritant.  Among  the  most  constant  of 
these  peripheral  irritants  during  infant  life  is  dentition, 
and  this  is  accordingly  the  most  frequent  cause  of  reflex 
eclampsia.  There  are  those  wdio  believe  that  dentition 
being  a  physiological  process,  cannot  be  connected  with 
the  production  of  so  serious  a  pathological  condition  as 
convulsions,  but  they  are  of  right  in  the  minority.      V>  hen 


it  sliall  have  lieen  proved  that  other  plivsi(.logieal  proc- 
esses are  never  productive  of  serious  morbid  states,  then 
we  shall  give  some  credence  to  such  a  view;  for  the 
])reseiit,  it  is  emphatically  the  opinion  of  the  vast  ma- 
jority of  authorities  that  ilillicidl  dcnlition  is  frequently 
Ihe  only  assignable  cause  for  a  series  of  eclaniptic  attacks. 
The  convulsion  is  often  folloAved  in  a  short  time  by  the 
appearance  of  one  or  two  teeth;  some  children  have  a 
convulsion  preceding  the  breaking  through  of  almost 
every  tooth.  We  deprecate  the  assigning  of  dentition  as 
a  cause  for  almost  all  the  diseases  to  which  infant  life  is 
liable  ;  but,  on  the  other  hand,  Ave  ])lace  tfjis  physiological 
process  as  the  chief  among  the  ])eri]iheral  excitants  which 
sometimes  result  in  reflex  eclamjisia  in  infants.  To  ac- 
count for  the  occurrence  ot  these  convulsions  during  the 
period  of  flrst  dentition,  and  their  almost  miiforni  absence 
during  that  of  the  second,  it  is  only  necessary  to  re- 
member that  the  condition  of  exalteil  iiritabilify  of  the 
nervous  centres,  which  is  present  in  infants,  is  not  pres- 
ent in  the  older  children;  lience  a  similar,  or  even  greater 
irritation  will  fail  tf)  produce  a  convulsion  in  the  older 
child,  which  in  the  infant  might  have'  produced  a  serious' 
eclampsia.  The  gastroenteritis,  which  is  one  of  the 
direct  results  and  a  eoneomitaut  condition  of  diflBcult 
dentition,  may  cause  an  attack  of  eclanqjsia  in  teething 
infants.  In  this  case  we  would  con.sider  the  eclamptic 
attack  the  result  of  the  toxiemia  caused  by  the  auto-infec- 
tion from  the  stomach  and  intestinal  tract,  and  not  due 
to  an  irritation  of  the  peripheral  nerves  terminating  in 
the  gums.  For  an  excellent  discussion  of  the  subject  of 
dentition  eclamp.sia  I  Avould  refer  the  reader  to  Fleisch- 
niann  '■'  and  Politzer.'" 

Helminthiasis  is  another  condition  which  is  supposed 
l)y  many  authorities  to  give  rise  in  some  ca.ses  to  eclamp- 
sia infantum.  Such  convulsions  occur  more  frequent- 
ly with  the  larger  worms  (round  worms,  tienia),  I  re- 
call a  severe  epileptiform  attack  in  an  adult,  who  had 
never  suffered  from  epilepsy,  which  preceded  the  expul- 
sion of  a  tapeworm.  Other  authorities  give  undoubted 
cases  in  which  the  convulsions  were  the  precursors  of 
the  discharge  of  large  quantities  of  worms.  It  must 
not  be  forgotten,  however,  that  the  convulsions  may  de- 
liend  upon  the  intestinal  catarrh  which  is  the  result  of 
the  helminthiasis.  Here,  again,  the  toxwmia  resulting 
from  the  auto-infection  from  the  bowels  is  the  cause  of 
the  convulsions.  The  auto  infection  may  also  be  caused 
by  the  absorption  of  toxic  products  speciflc  to  the  parasite 
or  such  as  arise  from  undigested  food  due  to  the  catarrhal 
enb'ritis  produced  by  the  presence  of  the  parasite. 

The  irritation  of  indigestible  food,  or  food  in  too  large 
quantities,  may  be  the  eau.se  of  a  convulsion.  In  these 
cases,  again,  the  convulsions  may  he  reflex  in  character 
as  a  result  of  the  irritation  of  the  indigestible  matter 
in  the  stomach,  or  they  may  be  ]u-oduced  by  an  acute 
rise  of  temperature;  finally,  the  spasm  may  be  the  result 
of  a  toxa-mic  condition  of  the  blood.  If  the  attack  be 
the  result  of  the  irritation  of  indigestible  food,  it  gener- 
ally occurs  .soon  after  the  ingestion  of  the  offending 
nutriment.  Children  vomit  so  readily  that  emesis  will 
ii-enerally  free  the  stomach  from  this  irritant,  and  thus 
prevent  a  repetirion  of  the  attack.  This  cause  of  eclamp- 
sia has  been  acknowledged  and  well  recognized  as  far 
back  as  the  time  of  Iliiipocrates.  , 

I  am  disposed  to  class  under  this  head  the  occasional 
attacks  of  eclampsia  resulting  from  preputial  irritation 
and  masturbation  ' '  in  children .  Where  these  attacks  arc 
frequently  repeated,  they  would  with  more  propriety  be 
classed  as  epileptic.  Other  peripheral  irritants  hsrve  been 
observed  by  good  authorities,  to  produce  convulsions  m 
children.  Soltmann  mentions  a  case  m  which  ascent  of 
the  testicles  into  the  inguinal  canal  resulted  in  a  convul- 
sion Foreign  bodies  in  the  ears  have  been  repeated!}- 
shown  to  be  active  in  the  production  of  a  convulsion. 
Scalding  of  the  surface  of  even  a  small  portion  of  the 
bodv  or  any  other  extremely  painful,  sudden  injury, 
even 'if  of  short  duration  and  of  slight  character,  has 
been  sufticient  to  produce  an  eclamptic  attack. 

Toxic  £"««,/(;«(•«. -The  group  of  toxic  eclampsia,  al- 

YOl 


Eclampsia  Inraiitiini. 
Eclampsia  lufautuni. 


REFERENCE   I[ANDB()()K   OF   THE   MEDICAL   SCIENCES. 


tlK.uo-h  least  understood,  is  by  far  the  most  interesting. 
In  this  class  I  include  all  eclamptic  attacks  which  seem 
to  depend  upon  some  blood  change  which  renders  it  un- 
fit to  nourish  the  nerve  centres.  We  do  not  know  enough 
of  the  changes  produced  by  different  diseases  in  the  e<jm- 
position  and  constitution  of  the  blood  to  enable  us  to  state, 
with  even  an  approach  to  positivencss,  the  exact  altera- 
tion upon  which  this  toxic  action  of  the  blood  depends. 
In  some  cases  it  may  be  that  there  is  a  change  in  the 
quantity  or  quality  of  the  constituents  of  normal  blood ; 
in  others  foreign  substances  (toxins)  may  liavc  appeared 
in  addition  to  the  normal  ingredients.  We  cannot  here 
enter  upon  a  discussion  of  the  various  kinds  of  toxamua 
and  bacter;T?mia  which  cause  the  septicsemia  in  the  differ- 
ent diseases,  but  the  fact  is  undisputed  that  the  blood  in 
such  conditions  acts  as  an  irritant  to  the  nerve  centres,  and 
this  irritation  manifests  itself  in  eclamptic  seizures.  One 
fact  seems  to  be  characteristic  of  this  form  of  eclampsia, 
and  that  is,  that  the  attacks  do  not  occur  at  the  outset,  but 
generally  in  the  course  of  a  disease.  To  this  group  belong 
the  convulsions  which  occur  in  the  course  of  a  pneumonia 
as  a  result  of  the  insuificient  aeration  of  the  blood  "  ;  and 
here  also  belong  the  convulsions  (Stickungskrampf)  ac- 
companving  the  dyspnosa  of  severe  croupous  and  diph- 
theritic laryngitis,  and  those  accompanying  the  dyspnoea 
of  prolonged  attacks  of  laryngismus  stridulus  and  whoop- 
infi-cough.  As  will  be  seen  later  on,  in  every  complete 
epUeptiform  attack  the  clonic  convulsions  are  the  result 
of  the  strangulation  produced  by  the  early  tonic  spasm  of 
the  respiratory  muscles,  and  it  is  therefore  not  surprising 
that  similar  clonic  convulsions  occur  in  diseases  whose 
chief  clinical  manifestation  is  spasm  of  the  respiratory 
muscles.'*  An  important  class  of  cases  belonging  to  this 
group  is  the  eclampsia  of  scarlet  fever,  which  is  the  re- 
sult of  a  concomitant  kidney  affection  with  albuminuria. 
The  retention  of  the  urea  in  the  blood  is  the  cause  of  the 
convulsion.  The  occurrence  of  eclamptic  attacks  in  pri- 
mary or  secondary  parenchymatous  nephritis  is  a  frequent 
symptom  in  these  conditions  of  the  kidney.  The  con- 
vulsions occurring  in  the  course  of  acute  diseases  which 
are  non-febrile,  but  which  seem  to  be  dependent  upon 
the  action  of  the  poison  of  the  disease  process,  are  well 
recognized,  although  we  cannot  define  the  nature  of  the 
toxfpmia  in  each  individual  case.  We  mu.st  not  forget 
to  mention,  under  this  head,  convulsions  occurring  as  a 
result  of  permitting  infants  to  nurse  at  the  breast  of  a 
mother  who  has  undergone  some  severe  fright  or  mental 
shock.  At  the  risk  of  being  accused  of  belief  in  wdiat  is 
vague  and  unproven,  I  must  express  my  conviction  that 
nervous  shock  certainly  does  impair  and  alter  the  charac- 
ter of  the  milk  secreted  by  the  mother.  The  experience 
of  ages  teaches  that  a  frightened  mother  should  not  nurse 
her  child. 

Eclampsia  of  Rachitis. — The  eclamptic  attacks  which 
occur  in  rachitic  children  we  place  in  a  separate  group, 
partly  because  eclamptic  attacks  are  very  frequent  in 
rachitic  children,  owing  probably  to  the  especially  exalted 
irritability  of  the  nervous  system,  which  is  characteristic 
of  rachitic  children ;  but  chiefly  because  one  variety  of 
eclampsia  occurs  in  rachitic  cliildren  exclusively;  this  is 
the  condition  known  as  laryngismus  stridulus  or  laryngeal 
eclampsia. 

Although,  theoretically,  all  cases  of  eclamiisia  ought  to 
fall  under  one  or  more  of  the  four  groups  into  wiiieh  I 
have  divided  the  subject,  yet  clinically  there  may  be  cases 
which  will  not  seem  to  depend  upoii  any  one  of  the  as- 
signed causes,  and  will  have  to  be  classilied  as  a  sepa- 
rate and  distinct  group,  termed  idiopathic  eclampsia— in 
other  words,  cases  that  cannot  be  classilieil  elidouiciilly 
This  group  will  probably  dinjinish  wilh  knowlcd-c  mu\ 
improved. metliods  of  exanunation. 

Etiolooy.— It  has  already  been  sta,ted  that  inlants 
iiave  a  marked  predisposition  to  the  occurrence  of  atlaeks 
of  eclampsia.  Why  this  should  be  so  has  occupied  llic 
attention  of  many  excellent  observ.Ts,  among  whom  may 
be  mentioned  Nothna-.'l  and  S.iltmann,  the  latter  of 
whom  has  written  a  nif)nograph  on  the  peculiarities  of 
lunction  m  the  brain  and  spinal  cord  of  infants.     Cliui- 
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cally,  we  recognize  that  children  under  two  years  of  age 
are  more  frequently  seizeil  with  eclampsia  than  children 
beyond  that  age.  So  frequent  is  this  di.sease  in  infancy 
that  it  may  be  counted  as  the  most  fatal  pathological 
condition  to  which  infancy  is  liable.  By  this  is  not 
meant  that  the  prognosis  of  all  attacks  of  eclampsia  is 
necessarily  bad.  On  the  contrary,  the  prognosis  is  very 
good,  but  so  frequent  is  the  condition  itself  that  not- 
withstanding its  comparatively  favorable  prognosis  it 
still  causes  the  death  of  more  iiifants  than  does  any  other 
affection.  The  fact  that  it  occurs  most  frequently  dur- 
ing the  period  of  dentition  led  many  of  the  older  writers 
to  ascribe  eclampsia  to  the  dentition  process;  but  the 
exalted  reflex  irritability  of  the  spinal  cord  in  infants,  as 
already  set  forth,  is  the  only  element  necessary  to  account 
for  the  predis]iosilion  to  convulsions  shown  at  this  time 
of  life.  Heredity  is  an  additional  factor  which  helps  to 
augment  this  natural  predisposition.  Most  physicians  in 
active  practice  will  recall  families  in  which  all  of  the 
children  have  "spasms,"  while  in  other  households  such 
a  thing  is  entirely  unknown.  A  careful  examination  will 
generally  reveal  the  fact  that  in  the  former  class  of  pa- 
tients the  ])arents  are  of  a  nervous  temperament;  there 
may  be  a  history  of  insanity,  paraly.sis,  or  convulsions  in 
other  members  of  the  family ;  in  other  words,  these  pa- 
tients give  a  neurotic  family  history.  It  docs  not  appear 
that  either  sex  shows  any  predisposition  for  the  disease. 
Male  and  female  children  seem  to  be  equality  liable  to 
convulsions;  if  individual  experience  is  of  any  value  in 
this  connection,  I  think  I  have  observed  more  children 
with  convulsions  among  the  male  sex  than  among  females. 
As  to  the  exciting  causes,  they  have  been  thoroughly 
discussed  in  a  previous  paragraph. 

Rickets  is  a  frequent  cause  of  eclampsia,  owing  to  a 
variety  of  pathological  conditions  which,  while  they  are 
the  direct  result  of  the  rachitic  changes  in  the  tissues  and 
fluids  of  the  body,  affect  the  brain  and  spinal  cord  more 
especially.  Such  convulsions,  when  the  result  of  a  gross 
lesion  of  the  brain  and  spinal  cord,  are  not  to  be  classed 
as  true  eclampsia  for  the  purpose  of  this  article.  Fre- 
quently eclamptic  attacks  in  rachitic  children  are  the  re- 
sult of  a  febrile,  reflex,  or  toxic  condition,  insufficient  in 
degree  to  have  produced  convulsions  in  healthy  children, 
yet  sufficient  to  disturb  the  balance  of  the  delicately 
poLsed  nervous  system  of  these  rachitic  patients:  so 
that  the  presence  of  rachitis  is  a  predisposing  factor  in 
the  causation  of  convulsions. 

In  addition  to  this,  as  we  shall  see  when  discussing  the 
pathologjr  of  eclampsia,  laryngismus  stridulus  is  a  form 
of  eclampsia  affecting  rachitic  children  exclusively.  It 
is  the  result  in  most  cases  of  an  auto-infection  caused  by 
the  absorption  of  toxic  materials  produced  in  the  stomach 
Mn\  bowels  of  rachitic  children.  This  loxaemia  thus  ]iro- 
dueed,  acting  u])on  the  extremely  irritable  nervous  cen- 
tres of  rachitic  children,  initiates  a  central  irritation  pass- 
ing to  the  motor  nerves  of  the  larynx. 

It  would,  however,  appear  that  such  a  selective  action 
of  the  toxic  products  of  the  blood  upon  the  central  origin 
of  the  laryngeal  motor  nerves  must  necessarily  be  initi- 
ated and  aided  by  an  irritation  passing  from  the  respira- 
tory tract,  of  which  the  glottis  is  the  entrance,  to  nerve 
centres.  Such  an  irritation  is  found,  first,  in  the  catar- 
rhal conditions  affecting  the  respiratory  tract  of  rachitic 
children;  second,  in  the  maH'onnations  of  the  thorax 
characteristic  of  rickets;  third,  in  the  inflamed,  enlarged, 
and  frequently  suppurating  bronchial  glands,  which  by 
pressure  u])ou  the  motor  and  sensor}'  nerves  of  the  larynx, 
initiate  or  aid  an  irritation  which  finds  its  peripheral  ex- 
pression in  an  attack  of  laryngo-spasm. 

SYMi"roM.\Toi.(iQY. — Atypical  attack  of  eclampsia  may 
be  divided  into  two  stages;  First,  the  prodromal  stage; 
second,  the  convulsive  stage. 

It  is  necessary  to  state  that  in  many  cases  the  first 
stage  is  entirely  absent,  and  the  second  is  so  brief  as  to 
be  scarcely  notieeal.ile.  Many  authorities  have  considered 
that  the  symptoms  described  under  the  head  of  premoni- 
tory symptoms  are  simply  the  marks  of  the  general  dis- 
turbance, of  which  the  eclampsia  is  the  result.     Thus 
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restlcssuKSS,  a  premonitory  symptom  to  vvbicb  all  -writers 
draw   attention,    may   simply  be   a   sign   that   tbei-e   is 
sometbing  wrong  with  tbe  little  patient,  witliont  really 
foresbadowing  a  convulsion.     Tbere  can  be  no  doubt, 
liowever,  tbat  many  cbildreu  who  are  about  to  bave  a 
convulsion  sboAv  tins  by  a  certain  aggregation  of  phenom- 
ena wbicb,  to  tbe  anxious  mother  who  has  already  expe- 
rienced  a  convulsion  in   her  infant,  are  the  nnitterings 
])receding  tbe  coming  storm.     In  one  variety  of  eases  the 
child,  wbicb  has  lieen  in  good  health,  is  observed  to  be 
feverish.     Tbere  is  a  flush  in  tbi'  face,  or  tbe  countenance 
may  be  exceedingly  pale.     Tbe  sleep  is  restless,  tlie  child 
starts,  it  grinds  its  teeth.     As  it  lies  dozing  it  may  smile 
occasional!}',  or  there  may  be  a  convulsive  twitching  of 
the  lips  and  muscles  of  tbe  face.      The  eyes  are  half 
closed,  the  nostrils  move  irregidarly.     It  throws  its  arms 
and  legs  about,  occasionally  it  siglis  deeply,  the  breath- 
ing is  irregular,  although  not  stertorous;  now  and  then 
the  whole  body  starts  violently,  sometimes  waking  the 
patient  and  causing  it  to  cry  fretfully,  to  be  followed 
again  by  drowsiness.     These  cases  may  be  termed  the 
somnolent  cases.     Tbere  are  others  in  which  the  picture 
is  an  entirely  difEerent  one.     Tbe  little  one  is  abnoi'mally 
wakeful,  it  appears  to  be  more  than  usuallj*  bright,  the 
cheeks  are  flushed  as  though  with  hectic ;  tbe  eyes  sparkle, 
the  pupils  are  enlarged;  the  muscles  of  different  portions   1 
of  tbe  body  twitch — now  a  flnger,  or  arm,  or  leg,  some- 
times tbe  eyelids,  again  the  face — the  child  laughs  more 
than  usual,  will  not  rest  in  the  lap  of  its  nurse,  seems  to 
prefer  activity  to  rest,  and  asks  to  be  taken  from  one  at- 
tendant to  another.     The  abnormal  brightness  and  rest- 
lessness increase,  until  suddenly  the  little  patient  is  thrown 
into  violent  convulsions.     In  these  cases  tbe  parents  will   ; 
relate  bow  bright  the  child  bad  been  before  its  spasm,    i 
There  are  other  symptoms  which  may  well  be  termed 
premonitory,  although  not  so  freipiently  observed  as  the 
two  varieties  just  described.     Thus  I  recall  a  little  one 
who,  in  foxir  out  of  six  attacks  of  eclampsia  (dentition), 
vomited  a  few  minutes  previous  to  its  attack.     There  are 
other  children  who  bave  many  of  the  above-described 
symptoms  witho\it  having  an  attack  of  eclampsia.     In 
these  cases  the  absence  of  the  complete  convulsion  is  due 
to  a  more  than  usually  well-balanced  nervous  system, 
which,  while  yielding  to  the  irritant  to  a  certain  extent, 
does  not  lose  control  of  the  "organ  of  mind  "  to  a  sufli- 
eient  extent  to  place  the  body  under  the  influence  of  the 
purely  reflex  nervous  centres.     Many  cases  have  a  con- 
vulsion without  any  of  tbe  above-described  premonitory 
symptoms,  or  rather  without  any  having  been  observed, 
there  may  not  even  be  a  cry,  but  suddenly  the  chfld 
falls  into  a  more  or  less  general  and  violent  epfleptiform 
spasm       The  convulsive   stage   follows   the  prodromal 
symptoms  after  a  shorter  or  longer  period.      But   the 
prodromal  stage,  as  has  already  been  stated,  may  be  en- 
tirely absent,  or  so  bttle  marked  as  to  escape  notice;  then 
the  convulsion  proper  sets  in  suddenly,  often  runs  a  rapid 
course   and  tbe  child  recovers  wifbout  sequela,  sothat 
before  tbe  physician  has  arrived  the  child  appears  bright, 
and  as  though  nothing  bad  happened.     This  convulsive 
stage  of  eclampsia  exactly  resembles  tbe  convulsive  stage 
of  epilepsy.     Indeed,  most  writers  bave  agreed  that  the 
attack   as   such  is   indistinguishable  from  an   epileptic 
seizure  (Reynolds,  Hughlings  Jackson,  Niemeyer,  Brown_ 
Seouard).     While   this   is  true  for  a  typical  attack  ot 
eclampsia,  as  compared  with  a  typical  attack  of  epilepsy, 
we  shall  call  attention  to  several  points  peculiar  to  sonre 
attacks  of  eclampsia  when  we  come  to  consider  the  suo- 
iect  of  differential  diagnosis.      The  little  patient,  who 
may  or  may  not  bave  presented  the  premonitory  symp- 
toms above  described,  is  suddenly  heard  to  cry  out ;  tne 
is  immediately  followed  by  a  tonic  spasm  ot  the  voi- 
iry  muscles;  tbe  body  is  thrown  into  the  ,_ 
opisthotonus,  the  bead  is  drawn  back,  the  veins  of  the 


untary  muscles;  tbe  body  is  thrown  mto  the  position  of 
opisthotonus,  the  bead  is  drawn  back,  the  veins  of  the 
neck  stand  out  prominently ;  the  arms  are  rigid,  abducteci , 
and  partially  pronated;  the  bands  are  tightly  clinched , 
there  is  a  gurgling  sound  beard  from  the  throat,  as  though 
tbe  patient  were  choking;  the  teeth  are  tirmly  dosed,  tbe 


dark;  the  pupils  are  dilated,  the  eyes  being  open.  This 
tome  spasm  affects  muscles  of  respiration  as  well  as  the 
voluntary  muscles,  and  it  is  owing  to  this  fact  (Schroeder 
van  der  Kolk)  and  the  interference  with  the  venous  re- 
turn from  the  brain  that  the;  other  clonic  stag('  of  the 
convulsion  is  due— that  is  to  say,  the  clonic  spasm  is  the 
asphyxia!  convulsion. 

Fortunately  tlie  severe  t(jnie  spasm  is  but  a  few  seconds 
or  a  minute  in  duration ;  were  this  not  so,  death  from 
asphyxia  during  the  tonic  spasm  would  be  more  frequent. 
Even  as  it  is,  death  sometimes  occurs  at  this  stage  of  tlie 
spasm.     In  the  largest  numljer  of  cases  tbe  brief  tonic 
spasm  is  followed  by  clonic  general  convulsions.     Tlie 
extremities  are  alternately  flexed  and  extended,  the  arms 
are  pronated,  the  body  is  often  sliaken,  and  sometimes 
even  raised  from  tlie  bed  in  the  violence  of  the  convul- 
sion.    The  eyeballs  roll,  and  the  head  is  turned  to  one  or 
the  other  side  convulsively.     The  lower  jaw  is  moved 
forward  and   downward,   and  laterally;    the   tongue  is 
sometimes  caught  between  the  tetth  and  bitten;  there 
are  swallowing  movements  performed  by  the  larynx  and 
pharynx;  even  the  diaphragm  may  take  part  in  these 
clonic  convulsions,  giving  rise  to  hiccough  which  Solt- 
mann  considers  a  very  dangerous  symptom.     Conscious- 
ness is  entirely  abolished,  the  conjunctiva;  can  be  touched 
without  the   patient  wincing.  ■    During  this   stage  the 
sphincters  may  become  relaxed,  so  that  there  is  involun- 
tary  passage  of  faeces  and   urine.     The  respiration  is 
stertorous,    the  pulse   frequent  and  intermittent.     The 
temperature  is  elevated  during  the  convulsion,  even  when 
the  spasm  is  of  non-febrile  origin  ;  in  that  case,  bcjwever, 
it  subsides  very  rapidly,  which  is  not  the  case  in  febrile 
eclampsia.     The  clonic  convulsions  may  last  from  a  min- 
ute to  halt  an  hour.     In  this  respect  attacks  of  eclampsia 
differ  from  those  ot  epilepsy,  which,  as  a  rule,  are  not  of 
long  duration.     The  convulsions  gradually  diminish  in 
severity  until  they  cease,  although  convulsive  movements 
may  still  remain  localized  in  some  muscles  of  the  face  or 
upper  extremities  long  after  they  have  ceased  in  other 
portions  ot  the  body.     The  patients  return  to  conscious- 
ness gradually ;  they  ai-e  at  first  irritable,  soon  they  be- 
come drowsy,  and  frequently  fall  asleep.     Such  is  a  gen- 
eral description  of  an  ordinary  eclamptic  seizure.     This 
single  attack  is  followed  in  many  cases  by  a  repetition, 
either  sluirtly  after  the  first  convulsion  or  at  a  longer 
interval  depending  upon  the  etiology.     If  the  convulsion 
is  of  the  febrile  variety,  the  reduction  of  temperature  will 
generally  cause  a  cessation  of  the  spasm ;  should  it  be- 
Tong,  on  the  other  hand,  to  the  toxic  or  reflex  group  of 
convulsions,  the  frequency  will  depend  upon  our  success 
in  combating  the  etiological  factor.     When  the  patient 
falls  from  one  convulsion  into  another,  giving  rise  to  a 
series  of  convulsions,  he  may  be  said  to  be  in  a  condition 
analogous  to  the  status  epilepticus.     Such  a  status  may 
continue  for  days.     Eclampsia,  as  well  as  epilepsy,  may 
be  very  slight,   consisting  chiefly  of  a  brief  penod  of 
rigidity  followed  by  little  or  no  clonic  spasm.     There 
may  even  be  nothing  but  slight  paleness,  accompanied 
by  momentary  loss  of  consciousness,  and  almost  immedi- 
ate recovery.     These  slight  attacks,  however,  are  n(..t  so 
frequent  in  eclampsia  as  in  epilepsy  (petit  mal).     Local- 
ized spasm,  well  defined  in  character  and  unaccompanied 
by  loss  of  consciousness,  cannot  be  regarded  as  eclamp- 
tic ■  thus  a  spasm  of  one  arm  or  one  leg,  or  ot  one  side  ot 
the  face  alone,  even  with  loss  of  consciousness,  especially 
if  repeated,  would  point  to  a  local  cerebral  disease,  and 
therefore  cannot  be  classed  in  the  group  of  eclampsia, 
but  belongs  rather  to  the  class  of  localized  epi  epsies. 

Lnrminmnits  Strichdiis.-The  condition  known  as 
laryngismus  stridulus,  of  which  we  have  already  spoken 
Willie  eclamptic  in  character  is  peculiar  when  considered 
as  a  convulsion.  Cases  differ  from  each  other  in  seventy 
to  a  very  marked  extent.  In  mild  cases,  the  attack,  oc- 
curring m  children  affected  by  active  rachitis,  consists 
of  the  sudden  onset  of  a  peculiar  crowing  respiration,  re_ 
peated  several  times.  The  child  turns  pale,  a  look  of 
dread  overspreads  the  countenance,  the  oud  crowing 
respiration  becomes  very  rapid,  the  expiratory  efforts 
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being  very  short,  tlie  inspiratiou  loud,  crowing  and 
whoopina:'in  character.  Tliere  is  generally,  however,  no 
cough  atter  inspiration  as  in  whooping-cough— the  face 
becomes  cyanotic,  consciousness  is  not  totally  lost.  The 
patient  very  suddenly  regains  his  normal  condition.  Such 
an  attack  may  last  from  a  few  seconds  to  a  minute  or 
two. 

A  second  class  of  cases  are  of  a  severe  character.  1  liere 
are  sudden  paleness  and  total  .stoppage  of  respiration,  fol- 
lowed by  plienomeua  similar  to  those  de.scriljed  in  the 
milder  attacks.  In  a  third  group  of  cases  the  spasm  of 
the  glottis,  initiated  as  in  the  first  and  second  classes,  is  so 
severe  and  long  in  duration  that  the  patient  is  temporarily 
asphyxiated.  The  face  and  body  are  cyanot  ic  ;  the  pupils, 
at  first  contracted,  become  dilated;  opisthotonos,  with 
some  spasms  of  the  whole  body  and  extremities,  is  in 
turn  followed  by  clonic  spasm  and  the  other  phenomena 
of  an  attack  of  'a  mcjre  or  less  general  eclampsia.  Such 
attacks  of  laryngisnuis  stridulus,  however  fretpient  they 
may  be,  generaUy  diminish  both  in  severity  and  in  num- 
ber, as  the  rachitic  disease  is  diminished  and  cured. 
Even  in  the  woist  attacks  the  eclamptic  attack  is  gener- 
ally followed  by  the  sleep  of  exhaustion  and  the  patient 
wakes  up  in  a  normal  condition.  Death  from  asphyxia 
very  rarely  occurs.  This,  howevei,  does  occa.sionally 
happen  and  sometimes  in  cases  in  which  the  attacks 
have  been  very  mild.  The  frequent'}'  of  the  attacks 
varies,  some  patients  having  very  few,  one  every  four 
or  five  days,  others  one  a  day  or  night,  while  some  have 
as  many  as  fortj'  or  fifty  attacks  of  greater  or  less  sever- 
ity in  the  course  of  a  d&j.  The  severity  f)f  the  laryngo- 
spasm  varies  with  the  severity  of  the  auto-intoxication 
of  the  particular  case.  The  attacks  are  generall}'  in- 
itiated by  some  irritation  or  excitement,  by  overloading 
of  the  stomach  or  bowels  with  food,  by  draughts,  by  cold 
water,  by  fright,  indeed  by  any  external  irritation. 

Sequela;. — Although  in  the  large  majority  of  eclam]3- 
tic  attacks,  of  which  the  i)atients  do  not  die,  recovery  is 
complete,  leaving  absolutely  no  se((uela2,  the  text-books 
relate  a  large  number  of  possible  injurious  effects  from 
eclampsia  infantum.  A  fatal  result  is  far  more  frequent 
in  these  seizures  than  is  generally  supposed.  Dr.  West, 
in  his  work  on  " Diseases  of  Children,"  showed  that  in 
London  the  proportion  of  deaths  from  convulsions  in 
children  under  one  year,  as  compared  with  deaths  from 
other  causes,  was  twenty-one  and  nine-tenths  per  cent. ; 
from  one  to  three  years,  about  four  per  cent. ;  and  from 
three  to  five  years,  about  thiee  per  cent.  Other  authori- 
ties also  agree  that  eclampsia  is  the  most  fatal  condition 
to  which  children  underone  year  are  subject.  It  isalmost 
impossible,  iKjwever,  to  estimate  what  proportion  of  in- 
fants thus  attacked  die,  since  only  fatal  cases  are  re]iorted 
in  otticial  statistics,  while  private  statistics  are  neither 
sufficiently  numerous  nor  sutticiently  trustworthy  to  be 
reliable.  Of  children  who  recover,  many  are  subject  to 
repeated  attacks,  even  under  .slight  or  no  provocation, 
and  it  becomes  a  question  as  to  whether  the  eclampsia 
so  called  has  not  turned  into  chronic  epilepsy.  Among 
the  authorities  who  favor  the  view  that  chronic  epilepsy 
is  often  the  result  of  repeated  attacks  of  eclampsia  are 
li.  Demme  ''-  and  E.  C.  Seguin."  It  does  not  seem  at  all 
unpi'obable  that  afrerjuently  repeated  convulsion  may  so 
disturb  the  e(iuilibrium  of  the  nervous  centres  as  to  render 
these  liable  to  initiate  a  convulsion,  even  under  slight 
provocation,  finally  terminating  in  confirmed  cpilep'^y 
it  IS  more  probable,  however,  that  the  ca.ses  in  which"  a 
socalled  temlency  to  eclampsia  finally  lerminab's  in 
epilepsy  are  really  at  the  start  epili'plic.     Some  con.li 

tions  frequently  known  to  give   lise  1 •lamiisia  ma\- 

have  been  present  at  the  time  of  11,^  tiist  .•illaek  and  a 
diagnosis  of  eclampsia  may  have  been  haslilvmade-  such 
cases  will  be  cleared  up,  later  on,  by  the  num:  or  less  fre- 
quent recurrence  of  the  atta.'ks  without  any  cause 

Some  of  the  more  immediate  secpiehe  of  an  eclami.tie 
seizure  are  ecchymoses  under  the  skin  and  eoniuncliva 
Uiese  hemorrhages  appear  to  be  the  result  of  the  venous 

onset.  The  violence  „t  tlH.,.].,„ie  spasm  may  be  ,so  great 
704 


as  to  tear  muscular  fibres  or  tendons,  or  even  produce 
dislocations.  Indeed,  a  case  has  been  reported  in  which 
a  fracture  of  the  sternum  was  caused  by  the  violent  con- 
tractions of  the  rectus  abdominis.  Temporary  paralysis 
of  individual  muscles  or  muscle  groups  often  results  from 
an  attack  of  eclampsia;  this  seems  to  be  only  functional, 
however,  for  in  a  few  hours  or  days  power  returns,  and 
no  trace  of  the  paralysis  is  left.  Temporary  contractures 
may  remain  in  the  muscles  that  have  been  the  seat  of  the 
greatest  convulsions;  thus  wry-neck  and  various  con- 
tractures have  been  ob.served  to  follow  an  attack  of 
eclampsia.  I  recall  a  case  in  which  the  fingers  of  both 
hands  remained  contracteil  into  the  palm  of  the  hand  for 
two  days  after  an  eclamptic  convulsion;  but  in  a  short 
time  the  patient  recovered  full  use  of  his  hands.  I  can- 
not agree,  however,  with  those  who  claim  that  a  simple 
attack  of  eclampsia,  not  connected  with  any  lesion  of  the 
nervous  centres,  is  capable  of  producing  permanent  pa- 
ralysis or  c(mtractui'e.  When  a  monoplegia  or  hemi- 
plegia .seems  to  result  from  an  attack  of  eclampsia,  I  feel 
convinced  that  a  careful  clinical  examination  will  point 
to  the  suspicion  that  the  convulsion  was  the  result  of  a 
le.sion  of  the  nerve  centres  resulting  in  convulsions,  rather 
than  that  the  eclampsia  had  resulted  in  the  paralysis.  It 
is  claimed  by  those  who  hold  the  latter  view  that  these 
paralyses  are  the  result  of  meningeal  hemorrhages  over 
the  motor  area  of  the  cortex  of  the  brain  as  a  result  of  the 
convulsion.  It  is  possible  that  a  monoplegia  could  occur 
in  this  manner,  for  even  a  very  slight  hemorrhage  would 
be  suflicient  to  affect  the  functions  of  a  limited  area  of 
the  cortex.  A  hemiplegia,  however,  produced  in  this 
manner  would  necessitate  the  presence  of  a  clot  suffi- 
ciently large  to  interfere  with  the  whole  of  the  motor  area 
of  one  hemisphere  ;  that  such  a  hemorrhage  should  occur 
as  a  result  of  an  attack  of  eclamp.sia  is  scarcely  conceiv- 
able. Some  common  congenital  deformities,  such  as 
club-foot,  for  instance,  have  been  ascribed  to  attacks  of 
eclampsia  occurring  in  fatal  life,  and  resulting  in  con- 
tractures of  the  muscles,  and  thus  in  club-foot,  contract- 
ured  knees,  etc.  A  careful  study  of  these  deformities 
will  generally  reveal  their  true  etiology.  '■■  I  am  disposed 
to  consider  all  cases  of  permanent  paralysis  or  contracture 
(primarj'  or  secondary)  in  children  the  result  of  a  lesion 
of  the  nervous  centres,  of  which  the  convulsion  was  only 
a  symptom;  in  such  cases  there  will  generally  be  found 
some  more  rational  method  of  accouuting  for  the  produc- 
tion of  the  paralysis  than  that  which  refers  it  to  menin- 
geal hemorrhage  as  a  result  of  eclampsia. 

DiAtJNOsis. — Eclampsia  may  be  confounded  with  epi- 
leps}',  and  with  convulsions  due  to  disease  of  the  nervous 
centres.  From  epilepsy  it  can  be  distinguished  by  a 
careful  examination  into  the  previous  historv.  The  older 
the  child,  the  more  often  the  convulsions  have  occurred 
without  any  recognizable  cause,  the  more  probable  be- 
comes the  diagnosis  of  epilepsy.  In  this  connection  it 
must  not  be  fcjrgottcn  that  attacks  that  were  originally 
eclamptic  may,  after  a  time,  when  the  convulsive  habit 
has  been  acquired,  become  epileptic.  Such  children 
must  be  carefully  watched,  and  should  any  sus|iicion  of 
the  jiresence  of  chronic  epilepsy  arise,  the'  patient  must 
be  treated  accordingly. 

As  far  as  the  attack  of  eclampsia  itself  is  concerned, 
there  is  no  way  of  distinguishing  it  from  an  ordinary 
attack  of  eiiilepsy.  Comulsions  due  to  disease  of  the 
neivous  centres  liave  certain  peculiarities  which  distin- 
guish them  from  ordinary  attacks  of  eclampsia.  One 
imp<]]-tant  characteristic  is  that  these  convulsions  are  apt 
to  be  localized,  especially  if  due  to  chnmic  brain  disease; 
lesions  of  the  various  motor  centres  will  give  rise  to  con- 
vulsions limited  to  jiortions  of  the  body  supplied  with 
nerve  force  from  these  centres.  In  acute  diseases  of  the 
brain  and  sjiinal  cord,  and  the  meninges,  there  will  be 
other  symptoms  which  will  lead  to  a"  diagnosis  of  the 
disease,  of  which  the  convulsion  is  only  one  of  several 
manifestations.  A  dilferential  diagnosis  of  the  different 
varieties  of  eclampsia  infantum  will  depend  upon  a  care- 
ful physical  examination  of  the  patient.  If  there  be  fever 
or  tox;emia,  they  should  be  recognized  together  with  tlie 
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diseases  which  have  produced  them.     If  the  conviilsiou 
appears  to  he  dvie  to  neither  of  tliese  causes,  we  shoidd 
carefully  searcli   for  some  possible   peripheral  ii'iitiuit, 
and,  if  possible,  remove  it.     Accuracy  of  diagnosis  is  apt 
to  depend   in   these   cases   upon  tlie   l)roadness  of   our 
knowledge  of  diseases  and  conditions  of  infancy.     To  at- 
tempt to  treat  a  case  of  eclampsia  infantimi  without  at 
least  an  attempt  at  an  etioUigical  diagnosis,  is  to  sul)mit 
the  patient  to  tlie  most  injurious  form  of  empiricism. 
The  convulsion  is  a  symptom  of  a  disease  wliich  tlie 
liliysieian  must  delect.     We  must  search  for  the  pneu- 
monia, tlie  diphtheria,  tlie  scarlet  fever,  the  cause,  and 
treat  that  at  the  same  time  that  we  treat  the  symptom. 
From  tetauy,  eclamptic  attacks  can  be  distinguished  first 
by  the  absence  of  loss  of  consciousness  in  tetany  and  the 
presence  in  the  latter  condition  of  drowsiness.    The  pres- 
ence of  Trousseau's  symptom  will  also  serve  to  distin- 
guish the  cases  of  tetany.    This  consists  in  the  observation 
by  the  clinician  that  in  tetany  an  attack  of  spasm  can  be 
produced  by  compressing  with  the  fingers  tlie  point  of 
emergence   of   motor  nerves    from  bony   canals.      The 
differential  diagnosis  from  hysteria  is  hardly  a  factor  in 
yoruig  children.     Laryngismus  stridulus  can  be  differen- 
tiated from  whooping-cough  by  the  character  of  the  at- 
tack and  the  absence  of  the  short,   broken,  and  rapid 
cough    which    follows  the    long-drawn    ins]iiration   of 
whooping-cougli. 

Pathology. — Eclamjisia  infantum,  being  rather  a 
symptom  than  a  disease,  has  no  pathology.  It  is  true 
that  morbid  changes  have  been  found  in  the  nerve  cen- 
tres of  children  who  have  died  of  an  attack  of  so-called 
eclampsia,  but  the  mere  fact  that  these  changes  were 
found  precludes  the  diagnosis  of  eclampsia,  which  is 
essentially  a  convulsion  that  does  not  result  from  any 
grave  lesion  of  the  nervous  centres.  It  is  possible  that 
repeated  attacks  of  eclampsia  result  in  subtle  changes  in 
the  nerve  centres,  but  if  this  be  the  case  the  changes  are 
not  discoverable  by  any  method  of  examination  practised 
in  the  present  stage  of" pathological  investigation. 

Concerning  the  physiological  mechanism  by  which 
an  attack  of  eclampsia  is  produced,  it  will  be  proper  to 
say  a  few  words.  The  subject  belongs  of  right  under 
the  head  of  epilepsy,  as  it  is  in  connection  with  epileptic 
convulsions  that  it  has  been  more  thoroughly  studied. 
Clinically,  we  have  already  stated,  the  eclamptic  )>ar- 
<).\ysm  in  no  wav  differs  from  an  epileptic  attack.  The 
mechanism  by  which  the  latter  is  protluccd  is  stated  by 
Reynolds,'*  in  his  "  System  of  Medicine,"  as  follows: 

•'The  derangement  consists  in  an  increased  and  per- 
verted readiness  of  action  of  these  organs  (medulla  and 
vaso-motor  system  of  nerves),  the  residt  of  such  action 
bring  the  induction  of  spasm  in  the  contractile  fibres  ot 
the  vessels  supplying  the  brain,  and  in  those  of  the  mus- 
cles of  the  face,  pharynx,  larynx,  respiratory  apparatus, 
and  limbs  generally.  By  contraction  of  the  vessels  the 
brain  is  deprived  of  blood  and  consciousness  is  arrested; 
the  face  is  or  may  be  deprived  of  blood,  and  there  is 
pallor  ■  by  contraction  of  the  muscles  which  have  been 
mentioned  there  is  arrest  of  respiration,  the  chest  walls 
are  fixed,  and  the  other  phenomena  of  the  first  stage  ot 
the  attack  are  brought  about. 

"The  arrest  of  breathing  leads  to  the  special  convul- 
sions ot  asphyxia,  and  the  amount  of  these  is  m  direct 
proportion  to  the  perfection  and  continuance  of  the  as- 
phyxia. ,  c  ■  ^ 
"The  subsequent  phenomena  are  those  ot  poisoned 
blood  i  e  ,  of  blood  poisoned  by  the  retention  of  carbonic 
acid,  and  altered  by  the  ab.sence  of  a  due  amount  ot 
oxygen."  .,,  ,  , 
these  are  practically  the  views  held  by  Kussmaul  and 
Schroeder  van  der  Kolk,"  as  to  the  manner  in  which  a  par- 
oxysm is  produced ;  the  causes  of  the  primary  derange- 
ment of  the  nervous  centres  will  vary  with  the  cause  ot 
the  convulsions  ;  in  one  case  it  is  elevated  temperature, 
in  another  toxa?mia,  in  a  third  a  peripheral  nervous  irn- 
tation,  and  finally  the  changes  and  phenomena  due  to 

As  I  have  already  stated,  only  such  cases  of  rachitic 
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eclampsia  as  are  due  to  a  toxaimia  depending  upon  auto- 
into.xication  and  the  special  cases,  already  considered,  of 
laryngeal  spasm,  are  properly  eclampsias.  CJonvulsioiis 
due  to  gi-oss  lesions  of  the  brain  and  of  the  cranial  lioiies 
cannot  be  regarded  as  eclamp.sias  hut  rather  as  symp- 
tomatic epilepsies.  Thus,  for  in.stance,  the  condition  of 
the  skull,  known  as  craniotabes,  so  frequent  in  rickets 
of  very  young  children,  renders  the  brain  very  much  sub 
jeet  to  external  pressure  owing  to  the  pliability  of  the 
cranial  bones.  Convulsions  due  to  such  pressure  over 
the  motor  cortex  of  the  brain  are  localized  epilepsies  due 
to  craniotabes.  Convulsions  of  a  general  character  due 
to  hydrocephalus,  which  is  one  of  the  results  of  rickets, 
would  also  be  excluded  from  functional  eclamp.sias,  being 
line  to  an  organic  brain  lesion.  Osteoph3'tic  hyper- 
trophies of  the  inner  tables  of  the  skull,  causing  localized 
pressure  over  the  brain  structure,  especially  over  the 
motor  areas  of  the  cortex,  might  produce  convulsions 
which  would  be  of  the  Jacksonian  type  and  not  eclamp- 
sias, such  as  we  here  consider.  The  general  convulsions, 
however,  due  to  the  blood  changes  resulting  from  the 
auto-infection  of  rickets,  as  well  as  such  as  result  from 
the  chlorotic  condition  of  the  blood  (lower  percentage 
of  lia;moglobin,  diminished  red  blood  globules)  found  in 
rickets,  and  those  due  to  febiile,  reflex,  or  toxic  causes, 
slight  in  character  and  yet  pniducing  convulsions  owing 
to  the  more  than  usually  excited  irritabilit}'  of  the  ner- 
vous centres  in  rachitic  children,  such  convulsions  are  of 
right  classed  as  rachitic  eclampsia. 

As  to  why  convulsions  occur  in  febrile  eclampsia  is 
best  understood  by  discussing  some  important  points  in 
the  pathology  of  fever.  Fever  itself  is  a  nervous  phe- 
nomenon, the  effect  of  a  primary  derangement  of  the 
nervous  system.  Normal  temperature  is  dependent  upon 
the  maintenance  of  a  proper  proportion  between  heat  loss 
and  heat  production.  The  mechanism  which  controls 
this  proportion  resides  in  the  central  nervous  system. 
In  fever  this  mechanism  is  disturbed.  Observers  have 
sought  to  localize  the  portion  of  the  nervous  system  in 
wliich  this  mechanism  resides.  There  is  a  large  literature 
ui)on  this  subject,  and  although  much  work  must  yet  be 
done  before  we  shall  know  as  much  of  the  localization  of 
heat  centres  as  we  do  of  motor  nerve  centres,  or  of  the 
origin,  course,  and  distribution  of  thermic  nerve  tracts  as 
we'do  ot  motor  tracts,  yet  this  much  has  certainly  been 
established  that  the  heat  function  of  the  body  is  under 
the  control  of  large  nervous  centres  chiefly  located  in  tlie 
brain  and  probably  distinct  from  the  motor  centres.  The 
thermic  nerve  tracts,  although  separate  in  the  brain  from 
the  motor-nerve  tracts,  are  closely  connected  with  the 
latter  at  the  medulla  oblongata. 

It  would  appear,  then,  that  an  attack  of  eclampsia, 
occurring  in  the  cour.se  or  at  the  outset  of  a  disease  of 
such  a  character  that  the  accompanying  elevated  tem- 
perature is  apparently  the  causative  element,  so  far  as 
the  convulsion  is  concerned,  calls  into  activity  two  sets 
of  nerve  centres— the  thennogenic  centre  or  centres,  and 
the  convulsive  centre  or  centres. 

Huehlings  Jackson  has  shown  that  what  he  calls  a 
"discharging  lesion"  ot  any  portion  of  the  bram  may 
initiate  tlie  action  of  the  medulla  as  a  convulsive  centre. 
We  do  not  know  the  nature  of  such  a   "discharging 
lesion  "  •  it  leaves  no  trace  which  can  be  demonstrated  at 
the  post-mortem  table.     It  may  be  excessive  hypera-mia, 
or  auiemia,  or  some  minute  change  in  structure.      We 
have  no  means  at  present  of  demonstra  mg  the  lesion. 
A  similar  alteration  or  lesion  occurs  in  the  thermogenic 
centre      Its  effect  is  fever  or  rise  of  temperature ;  second- 
arily   it   throws  into  activity   the  unstable   conyu  sive 
centre   if  I  may  so  term  it,  in  the  medulla,  especially  in 
nbrn  s,  n  whoin,  as  has  been  seen,  the  medulla,  together 
V    h  the  motor  centres,  is  in  an  exalted  state  of  ;mtatio 
Furthermore,  it  is  probable   that,  m    he  Biedulla,       e 
motor  and  thermic  nerves  are  mtermmgled.     What  mo  e 
n  dumf  than  that  an  irritation  of  the  one  results  in  an 
hTHa«onoftheotherV    Of  the  potable  correctne^  of  this 
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rSsHiarwould'lcad  us  to  expect  that  the  irritat 
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of  the  fever  centres  should,  in  proper  subjects,  cause  an 
irritation  of  tlie  convulsive  centre  would  also  presuppose 
the  possibility  of  a  reversal  of  this  process.  In  other 
words,  we  should  expect  the  activity  of  the  convulsive 
centre  to  produce  a  secondary  activity  of  the  fever  centre. 
This  is  certainly  fully  demonstrated  by  practical  ex- 
perience at  the  bedside.  All  authorities  are  agreed  as  to 
the  enormous  rise  of  temperature  which  occurs  in  the 
course  of  a  so-called  "  status  epilepticus. "  The  epileptic 
falls  into  convulsions,  repeated  at  very  short  intervals,  so 
that  the  patient  does  not  recover  consciousness  for  hours, 
or  even  days.  Shortly  after  this  condition  has  set  m  the 
temperature  begins  to  rise,  and  sometimes  reaches  an  t^nor- 
mous  lieight.  Bourneville  has  seen  it  as  high  as  1071°  F.  ; 
Reynolds  reports  equally  high  temperatures. ' ' 

Prognosis. — The  prognosis  of  an  attack  of  eclampsia 
resolves  itself  into  two  elements;  first,  as  to  the  fatal  or 
non-fatal  terminal  ion  of  any  attack,  and  seccjndly,  as  to 
the  recurrence  of  tlie  convulsion.  Although  many  in- 
fants die  in  an  attack  of  cclamp.sia,  yet,  when  we  consider 
tfie  great  frequency  of  such  attacks,  those  that  die  are 
comparatively  few"  in  number.  The  prognosis  in  this 
respect  does  not  depend  upon  the  severity  of  the  seizure; 
very  severe  convulsions  will  often  last  but  a  short  time 
and  terminate  in  complete  recovery.  The  duration  of 
an  attack  of  eclampsia  is  a  more  important  factor  in  the 
prognosis.  A  series  of  convulsions  of  long  duration, 
with  short  intervals  between  the  individual  attacks, 
renders  the  prognosis  grave;  and  yet  children  sometimes 
recover  after  lying  in  "status  convulsivus"  for  one  or 
two  days.  Convulsions  in  which  one  side  appears  to  be 
far  more  affected  than  the  other  are  much  more  apt  to  be 
fatal  than  those  in  which  the  difference  between  the  two 
sides  is  not  so  marked.  A  fatal  termination,  as  well  as 
a  repetition  of  attacks  of  eclampsia,  will  often  depend 
upon  our  inability  to  remove  the  cause  which  lies  at  the 
root  of  the  derangement  of  the  nervous  centres.  An  at- 
tack of  eclampsia  may  be  repeated  either  within  a  short 
time  after  the  original  attack,  and  is  then  probably  due 
to  the  same  cause  as  the  original  convulsion  ;  or  after  the 
lapse  of  weeks  and  months,  and  must  then  be  studied 
with  reference  to  its  etiology  as  an  entirely  new  seizure. 
If  after  an  eclamptic  seizure  a  cliild  recovers  completely 
and  returns  to  its  normal  condition,  and  especially  if  the 
cause  of  the  convulsion  has  been  surmised  and  removed, 
the  prognosis  is  good,  the  con\'ulsiou  Avill  probably  not 
reeur;  it  is  best,  however,  cvvn  in  these  cases,  to  be 
guarded  and  prepare  the  patient  and  friends  for  a  recur- 
rence, rather  than  the  contrary.  In  the  large  maiority 
of  cases,  however,  and  above  all  in  those  cases  in  which 
the  cause  of  the  convulsion  cannot  be  removed  or  is  lui- 
known,  the  convulsion  is  apt  to  be  repealed;  the  nii>re 
frequently  the  convulsion  is  repeated  during  a  limited 
period  of  time,  the  more  unfavorable  the  prognosis  as  to 
recovery.  The  convulsions  are  more  apt  to  be  multiple 
in  the  peripheral  and  toxic  variety  of  eclampsia  than  in 
the  felirile.  Tlie  reason  of  this  is  obvious,  inasmuch  as 
fever  is  a  condition  which,  temporarily  at  least,  may  be 
removed,  while  the  former  two  do  noit  so  readily  adniit 
of  treatment.  A  child  that  has  already  had  attacks  of 
eclampsia  is  far  mow  liable  to  i-eiieated  returns  of  con- 
\'ulsions,  un<ler  the  influence  of  proper  exciting  causes, 
than  one  that  has  never  had  a  convulsion.  In  tlje  formi'i- 
case  the  nervous  system  has  already  shown  its  insfabilily, 
and  hence  our  distrust.  In  conclusion  1  wouM  re|ieiil' 
the  prognosis  depends  to  a  great  extent  upon  „\\v  abilily 
to  recognize  and  treat  the  cause.  In  raehilic  eelamiishi, 
while  the  rachitic  disease  is  on  the  inei'ea.se,  the  liability 
to  eclampsia  is  on  tlie  increase.  When  tla;  rachitis  is 
cured,  the  celamiitie  attacks  as  a  I'ule  no  longer  recur 
^  riiEATMKNT.— In  discussing  I  he  treatment  of  eclamp- 
sia infantum,  we  would  repeal,  what  has  been  ur"vd 
coneerningthe  necessity  oCa  i-areful  dilVerential  diagnosis 
as  to  the  etiology  of  the  convulsion.  We  should  di.stin- 
guisli  whether  the  convulsion  belongs  to  the  febrile  the 
toxic.  or  the  perii.hcral  group  of  eonvulsmns.      If  ii  be. 

iS,n  ■  '"■"";'■'  ^'"'  =^l"">'-'"^'lly  elevah.l  Icmperature 
should  be  reduced  as  speedily  as  possible.     Por  Ihis  pur- 
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pose  rapid  and  certain  means  should  be  employed.  Cold 
sheets,  sponging  with  equal  parts  of  cold  water  and  al- 
cohol dilutus,  cold  baths,  Ziemssen's  baths— all  of  these 
are  excellent  methods  of  reducing  the  temperrature  by 
external  means,  and  our  choice  should  be  governed  by 
general  principles.  Among  antipyretic  drugs,  the  best, 
most  trustworthy,  and  most  rajiid  antipyretic  is  anti- 
pyrin,  in  proper  doses  and  at  proper  intervals.  I  am 
accustomed  to  give  to  children,  a  year  old,  gr.  v.  every 
hour  until  two  doses  have  been  taken,  and  to  repeat  the 
dose  in  six  hours  if  the  temperature  shows  a  tendency 
to  rise  again.  The  object  being  to  reduce  temperature, 
the  drug  must  be  u.sed  in  sufficient  quantity  to  effect  our 
purpose.  If  the  convulsion  be  of  the  toxic  variety,  the 
indication  is  as  far  as  possible  to  get  rid  of,  or  diminish, 
the  toxajmia  of  the  blood ;  the  kidneys,  the  bowels,  and 
the  skin,  all  the  excretory  channels,  should  be  brought 
into  play.  An  enema,  together  with  a  cathartic,  should 
be  administered;  a  mustard  bath  should  be  given  to  pro- 
duce sweating  and  to  make  the  skin  act  vicariously  for 
the  kidneys;  should  these  organs  be  at  fault  diuretics 
should  be"  administered  if  not  contraindicated  by  the 
general  disea.se.  Should  the  convulsion  depend  upon  a 
peripheral  irritant,  it  must,  if  possible,  be  removed.  If 
the  stomach  be  overloaded,  an  emetic  should  be  adminis- 
tered ;  if  constipation  appears  to  be  the  cause,  the  bowels 
must  be  emptied.  If  dentition  is  the  cau.se,  and  the  gums 
are  swollen,  lancing  is  indicated  ;  the  swelling  will  tlius 
be  diminished,  the  teeth  will  be  more  easily  cut  througli, 
and  the  irritation  removed ;  if  helminthiasis  is  at  the 
root  of  the  evil  it  must  be  treated.  Whatever  the  periph- 
eral irritant  may  be,  it  should  be  removed.  There  will 
be  many  cases  that  cannot  be  classified,  which  must  be 
treated  on  general  pirinciples.  In  addition  to  treating 
the  etiological  element  in  any  attack  of  eclampsia,  it  has 
been  the  custom  of  phj'sicians  to  administer  a  class  of 
di-ugs  known  as  autisi^asmodics.  The  most  important 
of  tlicse  are  the  bromirles  and  chloral  hydrate,  and  dur- 
ing the  convulsions  amyl  nitrite  and  chloroform.  The 
bromides  should  be  given  in  comiiarativel)'  large  doses 
to  produce  a  beneficial  effect.  Thus,  I  am  accustomed 
to  give  gr.  vi.  to  gr.  viij,  every  three  hfuirs  to  children 
one  or  two  years  old;  even  larger  doses  should  be  given 
if  necessary  until  the  convulsions  cease  and  sleep  is  jiro- 
duced,  Cliloral  hydrate  maj-  be  used  in  small  doses, 
either  alone  or  in  combination  with  the  bromides.  I 
have  used  the  amyl  nitrite,  a  few  drops  inhaled  from  a 
handkerchief  during  the  convulsions,  with  but  little  suc- 
cess; I  have  been  unable  to  convince  myself  of  its  utility 
when  thus  presented  to  infants.  Should  the  convulsions 
be  very  severe  and  continue  for  a  long  time,  chloroform- 
ing the  little  patient  may  be  tried,  although  in  cases 
severe  enough  to  require  this  measure  the  convulsions 
are  apt  to  return  as  so(Ui  as  the  effect  of  the  chloroform 
passes  away.  In  cases  in  which  the  bromides  must  be 
administered  during  a  convulsion,  it  is  best  either  to  in- 
ject the  drug  per  rectum  or  subcutaueously  in  solution. 
When  given  by  the  rectum  the  dose  should  be  at  least 
twice  as  large.  I  have  alwa_vs  considered  the  applica- 
tion of  cold  cloths  or  ice-bags  to  the  scalp  as  super- 
fiuous  in  (U'dinary  eclampsia;  if  they  accomplish  any 
good  at  all  it  is  only  in  cases  in  which  reduction  of 
ti'iuperature  is  an  element  in  the  treatment,  and  in  these 
eases  we  have  more  effective  means  for  accomplishing 
this  result. 

Por  the  attack  Trousseau  advised  compression  of  the 
carotids,  either  one  or  both,  until  the  convulsions  subsided. 
The  carotids  are  conqiresscd  opposite  the  thyroid  carti- 
lages, by  pressing  the  artery  against  the  spinal  column. 
The  corresiionding  side  of  the  face  thereupon  becomes 
pale  and  then  cyanotic.  In  most  cases  the  convulsive 
movements  gradually  cease  and  the  patient  falls  asleep. 
Should  the  convulsion  notecase  the  compression  must  be 
stop]icd  as  soon  as  the  cyanosis  is  extreme.  The  com- 
pression may  be  repeated  at  quarter-  to  half-hour  inter- 
vals; shoulil  it  then  not  succeed  in  checking  the  convul- 
sions we  should  not  advise  its  repetition.  In  conclusion, 
it  must  not  be  forgotten  that,  whatever  may  be  the  dis- 
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ease  of  wliicli  the  coavulsion  is  a  symptom,  our  attention 
must  be  mainl}^  directed  to  the  treatment  of  it,  and  not 
to  tlie  treatment  of  tlie  convulsion  alone. 

Ih-nry  W.  Berg. 

'  Hantlli.  V.  ZicMiissen,  na.  xU.,  ii.  Tliell,  Heft  3,  pp.  28.5-295 
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Gehirn-Pneumonie.    Jahrii.  fur  Kiiiilcrjicilkunde,  1869. 
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13-16. 

1  °  Ueber  die  der  Dentition  zugeschrlebenen  Krankhelten,  etc.  Wien. 
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Pneumonie.    Jahrb.  fiii-  Kiuderheilkunde. 

"Henoch:  Cerebral  Symptoms  of  Whooping-cough.  CharlteAnnal , 
1874, 1. 

1*  Bouchut:  Eucephalopathie  albumlnuriqueavecrEclampsie.  Gaz. 
des  Hop.,  1871,  Nos.  53-i54;  also  1875,  No.  78. 

"R.  Demme:  Zur  Kenntnlss  und  Behandlung  der  chroulschen 
Eclampsle  und  Epilepsle.    Jahrb.  fiir  Kinderh.,  viil.,  113,  1875. 

'"  E.  C.  Seguin  :  The  Early  Diagnosis  of  Epilepsy. 

"  H.  W.  Berg:  Etiology  of  Congenital  Talipes  Equino-varus. 
Archives  of  Medicine,  December,  1883. 

i»  Reynolds  :  System  of  Medicine,  American  edition,  p.  777. 

1"  H.  W.  Berg:  Pathology  of  Eclampsia  Infantum.  American 
Medico-Surgical  Bulletin,  July  15th,  1894. 

ECPHYMA  GLOBULUS.— A  name  given  to  a  contagi- 
ous skin  disease  that  manifested  itself  in  Ireland  during 
the  famine  years  of  1847—1:8  and  called  hy  the  Irish 
peasantry  "Button  Scurvy."  Frazer,  who  described  the 
disease,  thought  that  it  resembled  frambcesia  or  yaws  of 
the  West  Indies.  It  seems  practically  to  have  died  out. 
The  eruption,  according  to  Frazei-,  occurred  on- any  part 
of  the  bod}'  except  the  hands  and  feet,  the  lesions  starting 
as  slight  elevations  or  tubercles.  In  this  stage  the  skin 
liver  the  lesions  is  perfectly  normal.  Increasing  slowly 
in  size  the  tubercles  become  discolored,  gradually  soften, 
finally  forming  prominent  deep-red  tumors  looking  hke 
raspben-ies  though  considerably  larger.  These  persist 
for  an  indefinite'length  of  time  unless  treated,  but  the 
free  use  of  nitrate  of  silver  causes  them  soon  to  heal. 

Charles  Townslwnd  Dnde. 

ECTHYMA.— This  form  of  pustulosis  of  the  skin  is 
not,  strictly  speaking,  a  disease  separate  and  distinct. 
It  is  i-ather  a  secondary  or  consecutive  lesion  occurring 
in  many  and  varied  disorders,  in  which  the  clinical  type 
remains  fairly  constant.  A  predilection  is  displayed  in 
most  cases  for  the  extremities,  the  lower  in  particular, 
but  the  trunk  and  neck  are  often  attacked. 

In  the  beginnina;  there  is  a  small  pustule  which  gener- 
ally takes  a  rounded  outline,  although  tlie  character  of 
the  local  injury  may  give  it  an  unusual  appearance;  for 
example,  linear  in  infected  scratch  marks.  When  fidly 
developed,  the  pustule,  tense  or  flaccid,  is  seated  on  an 
indurated  base  whose  redness  fades  gradually  mto  the 
surrounding  skin.  The  purulent  contents  soon  dry  into 
a  thick  dark  crust,  adherent,  and  showing  on  removal  a 
superficial  ulceration  of  the  corium.  The  base  of  the 
ulcer  is  uneven,  due  to  indolent  granulation  tissue  and  of 
a  red  or  grayish  color  from  the  presence  of  pus.  In 
syphilis,  the  crust  of  ecthyma  becomes  stratified  (rupial) 
like  the  shells  of  Crustacea,  due  to  spreading  of  the  lesion 
under  its  dried  cover.  The  ulcer  heals  slowly  and  with 
the  formation  of  a  small  scar,  which  is  always  evident 
when  the  patient  is  afterward  stripped  for  examination. 
Development  is  rather  slow,  but  the  individual  pustule 
usually  runs  its  course  in  a  fortnight.  It  may  be  single 
or  be  accompanied  by  others,  developed  either  (^oinciden- 
tally  or  appearing  in  successive  crops.  Subjective  symp- 
toms are  those  of  burning  and  pain ;  itching,  if  present, 
is  due  to  previous  disease. 

Ecthyma  gangrcmosmn.  may  be  separated  from  tne 
mass  of  ecthyma  and  given  a  definite  place  on  account 


of  ^  Its  etiology  and  its  occurrence  in  young,  cachectic 
children.  The  lesions  are  apt  to  appear  on  the  buttocks 
thighs,  and  perineum  and  are  extremely  indolent.  The 
ulcers  are  of  a  deep  red  color  and  covered  by  a  dirty, 
tenacious  slough,  varying  in  .size  up  to  that  of  a  silver 
quarter  of  a  dollar.  The  earliest  lesion  observed  is  a 
brown  or  dark-red  discoloration,  which  soon  becomes 
necrotic.  In  Kreibich's  case  there  were  twenty-five  or 
thirty  ulcers  at  one  time. 

Etiology.— As  in  other  conditions,  especially  tho.se  of 
a  purulent  character,  three  factors  determine  an  outbreak 
of  ecthyma:  first,  a  depraved  state  of  health,  second,  a 
point  of  entrance  of  diminished  resistance  for  (third)  the 
invading  organism.  The  disease  attacks  all  ages  and 
both  sexes,  but  is  more  common  in  adult  males.  Low- 
ered vitality  may  simply,  as  in  vagabonds,  result  from 
insufficient  nourishment,' but  it  may  be  a  part  of  infec 
tions  like  syphilis  and  tuberculosis  (scrofuloderms  of 
Ouhring),  or  of  diabetes,  Bright's  disease,  and  ana;mia. 
The  injury  to  the  tissues  is  most  often  due  to  scratching 
commonly  of  louse,  bedbug,  and  flea  bites,  but  also  in 
the  course  of  the  pruritus  of  eczema,  diabetes,  derma- 
titis herpetiformis,  and  senile  pruritus.  Localization  of 
specific  morbid  products  furnishes  a  portal  of  entry 
doubtless  in  the  granulouiata,  syphilis,  and  tuberciilo.sis. 
The  invading  organism  is  in  most  cases  the  streptococcus, 
inoculated  b.y  dirty  finger  nails,  clothes,  and  bedclothes 
The  other  pus  cocci  of  course  may  be  present.  The 
Bacillus  p.YOcyaneus  seems  to  be  responsible  for  ecthyma 
gangrajnosum — I  say  seems,  because  it  is  quite  possible 
that  it  is  inoculated  in  ulcers  perhaps  due  to  another 
organism,  from  alvine  discharges.  At  any  rate,  it  has 
been  regularly  found  by  such  men  as  Ehlers,  Baginsky, 
and  Kreibich.     The  infants  are  invariably  cachectic, 

HiSTOPATiiOLOGY. — The  pathological  process  begins  in 
the  corium  in  the  form  of  a  circumscribed  area  of  puru- 
lent inflammation.  The  cellular  infiltration  is  chiefly  of 
polynuelear  leucocytes,  the  vessels  are  dilated  and  con- 
gested, and  the  tissue  elements  at  the  periphery  are  sepa- 
rated by  a  serous  exudate.  Later,  a  central  necrosis  oc- 
curs with  complete  solution  of  fibres,  vessels,  and  skin 
appendages  in  its  area.  The  epithelium  covering  the 
pus  collection  is  much  swollen,  owing  to  an  intracellular 
as  well  as  an  intercellular-  cedema.  IVIany  of  the  cells 
show  hydropic  degeneration.  By  specific  staining,  a 
network  of  fibrin  can  be  demonstrated  at  the  centre.  The 
crust  is  composed  of  fibrin  filaments  in  whose  meshes  are 
entangled  epithehal  cells  and  leucocytes;  when  it  sepa- 
rates there  is  left  an  ulceration  which  extends  into  the 
cutis  and  wliich  heals  by  the  usual  process  of  granulation 
and  scar  formation.  Slight  pigmentation  may  persist  for 
a  little  time. 

Diagnosis.- Differentiation  of  ecthyma  from  other 
pyodermias  is  a  matter  of  small  importance  as  compared 
with  recognition  of  the  underlying  condition.  Impetigo 
contagiosa  is  superficial  with  a  "  stuck-on  "  crust  which 
leaves  on  removal  no  ulceration;  pu,stular  eczema  is  a 
diffuse  process  with  no  epidermal  destruction ;  furuncles 
show  unmistakable  necrotic  plugs.  The  ecthyma  of 
syphilis  has  an  indurated  base,  its  crust  commonly  takes 
on  a  rupial  character,  and  the  ulceration  is  apt  to  be  char- 
acteristically reniform.  In  the  absence  of  external  fac- 
tors, careful  search  for  a  causative  systemic  condition- 
such  as  ansmia,  cachexia,  and,  too  often,  starvation- 
must  be  made.  When  the  skin  shows  excoriations  and  no 
pediculi  or  other  parasites  are  to  be  found,  it  becomes 
necessary  to  decide  which  of  the  itching  dermatoses  is  at 
fault,— an  eczema,  an  urticaria,  a  pruritus,  or  a  dermatitis 
heriietiformis.  .  ,  ,  ,        . 

Prognosis  —The  outlook  is  invariably  good  so  tar  as 
ecthyma  itself  is  concerned,  but  on  recovery  from  the 
Dvodermic  condition  the  prognosis  becomes  that  of  the 
causative  underlying  disease.  Ecthyma  gangrenosum 
is  always  a  grave  condition,  merely,  however,  as  a  sign 
of  deep  systemic  depression.  ,   ,      -,        ,  ^     ■ 

Treatment. -Soap  and  water,  goo(i  food  and  tomes 
constitute  all  that  is  really  necessary.  Even  the  pustular 
sypbiloderm  and  scrofuloderm  will  get  well  with  them 
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aloue  but  the  cure  may,  it  is  liardly  necessary  to  I'emarlv, 
be  liasteued  by  appropriate  local  measures.  In  vaga- 
l)nnds'  disease,  tlie  clothes  and  bedclothes  should  be 
boiled  to  kill  lice  and,  if  possible,  the  patient  should  be 
changed  to  a  clean  bed.  After  a  preliminary  bath,  the 
erusts  mav  be  softened  bv  sweet  oil,  boric-acid  poultices 
or  ointment,  and  removed.  The  bases  of  the  ulcers  are 
cleaned  with  liydrogen  peroxide  and  covered  by  antisep- 
tic surgical  dressings.  Gauze  soaked  in  Jifty-per-cent. 
ichthyol  in  watery  solution  is  admirable  for  the  purpose 
since  it  never  starts  a  dermatitis  of  its  own.  Tlie  solid 
stick  of  silver  nitrate  is  used  to  restrain  exuberant  granu- 
lations. In  dispensary  practice  where  elaborate  dress- 
ings are  usually  out  of  the  question,  ecthyma  heals  read- 
ily under  inunction  with  teu-per-cent.  sulphur  ointment, 
but  its  u,se  must  be  stopped  liefore  it  excites  a  reaction 
in  the  skin.  Treatment  of  underlying  cachexias  must  be 
left  for  consideration  in  their  proper  places. 

.JciDiiiK  ('.  JoliiixUm. 

ECTODERM.— The  ectoderm  is  tlie  outermost  layer  of 
cells  in  the  embryo,  or  outer  germ  layer.  It  is  called 
ectoblast  by  some  German,  and  epiblast  by  some  English 
writers.  Tlie  cells  early  arrange  themselves  so  as  to  form 
a  distinct  epitheliimi;  in  the  median  line  of  the  embryo 
the  cells  become  thickened  and  give  rise  to  the  so-called 
medullary  groove,  out  of  which  the  nervous  system  is 
developed,  these  median  cells  becoming  entirel}^  sepa- 
rated from  the  rest  of  the  ectoderm,  wliicli  thus  becomes 
the  embryonic  epidermis.  Tlie  epidermal  ectoderm  de- 
velops all  the  epidermal  structures  of  the  adult,  and  also 
gives  rise  to  the  epithelium  of  the  auditoiy  labyrinth  and 
to  the  lens  of  the  eye,  as  descril)ed  in  the  special  embiyo- 
logical  articles.  (Hidrlrs  S.  Miiiot. 

ECZEMA. — (Synonyms:  6er. ,  S-jc/m  ,•  Pr.,  Eczema; 
Tetter;  Salt  rheum.) 

Definition. — Eczema  is  an  acute  or  chronic  inflamma- 
tory disease,  presenting  a  most  varied  assortment  of  cu- 
taneous lesions,  and  accompanied  by  more  or  less  intense 
itching,  burning,  or  pain.  The  lesions  consist,  at  first, 
of  erythema,  papules,  vesicles,  or  pustules,  -svhieli  may 
subsequently  form  into  crusts  or  weeping  surfaces,  or 
infiltrated  and  scaly  patches. 

Genekal  Symptomatology.  —  All  eczemas  possess 
certain  characteristics  and  are  associated  with  definite 
general  symptoms  which  may  be  briefly  referred  to  before 
taking  up  the  study  of  the  disease  in  its  various  phases. 
Eczema  is  distinctly  an  inflammatory  affection,  and  as 
such  manifests,  in  some  degree  or  modification,  the  cardi- 
nal symptoms  of  that  process.  These  are;  (1)  congestion, 
with  swelling  and  increase  of  local  temperature ;  (2)  fluid 
exudation  into  the  tissues,  with  the  formation  of  vesicles 
and  pustules,  or  with  a  discharge  upon  the  surface,  re- 
sulting in  crusts  and  scales;  (3)  plastic  exudation,  pro- 
ducing papules,  patches  of  infiltration,  and  thickening; 
and  (4)  subjective  sensations  of  itching,  smarting,  or 
burning  pain. 

The  character  and  intensity  of  these  various  symptoms 
will  depend  upon  the  acuteness  or  chronicity  of  the  in- 
flammation, upon  the  locality  afleeted  or  tlie  extent  of 
territory  involved,  upon  the  inherent  temperament  or 
peculiariries  of  tlie  individual,  and  upon  his  habits  of 
diet,  the  nature  of  his  occupation,  elc. 

(1)  Erytlieiiui. —Thft  erythema  may  vary  from  the 
bright  red  blush  which  is  seen  in  the  acute  forms  of  the 
disea.seto  the  dull  redness  commonly  observed  in  tlie  more 
chronic  erythematous  varidies.  The  amount  of  swelli'u"- 
accompanying  it  is  a  varying  .inantity,  de|)endent  gener- 
ally upon  the  acuteness  of  the  inH;uiuiiatioii.  An  in- 
crease of  local  temperature  is  always  ajipreeialile,  more 
marked  in  the  acute  than  in  the  chronic  forms  hut  is 
never  a  very  decided  symptom,  such  as  tliat  'accom- 
panying some  other  inflammatory  alfectioiis  r  r/  rrv- 
sipelas.  ■■'"      ■ 

(2)  Smnis  &»,/„//„;,,_Exudatioii  is  a  part  of  every 
eczematous  prorrss,  the-  form  of  lesion  pro'luc..,]  ll,<.,vb  ■ 
bemg  determined  by  the  various  influences  ab-eady  enu- 

708 


merated.  Fluid  exudate  will  produce  swelling,  vesicles, 
and  pustules,  and  when  rupture  occurs  there  will  be  a 
weeping,  moist  surface  which  dries  into  crusts  and  scales. 
The  crusts  arc  often  thrown  off  rapidly,  leaving  a  more 
or  less  continuously  weeping  or  moist  patch,  or  areas  of 
greater  or  less  extent.  This  discharge  has  the  peculiarity 
of  stiffening  linen  with  which  it  comes  in  contact. 

(3)  Plastic  Exudation.— 'WXk-w  the  exudation  is  plastic, 
papules  and  dry  scaly  patches  result,  the  scales  being 
either  fine  and  liranny  or  they  Ijecome  agglutinated  into 
larger  flakes,  which  are  sometimes  quite  thick.  The  for- 
mer are  usually  seen  in  the  erythematous  type  of  the  dis- 
ease, commonly  found  upon  the  face,  or  in  the  dry  scaly 
eczema  of  the  scalp  ;  while  the  latter  are  observed  chiefly 
in  connection  with  chronic  squamous  eczema.  Infiltra- 
tion is  present  in  every  form  of  the  disease,  but  it  is  only 
in  the  more  chronic  forms,  wdiere  the  exudation  takes 
place  deep  in  the  corium,  that  the  thickening  and  infiltra- 
tion so  characteristic  of  the  disease  are  found.  When  not 
too  great  it  can  be  fully  appreciated  by  pinching  alternate- 
ly the  healthy  and  the  diseased  skin;  but  in  some  invet- 
erate cases  the  skin  is  so  densely  infiltrated  that  it  cannot 
be  pinched  up.  If  it  is  so  situated  that  the  natural  move- 
ments of  the  part  subject  the  infiltrated  skin  to  stretching, 
veiy  painful  fi.ssures  and  excoriations  are  produced,  which 
are  often  very  difficult  to  heal. 

(4)  Itcliiiifi,  etc. — The  subjective  sj'mptoms  of  eczema 
are  perhaps  the  most  important  of  an3',  both  on  account 
of  the  great  distress  they  cause  and  the  influence  they 
exert  in  keeping  up  the  disease.  These  symptoms  vary 
greatly  in  the  clifl'erent  cases  and  in  the  dift'erent  forms 
of  the  disease,  and  even  at  different  times  in  the  .same 
individual.  In  some  cases  there  is  merely  a  slight  tin- 
gling or  pricking  sensation,  or  feeling  of  formication, 
wliile  in  the  other  extreme  there  may  be  most  intense 
itching,  which  can  be  relieved  only  by  deep  and  continu- 
ous .scratching  witli  the  nails  until  a  bleeding  or  oozing 
surface  is  produced.  Between  these  two  extremes  vari- 
ous degrees  of  irritation  are  experienced.  Sometimes,  as 
in  the  acute  and  erytliematous  forms,  smarting  or  burn- 
ing is  alone  complained  of.  In  other  cases  this  amounts 
to  a  burning  pain,  without  anv  itching  or  desire  to 
scratch.  The  itching  of  eczema  is,  as  a  rule,  paroxj'smal 
or  intermittent  in  character,  aggravated  generally  by  ex- 
jiosure  to  the  air,  and  is  invariably  worse  at  night  Its 
character  and  intensity  are  likev^ise  affected  by  the  influ- 
ences already  mentioned,  as  having  a  bearing  upon  the 
general  symptoms  of  eczema.  Besides  the  itching  or 
sonieof  its  modifications  just  enumerated,  certain  patients 
exhibit  a  most  marked  hypera?sthesia  of  the  skin,  particu- 
larly upon  exposure  to  the  air  or  the  slightest  contact  of 
the  clothing,  and  when  certain  remedies  are  applied  to 
the  skin. 

In  addition  to  the  symptoms  just  described,  certain 
characteristics  in  the  course  and  evolution  of  the  disease 
are  common  to  all  cases  of  eczema.  The  clinical  picture 
varies  from  day  to  day,  and  in  some  cases,  especiallj'  in 
children  and  infants,  from  hour  to  hour.  Not  only  rap- 
id changes  in  the  severity  of  the  process  are  to  be  ex- 
pected, but  the  type  of  the  eruption  itself  may  change  in 
a  very  short  period  of  time.  The  reason  for  this  will  be  ap- 
parent when  we  come  to  consider  the  various  causes  of  the 
disease.  Eczema  eillier  runs  an  acute  course,  remaining 
for  a  few  AN'eeks  or  a  month  when  recovery  takes  place; 
or,  as  more  commonly  happens,  it  becomes  chronic  and 
may  last  for  years  or  for  a  lifetime.  It  may  be  limited 
to  only  one  region  of  the  body  or  of  an  extremity,  but 
more  fre(iuently  it  occurs  in  several  localities,  and  gen- 
erally in  a.  symmetrical  manner.  Often  the  disease  is 
more  or  less  general  in  its  distribution,  and  in  rare  in- 
stances it  becomes  univer.sal.  Its  general  tendency  in 
every  case  is  to  progress,  and  spontaneous  recovery 
is  not  to  be  looked  for.  No  matter  how  severe  or 
protracted  the  disease  may  be,  there  are  usually  no 
constitutional  symiitoms,  although  in  the  worst  cases 
some  im)iairment  of  the  .general'  health  is  mauifested 
as  a  result  of  the  persistent  loss  of  sleep  and  pro- 
longed sulfering. 
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Ec/A'ma  is  so  Viuied  in  ils  inanircstiUidus  uiul  so  pro 
tean  iu  character  that  to  give  a  coiiipielieiisive  clinical 
picture  of  the  disease  would  obviously  be  iiuiiossible  It 
is  necessary,  therefore,  iu  llic  f\u-ther  study  of  its  syiup- 
tomatology,  to  consider  separately  tlie  various  typ'es  of 
eruption  which  mala'  up  the  symptom-complex  of  the 
affection.  While  this  is  esseutial  for  a  clear  uuderstaml- 
ing  of  the  disease  as  a  whole,  it  must  not  be  fnrndtten 
that  the  several  types  about  to  be  discussed  rarely^occur 
clinically  in  a  distinct  or  pure  form,  but  are  often  min- 
gled one  with  another,  or  follow  one  another  in  rapid  suc- 
cession. This  freijuent  and  often  very  rajiid  change  in 
the  severity  of  the  process  and  in  the" type  of  lesion  has 
already  been  referred  to  as  one  of  the  chief  characteristics 
of  the  disease. 

For  convenience  of  description  the  subject  is  divided 
in  the  following  manner; 

(A)  Types  of  the  eruption  dependent  upon  the  pre- 
dominant, primary,  anatomical  lesion,  namely,  i'i'-.eiiiii 
eri/t/ifiimtoKiim,  eczema  pa piilosii in,  eczema  eem'eiilmtiiii,  and 
eczema  pustiilomm. 

(B)  Types  dependent  upon  secondary  changes  in  the 
preceding,  namely,  eczema  riibnim  or  madidaiin,  eczema 
sqiaiiiiosum,  eczenai  sclerosiim,  eczeiaa,  ferruciixiim.  and  «■- 
zciiat  Jissiim,  and 

(C)  Types  dependent  upon  the  stage  or  character  of 
the  inflammatory  process,  namely,  eczema  acutiim  and 
eczcnui  chi'oiticum. 

The  symjitomatology,  diagnosis,  and  treatment  of  the 
other  special  varieties  of  the  disease,  namely,  eczema 
infantilis,  eczema  parasiticum,  eczema  seborrhoiciun, 
and  the  region.il  forms  of  eczema  will  be  considered 
sepai-ately. 

A.  EczEM.v  Ekythematosum. — This  type  of  the  dis- 
ease occurs  iu  its  most  characteristic  form  upon  the  face 
in  middle-aged  or  elderly  people,  though  it  may  affect 
anj^  part  of  the  body.  It  generallj'  begins  in  small,  irreg- 
ularly shaped  patches,  of  a  more  or  less  bi-ight  red  color, 
whicli  coalesce  into  larger  areas.  The  face,  h<.)«ever,  may 
be  acutely  suffused,  in  which  case  there  is  considerable 
cedema,  with  closing  of  the  lids  and  marked  tempoi'ary  dis- 
figurement. When  the  affection  is  acute,  after  a  few  hours 
tiny  vesicles  develop  upon  the  eijthematous  surface  and 
some  moisture  or  oozing  is  produced  by  the  i-ubbing, 
which  is  resorted  to  iu  consequence  of  the  itching.  In  the 
subacute  form  the  color  is  a  dull  red,  and  slight  scaling 
is  to  be  observed,  Avhile  in  the  chronic  forms  consiih.'rable 
thickening  of  the  skin  is  produced,  the  natui'al  lines  being 
greatly  exaggerated  ;  the  color  in  the  more  chronic  forms 
varies  from  a  dull  red  to  a  pui-ple  or  brown  and  the  scal- 
ing is  more  abundant.  Itching  and  burning  are  the  chief 
symptoms  complained  of,  the  former  being  so  severe, 
especially  when  the  disease  is  chronic,  that  the  eyebrows 
are  sometimes  rubbed  off  in  the  efforts  of  the  patient  to 
obtain  relief.  The  disease  may  be  of  very  short  duration, 
or  may  last  for  years,  with  intervals  of  slight  im]iiove- 
ment ;  this  form  is  often  spoken  of  as  "  chronic  eryxijielan. " 
Erythematous  eczema  of  the  extremities  presents  char- 
acters similar-  to  those  ii|K)n  the  face,  though  the  scahng 
is  apt  to  be  more  abundant,  and  here  the  type  readily 
changes  into  the  squamous  form. 

When  it  occurs  upon  the  palms  and  soles  the  skin  is 
thickened,  red,  and  swollen,  and  is  accompanied  by  most 
intense  itching  and  burning.  In  the  axilla-,  beneath  and 
between  the  breasts,  or  in  the  fold  of  the  neck  and  groins 
iu  infants,  the  disease  is  of  a  brighter  red  coloi-,  and  a 
moist  oozing  surface  is  produced.  This  form  of  eruption 
constitutes  "ecze»ai,  intertrigo." 

Eczema  Papdlosum.— The  papular  type  of  eczema  is 
of  very  frequent  occurrence,  and  is  often  one  of  the  most 
obstinate  forms  met  with.  It  is  characterized  by  the 
appearance  of  firm,  dull  red,  acuminate  or  rounded, 
raised  papules,  varying  in  size  from  a  mere  speck  to  that 
of  a  pin's  head.  These  may  develop  in  a  discrete  man- 
ner, scattered  irregularly  without  tendency  to  grouping, 
over  the  part  affected,  or  form  here  and  there  into  small 
groups  or  even  coalesce  into  patches.  When  located 
about  the  hair  follicles  a  lichen-like  appearance  is  pre- 


sented,^^ and  on  this  account  the  disease  was  formeriv 
called  hchcni,imi,t.e.c:'  The  number  of  lesions  present 
at  any  given  tune  varies  considerably.  Often  they  are 
sparsely  distributed,  but  after  a  time  the  itching  becomes 
so  intense  that  new  i.aimles  develop  rapidly  in  conse- 
(luence  ot  the  seven-  scratching  induced.  These  are  soon 
<-ai)ped  by  a,  small  blood  crust  or  an-  sev(-rely  torn  so 
that  serum  oozes  Irom  their  siumnils.  There  is  p(-i'liaps 
no  other  variety  of  eczema  in  wliich  the  ilehin"- is  siirl, 
a  marked  feature.  ° 

The  disease  may  remain  i)a]>ular  throughout  (.i-  the 
papules  develop  into  small  y(-sicleB  and  ti](-ii  into  jms- 
tules,  or  become  a.ssociated  with  other  vesicular  or  jiustu- 
lar  lesions.  When  they  are  grouped,  or  become  more  oi- 
less  confluent,  weeping  patelu-s  with  infiltration  and 
crusting  may  form  as  a  result  of  vigorous  scratching. 
Sometimes  the  lesions  pi-eseut  the  flat"  character  of  those 
seen  in  lichen  planus,  and  the  color  being  dull  red  or 
purplish,  mistakes  in  diagnosis  are  not  uncommon.  This 
form  ot  papule  generally  occurs  about  the  neck  and 
flexor  surfaces  of  the  wrists,  both  common  sites  for  lichen 
planus. 

The  life  history  of  any  individual  lesion  or  group  of 
lesions  is  extremely  variable.  Th(-  same  jjapule  may 
remain  almost  unchanged  for  weeks  or  may  disappeaV 
quickly,  only  to  be  replaced  by  others  in  rapid' succession. 
Sometimes  a  singU-  small  patch  or  several  patches,  with- 
out any  other  manifestation,  will  affect  some  particular 
location  and  resist  the  most  careful  treatment  for  long 
periods  of  time. 

The  distribution  of  the  eruption  is  of  consideraljle  im- 
portance, particularly  as  regards  diagnosis.  The  trunk, 
especially  the  back  and  buttocks,  and  the  flexor  surfaces 
of  the  arms,  forearms,  thighs,  and  legs  are  the  regions 
generally  affected.  It  rarely  occurs  upon  the  face,  hands, 
or  feet.  The  disease  is  more  common  in  adults  than  in 
children  or  infants,  the  liability  being  about  the  .same 
for  both  .sexes. 

Eczema  Vesiculoshm. — Vesicular  eczema  pure  and 
simple  is  perhaps  less  commonly  observed  than  any 
other  type  of  the  disease.  It  is  essentially  an  acute  proc- 
ess and  speedily  changes  into  some  other  form,  oi-  is  as- 
sociated with  some  moi'c  chronic  variety,  .  The  attack  is 
always  preceded  by  tingling,  i)ricking,  or  itching  sensa- 
tions, which  are  soon  followed  b^y  a  punctate  or  diffuse 
crj'thema,  with  more  or  less  swelling  of  the  tissues.  Af- 
ter a  few  hours  a  number  of  tiny  vesicles  appear  upon 
the  reddened  surface,  which  vary  in  size  from  a  pin's 
point  to  a  piin's  head.  These  are  pearly  and  transparent 
and  have  a  very  thin  covering  of  epidermis.  In  some 
localities,  as  between  the  lingers  and  toes,  and  on  their 
flexor  surfaces,  or  on  the  palms  and  soles,  which  are  the 
most  common  sites  of  the  eruption,  the  erythematous 
stage  is  often  wanting,  the  lesions  appearing  as  minute 
transparent  globules  embedded  in  the  skin.  There  is 
generally  no  tendency  t(J  grouping  of  the  vesicles  in  this 
type  of  the  disease,  though  they  are  closely  packed  to- 
gether and  sometimes  even  coalesce.  In  a  very  short 
time,  even  after  the  lapse  of  only  a  few  hours,  they  either 
rupture  spontaneously  or  are  broken  by  the  patient  in 
scratching.  Much  relief  from  the  itching  is  now  experi- 
enced, but  this  symptom  is  quickly  replaced  by  smarting 
or  burning.  The  contents  of  the  vesicles  soon  moisten 
the  affected  part,  which  is  kept  more  or  less  wet  by  the 
oozing  of  serum  from  the  vessels  beneath,  or  is  con\'erted 
into  a  moist  crusted  patch.  The  serous  crusts  which 
form  are  of  a  characteristic  yellowish  color,  and  are  never 
very  thick.  In  some  cases  the  crusts  are  continually 
washed  away  or  are  removed  by  contact  with  the  cloth- 
ing, leaving'a  red,  angry,  oozing  surface,  being  thus  con- 
verted into  an  ''eczema  rubrum"  or  'U-czenm  madidans." 
At  other  times  the  weeping  diminishes  and  a  scaly,  red, 
inflltrated  patch  results,  "eczema  squamemim."  Under 
approiiriate  treatment,  however,  neitlier  of  these  secon- 
dai-y  forms  develops,  but  resolution  takes  place  by  a  grad- 
ual'subsidence  of  all  the  symptoms.  New  vesicles  cease 
to  appear  the  oozing  becomes  less  and  less,  the  surface 
heals  beneath  the  crusts,  and  there  is  left  a  sensitive, 
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slioiitly  ivddeu.'d  skiu,  which  iu  a  few  days  bccrmies 
uormai  Besides  the  secoiidarv  forms  of  eczema  just 
refcn-ed  to.  into  which  the  vesicular  type  of  tlie  ei-uption 
may  develop,  secondary  inoculation  frequently  takes 
place  with  tlje  production  of  a  pustular  eczema. 

It  must  likewise  he  remendiered  that  vesicular  eczema 
is  often  associated  with  tlie  other  primary  forms,  appear- 
in"'  as  an  acute  outbreak  at  some  time  duiin.!,'  their  course, 
ln°iddition  to  the  sites  already  mentioned,  the  disease  may 
develop  upon  the  face,  on  the  flexor  surfaces  of  the  fore- 
arms and  thighs,  and  less  commonly  upon  various  parts 
of  the  trunk;  it  is  seldom,  however,  general  in  its  distri- 
bution. ,.  ,  .  , 

Eczema  PusTULOsuM.— This  type  of  the  disease,  which 
is  sometimes  called  "cczejiia  iinpeUgiriosinii"  usually  be- 
iiins  in  one  of  the  preceding  forms,  the  character  of 
which  is  changed  either  by  an  increased  intensity  of  the 
inflammation  or  by  secondary  infection  by  pus  .germs. 
It  is  possible  for  the  eruption  to  develop  de  novo,  but  this 
is  quite  the  exception.  Any  diseased  condition  or  physi- 
ological state  that  will  diminish  the  natural  skin  resis- 
tance against  the  incursion  of  pathogenic  organisms 
predisposes  to  tliis  form  of  eczema.  It  is  therefore  more 
common  in  infants,  especially  in  the  strumous  and  ill- 
nourished,  and  in  elderly  people.  It  is  seen  in  its  most 
characteristic  form  upon  the  head  and  face  of  infants, 
where  from  very  early  times  it  has  been  knoAvn  as  "  i-rusiir 
lactea,"  or  the  ''milk  crust  eruption." 

It  generally  begins  in  a  group  of  papules  or  an  erythe- 
matous patch,  which  speedily  becomes  moist  and  crusted 
from  the  subsequent  development  of  vesicles.  Infection 
soon  takes  place  from  the  wounding  of  the  surface  by  the 
nails,  and  thick  greenish  crusts  form,  which,  when  mat- 
ted with  the  hair  on  the  scalp,  emit  a  mostnau.seous  odor. 
It  usually  occurs  .syminctricallj'  on  both  cheeks  and 
around  the  ears,  but  "in  very  bad  cases  may  cover  the  en- 
tire head.  In. elderly  people  it  is  most  frequently  ob- 
served upon  the  lower  legs,  where  it  may  affect  only  the 
region  around  the  ankles  or  may  cover  the  entire  leg  with 
thick,  dirty  greenish  crusts. 

Pustular  eczema  may  also  attack  the  bearded  face  and 
the  hairy  region  of  the  thighs,  in  which  case  it  must  be 
differentiated  from  sycosis  and  folliculitis.  Eczema, 
however,  is  never  confined  to  the  follicles,  but  also  affects 
the  intervening  skin  and  often  spreads  to  non-hairy 
jiarts. 

The  itching  of  pustular  eczema  is  less  marked  than  in 
some  of  the  other  varieties  of  the  affection.  Except  in 
very  rare  instances,  in  which  deep  wounds  have  been 
made,  this  eruption  is  never  followed  by  scarring  or  per- 
manent loss  of  hair. 

B.  Eczema  Rdbku.m  or  Eczema  Madidans. — Eczema 
rubrum  may  develop  from  any  of  the  preceding  varieties, 
but,  as  already  mentioned,  most  commonly  follows  vesic 
ular  or  pustular  eczema.  It  often  results  in  conse- 
quence of  improper  treatment.  The  patient's  occupa- 
tion or  his  injudicious  care  of  the  eruption  may  likewise 
be  resp(mKible. 

It  is  characterized  by  intensely  red,  inflammatory 
patches,  or  diffuse  areas  which  continuously  exude  a 
clear  serum  that  subsequently  dries  into  brownish  or 
green  crusts  of  variable  thickness.  These  in  turn  arc 
loosened  by  the  accumulation  of  serum  beneath,  or  are 
forcibly  removed  by  contact  with  the  clothing,  prodiicinu. 
an  inten,sely  red,  infiltrated,  and  continuously  weeping 
surface.  This  con.stitutes  (Jiie  of  the  most  distressing 
forms  of  eczema,  as  it  is  .ircnei'ally  chronic  in  its  cour.se 
and  the  subjects  of  it  sutler  intense  jiaiii  most  of  the 
time. 

It  is  especially  common  upon  the  lower  legs  of  elderly 
people  and  often  covers  the  entire  leg,  accomi)anied  by 
much  (edema  and  great  inliltiaticui.  It  also  ()ccurs  on 
other  parts  of  the  body,  particularly  in  regions  where 
there  are  heat  and  moisture,  as  in  thca.xill.'c  in  Ihe  folds 
of  the  breasts,  nates,  etc. 

Eczema  Squamosum.— While  in  the  preceding  variety 
of  eczema  the  peculiar  clinical  symptoms  are  diie  to  the 
great  intensity  of  the  inflammatory  jirocess    in  this   the 


squamous  form,  the  acute  catarrhal  characters  are  in 
abeyance.  By  a  subsidence  of  the  discharge  and  a  dimi- 
nution in  intensity  of  the  inflammatory  symptoms,  ecze- 
ma rubrum  may  subsequently  become  squamous  eczema. 
It  is  more  commonly,  however,  a  sequel  of  eczema  ery- 
thematosum,  but  is'often  an  intermediate  form  occurring 
at  some  time  during  the  involution  of  some  of  the  other 
primary  types.  Papular  eczema,  by  coalescence  of  the 
lesions,  may  likewi.se  develop  info  this  form  of  eruption. 
Squamous  eczema  generally  appears  in  variously  sized, 
irregularly  outlined  patches,  some  oval,  some  elongated, 
and  when' of  long  duration  ijuifc  sharply  defined.  The 
color  is  a  dull  red,  and  there  are  always  considerable 
infiltration  and  scaling. 

The  scales  are  not  large  and  flaky  and  are  not  flrnily 
attached  as  in  psoriasis,  but  usually  brush  off  quite 
readily. 

When  the  affected  skin  is  irritated  by  severe  scratch- 
ing, a  weeping  surface  may  result  with  the  production 
of  serous  crusts,  an  event  that  is  liable  to  occur  in  any 
form  of  eczema.  The  most  common  localities  for  squa- 
mous eczema  are  the  scalp,  face,  and  back  of  the  neck. 
Patches  of  the  disease  are  also  frequently  observed  on  the 
outer  surfaces  of  the  arms,  on  the  extensor  surfaces  of  the 
thighs  and  legs,  and  sometimes  upon  the  trunk. 

EczE.MA  ScLEROSU.M. — This  clinical  type  is  observed 
practically  onlj'  upon  the  palms  and  soles.  It  begins  as 
an  ordinary  ccz'ema  of  these  parts  which  becomes  chronic 
and  results  in  great  thickening  of  the  tissues.  The  epi- 
dermis presents  a  calloused  appearance,  and  is  often  so 
hard  and  stiff  that  flexion  of  the  hands  or  fingers  is  ren- 
dered impossible.  In  those  who  labor  with  their  hands 
the  disease  is  seen  in  its  highest  development.  It  simu- 
lates very  closely  the  symmetrical  keratoses,  either  hered- 
itary or  accjuired,  but  is  always  readily  distin.guished  by 
the  fact  of  there  being  a  pre-existing  eczematous  condi- 
tion. 

Eczema  VErtRucosuM. — As  the  name  implies,  this  is  a 
warty  form  of  eczema.  Besides  the  induration  and  thick- 
ening there  is  papillary  hypertrophy  resulting  in  a 
rough,  warty  surface  that  bears  very  little  resemblance 
to  an  eczema. 

The  most  characteristic  examples  of  verrucous  eczema 
are  seen  upon  the  lower  legs,  where  it  sometimes  attains 
such  a  high  state  of  development  as  to  resemble  an  elc- 
phantiasic  condition.  The  natural  contour  of  the  limb  is 
generally  destroyed  and  the  diseased  surface  emits  a  sick- 
ening odor  from  decomposing  secretions  retained  in  the 
deep  sulci  between  the  warty  growths.  This  form  of 
eczema  occurs  also  in  other  localities,  as  in  the  axilhe, 
about  the  genitals,  beneath  pendulous  breasts,  etc.,  wher- 
ever, in  fact,  heat,  moisture,  and  uncleanliness  favor  epi- 
dermic and  papillary  bvpertrophy. 

Eczema  Fissum. — Any  eczema  affecting  regions  in 
which  the  skin,  from  its  anatomical  position,  is  subjected 
to  more  or  less  movement  or  stretching,  is  very  prone  to 
develop  rbagadcs  or  fissures;  this  complication  consti- 
tutes eczema  fissum,  or  '' irzcina  riiiiofunii."  The  eczema- 
tous ]U'ocess  renders  the  skin  inchistic  and  it  cracks  very 
readily.  These  fissures  may  extend  only  through  the  epi- 
dermis, but  generally  they  go  much  deeper,  even  penetrat- 
ing the  upper  part  of  the  corium.  They  are  extremely 
painful,  bleed  very  easily,  and  often  last  a  long  time,  if 
.si>  situated  that  the  part  cannot  be  immobilized.  Fis- 
sures may  complicate  any  of  the  primary  forms  of  ecze- 
ma, althcuigh  the  erythematous  and  papular  types  tire 
more  liable  to  develop  these  secondary  changes.  Eczema 
fissum  is  most  C(numonly  seen  upon  the  palms  of  the 
hands  and  soles  of  the  feet  where  it  frequently  results 
from  an  eczema  selerosum,  upon  the  flexor  surfaces  and 
tips  of  the  fingers,  behind  the  ears,  and  in  the  flexures 
of  the  limbs.  It  is  likewise  often  observed  at  the  junc- 
tion of  the  skin  and  mucous  surfaces,  as  the  corners  of 
the  mouth  and  around  the  anus. 

The  condition  commonly  known  as  rliaps  or  choppinr/ 
may  or  may  not  be  associated  with  eczema.  It  very  fre- 
quently occurs  in  those  having  delicate  skins,  but  hav- 
ing no  history  of  eczema  nor  tendencv  to  that  condition. 
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It  results  from  the  use  (if  irritating  soaps,  excessive  use 
(i[  bot  water,  exposiu'e  to  eol<l  wiuds,  ete. 

C.  Eczema  AriTiM  and  Eczkma  CiiuoNic'ii>r.— Tins 
is  a  very  important  division  of  the  subject,  especially 
from  a  therapeutic  standpoint.  The  tern\  acute  eczema 
refers  both  to  the  intensity  or  inflammatoi'y  character  of 
the  eruption  and  to  its  duration.  We  call  an  eczema, 
acute  when  it  begins  suddenly  with  redness  and  swellin"-, 
accompanied  by  an  itching,  burning,  or  tingling  sensation! 
It  may  appear  in  one  or  several  localities,''or  may  spread 
from  one  focus  over  an  entire  limb  or  large  area  of  the 
liody.  It  may  remain  an  erythematous  eczema  or  pap- 
tdcs,  vesicles,  or  pustvdes  may  develop,  resuUiug  in 
weeping  patches  or  scaly  and  crusted  areas.  It  often 
presents  many  characteis  of  a  simple  dermatitis,  but  if 
the  affected  skin  is  carefvilly  protected  and  ti-eatcd  by 
soothing  remedies,  the  disease  slowly  subsides  and  tli'e 
attack  is  of  comparatively  short  duration.  ( )n  the  other 
luuul,  this  same  character  of  eruption  may  exteiul  over 
long  periods  of  time  with  alternating  intervals  of  quies- 
cence and  acute  exacerbation,  so  that  while  the  disease 
in  such  cases  may  be  justly  called  chronic,  the  eruption 
is  always  acute  in  character,  and  must  be  so  considered 
in  its  therapeutic  management. 

Chronic  eczema,  elinicallj'  speaking,  is  characterized 
on  the  contrary  by  inliltration  and  thickening  of  the  tis- 
sues, and  generally  occurs  in  the  form  of  thickened,  scaly, 
dull  red  patches  or  infiltrated  areas  of  varied  extent.  It 
may  affect  any  given  locality  as  the  scrotum,  bend  of  the 
elbows  and  knees,  etc. ,  and  may  resist  treatment  for  years ; 
or  it  may  become  fairly  universal,  the  entire  skin  being 
greatl}'  thickened  anil  scaly,  the  natural  lines  exaggerated, 
the  whole  of  a  dull  red  color,  and  imparting  a  distinct 
leathery  sensation  to  the  tnueh.  The  itching  is  often  so 
intense" that  the  hairs  are  ruljbed  off  in  efforts  to  obtain 
relief,  or  secondarj'  changes  take  place  as  a  result  of  the 
vigorous  scratching  to  which  the  skin  is  subjected.  Fis- 
sures and  cracks,  already  referred  to,  are  a  common  com- 
plication, as  are  also  fiiruncles  and  ecthymatous  lesions, 
and  various  secondary  manifestations  due  to  inoculation 
with  pathogenic  germs.  The  most  stimulating  and  re- 
vulsive measures  are  often  necessary  in  the  treatment  of 
the  eruption  in  this  stage.  It  must  not  be  forgotten, 
however,  that  an  eruption  of  an  acute  type  may  develop 
from  time  to  time  during  the  course  of  a  chronic  eczema, 
necessitating  the  employment  of  only  the  most  soothing 
remedies. 

Besides  the  acute  and  chronic  stages  of  eczema,  there 
is  a  subacute  form  which  occupies  both  clinically  and 
therapeutically  an  intermediate  position.  Very  many  of 
the  eases  which  apply  for  treatment  present  an  eruption 
of  this  character,  but,  with  a  clear  knowledge  of  the  clin- 
ical features  of  acute  and  chronic  eczema,  the  physician 
will  lind  no  difliculty  in  recognizing  the  disease  in  its 
intervening  stages. 

Pathology.— Thii  pathological  changes  in  eczema  are 
those  of  ordinary  inflammation.  That  it  is  a  catarrhal 
inflammation  of  the  skin,  similar  to  that  affecting  mucous 
membranes,  is  conceded  to-day  by  most  observers,  and 
the  pathological  findings  in  the  majority  of  cases  certainly 
lend  support  to  this  view.  Duhring,  however,  thinks 
we  ought  not  to  insist  too  strongly  on  this  point,  inas- 
much as  manv  of  the  manifestations  of  eczema  differ  from 
those  observed  on  mucous  membranes.  The  causes  oper- 
ative in  the  production  of  the  skin  changes  are  far  from 
clear,  in  spite  of  the  great  advances  made  in  cutaneous 
pathology  during  the  jjast  ten  or  fifteen  years.  There  is, 
in  the  first  place,  something  in  the  skin  of  an  eczematous 
subject  that  renders  it  susceptible  to  the  action  of^  irri- 
tants of  either  local  or  internal  origin.  What  this  is  we 
do  not  know,  but  presume  it  to  be  some  nutritionat  de- 
fect. What  the  exciting  cause  is  that  sets  up  the  inflam- 
matory changes  in  this  impaired  or  weakened  skin  is  yet 
to  be  ascertained.  Much  has  been  done  in  recent  years 
in  the  study  of  micro-organisms  in  connection  with  this 
disease,  but  it  still  remains  unproven  that  any  particular 
parasite  is  the  exciting  cause  of  eczema.  On  the  other 
hand,  it  seems  reasonable  to  believe,  in  the  author  s  opin- 


ion, based  upon  the  accepted  Icachijigs  in  general  palhob 
ogy,  that  tlie  various  micro-organisms  found  in  eczema 
are  rather  the  result  of,  than  the  cause  of  the  local  niani- 
lestations  of  the  disease.  It  seems  much  more  plausible 
(•oiisidering  the  varied  etiology  of  eczema,  and  its  depeu- 
deiiee  m  most  eases  upon  constitulional  derangements  of 
one  form  or  another,  to  regai'<l  toxins  circulating  in  the 
blood  as  a  proliable  exciting  factor  in  the  production  of 
the  lesions. 

Crocker  is  inclined  to  believe  with  Ilebra  and  Till)ury 
Fox  that  eczema,  when  not  due  to  local  irritants,  is  a 
trophoneurosis,  either  central  or  peripheral.  In  supjiort 
of  this  view  are  the  cases  in  which  inflammatorveliaimcs 
have  been  observed  in  the  nerves  supplving  an  eczema- 
tous patc'h. 

Pathological  Anatomy.— The  morbid  anatomy  of  ec- 
zema, as  already  mentioned,  is  that  of  ordinary  inflam- 
mation, consisting  in  hypeiwmia,  dilatation  of  the  blood- 
vessels of  the  corium,  exudation  of  serum  resulting  in 
rrdematous  swelling,  and  diapedesis  of  white  blood  cells. 

There  are  also  connective-tissue  cell  proUferation  and 
degeneration  of  the  rete  cells.  These  changes  vary  ac- 
cording to  the  stage  of  the  disease.  In  acute  eczema  the 
inflammation  is  diffuse  except  in  tlie  papular  form,  when 
it  is  more  circumscribed.  Tlic  ]iiiniary  changes  are  in 
the  papillarjr  layer,  from  which  t\niy  extend  to  the  epi- 
dermis, to  the  deeper  parts  of  the  eorium,  and  in  some 
eases  even  to  the  subcutaneous  fatty  tissue.  They  con- 
sist in  blood-vessel  dilatation,  serous  exudation,  and 
diapedesis  of  the  white  corpu.scles.  The  detritus  result- 
ing from  the  destruction  or  degeneration  of  the  rete  cells 
mingles  with  the  serum  to  increase  the  oedema.  Vesicles 
in  acute  eczema  are  situated  in  the  upper  part  of  the 
rete.  The  cells  degenerate  with  the  formation  of  spaces 
between  the  nucleus  and  protoplasm,  which  enlarge  into 
a  cavity  containing  serum,  cell  fragments,  and  fibrin. 
When  tlie  exudate  is  excessive,  the  horny  la3'er  is  raised 
from  the  rete,  forming  bulhe  or  large  vesicles. 

If  there  is  an  extensive  cell  degeneration,  the  cavity  of 
the  vesicle  is  filled  with  leucocytes  and  is  converted  into 
a  pustule ;  here  pus  organisms  are  always  to  be  found.  In 
eczema  rubrum  there  is,  instead  of  the  formation  of  vesi- 
cles or  bullae,  an  entire  removal  of  the  horny  layer, 
Avhich,  on  account  of  deficient  keratinization,  is  not  re- 
stored, leaving  the  corium  exposed.  In  acute  papular 
eczema  the  changes  are  limited  to  a  circumscribed  area 
and,  according  to  Robinson,  take  place  primarily  around 
the  follicles,  especially  the  hair  follicles. 

The  morbid  changes  in  chronic  eczema  consist  in  an 
hypertrophy  of  the  rete,  an  enlargement  and  lengthening 
of  the  papilla3,  and  a  thickening  of  the  corium  by  an 
enormous  proliferation  of  connective-tissue  cells.  In 
some  cases  the  tissues  may  become  so  dense  as  to  result 
in  lymphatic  obstruction  and  elephantiasic  changes. 
The'  iflandular  structures,  as  well  as  the  hair  follicles, 
may  become  atrophied  or  even  entirely  desti-oyed  in  the 
more  chronic  forms  of  the  disease. 

Etiology.— Eczema  constitutes  in  this  country  about 
one-third  of  all  cutaneous  affections.  It  is  by  far  the 
most  important  disease  of  the  skin  which  the  general 
physician  is  called  upon  to  treat.  It  affects  men  and 
women  in  about  equal  proportion  and  occurs  at  any  age 
from  the  earliest  weeks  of  life  to  old  age.  The  greater 
number  of  eases  are  observed  between  the  ages  of  twenty 
and  forty,  the  period  of  greatest  activity  in  most  people's 
lives.  The  disease  is  never  inlierited  in  the  true  sense  of 
the  term,  but,  as  in  the  case  of  so  many  other  troubles,  a 
tendency  or  predisposition  to  eczema  may  be  inherited. 
In  such  the  disease  is  readily  lighted  up,  often  by  the 
most  trivial  agencies,  that  would  not  lie  deleterious  m 
any  way  to  most  persons. 

Eczema  as  far  as  we  know,  is  not  a  contagious  di.sease, 
though  certain  forms  are  parasitic  in  nature;  some  of 
these^'latter  are  autoinoeulable.  ^ 

The  causes  of  the  disease  may  be  conveniently  arranged 
under  two  headings,  those  of  internul  or  consMutwiiul 
oriciin  and  external  or  local  causes.  No  single  cau,se  is 
ever  responsible  for  a  given  attack  of  eczema,  its  etiology 
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is  distinctly  a  complex  oue,  and  while  this  division  is 
made  for  the  sake  of  convenience,  it  must  be  understood 
that  the  two  classes  of  causative  factors  often  act  con- 

iointly.  ,.  <■  1  1  -i-i- 

Comtitutional  C'a«se«.— Eczema  is  a  disease  ot  debility ; 
no  healthy  individual,  in  my  opinion,  ever  suUered  an 
attack  of  eczema.  Even  in  those  ca.ses  in  which  the  dis- 
ease is  dependent  upon  local  causes  alone,  there  is  always 
some  constitutional  defect  which  enables  these  causes  to 
become  operative.  My  views  in  regard  to  the  nature  ot 
eczema  conform,  in  a  measure,  to  those  held  by  Erasmus 
AVilson.  He  considered  the  disease  one  of  dehilitt/,  either 
"imimilatii-e,"  "  nutntire,"  or  "  nermtis."  As  far  as  it 
goes,  this,  I  think,  is  the  true  conception  of  the  nature 
of  eczema. 

Foremost  among  the  constitutional  causes  ot  eczema 
are  those  dependent  upon  disorders  of  the  gastro-intesti- 
nal  tract.  Dyspepsia  in  its  various  forms,  constipated 
or  irregular  bowel  action,  intestinal  and  gastric  flatu- 
lency, sluggish  or  disordered  hver  action,  all  these  im- 
pair the  general  health  and  affect  the  nutriti(m  ot  the 
skin.  Improper  and  insufficient  food,  errors  in  diet,  etc., 
while  perhaps  not  affecting  the  gastric  function,  do  de- 
bilitate the  system  and  weaken  the  resisting  power  of  the 
skin.  In  infants,  these  latter  are  the  direct  exciting 
causes  of  the  eczema  in  a  great  majority  of  the  cases, 
and  are,  therefore,  of  the  very  greatest  importance  in  the 
management  of  infantile  eczema.  The  ingestion  of  cer- 
tain drugs,  as  arsenic,  mercury,  iodide  of  potassium,  etc., 
is  capable  of  bringing  forth  an  eczema  in  certain  individ- 
uals. I  have  only  recently  had  under  my  care  a  case  of 
generahzed  eczema  due  to  the  internal  administration  of 
mercury  in  the  treatment  of  sj'philis. 

That  there  is  a  causative  relation  between  the  so- 
called  gouty  state  and  eczema  there  can  be  no  question. 
The  association  ot  both  rheumatism  and  gout  with  some 
form  of  eczematous  disease  is  a  matter  of  frequent  ob- 
servation. It  is  true  that  many  sufferers  from  chronic 
gout  or  rheumatism  never  have  eczema,  but,  pff  cmitrii, 
these  conditions  are  frequently  observed  to  stand  in  a 
direct  causative  relation  to  the  disease.  Cases,  for  in- 
stance, have  been  observed  in  which  an  attack  of  con- 
stitutional gout  has  been  relieved  immediately  upon  the 
outbreak  of  an  eczema,  and  patients  remain  free  as  long 
as  the  eczema  lasts.  It  is  also  interesting  to  note  the 
frequency  with  which  we  find  a  history  of  gout,  rheu- 
matism, chronic  bronchitis,  asthma,  etc.,  in  the  anteced- 
ents of  eczematous  patients.  In  every  eezema  in  middle- 
aged  or  elderly  people  the  possilnUty  of  a  gouty  origin 
should  be  borne  in  mind. 

Various  disorders  of  the  nervous  system  are  potent 
factors  in  producing  and  keeping  up  an  attack  of  ec- 
zema. This  is  not  surprising  Avhen  one  considers  the 
abundant  nerve  supply  of  the  skin,  the  intricate  and  spe- 
cial termination  of  the  nerve  filaments  and  the  very  deli- 
cate mechanism  which  governs,  through  the  vaso-motor 
nerves,  the  blood  supply  of  this  great  organ.  The  most 
common  condition  observed  in  this  connection  is  that  of 
nervous  exhaustion  due  to  overwork,  anxiety,  excesses 
of  various  kinds,  or  direct  .shock  of  the  nervous  centres. 
Examples  of  neurotic  eczema  dependent  upon  one  or  an- 
other of  these  conditions  are  of  very  frequent  observation. 
A  recognition  of  the  etiological  relations  in  this  class  of 
cases  is  essential  for  the  successful  management  of  the 
disease. 

The  derangements  of  the  nervous  svsti.'iu  in  lithiemic 
subjects,  as  well  as  in  those  suffering  from  gastric,  liver, 
or  intestinal  disturbances  already  referred  to,  deserve 
mention  in  this  place.  A  train  of  nervous  phenomena  is 
sometimes  engendered  which  reacts  upon  the  original 
disorder,  and  thus  a  vicious  circle  may  be  established 
which  is  a  powerful  factor  in  causing  or  aggravating  an 
existmg  eczema.  Among  other  disorders  of  the  nervous 
system  may  be  mentioned  direct  injury  to  the  nerves 
themselves,  and  also  neuritisan.l  some  neuralgias  These 
have  all  been  directly  responsible  for  an  eczematous  out- 
break. 

Besides  the  causes  just  enumerated  certain  physiologi- 
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cal  states  and  functional  or  organic  disease  of  remote 
organs  may  cause  eczema  through  the  influence  of  the 
reflexes.  Among  these  may  be  mentioned  pregnancy, 
lactation,  the  climacteric,  dentition,  retained  smegma, 
mis])lacements,  tuiiKjrs  or  congestkms  of  the  uterus,  mov- 
able kidney,  etc.  The  intimate  relation  betweeu  asthma 
and  eczema  in  certain  instances  has  been  noted  by  a  num- 
ber of  observers.  The  two  may  coexist  in  the  same  indi- 
vidual or  eczema  may  alternate  with  the  asthmatic  par- 
oxysms. It  is  not  known  what  the  true  relation  is 
between  thc;m,  but  their  association  is  frequently  enough 
observed  to  warrant  mention.  An  interesting  instance 
of  this  came  under  my  own  observation.  The  mother  of 
a  family  of  four  children,  two  sons  and  two  daughters, 
suffered  from  asthma  and  eczema.  One  of  the  children 
(the  eldest  son)  was  also  a  subject  of  both  asthma  and 
eczema,  and  his  daughter,  an  only  child,  was  hopelessly 
crippled  in  consequence  of  an  inveterate  asthma,  and  she 
was  likewise  a  sufferer  from  eczema.  Diabetes  may  also 
be  considered  a  cause  of  eczema.  An  eczematous  eruji- 
tion  frequently  develops  about  the  genitals  in  diabetic 
■subjects,  but  in  many  cases  this  disappears  upon  remov- 
ing the  sugar  from  the  urine.  In  these  cases  the  eruption 
would  be  more  properly  classed  as  a  dermatitis.  In  a 
certain  number,  however,  the  eruption  persists  as  an 
eczema  and  may  develop  elsewhere  upon  the  body. 

In  concluding  the  consideration  of  the  constitutional 
causes  of  eczema  it  is  only  necessary  to  mention  that 
chlorosis,  malaria,  tuberculosis,  or  any  systemic  disorder 
which  lowers  the  general  nutrition,  may  stand  in  an  etio- 
logical relation  to  the  disease. 

The  doctrines  of  French  authors  attributing  eczema 
and  some  other  skin  affections  to  the  existence  of  certain 
diatheses,  as  the  '' dartrous"  '" herpetic."  or  " nrthiitii" 
diathesis,  have  few  adherents  at  the  present  day. 

Local  CauKes. — The  agencies  that  mav  excite  an  eczema 
by  their  action  externally  upion  the  skin  are  exceedingly 
numerous  and  at  the  same  time  verv  important.  Their 
actual  position  and  importance  as  causative  factors,  how- 
ever, are  still  a  subject  of  considerable  controversy'.  There 
are  those,  notably  the  pupils  of  the  German  school  of  der- 
matology, who  regard  them  as  the  prime  factors  in  the 
etiology  of  the  disease,  wdiile  other  equally  distinguished 
dermatologists  consider  them  of  altogether  secondarj'  im- 
portance. I  believe  that,  for  the  successful  treatment  and 
management  of  eczema,  it  is  essential  to  weigh  fully  every 
condition  or  agent  that  ma_y  stand  in  any  way  as  a  causa- 
tive factor  in  the  disease,  whether  of  external  or  internal 
origin.  I  attribute  very  great  importance  to  both  classes 
of  causes,  for  to  be  operative  it  is  often  necessary  that 
thej'  should  act  conjointl)-.  I  have  already  said  that  I 
did  not  believe  a  healthy  person  ever  suffered  from  ec- 
zema; nevertheless,  to  call  forth  the  disease  an  exciting 
cause  is  necessarv,  whether  it  acts  from  without  or  within 
the  economy.  Eczema  is  never  engendered  through  the 
action  of  local  causes  alone,  there  is  something  else  nec- 
essary, call  it  predisposition  if  you  will,  but  there  is.  in 
mj'  opinion,  always  some  contributing  factor  which 
stamps  the  eczematous  character  upon  the  eruption  thus 
excited. 

It  would  not  be  possible  to  enumerate  all  the  local 
causes  of  eczema.  The}'  usually  comprise,  however, 
three  classes  of  agents,  namely,  those  of  a  thermal,  me- 
chanical, ox  chemical  nature. 

The  iheniKil  agents,  lieat  and  cold,  are  sometimes  im- 
portant factors  in  the  evolution  of  the  disease.  Both 
solar  heat,  either  direct  or  reflected  from  water,  and  the 
artificial  heat  to  which  laundresses,  cooks,  stokers,  fire- 
men, etc.,  are  subjected  may  be  responsible.  The  first 
constitutes  "eczema,  solai-e,"  and  should  be  distinguished 
from  erythema  solare  or  sunburn  which  is  a  simple  der- 
matitis. "  Eczema  intertigo,"  which  develops  in  fat  peo- 
ple and  in  infants  through  the  action  of  heat  upon  moist 
surfaces,  in  the  various  folds  of  the  body,  must  likewise 
be  distinguished  from  erythema  intertrigo.  The  action 
of  cold  in  the  production  or  aggravation  of  eczema  is  of 
common  observation.  This  applies  to  climatic  changes, 
including  the  action  of  cold  winds,  and  to  the  contact  of 
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cold  substaucfs.  Eczema  is  almost,  always  worse  in  win 
ter,  and  sudden  cluxniies  from  warm  to  eold  may  excite 
the  disease  or  aggravate  an  existing  eiaiption.  '  I  have 
had  occasiou  to  sec  a  niunber  of  cases  of  eczema  of  the 
nails  and  surrounding  tissues  in  ice-cream  workers  wdio 
in  the  course  of  their  work  were  compelled  aUeriuitely  to 
put  their  hands  into  very  hot  water  and  then  into  freez- 
ing mixtures. 

Among  the  mirliunicdl  causes  may  be  mentioned  ])ress- 
nre  and  friction  by  either  the  clothing  or  such  extrane- 
ous objeets^  as  trusses,  liraces,  artificial  limbs,  etc.,  the 
dust  and  dirt  incident  to  certain  oeeu|iations,  and  trau- 
matism of  variovis  kinds  including  si'ratching.  Scratch- 
ing is  one  of  the  most  important  of  the  local  causes  of 
eczema.  There  may  be  a  pruritus  as  an  early  symptom 
of  the  disease  or  the  itching  may  result  from  an  uiticaria, 
or  from  the  bites  of  insects,  such  as  fleas,  pedicidi,  mos- 
((uitocs,  itch-mites,  bedbugs,  etc,  Tlie  prurigo  of  Ilebra 
is  often  complicated  by  an  eczema  induced  by  scratch- 
ing. Scratcliing  will  also  invariably  aggravate-  an  exist- 
ing eczema  and  cause  it  to  spread  rapidly. 

Water  used  either  too  hot  or  too  cold,  as  in  the  Turkish 
and  Russian  baths,  is  an  exciting  cause  of  eczema  in  a 
certain  number  of  cases,  and  the  washing  of  an  eczema- 
terns  surface  almost  invariably  increases  the  trouble. 

Vaccination  will  often  cause  the  eruption  to  develoj) 
in  one  subject  to  the  disease  or  having  a  predisposition 
to  the  same.  I  do  not  believe,  however,  that  it  is  ever 
solely  responsible  for  the  disease,  though  it  is  generally 
regarded  so  by  the  laity. 

The  cJiemicdl  agents  that  may'  produce  eczema  are  very 
numerous,  and  onlj'  a  few  of  them  can  be  mentioned. 
The  most  common  are  the  various  acids  and  alkalies, 
strongly  alkaline  soaps,  mercurial  frictions,  sulphur,  ar- 
nica, alcohol,  ether,  chloroform,  turpentine,  iodine,  iodo- 
form, etc.  The  different  dye  stuffs  and  the  various  chem- 
icals used  in  the  trades  are  responsible  for  many  of  the 
so-called  trade  eczemas.  Bricklayers,  masons,  printers, 
wa.sherwomeu,  photographers,  bleachers,  dj'ers,  and 
painters  are  often  thus  affected.  Cooks  and  bakers  may 
suffer  from  eczema  caused  by  the  action  of  the  sugar, 
alum,  borax,  etc.,  used  in  making  bread  and  pastry. 
Bartenders,  waitresses  and  waiters,  bottle-washers,  and 
cigarmakers  are  another  class  who  sometimes  suffer  from 
trade  eczema.  Exposure  to  the  poison  ivy,  or  rhiis  to.ri- 
cudendron,  and  also  to  the  poison  oak,  sumac,  and  some 
other  poisonous  plants  will  produce  eczema  in  some  indi- 
viduals. 

Animal  and  vegetable  parasites  may  likewise  be  re- 
garded as  causes  of  eczema,  and  micro-organisms  which 
are  known  to  produce  special  types  of  skin  lesions  may 
possibly  be  responsible  for  some  foims.  Satisfactory 
proof,  however,  of  the  causative  relation  of  any  form  of 
micro-organi.sm  to  eczema  has  not  yet  been  obtained. 

Any  one  of  the  agents  above-mentioned  is  capable  of 
causing  a  skin  eruption  of  greater  or  less  severity.  This 
may  wholly  subside  upon  removal  of  the  cause  and  would 
then  be  regarded  as  an  artificial  dermatitis.  In  a  certain 
number,  however,  the  eruption  persists  and  continues  to 
spread  and  even  develop  in  remote  places  long  after  the 
cause  which  excites  it  had  ceased  to  operate.  This  latter 
is  eczema,  and  any  local  irritant  that  acts  in  this  way 
does  so  in  a  subject  who  is  predisposed  to  the  disease. 
The  predisposition  may  be  hereditary  or  acquired,  but 
without  it  a  true  eczema  will  not  be  produced.  One  has 
only  to  study  closely  a  few  cases  of  trade  eczema  to  be 
convinced  of  this.  It  is  a  very  common  thing  in  patients 
suffering  from  a  severe  eczema  of  this  kin<l  to  hear  them 
say  that  they  have  worked  for  years  at  the  same  trade, 
but  never  before  had  anything  inore  than  a  slight  irrita- 
tion. 

In  summing  up  the  causes  of  eczema  it  will  i-eadily  be 
seen  that  the  etiology  of  the  disease  is  a  very  complex 
one.  This  would  account  for  the  rapid  changes  in  the 
severity  of  the  process  and  the  great  multiformity  in  the 
type  of  the  lesions,  as  already  referred  to  while  consider- 
ing the  general  symptomatology. 


Diagnosis.— Ti>c  diagnosis  of  eczema  is,  as  a  lule  com- 
paratively easy.  Tlie  disease  is  so  common  tliat  the  ordi- 
nary types  ot  the  eruption  ai-e  readily  recognized  by  most 
[ihysieiaus.  I  think  the  mistake  of  diagnosing  .some  other 
idfeetion  as  eczema  is  moi-e  often  made  than  that  of  failing 
lo  recognize  tlie  disease  when  it  is  |iresent.  In  some  o} 
the  mixed  forms,  however,  the  diagnosis  is  often  attended 
w'ith  the  greatest  ditlieulty,  and  even  the  expert  is  oeea 
sionally  deceived  in  differentiating  eczema  from  some  of 
the  larer  affections  of  the  skin.  It  must  also  be  remem- 
bered that  eczema  is  often  found  associated  with  some 
other  skin  affection,  and  the  greatest  care  is  sometimes 
necessary  in  dillerentiating  them. 

The  diag)iosis  of  the  special  forms  and  local  vaiieties 
will  be  considered  wdien  we  come  to  study  tliese  later  on. 
In  this  place  the  differential  diagno.sis  will  lie  made  be- 
tween eczema  and  the  affections  for  whicli  it  is  moie 
liable  to  be  mistaken. 

KnjS'ipdais.—'nnii  is  an  acute  febrile  disease,  usually 
accompanied  Ijy  severe  constitutional  symptoms;  these 
alone  will  distinguish  it  from  eczema.  The  disease  be- 
gins at  one  point  and  spreads  very  rapidly,  the  area 
affected  presenting  a  well-defined  margin;  the  surface 
of  the  part  thus  affected  has  a  shining,  tense  appearance, 
is  reddened  and  swollen,  and  feels  very  hot  to  the  touch. 
Eczema  spreads  more  slowly,  often  begins  at  several 
points,  is  ill-defined,  and  the  surface  is  roughened  and 
scaly,  very  little  swollen,  and  does  not  feel  very  hot. 
Pain  and  burning  are  complained  of  in  erysipelas,"  wdiile 
eczema  generally  itches.  Vesicles  may  develop  n])on 
a  patch  of  erysipelas,  hut  they  are  larger  than  those  in 
eczema,  even  attaining  in  some  cases  the  size  of  bulUe, 
Erysipelas  of  the  face,  if  at  all  extensive,  is  almost  sui-e 
to  extend  up  over  the  forehead  into  the  scalp.  Erythem- 
atous eczema  in  this  situation  does  not  extend  beyond 
the  hair  border.  Eczema  rubrum  is  sometimes  mistaken 
for  erysipelas  of  the  leg  and  is  often  wrongly  spoken  (.>f 
as  "chrunie  ert/sipdds."  The  absence  of  the  constitu- 
tional symptoms  and  clinical  characters  stated  above,  its 
chronic  course  and  tendency  to  weep  and  form  crusts  are 
distinguishing  features. 

Eri/thema. — Erytliema  simple.i:  is  an  acute  evanescent 
eruption  and  would  rarely  be  mistaken  for  eczema. 
There  is  neither  scaling  nor  swelling  of  the  tissues,  and 
the  itching  and  usual  .symptoms  of  eczema  are  wanting. 
Sometimes  an  erythema  will  persist,  becoming  chronic, 
Ijut  it  maintains  the  same  hyperamiic  character,  though 
of  a  passive  nature,  lacking  all  the  clinical  symptoms  of 
eczema.  Erythema  miilitforme  itchas  but  slightly,  gener- 
ally begins  upon  the  back  of  the  hands  and  forearms,  the 
papules  arc  larger  and  more  succulent  than  those  of 
eczema,  and  there  is  often  a  history  of  recurrence  with 
the  change  of  the  seasons.  Erythema  iirnrhiii)iifaniu; 
simulates  acute  generalized  eczema,  but  the  outbreak  is 
preceded  by  prodromal  symptoms  of  general  malaise, 
backache,  slight  fever,  etc.,  which  are  absent  in  eczema. 
It  generally  begins  with  more  or  less  diffuse  redness  and 
swelling,  accompanied  by  burning  and  tingling  and  on 
about  the  fourth  day  commences  to  desquamate.  This 
is  fine  and  branny  upon  the  limbs  and  face,  but  large 
flakes  are  shed  from  the  trunk,  palms,  and  soles.  It 
likewise  lacks  the  weeping  catarrhal  characters  of  eczema. 

Lupus  Erythematosus.— i:\afi  disease  often  hears  a  very 
close  resemblance  to  erythematous  eczema,  and  mistakes 
in  diagnosis  are  frequent.  Lupus  erythematosus,  how- 
ever, is  more  chronic  in  its  course  than  eczema,  and 
wdiil'e  it  also  appears  most  commonly  upon  the  face,  it  oc- 
curs in  variously  sized,  irregulariy  outlined,  well  defined 
infiltrated  patches  of  a  dull  red  color,  bearing  thin  but 
quite  firmly  attached  scales.  The  patches  of  eczema  are 
not  well-deflucd,  the  infiltration  is  less  marked,  and  the 
scales  are  looselv  attached.  If  the  scales  in  lupus  ery- 
thematosus are  forcibly  removed,  there  are  numerous  tiny 
plugs  attached  to  them,  which  fit  into  corresponding 
openings  of  the  sebaceous  follicles;  this  is  never  seen  m 
eczema  The  itching  is  very  slight  in  erythematous  lu- 
Dus  and  there  are  no  vesicles  or  weeping  areas  as  seen  m 
eczema.     The  eruption  is  also  generally  symmetrical  in 
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its  ilistributioii,  uiul  sinalltr  I'oci  are  frequcutly  S(!cn  upon 
the  lobes  of  the  oars  and  ou  the  scalp.  ^  Finally,  small 
white  atrophic  scars  form  sooner  or  later  in  every  case— 
a  manifestation  entirely  foreign  to  eczema. 

Ante  Romrea.^Tlm  form  of  acne  is  contined  to  the  mul- 
dle  zone  of  the  face,  including  the  nose,  and  adjacent  part 
of  the  cheeks,  the  chin,  and  forehead,  while  eczema  is  more 
diffuse.  Tlie  eyelids  are  never  affected  as  in  eczema,  the 
color  is  a  brighter  red,  and  there  is  generally  no  itching. 
The  surface  temjierature  is  cool,  while  that  of  eczema  is 
increased  and  the  infiltration  is  less  tliau  in  eczema.  Te- 
langiectases are  generally  present,  togetlicr  with  jiustules 
and  indurated  papules  wliicli  are  not  seen  in  eczema  of 
this  region.  Often  a  seborrlioic  eczema  is  subjoiued 
\\l)ich  is  generally  associated  with  more  or  less  dandrnlf 
in  the  scalp  and  seborrhoea  oleosa  about  the  uo.se  and 
forehead.  Little  difficulty  should  be  experienced  in  rec- 
ognizing tliis  complication.  Acne  ro.sacea  is  a  disease  of 
middle  or  advanced  life,  wliile  eczema  may  occur  at  any 
age. 

'' Urtiearin. — Papular  urticaria,  a  form  of  the  disease 
frequently  observed  in  children,  often  bears  a  close  re- 
semblance to  papular  eczema.  The  papules  in  urticaria, 
however,  are  scattered  without  tendency  to  confluence 
or  grouping,  and  are  comparatively  short-lived.  When 
scratched  they  often  swell,  and  wlieals  or  erythematous 
spots  appear  from  time  to  time,  wliich  would  distinguish 
the  disease  from  eczema. 

Liehen  Pin  n  us. — Eczema  is  perliaps  more  often  con- 
founded Avith  liclieu  planus  than  ^^•itll  any  otlier  disease. 
Tlie  papules  of  lichen  phmus,  however,  are  distinctive  in 
character.  They  are  angular  in  outline,  flat  and  shining, 
slightly  scalj",  often  urabilicated,  and  of  a  dull  red  or 
purplish  coloi'.  The  eczema  papule  is  acuminate  or  has 
a  round  top  with  circular  base,  and  has  a  bright  red 
color.  Lichen  planus  papules  develop  slowly,  increase 
in  size,  often  becoming  quite  large,  but  they  never  lose 
their  characteristic  form,  and  wlien  they  disappear  leave 
a  well-marked  pigmentation.  Tlie  eczema  papule  devel- 
ops quickly,  frequently  undergoes  change  in  form  and 
character,  and  disappears  Avithout  pigmentation.  Lichen 
planus  papules  have  a  peculiarity  of  developing  along  a 
scratch,  a  feature  not  often  observed  in  eczema.  The 
patches  of  lichen  planus  are  more  irregular  in  outline 
than  those  of  chronic  eczema,  and  often  appear  in  a  linear 
form ;  the  characteristic  papules  making  up  the  patch  are 
generally  to  be  seen  at  the  periphery.  Liclien  planus  has 
a  predilection  for  tlio  flexor  surfaces  of  the  wrists  and 
forearms  and  inner  side  of  the  knees  and  thighs,  wdiile 
the  patchy  form  is  more  commonly  seen  upon  the  back 
or  sides  of  the  neck  and  on  the  lower  legs. 

Pityriusin  Biihrii  Pilarisi. — This  affection  is  almost  in- 
variably mistaken  for  eczema  by  the  practitioner,  for  it 
is  of  rather  rare  occurrence  and  is  seldom  seen  outside  of 
dermatologieal  practice.  It  is  a  very  chronic  disease, 
and  extends  over  a  period  of  many  years.  The  distin- 
guishing lesions  are  small,  hard,  yellowish  or  red,  horny, 
conical  papules,  each  of  which  is  loeated  at  the  oriflce  of 
a  hair  follicle.  They  inqjart  to  the  hand  passed  over  them 
the  .sensation  produced  liy  a  nutmeg  grater.  These  are 
especially  prominent  on  \\\r.  arms,  forearms,  thighs,  and 
the  dorsal  surface  of  the  phalanges.  In  tlie  last-named 
location  they  appear  as  hard,  black  points,  and  wdieii 
present  are  a  certain  diagnostic  sign.  There  is  nothing  in 
eczema  resembling  these  lesions.  The  (liseas(;  may  be- 
come generalized  and  then  resembles  scjuamous  ecz'ema; 
It  may  even  become  univer.sal,  but  there  are  never  any 
signs  of  scnitching  as  in  eczema.  The  skin  is  uniformlv 
dull  red,  infiltrated,  and  coveied  wilh  line,  liorny  scales 
Eczema  is  a  brighter  red,  the  scales  are  larger,  and  some- 
where there  is  generally  evidence  of  scratching  witli 
oozing  or  crust  formation.  There  is  also  a  .severe  svni- 
metrical  hyperkeratosis  of  tlie  palms  and  soles,  and  great 
thickening  of  the  nails-features  not  generallv  observed 
in  eczema. 

P.w/7V(.w._The  average  case  of  psoriasis  oll'crsno  diffi- 
culties in  diagno.si3  f  roin  ec'zema.  The  patches  are  sharply 
dehned,  are  covered  with  dry  micaceous  imbricated  scales. 


are  generally  seen  in  tlic  neighborhood  of  the  elbow  or 
knee,  and  show  a  preference  for  the  extensor  surfaces  of 
the  limbs.  The  patches  of  eczema  are  ill-defined,  the 
crusts  are  darker,  and  are  composed  of  dricfl  serum  min- 
gled witli  epidermic  scales,  and  they  show  preference  for 
the  flexor  surfaces.  Removal  of  psoriatic  scales  reveals 
numerous  punctate  hemorrhages,  while  beneath  the 
eczema  cru.st  is  a  red,  oozing  surface.  Psoriasis  is  al- 
ways a  dry  eruption ;  eczema,  even  in  the  drj'  squamous 
form,  shows  catarrhal  tendencies  at  times  as  a  result  of 
scratching  or  traumatism.  The  subjects  of  psoria.sis  are 
almost  always  in  robust  health,  wjiile  eczema  patients 
are  often  in  ill  hcalUi.  The  history  of  long  duration  and 
relapses  in  psoriasis  is  often  of  much  service  in  diagnosis. 
Psoriasis  of  the  .scalp  resembles  eczema  closelj^  at  times, 
but  the  eruption  is  drier,  presents  a  patchy  character  in- 
stead of  being  more  or  less  diffuse,  and  wdiere  it  extends 
beyond  the  iiair,  as  upon  the  forehead,  tlie  eruption  has 
a  sharp  margin  which  would  distinguisli  it  from  eczema. 
Some  patches  of  chronic  infiltrated  eczema  resemble  those 
of  psoriasis  very  closely,  but  they  are  not  apt  to  be  so 
sharply  defined,  the  itching  is  more  intense,,tliey  often 
become  wet  by  scratching  or  rubbing,  and  crusts  of  dried 
blood  and  serum  form  at  times.  Small  guttate  psoriasis 
is  sometimes  mistaken  for  papular  eczema,  but  scraping 
off  the  scale  with  the  nail  will  usually  reveal  the  small 
bleeding  points;  this,  together  with  a  careful  examina- 
tion as  to  the  localization  of  the  lesions  and  the  Instory 
of  the  disease,  will  generally  enable  one  to  make  the  cor- 
rect diagnosis. 

Kniiliilis. — Some  of  the  S3-philodermata  resemble  ec- 
zema quite  closelj',  and  mistakes  in  diagnosis  are  not 
infrequently  made.  The  lesions  of  the  small  papular 
syphiloderm  generally  show  a  tcndenc_v  to  grouping, 
often  in  the  form  of  crescents  or  segments  of  a  circle. 
Papular  eczema  lacks  this  characteristic.  The  color  of 
the  .sj'philitic  papule  is  dull  red  instead  of  bright  red  as 
in  eczema,  and  it  is  hard  and  .shot-like  to  the  touch,  while 
in  eczema  the  papule  is  not  so  firm.  There  is  rarelj' 
itching  in  papular  syphilis,  while  the  itching  in  papular 
eczema  is  generally  intense. 

The  pustular  syphiloderm,  especially  that  upi.m  the 
scalp,  is  difficult  sometimes  to  distinguish  from  eczema 
pustulo.sa.  The  syphiloderm,  however,  soon  forms  scabs, 
which  when  removed  reveal  a  small,  sharply  cut  ulcer, 
and  eventually  it  leaves  a  scar.  Upon  removing  the  crusts 
of  pustular  eczema,  a. smooth,  red,  moist  surface  remains, 
and  tliere  is  never  any  ulcer  or  scar  formation.  Squa- 
mous iiapular  S3'philis  of  the  palms  and  soles  is  often  mis- 
taken for  eczema,  but  it  presents  a  circinate,  sharply 
defined  border,  which  hy  close  inspection  is  found  to  be 
made  up  of  separate  papules  which  have  fused  together. 
Eczema  in  these  regions  forms  a  uniformly  scaly  patch, 
usually  lacking  the  sharp  definition,  and  the  border  is 
not  made  up  id'  papular  elements. 

In  syphilis  a  history  of  infection  can  often  be  obtained, 
together  with  evidences,  at  some  time,  of  lesions  upon 
the  mucous  membranes  and  remains  of  former  ulcerations 
in  the  form  of  scars. 

(Inii)iiloiiia  Fiingiiidcti. — This  disease  often  develops 
from  erythematous  scaly  patches  indistinguishable  from 
cf:zema.  These  sjiots  de\elop  anywhere  upon  the  body, 
somelimes  in  the  form  of  erythematous  plaques  of  round 
or  oval  form,  or  in  distinctly  eczematous  scah'  patches. 
They  resist  every  kind  cd'  treatment  and  often  last  for 
years,  or  they  may  disappear  spontaneously  only  to  re- 
turn again  often  in  the  .same  localities.  Patclics  of  eczema 
showing  this  life  history  should  be  looked  upim  with 
suspiciim.  When  infiltratimi  and  tumefaction  begin  the 
diagnosis  of  mycosis  fungoides  is  easy. 

Tinea  Oircinatn. — Ringworm  is  sometimes  confused 
AX'itli  eczema,  especiallj'  when  the  lesions  are  numerous. 
The  course  of  the  two  diseases,  however,  is  very  differ- 
ent. Tinea  circiuata  is  an  acute  eruption,  beginsusually 
in  a  small  scaly  spot  which  enlarges  rather  rapidly,  form- 
ing a  patch  with  a  raised,  red,  scaly  border  and  "a  more 
or  less  (dear  centre.  The  patch  of  squamous  eczema  en- 
larges in  the  same  way,  but  there  is  no  distinct,  raised. 
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wc-ll-detiiied  border,  only  a  scaly,  uniform,  slightly  in- 
tiltrated  patch,  without  tendency  to  clear  in  the  centre. 
The  itching  in  tiuea  civcinata  is  slight ;  in  eczema  it  is 
always  a  marked  symptom.  The  former  disease  runs  an 
acute  course;  the  latter  is  a  chronic  form  of  eruption. 

In  eaema  mafginatiim,  or  ringworm  of  the  crotch  and 
axilla,  there  is  an  eczema  with  a  subjoined  infection  with 
the  trichophyton  fungus.  From  an  ordinary  eczema  it 
ran  be  distinguished  )iy  its  raised,  sliarjily  (h'tined.  cii-ci- 
nate  (U'  festooned  border  and  the  gradual  diminution  of  the 
eruption  toward  the  point  from  which  the  disease  sjiread. 
Whenever  there  remains  any  doubt  in  diagnosis,  an  ex- 
amination of  the  scales  by  the  microscope  will  reveal  the 
trichophyton  spores  and  mycelia  if  the  eruption  is  one  of 
ringworm. 

Tinea  Versicolor. — The  clinical  features  of  this  disease 
are  generallj'  distinctive  enough  to  pievent  any  mistakes 
in  diagnosis.  It  occurs  in  fawn  colored  or  light  brown- 
ish spots  upon  the  front  or  back  part  of  the  upper  por- 
tion of  the  truidv,  and  only  rarely  upon  exposed  parts,  as 
the  face  and  neck.  The  patches  are  covered  wilh  line 
furfuraceous  scales,  but  there  is  an  entire  absence  of  in- 
tiltration  and  inllammatory  symptoms.  The  itching  is 
slight  or  absent,  the  patient  often  being  unaware  of  the 
presence  of  the  eruption  until  attention  is  called  to  it. 
All  of  the  foregoing  features  would  distinguish  this  dis- 
ease from  eczema.  Jlicroscopic  examination  of  the  scales 
will  always  reveal  the  characteristic  fungus  which  is  the 
cause  of  the  trouble. 

Herpes. — It  is  necessary  to  differentiate  herpes  from  ve- 
sicular eczema,  although  usually  it  is  not  difficult.  Simple 
herpes,  or  herpes  fehrilis,  either  of  the  face  or  of  the  geni- 
tals, is  an  acute  affection  consisting  of  a  group  of  ve.sicles 
wdiich  are  generally  larger  than  those  of  eczema.  The 
vesicles  in  herpes  dry  up  in  a  few  days  without  discharg- 
ing and  fornung  a  weeping  patch  as  in  eczema.  Vesicu- 
lar eczema  appears  generally  in  several  localities,  and 
does  not  consist  of  one  or  two  patches  in  close  proximity 
as  in  herpes.  Herpes  zoster  generally  develops  in  the 
course  of  a  nerve  or  its  branches,  is  preceded  by  neuralgic 
pains,  and  is  made  up  of  groups  of  larger  vesicles  or  even 
bulla?  seated  on  an  erythematous  patch;  it  is  also  uni- 
lateral. Eczema  vesiculosa  occurs  in  a  disseminated 
manner,  is  not  associated  with  neuralgia,  and  the  ve,sicles 
are  smaller  and  more  closely  set.  As  in  herpes  simplex, 
the  vesicles  in  zoster  dry  up  without  discharge.  Scars 
are  often  left  after  herpes  zoster,  wdnle  scarring  is  never 
seen  in  eczema. 

Deririfititis  nerpetiforinis.-^The'  mistake  is  very  com- 
monly made  of  diagnosing  this  disease  as  eczema.  In  the 
papular  and  vesicular  varieties  of  dermatitis  herpetibjr- 
mis  the  eruption  is  very  much  like  that  of  eczema.  1  he 
disease,  however,  belongs  to  the  herpetic  group  ot  erup- 
tions, and  l)y  keeping  in  mind  this  fact  little  difficulty 
need  be  experienced.  .     ,       ,       ■ 

The  l&sions  of  dermatitis  heriictiformis  develop  in  crops 
of  grouped  papules,  vesicles,  pustules,  or  bulla;,  accom- 
panied by  more  or  less  erythema.  These  lesions  often 
dry  into  scalv,  red  patches,  which,  after  reraaining  a  short 
time,  disappear  spontaneously,  only  to  be  replaced  trom 
time  to  time  bv  new  crops.  Eczema  rarely  behaves  m 
this  way,  though  certain  forms  of  neurotic  eczema  pie- 
sent  much  the  same  picture.  There  is  always  rupture 
and  discharge  of  the  lesions,  however,  in  eczema,  wnue 
in  dermatitis  herpetiformis  they  dry  up  as  m  other  hei- 
petic  eruptions  without  discharging.  Dermatitis  liei- 
petiformis  runs  a  very  long  course,  lasting  often  to 
vears  with  periods  of  comparative  freedom,  but  ultin  ate 
f-ure  in  any  case  is  not  to  be  expected.  Eczema  may  last 
a  long  time  and  become  chronic,  but  there  is  nevei  the 
history  of  reix'ated  recurrences  covering  many  ^ars  M 
one's  life,  as  occurs  in  dermatitis  herpetiformis.  Jiczema 
is,  furthermore,  a  curable  disease.  The  itching  in  dei- 
niatitis  herpetiformis  is  productive  of  more  sufferm|-  than 
in  almost  any  other  known  dermatosis.  The  ifrMug  ol 
eczema  is  bearable  as  a  rule,  and  can  be  modified  b 
treatment,  whereas  in  this  disease  it  is  only  a  little  oi 
not  at  all  relieved  by  therapeutic  measures. 


Deriiiiil  itis. —-Tlw  clinical  sjinptoins  of  dei-matitis  and 
eczema  are  about  the  same  imd  are  often  indi.stinguish- 
ablc.  The  history  and  course,  however,  are  entirely  dif- 
ferent in  the  two  alTeelions.  A  dermatitis  is  an  acute 
eruption,  wholly  of  aililicial  origin,  produced  by'some 
irritant  coining  in  conlacl  with  the  skin.  It  remains  con- 
tined  to  the  region  inilaled,  and  generally  disappeai's 
(juickly  when  the  somce  of  irritation  is  removed.  Ec 
zenia  excited  b}'  local  means  spreads  beyond  the  area 
first  suljjected  to  the  irritimt,  even  though  the  cause  is 
removed,  and  may  develop  in  remote  regions,  becoming 
more  or  less  chronic. 

In  jioison-ivy  dermatitis  the  eruption  eonnnoiily  ap- 
peal's in  remote  parts  by  auto-infection;  active  treat- 
ment is  always  needed  to  di'stroy  the  effects  of  the  poi- 
son, its  acute  character,  howevei-,  and  the  history  of 
contact  with  the  plant,  will  generally  distinguish  it  from 
e(,'zenia. 

Eczema  iif  constitutional  origin  is  rarely  confounded 
with  dermatitis,  for  its  nature  is  soon  revealed  by  the 
history  and  subsequent  course  of  the  eruption. 

PeDepliiijiis. — Bullous  eczema,  especially  as  it  occurs  in 
elderly  people,  may  resemble  pemphigus  vulgai-is.  The 
fnilla!  in  pemphigus  develop  suddenl}'  and  without  ap- 
parent cause  from  a  perfectly  normal-looking  skin,  no 
redness  nor  even  an  areola  being  seen.  Eczema  bullosa 
is,  on  the  other  hand,  always  associated  with  inflamma- 
tory symptoms  and  llie  bulla-  rupture  and  ]uoduce  a 
weeping  patch.  When  the  bulUe  in  pemphigus  break,  a 
painful  non-exuding  bright  red  area  remains.  Pemphi- 
gus is  generally  preceded  by  constitutional  disturbances 
and  is  a  grave  disease,  the  patients  dying  in  either  the 
first  or  the  second  attack. 

" Pemphigus  foliaeeiis,"  a  more  generalized  form  of  the 
disease,  spreads  rapidly  over  the  body  surface,  with  the 
production  of  large  flaccid  bulla;,  which  dry  into  large 
thin  tiakes  or  are  rubbed  off,  leaving  raw  areas  of  varia- 
ble extent  without  infiltration.  Flaccid  blebs  are  never 
seen  in  eczema,  there  is  always  infiltration,  and  the  dis 
ease  rarely  becomes  uuiversai  as  in  pemphigus  foliaceus. 
IMoreover,  the  latter  disease  goes  on  to  a  fatal  termina- 
tion, while  eczema  never  imperils  life.  Itching  is  gener 
ally  absent  or  slight  in  both  forms  of  pemphigus,  which 
would  distinguish  them  from  eczema. 

Fityritisis  Ruhru. — This  is  another  rare  and  fatal  dis- 
ease, which  in  its  early  stages  bears  a  resemblance  to  ec- 
zema. It  begins  with  redness  and  scaling,  as  in  squa- 
mous eczema,  but  soon  becomes  generalized  and  uuiversai. 
Large,  thin  epidermic  flakes  are  continually  exfohatecl. 
leaving  a  bright  red  moist  surface,  but  there  is  no  infil- 
tration nor  wfceping  as  in  eczema.  Eczema  rubrum  and 
eczema  squamosum,  on  the  contrary,  have  a  more  local- 
ized distribution  and  exhibit  the  exudation,  infiltration, 
and  crusts  which  are  characteristic  of  the  eczematous 
process.  There  is  likewise  no  itching  in  pityriasis  rubra, 
wfhich  would  distinguish  it  from  eczema.  The  disease, 
wdien  once  begun,  continues  without  abatement  until  it 
eventually  destroys  the  life  of  the  patient. 

Itiepetiqo  Contagiosa. ^T\n^  is  an  acute  affection  ot 
short  duration,  occui-ring  most  commouh'  upon  the  face 
and  hands,  though  in  some  cases  it  may  extend  over  the 
body  The  lesions  begin  as  vesicles  or  small  blebs,  which 
speedily  become  pustules;  these  rupture  and  dry  into 
dark  crusts  The  whole  process  is  superficial,  the  lesions 
springing  from  an  uninfiltrated  base;  and  the  latte-r, 
besides  are  generally  few  in  number  and  scattered.  In 
pustular  eczema  the  lesions  are  smaller  and  more  nu- 
merous are  not  so  isolated,  and  develop  trom  an  infil- 
trated base,  drying  into  thin  scales,  from  beneath  which 
ims  can  be  expressed.  , 

In  impetigo  contagiosa  there  is  often  a  historj  of  the 
same  erupticin  in  other  members  of  the  fanuly,  or  evi- 
denccif  in  an  adult  male,  of  direct  infection  from  a 

'^'iwVte!'^v  —Pediculosis  corposis  is  often  mistaken  for 
eczema  The  lesions  seen  in  this  affection,  however,  oc- 
cur particularly  about  the  back  and  chest,  around  he 
neck  and  shoulders,  and  about  the  waist  and  ovei  the 
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buttocks  Ec/A'ina  is  never  limited  ti)  these  regions.  In 
pedicailosis  tlie  intensity  of  the  itching  and  the  great 
number  of  scratch  marks  are  out  of  all  proportion  to  the 
lesions  present.  There  arc  never  any  patches  as  in  ec- 
zema, l)ut  only  scratch  marks  and  torn  papules  capped 
with  a  blood  crust. 

Care  in  examination  of  the  clothing  and  even  of  tiie 
skin  itself  will  often  reveal  the  parasites  or  their  nits. 

■'PecliniU  capitix"  are  a  frequent  cause  of  pustular 
eczema  of  the  scalp,  especially  in  children.  In  every 
pustular  eczema,  whether  in  children  or  in  adults,  tins 
factor  must  be  first  eliminated.  Either  the  parasites 
themselves  or  their  nits  can  always  be  detected,  and  in 
children  enlargement  of  the  posterior  cervical  glands  is 
almost  a  sure  sign  of  pediculosis. 

''  Pediculi pubis"  may  cause  an  eczema  about  the  geni- 
tals, in  the  axilliie,  or  on  t)ic  edge  of  the  eyelids.  With  a 
haud-glass  the  crab-louse  can  generally  be  detected  firmly 
attachsd  to  the  skin  at  the  base  of  a  hair,  or  its  nits  are 
found  on  the  shaft  of  the  hair. 

Scabies.— It  is  very  important  to  differentiate  scabies 
from  eczema,  since  the  treatment  for  one  is  inajipropriate 
to  the  other.  The  lesions  of  the  two  diseases  resemble 
each  other  in  a  marked  degree,  and  in  some  cases  a  dis- 
tinction cannot  be  made;  in  fact,  eczema  is  sometimes 
caused  by  the  acarus  scabiei.  In  the  early  stages  of  sca- 
bies, careful  search  will  usually  reveal  the  furrows  pro- 
duced by  the  burrowing  of  the  female  acarus,  but  in 
older  cases  these  are  masked  by  the  irritation  and  changes 
in  the  skin  produced  by  scratching.  The  distribution  of 
the  eruption  in  scabies  is  the  chief  feature  upon  which 
the  diagnostician  must  rely.  The  regions  commonly  af- 
fected are  the  interdigital  spaces  and  adjacent  surfaces 
of  the  fingers,  the  flexors  of  the  wrists,  the  elbows,  axil- 
laB,  buttocks,  and  thighs.  In  females  tlie  mamma?  and 
nipples  are  favorite  sites,  and  in  males  the  glans  and  body 
of  the  penis.  In  children  pustular  lesions  upon  the  liands, 
feet,  and  buttocks  are  almost  sure  to  denote  scabies.  The 
face  and  scalp  are  never  invaded  by  this  disease.  Ec- 
zema may  also  occur  in  all  these  localities,  but  the  lesions 
are  not  so  scattered,  often  form  ]3atches,  which  are  not 
seen  in  scabies  except  in  very  aggravated  and  long-stand- 
ing cases,  and  extend  to  the  face,  scalp,  and  other  re- 
gions not  affected  in  scabies.  There  is,  finally,  often  a 
history  of  infection  from  fellow-workmen,  room-mate,  or 
other  members  of  the  family. 

Sycosis. — For  the  diagnosis  between  eczema  and  syco- 
sis the  reader  is  referred  to  eczema  of  the  beard. 

Tinea  Favosa. — See  eczema  of  the  scalp. 

Seborrlioia. — See  eczema  seborrhoicum. 

Prognosis. — The  question  as  to  the  curability  of  ec- 
zema can  undoubtedly  lie  answered  in  the  affirmative. 
It  is  quite  another  thing  to  be  able  to  say  when  a  given 
attack  will  be  cured  or  wliether  the  patient  is  liable  to 
suffer  a  relapse. 

To  answer  these  questions  correctly  it  is  neccssaiy  for 
the  physician  to  be  familiar  with  the' disease  in  its  varied 
and  manifold  phases.  He  must  know  his  patient  as  well 
as  the  various  possibilities  and  vagaries  of  the  disease  it- 
self. Eczema  at  the  best  is  a  very  rebellious  affection, 
and  one  must  be  guarded  jigainst  giving  a  prognosis 
witliout  carefully  weighing  the  case  in  all  its  bearings. 
Experience,  then,  must  be  the  physician's  chief  reliance 
as  little  more  than  hints  or  generalizations  can  be  acquired 
from  others. 

If  the  cause  of  the  disease  in  any  given  case  is  known 
and  removable,  the  chances  of  a  quick  recovery  are  gen- 
erally good.  If  the  cause  has  been  hing  in  operation 
how'ever,  it  must  not  be  forgotten  that  the  eruption  may 
continue  and  prove  rebellious  after  this  is  removed 

Eczema  m  children  and  infants,  being  due  generally  to 
known  and  removable  cau.ses,  is  less  n.bellious  than  some 
other  forms  and  a  favorable  prognosis  can  be  gi\-en  T\w 
great  tendency  to  exacerbations  in  the  case'  of  infants 
dependent  upon  irritation  of  the  gastro-intestinal  tract 
through  teething  and  other  causes?  should,  howeve  1  e 
borne  in  mind.  >  >i.i,  oi 

In  acute  vesicular  types  of  eczema,  a  speedy  and  per- 
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nianent  recovery  can  usually  be  expected.  The  forms 
of  eczema  requiring  more  guarded  prognoses  are  the 
chninic  papular,  the  neurotic  and  gouty  forms,  tho.se  in 
eldei-ly  people,  and  certain  obstinate  types  dependent 
upon  locality.  Chronic  eczema  of  the  scalp  is  extremely 
rebellious,  as  is  also  chronic  squamous  eczema  of  the 
palms.  Eczema  of  the  anus  and  scrotum,  and  the  form 
of  the  eruption  which  is  seen  on  the  lower  legs,  and 
which  is  dependent  upon  varicose  veins  are  extremely 
difficult  to  cure.  Relapses  are  generally  to  tie  expected 
in  goutyr,  neurotic,  and  debilitated  subjects.  In  regard 
to  contagion  and  the  likelihood  of  transmitting  the  disease 
by  heredit}',  a  negative  answer  can  assuredly  be  given. 

Tkkatmext. — From  what  has  been  said  thus  far,  it 
may  readily  be  inferred  that  the  subject  of  the  treatment 
of  eczema  is  of  vital  importance.  There  is  no  subject  in 
dermatology  of  so  much  con.scquence  to  the  practitioner, 
for  eczema  constitutes  a  large  majority  of  all  the  cases  of 
skin  disease  that  come  under  his  care.  Unfortunately, 
however,  it  is  one  of  the  most  difficult  diseases  to  treat 
and  often  proves  most  obstinate  and  rebellious  even  in 
the  hands  of  the  expert. 

In  any  given  case  it  is  necessaiy  at  first  to  discover  if 
possible  the  cause,  and  if  this  is  a  local  one  and  can  be 
eliminated  the  simplest  local  measures  will  often  suffice. 
But,  as  already  seen,  the  disease  is  rarely  due  to  local 
causes  alone,  and  in  order  to  .subserve  the  best  interests  of 
the  patient  as  regards  relapses  and  future  attacks,  it  is 
necessary  to  take  into  con.sideration  every  possible  factor 
that  may  have  a  bearing  upon  the  case.  Everj-  deviation 
from  health  should  be  carefully  looked  into  and  all  irritat- 
ing and  depres.8ing  influences  removed  as  far  as  possible. 
Family  tendencies,  individual  idiosyncrasies,  tempera- 
ment, habit,  environment,  etc.,  must  all  be  duly  weighed 
if  the  best  results  are  to  be  attained.  It  is  the  physician 
with  the  best  knowledge  of  disease  in  general  Avho  will 
meet  with  the  greatest  success  in  the  treatment  and  man- 
agement of  eczema.  There  is  no  specific  for  the  disease, 
and  everv  case  must  be  treated  on  its  individual  merits. 
Eczema  is  curable  in  almost  every  instance,  and  the  re- 
moval of  the  eruption  is  never  prejudicial  to  the  patient, 
but  on  the  contrary  is  always  of  great  benefit  to  him. 
The  old  theory  of  scattering  tlie  poison  to  internal  organs 
or  of  dri-cing  it  in  is  no  longer  tenable  in  the  light  of 
modern  pathologj'  and  .general  medical  research. 

The  remedies  and  measures  employed  in  the  treatment 
of  eczema  relate  to  those  having  a  constitutional  effect 
and  those  used  locally. 

Constitutional  Treatment. — This  comprises  dietary,  hy- 
gienic, and  medicinal  measures,  which  if  judiciously  em- 
ployed will  always  be  found  of  great  service.  It  w"ill  be 
necessary  only  to  indicate  in  a  brief  way  the  dietary 
and  other  measures  that  have,  by  experience,  proved 
the  most  useful  in  tliis  disease,  leaving  much  to  the  good 
judgment  of  the  physician. 

Viet  and  Hygiene. — There  is  no  fixed  diet  that  will  ap- 
ply to  all  cases  of  eczema,  as  it  will  necessarily  vary 
according  to  the  requirements  of  each  individual  case. 
If  it  were  possible  to  generalize  at  all,  I  think  a  non-ni- 
trogenous, easily  assimilated  diet  would  be  suited  to  the 
greatest  number  of  cases.  In  infants  and  children  the 
regulation  of  the  diet  is  jicrhaps  the  most  important  part 
of  the  treatment,  for  in  these  subjects  it  is  most  often 
grievimslyat  fault.  Tlie  nursling  should  be  limited  to 
milk  IU-,  if  the  breast  milk  is  insufficient,  to  cow's  milk 
properly  modified,  and  not  allowed  to  have  a  taste  of 
everything  on  the  ]iarents'  table,  including  tea,  coffee, 
beer,  and  all  kinds  of  solid  food.  This  practice  is  unfor- 
tunately very  common  among  children  of  the  poor,  and 
it  is  needless  to  say  that  eczema  flourishes  under  such 
ciinditions.  Older  children  and  those  in  the  better  walks 
of  life  arc  often  allowed  confectionery,  rich  cakes,  pas- 
try, soda  water,  and  all  kinds  of  indigestible  things.  All 
these  should  be  strictly  prohibited  if  good  results  in  the 
man.agement  of  the  eczema  are  to  be  expected.  There  is 
one  article  of  fi)od  which,  I  think,  is  responsible  for  more 
trouble  in  the  eczema  of  infants  and  children  than  any 
other  one  thing;  I  refer  to  bananas.     Bananas  are  nutri- 
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tious,  easily  accessible,  and  convenient,  for  which  reasons 
they  are  consumed  in  largo  quantities.  However  well 
they  may  be  digested  an<l  assimilated  by  some  healthy 
subjects,  I  feel  certain  they  are  extremely  harmful  in 
those  sullermg  from  eczema.  This  applies  to  adults  as 
well  as  to  children— a  fact  which  I  have  been  able  to  de- 
monstrate to  patients  time  and  again.  In  acute  eczema  it 
is  generally  advisable  to  restrict  the  diet  to  one  of  milk- 
bread  and  butter,  eggs,  chicken,  tish,  and  vegetal)les' 
with  possibly  meat,  such  as  beef,  lamb,  and  mutlou  lw,\ 
or  three  times  a  week.  All  salt  and  highly  seasoned 
meats,  as  pork,  corned  beef,  ham,  and  sausages,  togetliei- 
with  richly  fried  and  made  dislies,  rich  gravies,  eondi 
ments,  pastry,  cheese,  pickles,  nuts,  olives,  etc.,  should 
be  forbidden.  Such  a  restricted  diet  is  likewise-  appro 
priate  to  the  gouty  subject,  who  shoidd  avoid,  in  addition, 
excess  of  starches  and  sweets.  These  patients  shoidd  als(') 
use  freely  some  good  diuretic  water,  such  as  Poland,  Beth- 
esda,  or  Lithia  water,  taking  it  iireferabh'  before  eatin;;. 
In  the  jilethoric  a  diet  of  milk  and  vegetaljlcs,  or  at  least 
a  non-albuminous  regimen  devoid  of  slimulalin^  or  heat- 
ing articles,  is  very  essential. 

When  there  is  an  impairment  of  the  digestive  func- 
tions, as  evidenced  by  dyspepsia  in  one  form  or  another, 
a  diet  must  be  selected  a"ppropriate  to  the  condition  ]ires' 
ent.  Eczema  patients  often  sutler  from  fermentation  and 
acidity,  and  complain  much  of  tlu.shing  after  eating.  The 
avoidance  of  sweets,  starches,  pancakes,  fritters,  crul- 
lers, and  the  numerous  class  of  articles  that  are  difflcult 
of  digestion  is  to  be  advised  in  these  eases.  Strawbei'- 
ries,  shellfish,  and  any  article  of  diet  that  is  known  to 
cause  eruptions  of  any  kind  should  be  avoided  by  those 
suffering  from  eczema. 

In  old  people  and  in  those  debilitated  from  any  cause,  a 
nutritious  supporting  dietar}'  is  neces.sary.  This  is  par- 
ticularly true  in  those  reduced  from  nervous  strain,  anx- 
iety, or  overwork,  and  in  patients  of  a  strumous  or  lym- 
phatic habit.  A  diet  of  milk,  rich  cream,  eggs,  buttei', 
and  easily  assimilated  foods,  as  chicken,  fish,  fresh  vege- 
tables, graham  bread,  and  wheat  cereals,  is  most  desir- 
able in  these  cases.  IMilk,  slightly  warmed,  given  with- 
out any  other  food  an  hour  before  eating  and  continued 
for  indefinite  periods,  is  most  efficacious  in  neurotic  and 
debilitated  subjects.  In  all  varieties  of  eczema  alcohol 
in  every  form  should  be  avoided,  including  even  the 
lighter  wines,  champagne,  beer,  ale,  and  porter.  In  el- 
derly debilitated  patients  and  in  those  accustomed  to  its 
use,  a  small  allowance  may  sometimes  be  advantageously 
given.  Tobacco  in  any  form  aggravates  eczema,  espe- 
cially eczema  of  the  anus,  and  in  those  having  weak  di- 
gestions it  should  never  be  used.  Tea,  coffee,  and  choco- 
late should  bi?  taken  only  sparingly  by  eczema  patients. 

Fresh  air,  both  in  the  dwelling  and  out  of  doors,  to- 
gether with  a  moderate  amo\mt  of  exercise,  as  walking, 
rowing,  golfing,  bicycling,  or  gymnastic  exercises,  is  all- 
important  in  connection  with  the  treatment  of  many 
cases  of  eczema. 

The  clothing  worn  by  these  patients  is  a  very  impor- 
tant consideration.  "Woollen  should  never  be  worn  next 
to  the  skin,  underwear  of  muslin,  silk,  or  linen  mesh 
being  best  suited  to  this  condition.  For  warmth,  wool- 
len may  be  worn  over  these  if  necessary,  but  this  mattei' 
is  better  regulated  by  changes  in  the  outer  garments. 
The  heavy  bundling  up  that  infants  are  often  subjected 
to  is  to  be  deprecated.  This  applies  particularly  to  the 
babies  of  the  poor,  who  are  often  wrapped  in  yards  of 
heavy  coarse  flannel,  which  is  not  only  a  great  hardship 
to  the  child,  but  is  productive  of  much  harm. 

The  subject  of  bathing  deserves  special  menticjn,  for 
upon  proper  judgment  in  this  respect  much  may  de- 
pend. Indiscriminate  bathing  is  undoubtedly  harmful, 
and  Turkish  and  Russian  vapor  baths  as  a  rule  should 
be  discouraged.  The  daily  bathing  of  the  sound  skin, 
followed  by  mild  friction,  is,  however,  de,sirable  and  in- 
deed necessary  in  many  cases;  but  if  a  large  part  of  the 
body  surface  is  affected  the  daily  bath  must  be  omitted. 
In  these  cases  alkaline  baths  two  or  three  times  a  week 
are  very  serviceable.     One  of  the  most  useful  formulte 


f o  a  bath  powder  ,s  the  following:  I^  Pohrss.  carbonat 
51V.;  sod.  carbonat.,  ?iij.;  .sod.  bihorat.,  ?  ii  M  This 
should  be  u.sed  in  a  thirty -gallon  bath,  together  with  a 
hn'^n^c  T-  n"  "{  ''•"■',''■  f^"lpl'">-^-t  of  potassium  may 
be  used  in  the  strength  of  from  ?  ij.  to  ?iv.  to  thirty 
gallons  in  similar  cases.  Glycerin,  from  3  iij.  to  ?  vi  to 
thirty  gallons,  is  also  a  useful  form  of  medication:^  The 
hrst  inclination  in  most  patients  is  to  wash  the  iiart  af- 
tected  with  eczema,  not  alone  for  the  purpose  of  keeping 
It  clean,  but  becau.se  much  relief  is  temporarily  experi- 
enced there))y.  This  practice,  however,  interferes  most 
seiiously  with  repair,  and  must  be  strenuously  prohib- 
iteil  in  all  cases.  The  value  of  treatment  at  various 
mineral  springs,  where  patients  bathe  and  drink  of  the 
waters,  is  m  my  opinion  questionable.  A  certain  few 
may  receive  benefit,  but  I  believe  that  the  importance 
.sometimes  attributed  to  them  in  the  treatment  of  eczema 
is  greatly  exaggerated. 

^  Drugs.— Thv.  indications  for  the  administration  of  medi- 
cines in  eczema  are  generally  to  be  looked  for  in  the  pa- 
tients themselves  and  not  in  the  disease.  While  it  is  very 
essential  to  appreciate  the  effects  of  remedies  in  the  vari- 
ous stages  of  the  eruption  in  order  to  select  those  most 
suited  to  the  condition,  it  is  nevertheless  too  true  that 
undue  attention  is  often  given  to  the  skin  itself  and  too 
little  regard  paid  to  the  individual. 

The.  truth  of  this  statement  is  nowhere  more  apparent 
than  is  seen  in  connection  with  the  single  symptom  of 
pruritus.  From  the  very  beginning  of  an  attack  of  ec- 
zema the  first  and  chief  concern  of  "the  patient  is  to  get 
relief  from  this  distressing  symptom.  The  physician,  in 
his  efforts  to  accomplish  this,  is  often  led  to  resort  to 
.sedatives  of  one  form  or  another,  such  as  opium,  chloral, 
bromides,  phenacetin,  sulphonal,  ti'ional,  etc.  The  ulti- 
mate result  is  an  aggravation  of  the  eczema,  and  hence 
an  increase  in  tlie  itching,  the  very  symptom  for  the  re- 
lief of  which  they  were  given.  It  may  safely  be  put 
down  as  an  axiom  that  eczema  icill  cease  to  itch  ichen  it  is 
cured,  and  not  until  then.  It  is  therefore  both  useless  and 
harmful  to  use  antipruritic  drugs,  but  instead  every  etiort 
should  be  made  to  cure  the  disease  as  quickly  as  possible. 

As  already  mentioned,  disorders  of  the  gastro-intes- 
tinal  tract  are  most  commonly  met  with  in  connection 
with  eczema,  and  these  should  receive  the  physician's 
first  attention. 

Cciustipation  may  be  relieved  by  small  and  continuous 
doses  of  fluid  extract  of  cascara  sagrada  or  by  the  well- 
known  pill  of  aloin,  belladonna,  and  stiychuine,  given  at 
bedtime.  I  have  found  a  pill  containing  gr.  i.  aloin,  gr. 
i.  extract  cascara,  and  gr.  ^  extract  nux  vomica  of  very 
great  service  in  this  connection.  Calomel  in  small  doses, 
gr.  yiy  to  gr.  -J  three  or  four  times  a  day  for  several  days 
in  succession,  with  a  mild  saline  before  breakfast,  such 
as  a  teaspoonful  or  two  of  equal  parts  of  sulphate  and 
phosphate  of  soda  in  half  a  glass  of  water,  will  often 
prove  effective.  The  pill  of  aloes  and  iron  of  the  Phar- 
macopoeia is  likewise  an  excellent  remedy,  given  about 
three  times  a  day.  Saline  aperients,  as  Roehelle,  Glau- 
ber's, or  Carlsbad  salts,  and  the  laxative  mineral  waters 
Hunyadi  Jiinos,  Rul)inat,  etc.,  are  useful  in  some  cases. 
Care  must  be  taken,  however,  not  to  use  these  too  con- 
tinuously, except  in  plethoric  subjects  and  in  those  with 
much  liver  torpor.  In  many  eases  it  is  advisable  to  begin 
by  a  rather  smart  purge,  as  a  (i  ve-grain  blue  pill  for  a  few 
niglits,  follo^^'ed  by  a  seidlitz  powder  or  citrate  of  mag- 
nesia the  next  morning.  A  pill  of  blue  mass,  colocynth, 
and  ipecac,  containing  gr.  iiss.  each  of  blue  mass  and 
compound  extract  of  colocynth  and  gr.  ss.  of  powdered 
ipecac,  given  two  at  bedtime,  and  repeated  the  second 
night  following,  is  pai'ticularly  serviceable.  I  have  also 
gotten  most  e.vcellent  results  from  the  following :  B,  Lep- 
taudrin,  gr.  viij.;  podophyllin,  gr.  ij. ;  ipecac,  gr.  v.; 
ext  hyoscyami,  3  s.s.  ;  ext.  belladonn.,  gr.  ij.;  ext.  aloes 
purg.,"  3SS.  M.  ft.  in  pil.  No.  xxx.  Sig.  Two  every 
seco'iid  night  for  three  times.  It  is  generally  advantageous 
to  repeat"  these  biUous  pills  at  intervals  of  two  or  three 
weeks  For  more  or  less  continuous  use  a  pill  containing 
gr.  i.  calomel  and  gr.  \  to  gr.  \  podophyllin  has  proved 

717 


REFERENCE  HANDBOOK   OF   THE  MEDICAL   SCIENCES. 


very  useful  in  my  hands;  this  pill  maybe  given  once 
01-  twice  a  day,  preferaljly  at  iiiglit. 

For  the  treatment  of  constipation  and  stomacli  (le- 
rangements  in  infants,  the  i-eader  is  referred  to  Infantile 
Eczema.  ,.  ,  ^. 

In  dyspeptic  conditions,  l)esi(les  tlie  dietary  regulations 
already  referred  to,  the  following  tlierapeutic  agencies 
will  be  found  of  service.  In  the  flatulent  and  atonic 
forms  alkalies  and  bitters  are  required,  as  also  the  dilute 
mineral  acids.  I  have  found  that  gtt.  x.  to  xv.  of  dilute 
nitromuriatic  acid,  given  well  dihited  before  eating,  re- 
lieves the  flatulency  and  conse(pient  flushing  so  often 
complained  of.  Strychnine  or  nux  vomica  is  likewise 
effective  in  this  condition.  Bismuth,  licjuor  potassie, 
magnesia,  and  bicai'bouate  of  scjda  are  useful  in  cases  of 
acidity,  and  much  good  is  often  derived  iu  similar  cases 
from  a  mixture  of  rhuliarb  and  soda.  A  good  formula  is : 
^  Pulv.  rhei,  3  ss. ;  sod.  bicarb.,  3ij.;  pulv.  ipec,  gr, 
X.;  aq.  menth.  pip.,  ad  Jiij.  M.  Sig.  Teaspoonful  well 
diluted  before  eating. 

Gouty  subjects  require  alkalies,  as  citrate  and  acetate 
of  potassium  in  doses  of  from  ten  to  twenty  grains  three 
times  a  day.  These  may  be  given  separately  or  com- 
bined, and  generally  a  little  iron  taken  with  them  in 
creases  their  effectiveness. 

The  alkaline  diuretics,  benzoate  of  soda  or  litliia,  and 
the  free  use  of  Poland,  Litliia,  or  natural  Vichy  waters, 
can  be  prescribed  with  benetit  to  these  patients.  Salicin 
and  colchieum  may  be  given  in  some  of  the  more  chronic 
cases,  but  their  efficacy  in  most  instances  is  .somewhat 
doubtful.  It  is  never  advisable  to  continue  these  reme- 
dies for  long  periods  of  time,  but  they  should  be  occa- 
sionally interrupted  and  general  tonics  of  iron,  quinine, 
cinchona,  etc.,  substituted. 

In  the  strumous  and  debilitated,  supjiorting  tonic  treat- 
ment is  needed,  such  as  cod-liver  oil,  quinine,  hypophos- 
phites,  syrup  of  iodide  of  iron,  the  glycerophosphates, 
etc. 

In  all  cases  of  acute  eczema  salines  and  gentle  aperient 
mixtures  are  indicated  at  first,  to  be  followed  later  Ijy 
more  tonic  remedies.  One  of  the  most  useful  mixtures  in 
the  acute  stage  of  the  disease  is  that  known  as  Startin's 
mixture,  which  is  made  as  follows:  1$  Magnes.  sulphat., 
3iv. ;  ferri  sulphat.  exsiccat.,  3  i. ;  aeidi  sulphur,  dil., 
3ii.i. ;  syrup  zingi))eris,  3  vi.  ;  aqute,  ad  §  iij.  M.  Sig. 
Teaspoonful  in  water  after  meals  tlirough  a  tube.  In 
cases  in  which  there  is  ansemia,  chlorosis,  malaria,  or  other 
general  disease,  the  usual  treatment  employed  in  those 
conditions  should  be  instituled.  The  preparations  of  iron 
best  suited  to  the  treatment  of  eczema  are  reduced  and 
dialyzed  iron,  tlie  citrate  of  iron  and  ammonia,  and  the 
citrate  of  iron  and  quinine. 

W.-rburg's  tincture,  with  or  without  aloes,  is  often  a. 
very  valuable  remedy,  and  ergot  in  selected  cases  may  be 
given  with  benefit. 

Arsenic  is  useful  iu  a  very  limited  number  of  cases, 
and  should  only  exceptionally  be  resorted  to.  Its  indis- 
crirninate  employment  cannot  be  too  .severely  condemned, 
for  it  is  a  dang(;rous  remedy  and  is  often  productive  of 
much  harm.  It  is  probably  used  less  by  those  especially 
conversant  with  cutaneous  medicine  than  anv  one  remedy 
or  class  of  remedies.  It  should  never  be  given  in  acute 
cases,  nor  to  patients  in  whom  the  digestion  is  Aveak  or 
imperfect.  In  chronic  and  inveterate  cases  of  the  squa- 
mous and  infih:,rated  types  it  is  .sometimes  serviceable,  but 
even  in  the.se  it  is  better  not  to  resort  to  it  until  all  other 
remedies  have  proved  ineffectual.  It  is  chiefly  of  value 
in  those  cases  of  neurotic  eczenui  in  adults,  in 'whom  the 
eruption  develo]is  in  crops  from  lime  to  time,  and  is  most 
rebellious  to  treatment  of  any  kind.  It  is  also  lu'aeti- 
eally  the  only  ivmedy  that  will  control  the.  bullous  form 
ot  the  disease  which  occurs  in  elderly  iieoi.le  The  pren- 
arations  generally  employed  are  arsenioiis  acid    Fowler's 

hW-^l^^Tt"',"""'  ^^'■«""iti«-""l  arsenious  aei.l  com- 
bincd  with  black  pepper  m  the  .so-cidled  "  Anntir  p///  " 
I  think  the  best  results  are  oblained  with   (he  soda  .suit 
or  although  It  ,s  weaker  than   ll,e   i,otassium  ,salt  it  U 
better  borne  by  the  stomach  and  ean   l„.  eontinucd  fW  a 
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longer  period.  It  is  best  given  in  small,  frequentl}^  re- 
peated doses,  beginning  with  one  or  two  minims,  increased 
slowly  to  six  or  more  minims  every  two  hours.  Fowler's 
solution  may  be  given  iu  the  same  manner,  but  in  smaller 
doses.  The  usual  dose  of  arsenious  acid  is  from  gr.  j}^  to 
gr.  ,V  three  or  four  times  a  day.  From  three  to  six  of 
the  Asiatic  pills,  each  containing  gr.  -^^  arsenious  acid 
and  gr.  ij,  to  iv.  of  pepper,  may  be  given  during  the 
twenty-four  hours.  In  the  administration  of  arsenic  it  is 
necessary  to  push  it  to  the  point  of  tolerance  to  produce 
the  desired  ell'ect.  It  is  always  advisable  to  examine  the 
urine  at  frequent  intervals  during  the  administration  of 
this  remedj',  and  upon  the  first  evidence  of  abnormal  kid- 
ney action  it  should  bo  discontinued. 

Local  Treatmeat. — Success  in  the  treatment  of  eczema 
will  depend  largel_y  upon  the  pro]ier  selection  and  appli- 
cation of  the  various  remedies  and  measures  emploj'ed 
locally.  There  is  no  case  that  does  not  require  local 
treatment  in  one  form  or  another.  If  an  opposite  effect 
than  the  one  expected  is  produced  by  any  given  applica- 
tion or  procedure,  no  one  will  be  more  quickly  aware  of 
this  fact  than  the  patient  liimself.  It  is  essential,  there- 
fore, to  the  interests  fif  the  patient,  and  often  for  the 
.sake  of  his  own  reputation,  that  the  phj'sieian  should 
have  this  part  of  the  subject  well  in  band.  It  is  not  nec- 
essary nor  even  advantageous  to  know  all  the  newer 
remedies  and  complex  formiihe  that  are  continually  being 
advocated.  'WJiat  is  needed  is  a  knowledge  of  the  gen- 
eral jirinciples  governing  tlie  u.se  of  the  more  common 
remedies  and  a  familiaritj'  with  the  drugs  tliem.selves  and 
the  eff'ect  they  have  upon  diseased  skin.  In  the  treat- 
ment of  skin  diseases,  as  in  every  other  branch  of  medi- 
cine, the  simplest  procedures  are  often  the  most  success- 
ful, but  the  important  question  is  when  to  apply  them 
and  how  to  apply  them.  A  remedy  ma\'  be  used  by  one 
phjrsician  with  the  very  best  effect,  while  the  same  in  the 
liands  of  another,  used  iu  precisely  the  same  condition, 
will  prove  most  disastrous.  This  is  generally  dependent 
upon  the  form  in  wliich  the  remedy  is  used,  whether 
as  a  lotion,  ointment,  paint,  etc.,  or  upon  the  manner  iu 
which  it  is  aiii)lied. 

Sil(ctiu)i  iif  III  iiirflii'x  and  ^[tilmds  I'f  Ti-ratineiit. — In 
choosing  the  remedies  the  physician  should  lie  governed 
by  the  cliaracter  and  intensity  of  the  inflammation,  tlie 
locality  and  extent  of  surface  affected,  and  the  .second- 
ary changes  that  have  taken  place.  It  is  also  often  nec- 
essary to  consider  the  occupation,  habits,  and  social  posi- 
tion of  tlie  indixidual.  in  order  to  suit  the  treatment  as 
much  as  possible  to  his  convenience. 

It  is  always  a  good  rule  to  emploj-  the  very  mildest 
treatment  possible  when  the  patient  first  comes  under 
oljservation,  the  remedies  beiug  strengthened  from  time 
to  time.  The  mistake  is  often  made^if  employing  too 
strong  remedies  at  first,  which  not  only  proves  di'stistrous, 
but  destroys  the  confidence  of  the  patient  at  the  begin- 
ning. In  a  general  way  it  may  be  said  that  lotions — par- 
ticularly tJio.se  carrying  powders  iu  suspension — agree 
with  most  skins  better  than  ointmeiils.  tpon  discharg- 
ing surfaces  they  are  as  a  rule  much  more  satisfactory 
than  dusting  powders,  for  the  latter  cake  and  subse- 
(|iiently  irritate.  If  the  surface  affected  is  very  larye,  it 
is  obvious  that  to  use  a  lotion  over  the  whole  would  not 
be  feasible,  and  it  is  then  necessary  to  soak  strips  of  liueii 
,  or  gauze  in  liniments  which  can  be  laid  on  or  wrapped 
abimt  the  jiart.  <.)rdinarily  lotions  are  sopped  on  by 
means  of  a.  piece  of  old  linen  or  gauze;  it  is  seldom  neces- 
sary to  rub  them  iu. 

In  using  ointments  much  depends  upon  the  method  of 
a]>plication.  Iu  acute  cases  in  which  a  soothing  eft'ect  is 
desired,  it  is  essential  that  the  ointment  be  spread  upon 
surgical  lint  and  bcniiid  (m  in  the  manner  of  a  plaster.  It 
is  useless  in  such  eases  to  rub  it  on  with  the  fingers.  In 
chronic  ca.ses  re(|uiring  stimulation,  strong  sah'es  may 
be  ailvantageously  rubbed  in  and  then  bound  on. 

In  certain  rare  instances  neither  lotions  ncu-  salves  will 
be  well  l)orne  and  other  forms  of  application,  such  as 
]iowders,  pastes,  plasters,  gelatins,  .soaps,  paints,  etc., 
must  be  employed. 
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Other  inetliods  whicli  maj'  be  classed  as  mcchaiiica] 
such  as  counter-in-itation,  circumcision,   use  of   rubber 
bandage,  scarifying,  liot  water,  alkaline  baths   etc     are 
reterred  to  iu  their  proper  places. 

Measures  to  be  Emploijed  in  Acute  and  Suhicute  Scsema 
— Tlie  first  tlnng  to  do  is  to  remove  ci-usts  it  present' 
This  IS  best  accomplished  by  laving  on  strips  of  linen 
soaked  m  olive  or  almond  oil;  by  soaking  with  a  three 
to  rive  per  cent,  salicylic  oil;  or  "bv  the  n.se  of  alkaline 
emulsions  of  bicarbonate  of  sodii,  borax,  etc  When  Ihe 
surface  is  cleansed,  the  proper  remedy  should  then  be  ap- 
phed,  great  care  being  observed  not  to  employ  it  too 
strong. 

For  freely  discharging  surfaces  diixtinq  'powders  gener- 
ously employed,  are  of  greatest  service.  Those"  most 
commonly  used  are  plain  corn  starch,  rice  powder,  chalk, 
talc,  kaolin,  lycopodium,  and  magnesium  carbonate  The 
stearate  of  zinc  with  salicylic  acid  or  saloland  the  oleates 
of  zinc  or  bismuth  have  the  advantage  of  caking  less 
with  the  secretions  than  do  some  of  the  other  powd'ers. 

It  is  often  advantageous  to  add  to  the  simple  powders 
equal  parts  of  oxide  of  zinc  or  one  part  of  bismuth  sub- 
nitrate,  boric  acid,  or  camphor  to  four  of  the  powder. 
In  the  same  manner  salicylic  acid,  salol,  or  acetanilid  in 
strength  of  from  twenty  to  thirty  grains  to  the  ounce  may 
be  useful  additions  in  some  cases.  After  the  excessive 
weeping  has  been  arrested  by  the  use  of  dusting  pow- 
ders, it  will  be  found  most  convenient  to  use  some  dry- 
ing, slightly  astringent  lotion.  Loliuns  are  very  cooling 
and  grateful  to  the  patient,  and  are  to  be  preferred  in 
most  cases  of  acute  vesicular  or  erythematous  eczema. 
One  of  the  most  useful  iu  acute  vesicular  eczema  is  com- 
posed of  a  drachm  each  of  carbonate  of  magnesia  and 
oxide  of  zinc  iu  four  ounces  of  water.  Boric  acid  in 
three  or  four  per  cent,  strength  may  be  added  to  this  lo- 
tion when  needed,  and  if  the  itching  is  excessive,  one  per 
cent,  of  carbolic  acid  may  likewise  be  added.  Duhring 
and  White  eniploj-  iu  the  acute  oozing  stage  lotio  nigra, 
either  in  full  strength  or  diluted  one-half  with  lime  water, 
and  they  report  very  favorable  results  from  its  use.  The 
eruption  is  bathed  with  it  for  fifteen  or  twenty  minutes, 
the  sediment  Is  then  allowed  t(j  diy  on  and  a  pla.ster  of 
oxide  of  zinc  ointment  is  immediately  bound  on.  The 
applications  of  the  hitiouare  made  every  ten  or  twelve 
lioiirs.  In  acute  erythematous  eczema  there  is  no  appli- 
cation so  useful  as  the  following  lotion  of  calamine  and 
zinc;  If  Acid,  carbol.,  3  ss.  ;  pulv.  calamini  prep.,  3  i.  ; 
zinci  oxidi,  3  ij.  ;  glycerini,  3  ii.j  ;  a(i.  calcis,  3iv.  ;  aq. 
ros;e,  ad  |  iv.  This  should  be  dabbed  on  two  or  three 
times  a  day  and  the  sediment  allowed  to  remain  on.  It 
is  a  most  cooling  and  soothing  application.  In  some 
cases  I  have  found  it  advantageous  to  substitute  lotio 
nigra  for  the  lime-water  in  this  lotion.  It  must  be  re- 
membered tliat  some  skins  do  not  tolerate  either  glyce- 
rin or  carbolic  acid ;  in  such  cases  almond  oil  may  be 
substituted  for  the  former  and  dilute  hydrocyanic  acid 
for  the  latter. 

Another  useful  lotion  in  jiapular  vesicular  eczema  con- 
tains boric  acid  two  and  one-half  per  cent.,  zinc  oxide 
and  bismuth  oxychloride  each  four  per  cent,  in  cherrv- 
laurel  water. 

In  acute  papular  eczema  of  the  dry,  itchy  type,^  a  cool- 
ing hition  recommended  by  C:i;sar  Boeck,  of  Christiania, 
is  particularly  serviceable.  This  consists  of  powdered 
starch  and  talc  each  100  parts,  glycerin  40  parts,  lead 
water  200  parts.  It  should  be  used  first  diluted  with 
two  parts  of  water.  In  this  same  type  of  eruption  the 
magnesia  and  zinc  lotion  just  referred  to,  with  the  addi- 
tion of  three  to  six  per  cent,  of  ichthyol,  will  be  found 
very  useful. 

When  there  is  an  extensive  oozing  surface  liieiiiients 
prove  more  serviceable  than  either  powders  or  lotions. 
The  parts  should  be  enveloped  in  cloths  soaked  with  the 
liniment,  and  these  should  be  changed  about  twice  a  day. 
In  this  way  excessive  drying  and  subsequent  irritation 
and  injury  are  prevented.  Lin.seed,  almond,  or  olive  oil 
may  be  used  combined  with  glycerin,  lime-water,  di- 
lute alcohol,  etc.     Equal  parts  of  linseed  oil  and  lime- 


water  (carron  oil)  will  l,e  found  very  useful  in  this  con- 
11  ccriou. 

Ointments  may  often  be  employed  with  great  benefit 
n  acute  stages  of  the  disease.  Great  care  is  necessary 
however,  not  only  in  the  selection  of  the  ingredients' 
tJut  also  as  regards  the  manner  in  which  they  are  incor- 
porated.^ Much  harm  may  be  done  by  the  use  of  a  salve 
matle  with  a  rancid  ointment  base  or  one  made  with  a 
base  naturally  irritating  to  an  inflamed  skin.  Vaseline 
or  cosinolme,  except  in  special  instances,  .should  not  be 
used  as  a  ba.se  for  ointments  employed  in  acute  stages  of 
the  di.sea.se.  Benzoated  lard  has  the  disadvantage  of  be- 
coming easily  rancid,  and  lanolin  has  too  much  body,  but 
if  mixed  in  the  proportion  of  about  one  to  four  with  .some 
soft  emollient,  the  latter  makes  a  uood  ointment  base 
i<reshly  made  cold  cream  or  rose-water  ointment  makes 
the  best  base  for  salves;  it  is  .soothing  and  the  evapo- 
ration of  the  rose  water  it  contains  iiroduoes  a  cooling 
effect.  Duhring  gives  a  good  formula  for  making  cold 
cream,  which  consists  of  rose  water  and  oil  of  sweet  al- 
mond, 10  parts  each;  white  wax  an<t  spermaceti,  2  jjarts 
each;  these  to  be  emulsified  with  sodium  biborate,  one- 
half  of  one  per  cent. 

Much  likewi.se  depends  upon  the  way  an  ointment  is 
made.  If  it  is  not  perfectly  smooth,  but  contains  gritty 
particles,  it  is  sure  to  irritate,  no  matter  how  fresh  o"r 
mild  the  ingredients  may  be.  Some  substances,  such  as 
tannic  acid,  resoreiu,  etc.,  occur  in  the  form  of  tiny 
sharp  crystals,  and  unless  these  are  previously  dissolvell 
before  being  incorporated  in  the  salve,  harm  will  surely 
follow. 

For  a  .simple  protective  nothing  is  better  than  oxide  of 
zinc  ointment  in  the  strength  of  a  half  drachm  to  the 
ounce  of  cold  cream.  Bismuth  stibnitrate  or  oleate  of 
zinc  may  be  used  for  the  same  purpose  and  in  the  same 
strength.  A  very  soothing  ointment  for  use  in  acute 
eczema  is  one  composed  of  prepared  calamine  powder, 
gr.  XX.;  zinc,  oxid.,  gr.  xxx.  ;  aeidi  carbolici,  gr.  v.; 
ungt.  aquc-e  rosa',  ?  i.  Instead  of  the  carhohc  acid  a  half 
drachm  of  tincture  of  camphor  may  prove  of  more  Ijeiie- 
flt  in  some  cases.  Salicylic  acid  in  mild  strength  is  a 
most  useful  remedy  in  acute  and  subacute  ec7.eina. 
Used  in  the  strength  of  two  per  cent,  in  the  zinc  oint- 
ment alread}'  referred  to,  it  rarelj'  fails  to  do  good.  In 
the  form  of  a  jiaste,  first  recommended  hy  Lassar,  it  is 
an  extremely  ellicaeioiis  remedy.  The  formula  is  as  fol- 
lows: 'B/  Pulv.  acidi  salieyliei,  gr.  v.;  zinci  oxidi,  pulv. 
amyli,  ail  3ij.;  vaselini,  J  ss.  In  acute  eczema,  espe- 
cially of  the  face  and  scalp  and  iu  eczema  of  the  toes,  a 
tannin  ointment  comjiosed  as  follows  is  very  effective: 
If  Acid,  carbol.,  gr.  v.;  pulv.  aeidi  tannici,  tannin,  gly- 
cerit.,  aa  3  ss.  ;  ungt.  aq.  rosise,  §  i.  A  useful  ointment 
in  acute  erythematous  eczema  is  one  composed  of  four 
per  cent,  boric  acid  and  two  p(!r  cent,  .salicylic  acid  in 
equal  parts  of  lanolin  and  rose-water  ointment. 

Hebra's  diachylon  ointment,  used  alone  or  with  the 
addition  of  one  per  cent,  of  salicylic  acid,  or  mixed  with 
equal  parts  of  zinc  ointment,  is  very  valuable  in  acute 
and  subacute  eczema.  Its  ingredients  are:  If  Olei  olivie 
opt.,  §  XV.  ;  lithargyri,  3  iij  +  3  vi.  ;  aqua;  q.  s.,  to  which 
are  added  3  iij.  olei'  lavanduUe.  The  oil  is  mixed  witli  a 
pint  of  water,  heated  to  boilin,g;  then  the  fluely  pow- 
dered litharge  is  stirred  in  until  it  cools. 

In  certain'cases  jjastes  composed  of  tragaeanth,  gelatin, 
etc.,  are  tolerated  better  than  salves.  Unna's  gelatin 
paste  or  "  Zinc-Leiin  "  is  composed  of  gelatin,  alba,  3  vi.  ; 
glycerini,  3  ix. ;  aquse,  |  ij. ;  zinc,  oxid.,  3  vi.  The  gela- 
tin is  melted  in  the  water  with  heat,  then  the  glycerin 
and  zinc  are  added.  A  hard  jelly  results  upon  cooling, 
which  requires  liquefying  in  a  water-bath  before  it  is 
appUed.  Tins  is  then  painted  on  with  a  brush,  and 
while  it  is  drying,  fibres  of  absorbent  cotton  are  made  to 
adhere  to  the  surface.  It  may  be  washed  oft  or  stripiied 
off  en  masse,  and  is  a  cleanly  and  etfective  dressing. 

Ge/jinthiim,  one  of  the  newest  ointment  bases,  consists 
of  gelatin  and  tragaeanth  each  two  and  one-half  per  cent, 
and  glycerin  five  per  cent,  in  water.  Any  medicament 
can  be"  incorporated  with  it.     It  is  simply  necessary  to 
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paint  it  OD  with  the  finger  when  it  quickly  dries,  leaving 
a  coating  upon  the  skin;  it  can  bo  readily  removed  with 
a  little  water.  .   , 

The  Kfilve  muslins  devised  by  Unna  arc  very  usetul 
inethods  of  making  applications  to  the  skm,  but  as  they 
are  imported  it  is  not  always  possible  to  get  them  fresh. 
On  this  account  they  are  not  to  be  recommended  tor  gen- 

crfl-l  usG. 

Measures  to  be  Employed  in  Ghronie  Eczema.— la  the 
local  treatment  of  chronic  eczema  various  remedies  and 
methods  are  employed,  among  the  most  useful  of  which 
are  the  dltl'erent  preparations  of  mercury  and  tar.  These 
may  be  used  in  the  form  of  either  lotions  or  salves  and 
may  often  be  combined  with  advantage.  The  mercurials 
of  especial  value  are  ammoniated  mercury  and  calomel 
used  in  strengths  varying  from  two  to  ten  per  cent.  ;  the 
yellow  oxide  and  red  oxide  in  two  or  three  per  cent, 
strength;  the  nitrate  and  oleate  in  two  to  live  per  cent, 
strength;  and  in  certain  cases  the  bichloride  and  red 
sulphide.  Sometimes  the  mercurials  are  advantageously 
combined  with  sulphur.  A  mast  useful  formula  for 
chronic  indolent  patches  consists  of  ^  Uugt.  hyd.  oxidi 
rubri,  3  iss.  ;  ungt.  .sulphuris,  3  iij.  ;  ungt.  zinc,  oxid.,  ad 
3  1.  M.  In  chronic  impetiginous  eczema  the  following 
white  precipitate  ointment  is  particularly  effective:  I^ 
Acidi  carbol.,  gr.  v.;  bismuth  subiiitrat.,  3  ss. ;  ungt. 
liydrarg.  ammoniat.,  3i.i.;  ungt,  aq.  rosa^  3  1.  M.  In 
a' similar  condition,  especially  when  located  upon  the 
scalp,  the  following  combination  will  be  found  useful; 
I^  Ilyd.  aramoniat.,  gr.  xxv.  ;  calomel,  gr.  xx.  ;  acid, 
salicylic!,  gr,  xv,  ;  ungt,  hydrarg,  nitrat, ,  3  iij,  ;  ungt,  aq, 
rosje,  ad  |  i,  M.  Among  the  tars  most  commonly  em- 
ployed may  be  mentioned:  Pix  liquida,  oleum  cadinum, 
oleum  rusci  (crude),  ichthj^ol  and  thiol,  A  very  effective 
tar  ointment  is  that  known  as  Ungt,  plcis  et  zlnei  and 
is  made  as  follows:  If  Ungt,  plcis  liquid,,  3ij,;  zlnei 
oxidi,  3  ss,  ;  ungt,  aq,  ros,,  ad  |  i,  M,  This  may  be  u.sed 
^alone  or  combined  with  equal  parts  of  Hebra's  diachylon 
ointment.  It  is  a  most  effective  antipruritic  and  is  ver}' 
serviceable  in  chronic  infiltrated  patches  and  in  eczema 
of  the  anus  and  scrotum.  Oil  of  cade  and  oleum  rusci 
may  be  used  pure,  in  which  case  they  are  painted  on  to 
chronic  scaly  patches,  or  they  may  be  used  in  solution  in 
alcohol  in  strength  of  two  parts  of  the  tar  to  one  of  alco- 
hol. In  ointments  they  are  generalljf  employed  in  strength 
of  3  ss,  to  3  i,  to  the  ounce,  Ichthyol  and  thiol  may  be 
used  in  the  same  manner.  The  latter  lias  less  odor  than 
ichthyol,  but  in  my  experience  it  is  less  effective.  They 
may  be  used  in  watery  solution,  five  to  ten  per  cent, 
or  stronger,  or  they  may  be  employed  in  ointment  in 
strengths  varying  from  three  to  fifty  per  cent. 

In  the  treatment  of  infiltrated  localized  chronic  patches, 
a  solution  known  as  ''  liquor  pieis  alkaliims"  is  most  valu- 
able. Its  formula  is,  ^  Picis  liquid*,  gij,;  potass, 
causticre,  5  1, ;  aqua>,  g  v,  M,  Dissolve  the  potassa  in 
the  water  and  add  the  tar  with  rubbing  in  a  mortar.  It 
is  generally  used  diluted  five  to  ten  times  with  water, 
and  after  rubbing  the  patches  once  or  twice  a  day  with 
it  a  soothing  ointment  is  applied.  It  may  also  be  em- 
ployed as  an  antipruritic  lotion  in  less  chronic  conditions 
in  strength  of  from  one  to  three  di-achnis  to  the  pint  of 
water  or  in  an  ointment  in  strength  of  ten  to  twenty 
minims  to  the  ounce.  For  chronic  localized  patches  the 
following  ointment  will  also  be  found  of  great  service- 
I?  Picis  liquid,,  3ij,;  plumbl  glycerol,,  3  iii  ;  untrt  dia- 
chyli  (Ilebra),  lanolin,,  ail  5  S.S,     M, 

In  addition  to  the  remedies  already  mentioned  some 
other  di-ugs,  such  as  resorein,  ehry.sarobin,  pvrogallic  and 
sahcyhe  acids,  rhubarb,  beta-naphthol,  iatrol',  perman- 
ganate of  potassium,  etc,  may  serve  a  usefid  purpose  in 
tlie  treatment  of  chronic  eczema,  Resorein  may  be  used 
ma  lotion  or  ointment  in  strength  of  from  two  I,,  six 
per  cent,  Chrysarol,in,  pyn.gallic  and  salie\  lie  acids  are 
of  en  conveniently  diss<.lv,.,r  in  li,,uid  nutYa-iiercha  or 
collodion  and  n,se,l  as  a  paint  which  may  be  applieil  onee 

hr.!n  t  '^'-  ""'y  "'"y  '»-  "^'''^  "'  «f''-''""tl'  "f  f>-<'ni 
ner  eenl  «l''"'  n""*'  ^^''^^-'l'^'-^^  '■'^"''arb  in  four  or  five 
per  cent,  strength  in  an  ointment  is  useful  in  chronic 
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parasitic  types  of  the  disease,  A  four-per-cent.  oint- 
ment of  rhubarb  combined  with  equal  parts  of  ungt. 
picis  et  ziuci,  is  likewise  of  great  service,  Beta-naphthol 
and  iatrol  are  generally  used  in  about  three-per-cent, 
strength,  while  permanganate  of  potassium  in  one  or  two 
per  cent,  watery  solution  is  useful  as  a  paint. 

The  following  combinations  will  be  found  of  service  in 
chronic  squamous  types  of  the  disease :  ^  Magnes,  car- 
bonat.,  zinci  oxidi,  iia  3  i,  ;  sod,  salicylat,,  3  iss,  ;  iatrol, 
gr,  1, :  aquas,  ad  |  iv,  M, ;  and  ^  Acid,  .salicylici, 
gr.  XV,  ;  Acid,  pyrogallici,  gr,  xxv. ;  Spts,  vini  rectificat,, 
5  i,  M,  ;  also  'l^  Ichthyol,  gtt,  xx,  ;  resorcini,  gr,  x, ; 
Aqure,   5  i,     M, 

It  only  ]-emains  to  refer  to  the  use  of  medicated  soaps, 
soap  plasters,  caustics,  and  counter-irritants  in  the  treat- 
ment of  chronic  eczema.  Almost  every  remedy  employed 
in  the  treatment  of  eczema  has  been  iDCorporated  into  a 
soap,  so  that  we  have  ichthyol,  salicylic,  naphtliol,  bi- 
chloride, tar,  and  innumerable  other  kinds  of  medicated 
soaps.  Personally  I  have  had  but  little  experience  in  the 
use  of  these,  but  if  properly  employed,  allowing  the 
lather  to  dry  upon  the  diseased  .skin,  they  should  be  use- 
ful in  the  treatment  of  eczema. 

Various  forms  of  soap  plasters  have  been  recently 
recommended,  manj'  of  which  are  certainly  servicealjle. 
One  of  the  best  is  Duhring's  modification  of  Pick's  salicy- 
lic soap  plaster.  It  is  especially  indicated  in  subacute  or 
chronic  vesicular  or  vesico-papular  patches,  and  is  com- 
posed as  follows:  I?  Emplast,  saponis  (U,  S,  P,)  lique- 
fact,,  90,0;  ol,  olivre'  opt,,  10,0;  acidi  salicylici,  2,0,  M. 
It  should  be  spread  on  muslin  or  thin  kid  and  applied 
continuoush', 

Hebra's  .soap  treatment  for  chronic  indolent  patches  is 
extremely  effective.  It  consists  in  rubbing  into  the  patch 
a  piece  of  sapo  mollis  the  size  of  a  walnut  by  means  of  a 
piece  of  white  flannel  dipped  into  water.  The  affected 
part  is  thoroughly  scrubbed  with  the  lather  until  all  the 
scales  are  removed,  leaving  a  bright  red,  tense,  oozing 
surface.  Plasters  of  oleate  of  zinc  or  diaehjdon  ointment 
are  then  firmly  bandaged  on  and  left  until  the  next  ap- 
plication of  the  soap.  This  is  usually  done  about  twice 
a  day  and  results  in  a  rapid  removal  of  the  diseased  patch. 
Tincture  of  green  soap,  two  parts  green  soap  to  one  of 
alcohol,  may  be  used  for  the  same  purpiose,  or  a  mixture 
of  e(jual  parts  of  green  soap,  oil  of  cade,  and  alcohol. 
The  caustics  most  commonlj'  employed  in  the  same  ca- 
pacity are  liquor  potassae  and  solutions  of  caustic  potash, 
five  to  ten  grains  to  the  ounce,  Crocker  has  found  that 
in  certain  cases  of  inveterate  eczema  in  which  relapses 
are  frequent,  counter-irritation  to  the  spine  sometimes 
proves  curative.  For  the  upper  half  of  the  body  he  ap- 
plies it  to  the  nape  of  the  neck,  and,  for  the  lower  half, 
over  the  lumbar  enlargement.  Dry  heat  or  a  mustard 
leaf  may  be  applied  in  this  way  without  fear  of  exciting 
an  eczema  in  the  neighborhood, 

Reoion.m,  and  Speci.vl  Varieties  op  Eczema. 

Infantile  Eczema, — This  is  generally  understood  to 
include  all  cases  of  eczema  occurring  in  children  under 
five  years  of  age,  and.  according  to  statistics  made  by 
Crocker  in  London,  about  one-third  of  all  these  begin 
during  the  first  year  of  life. 

Eczema  in  babies  and  young  children  generally  begins 
sianewhere  u])(m  the  head,  usually  in  tjie  centre  of'the 
cheeks  or  behind  the  ears.  First  there  is  a  scah'  patch 
which  enlarges  slowly  and  soon  develops  vesicles  and 
]nistules  which  rupture  and  dry  into  more  or  less  thick, 
jilood-stained  crusts.  As  the  cases  ordinarily  come  for 
treatment,  they  present  large  crusted  patches  of  eruption 
on  both  checks,  on  the  forehead,  chin,  ears,  neck  and 
scalp,  and  often  simihir  patches  of  disease  upon  the  ex- 
tensors of  the  forearms  and  wrists.  The  skin  is  always 
atl'eeled  in  a  symmetrical  manner  and  in  the  worst  cases 
the  whole  head  may  be  uniformly  involved,  saving  a 
sm.all  area  around  ll'ie  mouth,  nose  and  eyes,  where  the 
white,  healthy  skin  stands  out  in  striking  contrast.     The 
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miption  often  extends  to  other  parts  of  the  body  and 
hmbs,  and  lu  older  children  may  become  more  or  less 
general. 

The  disease  is  frequently  complicated  by  funmclesand 
abscesses  situated  especially  upon  the  scalp  face  and 
neck,  and  m  poorly  nourished  and  stiumous  infants 
conjunctivitis,  lilepharitis,  or  otorrlKea  may  likewise  co' 
exist.  In  children  of  the  poor,  pediculi  play  an  impor- 
tant part  in  producing  and  keeping  up  the  trouble 

The  posterior  cervical  lymphatic  glands  are  consider- 
ably enlarged  in  these  cases  and  are  a  source  of  o-reat 
concern  to  the  parents.  These  rarely  break  down  how- 
ever, but  disappear  slowly  when  the  eruption  gets  well 

Though  eczema  may  occur  in  ill -nourished,  strumous 
andrickety  infants,  it  .seems  to  have  been  my  e-xperieuce 
to  find  it  more  commonly  in  well-nourished  fat  and 
healthy  subjects.  In  a  few  cases  the  disease' is  appar- 
ently inherited,  in  which  event  it  is  liable  to  continue 
after  inlancy  and  often  become  chronic  in  adult  life. 

The  delicate  .skin  of  the  infant  is  very  susceptilile  to 
local  irritants  of  one  form  or  another,  and  no  doubt  the 
eczema  is  due  to  local  causes  alone  in  some  cases.  The 
great  majority,  however,  are  dependent  upon  improper 
or  excessive  feeding  and  disorders  of  the  gastro-intes- 
tinal  tract  engendered  tliereby.  Dentition  is  often  spoken 
of  as  a  cause  of  the  trouble,  but  in  most  instances  the 
eruption  develojis  long  before  the  teeth  are  thought  of. 
The  disease  is  always  aggravated  by  teething,  but  in  a 
reflex  manner  through  the  disturbances  of  digestion  which 
it  causes. 

In  a  certain  few  cases,  infantile  eczema,  in  both  the 
male  and  the  female,  occurs  reflexly  from  an  adherent  pre- 
puce and  is  not  cured  until  this  is  relieved  by  circumcision 
or  by  stripjjing. 

It  is  important  to  differentiate  ordinary  infantile  eczema 
from  syphilis  as  it  occurs  in  the  neighborhood  of  the 
mouth  and  genitals,  from  impetiginous  eczema  due  to 
pediculi,  and  from  eczema  seborrhoicum. 

In  syphilis  about  the  mouth  there  are  radiating  Assures 
from  the  corners  which  extend  to  the  mucous  membrane, 
and  mucous  patches  are  often  present  on  tlie  lips  and 
over  the  tongue.  The  separate  papules  and  mucous  tuber- 
cles about  the  anus,  genitals,  and  buttocks  of  a  syphilitic 
child  could  not  be  readily  mistaken  for  eczema.  The 
presence  of  snuffles  and  the  bad  general  condition  of  the 
child  would  also  usually  distinguish  syphilis. 

A  chain  of  enlarged  lymphatic  glands  in  the  neck  of 
a  child  with  eczema  of  the  scalp  and  neighliorhood  is 
almost  a  sure  sign  of  pediculosis.  With  a  little  care  the 
parasites  or  their  nits  can  be  readily  discovered.  The 
eruption  of  seborrhoic  eczema  in  infants  begins  upon  the 
scalp  as  a  thick,  moist,  cru.sted  patch  on  the  vertex,  which 
lacks  the  acute  inflammatory  characters  of  ordinary  ec- 
zema. It  may  extend  down  on  to  the  forehead  and  in- 
volve the  region  of  the  ears,  but  it  rarely  covers  the  cen- 
tres of  the  cheek  symmetrically  and  never  presents  thick 
blood-stained  crusts.  It  likewise  occurs  around  the  um- 
bilicus and  in  the  groins.  In  the  latter  situation  it  may 
be  distinguished  from  eczema  intertrigo  by  its  dull-red 
color,  and  especiallj'  by  the  fact  of  its  presenting  isolated 
papules  beyond  the  border  of  the  patch.  Eczema  sebor- 
rhoicum in  this  region  shows  more  infiltration  and  in- 
flammation at  the  periphery  than  in  the  crotch,  while  the 
reverse  is  true  in  eczema  intertrigo. 

In  the  treatment  of  infantile  eczema  it  is  necessary  first 
to  eliminate  all  possible  sources  of  local  irritation.  If 
pediculi  are  present,  the  hair  should  be  cut  and  the  head 
soaked  repeatedlj^  in  kerosene  oil  to  destroy  the  parasites 
and  nits.  A  three  to  five  per  cent,  white  precipitate 
ointment  may  be  used  for  the  same  purpose.  After  these 
are  removed  the  eczema  is  readily  cured  by  the  use  of  a 
two  or  three  per  cent,  ichthyol  ointment.  In  eczema  in- 
tertrigo, it  is  important  to  have  the  diapers  changed  and 
washed  frequently.  The  practice  of  reapplying  them 
after  hanging  them  up  to  dry  is  responsible  for  keeping 
up  the  disease  in  many  cases.  Dusting  powders  and 
cooling  lotions  are  best  suited  to  eczema  in  this  locality. 
The  calamine  and  zinc  lotion  or  the  magnesia  and  zinc 
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Every  attention  should  be  given  to  the  feeding  of  the 
)ahy.  If  It  nurses,  constipation  in  the  mothei  should 
be  corrected  and  she  should  not  be  allowed  to  drink- 
beer  or  spirits.  If  the  ehikl  is  bottle-fed  the  milk  ,  hould 
be  suitably  modified  according  to  the  age  and  require- 
ments 01  the  patient.  Patent  foods,  aA  rule,  should 
be  prohibited,  unless  for  some  reason  it  becomes  nec- 
essary to  stop  the  milk.  The  other  precautions  leferred 
to  in  the  section  devoted  to  the  subject  of  diet  should 
likewise  be  considered.  For  constipation  in  the  child 
castor  oil  is  a  very  useful  remedy;  or  a  mixture  of 
equal^  parts  ot  castor  oil,  mistura  creta',  and  water  may 
lie  given  twice  or  three  times  a  day  in  teaspoonful 
doses.  Calomel  and  soda,  gr.  ^y '  of  the  former,  with 
gi.  11,1. -v.  of  the  latter,  given  in  powder  every  second 
morning,  is  an  exceedingly  eScctive  remedy  in  infantile 
eczema.  Some  cases,  especially  strumous  subjects,  do 
well  under  the  following  tonic:  R  Liq.  sodii  arseniatis, 
gtt.  ij.;  tinct.  nucis  vom.,  gtt.  x. ;  syr.  ferri  iodid 
3iss. ;  syrup,  aurant.  flor.,  liij.;  Spts.  mindereri,  3  i.ss  '• 
aquffi  ad  |nj.  M.  Teaspoonful  twice  a  day.  In  the 
local  treatment  every  effort  should  be  made  to  protect 
the  inflamed  skin  and  guard  it  from  injury.  The  hands 
of  the  patient  must  be  done  up  or  encased  in  mittens  to 
prevent  its  doing  injury  with  the  nails,  and  sometimes  it 
IS  even  neces.sary  to  confine  the  hands  and  arms  to  the 
.sides.  An  ointment  of  salicylic  acid  and  zinc,  in  strength 
of  two  per  cent,  of  the  former  and  six  per  cent,  of  the 
latter,  smeared  on  two  or  three  times  a  day,  is  often  all 
that  is  needed.  This  m,ay  be  advantageously  alternated 
with  the  calamine  and  zinc  lotion  or  with  the  ointment  of 
calamine,  camjihor,  and  zinc  already  mentioned.  When 
the  inflammation  has  subsided,  a  m'ild  tar  ointment  may 
be  employed,  or  two  or  three  per  cent,  of  ichthyol  may 
be  added  to  the  magnesia  and  zinc  lotion.  In  all  cases 
relapses  are  frequent  and  a  cure  cannot  be  safely  promised 
until  the  child  reaches  two  or  two  and  a  half  years  of  age. 

Paeasitic  Eczema.— We  are  in  the  habit  of  classify- 
ing as  parasitic  those  sharply  defined,  moist,  or  crusted 
patches  seen  upon  the  lower  legs  accompanying  varicose 
veins;  the  infiltrated,  scaly,  indolent,  sharply  defined 
patches  which  sometimes  w'eep  and  become  crusted  and 
are  situated  in  the  flexors  of  the  elbows  and  knees,  and 
on  the  neck ;  and  certain  moist  circumscribed  patches  oc- 
curring between  the  fingers,  beneath  the  breasts,  in  the 
groins,  axillfe,  etc.  A  form  of  parasitic  eczema  occurs 
also  in  the  corners  of  the  mouth,  resulting  in  cracks  and 
a  scal_y  out-lying  patch,  which  is  extremely  obstinate  and 
rebellious  under  any  form  of  treatment. 

No  parasite  has  been  demonstrated  in  these  types  of 
the  disease,  but  they  are  regarded  as  due  to  parasitic  in- 
fection fiTjm  their  general  behavior,  and  because  they 
j'ield  only  to  strong  antiparasitic  treatment. 

In  parasitic  eczema  in  general  a  paint  of  permangan- 
ate of  potassium  3  ss.  to  |iij.,  applied  twice  daily,  fol- 
loAved  by  a  four-per-cent.  ointment  of  powdered  rhu- 
barb with  zinc,  arrests  the  progress  of  the  disease  very 
promptly.  In  the  indolent,  infiltrated  form  ten  percent, 
chrysopiianic  acid  in  traumaticin  (liquid  gutta  percha)  is 
verj'  effective  when  painted  on  once  or  twice  a  day.  Five 
to  ten  per  cent,  pj'rogallie  acid  in  alcohol,  used  in  the  same 
manner,  is  likewise  most  eflieaeious. 

Ichthyol  used  in  a  .strength  of  from  ten  to  twenty -five 
per  cent,  acts  particularly  well  in  that  form  whicli  aft'ects 
the  corners  of  the  mouth. 

Eczema  Seborkhoicum.— Seborrhoic  eczema  begins 
upon  the  scalp  in  the  form  of  a  pityriasis  capitis  or  dry 
dandruil,  which  may  remain  in  this  state  or  develop  into 
heavier  masses  of  scales,  forming  what  was  formerly 
called  "seharrJioM  sicca."  After  the  disease  has  lasted 
some  time  upon  the  scalp,  the  hair  becomes  dry  and 
brittle,  loses  its  lustre,  and  finally  atrophies  and  falls, 
producing  partial  or  complete  baldness.  In  some  cases 
the  eruption  is  distinctly  oily  in  character,  and  the  scales 
become  agglutinated  and  form  greasy  crusts  which  ad- 
here to  the  scalp.     Beneath  these  is  a  red,  smooth,  moist 
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surface  which  itches  or  burns  slightly.  The  course  of 
the  disease  is  extremely  variable,  but  sooner  or  later  it 
spreads  from  the  scalp  to  other  parts  sometimes  remote, 
but  often  contiguous.  In  a  more  inflammatory  form  tke 
disease  spreads  beyond  the  hairy  border  of  the  scalp,  ex- 
tending down  on  the  forehead  and  temples  and  around  the 
ears.  This  consists  in  an  infiltrated,  dull,  yellowish-red 
band  or  patch  of  eruption  with  a  sharp,  slightly  irregular 
outline  and  covered  with  yellowish,  greasy  crusts.  In 
the  lobes  of  the  ears  and  the  external  a.uditory  canal  these 
dry  into  more  or  less  thick  flakes,  which  can  be  removed 
with  the  fingers,  leaving  only  a  superficial  moist,  red  patch 
behind.  Scaly,  red  patches  appear  in  the  eyebrows;  and 
the  central  region  of  the  face,  base  of  the  nose,  alaj  nasi, 
and  the  adjacent  portion  of  the  cheeks  soon  become  in- 
volved in  the  process.  Here  the  affected  skin  presents  a 
rough,  red,  oily  character  wdiich  becomes  more  evident 
when  the  face  is  heated.  As  a  rare  condition  the  ver- 
milion border  of  the  lips  is  affected,  resulting  in  great 
swelling,  pain,  and  thick  crusting.  The  beard  and  mous- 
tache rarely  escape,  the  same  red  patches  covered  with 
greasy  crusts  being  scattered  through  them. 

Other  favorite  locations  for  the  eruption  are  the  front 
and  back  of  the  chest,  especially  between  the  scapuke,  in 
the  axillse  and  groins,  and  around  the  umbilicus.  It  may 
also  occur  on  the  arms  and  legs  and  in  some  cases  spreads 
generally  over  the  body. 

On  the  chest  and  back  the  eruption  consists  of  macules 
and  discrete  papules,  dull  red  in  color  and  slightly  scaly, 
which  slowly  enlarge  to  form  plaques  or  patches  of 
various  sizes.  As  these  grow  at  the  periphery,  involu- 
tion takes  place  in  the  centre,  forming  circular  or  circi- 
nate  lesions,  which  by  joining  others  form  gyrate  or 
festooned  figures.  This  is  the  "  seborrhaa  corporis  "  origi- 
nally described  by  Duhring. 

In  the  axillas  and  groins,  and  around  the  umbilicus  the 
eruption  generally  occurs  in  the  form  of  a  sharply  de- 
fined, yellowish-brown,  slightly  infiltrated  patch  which 
may  become  inflamed  and  crusted,  resembling  very  much 
patches  of  ordinary  eczema.  Itching  in  seborrhoic  ec- 
zema is  not  a  marked  symptom.  Patients  rarely  com- 
plain of  it  except  in  warm  weather,  when  they  perspire 
freely. 

When  Unna  first  described  this  disease  in  1887  he  in- 
cluded many  forms  of  eczema  and  even  certain  types  of 
psoriasis  under  this  name,  but  these  generalizations  have 
not  been  fully  accepted.  The  best  observers  confine  the 
title  to  the  well-recognized  types  here  described. 

The  disease  is  generally  easily  recognized.  The  chief 
reliance  in  diagnosis  should  be  placed  upon  the  seat  of 
development,  the  method  of  progression,  and  the  defi- 
nite localizations  of  the  disease,  as  well  as  upon  the  clini- 
cal appearances  exhibited.  The  dull-red  or  yellowish- 
brown  patches  of  crescentic  or  circinate  outline,  upon 
which  soft  greasy  crusts  form,  can  rarely  be  mistaken  for 
the  ordinary  forms  of  eczema.  In  infants  it  lacks  the 
symmetrical  character  and  history  of  beginning  on  the 
cheeks  and  is  never  so  inflammatory.  From  eczema  in- 
tertrigo the  differential  points  have  already  been  given. 
The  scales  of  psoriasis  are  dry  and  silvery  white  in  color, 
the  patches  are  more  circular,  and  the  localization  of  the 
eruption  is  different  from  that  of  seborrhoic  eczema. 
Some  cases  of  psoriasis,  however,  resemble  eczema  se- 
borrhoicum  very  closely ;  in  these  the  history  and  course 
of  the  disease  will  help  to  clear  up  matters. 

That  seborrhoic  eczema  is  a  para.sitic  disease  is  now 
pretty  definitely  established.  Unna  originally  found 
diploeoeei  in  the  lesions  and  several  variefies  of  bacilli. 
One,  which  he  called  the  " morococr/its,"  he  considered  of 
special  importance.  He  was  unable,  however,  to  repro- 
duce the  disease,  but,  through  the  bacteriological  studies 
made  by  W.  H.  Merrill  in  1895,  Uima's  findings  were  cor- 
roborated, and  inoculation  experiments  were  successful 

The  treatment  of  the  disease  is  not  difficult.     The  most 
ettective  remedies  are  sulphur,  resorcin,  beta-naphtli..] 
white  precipitate  and  nitrate  of  mercury  and  also  the 
bichloride.    The  biniodide  and  red  oxide  are  likewise  very 
effective  in  some  cases.    Upon  the  scalp  a  lotion  of  resor- 
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cin,  of  a  strength  of  from  three  to  six  per  cent,  in  equal 
parts  of  alcohol  and  water,  acts  promptly. 

Sulphur,  however,  either  alone  or  combined  with  re- 
sorcin, is  the  most  rehable  remedy  w-e  liavc.  It  may  be 
used  in  an  ointment  containing  five  per  cent,  sublimed 
sulphur  and  two  or  three  per  cent,  resorcin,  or  the  resor- 
cin may  be  used  in  a  lotion,  as  already  mentioned,  and 
once  or  twice  a  week  a  five  to  ten  per  cent,  sulphur 
pomade  may  be  applied  to  the  scalp.  This  should  be 
done  at  night  and  the  ointment  washed  off  in  the  morn- 
ing. A  lotion  containing  gr.  ij.  bichloride,  3  i.  resorcin, 
3  iss.  chloral  hydrate,  and  |  iv'  alcohol,  is  also  extremely 
effective. 

On  the  body  a  three  or  four  per  cent,  resorcin  ointment, 
or  a  mild  sulphur  ointment,  will  generally  remove  the 
trouble  quickly.  Beta-naphtholinfive-per-cent.  strength, 
white  precipitate  five  to  ten  per  cent.,  and  the  nitrate  in 
about  the  same  strength  u.sed  in  ointments,  are  all  good 
and  effective  remedies.  The  biniodide  may  be  used  with 
the  white  precipitate  ointment  in  the  proportion  of  one 
or  two  grains  to  the  ounce  of  a  five-per-cent,  salve.  The 
ointment  of  red  oxide  of  mercury  and  sulphur  referred  to 
under  the  treatment  of  eczema  will  be  found  of  great  ser- 
vice in  this  trouble.  About  the  genitals  in  infants  care 
must  be  taken  not  to  use  the  remedies  in  too  great 
strength. 

Eczema  op  the  Scalp. — Eczema  manifests  itself  in 
various  ways  upon  the  scalp.  In  children  and  infants  it 
appears  more  often  as  a  vesicular  or  pustular  affection, 
while  in  adults  it  is  generally  of  the  chronic  erythematous 
or  scjuamous  variety.  It  may  be  limited  to  the  scalp  in 
botli  children  and  adults  or  may  be  oalj'  a  part  of  a  more 
generalized  eruption.  The  pustular  form  of  the  di.sease 
as  it  occurs  in  infants  and  the  impetiginous  cru.sted  ec- 
zema of  older  children,  including  the  form  associated 
with  pediculosis,  have  alread}'  been  considered.  In  adults 
the  same  clinical  picture  of  pustular  eczema  is  sometimes 
seen  as  that  observed  in  children.  It  begins  in  the  same 
way,  in  groups  of  pustules  which  generalh'  dry  without 
rupturing,  forming  patches  covered  with  thick,  dirty 
looking  crusts.  These  may  form  an3'where  upon  the  scalp 
and  often  coalesce  into  more  extensive  areas.  The  hair  is 
matted  down  by  the  drying  discharge  and  presents  a  most 
offensive  and  disgusting  condition.  This  form  usually 
occurs  in  poorly  nourished  subjects  and  in  these  who  are 
neglectful  of  their  persons.  Itching,  as  a  rule,  is  not  com- 
plained of  in  this  type  of  the  disease,  but  sensations  of 
soreness  and  burning  pain  are  common  symptoms. 

The  erythematous  form  of  the  eruption  begins  as  a  dry, 
red,  scaly  patch  of  variable  size  and  outline,  which  grows 
slowdy  larger  and  becomes  thickened  and  infiltrated.  It 
soon  runs  into  a  chronic  condition  and  in  certain  parts  of 
the  scalp,  such  as  the  hollow  below  the  nucha,  may  re- 
main for  j'cars  resisting  almost  every  form  of  treatment. 
Th(;se  patches  are  very  sharply  defined,  and  there  is  so 
much  infiltration  that  the  diseased  area  projects  above 
the  natural  level  of  the  skin.  Erythematous  eczema  may 
also  spread  over  the  scalp  in  an  acute  manner,  with  gen- 
eral redness,  oedema,  and  sometimes  vesiculation.  The 
itching  and  burning  in  these  cases  are  intense  during  the 
acute  stage.  Later,  the  disease  becomes  squamous  in 
character  and  the  affected  skin  is  covered  with  dry  fur- 
furaceous  scales. 

The  diseases  most  often  confounded  with  eczema  of  the 
seal|i  are  psoriasis,  seborrhoic  eczema,  tinea  favosa,  and 
tinea  tonsurans. 

Psoriasis  of  the  scalp  presents  about  the  same  charac- 
teristics as  when  it  appears  upon  the  body  ;  the  patches 
never  show  moisture  or  soft  crusts  from  the  drying  of  a 
discharge,  but  are  covered  with  dry  micaceous  scales  or 
those  of  a  thick  imbricated  char,acter.  The  itching  in 
psoriasis  is  not  so  severe  as  in  eczema,  and  some  evidence 
of  the  disease  elsewhere  is  generally  to  be  found. 

The  distinguishing  features  of  seborrhoic  eczema  have 
already  been  given. 

Tinea  favosa  may  be  mistaken  for  pustular  eczema. 
The  cru,sts  of  favus  are  sulphur  yellow  in  color  and  not 
greenish  or  brown  from  the  drying  of  pus,  as  in  eczema. 


REFERENCE   HANDBOOK   OP  THE   MEDICAL  SCIENCES. 


Eczema, 
Eozeina. 


Tilt'  crusts  of  favus  are  cup-sliaped  and  can  be  picked  off, 
leaving  a  characteristic  depression.  The  odor  is  distinctly 
mousy,  and  liiially  microscopical  examination  of  portions 
of  the  crusts  in  iavuswill  reveal  the  spores  and  mycelium 
characteristic  of  that  affection. 

lu  tinea  tonsurans  tlie  spot  affected  is  covered  wilh 
broken,  short,  twisted  hairs,  having-  the  appearance  of 
being  singed,  or  the  spot  is  devoid  ot  liair.  Eczema  does 
not  destroy  the  hair  in  this  nuiunei-.  Patches  of  ring- 
worm are  circular  and  often  devoid  of  any  iutlannnation 
or  redness,  those  of  eczema  are  red  and  inflamed  and  usn- 
ally  of  irregular  outline.  Ringworm  of  the  scalp  is  con- 
fined almost  exclusively  to  children,  while  eczema  occuis 
in  both  children  and  adults.  The  microscope,  as  in  the 
case  of  I'avus,  would  definitely  determine  any  doubtful 
case. 

In  pustular  eczema  of  the  scalp  ointments  of  iodol, 
europheu,  ichthyol,  and  white  precipitate  are  especially 
effective.  Iodol  and  europheu  may  be  used  in  a  strength 
of  half  a  drachm  to  the  ounce  of  white  vaseline,  while 
ichthyol  is  most  serviceable  in  a  strength  of  from  three 
to  ten  per  cent.  Five  per  cent,  white  precipitate  is  gen- 
erally as  strong  as  one  can  safely  \ise. 

For  the  chronic  infiltrated  patches  occurring  especially 
in  the  occipital  region  very  vigorous  treatment  is  gener- 
ally needed.  Salicylic  acid,  five  to  ten  per  cent.,  in  al- 
cohol; five  per  cent,  of  the  same  in  diachylon  ointment; 
six  per  cent,  resorcin  in  equal  parts  of  white  precipitate 
and  nitrate  of  mercury  oiutment;  and  unguentum  picis  et 
zinci  are  all  useful  in  this  condition. 

In  acute  erythematous  eczema,  the  tannin  ointment 
referred  to  while  discussing  the  local  treatment  of  the 
disease,  is  the  mo.st  useful  remedj^.  Ointments  of  calomel, 
boric  acid,  and  salicylic  acid,  and  mild  tar  preparations 
will  be  found  serviceable  in  the  dry  squamous  types  of 
the  disease.  In  all  cases  the  local  treatment  should  be 
supplemented  by  the  ]iroper  constitutional  measures,  if 
the  best  results  are  to  follow. 

Eczema  op  thk  Face. — The  most  common  type  of  ec- 
zema of  the  face  is  the  erythematous.  It  occurs  in  young, 
middle-aged,  or  elderly"  people,  but  is  more  frequently  a 
disease  of  middle  or  advanced  life.  It  is  characterized 
by  a  dusky  or  bright-red,  more  or  less  diffuse  eruption 
covering  the  cheeks,  nose,  eyelids,  and  forehead,  stopping 
short  usually  at  the  border'ot  the  scalp  and  beard.  Tlie 
skin  is  swollen  and  at  first  smooth  and  tense:  the  eyelids 
are  puffy,  sometimes  to  the  extent  of  complete  closure ; 
and  when  the  disease  is  very  acute,  tiny  vesicles  develop 
upon  the  erythematous  surface.  Later  in  its  course  the 
disease  loses"  its  acute  characters  and  assumes  the  aspect 
of  a  chronic  process.  It  is  accompanied  by  intense 
itching  and  burning;  the  skin  becomes  dry,  scaly,  and 
intiltrated,  and  the  natural  lines  are  exaggerated.  Some- 
times the  itching  is  most  intense,  coming  on  in  parox- 
ysms, and  the  patient  seeks  relief  by  rubbing  rather  than 
by  scratching.  As  a  result  of  this  the  eyebrows  are  often 
rubbed  off  short,  and  the  skin  becomes  steadily  more  iu- 
flltrated. 

Eczema,  as  it  occurs  on  the  face  of  infants,  has  already 
been  referred  to  and  need  not  be  further  discussed  m  this 
place.  Eczema  of  the  face  may  occur  as  a  part  of  a  gen- 
eral eczema,  in  which  case  the  entire  face,  includmg  the 
ears,  nose,  lips,  eyelids,  cheeks,  and  forehead,  is  usually 
affected.  These  cases  are  generally  chronic  in  character 
and  are  seen  in  the  most  typical  form  in  strumous  chil- 
dren. Erythematous  eczema  of  the  face  is  often  mis- 
taken for  erysipelas  and  is  often  wrongly  called  ''chrome 
ery»ipelas:'  It  is  to  be  distinguished  from  that  disease, 
however,  by  the  absence  of  fever  and  general  constitu- 
tional symiDtoms  and  by  its  very  long  and  olistmate 
course.  ., , 

In  the  acute  form  lotions  of  calamine  and  zmc.  mnu 
carbolic  and  boric  acid  lotions,  the  magnesia  and  zmc 
lotion  previously  mentioned,  and  dusting  powders,  are 
the  most  gratefu'l  kinds  of  applications.  One  or  two  per 
cent,  of  salicylic  acid  in  gelanthum  may  be  found  ot  ser_ 
vice  in  some  ca.ses.  Ointments  of  oleate  of  zmc  from  halt 
a  drachm  to  one  drachm  to  the  ounce;  of  calamine,  cam- 


phor, and  zinc  (formula  already  given);  and  of  tannin 
and  carbolic  acid,  may  be  advantageously  used  in  alter- 
nation with  the  lolions. 

In  the  chronic  stag(!  of  the  disease  tar  and  mercurials 
may  be  used,  first  in  moderate  strength  and  later  to  pro- 
duce their  stimulating  effects.  The  unguentum  picis  et 
zinci  diluted  one-half  with  zinc  ointment;  an  oiutment 
of  two  per  cent,  salicylic  acid  and  three  per  cent,  of 
ichthyol;  oil  of  cade  from  half  a  drachm  to  one  drachm 
to  the  ounce  of  simple  ointment;  and  white  precipitate 
ointment  of  a  strength  of  from  three  to  five  per  cent,  will 
all  be  found  of  service. 

As  in  the  treatment  of  eczema  of  the  scalii  the  constitu- 
tional measures  employed  in  conjunction  with  those  used 
locally  are  of  the  greatest  importance. 

Eczema  of  the  Beard.— The  di.sease  in  this  region 
manifests  itself  in  two  fairly  distinct  types.  It  occurs 
as  a  superficial  inflammation  of  the  skin,  with  redness, 
swelling,  moisture,  and  crusting,  orit  quickly  goes  deeper 
and  invades  the  hair  follicles.'  In  the  latter  case  eacli 
hair  pierces  a  pustule,  and  when  removed  carries  the  root 
sheath  with  it,  in  the  form  of  a  swollen,  succulent  bul- 
bous extremity.  It  also  affects  the  skin  between  the 
hair  follicles,  and  often  extends  beyond  the  hairy  region. 
The  disease  is  accompanied  by  much  .soreness  and  pain, 
though  itching  is  most  complained  of  by  some.  The 
hair  is  often  very  greatly  thinned,  but  generally  it  is  re- 
produced after  the  disease  has  been  cured. 

On  the  upper  lip  a  similar  condition  may  occur,  the 
lip  being  swollen,  red,  and  covered  with  thick  dirty  crusts. 
This  results  from  an  extension  of  the  disease  from  the 
nares  or  is  caused  by  the  acrid  discharge  from  a  chronic 
nasal  catarrh. 

Eczema  of  the  beard  usually  runs  a  chnmic  course  and 
is  very  difficult  to  manage  in  most  cases;  in  some  in- 
stances it  is  only  a  part  of  a  more  general  eczema  and 
requires  the  same  treatment  as  eczema  elsewhere. 

Eczema  barbte  is  chiefly  to  be  distinguished  from  coc- 
cogenic  sycosis.  Ringworm  of  the  beard,  with  its  deep- 
seated  nodular  masses,  can  scarcely  be  mistaken  for 
eczema.  Sycosis  begins  primarily  as  a  folliculitis  and' 
invades  the  hair  follicle  to  its  depth  in  a  very  short  time^ 
and  is  accompanied  by  papules  and  tubercles  which  are- 
never  present  in  eczema.  Eczema  is  a  superficial  erup- 
tion and  invades  the  hair  follicles  secondarily.  Sycosis 
is  confined  to  the  folheles  as  a  rule,  while  eczema  invades 
the  skin  between  and  may  extend  beyond  the  hairy  re- 
gion. The  hairs  in  sycosis  are  loose  and  can  be  removed 
without  pain.  Thosein  eczema  cannot  be  extracted  with- 
out  giving  considerable  pain. 

The  treatment  of  eczema  and  of  sycosis  are  about  the 
same.  In  acute  cases,  the  remedies  used  for  eczema  in 
general  should  be  employed.  As  soon  as  possible  at- 
tempts must  be  made  to  shave,  and  the  face  should  be 
kept  shaved ;  it  must  be  done  at  least  every  other  day. 
At  first  it  is  a  very  painful  process,  but  after  a  while  pa- 
tients are  able  to  accomplish  it  ^\■itllout  causing  much 
pain. 

In  some  eases  it  is  good  treatment  to  epilate  the  hairs. 
When  the  hair  is  surrounded  by  pus  it  is  better  to  re- 
move it,  for  it  only  acts  as  a  foreign  body.  General  epila- 
tion may  be  necessary  in  very  chronic  and  obstinate  cases. 
Salves  or  pastes  are  generally  more  useful  than  lotions. 
Sulphur  in  a  strength  of  frcmi  ten  to  twenty  grains  to 
the  ounce  is  one  of  the  best  remedies.  Dilute  nitrate  of 
mercury  ointment,  red  oxide  of  mercury  ointment  (two 
drachms  to  the  ounce  of  zinc  oiutment),  three  per  cent, 
ichthyol  oiutment,  oil  of  cade  one  drachm  to  the  ounce, 
and  from  one  to  three  per  cent,  oleate  of  mercury,  are 
all  to   be  especially  recommended  in  this  form  of  the 

trouble.  .     ,.      .,       ^  , 

Other  forms  of  tar,  as  thiol,  pix  hquida,  etc.,  may  also- 
be  used  with  benefit  in  some  instances. 

Eczema  of  tub  Auhicles.— Eczema  may  attack  the 
auricles  independently  of  any  other  region,  or  may  ex- 
tend to  them  from  the  scalp  and  adjacent  locahties.  it 
generally  affects  both  organs  and  remains  confined  to 
them  and  is  a  disease  which  often  recurs. 
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It  is  froqiiently  depeDdent  upon  local  causes,  develop- 
ing as  a  result  of  exposure  to  cold,  harsh  winds,  of  sun- 
burn, frost-bite,  etc.  It  is  hkewise  sometimes  due  to  the 
presence  of  pediculi  or  is  caused  b)' infection  from  chronic 
aural  discharges.  The  eruption  occurs  in  the  erythema- 
tous, vesicular,  or  pustular  forms,  and  though  some  cases 
are  acute,  lasting  but  a  short  time,  the  majority  are  ex- 
tremely chronic  and  reb(^llious  to  treatment.  The  flisease 
generally  begins  with  burning  or  itching  sensations,  fol- 
lowed by  redness  and  great  swelling.  Vesicles  soon  de- 
velop which  by  rupturing  either  keep  the  surfaci^  moist 
or  through  drying  give  rise  to  sei'ous  cru.sts.  The  ears 
are  often  ,so  stilfand  swollen  that  they  stand  out  some 
distance  from  the  liead,  and  the  least  movement  causes 
the  skin  to  crack  in  the  angle  of  junction  with  the  head. 
These  fissures  lileed  and  become  exquisitely  painful,  and 
from  tlieir  natural  lncatidii  they  ai'e  dillicult  to  heal.  In 
the  clnonic  squamous  form  there  is  often  much  swelling 
of  the  external  auditory  canal,  resulting  in  moie  or  less 
deafness  of  a  temporary  character.  Tlje  pustular  type 
of  the  eruption  i,-^  generally  dependent  upon  pediculi, 
which  must  be  discovered  and  removed  before  tlie  trouble 
will  yield.  In  the  acute  form  the  disease  is  sometimes 
mistaken  for  erysipelas,  Init  its  symmetrical  distribution 
and  general  course,  without  constitutional  S3'mptonis, 
will  always  enable  one  to  make  the  distim-tion. 

The  redness  and  swelling  generally  diminish  rapidly 
under  the  use  of  the  calamine  and  zinc  lotion,  or  a  lotion 
containing  carbolic  acid,  gr.  xv. ;  acid,  borici,  3  iss. ; 
resorcin.,  gr.  xx.  ;  niagnes.  carbonat.  and  zinci  oxidi,  aa 
3  i.  in  four  ounces  of  water.  Dusting  powders  of  talc 
and  bismuth,  or  of  stearate  of  zinc  with  salicylic  acid, 
afford  much  relief  in  the  acute  stages.  Mild  ointments 
of  bismuth,  of  boric  acid,  of  oleate  of  zinc,  and  of  cala- 
mine, camphor  and  zinc,  are  all  useful  in  tlje  treatment 
of  eczema  in  this  region.  In  the  pustvdar  fi)rms,  iodol 
ointment  in  three-per-cent.  strength,  three  percent,  wdiitc 
precipitate  ointment,  or  ichthyol  ointment  of  a  strength 
of  two  or  three  per  cent.,  with  or  Avithout  two  per  cent. 
of  salicylic  acid,  will  be  found  of  great  service.  In  the 
chronic  squamous  variety  tar  is  especially  valuable,  nota 
bly  solutions  and  ointments  of  pix  li(iuida.  Ichthyol  in 
a  fivc-per-cent.  ointment  is  most  effective  in  liealing  fis- 
sures, but  it  is  genei'ally  necessary  to  bandage  the  ears  to 
the  liead.  Where  there  is  much  swelling  oif  the  external 
auditory  canal,  glycerite  of  tannin  diluted  about  five 
times  with  water  may  be  applied  with  a  brush  once  or 
twice  a  day. 

Eczema  op  the  Lips.— Fortunately  eczema  in  this 
locality  is  not  very  common,  for,  on  account  of  the  nat- 
ural movements  of  the  parts  and  the  close  proximity  to 
the  saliva,  it  is  extremely  hard  to  manage. 

The  disease  occurs  here  in  the  vesicular,  erythematous, 
and  pustular  types,  and  is  characterized  by  redness! 
.swelling,  heat,  and  thick  crusting,  which  is  sometimes 
serous  but  more  often  dark  and  blood-stained.  The  lips 
become  very  sore  and  stiff  and  rhagades  form,  not  only 
at  the  corners  of  the  mouth  but  at  various  points  along 
the  lips.  The  process  is  kept  up  by  the  picking  the  lips 
are  subjected  to  by  the  pafi(^nt  in  order  to  obtain  relief 
and  by  being  kept  wet  witlj  the  tongue  and  saliva  to 
reheve  the  dryness  and  burning. 

The  disease  may  be  confined  to  tlje  vermilion  border 
and  corners  of  the  mouth,  but  in  siuui'  cases  it  extends 
some  distance  beyond,  and  may  even  lie  continuous  with 
a  .snnilar  eruption  in  the  nares.  This  latter  is  almost  al- 
vvays  associated  with  a  chronic  nasal  catarrh,  which  is 
the  cause  of  the  eruption  also  upon  the  lips. 

Eczema  of  the  lips  is  sometiiues  I'onfounded  with  her- 
pes labiahs,  an<l  in  some  instances,  especially  in  childnai 
resembles  syphilis.  Herpes  is  an  acute  alle'cticjii  consisl- 
uig  r.f  one  or  more  separate  groups  of  vesicles.which  ,lrv 
mto  thin  crusts  tliat  are  soon  thrown  oil'  Eczenn  i,s 
never  so  localized,  is  slower  in  its  progivss,  and  presi'nts 
symptoms   of   a   raoi-e   pronounced   inflammatory   tyiie 

Syphilis  m  thi«  von-;,,,,  ;„  ..,., :    ,,  ,...■'     -m.' 
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I  nius  m  tnis  region  is  accompanied  l,y  radiating  cracks 
the  corners  of  the  mouth  which  are  quite  de.'p  and 
.ete  a  puniorm  lluid.     The   fissures     n   eczenii  are 


more  superficial  and  bleed  easily.  In  syphilis  there 
would  usually  bo  evidence  of  niucous  patches  in  the 
moutii  or  on  the  tongue,  and  in  children  snuffles  and 
other  confirmatory  evidence  of  the  disease  could  doubt- 
less be  found. 

In  the  treatment  of  this  condition  much  tact  and  in- 
genuity are  generally  needed.  In  male  adults,  the  use 
of  tobacco  in  any  form  must  be  prohibited  and  hot  or 
irritating  substances  kept  away  from  the  affected  region. 
In  acute  cases  soothing  emollients  are  called  for  and 
often  a  simple  protective  will  ijrove  beneficial.  Lassar's 
paste  is  one  of  the  most  iLseful  applications  in  the  early 
stages:  it  is  thick,  and  acts  as  a  good  protection  and  its 
effect  is  slightly  astringent  and  soothing.  Hyde  recom- 
mends a  lotion  of  equal  parts  of  tincture  of  benzoin,  al- 
coliol,  and  glycerin. 

I  have  found  a  lotion  containing  sodium  biborate,  3  ij., 
glycerin,  3  iv. ;  and  rose  water,  3  iv.,  very  u.seful  in  acute 
cases.  Bismuth  subnitrate,  europheu,  or  oleate  of  zinc 
used  in  a  tragacanth  base,  such  as  gelanthum,  will  also  be 
found  serviceable.  The  chronic  cases  often  require  very 
stimulating  treatment  with  tar  and  potash  .solutions  or  by 
applications  of  nitrate  of  silver,  chromic  acid,  etc.  The 
fissures  often  heal  rapidlj'  after  one  or  two  applications 
of  a  silver-nitrate  pencil. 

Eczema  of  the  Evelids. — Both  children  and  adults 
are  affected  witli  eczema  of  the  lids.  In  children  it  gen- 
erally occurs  in  strumous  or  ill-nourished  subjects,  while 
in  adults  it  is  frequently  part  of  a  chronic  eczema  in 
other  regions.  The  disease  attacks  the  free  borders  of 
the  lids,  which  become  red,  swollen,  and  crusted.  The 
hairs  are  affected  early  in  the  course  of  the  disease,  the 
inflammation  extending  to  the  depth  of  the  follicle,  pro- 
ducing a  real  sycosis  of  the  lashes.  The  edges  secrete  a 
sero-purulent  discharge  which  agglutinates  the  lids  and 
sometimes  sets  up  a  conjunctivitis.  The  free  Ixjrder  of 
the  lids  may  also  be  the  seat  of  a  dry,  squamous  eczcma- 
tous  condition,  which  is  devoid  of  much  inflammation, 
but  causes  more  or  less  annoyance  in  consequence  of  the 
itching.  In  chronic  cases  of  the  sycosis  type  the  lashes 
loosen  or  are  pulled  out,  the  edges  of  the  lids  become 
quite  hard,  very  red  and  either  shiny  or  crusted,  and  the 
whole  presents  a  very  peculiar  aiid  characteristic  de- 
formity. 

It  is  necessary  to  dift'erentiate  the  disease  from  phthi- 
riasis  palpebrarum  and  from  eczema  seborrhoicum  of  the 
lids.  In  the  former,  examination  with  a  hand-magnify- 
ing glass  will  discover  the  crab-louse,  if  present,  clinging 
firmly  to  the  base  of  the  hair.  In  seborrhoic  ecz'ema 
there  is  no  free  discharge  nor  sero-purulent  crusting  and 
very  little  evidence  of  inflammation.  The  scales  are  yel- 
lowish and  greasy  and  there  is  no  agglutination  of  the 
lids.  Evidence  of  the  disease  would  also  be  readily 
found  upon  the  scalp  or  other  regions. 

In  acute  cases,  with  much  burning,  redness,  and  swell- 
ing, the  closed  lids  may  be  liathed  with  warm  boric-acid 
solutions.  Calamine  and  zinc  lotion,  applied  by  soaking 
small  pieces  of  lint  and  laying  them  upon  the"  lids,  also 
acts  in  a  very  soothing  manner. 

In  tfie  crusted  varieiy,  the  crusts  should  be  soaked  off 
with  salicylated  oil  in  a  strength  of  two  or  three  percent., 
or  llieyuiaybe  picked  off,  after  which  the  application 
should  lie  made.  An  ointment  of  yellow  oxide  of  mer- 
cury, three  grains  to  the  di'achiu,"iuay  be  used,  or  one 
of  the  red  oxide  diluted  one  to  eight  With  cold  cream. 
Another  useful  ointment  is  antimou.  sulpli.,  3  ss.  ;  lano- 
lin, 3ij.;  vaselin.  alb.,  3  iv.  An  ointment  of  one-per- 
cent, resorcin  with  two  per  cent,  of  salicylic  acid,  will 
also  be  found  of  value.  Tannic  acid,  one  drachm  to 
tlu^  ounce  of  ro.se-water  ointment,  is  often  effective,  or 
glycerite  of  tannin  may  be  painted  along  the  lids  in  a 
very  weak  solution. 

Suitable  constitutional  treatment  is  necessary  in  all 
these  cases. 

Eczema  of  the  Genitals.— Eczema  frequently  at- 
tacks the  genital  organs  of  Itoth  sexes,  and  in  this  locality 
probalily  produces  more  acute  suffering  than  in  any  other 
part  of  the  body.     In  the  male  either  ll'ie  penis  or  the  scro- 
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turn  or  both  may  be  attacked,  but  eczema  of  Ihe  scrotum 
occurs  most  frequently.  In  women  tin;  entire  vulva  is 
generally  involved,  including  the  labia  niajora,  labia 
minora,  vestibule  and  even  the  vagina.  The  adjacent 
region  of  the  groins  is  likewise  often  attected.  Tlie  ery- 
thematous, papular,  or  papulo-squamous  typos  of  the 
eruption  arc  most  commonly  met  with  and  'it  ocoirs  in 
either  an  acute  or  a  chronic  form.  IMost  of  the  cases 
Avliich  come  for  treatment  have  the  disease  in  a  chronic 
stage.  The  scrotum  when  acutely  iutlanied  is  red,  hot, 
and  swollen,  the  body  of  the  penis  and  tlie  prepuce  are 
a'dematous  and  as  a  result  of  rubbing  and  scratching 
there  is  more  or  less  moisture  and  scaliness.  In  women", 
the  labia  are  all  much  swollen,  red  and  liot,  and  the  whole 
vulva  is  moist  and  the  parts  are  often  agglutinated. 

In  some  cases  in  both  se.xes  the  eruption  is  perfectly 
dry,  there  being  no  discharge,  only  erythema  and  scali- 
ness accompanied  by  violent  itel'iing.  In  the  chronic 
stage  the  scrotum  is  greatly  eidargetl,  the  skin  is  tliick- 
ened,  the  natural  lines  are  deepened  and  there  are  often 
fissures,  excoriations,  and  crusts  produced  by  violent 
scratching.  The  color  is  a  very  dark  red  or  it  inay  be  of 
a  purplish  hue. 

The  penis,  pireptice,  and  glans  may  be  the  seat  of 
chronic  eczema,  the  skin  and  mucous  membrane  being 
densely  infiltrated,  red,  and  crusted.  In  chronic  eczema 
of  the  vulva  the  parts  are  often  lacerated,  greatly  swol- 
len, and  thickened,  and  the  vulvo-crural  juncture  is  the 
seat  of  a  moist  red  or  crusted  eruption.  The  itching  in 
genital  eczema  is  very  intense  and  paro.xj-smal  in  cliarac- 
ter,  and  efforts  at  relief  result  in  severe  laceration  of  the 
tissues. 

The  disease  is  one  of  adult  or  advanced  life  and  rarel^y 
occurs  in  children. 

The  dependent  position,  the  heat  and  moisture  natural 
to  this  region,  and  unclcanliness  on  the  part  of  the  pa- 
tient are  responsi))le  for  most  cases  of  eczema  in  the  male 
genital  organs.  When  the  glans  and  prepuce  are  affected 
with  chro^nic  eczema,  glycosuria  is  often  present  and  is 
the  cause  of  the  trouble. 

In  women,  vaginal  and  uterine  discharges,  togetlier 
with  heat,  moisture,  and  unclcanliness,  are  the  most  fre- 
quent causes.  Glycosuria  should  also  always  be  sus- 
pected in  chronic  eczema  of  the  vulva.  In  making  the 
diagnosis  of  eczema  of  the  genitals,  it  is  necessary  to  ex- 
clude pruritus,  ringworm,  and  pediculi  pubis. 

The  tmitiacnt  in  the  acute  stage  consists  in  the  use  of 
cooling  astringent  lotions  and  dusting  powders.  When 
the  scrotum  is  affected,  a  snugly  fitting  suspensory  bag 
should  be  worn.  Calamine  and  zinc  loHon,  and  a  lotion 
of  magnesia  and  zinc  with  two  per  cent,  ichthyol  will  be 
found  useful.  Boric-acid  ointment,  or  the  ointment  of 
calamine,  caiuphor  and  zinc,  may  also  lie  tised  under 
these  conditions. 

Chronic  eczema  of  the  scrotum  re(pures  energetic 
stimulating  treatment.  Prepaiations  of  tar  and  mercury, 
both  in  lotions  and  in  salves,  will  be  found  the  most  ellec- 
tive.  Dilute  liquor  picis  alkalinus,  Vlemingkx'  sohition 
diluted  to  the  extent  of  one  to  ten  with  water,  e<]ual 
parts  of  oil  of  cade  or  pix  liquida  and  alcohol,  three  per 
cent,  of  salicylic  acid  with  live  per  cent,  of  pyrogalhc 
acid  in  alcohol,  are  all  useful  applications.  A  lotion 
containing  magnesia  carbonate  and  zinc  oxide  each  3i., 
sod.  .salicylat.  3  iss.,  iatrol  3  iss.,  and  water  §  iv.,  has 
proved  useful  in  some  cases.  Applications  of  very  hot 
water,  for  several  minutes  at  a  time,  followed  by  a  plaster 
of  unguentum  picis  et  zinci  is  a  most  valuable  method 
of  treatment.  Tar  and  diachylon  ointments  and  the  vari- 
ous stimulating  mercury  ointnients  may  also  be  employed. 
To  reduce  the  thickening  some  u.se  scarifications,  galvan- 
ism, and  paintings  with  liquor  potasste  followed  by  the 
application  of  a  soothing  ointment. 

Crocker  treats  the  itching  by  placing  a  mustard  eat 
over  the  lumbar  enlargement  and  gets  better  results  than 
with  anything  else.  Eczema  of  the  vulva  may  be  treated 
in  about  the  same  way,  but  the  remedies  must  be  a  trifle 
milder.  Dusting  powders  should  be  freely  used  in  these 
cases  in  alternation  with  the  lotions  and  salves  mentioned. 


EczKMA  OF  THE  Anus.— The  disease  in  this  icdoii  is 
very  .slow  in  its  development  and  is  always  a  chronic 
altectiou.  When  well  marked  it  causes  niuci]  distress 
and  general  suffering,  and  in  the  worst  cases  is  so  wearing 
upon  the  system  that  the  patients  sometimes  become 
nervous  wrecks.  The  affected  part  presents  a  red 
roughened,  puckered  appearance,  the  tissues  are  greatly 
thickened,  there  are  often  considerable  moi.sture  and  exu- 
dation, and  here  and  there  excoriations  from  scratching. 
Painful  fissures  are  likewi.se  not  niiconnuon,  and  these 
may  extend  beyond  the  spliincter;  they  cause  much  pain 
in  defecation.  The  eruption  may  be  confined  to  the  anus 
or  may  spread  forward  on  the  iierineum  or  posteriorly  tow- 
ard the  sacrum.  The  itching  is  very  intense  and  gener- 
ally persistent,  though  it  is  always  much  worse  at  night. 
In  their  efforts  to  obtain  relief  the  patients  often  severely 
lacerate  the  i)arts,  thus  sometimes  causing  free  bleeding. 

Eczema  in  this  region  must  be  distinguished  from 
pruritus,  which  shows  no  visible  lesions  except  perhaps 
a  i'ew  excoriations  from  scratching. 

Syphilis  would  always  exhibit  flat  papules  or  mucous 
patches,  it  is  devoid  of  itching,  and  other  evidence  of  that 
disease  would  usually  be  elicited.  Eczema  ani  may  oc- 
cur in  children  or  in  adults,  but  it  is  more  common  in  the 
latter  and  of  most  importance  in  them  on  account  of  its 
obstinacy.  It  is  sometimes  cau.sed  by  constipation  and 
hemorrhoids,  but  is  more  frequently  dependent  upon  a 
gouty  condition.  In  cliildren  it  is  dne  to  parasites  and 
lack  of  cleanliness  in  the  care  of  those  parts. 

In  the  ti-eatiiieiit  of  this  condition,  constitutional  and 
local  measures  are  es,sential.  Diet  and  hygiene  are  most 
important,  as  well  as  proper  regulation  of  the  bowels  and 
treatment  for  the  hemorrhoids  if  present.  Alcohol  and 
tobacco  should  not  be  allowed  these  patients,  for  they 
particularly  aggravate  the  condition.  Both  .soothing  and 
stimulating  remedies  are  generally  necessary.  For  use 
in  the  daytime  calamine  and  zinc  lotion  is  effective,  and 
at  the  same  time  convenient.  At  night  a  stimulating 
ointment  should  be  applied,  and  tar  in  some  form  is  par- 
tieularljf  valuable. 

It  is  in  eczema  of  the  anus  that  hot-water  ap])lieations 
are  so  beneficial.  They  are  best  employed  at  night  and 
in  the  following  manner:  Cloths  are  wrung  out  in  very 
hot  water,  as  hot  as  the  patient  can  bear,  and  are  firmly 
held  against  the  part  for  several  seconds,  being  renewed 
as  fast^as  they  cool.  After  several  minutes  of  this  treat- 
ment the  salve  selected  is  immediately  applied.  This 
shoidd  be  spread  upon  lint  beforehand  so  that  the  parts 
are  not  unduly  exposed  to  the  air  in  making  the  applica- 
tion. Ungueiitum  picis  et  zinci  em|iloyed  in  this  manner 
is  very  efficacious.  Ointments  of  ichthyol,  oil  of  cade,  or 
thiol  may  be  used  in  the  same  way.  x\.n  ointment  com- 
posed of  eipial  parts  of  belladonna  and  diachylon  oint- 
ments has  pr(ive(l  valuable  in  .some  cases. 

Fissures  should  receive  special  treatment,  either  by 
dihiting  the  sphincter  or  by  means  of  local  applications. 
Burning  with  nitrate  of  silver  or  caustic  potash  is  often 
successful  in  healing  obstinate  fissures. 

Eczema  of  the  IjEG.— In  elderly  people  of  both  sexes 
eczema  of  tlie  leg  is  a  rather  common  aft'ection.  It  is 
more  common  in  the  poor  laboring  classes  than  in  those 
hiyiier  in  the  social  scale.  In  younger  people  it  occurs 
ill  this  region  as  a  part  of  eczema  elsewhere,  but  in  older 
subjects  the  eruption  is  usually  confined  to  one  or  both 
leo-s  and  may  last  for  years  without  any  otlier  evidence 
ot^tlie  disease  manifesting  itself.  It  occurs  usually  in  the 
erythema  tons-papular  type,  beginning  often  m  the  region 
of  the  ankle,  and  forming  one  or  more  patches,  which 
may  slowly  enlarge  and  eventually  coalesce  to  form  a 

larirer  area. 

When  the  affection  has  lasted  for  a  long  tune,  most 
of  the  cases  being  very  chronic,  it  is  frequently  firand  to 
involve  the  entire  leg.  It  will  then  appear  in  the  form 
of  a  continuous  patch  of  eruption,  characterized  by  red- 
ness o?dema  or  infiltration,  weeping  and  crusting.  Some 
cases  present  a  smooth  red,  moist,  glazed  condition,  the 
skin  itself  being  greatly  swollen  or  infiltrated  _  This  con- 
stitutes the  eczema  rubrum  already  mentioned.     In  othci 
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cases  the  discharge  becomes  purulent  atid  the  reddened 
skin  is  covered  liereand  there  witli  greenish,  foul-smeUmg 
crusts  wliich  upon  removal  leave  a  red,  oozing  surtace. 
Many  cases  are  associated  with  varicose  veins,  part  of 
the  lef  being  the  seat  of  pigmentation  of  a  brown  or  dark- 
yellow  color,  while  in  other  portions,  particularly  around 
the  ankles,  eczema  occurs,  often  surrounding  the  limb. 
Complications  sooner  or  later  arise  in  the  form  of  ulcera- 
tions which, when  once  developed,  are  very  sure  to  recur, 
especially  if  the  varicose  condition  is  well  marked.  Ec- 
zema never  causes  ulceration,  but  this  is  produced  by 
bursting  of  the  veins  and  breaking  down  of  the  weak- 
ened skin.  Eczema  verrucosum  and  eczema  sclerosum, 
previously  described,  result  from  very  long-slanding 
cases  in  aged  people,— cases  which  have  been  neglected 
or  improperly  treated. 

The  diagnosis  of  eczema  of  the  leg  is  generally  easy,  the 
chief  difficulty  arising  when  ulceration,  pigmentation,  and 
scars  complicate  tlie  disease.  It  is  often  very  difficult  to 
differentiate  syphilis  from  an  eczema  thus  complicated 
and  in  ,some  instances  it  is  quite  impossible  to  do  so. 
Syphilitic  ulcerations,  however,  are  usually  multiple  and 
occur  most  frequently  in  the  middle  or  upper  third  of 
the  leg.  Scars  from  syphilis  are  generally  thin,  more  or 
less  round,  and  are  surrounded  by  less  deep  pigmenta- 
tion than  are  those  w-hich  result  from  varicosities.  Scars 
or  other  signs  of  the  disease  can  often  )je  found  else- 
where. In  women  the  history  of  miscarriages,  still- 
liirths,  etc.,  will  help  to  confirm  the  diagnosis. 

The  treatment  differs  little  from  that  of  eczema  in  gen- 
I'lal,  and  man}'  of  the  applications  mentioned  under  local 
treatment  in  general  would  be  a]iplicable  in  this  condi- 
tion. Dusting  powders,  evaporating,  cooling,  and  diy- 
ing  lotions,  such  as  calamine,  magnesia  and  zinc,  etc., 
are  indicated.  Wlien  there  is  oozing  and  profuse  weep- 
ing, Kaposi  advocates  the  employment  of  dilute  solutions 
of  acetate  of  aluminum,  to  be  applied  <m  compresses, 
while  Crocker  uses  solutions  of  the  lactate  or  subacetate 
of  lead  in  the  same  condition.  Salves  of  boric  acid,  bis- 
muth, salicylic  acid,  ichthj'ol,  etc.,  should  be  employed 
after  the  excessive  discharge  has  ceased.  Lassar's  paste 
is  a  most  valuable  remedy  and  the  glycero-gelatin  or  the 
"Zinc-Leim  "  of  Uuna  finds  its  chief  usefulness  in  eczema 
of  this  region.  Ichthyol,  salicylic  acid,  boric  acid,  or 
any  other  medicinal  agent,  may  be  incoiporated  witli  it 
as  the  case  may  require. 

Support  of  the  sluggish  circulation  and  varicose  veins 
is  of  prime  importance  in  the  treatment  of  these  cases. 
When  the  patients  cannot  rest  the  leg,  the  applications 
can  be  made  by  spreading  the  salve  upon  lint  and  laying 
it  over  the  diseased  area,  after  which  the  leg  should  be 
firmly  bandaged  from  toe  to  knee.  Dressings  should  he. 
applied  twice  daily,  the  bandage  being  dispensed  with  at 
night.  The  Martin  rublier  bandage  answers  admirably 
in  some  cases.  It  should  be  applied  directly  to  the  leg 
before  rising  in  the  morning  and  at  night  it  is  given  a 
good  washing  and  hung  up  to  dry.  Some  cooling  astrin- 
gent lotion  is  llien  applied  and  by  morning  the  leg  is 
ready  for  the  bandage  again.  In  'some  cases  the  pure 
rubber  sweats  the  leg  excessively  and  cau.ses  pustules  to 
develop.  In  these,  the  elastic  webbing  bandage  may  be 
substituted. 

Eczema  op  the  Hands  and  Fket.— The  erujition  is 
found  here  in  all  its  typical  forms  and  all  the  primary 
types  of  lesion  may  be  seen  at  oik^  time  or  another  in  the 
different  cases.  Thus  we  may  have  eryll)ema,  papules 
vesicles,  and  pustules,  together  with  tlie  secondary 
eliauges,  as  squanue,  crusts,  infiltralion,  fissures,  etc 
The  disease  may  be  eitla^r  acute  oi-  chronic.  In  iicute 
vesicular  eczema,  the  sides  and  (le.\or  surfaces  of  the 
hngers  or  toes  and  also  the  palms  and  soles  arc  the  seat 
of  small  vesicl(!s,  .sometimes  deep-seated,  at  other  times 
quite  superficial.  Tla^'  are  usually  more  or  less  grouped 
and  111  some  cases  eoal(;sce  to  undermine  sections  of  I  he 
skin  with  fluid.  At  these  places  the  skin  eventually 
peels  off,  leaving  a  red,  new,  thin  skin,  or  one  still  ecze- 
matous,  in  which  the  disease  presents  the  characters  of 
a  suoacute  or  cliroiiic  squamous  eczema. 
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Pustules  may  occur  in  the  same  manner  on  both  the 
fingers  and  toes  and  palmar  and  plantar  surfaces,  in  wdiich 
localities  they  break  or  drv  up  into  crusts,  or  form  dis- 
charging patches.  The  erythematous,  squamous,  and 
papular  forms  of  the  eruption  may  affect  the  same  re- 
gions, causing  the  skin  to  be  dry,  red,  and  scaly,  and  at 
the  same  time  there  are  generally  fissures  at  the  flexures 
of  the  fingers,  toes,  or  hands  and  also  across  the  dorsal 
surfaces. 

This  type  of  eczema  frequently  affects  the  tips  of  the 
fingei'S,  making  them  dry  and  fi.s.sured  and  very  sensitive 
and  painful  at  the  slightest  touch.  Squamous  eczema 
of  the  palms  and  soles  occurs  in  small  patches,  scaly,  red 
and  fi.ssured,  or  it  may  cover  the  part  diffusely  with  the 
same  drj',  red,  fi.ssured  eruption,  extending  even  on  to 
the  dorsum  of  the  member. 

The  pdliii-i  and  soles,  from  their  special  anatomical 
make-up,  present  features  peculiar  to  themselves.  The 
thickness  of  the  horny  layer  determines  tlie  character  of 
the  lesions  -when  the  part  is  affected  with  eczema.  The 
skin  becomes  thickened,  hard,  rough,  and  dry  either  in 
localized  portions  or  diffusely.  Sometimes  true  caIlo.sity 
exists,  and  from  the  great  thickness  and  stiffness  of  the 
parts,  deep,  painful,  and  bleeding  fissures  generallj'  de- 
velop. As  in  all  the  otlier  forms  of  eczema  of  the  hands 
and  feet,  one  or  both  of  the  members  ma}'  be  affected, 
but  generally  the  hands  and  feet  are  not  affected  at  the 
same  time. 

The  causes  of  eczema  of  the  hands  and  feet  are  numer- 
ous. Many  cases  of  acute  vesicular  eczema  are  depend- 
ent upon  a  gouty  state  of  the  system  or  upon  a  nervous, 
over-worked,  or  run-down  condition.  Eczema  of  the 
palms  and  fingers  is  often  due  to  the  occupation  and 
constitutes  in  many  cases  examples  of  what  is  described 
as  "  trade  eczema. " 

The  diagnosis  of  vesicular  or  pustular  eczema  of  the 
hands  and  feet  is  sometimes  attended  with  difficulty.  It 
often  resembles  scabies  or  the  dermatitis  produced  hy  the 
poison  ivy  or  poison  oak.  Scabies  produces,  as  a  rule, 
larger  Wisters  wdiich  are  more  .scattered,  usually  affect- 
ing all  the  fingers  and  especially  the  interdigital  spaces. 
Eczema  does  not  often  involve  all  the  digits,  and  the  vesi- 
cles or  vesico-pustules  are  more  grouped. 

The  burrows  of  the  itch  mite  can  almost  always  be 
found  by  careful  examination,  and  there  would  almost 
invariably  be  evidence  of  scabies  in  the  other  favorite 
sites  for  the  disease.  Dermatitis  venenata,  from  the  rhiis 
toxicodendron  or  the  poison  oak,  is  ver}'  acute  in  its 
onset  and  course.  It  covers  the  hand  and  fingers  and 
extends  beyond  them  in  a  very  short  time,  and  similar 
irritative  lesions  quickly  develop  upon  the  face  and  gen- 
itals which  would  at  once  distinguish  it.  The  history  of 
exposure  to  such  infection  can  often  be  readily  obtaine<l. 

Syphilis  resembles  the  squamous  palmar  and  plantar 
forms  of  eczema  very  closely  at  times.  Syphilis,  however, 
begins  as  papules  in  the  form  of  deep-seated  or  shotty, 
red  nodules  wdiich  are  arranged  in  a  circular  or  crescentic 
form.  These  coalesce  to  form  a  circinate  piatcli,  wdiich 
spreads  slowly  over  one  or  both  palms  or  soles,  even 
extending  over  the  .sides  of  the  part  affected.  The  fis- 
sures and  scales  which  sometimes  form  are  like  those  seen 
in  sim])le  eczema  and  can  scarcely  be  distinguished  from 
them;  the  diagnosis  must  rest  mainly  upon  the  method 
of  evolution,  the  hi.story  and  evidence  of  syphilis  in  other 
parts.  Psoriasis  of  the  palms  and  soles  is  so  rare  that  to 
enumerate  the  diagnostic  points  is  hardly  neces.sary.  It 
may  be  mentioned,  however,  that  psoriasis  almost  in- 
varialily  presents  lesions  elsewhere  at  the  same  time. 

The  treatment  for  acute  vesicular  or  pustular  eczema 
of  the  hands  and  feet  is  the  same  as  that  employed  for 
llie  disease  when  it  affects  some  other  part  of  the  body. 
vSoothing  and  drying  lolions,  dusting  powders,  and  pro- 
tection from  .soap  and  water,  from  "irritating  substances 
used  in  the  occupatiims,  etc.,  are  the  measures  indicated. 
Ill  neurotic  or  gouty  subjects  the  proper  constitutional 
remedies,  diet,  hygiene,  etc.,  should  be  instituted.  In 
squamous  eczema  of  the  palms,  soles,  fingers,  or  toes,  tar 
and   the   nniicurials   arc   particularly   effective,    though 
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care  must  be  taken  not  to  employ  them  too  stron"-.  White 
precipitate  ointment,  citrine  ointment,  the  red  "oxide  and 
calomel  ointments  are  all  useful.  For  the  lino-ers  an  oint- 
ment of  iatrol,  3  ss.  ;  acid,  salicylici,  gr.  x. ;  sod.  salicylat 
3  ss.  ;  zinc,  oxid.,  3  ss. ;  and  g'elanthum,  '3  i.,  is  often  ef- 
fective. 

Lassar's  paste  and  Unna's  zinc-gelatin  paste,  with  or 
without  ichthyol,  are  particularly  valuable. 

In  pahnar  and  plantar  eczema  the  thickened  epidermis 
should  be  first  removed  by  the  application  of  five  to  ten 
per  cent,  salicylic  plaster  or  by  means  of  pumice  stone 
or  by  the  use  of  caustic  potash,  ten  to  fifteen  grains  to 
the  ounce.  If  fissures  are  present  these  remedies  nmst  be 
used  with  care.  After  the  calloused  epidermis  has  been 
destroyed,  ointments  of  salicylic  acid,  as  the  Lassar  paste, 
and  those  containing  thiol,  oil  of  cade,  ichthyol,  pix  li- 
quida,  or  the  various  forms  of  mercury,  should  be  used. 

The  fissures  may  be  successfully  treated  by  cauteriz- 
ing with  the  nitrate  of  silver  stick. 

Eczema  of  the  Nails.— One  or  several  nails  may  be 
affected  with  eczema,  but  it  rarely  attacks  all  at  the 
same  time.  Generally  it  concerns  the  finger  nails  alone, 
but  occasionally  some  of  the  toe  nails  are  simultaneously 
diseased.  The  symptoms  are  those  dependent  upon  de- 
fective nutrition  of  the  nail,  and  this  in  turn  is  due  to 
changes  in  the  matrix  effected  by  the  eczematous  proc- 
cess.  Eczema  of  the  linger  tips  or  of  other  parts  gen- 
erally accompanies  the  nail  disease.  The  nail  loses  its 
lustre,  becomes  roughened  and  furrowed,  is  often  dis- 
torted and  greatly  thickened,  or  it  may  be  covered  with 
small  pittings,  giving  it  a  honeycombed  or  worm-eaten 
appearance.  In  some  cases  the  nail  becomes  brittle  and 
flakes  off,  while  in  others  the  thickened  mass  crumbles 
at  the  sides  and  tip,  and  gradually  wears  the  nail  away 
to  a  short  stub.  The  nails  are  rarely  shed  entire,  how- 
ever, except  in  universal  and  very  severe  cases  of  the 
disease. 

Eczema  of  the  nails  is  to  be  distinguished  chiefly  from 
favus  and  ringworm  and  from  psoriasis  and  s.yphilis. 
Scrapings  from  the  crumbling  portion  of  the  nail,  ex- 
amined l^y  the  microscope  in  equal  parts  of  liquor  polassa; 
and  glycerin,  will  reveal  the  fungus  of  favus  or  ring- 
worm if  present.  Psoriatic  and  syphilitic  nails  show  no 
distinctive  differences  in  some  stages  from  tho.se  affected 
with  eczema.  The  physician  must  rely  upon  the  liistory, 
upon  the  presence  of  other  lesions  than  tliose  of  the  nail, 
and  upon  the  general  course  of  the  disease  in  either  case. 

The  effect  of  treatment  in  eczema  of  tlie  nails  is  sloiv. 
General  tonics  of  arsenic,  iron,  cod-liver  oil,  etc.,  should 
be  given  continuously;  arsenic  alone  has  but  little  effect 
upon  the  disease.  Locally,  the  nails  should  be  scraped 
and  dipped  into  extremely  hot  water  for  ten  or  fifteen 
minutes  every  night,  after  wdiich  they  should  be  done 
up  in  some  ointment  or  oily  preparation.  The  oleate  of 
mercury,  five  to  ten  per  cent.,  Hebra's  diachylon  oint- 
ment, the  unguentum  picis  et  zinci,  the  wdute  precipitate 
or  the  nitrate  of  mercury  ointment,— any  one  of  these 
may  be  used  for  this  purpose.  I  have  found  an  ointment 
ofresorcin,  3ij.  ;  stannic,  oleat.,  3  ss.  ;  lanolin.,  3i.i-;and 
ungt.  aqua;  rosoe,  3vi.,  of  much  service  in  treating  ec- 
zema of  the  nails. 

In  all  cases  it  is  advisable  to  protect  the  nails  with 
finger  cots  during  the  day,  whether  or  not  it  may  be  pos- 
sible to  keep  an  application  upon  them. 

He)iry  11.   Whitehouse. 

EGG,  YOLK  OF.— ViTELLUs,  U.  S.  P.  The  egg  of 
the  common  fowl,  Galhis  Bankira  domestimsTem.,  can 
hardly  be  said  to  be  a  medicine,  although  admitted  to 
most  pharmacopoeias  for  one  purpose  or  another.  Its 
shell  was  formerly  used  as  a  form  of  lime  salts  like  oy.ster 
shells,  coral,  etc.,  but  it  is  now  obsolete.  The  white  of 
the  egg,  Ovi  Albumen,  is  a  source  of  albumen  for  pharma- 
ceutical and  chemical  purpo,ses  (estimation  of  pepsui, 
clarification  of  solutions,  etc. ),  and  a  u.sef ul  antidote  to 
poisoning  by  corrosive  sublimate.  It  is  composed  of 
twelve  or  fourteen  per  cent,  of  pure  albumen,  and  eighty- 
eight  or  eighty-six  of  water,  with  traces  of  salts,  etc. 


The  yolk,  which  alone  is  official  here,  is  a  bright  yellow 
mixture  of  about  sixteen  per  cent,  of  ritelli/i,  a  substance 
resembling  albumen;  forty-three  hundredths  of  a  per 
cent,  of  cholesteriu ;  three-tenths  of  one  of  cerehrin  ■ 
eight  and  a  half  of  lecithin,  a  fat-like  nitrogenous  sub- 
stance containing  also  phosphorus;  one  of  glycemr  acids; 
twenty-one  of  palmilin  and  olein ;  a  number  of  saline 
substances;  coloring  matter;  and,  finally,  fifty-one  of 
water  (Gobley,  quoted  by  Ilager).  Yolk  of  egg  has 
considerable  emulsifying  power  for  oils  and  resinc,  and 
is  official  simply  on  that  account.  A  mixture  with 
glycerin  {OlyceriUm.  Viielli,  U.  8.  P.),  ''gh/conin," 
consi.sting  of  yolk  of  egg  forty-five  and  glycerin  fifty- 
five  parts,  is  permanent  and  very  useful  in  this  way. 
Cod-liver,  castor,  and  other  oils,  besides  some  resins  and 
other  insoluble  substances,  are  well  suspended  by  it.  An 
egg  beaten  up  alone  or  with  milk,  or  digested  artificially, 
makes  an  excellent  nutrient  enema  when  such  method  of 
feeding  is  necessary.  W.  P.  BulUs. 

EGOLS  are  a  class  of  stable  mercury  compounds  intro- 
duced by  Gautrelet.  They  are  brown-red  powders, 
crystallizing  in  rhombahedra  with  difficulty,  and  easily 
.soluble  in  water.  Their  .solutions  are  odorless,  tasteless, 
neutral,  and  non-irritant,  and  possess  marked  bactericidal 
properties.  They  are  said  to  precipitate  toxins,  but  not 
to  coagulate  albumen. 

Plieiiegol,  the  best  known,  is  the  potassium  nitro-phenol- 
para-sulphonate  of  mercury  (CHaNOj.  S03K.O)2Hg.  It 
contains  thirty-three  per  cent,  of  mercury,  is  said  not  to 
attack  metals  but  in  0.4  per  cent,  solution  to  kill  all  bac- 
teria, and  is  claimed  to  be  a  valuable  substitute  for  mer- 
curic chloride. 

The  cresol  compound  is  called  cresegol,  and  the  thymol 
preparation,  thi/megul.  W.  A.  Ba-itedo. 

EGYPT. — This  countiy,  long  known  as  a  winter  sani- 
tarium, illustrates  tlie  dry  warm  desert  climate,  resem- 
bling that  of  Arizona,  New  Mexico,  and  portions  of  Texas 
and  California  in  the  United  States.  The  main  char- 
acteristics of  the  climate  are:  (1)  Warmth,  the  mean 
temperature  of  Cairo  for  the  winter  months  being  58.3° 
F.  (3)  Large  diurnal  mmalion,  the  difference  between 
day  and  night  temperatures  varying  from  35°  to  19°  F. 
(3)  Dryness  of  atmosphere  and  small  rainfall.  "Six  rainy 
days  only  in  five  months  were  chronicled  at  Assouan  in 
1893-93."  The  difference  between  the  wet  and  dry  bulbs 
sometimes  amounts  to  24°  F.,  and  the  annual  relative 
humidity  varies  from  58.4  per  cent,  at  Cairo  to  45  per 
cent,  at  Luxor.  (4)  Almost  continuous  sunshine.  (5) 
Great  purity  of  the  desert  air.  "Meat  exposed  to  the  air 
becomes  mummified  in  three  weeks  without  any  trace  of 
decomposition."  The  general  effect  of  this  climate  upon 
the  individual  Is  bracing,  and  at  the  same  time  sedative 
to  the  nervous  system. 

Tlie  resorts  generally  frequented  by  invalids,  especially 
by  the  tuberculous,  are  Gizeh  (The  Mena  House),  Helouan, 
Luxor,  and  Assouan.  There  should  also  be  mentioned 
the  Nile  voyage  and  camping  out.  Cairo  is  to  be  avoided 
by  the  invalid  for  any  lengthy  stay,  for  no  large  crowded 
city,  even  if  it  possesses  the  best  possible  climate,  is  to  be 
reeonmiended  to  an  invalid,  and,  further,  the  sanitary 
condition  of  Cairo  is  not  good,  and  the  portion  occupied 
by  the  European  settlement  is  built  upon  wdiat  was  once 
a  swamp  and  is  still  in  parts  swampy.  "Moreover,  the 
country  around  Cairo  is  most  thoroughly  irrigated,  and 
the  exhalations  from  the  moist  land  after  sunset  are  ex- 
traordinary." *  Since  the  occupation  of  Egypt  by  the 
English  everything  has  been  estal)lished  upon  a  more 
orderly  and  stable  basis,  and  doubtless  the  influence  of 
this  is" felt,  even  in  the  health  resorts,  in  greater  attention 
to  the  sanitary  conditions.  The  season  for  visitors  ex- 
tends from  October  or  November  to  the  first  or  middle  of 
April  Before  considering  in  detail  the  resorts  mentioned 
and  the  other  means  of  utilizing  the  climate,  it  will  be 
well  to  discuss  the  climatic  elements,  their  advantages  as 


*  Solly  :  "  Medifal  Climatology.' 
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well  as  disadvantages,  and  for  this  purpose  the  following 
simple  chart  has  been  compiled  from  various  sources: 
Climate  of  Egypt.    Observations  Mostly  Taken  at  Cairo. 
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"In  a  total  of  1,083  observations  made  during  the 
course  of  three  years,  the  sky  at  Cairo  was  found  to  be 
cloudless  709  times ;  clouds  were  obtained  2.54  times,  an 
overcast  sky  was  seen  95  times,  and  a  truly  cloud-covered 
sky  was  recorded  on  only  25  occasions."  * 

In  the  desert  and  at  Luxor  clouds  are  almost  unknown. 

At  Cairo,  during  the  winter  mouths,  there  are  only  from 
twelve  to  fifteen  days  upon  which  rain  falls. 

At  Iju.xor  rain  is  a  ver}^  rare  phenomenon. 

During  five  months  at  Assouan,  in  the  winter  of  1892- 
93,  there  was  blue  sky  on  all  but  fifteen  days. 

The  most  remarkable  feature  of  the  Egyptian  climate 
is  considered  to  be  the  peculiar  dryness  of  the  atraospheie, 
rendering  the  air  bracing  and  tonic.  The  relative  hu- 
midity at  Cairo  for  the  year  is  58.46  per  cent.,  and  for 
the  seven  winter  months  it  averages  63.25  per  cent.  At 
Gizeh  and  Helouan  it  is  considerably  lower,  and  still 
moie  so  at  Luxor  and  Assouan,  it  being  50.5  per  cent,  at 
Luxor. 

There  is  almost  complete  absence  of  rain.  At  Cairo 
the  annual  rainfall  is  1.22  inches,  and  the  number  of 
rainy  days  during  the  winter  season  (seven  months)  is 
twelve.     At  Luxor  there  usually  is  no  rain. 

"Unless  it  be  in  southern  and  southwestern  Arizona, 
no  portion  of  the  United  States  can  be  compared  with 
Egj'pt  in  the  matter  of  cloudlessness  of  sky;  and  it  is 
hardly  necessary  to  add  that  no  such  freedom  from  clouds 
exists  in  any  part  of  Europe.  This  circumstance,  taken 
in  connection  with  the  mildness  of  its  day  temperature, 
even  in  mid-winter,  and  the  comparatively  long  duration 
of  the  hours  of  pos.sible  sunlight  (depending  upon  its 
southern  latitude),  marks  the  whole  country  of  Egypt, 
and  particularly  its  more  southern  portion,  as  tliat  region 
of  the  world  affording  perhaps  the  best  facilities  to  the 
invalid  desiring  to  pass  as  nuich  time  as  possible  in  the 
open  air  during  llie  cold  .season  of  the  year.  The  hours 
of  possible  sunshine  are  much  longer  in  Egypt  than  in 
Davos  or  tlie  Engadine,  longer  than  in  Colorado,  and 
even  longer  than  in  Southern  Arizona;  the  inten.sity  of 
the  sunlight,  especially  in  U|iper  Egypt,  is  probably  as 
great  as  at  any  of  these  places  (although  we  have  no  data, 
at  hand  to  prove  that  such  is  the  case) ;  the  purity  of  the 
atmospliere  in  respect  to  the  presence  of  germs,  "outside 
of  the  towns,  is  pi-obablv  not  far  inferior,  even  in  the 
Nile  valley,  to  that  of  Colorado,  Davos,  or  Arizona- 
while  in  the  desert  proper  it  is  quite  as  great.  The  tem- 
perature during  the  day  is  higher  without  being  as  ;i 
rule,  excessive;  while  by  night  it  is  also  higher,  and,  al- 
though abundantly  cool  to  be  invigorating,  is   neverthe- 


less, not  more  contrasted  witli  the  day  temperature  than 
is  the  ease  in  Arizona,  Colorado,  or  Davos.  Rain  is  less 
frequent  than  at  Davos  or  in  Colorado,  and  is  as  infre- 
quent as  in  Southern  Arizona,  even  at  Cairo;  and,  owing 
to  the  absence  of  clouds,  the  actual  number  of  hours  of 
sunshine  coincides  more  nearly  with  the  possible  number 
of  such  hours  than  is  the  case  in  Colorado,  Davos,  or 
Arizona.  Winds  in  Egypt  are  of  more  frequent  occui'- 
rence  than  at  Davos  during  the  winter,  but  probably  no 
more  so  than  in  Colorado  or  in  Arizona;  while  in  point 
of  velocity  they  are  probably  not  higher  than  in  Colorado, 
although  higher  than  at  Davos,  and  perhaps  higher  than 
in  Arizona.  Ab.sence  of  statistics  prevents  an  accurate 
comparison  of  these  resorts  in  this  respect.  Violent  hot 
winds,  laden  with  sand  from  the  desert,  and  exerting  a 
very  debilitating  influence  not  only  upon  men,  but  also 
upon  animals,  occasionally  blow  in  Egypt  during  the 
latter  part  of  tlie  winter  season.  These  winds  come  from 
the  south,  and  seldom  begin  to  blow  before  the  middle  of 
February  ;  indeed,  their  time  of  most  frequent  occurrence 
is  during  a  period  of  fifty  days  after  the  vernal  equinox, 
to  which  circumstance  they  owe  their  name,  Kamsin. 
The  Kamsin  blows,  on  the  average,  at  Cairo  only  upon 
eleven  days  out  of  the  whole  year.  The  rapid  and  ex- 
treme rise  of  temperature  produced  by  one  of  these  winds, 
occurring  on  May  31st,  1857,  is  instanced  by  Dr.  Hann  on 
page  443  of  his  "  Handbuch  der  Klimatologie.  "  The 
drying  effect  of  the  wind  is  also  shown  in  the  figures 
quoted  by  Dr.  Hann,  which  figures  are  given  below. 


Kamsin  of  Mat  31st,  18 

57,  AT  Cairo. 

Hour. 

Temperature. 

Relative 
humidity. 

Wind. 

7  A.M 

10:.30  A.v 

78.08 
1WI.76 
ia3.64 
105.62 
95.18 
91.4 

54 
19 
13 
15 
13 
19 

Calm. 
S.S.W.2 

Noon 

S.S.W.2 

S.S.W.3 

9  P  M 

Calm. 

11  p  M.              

Calm. 

*  Lombard,  quoted  by  Illchards. 


"The  small  figures  appended  to  the  letters- S.S.W., 
showing  the  direction  of  the  wind,  probably  indicate  the 
velocity  in  meirei  per  second,  a  velocitj'  which  would  be 
equivalent  to  4.47  miles  per  hour  at  the  hours  of  10:30 
A.M.  and  noon,  and  to  6. 71  miles  per  hour  at  2  P.M.  Even 
if  these  figures  are  intended  to  mark  the  velocity  of  the 
wind  according  to  the  scale  in  which  0  represents  a  calm 
and  10  a  violent  hurricane,  it  is  evident  that  the  force  of 
this  particular  Kamsin  wind  was  not  particularly  great. 
At  Cairo,  the  prevailing  direction  of  the  wind  during  the 
months  of  January,  February.  Jlarch,  and  April  is  stated 
by  Dr.  Kisch  (Eulenburg's  "Real-Encyclopildie  ")  to  be 
as  follows:  January,  northeast;  February,  northwest: 
March,  west;  April,  north.  Of  the  winds  at  Cairo,  Dr. 
Rotureau  ("  Dictionnaire  Encyclopedique  des  Sciences 
Medicales")  speaks  as  follows:  "The  cast  wind  is  almost 
the  only  one  which  blows  at  Caii'o  during  the  mouths  of 
Januaiy  and  Februaiy ;  it  lasts  from  ten  o'clock  in  the 
forenoon  until  sunset,  and  it  is  against  its  freshness,  often 
very  considerable,  that  invalids  walking  out  of  doors 
should  especially  protect  themselves.  When  the  east 
wind  is  violent,  it  is  almost  impossible  to  go  out  of  doors 
on  account  of  the  clouds  of  dust  which  it  raises,  and 
which  it  causes  to  penetrate  even  into  the  most  tightly 
closed  apartments.  Such  a  violent  easterly  wind,  how- 
ever, seldom  occurs  at  C-airo  on  more  than  six  or  eight 
days  out  of  the  whole  year.  Winds  from  the  northeast, 
norlli,  and  northwest  sometimes  blow,  but  never  last  long 
enough  to  be  dangerous  (n'existent  jamais  assez  long- 
tcmjis  pour  Ctre  dangereux).  The  Kamsin,  or  south 
wind,  does  not  occur  at  Cairo  until  after  the  middle 
of  February ;  .  .  .  occasionally  (however)  it  appears 
earlier,"  etc.  The  following  quotation  respecting  the 
winds  of  Egypt  is  taken  fnmi  the  article  on  "Egypt" 
in  Ihe  "  Encyclo])a'ilia  liritnnnica." 

"The  wind  most  frequently  blows  from  the  N.W.,  N., 
or  N.E.,  but  particularly  from  the  first  direction.  The 
proportionate  prevalence  of  these  winds  to  those  from 
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all  the  other  (luaiters,  in  tlie  year,  is  about  8  to  3  ■  but  to 
those  from  the  S. ,  S.E. ,  and  S.  W. ,  about  G  to  1.  (Ciot-bey 
"  Aper(;u  General  sur  I'Egy  pte, "  i. ,  p.  30. )  The  northerly 
winds  are  tlie  famous  Etesian  winds  of  Herodotus  (ii., 
20),^  which  enable  boats  constantly  to  ascend  the  Nile 
against  its  stroua;  and  rapid  current,  wliercas  in  descend- 
ing the  river  they  depend  on  the  force  of  th<'  stream  the 
main-yard  being  lowered.  Tliese  wiinls  also  cool'  the 
temperature  during  the  summer  montlis.  The  scmtherly 
winds  are  often  very  violent,  and  in  the  spring  and  sum- 
mer, especially  in  April  and  May,  hot  sand-winds  some- 
times blow  from  the  south,  greatly  raising  the  tempera- 
ture and  causing  especial  suffering  to  Europeans." 
Several  other  special  winds  aie  also  mentioned  in  this 
article  in  the  "  Encyclopa'dia  Britanniea,"  but  none  of 
them  requires  mention  in  this  i>lace. 

"Finally,  it  should  be  remarked  that  a  morning  fog  is 
a  not  infrequent  occurrence  along  the  banks  of  the  Nile; 
but  such  a  fog  never  lasts  more  than  a  few  hours,  being 
quickly  dissipated  by  the  heat  of  the  Egyptian  sun. 

"  On  account  of  the  rapidly  increasing  heat  of  tlie  spring 
season,  and  the  especial  frequency  of  occurrence  of  the 
Kamsin  at  that  season,  it  is  not  desirable  that  invalids 
should  linger  in  Egypt  later  than  the  month  of  March, 
and  preferably  not  later  than  the  middle  of  this  mouth; 
owing  also  to  the  great  heat  during  the  early  autumn, 
and  to  the  prevalence  of  malarial  fevers  at  that  season,  it 
is  not  well  for  the  invalid  to  go  to  Egypt  before  the 
middle  of  November,  and  for  sucli  as  intend  to  make  the 
Nile  journc}',  the  middle  of  December  is  abundantly 
early  to  start.  Consequentlj'  we  see  that  the  season  for 
invalids  in  Egypt  is  a  comparatively  short  one,  qidte  as 
short  as  at  Davos,  and  considerably  shorter  than  in  C'olo- 
rado.  For  residence  all  the  year  round  Egypt  is  not  at 
all  well  suited,  tlie  summer  and  autumn  heat  being  far 
too  oppressive.  As  a  sample  of  the  degree  of  heat  wdiich 
may  lie  experienced  in  the  autumn,  it  may  be  of  interest 
to  remark  that  a  temperature  of  103,5°  F.  was  observed 
at  Alexandria  on  October  11th,  1877,  being  the  maximum 
temperature  for  that  whole  year,  and  that  the  month  of 
October  is  generallj'  warmer  than  May  at  that  place, 
while  September  is  nearly  as  warm  as  June  (Hann,  op. 
cit.,  pp.  432,  423)."     (Huntington  Richards.) 

During  the  season  in  Egypt  (October  to  April)  we  see 
from  the  climatic  table  that  there  is  no  great  variation  of 
temperature  from  day  to  day,  or  indeed  from  month  to 
month,  during  the  five  months  from  November  to  March. 
The  daily  range,  however,  is  great,  and  there  is  a  very 
marked  contrast  between  the  day  and  the  night  tem]ieia- 
ture,  caused  by  the  rapid  radiation  of  heat  after  sundown 
from  the  sands  of  the  surrounding  desert. 

"Unlike  the  more  irregular  falls  of  temperature,  which 
occur  with  greater  frequency  and  are  apt  to  be  of  greater 
severity  in  European  countries  and  in  a  large  part  of  the 
United'States  (the  land  of  "  blizzards  "  and  "  cold  waves  "), 
these  nightly  falls  of  temperature  in  Egypt  may  in  great 
measure  be  guarded  against  by  the  invalid,  especially  if 
he  have  taken  up  his'residence  at  Cairo.^  Greater  pre- 
cautions are  of  course  necessary  to  the  invalid  who  is 
making  the  Nile  journey  on  board  of  a  dahabeeah,  or 
who  has  determined  to  pass  the  winter  living,  like  the 
Arabs,  in  a  tent  upon  the  desert.  Flannel  underclothing 
should  be  worn  by  all  visitors  to  Egypt,  and  a  supply  of 
warm  outer  clothing  and  of  wi-aps  is  necessary  as  well, 
especially  for  those  intending  to  make  the  river  trip,  or 
to  convert  themselves  temporarily,  for  the  benelit  of 
their  health,  into  amateur  Bedouins.  Not  only  is  it  the 
decided  fall  of  temperature  after  sunset  against  which 
the  invalid  must  be  on  his  guard,  but  in  addition  to  tins 
(and  depending  partly  upon  it  and  partly  upon  the 
moderate  humidity  of  "the  Nile  valley),  the  precipitation 
of  dew  is  very  abundant,  at  least  in  all  portions  of  Egypt 
lying  in  close  proximity  to  the  river  and  its  bordering 
tract  of  arable  land. "     (Huntington  Richards. ) 

The  drawbacks  of  a  winter  in  Egypt,  as  indicated  by 
Dr.  Bentley  of  C^airo,*  are  (1)  that  invalids  do  not  consult 

*  British  Medical  Journal,  December  8tli,  1894,  p.  13U0. 
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a  physician  until  they  are  attacked  with  a  seriotis  illness 
(ihis  drawback  unfortnnafelv  is  not  confined  to  the 
Egyptian  climate. )  (2)  Ignorance  of  most  invalids  as  to 
the  nature  ol  the  climate  to  which  they  resort  and  ap- 
parently the  want  of  appreciation  of  the  real  object  for 
which  they  go  abroad.  (It  is  a  question  if  this  ignorance 
is  not  rather  to  be  ascribed  to  the  home  physician  )  (3) 
Opportunities  which  exist  of  sightseeing  and  social 
gatherings  with  their  attendant  evils— over-fatigue  over- 
crowded rooms,  and  late  hours.  (4)  Occasional  cold  high 
winds,  and  at  times  unreliable  weather.  (5)  Sudden  and 
sometimes  marked  fluctuation  of  temperature  between 
day  and  night,  sunshine  and  shade.  (6)  Hot  Avinds 
(Kamsin)  whieli  commence  in  February,  blow  for  about 
two  days  at  a  time,  and  are  accompanied  by  tine  particles 
of  sand  suspended  in  the  air. 

As  has  been  said,  Cairo  should  not  be  selected  by  tlie 
invalid  for  a  lengthy  sojourn.  If,  however,  one  is  simply 
desirous  of  rest  and  diversion,  and  is  otherwise  well,  he 
will  tind  innumerable  ways  of  amusing  and  forgetting 
himself  in  this  great  Oriental  city.  For  the  true  invahd, 
however,  and  especially  for  the  tuberculous  patient,  the 
noise,  dust,  and  attractions  of  Cairo  are  to  be  avoided  by 
selecting  either  Gizeh,  Helouan,  Luxor,  or  Assouan,  o"r 
by  taking  a  voyage  up  the  Nile,  or  by  camping  in  the 
desert.  At  Gizeh,  eight  miles  from  Cairo,  is  the  English 
hotel,  Mena  House,  on  the  edge  of  the  desert,  affording 
first-class  accommodations,  with  a  resident  physician  and 
chaplain,  a  swimming  bath,  and  arrangements  for  tennis, 
croquet,  and  golf.  "The  invalid  .spends  his  time  in  the 
desert,  enjoying  its  invigorating  air  from  morning  till 
night.  He  may  find  rest,  almost  complete  immunity 
from  rain,  and  unlimited  sunshine.  It  is  an  invaluable 
health  resort  for  those  who  wish  to  avoid  the  fatigue  and 
expense  of  the  journey  up  the  Nile."*  In  December  and 
January  the  winds  are  said  to  be  often  cold  here,  and  the 
changes  of  temperature  sudden  and  great,  so  tliat  one 
must  be  provided  with  warm  outer  garments.  After 
sunset,  the  cold,  by  comparison,  seems  severe,  and  one 
must  be  careful  to  avoid  a  chill.  The  temperature  is 
practically  that  of  Cairo,  and  the  humidity  lower. 

Helouan  is  fourteen  miles  by  rail  from  Cairo,  situated 
in  the  desert,  and  contains  two  large  and  comfortable 
hotels,  numerous  jjezmon.s,  and  houses  for  rent.  It  is  said 
to  have  a  remarkably  dry  and  sterile  atmosphere,  and  has 
become  not  only  a  favorite  locality  for  invalids  but  a 
residential  suburb  of  Cairo.  There  are  hot  sulphurous 
springs  at  Helouan  which  "have  long  enjoyed  a  reputa- 
tion for  chronic  rheumatic  affections.  "  The  baths  are 
well  constructed  and  resemble  those  at  Aix-les-Bains. 

Luxor,  four  hundred  and  fifty  miles  from  Cairo,  at  the 
first  cataract  of  the  Nile,  is  reached  by  rail  from  the  latter 
city,  or  one  can  take  the  slower  method  of  river  naviga- 
tion. It  is  dryer,  warmer,  and  sunnier  than  any  of  the 
resorts  about  Cairo ;  "  several  winter  seasons  often  pass 
without  a  shower"  (Thompson).  The  following  table 
from  Saudwith  gives  the  climatic  details: 


Climate  of  Luxor  for 

THE  Winter  Months. 

Data. 

Novem- 
ber. 

Decem- 
ber. 

Janu- 
ary. 

rebru- 
ary. 

Marcb. 

Temperature  (deg.  Fahr.). 

Average  or  normal 

Average  daily  range  — 
Mean  of  warmest 

78.9° 

63.1 

94.0 

Minut 

S.  W. 
0.1 

70.6° 
63.6 

77.0 

e  tracti 

N.E. 
1.8 

.56.7° 

23.7 

6,5.1 

41.3 

83.0 

(Not  lin 
on  of  an 

N.  W. 
1.0 

2.9 

62.6° 
31.7 
70.6 
43.4 
86.0 

61. OS 
own.) 
inch,   if 

N.  W. 
1.1 

1.9 

66.9° 
38.4 
80.1 
47.6 

Highest  or  maximum  ... 
Lowest  or  ciinimum  — 

Hiiiniclity— 

110.0 
46.(K 

Pivcipiration— 

any. 

Wiiid- 
Prevailing  direction  — 

Averatre  hourly  velocity. 
AVeatber— 

N.  W. 

N.E. 

0.7 

2.1 

-The  skv  was  noted  as  being  completely  overcast^  lour  times  in 
January,' once  in  February,  and  three  times  in  March. 


*  Thompson, 
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December,  .Tiinuary,  and  February  are  considered  tbe 
most  available  months  for  Luxor.  Tl,e  town  bas  our 
thousand  inhabitants,  with  two  good  ho  els  aud  Ei^glish 
nhvsicians  "The  invalid  should  not  leave  the  house 
before  10  A.M.  or  remain  out  after  sunset."  During  these 
three  months  the  bedroom  temperatui-e  is  generally  above 
63°  F  As  seen  from  the  table  tbe  daily  range  of  tem- 
perature is  great.  The  drinking-water,  as  is  generally 
the  custom,  comes  from  the  Nile  and  is  filtered  Theie 
is  much  of  interest  in  and  about  Luxor  m  tbe  many 
Egyptian  ruins  and  antiquities. 

Assouan  is  133  miles  higher  up  the  river  than  Luxor, 
,583  miles  south  of  Cairo.  Besides  being  warmer  than 
Luxor,  its  climate  is  about  the  same,  although  the  air  is 
said  to  be  freer  of  dust  storms.  There  is  a  large  and 
comfortable  hotel  here,  and  as  rain  never  falls,  the  roofs 
are  carpeted,  with  easy  chairs  in  the  shady  corners.  The 
air  is  so  dry  that  the  heat  is  not  uncomfortable,  and  the 
same  clotliing  is  recommended  to  be  worn  as  in  an  Eng- 
lish winter.  Here,  as  elsewhere,  the  cool  night  air  is  to 
be  avoided. 

The  Nile  voyage  is  best  made  between  November  and 
March,  and  one  can  make  the  journey  either  by  steamer 
or  dahabiyeh;  the  latter  method  is  of  course  the  most  en- 
joyable, and  weeks  may  be  occupied  in  making  it.  Tbe 
steamers  have  at  least  one  advantage,  that  of  carrying  a 
physician.  "If  there  isanythingin  life,"  says  Peterson,  * 
"which  will  steal  away  worries  and  cares,  soothe  the  tired 
brain,  calm  the  unstrung  nerves,  bring  back  vagrant 
sleep,  it  is  the  dream-like  voyage  on  the  Nile  in  a  daha- 
biyeh." For  an  invalid,  however,  particularly  if  be  is 
suffering  from  throat  or  lung  trouble,  this  delightful 
journey  is  not  without  its  risks;  for  the  nights  are  cold 
and  frosty,  the  mists  cover  the  river  in  the  early  morn- 
ings, and' the  wind  is  sometimes  strong  and  "dangerously 
cold  for  an  invalid. " 

Camping  in  the  desert,  when  this  method  of  life  is 
available,  is  perhaps  the  most  effectual  means  of  utilizing 
the  advantages  of  the  Egyptian  climate.  "Our  experi- 
ence of  treatment,"  say  Weber  and  Foster  in  Allbutt's 
"System  of  Mi'dicine,"  1896,  "by  continued  residence 
during  several  entire  years  in  the  Nubian  desert  under 
tents  shifted  from  one  place  to  another,  lias,  in  several 
advanced  cases  of  consumption,  given  results  which  are 
altogether  superior  to  any  obtained  from  any  health  resort 
or  from  any  other  treatment."  "Camp  life  in  Egypt," 
says  Peterson  (te.  cit.),  "is  something  luxurious.  Labor 
and  carrying  cost  next  to  nothing,  and  everj'thing  in  the 
way  of  furniture  and  supplies  can  be  stored  away  some- 
where on  a  canal.  Every  day  can  be  foreseen  to  be  rain- 
less and  beautiful;  life  in  tents  becomes  a  pleasure." 

The  diseases  for  which  the  Egpytian  climate  is  to  be 
recommended  are:  (1)  Phthi.sis  in  the  early  or  advanced 
cases,  if  the  conditions  are  not  acute ;  hemorrhagic  cases ; 
cases  associated  with  bronchitis.  Benefit  is  said  also  to 
be  obtained  in  tlie  first,  second,  or  third  stage  of  the  dis- 
ease, if  not  acute,  especially  when  the  origin  of  the  affec- 
tion was  pneumonic,  broncho-pneumonic,  or  pleuritic. 
Both  C.  T.  Williams  and  Sandwith  give  series  of  cases 
with  fairly  favorable  results.  (2)  Chronic  bronchitis  and 
emphysema;  asthma.  (3)  Rheumatism  and  rheumatic 
arthritis.  (-1)  Bright's  disease  and  albuminuria.  (r>) 
Chronic  nasal  and  pharyngeal  catarrh  and  deafness  de- 
pendent upr)n  abnormal  conditions  of  the  Eustachian 
tube.  (6)  C^onvalescents  from  pneumonia,  pleuro-pneu- 
monia,  and  pleurisy,  and  various  acute  specific  diseases. 
(7)  Neurasthenia  and  cases  of  mental  strain  and  break- 
down. (8)  Atheroma  and  arteriosclerosis.  (9)  Hemi- 
plegia and  paresis.  (10)  Anremia.  (11)  Heart  disease. 
(12)^  The  old  and  prematurely  aged.     (13)  Neuralgias. 

The  ca.ses  for  which  this  climate  is  contrain'dicated 
are:  (1)  Intestinal  ulceration,  chronic  dy.sentcry  or  ;uiv 
tendency  to  diarrlura.  (2)  Well-marked  diabetes  C',) 
Laryngeal  ulcerations.  (4)  Raj.idly  advancing  and  active 
phthisis.     (.T)  Tuberculous  kidneys. 

"The  advanta,ge  of  the  Egyjitian  eliniate  in  the  treat- 
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ment  of  phthisis  lies  in  tbe  warm  sunny  days,  the  dryness 
of  the  atmosphere,  and  tbe  aseptic  character  of  the  am 
Its  drawbacks  are :  the  short  time  of  year  during  which 
it  is  available,  and  the  danger  of  contracting  chills, 
chiefly  abdominal  "  (Weber  and  Foster,  Allbutt's  "  System 
of  Medicine").  The  hygienic-dietetic  treatment  of 
phthisis  in  a  well-conducted  sanatorium,  in  almost  any 
temperate  climate,  where  pure  air,  sunshine,  and  freedom 
from  dust  and  wind  can  be  obtained,  would  probably 
give  a  much  higher  average  of  favorable  results ;  lor  the 
treatment  could  be  continued  until  the  cure  had  been 
effected,  without  change  of  locality,  and,  what  is  of 
vital  importance,  the  patient  would  be  under  constant 
medical  supervLsion,  and  would  be  kept  up  to  the  strenu- 
ous work  of  getting  well. 

The  expen.se  of  living  and  travelling  in  Egypt  is  greater 
than  in  most  European  countries,  but  probably  no  greater 
than  in  the  United  States  for  the  same  accommodations, 
if  as  great.  One  can  now  take  a  steamer  from  New  York 
and  go  directly  to  Alexandria,  or  go  from  London, 
Plymouth,  Marseilles,  Naples,  Genoa,  or  Venice.  The 
steamers  from  New  York  to  Genoa,  Naples,  or  Alexandria 
are  large  and  comfortable,  and  going  by  the  "southern 
route  "  the  voyage  is  likely  to  be  a  smooth  one. 

For  further  consideration  of  the  climate  of  Egypt,  one 
'is  referred  to  "Egypt  as  a  Winter  Resort,"  by  F.  M. 
Sandwith  of  Cairo,  1889.— "The  Climate  of  Egypt,"  by 
E.  Symes  Thomp.son,  M.D.  The  Practitioner,  1895,  vol. 
Iv.,  p.  .533.— "Notes  on  Egypt  as  a  Health  Resort,"  by 
P.  Watson  Williams.  M.D.  Bristnl  Medko-Cldrurfjinil 
Journal,  1895,  vol.  xiii.,  p.  262.— "  Wintering  in  Egypt," 
by  Frederick  Peterson,  M.D.  JJedical  Record,  1892,  vol. 
x'lii.,  p.  205.  Edward  0.  Otis. 

EHRLICH  DIAZO  REACTION.     Bee  Typhoid  Fecer. 

EICON  is  a  name  given  by  Dieterich  to  a  series  of  al- 
bumin and  iodine  compounds  of  constant  composition. 

Alpha-eigo7i  (albumin  iodatum)  is  an  odorless,  tasteless, 
light-brown  powder,  containing  twenty  per  cent,  of 
iodine,  which  is  set  free  by  alkalies  and  more  readily  by 
acids. 

Aliiha-eigon-aodium  (sodium  iodo-albuminatum)  is 
nearly  colorless,  odorless,  almost  tasteless,  and  readily 
soluble  in  water.  It  contains  fifteen  per  cent,  of  iodine, 
and  in  four  or  five  times  the  dose  is  used  to  replace 
pota.ssium  iodide. 

Beta-eigon  {-pe^tionwrn  iodatum)  is  a  compound  of  fifteen 
per  cent,  of  iodine  with  predigested  albumen  (peptone), 
designed  for  the  casj'  ingestion  of  large  quantities  of 
iodine  in  the  presence  of  gastric  disturbances.  Adminis- 
tered in  malt  extract,  wine,  or  cod-liver  oil,  these  sub- 
stances have  been  u.sed  internally  in  place  of  iodides  in 
sj'philis,  scrofula,  furunculosis,  etc.  After  long  use  in 
large  dose,  no  symptoms  of  iodine  intoxication  super- 
vened. Externally,  in  wounds,  boils,  and  venereal  ulcers, 
Tisclier  and  Beddies  found  them  more  effective  than 
iodoform,  and  preferable  on  account  of  the  absence  of 
odor.  They  use  it  in  ten  to  thirty  ]ier  cent,  strength, 
diluted  witii  talcum  powiler.  The  internal  do.se  is  1  gm. 
(gr.  XV.)  three  times  a  day,  i^radually  increased. 

11'.  ,1.  Bastedo. 

EKA-IODOFORM  is  iodoform  prepared  by  electricity 
and  mixed  with  U.Oo  per  cent,  of  i)araf(uin.  It  does  not 
decompose  in  ethereal  solution,  but  in  contact  with  the 
tissues  generates  gaseous  formaldehyde.  It  is  recom- 
mended as  a  succedaneum  tor  iodoform. 

W.  A.  Bastcdo. 

ELASTICA.-See  Rubber. 

ELATERIN.— Ei,.\TERiNUM. — "A  neutral  principle  ob- 
tained frcini  elateriiim,  a  substance  deposited  by  the  juice 
of  the  fruit  of  Eclmlliinii  Elatcrium  (L.)  X.  Rich.  (fam. 
Ci'cirbitacea'),"  U.  S.  P. 

This,  the  wild  or  S(inirtiug  cucumber,  is  a  small  pe- 
rennial or,  in  tcmi)erate  climates,  sometimes  annual  herb, 
with  a  fleshy,  tapering  root,  and  succulent,   prostrate. 
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cucumbcr-like  stems.  The  fruit,  wliirli  is  alsi)  offleial 
in  some  countries,  wliere  tlie  plant  !>i-o\vs.  is  from  three 
to  six  centimetres  long,  by  one  or  two  in  diameter  (1  to 
2i  in.  by  ^  to  -J  in.),  oblong,  ovoid,  covered  witli  tle.sliy 
taiiering,  soft  bristles,  and  of  a  yellowi,sh-green  coloV 
Texture  firm  externally,  but  soft  and  very  watery  in 
the  middle.  At  matuiity  the  tension  proiluced  by  the 
accumulation  of  liquid  within  the  pericarp  becomes  so 
great  as  to  burst  the  fruit  at  the  base,  forcing  off  the 
peduncle,  with  a  squirt  of  the  soft  contents,  seeds  and 
all,  to  a  considerable  distance.  From  this  pecuhar  mode 
of  distributing  its  seeds  the  plant  has  received  its  name 
(liKfiaMu).  The  seeds  are  uumerous,  compressed,  ovoid, 
smooth,  brown;  they  also  wei'e  formerly  emidoyeil. 

This  plant  is  indigenous  to  Persia,"  India,  and  the 
warmer  Jlediteri-anean  countries.  It  has  also  been  nat- 
uralized and  cultivated  in  various  parts  of  Europe.  It 
is  raised  in  England  and  elsewhere  for  medicinal  use.  It 
is  a  very  old  medicine,  having  beeu  mentioned  before  the 
Christian  era. 

The  fruit,  for  medicinal  purposes,  should  be  gathered 
just  before  it  is  wholly  ripe,  and,  of  co\u-se,  before  it  has 
expelled  its  contents.  It  is  used  to  prepare  the  crude 
and  impure  elaterin,  which  has  been  long  known  as 
Elaterium  (B.  P.,  also  U.  S.  P.  of  1870),  and  is  still  the 
more  common  article  in  the  markets. 

Elaterium. — This  is  a  precipitate  which  forms  spon- 
taneously in  the  liquid  juice  of  the  eclmlhum  fruits,  and 
is  collected  as  a  sediment  from  it.  The  purer  and  clearer 
this  juice,  therefore,  the  better  the  precipitate.  There 
are  several  ways  of  collecting  it,  two  of  the  best  being  as 
follows:  The  British  Pharmacopa'ia  formerly  directed  to 
"Take  of  the  squirting  euciunber  fruit,  very  nearly  ripe, 
one  pound.  Cut  the  fruit  lengthwise,  and  lightly  press 
out  the  juice.  Strain  it  through  a  hair  sieve,  and  set  it 
aside  to  deposit.  Cai-efiiUy  pour  off  the  supernatant 
liquid;  pour  tlie  sediment  on  a  linen  filter,  and  dry  it  on 
porous  tiles  in  a  warm  place.  The  decanted  fluid  may 
deposit  a  second  portion  of  sediment,  which  can  be  dried 
in  the  same  way."  Dr.  Clutterbuck  saved  the  juice  of 
the  sliced  fruit,  and  then  scooped  the  soft  pulp  out  with 
the  thumb,  threw  it  uijon  a  sieve  to  diain,  and  washed 
it  with  water  without  pressure.  These  liquids  were  set 
aside,  and  the  precipitate  collected  and  dried  as  above. 
This  method  produced  a  very  tine  quality  of  Elaterium, 
which  has  been  famous  for  more  than  half  a  centiuy. 
Elaterium  appears  to  be  good  in  proportion  to  the  near 
approach  to  ripeness  of  the  fruit  used,  and  to  the  absence 
of  pressure  in  manipulating  it.  The  continental  grades 
of  this  arricleare  generally  inferior  to  the  Engbsli,  whose 
properties  are  thus  given  in  the  Briri.sh  Pharmacopoeia:— 
"In  light,  friable,  flat,  or  slightly  curved  opaque  cakes 
about  one-tenth  of  an  inch  (2.5  mm.)  thick;  pale  green, 
grayish-green,  or  yellowish-gray ;  fracture  finely  granu- 
lar; odor  faint;  tea-like;  taste  bitter  and  aciid.  It 
should  not  give  the  characteristic  reactions  with  the  tests 
for  carbonates  or  for  starch,  and  should  yield  half  its 
weight  to  boiling  alcohol  (ninety  per  cent.).  When  ex- 
hausted with  chloroform,  the  solution  evaporated,  the 
residue  washed  with  ether,  and  the  process  of  solution 
evaporation,  and  washing  repeated,  elaterium  should 
yield  twenty -five  per  cent. ,  or  not  less  than  twenty  per 
cent.,  of  elaterin." 

The  poorer,  German  elaterium,  comes  in  thicker  (about 
I  in.)  cakes,  largely  wanting  in  the  green  color  and 
sparkling  appearance.  It  is  about  one-fourth  as  strong. 
The  yield  of  the  fruit  is  about  0.123  percent,  of  elaterium. 
Besides  the  active  principle,  coloring  matter,  cellular 
tissue,  starch,  ash,  and  w^ater  make  up  the  rest. 

Elatkki-N.— Di.scovered  by  Mnrries  and  Ilennell,  l»'ji. 
The  most  scrupulous  care  must  be  taken  not  to  contuse 
the  dosage  of  this  powerful  poison  with  that  of  the  weaker 
substance  described  above.  This  crystalline  substance 
has  been  adopted  bv  our  Pliarmacopwia,  to  the  exclusion 
of  elaterium,  in  consequence  of  the  very  uncertain  qual- 
ity of  the  latter  drug.     It  is  also  official  in  Great  Britain. 

It  is  a  definite  chemical  combination  of  the  tormuia 
CsoH^eOs,  and  is  thus  described  in  our  Pharmacopceia ; 


s, 
taste ; 


Minute,  white,  hexagonal  scales,  or  prismatic  crystal 
without  odor,  and  having  a  slightly  acrid,  bitter  tasti 
permanent  in  the  air. 

Soluble,  at  15°  C.  (59°  F.),  in  4,250  parts  of  water,  and 
m  337  parts  of  alcohol;  in  1,820  parts  of  boding  water, 
and  in  34  parts  of  boiling  alcohol ;  also  ,soluhle  in  543 
parts  of  ether,  or  in  2.4  parts  of  chloroform. 

At  190"  C.  (374°  F.)  the  crystals  begin  to  agglutinate 
and  at  about  209°  C.  (408.2°  F.)  they  melt,  forming  a  yel- 
lowish-brown liquid.  When  ignited,  they  are  consumed 
without  leaving  a  residue. 

Elaterin  is  neutral  to  litmus  paper. 

Elaterin  is  dissolved  by  solutions  of  the  alkalies,  and 
reprecipitated  on  supersaturating  with  an  acid. 

When  dissolved  in  cold,  concentrated  sulphuric  acid, 
it  causes  the  latter  to  become  yellow  at  first,  which  color 
gradually  changes  to  scarlet. 

On  dissolving  some  crystals  of  elaterin  in  melted  car- 
bolic acid,  and  then  adding  a  few  drops  of  strong  sul- 
phuric acid,  a  crimson  color  will  be  develoi)ed  wdiieh 
soon  becomes  scarlet. 

An  alcoholic  solution  of  elaterin  should  not  be  precipi- 
tated by  tannic  acid  T.S.,  mercuric  cliloride  T.S.,  or 
platinic  chloride  T.S.  (absence  of,  and  difference  from, 
idhilnich). 

Action  and  Use. — Elaterin  is  the  most  active  and  cer- 
tain of  known  hydragogue  cathartics,  purging  repeated- 
ly and  comparativel}'  painlessly  in  exceedingly  minute 
doses.  In  larger  ones,  colic,  nausea,  vomiting,  and  pros- 
tration ma_y  follow.  It  is  especially  indicated  when  there 
is  no  inflammatorj'  trouble  in  the  digestive  tract,  and  it 
is  desirable  both  to  empty  tlie  latter  of  its  contents  and  to 
secure  a  copious  transudation  of  water  from  the  blood  to 
its  canal.  Such  conditions  are  frequently  present  in  car- 
diac and  renal  diseases,  accompanied  bj'  general  dropsy; 
occasionally  also  in  ascites  from  various  causes,  and  in 
cerebral  congestion,  plethora,  concussion,  or  compression 
of  the  brain,  etc.  For  all  these  there  is  no  better  hydra- 
gogue than  this.  To  be  efficient,  it  should  be  given  by 
the  mouth,  as  it  is  very  much  less  active  in  injections 
either  into  the  rectum  or  into  the  cellular  tissue;  and  in 
inunction  it  scarcely  produces  any  but  local  effects.  It  is 
said,  further,  that  the  presence  of  bile  in  the  intestines  is 
essential  to  its  full  eifect ;  but  the  proposition  can  scarcely 
be  con.sidered  as  finally  settled.  It  is,  no  doubt,  necessary 
that  the  intestinal  eoutents  should  be  alkaline. 

Upon  dogs,  rabbits,  and  some  other  animals,  it  is  an 
uncertain  cathartic,  and  may  even  kill  by  nervous  de- 
pression, without  moving  the  bowels  at  all.  After  death 
by  it,  in  man,  signs  of  gastro-intestinal  inflammation 
have  been  present. 

Administration, — Elaterium  is  very  variable  in  its 
strength,  and  while  of  Clutterbuck's  or  the  best  English 
the  dose  is  about  a  centigram  (gr.  \  to  ^),  that  of  the 
ordinary  Malta  or  German  varieties  may  be  five  or  six 
times  as  large.  In  an  untried  sample,  the  smaller  dose 
should  always  be  started  with  and  increased  until  found 
to  be  sufficient.  Elatekin  is  uniform,  and  should  super- 
sede the  impure  substance  just  menrioned.  Dose  0.0015 
to  0.006  (gr.  ^\  to  yV)-  The  oflicinal  trituration  (Tritv- 
rntio  elaterini,  U.  S.  P.),  strength  yV.  is  a  convenient  form. 
Dose,  0.015  to  0.06  gm.  (gr.  i  to  1). 

Elaterin  should  always  be  given  well  diluted. 

TF.  P.  Bolles. 

ELBOW.— -S'J'if"'.— The  term  elbow  is  often  used  to 
indicate  merely  the  angular  projection  made  between  the 
arm  and  forearm.  The  region  of  the  elbow  includes  the 
joint  and  all  the  parts  that  surround  and  cover  it.  Ex- 
ternally there  are  no  well-marked  lines  tliat  separate  this 
re'rion'from  the  arm  above  or  the  forearm  below,  and 
the  rule  established  by  Tillaux  of  limiting  its  bound- 
aries to  two  finger-breadths  above  and  two  below  the 
transverse  cutaneous  fold  caused  by  the  flexion  of  the 
ioint  is  probably  as  good  as  can  be  devised. 

C«n/!>/"™<*V;n.-(See  Fig.  1814.)  In  shape  this  region 
difl'ers  from  those  above  and  below,  being  somewhat 
broader,  flatter,  and  hollowed  in  front  by  a  shallow  de- 
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Fig.  1814. 


-The  Elbow  Viewed  from  the  Front,  the   Bones  Showing  as  if  the  Arm  was 
Semitransparent. 


internal  cutane- ' 
ous  nerve  i 


ulnar  nerve 


pression  kno^yn  as  the  cubital  fossa,  distantly  resembling 
the  popliteal  space  behind  the  knee,  while  posteriori}'  a 
rounded  projection  appears  even 
in  the  most  extended  state  of  the 
arm.  These  peculiarities  of  shape 
are  due  partly  to  skeletal  form 
and  partly  to  muscular  grouping. 
On  either  side  project  the  con- 
dyles of  the  humertis  with  mus- 
cular masses  arising  tlicrefrom ; 
behind,  the  olecranon  process  of 
the  ulna  forms  the  "point  of  the 
elbow "  already  mentioned.  In 
front  and  behind,  the  muscles  that 
have  formed  the  rounded  bulk  of 
the  upper  arm  become  reduced  to 
tendinous  bands,  thus  occasioning 
the  antero-posterior  flattening. 

The  cubital  fossa  is  shaped  some- 
what like  a  swallow's  tail,  hence 
the  older  anatomists  called  it  the 
ch  el  id  on  (;^;e^((l(jv,  a  swallow). 
This  shape  is  determined  by  the 
two  converging  muscular  masses 
arising  from  the  condyles  on  either 
side,  between  whicl'i  is  wedged 
the  rapidly  decreasing  mass  of  the 
muscles  descending  from  the  front 
of  the  upper  arm. 

The  bony  landmarks  about  the 
elbow  are  of  extreme  importance 
in  the  diagnosis  of  injuries  and  as 
guides  in  surgical  operations.  At 
the  outer  side  the  external  supra- 
condylar ridge  may  be  felt  and 
readily  traced  downward  to  tln' 
external  condyle.  Below  and  lie- 
hind  this,  between  eminences 
caused  by  the  supinator  longus 
together  with  the  radial  extensors 
of  the  wrist  on  tlie  (juter  side,  and 
the  anconeus  internally,  tlieiv  is  a 
depression,  well  marked  in  all  in- 
dividuals, at  the  bottom  of  which 
there  may  be  felt  the  head  of  the 
radius. 


At  the  inner  side  the  internal  con 
dylar  ridge  may  also  be  traced  by  press- 
ing deeply.  Occasionally  there  is  found 
here,  at  a  distance  of  one  or  two  inches 
above  the  inner  condyle,  a  bony  hook 
known  as  the  supracondyloid  process. 
From  the  summit  of  this  hook  there  ex- 
tends to  the  condyle  a  fibrous  band 
affording  origin  to  jsart  of  the  humeral 
head  of  the  pronator  radii  teres  muscle, 
and  through  the  osteo-tibrous  canal  thus 
formed  pass  the  brachial  artery,  or 
one  of  its  branches,  and  the  median 
nerve ;  the  presence  of  this  process  is 
said  to  be  associated  with  a  high  division 
of  the  brachial.  This  arrangement  oc- 
curs in  about  one  per  cent,  of  individu- 
als and  appears  to  be  the  homologue  of 
an  osseous  canal  found  in  many  mam- 
mals, such  as  carnivores,  rodents,  and 
some  inferior  apes. 

The  internal  condyle  is  sharper,  a 
little  higher,  and  not  so  well  covered 
with  muscles  as  the  outer  one.  It  is 
therefore  more  prominent  and  must  be 
carefully  padded  when  splints  are  ap- 
plied at  the  elbow.  Its  most  prominent 
part  is  directed  backward  rather  than 
Inward.  Between  it  and  the  olecranon 
is  the  groove  by  which  the  ulnar  nerve 
passes  to  the  lower  arm. 

The  olecranon  process  projects  more 
or  less  in  all  positions  of  the  joint.  Its  upper  border  is 
obscured  by  the  tendinous  insertion  of  the  triceps,  which 
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Fig.  1S15.— Supcrtlcial  Dissection  of  Kegion  of  Elbow. 
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usually  has  a  bursa  beneath  it.  A  subeuluueous  bursa  is 
almost  invariably  found  over  that  portion  of  its  surfaee 
on  which  the  weiglit  rests  when  leanin-  (,u  the  elbow 
The  relative  position  of  the  upper  border  of  the  olecranon 
and  the  two  condylar  prominences  varies  aecordin"  to 
the  degree  of  Hexion  of  the  joint.  When  it  is  fulK^e.x- 
tended,  the  three  proiniueuees  are  in  line-  when  at  a 
right  angle,  the  border  of  the  olecranon  is  immediatelv 
beneath  the  condyles;  in  extreme  flexion  it  is  in  front  (if 
them.  These  relations  are  important  in  iudgin<r  of  a. 
dislocation,  but  uufortuuatelv  most  cases  are  n(i"t  seen 
until  the  swelling  is  so  great  that  it  is  impossible  to  aiiiilv 
them  accurately.  ■' 

When  the  arm  is  strongly  pronated,  the  tuberosity  of 
the  radius  may  usually  be  felt  below  the  joint,  in  the 
interval  between  the  radius  and  the  ulna.'  Tlie  shaft 
of  the  ulna  is  much  more  easily  felt  than  that  of  the 
radius. 

The  front  of  the  joint  is  so  well  covered  by  muscles 
that  but  httle  aid  can  be  obtained  from  bony  landmarks 
However,  deep  pressure  at  the  bottom  of  the  cubital  fossa 
will,  in  lean  individuals,  reveal  the  tip  of  the  coronoid 
process  of  the  ulna. 

Still.— Tlif  skin  in  fnmt  of  the  elliow  is  especially  thin, 
dehcate,  and  transparent,  the  course  of  the  subcutaneous 
veins  being,  iu  the  white  races,  clearly  visible  through 
it.  It  is  also  readily  movable.  Beeaii.se  of  these  pecul- 
iarities care  must  be  taken  to  avoid  any  considerable 
traction  upon  it  when  apparatus  is  used  in  this  region, 
as  it  is  easily  excoriated  and  ruptured. 

During  flexion  there  appears  in  front  a  transient  fold 
of  skin  which  disappears  on  complete  extension,  dilleriug 
in  that  respect  from  the  folds  of  the  tingers  and  palm". 
It  lies  some  distance  above  the  line  of  a'rticulation  and 
should  not  be  used  as  a  surgical  guide. 

Superficial  Fuscia.  Vessels  and  Nerres  (see  Fig.  1815). — 
The  subcutaneous  fat  or  superficial  fascia  varies  very 
much  in  different  individuals.  It  may  be  sufficient  to 
conceal  the  subcutaneous  veins  and  be  separable  into  two 
sheets  between  which  the  veins  run.  Emlieilded  in  it,  just 
above  the  inner  condyle,  are  a  few  ly  m  [ihatic  glands  wiiich 
receive  the  converging,  superficial  lymphatic  trunks  aris- 
ing from  a  network  about  the  lower  arm  and  liand. 
These  glands  should  be  examined  in  ease  of  suspected 
malignant  growth  in  those  regions. 

The  superficial  veins  at  the  clIiow  Avere  formerly  much 
used  for  the  operation  of  blood-letting  or  vene.section, 
and  are  still  occasionall}'  resorted  to  for  that  i)urpose. 
The  reason  for  this  choice  is  obvious.  They  are  easily 
accessible  and  situated  upon  a  portion  of  the  body  fre- 
quently exposed  to  view.  They  are  also  of  sufficient  size 
to  make  the  operation  effective,  which  is  not  usually  the 
ease  with  tiainksmore  distall.y  situated,  and,  with  reason- 
able care,  no  untoward  results  need  ensue.  The  ana- 
tomical relations  should,  however,  be  carefully  studied. 
Their  general  course  can  be  effectively  shown  in  the  liv- 
ing subject  hy  binding  a  ligature  just  above  the  elbow 
sufficiently  tight  to  retard  the  flow  of  blood  in  the  super- 
ficial veins  without  arresting  the  current  in  the  brachial 
artery. 

According  to  the  classical  descrii)tion,  the  superficial 
veins  at  the  elbow  consist  of  collateral  anastomoses  be- 
tween three  principal  trunks  which,  running  lengthwise 
up  the  forearm,  are  respectively  known  from  their  posi- 
tions as  the  radial,  ulnar,  and  median  veins.  Above  the 
elbow  the  radial  and  ulnar  pass  immediately  into  the  two 
great  venous  trunks  of  the  upper  arm:  the  cephalic, 
which  runs  up  in  the  outer  bicipital  groove  as  far  as  the 
shoulder,  and  the  basilic,  which  follows  the  inner  bicipi- 
tal groove  about  one-third  the  way  up  the  arm,  ])ierces 
the  deep  fascia  at  the  hiatus  semilunaris  and  joins  the 
venaj  comites  of  the  brachial  artery.  The  median  vein, 
however,  divides  into  two  short,  diverging  trunks;  one, 
the  median-cephalic,  passing  to  the  cephalic  trunk;  the 
other,  the  median-basilic,  piassing  to  the  basilic.  These 
trunks  are  of  larger  calibre  than  the  median,  a  circum- 
stance that  is  explained  when  we  find  that  somewhere 
near  the  point  of  their  divergence  a  short  anastomosing 


KIbow. 
Elbow. 


vessel,  the  deep  median,  perforates  the  deep  fascia  and 
brings  them  blood  from  tlie  deep  system  of  veins 

Ihisarrangem.Mit  is  usually  eompaied  to  a  capital  M, 
yet  that  imperfectly  describes  it,  as  the  uprights  inu.st 
oe  extended  botli  upward  and  downward  and  an 
tional  member  be  added  at  the  union  of  tla 
bars  (see  Fig.  ISl.'iV 


addi- 
li  verging 


The  pattern  thus  sketched  out  is,  however,  Ijy  no  means 
constantly  followed  (see  Fig.  1816).  The  median  vein  is 
otfj'u  reiilaeed  by  a  plexus;  there  maybe  two  or  more 
radial  or  ulnar  veins  that  unite  either  above  or  below 
the  elbow;  frequently  the  radial  vein  forms  the  so-called 
median-cephalic  and  median-basilic,  while  an  accessory 


Fig.  1810.— Varititiou  in  tlie  \'eins  of  the  Arm. 


radial  constitutes  the  outer  vertical  bar  of  the  M.  In  this 
case,  the  metban  vein,  if  there  is  one,  discharges  either 
into  the  radial  before  it  divides  or  into  the  ulnar. 

The  median-basilic,  usually  larger,  more  superficial 
and  more  constant  than  the  median-cephalic,  runs  almost 
l)arallel  with  the  brachial  artery  just  before  its  division, 
being  separated  from  it  by  the  fibrous  expansion  from 
the  tendon  of  the  biceps  to  the  deep  fascia  of  the  lower 
arm  (bicipital  fascia,  lacertus  fibrosus).  This  gives  it  a 
somewhat  firmer  support  when  the  arm  is  fully  extended 
than  can  be  afforded  to  the  median  cephalic,  which  is 
surrounded  by  yielding  subcutaneous  fat. 

The  vessels  differ  also  in  their  relations  to  the  cutane- 
ous nerves  that  cross  the  cubital  fossa  to  supply  the  lower 
arm.  The  internal  cutaneous  nerve  breaks  up,  at  some 
distance  above  the  elbow,  into  several  branches,  the  larg- 
est of  wdiich,  piercing  the  deep  fascia  at  the  hiatus  semi- 
lunaris, usually  passes  down  in  front  of  the  basihc  and 
median-basihe,  sometimes  forming  a  rich  plexus  along 
the  latter  vessel.  On  the  radial  side  the  cutaneous 
branches  of  the  musculocutaneous  nerve  emerge  from 
the  deep  fascia  a  little  above  or  on  a  level  with  the  ex- 
ternal condyle.  This  is  the  most  effective  spot  for  its 
electrical  excitation.  It  lies  directly  inward  from  the 
confluence  of  the  median  cephalic  with  the  cephalic. 
Running  along  the  median  cephalic  for  a  short  distance, 
it  divides  into  anterior  and  posterior  branches,  which 
supply  corresponding  surfaces  of  the  forearm.     Both  of 
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these  usually  descend  beliiud  the  vessel,  though  occasion- 
ally the  anterior  bianch  passes  in  front. 

the  larger  size  and  firmer  bed  of  the  median  basilic 
make  it  easier  to  open,  but  its  close  proximity  to  the 


bicipital  fascia 
median  nerve 


median-hasllic  vein 
\  bracliial  artery 


is  thin,  but  somewhat  thicker  on  the  extensor  surface 
of  the  arm.  The  general  direction  of  the  fibres  of  this 
fascia  is  circular,  girdling  the  arm,  but  the  fascicles  of 
reinforcement  are  either  longitudinal  or  oblique.     At  the 
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Fig.  1817.— Horizontal  Section  through  Elbow, 


artery  occasions  accidents  and  the  number  of  nervous 
filaments  that  must  be  cut  to  reach  it  is  disadvantageous, 
as  their  section  sometimes  leads  to  painful  neuritis.  The 
median  cephalic  is  therefore,  on  the  whole,  the  safer  ves- 
sel for  venesection. 

Deep  Fascia.— {Fig.  1815.)  This  is  continuous  above 
with  the  deep  fascia  of  the  arm,  below  with  that  of  the 
forearm.  The  intermuscular  septa,  so  marked  a  feature 
of  the  fascia  of  the  arm,  are  continued  downward  into 
the  region  of  the  elbow.  The  inter- 
nal septum  is  the  stronger,  and  lies 
between  the  brachialis  anticus  and 
the  internal  head  of  the  triceps,  at- 
tached to  the  supracondyloid  ridge 
as  far  as  the  internal  condyle.  It  is 
pierced  by  the  musculo-spiral  nerve. 
The  external  intermuscular  septum 
is  mainly  represented  in  this  region 
by  the  muscles  attached  to  the  ex- 
ternal condyloid  ridge,  viz. ;  the  su- 
pinator longus  and  the  extensor  carpi 
radialis  longior,  which  lie  between 
the  brachialis  anticus  and  the  exter- 
nal head  of  the  triceps. 

At  the  elbow-joint  the  fascia  be- 
comes closely  adherent  to  the  mus- 
cles, to  the  condyles,  and  to  the 
olecranon.  It  here  receives  several 
reinforcements,  viz. :  from  the  tendon 
of  the  biceps,  the  fibres  passing  over 
toward  the  inner  condyle  and  the 
crest  of  the  ulna:  from  the  triceps, 
by  expansions  on  either  side  of  its 
teiiddii  ot  insertion;  an  anteiior  fas- 
cicle from  the  internal  condyle;  a 
posterior  fascicle  from  the  external 
condyle ;  and  fibres  from  the  posterior 
border  or  crest  of  the  ulna.  Prom  either  condyle  it 
sends  down  strong  intermuscular  septa  between  the 
musele.s  that  arise  therefrom,  thus  affording  them  ad- 


it   is    perforated    by 
deep  median  vein. 

Muscles.  —  The  muscles 
about  the  elbow  are  ar- 
ranged somewhat  like  the 
links  of  a  chain,  the  flex- 
ors and  extensors  of  the 
lower  arm  lying  on  the 
anterior  and  posterior  sur- 
faces of  the  limb,  while 
the  pronators  and  supi- 
nators are  at  the  sides. 
The  mass  coming  down 
from  the  upper  arm  in 
front  is  composed  of  the 
biceps  and  the  brachialis 
anticus  (see  Figs.  1817, 
1818,  1819). 

At  the  elbow  the  biceps 
develops  from  its  fleshy 
portion  a  strong  flat  ten- 
don that  lies  at  first  in 
the  frontal  plane,  but  as 
it  descends  into  the  cu- 
bital fossa,  twists  so  that 
its  outer  border  becomes 
anterior.  Passing  deeply 
between  the  radius  and 
ulna  it  is  inserted  upon 
the  posterior  portion  of 
the  bicipital  tuberosity. 
A  bursa  (B.  racHo-bicipi- 
talis)  constantly  intervenes  between  the  anterior  portion 
of  the  tuberosity  and  the  tendon,  and  not  infrequently 
a  second  bursa  (B.  vlno-radiali.i)  is  found  between  its 
inner  surface  and  the  ulna,  lying  along  the  oblique  liga- 
ment. It  is  because  of  the  insertion  of  the  tendon  near 
to  the  posterior  surface  of  the  radius  that  the  biceps  is 
enabled  powerfully  to  rotate  that  bone  and  thus  .supinate 
the  hand.  Owing  to  its  preponderating  influence,  the 
force  available  for  supination  is  much  greater  than  that 
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deep  radial  muscles 
Fui.  I.HIH.— Sagittal  Section  through  Elbow. 

for  pronation.     This  is  turned  to  account  in  many  tools 
and  mechanical  devices,  such  as  gimlets  and  screws. 

Arising  from  the  anterior  surface  and  inner  border  of 
the  main  tendon  of  the  biceps  is  the  aponeurotic  expan- 
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sion  known  as  the  bicipital  fascia,  also  called  the  fascia 
semilunaris  and  the  lacertus  fibrosus,  which  is  directed 
obliquely  to  the  iuner  side  of  the  forearm,  its 
fibres  reaching  as  far  as  the  crest  of  the  ulua.  It 
has  therefore  been  regarded  as  an  ulnar  tendon 
of  the  biceps.  It  passes  over  the  brachial  artery 
and  the  median  nerve,  separating  them  from  the 
median  basilic  vein  and  the  filaments  of  the  in- 
ternal cutaneous  nerve. 

The  brachiahs  anticus  lies  beneath  the  biceps, 
directly  in  front  of  the  elbow-joint.  Thick  and 
flat,  it  arises  by  direct  implantation  of  muscular 
fibres  from  the'lower  portion  of  the  humerus  and 
the  intermuscular  septa,  and  is  inserted  by  a 
broad,  flat  tendon  upon  the  tubercle  and  the  in- 
ferior surface  of  the  coronoid  process  of  the 
ulna.  Being  broader  than  the  biceps,  it  becomes 
subcutaneous  at  the  sides  of  the  arm. 

In  close  relation  with  these  muscles  there  pass 
down  into  the  cubital  fossa  the  brachial  artery 
with  its  accompanying  veins  and  the  median 
musculo-spiral  nerves  (see  Figs.  1815,  1817, 
and  1819).  The  artery  lies  upon  the  brachiahs 
anticus,  against  the  iuner  side  of  the  biceps  mus- 
cle, almost  exactly  midway  between  the  con- 
dyles. In  this  situation  the  position  of  the  artery 
is  clearly  indicated  by  the  broad,  glistening  wlute 
tendon  "of  the  biceps  on  its  outer  side  and  the 
smaller,  rounder,  and  more  yellowish  cord  of 
the  median  nerve  that  runs  parallel  to  its  inner 
border.  It  usually  divides  into  its  terminal 
branches,  the  radial  and  ulnar  arteries,  just 
below  where  the  bicipital  fascia  stretches  over 
it,  viz.,  about  a  finger's  breadth  below  the  bend 
of  the  elbow,  opposite  the  junction  between  the 
head  and  the  neck  of  the  radius.    It  is  associated 


with  two  companion  veius  that 
intercommunicate  by  numerous 
transverse  liranches,  increasing 
somewhat  the  difficulty  of  Isolaf 
ing  the  artery  ibr  ligation.  Its 
deptli  and  confined  pcjsiliun  make 
it  possible  to  compress  it  l)y 
forced  flexion  of  tlie  joint,  and 
hemorrhage  from  Uie  'radial  or 
ulnar  arteries  may  be  thus  con- 
trolled. The  bicipital  fascia  acts 
as  a  reinforcement  of  its  outer 
coat,  ttnd  this  is  thought  to  be 
one  reason  why  aneurism  is  much 
less  frequent  here  than  in  the  pop- 
liteal space  of  the  lower  limb.  It 
should  be  noted  that  the  thickness 
of  the  bicipital  fascia  varies  much 
in  different  individuals,  being  not 
infrequently  so  thin  and  indistinct 
that  it  might  be  mistaken  for  or- 
dinary connective  tissue. 

Collateral  branches  from  the 
large  vessels  mentioned  aliove 
form  about  the  elbow  a  network 
{rete  olecrani)  of  arterioles  import- 
ant for  the  nourishment  of  the 
region  (see  Fig.  1820).  For  this 
reason  tight  bandaging  is  likely  to 
interfere  with  healing  processes  in 
the  neighborhood  of  the  elbow. 
The  bi-anches  that  form  this  net- 
work are,  from  above,  the  superior 
and  infeiior  profunda  and  the  an- 
astomotica  magna,  derived  from 
the  brachial ;  from  below,  the  ra- 
dial recurrent,  the  interosseous  re- 
current and  the  anterior  and  pos- 
terior ulnar  recurrents.  About  the 
external  condyle  branches  from 
the  superior  profunda  descend, 
anastomosing  with  the  radial  re- 
current in  front  and  the  interosseous  recurrent  behind ; 
about  the  internal  condyle  the  inferior  profunda  and  the 
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anastomotica  magna  descend,  uniting  with  the  antenoi 
and  posterior  ulnar  recurrents.  The  anastomotica  magna 
also  sends  an  arch  across  above  the  olecranon,  uniting 
with  all  the  other  vessels  on  the  posterior  surface  of 

^TheTnedian  nerve,  having  crossed  the  brachial  artery 
above  at  a  very  acute  angle,  lies  in  this  region  at  its  inner 
side  usually  separated  from  it  by  a  slight  interval.  It 
then  passes  deeply  between  the  two  heads  of  the  pronator 


Internal   cutaneous  I. 
nerve  ^ 

inferior  profunda  ( 
artery  t 

basilic  vein 
hracliial  artery 

mecUan-basUlc  vein 

musculo  -cutaneous  I 
nerve  f 

meJian-cepliallc  vein 
bicipital  fascia 


ulnar  head  of  pro- 1 
nator  teres  f 


median  nerve 

humeral    head     of ) 
pronator  teres        f 

supinator  longus 
radial  artery 


Qexor  carpi  radialis 


Fig,  1831.— Dissection  of  the  Elbow  from  the  Inner  Side. 


radii  teres,  the  coronoid  head  separating  it  from  the  divi- 
sion of  the  brachial  and  the  ulnar  artery,  and  finally  leaves 
the  region  of  the  elbow  and  gains  the  middle  of  the  fore- 
arm by  passing  under  the  arch  of  the  tle.xor  sublimis 
digitorum.  The  motor  branches  of  the  median  nerve 
are  all  given  off  at  or  near  the  elbow.  Sometimes  all 
the  branches  for  the  forearm  are  derived  from  a  common 
trunk  which  then  might  be  known  as  the  deep  median 
nerve  (N.  profundus  medianus,  Schwalbe).  The  usual 
arrangement,  however,  is  for  three  nerves  to  separate  in 
succession:  (1st)  one  that  su])plies  the  huniei'al  head  of 
the  pronator  radii  teres,  given  off  a  little  before  the  nerve 
passes  under  the  bicipital  fascia;  (3d)  a  trunk  for  the 
superficial  muscles  of  the  forearm,  given  off  l)etween 
the  two  heads  of  tlie  pronator  radii  lores  and  including  a 
branch  for  the  coronoid  head  of  tliat  mu,scl(; ;  (3(1)  a  tnink 
tor  the  deep  muscles  of  the  forearm,  usually  given  olf 
between  the  pronator  radii  teres  and  thi'  flex'or'sublimis 
digitoruin. 

The  mu.seulo-spiral  nerve,  after  winding  around  tlie 
humerus  from  behind,  reaches  the  region  in  front  of  the 
elbow  a  short  distance  above  the  condyles,  by  perforating 
the  external  intermuscular  septum.     It  then  lies  at  the 
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bottom  of  the  external  bicipital  groove,  against  the  fibres 
of  the  brachialis  anticus  which  separate  it  from  the_]0int 
capsule,  and  between  the  supinator  longus  and  the  biceps. 
It  divides,  usually  at  the  level  of  the  articulation  or 
slightly  above  it,  but  sometimes  as  far  down  as  the  head 
of  the  radius,  into  the  posterior  interosseous  and  radial 
nerves.  The  radial  recurrent  artery  off  en  lies  in  the 
angle  of  bifurcation.  The  posterior  interosseous  branch, 
exclusively  motor,  leaves  this  region  by  perforating  the 

supinator  brevis  muscle 
and  thus  reaching  the 
back  of  tlie  forearm. 
The  radial  proceeds 
downward  under  cover 
of  the  supinator  longus, 
lying  to  the  outer  side  of 
the  radial  artery. 

Behind  the  elbow  the 
muscfilar  mass  is  com- 
posed of  the  triceps  and 
the  anconeus,  its  con- 
tinuation upon  the  lower 
arm.  The  portion  of  the 
triceps  that  comes  prop- 
erly within  this  region 
is  its  insertion,  which 
con.sists,  first,  of  a  thick, 
firm,  aponeurotic  expan- 
sion which  receives  fibres 
from  all  the  heads  and 
is  inserted  upon  the  su- 
]jcrior  surface  and  lat- 
eral edges  of  the  olec- 
ranon; second,  of  fibres 
from  the  external  and 
internal  heads  that  are 
implanted  without  any 
(common  interos-  intermediary  tendon  di- 
rectly  upon  the  olecra- 
non. 

Below  and  externally 
the  triceps  blends  inti- 
matefy  with  the  anco- 
neus, there  often  being 
no  appreciable  in- 
terstice lietween  them. 
This  continuity  and  its 
supply  by  the  same 
branch  of  the  musculo- 
spiral  nerve  that  inner- 
vates the  internal  head 
of  the  triceps,  have  led 
some  to  the  conclusion 
that  the  anconeus  should 
be  eonsideied  as  a  fourth 
head  of  the  triceps.  It  radiates  fan-like  from  a  short  and 
strong  tenilon  attached  to  the  posterior  and  inferior  por- 
tion of  the  external  condyle,  its  fleshy  fibres  being  in- 
serted by  direct  implantation  into  the  side  of  the  olecranon 
and  over  the  entire  extent  of  the  excavated  posterior 
surface  of  the  ulna  that  lies  above  the  ()bli(iue  line. 

At  the  sides  of  the  elbow  the  muscular  masses  are 
arranged  in  two  groups,  quite  distinct  in  their  origin, 
function,  and  innervation.  The  inner  group  arises  from 
the  infernal  condyle  or  near  it,  contains  pronators  and 
flexors,  and  is  innervated  by  Ihe  median  and  ulnar  nerves; 
the  outer  group  arises  from  the  external  condyle  and  the 
condylar  ridge  above  it.  contains  supinators  and  exten- 
sors, and  is  innervated  by  branches  from  the  musculo- 
spiral  nerve. 

Some  explanation  of  the  peculiarities  of  these  lateral 
muscles  is  afl'orded  liy  the  history  of  the  development  of 
fill'  arm.  In  the  faHus  each  limb  arises  as  a  btidlike  out- 
growtli  from  the  trunk,  and  is  covered  by  a  prolongation 
of  the  venlro-lateral  common  muscular  sheet.  As  it  in- 
creases in  length  this  prolongation  becomes  segmented 
near  the  elbow  into  a  pronato-flexor  mass  and  a  supinato- 
extensor  mass.     In  lower  animals,  like  reptiles,  that  have 
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no  independent  movements  of  the  dilTereiit  parts  of  the 
hand,  these  masses  remiiiu  in  their  primitive  eondilion 
but  m  those  that  liave  a  vaiiety  of  niuvemenls  for  the 
liand,  the  masses  beeonie  split  into  layers  and  linally  into 
distinct  muscles.  Irregularities  in 'this  process  cause 
numerous  varieties.  In  adult  man  traees  of  the  pjiou- 
tive  condition  persist  at  the  place  of  origin  of  the  muscles 
many  of  winch  continue  to  spring  from  an  luidiffereu- 
tiated  mass,  or,  as  it  is  styled,  from  a  coiuniou  tendon 

The  muscles  of  the  pronato-flexor  ma,s.s  found  in  the 
region  we  are  considering  are  the  pronator  radii  teres  the 
flexor  carpi  radialis.  the  palmari.s  longus,  the  flexoi-  carpi 
ulnaris,  and  the  flexor  sublimis  digitorum.  The  tlrst  four 
of  these  form  a  superficial  layer,  while  the  flexor  sublimis 
constitutes  a  layer  by  itself  (see  Fig.,  1831). 

The  pronator  teres  lies  farthest  to  the  radial  side  and 
therefore  forms  the  inner  boundary  of  the  cubital  fossa. 
Besides  its  origin  from  the  internal  condyle  it  has  a  slip 
attached  to  the  coronoid  process  of  the  idiia.  Between 
these  two  slips  of  origin  passes  the  median  nerve  as  al- 
ready mentioned. 

The  flexor  carpi  railialis  and  the  palmaris  longus  have 
no  special  anatomical  importance  in  this  region,  merely 
arising  from  the  internal  condyle  by  the  conimon  tendon 
and  presenting  spindle-shaped  masses  lying  approxi- 
mately parallel  to  the  pronator.  The  flexor  carpi  ulnaris 
arises  by  two  heads,  one  from  the  internal  condyle  by 
the  common  tendon,  one  from  the  olecranon  and  the  up- 
]ier  two-thirds  of  the  crest  of  the  ulna.  These  heads  are 
united  by  a  fibrous  arcade  under  which  pass  tlie  ulnar 
nerve  and  the  posterior  ulnar  recurrent  artery.  The 
nerve  descends  behind  the  internal  muscular  septum,  ac- 
companied by  the  inferior  profunda  artery  which  lies  in 
front  of  it,  enters  the  slight  groove  behind  the  internal 
coudjde,  sometimes  held  in  place  by  a  slight  elevation  of 
bone  arising  from  the  condyle.  It  is  here  in  close  rela- 
tion with  the  internal  lateral  ligament  of  the  elbow-joint, 
which  throws  over  it  a  fibrous  investment  which,  accord- 
ing to  Sutton,  is  the  remains  of  an  atrophied  muscle,  the 
epitrochleo-anconeus,  rarely  found  in  man  but  common 
in  apes.  These  filjres  help  to  fix  the  nerve  and  prevent 
it  from  slipping  from  its  groove,  a  common  accident  in 
dislocations.  During  flexion  the  groove  widens  some- 
what owing  to  the  slight  lateral  displacement  of  the  hu- 
merus. A  small  bursa  i  >ften  lies  between  the  nerve  and  the 
hone,  necessitated  by  the  movements  of  the  nerve  during 
flexion  and  extension.  In  this  situation  the  nerve  is  al- 
most subcutaneous,  crossed  by  branches  from  the  internal 
cutaneous  nerve,  and  as  it  lies  against  an  unyielding  sur- 
face it  is  particularly  subject  to  injury  when  the  inner 
edge  of  the  elbow  is  struck.  This  has  led  to  the  designa- 
tion of  its  locality  as  the  " funny  bone."  It  is  mainly  on 
account  of  the  presence  of  the  nerve  on  this  .side  that  the 
joint  is  opened  from  without  in  operations  for  resection. 

The  flexor  sublimis  digitorum  has  also  a  double  origin, 
one  by  a  thick  and  strong  slip  from  the  internal  condyle 
and  coronoid  process  by  the  common  tendon,  closely 
blended  with  the  internal  lateral  ligament  of  the  joint, 
another  by  a  broad  and  thin  lamina  from  the  oblique  hue 
and  anterior  border  of  the  radius.  The  two  heads  united 
bound  an  oval  foramen  through  which  pass  the  median 
nerve  and  the  ulnar  artery. 

The  muscles  of  the  supinato-extensor  mass  found  in 
this  region  are  divided  into  two  groups :  an  external  one, 
comprising  the  supinator  longus  and  brevis  and  the  two 
radial  extensors  of  the  wrist;  and  a  posterior  one,  com- 
prising the  common  extensor  of  the  fingers,  the  extensor 
of  the  little  finger,  and  the  ulnar  extensor  of  the  wrist. 
The  ulnar  crest  separates  these  groups  from  the  pronato- 
flexor  muscles. 

The  supinator  longus  is  the  most  superficial  ot  its 
group,  arising  from  the  upper  two-thirds  of  the  external 
supracondyloKl  ridge  of  the  humerus  and  from  the  ex- 
ternal intermuscular  septum,  and  extending  down  along 
the  outer  side  of  the  forearm  to  which  it  imparts  its 
characteristic  shape.  The  muscle  is  drawn  forward  by 
the  deep  fascia  of  the  forearm  and  forms  the  external 
boundary  of  the  cubital  fossa.  Above  the  elbow  it  lies 
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upon  tlie  musculo-spiral  nerve  and  the  radial  recurrent 
artery,  below  upon  the  radial  vessels  and  nerve.  Its 
tunctions  as  a  supinator  are  brought  into  play  only  when 
the  arm  has  been  previously  strongly  pronated.  Its 
usual  office  is  tliat  of  a  flexor  (jf  the  forearm. 

Closely  connected  with  the  supinator  longus  at  its 
origin  is  the  long  radial  extensor  of  the  wrist,  for  its  fibres 
immediately  succeed  those  of  the  supinator  upon  the  ex- 
ternal condyloid  ridge,  here  somewhat  enlarged,  extend- 
ing down  for  about  an  inch,  or  to  the  base  of  the  condyle. 
It  is  i)artly  covered  by  the  supinator  longus  and  is  in 
contact  with  the  upper  part  of  the  capsule  of  the  joint. 

Lying  direclly  under  the  foregoing  and  arising  from 
the  anterior  surface  of  tin-  external  condyle  is  the  short 
radial  extens(n-  of  the  wrist.  Tlie  two  muscles  are  not 
iulreipiently  interblended  in  various  ways. 

The  supinator  brevis  lies  deeply  under  both  of  these, 
a  bursa  usually  intervening,  and  close  against  the  joint 
capsule.  Arising  from  the  lower  pait  of  the  external 
condyle  and  the  common  tendon,  also  from  the  interosse- 
ous border  of  the  ulna  and  the  excavation  below  the  lesser 
sigmoid  cavity,  its  fibres  run  spirally  from  above  down- 
ward and  outAvard  and  are  inserted  around  the  upper 
third  of  the  radius,  embracing  the  neck  and  reaching  the 
tuberosity  and  the  oblique  line.  It  adheres  closely  to 
the  external  lateral  and  orbicular  ligaments  of  the  elbow- 
joint.  The  muscle  is  divided  into  two  planes  of  flbres 
between  which  the  postei'ior  interosseous  nerve  passes. 
It  shares  with  the  biceps  the  function  of  supinating  the 
hand  and  arm  bj^  rotating  the  radius. 

The  muscles  of  the  posterior  region  of  the  upper  fore- 
arm radiate  from  the  external  condyle  just  below  the 
anconeus.  The  common  extensor  of  the  fingers  is  the 
most  external  of  these,  appearing  in  this  region  as  an 
undivided  pyramidal  mass  arising  from  the  lower  and 
anterior  portion  of  the  condyle  and  the  common  tendon. 
It  is  in  contact  with  the  external  lateral  ligament  and  the 
sui^inator  brevis  and  wedged  between  the  short  radial 
extensor  and  the  ulnar  extensor. 

Interposed  between  the  common  and  ulnar  extensors 
and  seemingly  differentiated  from  the  former  is  the  ex- 
tensor of  the  little  finger.  It  arises  mainly  from  the 
fascia  of  the  forearm  and  the  septa  that  lie  between  it 
and  the  two  contiguous  muscles.  In  about  four  per  cent, 
of  cases  its  muscular  belly  is  indistinguishable  from  that 
of  the  common  extensor. 

The  ulnar  extensor  of  the  wrist  runs  diagonally  across 
the  back  of  the  arm  from  the  external  condyle  to  the 
ulnar  side.  It  arises  from  the  lower  and  posterior  portion 
of  the  condyle  and  the  common  tendon,  from  a  strong 
intermuscular  septum  that  springs  from  the  upper  three- 
fourths  of  the  crest  of  the  ulna  and  from  the  fascia  of  the 
forearm.  A  bursa  is  often  found  beneath  its  cf)ndylar 
tendon,  often  extending  also  beneath  the  origin  of  the 
common  extensor. 

Elhow-jiiiiit.—\n  this  important  joint  there  are  united 
in  a  single  capsule  three  articulations:  one  between  the 
humerus  and  the  ulna:  one  between  the  humerus  and 
the  radius,  and  one  between  the  ulna  and  the  radius. 
This  diversity  of  union  permits  a  great  variety  of  motions 
for  the  forearm  and  hand  and  determines  largely  the  dis- 
tinction that  exists  between  the  upper  and  the  lower  ex- 
tremity. Thus  there  is  produced  by  this  means  an 
angular  motion  of  great  steadiness  by  which  the  forearm 
is  flexed  and  extended,  and  also  a  motion  by  which  the 
radius  and  ulna  are  altered  in  their  relations,  being  made 
to  turn  over  each  other  across  their  long  axes,  and  thus 
rotate  the  attached  hand.  Movement  of  this  kind  toward 
till-  median  line,  turning  the  palm  downward,  is  termed 
lu-onation:  in  the  opposite  direction,  turning  the  palm 
uiiward,  supination.  ^         ,        ,    , 

The  huinero-ulnar  articulation  gives  the  whole  system 
soliditv  its  strength  being  due  to  the  configuration  of 
the  articulating  surfaces,  and  the  peculiar  arrangement 
of  the  ligaments.  , 

The  humerus  presents  at  its  lower  end  a  surface  curved 
like  an  Ionic  volute,  and  grooved  like  a  pulley  which 
givesJt  its  name  of  trochlea  (see  Fig.  1822).     The  sur- 
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1823.— Tbe  Lower  End  of  the  Humerus, 
showing  the  Articular  Surface. 
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face  is  obliquely  directed,  aiul  the  groove  is  not  quite 
symmetrical,  but  has  a  slight  lateral  twist.  On  tins  sur- 
face the  ulna  glides,  embracing  it  by  the  gap  between 
the  olecranon  and  the  coro- 
noid  proce.sses  known  as  the 
greater  sigmoid  cavity  (see 
Fig.  1823),  not  quite  a  semi- 
circumference,  the  o>ecra- 
non  ])assiug  up  behind  into 
the  fossa  of  that  name  in 
the  humerus  when  the  arm 
is  extended,  and  the  coro- 
noid  process 
similarly  fitting 
into  its  appro- 
priate fossa  in 
front  during 
flexion  (see  Fig. 
1834),  Thecoro- 
noid  and  olecra- 
non portions  of 
the  ulnar  surface 
are  se]3arated  by 
a  transverse 
line  devoid  of  cartilage  (see  Fig.  1833),  corresponding 
to  the  place  where  the  epiphysis  unites  with  the  shaft. 
The  \vli()le  olecranon  process  is  a  secondary  growth,  as 
in  foetal  life  the  joint  begins  its  development  as  a  .simple 
slit  between  two  ends  of  bone  Avhich  are  apposed  very 
much  as  the  ends  of  the  finger  bones  are  in  the  adult. 
At  birth  the  process 

is  not  completely  de-  ok-craron, 

veloped,  and  the  olec- 
ranon   and    coronoid 
fosstie  of  the  humerus 
are    not   so   deep   as 
they  are  in  tire  adult. 
It    is    interesting    to 
note  that  in  renewal 
after     resection     the 
fcetal    conditions  re- 
appear, the  ulna  not 
usually  acquiring  an 
olecranon,  but  resem- 
liling  more  the  upper 
e  n  (1    of    t  h  e 
tibia.      The 
trausvei  Be  line 
a  b  o  V  e   m  e  ii- 
tioned  is  cross- 
ed    at    nearly 
right  angles  by 

a  guide  ridge  which  fits  into  the  deepest  part  of  tbe 
trochlear  groove.  The  direction  (jf  this  is  not  quite  tlie 
same  in  the  two  portions,  and  a  piece  cut  from  the  olec- 
ranon or  coronoid  process  will  not  exactly  fit  all  parts 
of  the  trochlea.  There  is  usnally,  therefore,  a  slight 
deviation  or"  lateral  wabbling  of 
the  jnint  in  flexion  and  extension, 
which  is  not,  however,  sufficient 
to  be  noticeable  without  instru- 
mental measiiremenls.  The  re- 
sults of  tracings  made  by  points 
carrying  ink  are  shown  in  Figs. 
183.")  and  1826,  tlie  two  lines  thi'ic 
drawn  on  the  trochlea  being  trac- 
ings of  points  attached  lo  the  coi-- 
oiioid  a)iil  olccraniin  processes, 
respectiv(,'ly.  The  curves  bi'nd 
and  ret  urn  into  each  other,  so  that, 
though  thei'e  is  a  slighi,  lateral 
woi-kiiig,  it  is  reailjusted  before 
llie  end  of  the  eoiii-se.  This  may 
be  easily  diMiionstraled  by  oliserv- 
ing,  liming  llexion  a 
a  spot  of  ink  ]ihiee( 
prominent  point  of  I 
By  eai-efully  sightin: 


Radius 


Fig, 


1823.— Ttie  Upper  End  of  the  Riidius  and  ttie 
Ulna,  showing  ttle  Artleular  Surfaces, 
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vertical  thread,  it  will  be  seen  to  move  laterally.  It  may 
also  be  demonstrated  by  making  a  vertical  section  through 
the  extended  joint,  and  then  flexing,  when  the  cut  .sur- 
faces of  the  bones  will  be  seen  to  ride  past  each  other.  It 
appears,  then,  that  there  is  a  shght  interval  between  the 
articular  surfaces  at  the  sides,  only  the  guide  ridge  re- 
maining constantly  in  contact.  The  joint  cannot,  there- 
fore, be  said  to  be  a  perfect  hinge,  although  it  may  be  so 
regarded  for  all  practical  purposes. 

External  to  the  trochlear  surface  of  the  humerus,  and 
separated  from  it  by  a  shallow  groove,  is  a  rounded  por- 
tion about  as  large  as  an  ordinary  marble,  called  the 
capitellum  or  radial  head  (see  Fig.  1822).  It  does  not 
extend  far  back,  but  looks  directly  forward,  and  the 
button-like  head  of  the  radius  which  articulates  with  it 
can  be  felt  behind,  moving  from  side  to  side  when  the 
extended  arm  is  supinated.  This  is  an  important  assist- 
ance in  diagnosticating  dislocations  and  other  injuries 
here.  The  head  of  the  radius  is  in  contact  with  the 
capitellum   only   when    the   forearm  is   flexed   at   right 


Fig.  182.5.— The  Trochlear  Surface  of  the  Humerus,  showing  Tracings 
of  the  Paths  of  the  Olecranon  and  Coronoid  Processes  of  the  Ulna 
during  Flexion  and  Extension,     (After  Braune  and  Kyrlslund,) 

angles;  during  complete  extension  its  anterior  edge 
touches  but  its  posterior  half  is  entirely  free.  The  shal- 
lowness of  the  depression  by  which  the  radius  fits  would 
make  the  joint  very  insecure,  were  it  not  that  that  bone 
is  bound  sidewiseto  the  ulna  by  a  strong  band  called  the 
orbicular  ligament  (see  Fig.  1823),  articulating  in  a  shal- 
low depression  called  the  lesser  sigmoid  cavity.  The 
broadest  part  of  the  radial  rim  fits  this,  in  the  position 
of  the  arm  which  is  most  usual,  viz.,  that  of  semi-prona- 
tion.  The  rim  passes  a  little  beyond  the  .sigmoid  cavity 
and  just  touches  the  bevelled  edge  which  separates  the 
capitellum  from  the  trochlear  portion  of  the  humerus, 
rolling  upon  it  in  pronation  and  supiination.  The  com- 
bination of  flexion  with  pronation,  and  of  extension  with 
supination,  are  therefore  in  accordance  with  the  nature 
of  the  articular  surfaces.  The  line  of  the  articulation  is 
oblique,  and  in  amputating  it  is  useful  to  remember  that 
it  lies  about  three-eighths  of  an  inch  below  the  external 


l,s2i;.-  I'he  Same  lietaclied  from  the  Shaft,  i 
Paths  meet  if  continued. 


i  to  show  liow  the 


condyle,  and  one-fourth  inch  lower  on  the  inner  side. 
The  iiead  of  the  radius,  which  can  be  Iclt  as  mentioned 
aliove,  is  the  best  guide  to  it. 

From  the  configuration  of  the  surfaces  here  described, 
it  will  be  noticed  that  lateral  luxations  must  be  rare,  the 
dislocation  outward  being  easier  than  inward;  that  an- 
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tero-postenor  luxiitions  an-  fiisiur  and  can  be  directed  in 
any  position  of  the  joint,  the  posterior  one  liein"-  neees 
savily  the  most  common.  When  a  single  bone  is  dislocated 
it  must  be  the  radius. 

A  fibrous  capsular  li,i.-amcnt  lined  with  synovial  mem- 
brane invests  the  joint.     Above  and  below'it  is  attached 


-View  ol  the  Lisaments  of  ttie  Elbow-.ioiiit  from  the  Inner 
Side.  1,  Band  extendins  from  tlie  condyle  to  the  tutieioslty  ol  the 
coronoid  process  :  2,  radiating  bundles  from  the  condyle  to  the  bor- 
der of  the  greater  sigmoid  cavity:  3,  arciforra  fibres  which  pass 
forward  from  behind  and  protect  the  ulnar  nerve :  4,  oblique  band 
which  passes  to  the  head  of  the  radius,  blending  with  5,  the  orbicu- 
lar ligament  of  the  radius. 

beyond  the  articular  surfaces  of  the  corresponding  bones, 
the  head  of  the  radius  beuig,  as  it  were,  stuck  through  a 
slit  in  it  Being  quite  loose,  to  admit  of  extensive  move- 
ments (see  Fig.  bS24),  it  would  be  nipped  in  front  and 
behind  during  flexion  and  extension,  Avere  it  not  held  out 
of  the  way  by  the  flexor  and  extensor  musf^les  which 
blend  intimately  with  it.  It  is  further  protected  by  a 
pad  of  fat  in  eacli  fossa,  and  over  this  the  muscles  pull. 
The  capsule  is  thinner  behind  than  in  front,  and  an  effu- 
sion into  the  joint  cavity  fii'st  shows  there,  on  either  side 
of  the  olecranon  and  the  tendon  of  the  triceps. 

In  certain  situati(ms  the  capsule  is  strengthened  by  ac- 
cessory bands,  which  have  received  special  names.  The 
strong'est  of  these  are  the  lateral  ligaments, 
which  radiate  from  points  on  the  liumeius 
which  are  approximately  in  a  line  with  tlie 
axis  of  rotation,  and  some  of  their  tibies  are 
therefore  tense  in  every  position  of  the  joint. 
They  are  important  sustainers  of  the  articu- 
lation—indeed, if  they  are  intact  the  anterior 
and  posterior  portions  of  the  capsule  may  be 
removed  without  affecting  the  security  of  the 
joint.  They  also  prevent  the  coronoid  and  olec- 
ranon processes  from  quite  reaching  the  bot- 
tom of  their  respective  fossre  in  the  humerus, 
which  might  cause  chipping  of  the  bone. 

The  internal  lateral  ligament  (Fig.  1827)  pre- 
sents several  small  bundles,  which  radiate  to 
the  coronoid  process  and  the  internal  border  of 
the  olecranon.  In  front  it  is  intimately  blended 
with  tlie  origin  of  the  flexor  sublimis  digi- 
torum;  behind  it  forms,  together  with  some 
arching  fibres  and  the  tendon  of  oi'igiu  of  the 
flexor  carpi  ulnaris,  a  smooth  groove  for  the 
ulnar  nerve,  which  lies  so  closely  on  the  liga- 
ment that  it  cannot  be  divided  here  without 
risk  of  opening  the  joint.  In  forced  extension, 
caused  by  violence,  the  internal  latei-al  liga- 
ment is  always  ruptured  or  injured,  and  the  bones  are 
fractured  in  some  manner.  The  anterior  band  ot  tlie  lign  - 
ment  appears  to  check  pronation,  as  it  is  raptured  when 
this  movement  is  violently  performed.  In  forced  flexion 
the  posterior  band  is  frequently  torn.     In   fracture  ot 


ligament  often   prevents  .separation  of 


the  olecranon  this 
the  fragments. 

The  external  lateral  ligament  (Fig.  1838)  blends  infi-ont 
with  the  supinator  brevis,  the  tendon  of  origin  of  that 
muscle  being,  in  fact,  a  part  of  it.  Below,  it  unites  with 
the  orbicular  ligament,  sends  a  strong  band  to  a  tubercle 
below  the  lower  sigmoid  cavity  of  the  ulna,  and  adheres 
to  the  internal  edge  of  Ihe  olecranon.  In  forced  move- 
ments (except  adduction)  this  ligament  does  not  usually 
give  way  until  others  are  ruptured.  The  middle  band  is 
especially  strong,  and  may  tear  a  piece  off  the  bone  be- 
fore parting.  If  the  orbicular  ligament  is  broken,  the 
supinator  brevis  and  the  biceps  pull  the  radius  out  of  its 
socket.  As  this  bone  is  more  loosely  attached  than  the 
ulna,  the  accident  is  not  infrequent,  being  u.sually  caused 
by  falls  on  the  pronated  hand,  or,  in  young  children,  by 
a  sti-ong  jerk  on  the  arm. 

The  orbicular  ligament  is  considerably  more  elastic  in 
children,  A  band,  sometimes  described  as  tlie  quadrate 
ligament,  usually  passes  from  the  lower  border  of  the 
sigmoid  cavity  to  unite  with  the  orbicular  ligament  (Fig. 
1838).  Ordinarily  relaxed,  it  limits  pronation  and  supi- 
nation. 

The  synovial  membrane  is  large,  and  contains  numer- 
ous deposits  of  fat,  which  are  especially  abundant  in  front 
and  behind. 

Flexion  and  extension  may,  as  stated  above,  be  con- 
sidered for  practical  purposes  as  occurring  in  a  single 
plane.  The  plane  of  flexion  and  extension  is  not  parallel 
with  the  median  plane  of  the  body,  but  is  directed 
obliquely,  so  as  to  carry  the  hand  toward  the  mouth. 
This  results  from  the  fact  that  the  axis  of  rotation  of  the 
joint  is  not  at  right  angles  to  the  long  axis  of  the  hu- 
merus, but  makes  with  it  an  angle  of  some  twenty  de- 
grees (see  Figs,  1838  and  1830),  This  obliquity  does  not 
occur  in  the  foetal  joint,  and  is  marked  in  the  lower  races 
of  men  or  in  the  anthropoid  apes.  In  them  ease  of  bring- 
ing the  arm  across  the  body  is  effected  by  an  obliquity 
of  the  trochlear  axis  to  the  frontal  plane.  This  can  be 
measured  by  noting  the  inclination  of  the  trochlear  axis 
to  a  line  drawn  through  the  axis  of  motion  in  the  head 
of  the  humerus.  Careful  measurements  made  by  Welcker, 
Lueae,  Gegenbaur,  and  Schmid  show  that  this  angle  aver- 
ages about  sixteen  degrees  in  Europeans  and  thirty-two 
degrees  in  negroes  and  Malays  (see  Fig.  1839). 

In  the  fcetus  the  angle  is  about  forty-three  degrees, 
and  in  a  child  of  one  year  about  thirty-eight  degrees.  It 
would  appear  from  this  that  the  humerus  has  undergone 


Qnnxlrat    li,,ament. 


Fir,.  1S28. 


Oblique  ligament. 
-View  of  the  Ligaments  of  the  Elbow-joint  from  the  Outer  Side. 

a  twisting  about  its  longaxis  to  bringthe  palmar  surface 
of  the  hiuid  forward,  and  thus  make  it  more  useful  as  a 
nrehensile  and  tool-using  organ,  and  that  this  is  more 
comolete  in  the  higherraees.  When  thistorsion  becomes 
nearly  complete  it  would  make  it  difficult  to  carry  the 
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baud  across  the  body,  were  it  not  compensated  for  by  tlie 
inclination  of  tlie  troclilear  axis  wliicli  proceds  pan  passu, 
with  it.  ,    „ 

As  a  result  of  this  inclination  tlie  arm  and  forearm 
make  in  extreme  extension,  an  outwardly  directed  angle 
of  about  one  hundred  and  sixty-five  degrees.     This  is 


D 

European 


African. 


Fig.  1829.— Inclination  of  Axis  of  Elbow-Joint  tn  the  Frontal  Plane  of 
tbe  Body.  .4,  B,  Line  drawn  throu!?h  tlie  roi]dylt\^  nf  the  humerus  ; 
C,  D,  line  drawn  throuffh  the  lon^^  axis  of  tin-  articular  surface  of 
the  head  of  ttie  humerus ;  -E,  F,  axis  of  elbow-joint.  (After  Welcker 
and  Lut'fe.) 

most  marked  in  supination,  and  almost  eutirel_v  disap- 
pears on  pronating  the  hand.  It  is  therefore  best,  when 
applying  extension  to  the  humerus  by  pulling  the  hand, 
first  to  effect  pronation.  "When  the  niuscles  arc  relaxed 
the  force  of  gravity  necessarily  carries  the  hand  into  a 
semi-prone  position  with  the  thumb  to  the  front.  The 
attitude  of  "  attention  "  prescribed  liy  tactics  for  a  soldier, 
i.e.,  with  the  palm  forward,  is  therefore  a  forced  one. 

When  a  body  like  a  ball  is  grasped  by  the  hand  and 
thrown  by  suddenly  extending  the  arm,  the  inclination  of 
the  axis  of  the  forearm  causes  it  to  be  sent  olili(|uely  un- 
less this  is  counteracted  by  strongly  pronating  the  fore- 
arm. This  pronation  is  the  so-called  "twist"  of  base- 
ball pitchers.  In  performing  it  the  limb  is  slightly 
lengthened.  This  may  be  demonstrated  ))y  standing  so 
as  just  to  toucli  a  horizontal  table  with  flie  end  of  the 
index  finger  in  pronation  and  then  .suiiinaling  the  hand, 
when  the  finger  Avill  be  found  to  rise  alioiit  three  eighths 
of  an  inch.     Tlie  mechani.sm  of  this  will  l)e  a|ipaiviit  on 

inspecting  Fig.  1K30,  which  shows  that  the  pi /,  in 

which  the  lower  end  of  the  radius  moves  is  oljli(|ue  io 
the  plane  of  the  table. 

Pronation  and  suiiination  involve  not  only  the;  move 
mentsof  the  bones  in  the  superior  radio  uliiar  articula- 
tion, but  also  the  movements  (]f  the  radius  and  ulna  at 
the  wrist.     Anatomists  \m\i'.  been  divided  in  oiiinion  as 
to  exact,  y  what  part  is  taken  by  each  lione  in  t  his  motion 
±iy  tar  the  greater  number  have  held,  with  (Jalen    Vesa- 
hus,  and  All)ii.us,  that  the  ulna  can  tak..  no  part  in   the 
movement,  l.eing  incapable  of  lateral  motion  at  tlieellmw 
111'-   prevailing  view  is  illustrated  in   Fig     ISISl    which 
represents  tlie  usual  method  of  articulating  the  li.'.ncs  for 
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class  demonstration.  A  fixed  axis  passes  through  the 
head  of  the  radius  above  and  the  head  of  the  ulna  below, 
so  that  the  radius  flaps  back  and  forth  around  this  in  a 
way  that  may  be  rudely  expressed  by  two  boards  obliquely 
hinged  together  (Fig.  1832). 

It  is  rather  strange  that  the  absurdity  of  this  view  has 
not  been  more  generally  seen,  especially  as  a  movement 
of  tlie  ulna  was  recognized  by  Winsiow,  Monro,  and 
Vicq  d'Azyr,  the  latter  anatomist  demonstrating  it  by 
the  impression  which  the  rotating  hand  left  in  a  bed  of 
clay. 

Cruveilhier  (following  Bertin)  declared  this  movement 
to  be  only  apparent,  and  that  b_v  stripping  off  the  muscles 
from  the  shoulder  down  and  fixing  the  humerus,  the  im- 
mobility of  the  ulna  could  be  demonstrated.  The  gen- 
eral treatises  on  anatomy  have  copied  this  statement  with 
great  docility,  only  a  few  investigators  insisting,  not- 
withstanding the  weight  of  authority,  that  the  ulna  actu- 
allj'  does  move.  Among  these  is  Duchenne,  who,  by 
observing  theiuovements  of  the  end  of  a  style  fixed  trans- 
versely upon  the  ulnar  prominence  of  his  own  wrist,  de- 
clared that  the  lower  extremities  of  the  radius  and  the 
ulna  describe  semicircles  equal  in  extent  and  oppo.site  in 
direction.  Lecomte  showed  that  by  fitting  an  inextensi- 
ble  ring  around  the  wrist  above  the  styloid  processes  the 
movements  -^f  pronation  and  supination  could  still  take 
place,  which  woulfl  not  be  the  case  were  the  radius  alone 
active.  lie  believed  the  ulna  to  be  capable  of  circum- 
duction, and  pointed  to  the  multiple  facets  in  the  sigmoid 
cavity  as  being  proof  that  there  is  a  riding  from  side  to 
side.  He  compared  the  bones  of  the  forearm  to  two 
revolving  axles  (arbres)  parallel,  supporting  and  pivot- 
ing upon  each  other  with  their  extremities  united  by 
very  movable  articulations,  The  ulna  has  a  pronator, 
the  anconeus,  and 

a    supinator,    the  ^        g 

pronator  quadra- 
tus.  This  latter 
muscle  shows,  by 
its  attachment 
wrapping  around 
the  shaft  of  the 
ulna,  that  it  is  in- 
tended to  roll  that 
bone  toward  the 
radius. 

Later  observers 
have  pointed  out 
that,  as  Lecomte 
discarded  all  ex- 
periments on  the 
cadaver,  he  could 
not  have  been 
sure  that  he  fixed 
the  humerus,  and 
that  couseciuently 
many  of  his  re- 
sults arise  from 
the  slight  rotation 
of  the  humerus 
which  usually  ac- 
companies prona- 
tion and  supina- 
tion. The  ring 
causes  forced  uiiil 
unnatural  niove- 
ineiits.  A  mathe- 
matical calcula- 
tion sliows  that 
the  acti(Ui  of  the 
]ironator  quadni- 
tiis  uiust  vary  ac- 
eording   to    the 

situation  of  the  axis  around  which  the  bones  turn,  and 
may  be  in  cuie  direction  or  the  oilier,  as  that  axis  varies. 

In  IWH:'  Ileilierg  ]uiblislied  the  results  of  ,some  investiga- 
tions made  liy  liim  on  the  cada\cr,  which  seemed  com- 
pletely to  confirm  Lccomte's  views.     Disarticulating  at 
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FIG.  1830.— The  Bones  of  the  Right  Arm  in 
Extension  and  Supination,  a,  h.  Axis  of 
humerus;  c,  <h  axis  of  motion  of  elbow- 
joint  ;  /,  Ihe  iilane  in  which  the  styloid  prof- 
ess of  the  radius  moves  in  pronation  and 
supination. 
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the  wrist,  he  inserted  into  tlic  ra(li\is  and  tljc  ulna  stiJT 
rods,  at  tlie  end  of  wliicli  were  bruslies  eliarged  with  ink. 
It  was  necessary  to  use  bruslies,  as  the  motipns  described 
were  not  in  a  single  plane.  On  efiecting  mo%'ements  of 
pronation  and  supination,  tliese  brushes  described  on  pa- 
per curves  which  are  approximately  shown  in  Fig.  1 833. 

That  for  the  radius  is  rather  flat  and  ajjpears  to  be  a 
portion  of  a  cycloid,  while  that  for  the  ulna  is  smaller 
and  is  nearly  an  arc  of  a  cli-cle.  In  oider  to  ascertain  if 
similar  results  could  be  obtained  in  the  living  subject,  he 
strapped  a  metal  rod  firndy  to  the  arm  along  the  edge  of 
the  ulna,  carrying  it  out  beyond  the  olecranon  process  so 
far  that  the  distance  between  the  lower  edge  of  the 
greater  sigmoid  cavity  and  the  end  of  the  rod  should  l.)e 
approximately  equal  to  the  distance  between  the  same 
point  and  the  styloid  process  of  the  ulna. 

This  upper  end  he  found  to  describe  curves  which  were 
similar  to  those  described  by  the  lower  end  in  the  cadaver, 
and  he  therefore  concluded  that  the  ulna  describes  move- 
ments of  circumduction  during  pronation  and  supination, 
the  lower  portion  generating  a  conical  surface  and  the 
upper  portion  another,  the  vertices  of  the  cones  meeting 
at  the  lower  edge  of  the  greater  sigmoid  cavil  j'.  He 
presented  his  views  to  the  International  Medical  Congress 
in  1884,  and  a  livel}^  discussion  ensued.  It  was  pointed 
out  that  his  apparatus  must  necessarily  produce  very  in- 
exact results.  Since  that  Cathcart  has  stated  that  in 
patients  who  have  ankylosis  of  the  humerus  at  the 
shoulder-joint  he  finds  pronation  and  supination  to  be 
difficult,  and  Flesch  found  that  in  an  apparatus  rigged 
to  imitate  the  elbow-joint  the  movements  of  the  ulna  ap- 
peared to  be  mainly  those  of 
flexion  and  extension.  In  the 
living  subject  the  anconeus 
strongly  contracts  during  prona- 
tion, and  the  brachialis  anticus 
and  flexor  carpi  ulnaris  during 
supination. 

M}^  own  experiments  com- 
pletely conllrm  this.  The  most 
important  paper  that  has  re- 
cently appeared  has  been  one 
bj'  Braune  and 
Fischer,  who 
made,  during 
1885,  a  series  of 
most  careful  ex- 
periments on  the 
cadaver,  in  or- 
der to  establish" 
the  character 
of  Heib  erg's 
curves  of  move- 
ment. The  ca- 
daver used  was 
that  of  a  suicide, 
and  quite  recent. 
The  motions 
were  induced  by 
w  eights  and 
pulleys  acting 
as  nearly  as  pos- 
sible in' the  line 
in  which  the 
muscles  pull 
during  life,  and 
pains  were  taken 
not    to   force 
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FIG.  1832.  — The 
Same  Mechan- 
ism Illustrated 
by  Pieces  ol 
Board  Hinfied 
Together.  (Af- 
ter Welcter.) 


Fig.  1831.— Usual  Method  of 
Illustrating  the  Move- 
ments of  Pronation  and 
Supination.  The  radius 
and  ulna  joined  together  . 

hy  means  of  a  rod  passing  them  by  malving 
through  the  head  of  the  y^g  weights  too 
radmsandtheheadofthe    ^^^^^/^    gtyjeg 

were  inserted 
firmly  into  the  ulna  and  radius,  and  the  path  described  by 
their  ends  was  carefully  observed  and  traced  upon  glass 
in  at  least  two  planes,  or  marked  by  reflecting  mirrois 
on  a  wall.  From  the  tracings,  a  system  of  c»-ordmates 
•was  obtained  by  which  the  path  of  each  style  was  cal- 
culated.    It  was  found  that  the  paths  described  by  the 


uluii  belonged  to  no  regular  curve,  but  were  a  series  of 
motions  of  flexion  and  extension,  with  a  slight  degree  of 
lateral  motion. 

These  results  agree  with  experiments  wliich  I  have 
myself  made  on  this  subject,  but  it  should  be  added  that 


RaditlB. 


Fig.  18.'J3.— The  Lower  Ends  ol  the  Radius  and  Ulna;  showing  the 
Movements  of  Pronation  atid  Supination.     (According  t/j  Heiberg.) 

the  amount  of  ulnar  movement  undoubtedly  varies  con- 
siderably according  to  circumstances,  and  that  the  axis 
of  motion,  instead  of  being  fixed,  as  usually  stated, 
changes  according  to  the  act  performed. 
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Elecampane. 
Electricity. 

l,.weffims™  anzuwendende  Metbode,  eriautert  am  fielenkm 
miis  fips  Vonleruims  lieim  Jleiisclien.    Abhandl.  cler  niat.-pnysian. 
Cir.srSerKiMgl     Sachs.  Geselbehalt  der  Wissenschaften,  vol.  m., 
81.'J^;336. 

ELECAMPANE.— Indi.a.  The  root  of  Inula Ildenium 
L.  (fam.  Corii'pofiitas).  ^,  ■  ,  a    ^ 

This  is  a  large,  rank,  perennial  Iierb,  with  a  thick  tlesliy 
rootstock  and  root,  and  an  upright,  branched,  liairy  or 
rough  stem,  from  one  to  two  yards  Ingh.  The  lower 
leaves  are  half  a  yard  or  more  long  and  halt  as  broad. 
The  yellow  flower  heads  are  several  inches  hroad,  some- 
what resembling  small  sunflowers. 

Inula  grows,  either  indigenous  or  natuialized,  m  tlie 
temperate  parts  of  Enrope,  Asia,  and  Noitli  America, 
and  is  also  cultivated  in  Europe. 

The  root  .should  be  collected  either  in  siiring  or  in  au- 
tumn, suitably  sliced,  and  dried  with  gentle  heat.  It  is 
then  "in  transverse,  concave  slices  or  longitudinal  sec- 
tions, with  overlapping  bark,  externally  wrinkled  and 
jirown;  flexible  in  damp  weather;  wdieii  dry,  lircaking 
with  a  short  fracture;  inteinally  grayisli,  fleshy,  slightly 
ii-adiate,  and  dotted  with  numerous  shining,  yellowish- 
hrown  resin  cells;  free  from  starch;  odor  peculiar,  aro- 
matic; taste  bitter  and  pungent." 

Composition. — Iindiu,  heleniii,  alant  canqilwr,  aUintol, 
essential  oil,  alantuic  acid,  waxy,  acrid,  resinous,  and  bit- 
ter substances,  besides  ordinary  vegetable  principles  and 
ash.  The  first  of  these,  although  of  no  medicinal  proper- 
ties, is  the  most  interesting,  and  has  received  its  name 
from  this  plant.  It  was  discovered  in  it  in  1804  by  Val- 
entine Rose,  who  also  pointed  out  its  intermediate  posi- 
tion between  starch  and  sugar.  Since  then  it  has  been 
observed  in  the  roots  of  nearly  a  hundred  Compoisita> ,  but 
in  the  plants  of  no  other  family  excepting  the  Loheliacea>. 
It  has  likewise  not  been  found  in  the  aerial  portions. 
The  alant  camphor,  or  helenin,  is  obtained  by  boiling  the 
roots  with  alcohol,  filtering,  and  adding  cold  water  to 
the  filtrate,  when  the  helenin  separates,  upon  standing, 
in  fine  needles;  or  it  may  be  separated  by  distillation. 
It  is  a  faintly  odorous  and  nearly  tasteless,  volatile  sub- 
stance, insoluble  in  water,  but  soluble  in  ether,  oils,  and 
hot  alcohol.  The  oil  is  a  yellow^  liquid  of  mint-like  odor, 
and  contains  alantol  (CoHibO).  Alautic  acid  is  a  crystal- 
line substance  associated  with  the  oil. 

Action  and  Use. — Although  an  old  remedy,  it  can 
hardly  be  said  (hat  elecampane  has  an}'  important  place 
in  modern  therapeutics.  It  is  a  stimulant,  stomachic 
tonic,  and  enjoys  a  slight  reputation  in  the  treatment  of 
amenorrhoea  and  bronchitis.  Dose,  from  2  to  4  gm.  (gr. 
XXX.  ad  3  i.)  in  decoction  or  infusion.         11'.  P.  Holies. 

ELECTRICITY:  THE  DESTRUCTIVE  AND  LETHAL 
EFFECTS  OF  HIGH-PRESSURE*  CURRENTS.— There 

are  delivered  from  the  high-pressure  line  of  a  big  trans- 
mission plant,  at  night  glowing  blue  with  the  euergj' 
that  is  streaming  off  into  the  dielectric,  perhaps  thousands 
of  kilowatts  to  di.stant  transformers,  which  may  serve 
to  light  a  whole  city  or  furnish  power  to  operate  a  street- 
railway  system.  The  one  result  or  the  other  obtains 
according  to  the  conditions  of  the  conducting  circuit; 
but,  in  both  instances,  it  is  energy  which  is  delivered  at 
the  terminals,  and  which  by  its  expenditure  produces  the 
different  phenomena  instanced. 

In  the  application  of  an  electric  current  to  the  human 
organism,  whetlier  administered  therapeutically,  encoun- 
tered accidentally  in  the  pursuit  of  one's  avocations,  or 
whether  applied  with  intent  to  kill  (electrocution),  energy 
isexp('nded  within  the  tissues  of  the  body,  causing  phys- 
iological change,  pathological  lesion,  or  destructi(ui  of 
life.  Tlie  phenomena  produced,  whether  for  life,  disabil- 
ity, or  death,  dejiend  not  alone  upon  the  initial  ]u-essure, 
but  upon  all  the  conditions  of  the  condu<'ting  circuit,  i.e. , 
resistance  electrical  and  vital,  as  well  as  ixi.sition,  super- 
ficies, and  nature  of  contacts.  A  recognition  of  the  one- 
ness of  this  energy,  whether  of  low  or  of  high  pressure, 

^*  In  every. instanfe  in  which  imthdriticH  iiiintcil  hiive  used  tlic  word 
♦ntort"!?!?  '"  relation  to  an  cldri.-  cir-rit,  rii..  write.'  lias  subsU- 
■  tuted     pressure"  m  order  tliat  Die  tcniii .Ry  .nay  Ije  exact. 


whether  continuous  or  alternating  in  its  direction,  as  well 
as  the  precise  and  definite  laws  under  wdiich  it  acts,  con- 
duces to  an  intelligent  appreciation  of  the  varying  phe- 
nomena produced  by  its  expenditure.  A  study  of  the 
action  of  an  expenditure  of  energy  from  a  high-pressure 
source  or  from  a  lower  pressure,  but  capable  under  suit- 
able conditions  of  producing  injurious  or  destructive 
effects,  involv.'s  an  analysis  of; 

(1)  Experiments  made  upon  animals  with  a  view  to 
determine  the  cause  of  death ; 

(2)  Of  such  accidents  as  occur  in  the  use  of  industrial 
currents; 

(8)  Of  the  phenomena  observed  in  the  electrocution  of 
criminals. 

There  is  a  considerable  array  of  experimental  work  to 
be  drawn  from,  going  back  to  the  time  of  NoUet,  but 
much  of  it  was  conducted  in  a  crude  and  unscientific 
manner,  and  is  of  little  save  historical  value.  The  most 
careful  and  scientific  work  has  been  done  within  the  past 
eleven  years;  and  the  conclusions  reached  by  the  differ- 
ent experimenters  referred  to  in  the  following  analysis 
point  in  almost  every  instance  to  a  uniform  action  and 
set  of  conditions,  although  only  interpreted  by  Prevost 
and  Battelli  and  Cunningham. 

Under  the  second  head  the  evidence  is  not  so  conclu- 
sive as  in  the  first  and  tliiid.  In  accidents  due  to  electric 
currents — bj'  reason  of  the  fact  that  they  are  accidents 
and  occur  unexpectedly — the  precise  conditions  of  the 
conducting  circuit,  as  well  as  the  phenomena  pertaining 
to  the  mechanism  of  injury  or  death,  are  rarely  observed 
with  scientific  accuracy.  Still,  considerable  data  have 
been  accumulated,  which,  with  the  data  of  experimental 
work  and  those  secured  from  the  electrocution  of  crimi- 
nals, suffice  to  further  an  intelligent  analysis  of  the 
subject. 

Under  the  third  division — the  electrocution  of  criminals 
— every  opportunit}-  is  afforded  to  note  exactly  all  the 
conditions  of  the  conducting  circuit,  the  pressure,  the 
supeiUcies,  position  and  nature  of  contacts,  the  precise 
measurement  of  current  in  amperes,  the  time,  the  resis- 
tance, the  power  or  watts,  and  the  work  or  total  expen- 
diture of  energy  in  joules.  The  opportunity  also  exists, 
if  it  could  be  taken  advantage  of,  for  obtaining  definite, 
detailed,  and  scientific  information  as  to  how  and  when 
death  occurs;  as  to  consciousness  and  sensation  ;  and  also 
whether  resuscitation  wimld  be  possible  by  the  immediate 
application  of  some  special  method;  and  it  has  been  sug- 
gested that  if  the  law  recognized  the  right  of  science  to 
have  present  a  trained  observer,  with  the  privilege  of 
using  the  necessary  physiological  apparatus  in  order  to 
record  graphicalh'  the  phenomena  which  take  place  both 
during  and  after  the  passage  of  the  current,  as  well  as  to 
make  a  careful  study  of  the  post-mortem  findings,  the 
result  would  be  of  incalculable  value  in  determining  the 
mechanism  of  death  in  man.* 

The  conclusions  arrivc<l  at  as  to  the  manner  in  which 
death  takes  place  in  man  are  determined  by  inference 
from  experimental  work,  from  the  accidents  which  take 
place  in  the  electrical  industries,  and  from  electrocutions; 
but  the  data  would  be  more  absolute  and  trustworthy  if 
procured  in  the  way  above  alluded  to,  and  yet  at  the 
same  time  no  harm  would  be  done  to  the  individual  suf- 
fering the  penalty  of  the  law. 

Before  entering  u]ion  a  detailed  account  of  experi- 
mental work,  it  would  be  well  to  consider  the  electrical 
conditions  necessarv  to  the  production  of  injurious  and 
lethal  effects: 

(1)  What  is  to  be  understood  by  high-pressure  currents 
in  relation  to  lethal  efl'ects — i.e.,  what  voltage  is  neces- 
sary to  the  production  of  fatal  results? 

(2)  Is  it  a  matter  of  pressure — i.e.,  volts  alone,  or  is  it 
a  matter  of  current — i.e.,  amperes  as  well? 

(I!)  What  influences  the  latter,  the  pressure  only,  or  do 
higli-]U'essu.'e  currents  from  position  and  nature  of  con- 
tact act  as  medium-  or  low-pressure  currents? 

An  analysis  of  the  experimental  work  (which  will  be 

*  Cunuingliam :  "  Tbe  Cause  of  Death  from  Industrial  Currents." 
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considered  more  in  detail  from  the  physiological  side  later 
on)  shows  that  currents  of  varying  pressure  have  been 
used  to  produce  a  lethal  etfeot  in  the  same  species  of  ani- 
mals, while  varying  pressures  are  required  for  different 
species  of  animals. 

For  example:  Houston  and  Keunelly  \ised  pressures 
of  from  690  to  1,250  volts  alternating' (experiments  on 
dogs);*  Bleile  used  from  50  to  100  volts  alternating  (ex- 
periments on  dogs) ;  t  Kratter  used  1,500  volts  alternating 
(experiments  on  dogs,  rabbits,  and  guinea-pigs) ;  ^  Cun- 
ningham employed  continuous  currents  of  115  volts  press- 
ure from  lighting  mains  and  134  volts  from  a  battery  of 
accumulators  (experiments  upon  dogs);§  while  Prevost 
and  Battelli  conducted  their  experiments'^with  both  con- 
tinuous and  alternating  currents  and  pressures  varying 
from  a  low  pressure  of  130  volts  to  a  medium  pressure 
of  from  340  to  600  volts,  and  high  pressures  of  from 
1,300  to  4,800  volts. I  They  used  in  their  experiments 
dogs,  guinea-pigs,  rabbits,  and  rats.  Bokenham  and 
Jones,  in  their  experiments  made  upon  cats,  reported  the 
current,  viz. :  0.5  ampere,  but  not  the  pressure;  H  Tatum 
used  from  0.1  to  1.3  ampere;  while  Oliver  and  Bolam 
give  only  the  physiological  results  obtained**— to  which 
reference  will  be  made  later  on,— but  neither  the  pressure 
nor  the  current. 

Kratter  foimd  that  rabbits  often  survived  pressures 
which  proved  fatal  to  dogs  ten  times  the  size,  and  Cun- 
ningham found  it  possible  instantly  to  arrest  the  cardiac 
function  in  a  very  large  dog — such  as  a  Newfoundland — 
with  a  current  of  but  0.8  ampere;  while  the  hearts  of 
small,  shaggy  terriers,  although  considerably  affected, 
not  only  withstood  repeated  shocks  of  0.45  ampere,  last- 
ing from  ten  to  eighty  seconds,  but  quickly  recovered 
from  a  .shock  of  0.7  ampere  apphed  for  two  seconds  and 
a  half.  In  common  with  those  of  Prevost  and  Battelli, 
his  experiments  show  that  certain  species  of  animals, 
frogs  and  turtles,  do  not  succumb  to  currents  of  low 
pre.ssure. 

Prevost  and  Battelli  established  that  with  a  pressure 
of  130  volts  (alternating  currents,  contacts  good — i.e. ,  one 
upon  the  head,  the  other  upon  the  limbs)  death  resulted 
in  certain  animal  species,  while  others  (for  example,  rats) 
escaped  without  harm. 

Kratter  found  that  a  short  exposure  to  an  alternating 
current  of  1,500  volts  did  not  always  prove  fatal  to  rab- 
bits and  guinea-pigs,  while  others  succumbed  presenting 
typical  S3'mptoms. 

With  currents  of  high  pressure,  Prevost  and  Battelli 
found  that  1,300  volts  (the  contacts  being  good — i.e.,  the 
one  upon  the  head  and  the  other  upon  the  limbs)  could 
kill  all  animals  bj^  inhibition  of  the  respiratory  centre; 
but  that  the  pressure  of  the  current  and  the  duration  of 
the  contact  should  increase  with  the  size  of  the  animal  in 
order  to  inhibit  the  respiratory  centre.  A  rat,  for  exam- 
ple, succumbed  to  a  pressure  "of  600  volts  for  one  second, 
while  a  rabbit  required  1,200  volts  for  two  seconds.  A 
dog  of  smallest  size  required  3,400  volts  for  three  seconds, 
while  a  dog  weighing  8  kgm.  resisted  a  shock  produced 
by  the  passage  of  a  current  of  1,300  volts  prolonged  for 
five  seconds,  ff  Nor  is  the  pressure  fatal  to  animals,  when 
acting  as  a  high  pressure,  necessarily  fatal  to  man. 

Of  equal  importance  with  the  pressure  is  the  position, 
superficies,  and  nature  of  contacts.  The  latter  may  be 
of  a  material  which  is  a  good  conductor,  but  by  reason 
of  imperfect  contact  they  may  act  as  a  poor  conductor, 
thereby  increasing  the  resistance  and  diminishing  the  am- 
peres;' the  same  will  be  true  if  the  contacts  are  dry  in- 
stead of  moist.  With  the  skin  well  wetted  with  salt 
solution  the  resistance  is  lessened ;  and  with  diminution 


*  Houston  and  Kennelly;  "Death  by  the  Alternating  Currents. 

+  Bleile,  A.  M. :  "The  Cause  of  Death  by  Electrical  Shock.' 

t  Kratter:  "  Lesions  ot  Fatal  Electrical  Currents." 

8  Cunningham :  "  The  Cause  ot  Death  from  Industrial  Currents. 

II  Prevost  and  Battelli:  "The  Mechanism  of  Death  by  Electric  Cur- 
rents in  Man." 

U  Tatum,  Edward :  "  Death  from  Electrical  Currents.' 

**  Oliver  and  Bolam  :  "  The  Cause  of  Death  by  Electric  Shock. 

++  Battelli,  Frederic  0. :  "  The  Mechanism  of  Death  by  Electric  Cur- 
rents in  Man." 


Elecampane. 
Electricity. 


Of  resistance  there  is  an  increase  in  the  amperes.  In  such 
iveml  iTtl^'r^'  ''^''^  '^  'T^  ^°'°'^^^*  °f  ^"^ent  is  de 
f  II  e  il  h,  h  1  f  "''',P'°'^T'"S  '^  *'^*^1  '■««"'*;  ^^liereas, 
s  n  ,t>  w  ^'T  "^'-^  T^  ''^''^  *°  P«''f°™  its  function 
as  ,  n  insulator,  the  resistance  would  have  been  so  great 
as  to  have  limitec  the  flow  in  current  below  the  kthal 
dose  A  wel  -insulated  contact  also  serves  to  increase  the 
lesistance  and  to  nuuimize  the  current 

The  superficies  governs  the  distribution  of  current  on 
the  one  liaud,  or  its  current  density  on  the  other  With 
la,rge  square-inch  area  of  contact,  the  greater  the  current 
diffusion;  with  small  superficies  the  greater  the  current 
density,  within  a  localized  area.  These  are  factors  of 
great  importance  and  must  never  be  lost  sight  of  when 
considering  physiological  effect. 

The  position  of  contacts  is  of  the  greatest  importance 
and  largely  influences  the  result.  All  experimental 
work,  as  well  as  what  is  observed  at  electrocutions, 
proves  that  fatal  results  ensue  much  more  quickly  when 
the  contacts  are  so  placed  as  to  bring  the  heart,  which  is 
the  vulnerable  organ,  on  a  line  which  unites  the  two 
electrodes— I.e.,  directly  in  the  conducting  path;  as,  for 
example,  on  the  head  and  calf  of  the  leg.  When  they 
are  placed  on  the  head  and  fore  legs,  or  in  the  case  of 
man  (electrocuted  criminals)  on  the  hands,  a  much 
greater  jjressure  is  necessary  to  destroy  life.  This  is  be- 
cause the  heart  is  not  in  the  direct  pathway  of  the  cur- 
rent. When  both  contacts  are  placed  upon  the  head, 
higher  pressures  are  required  to  produce  fatal  results. 
Here,  by  reason  of  the  skull,  there  is  increased  resistance; 
and,  as  the  evidence  shows  that  stronger  currents,  i.e., 
greater  amperage  (see  Houston  and  Kennelly,  pressure 
690  volts,  R.  1,200  ohms,  current  6  amperes,  dog  not 
killed),  are  withstood,  the  pressure  must  of  ueeessitjf  be 
proportional.  As  will  be  seen  further  on,  the  action  of 
the  current  is  different  in  a  head  contact  than  when  the 
heart  is  included  in  the  circuit.  These  facts  all  point  to 
the  chest  directly  over  the  heart,  and  to  the  dorsal  region, 
as  the  better  places  for  the  contacts  in  electrocutions ;  but, 
as  it  is  desirable  that  consciousness  should  be  annulled 
at  once,  the  posterior  contact  could  be  made  to  include 
the  cervical  spine,  medulla  oblongata,  and  the  head. 

Duration  of  contact,  or  time,  is  another  important  ele- 
ment. An  instantaneous  contact  with  a  high-pressure 
current  may  be  encountered  with  impunity,  but  a  fatal 
result  will  ensue  if  an  application  of  several  seconds — 
five,  ten,  or  more — be  made;  or,  if  a  high-pressure  cur- 
rent be  applied  for  an  instant  of  time  and  repeated,  fatal 
results  may  ensue. 

As  to  the  amperage  of  a  lethal  current,  it  is  not  defi- 
nitely known,  but  all  the  evidence  obtained  from  ex- 
periments on  animals  and  accidents  with  industrial  cur- 
rents show  that  it  is  very  small— probably  much  under 
one  ampere.  In  the  application  of  the  death  penalty  as 
practised  in  the  State  of  New  York,  the  strength  of  the 
alternating  current  passed  through  the  body  of  the  crimi- 
nal is  usually  seven  or  eight  amperes.  In  experimental 
work,  the  species,  weight,  and  age  of  the  animal  have  in- 
fluenced the  result,  and  the  age  of  man,  as  well  as  the 
vital  resistance  in  both  man  and  animals,  is  a  factor  that 
must  be  considered  in  determining  the  lethal  dose.  In 
his  experiments  Cunningham  found  that  young,  well- 
nourished,  and  hardy  dogs  bore  a  stronger  current  than 
those  older  and  ill-no'urished,  but  that  the  size  and  weight 
seemed  to  bear  no  relation  to  the  minimum  current. 

The  nature  of  the  pressure,  whether  continuous  or 
alternating,  is  not  without  its  influence.  Cunningham 
found  that  alternating  currents  of  moderate  frequency, 
intermittent  and  coarsely  pulsatory  currents,  were  able  to 
produce  fibrillary  contractions  of  the  heart  much  more 
readily  than  a  non-alternating  or  a  continuous  current. 
Tatum  found  alternating  twice  as  fatal  as  continuous 
currents,  but  when  the  animal  experimented  upon  was 
under  ether  the  difference  was  much  less  marked.  This 
would  point  to  the  influence  of  the  powerful  muscular 
contractions  in  the  production  of  lethal  efl'ects ;  as,  under 
the  influence  of  anesthesia,  there  would  be  a  condition 
of  general  muscular  relaxation  which  would  tend  to 
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niiuiinize  tliis  iiotion.  D'Arsoiival  believed  that  greater 
daiiKer  lay  in  ueeideutal  contact  with  a  liigli-pressure, 
continuous  E.M.F.,  becauseof  the  electrolytic  plieuomena 
which  accompany  the  action  of  the  current.  The  living 
body  in  reality,  is  not  a  homogeneous  conductor,  and  the 
polar  action  is  produced  not  only  at  the  points  ot  entrance 
and  departure  of  the  current,  but  at  the  surface  of  each 
different  tissue  crossed  by  the  current.  This  is  an  opin- 
ion—f  e  as  to  the  action  of  the  current— winch  is  siiurea 
by  other  physicists,  although,  as  will  lie  seen,  I  atuin  con- 
cluded that  there  was  nothing  in  tlie  evi<leiice  obtained 
to  show  that  any  action  on  the  blood  was  ot  the  nature 
of  electrolysis. 

From  the  physiological  action  of  high-fre(jiiency  alter- 
nating currents  of  high  potential  as  administered  thera- 
peutically, as  well  as  from  the  experiments  ol  D'Arson  val, 
Elihu  Thomsouand  Tesla,*  with  currentsot  Irom  100,0(.)() 
to  200  000  volts,  with  a  frequency  of  10,000  peiiods  per 
second,  it  would  be  expected  that  fatal  effects  would  oc- 
cur in  inverse  ratio  to  the  frequency— i.e.,  that  a  low  fre- 
quency, or  periodicity,  is  more  fatal  to  life  than  a  high. 
Tlie  higher  the  frequency  the  greater  the  current  which 
can  be  delivered  to  the  tissues  of  the  body  without  injury. 
It  is  of  interest  here  to  note  that  alternating  cvirrents 
of  high  frequency,  applied  to  the  exposed  heart,  produce 
an  increase  in  the  number  of  beats  and  fibrillation  does 
not  occur;  and  that  o.scillatory  currents  of  high  poten- 
tial very  materially  hasten  the  restoration  of  the  co- 
ordinated heart  beat  in  dogs  in  conjunction  with  tlie  per- 
fusion of  the  coronary  vessels  with  defibrinated  blood. f 

The  evidence  clearly  shows  that  high-pressure  currents 
are  not  alone  fatal — not  even  necessarily  fatal ;  thiit  low 
pressures— 9.'j  or  96  volts,  and  115  volts,  alternating  cur- 
rent—are sutlicient  to  cause  death;  and  that  while  ordi- 
narily pressures  under  200  volts  are  not  to  be  regarded  as 
dangerous  to  life,  and  those  over  500  volts  as  certainly 
dangerous,  everything  depends  upon  the  conditions  of 
the  conducting  circuit.  In  electrocution,  to  insure  instan- 
taneous and  painless  death,  currents  of  higli  pressure  are 
of  necessity  chosen. 

Accidents  in  the  electrical  industries  are  not  unduly 
frequent  as  compared  with  the  accidents  in  other  indus- 
trial fields;  not  because  the  pressures  employed  would 
not  prove  fatal  under  appropriate  conditions,  but  be- 
cause these  conditions  are  but  infrequently  fulfilled. 

In  the  electrocution  of  criminals,  high-pressure  currents 
varying  from  1,300  to  2,000  volts — periodicity  about  130 
— are  commonly  used,  and  an  alternating  current  of  1,700 
volts  has  traversed  the  tissues  of  the  body  (electrocution, 
Jaylor,  1893)  without  arresting  the  respiration  even  with 
an  application  of  fifty  seconds'  duration,  and  second 
and  third  applications  of  the  current  were  necessary  in 
order  to  kill  the  condemned  criminal.  (This  statement 
must  not  be  construed  as  an  implication  that  liigh-pressure 
currents  do  not  kill,  as  used  in  electrocution  at  the  pres- 
ent time,  but  is  an  illustration  of  the  fact  that  a  high- 
pressure  current  is  not  necessarily  fatal.  Other  factors 
influence  the  result,  as  will  be  pointed  out  later  on.)  The 
case  of  Jaylor  also  illustrates  the  fact — brought  out  by 
the  experiments  of  Prevost  and  Batlelli — tliat  when  the 
pressure  is  high,  even  when  the  heart  lies  on  the  line 
which  unites  the  two  contacts— i.e.,  within  the  conduct- 
ing path,— this  organ  may  not  be  affected,  and  that  the 
nervous  cent]-(!S,  continuing  to  lie  fed,  are  able  to  resist  the 
action  of  the  current;  nor  was  the  current  travor.sing  the 
tissues  sufficient,  in  this  case,  to  produce  inliibition  of 
the  nerve  centres,  with  definite  arrest  of  the  respiration. 
For  the  accoin|)lishinent  of  that  result  it  was  necessary 
to  make  a  second  and  even  a  third  ap])lication. 

In  the  case  of  McElwaine  (second  electrocution),  in 
which  the  points  of  contact  were  the  head  and  arms,— the 
hands  and  forearms  being  immersed  in  jars  of  .saline  solu- 
tion,—tlie  effects  were  even  less  iii-oiiouiiced,  and  a  second 
application,  with  the  contacts  aijplied  to  the  hi'ad  and  calf 
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of  the  leg,  was  found  necessary  in  order  to  kill  him.  As 
in  the  case  of  Jaylor,  the  respiration  was  not  affected  by 
the  first  application.  On  the  other  hand,  an  alternating 
current  of  very  much  lower  pressure— as  low  as  95  or  96 
volts— has  proved  fatal  in  man;  while  several  fatalities 
(four  in  number)  occurred  in  a  German  mill*  within  a 
short  space  of  timi;  from  an  alternating  current  of  115 
volts  jiressure. 

In  the  death  resulting  from  contact  with  an  alternating 
current  of  from  95  to  96  volts,  all  the  couditions  of  the 
conducting  circuit  were  good  (see  No.  9  of  the  tabulated 
references  to  accidents  from  industrial  currents).  The 
subject,  a  workman  in  a  potash  and  alcohol  plant,  was 
instantly  killed  by  an  alternating  current  of  from  95  to 
96  volts.  He  stood  on  an  iron  tank  covered  with  soda  lye 
—an  excellent  conductor — and  his  boots  were  wrapped 
with  rags  of  twilled  linen,  t  Here  was  the  best  of  contact, 
for  the  saturation  of  the  linen  rags  implied  of  necessity  a 
similar  condition  of  the  leather  of  his  boots,  and  no  doubt 
conductivity  was  increased  by  the  presence  of  nails  hi 
his  boots,  as  is  common  among  workingmen,  although 
it  is  not  so  stated.  The  contact  lasted  for  from  four  to 
five  minutes,  and  the  man  was  a  drunkard.  In  this  case, 
while  tlie  pressure  was  low,  tlie  resistance,  by  reason  of 
position,  superficies,  and  nature  of  the  contacts,  was  re- 
duced to  a  minimum  and  the  current  strength  (or  number 
of  amperes)  must  necessarily  have  been  high.  In  addi- 
tion, the  heart  was  in  the  conducting  path,  the  duration 
of  contact  was  prolonged,  and  the  man  was  a  drunkard. 
In  this  instance,  then,  everything  favored  a  large  electric 
energy,  i.e.,  a  pressure,  wdiile  low,  fully  effective  because 
of  low  resistance,  and  i-esulting  in  large  amperage;  while 
long  contact  and  diminished  vital  resistance,  by  reason 
of  intemperate  habits,  contributed  to  the  fatal  result. 

Wliile  there  does  not  seem  to  be  any  direct  connection 
between  the  lethal  effect  and  the  number  of  joules,  there 
must  be  some  remote  effect,  for  the  greater  the  energy  the 
greater  the  chance  of  death.  The  conditions  in  the  above 
instance  favored  the  maximum  rate  of  expending  energy, 
the  destructive  power  of  which  must  have  been  increased, 
however,  by  the  prolonged  contact  (three  hundred  sec- 
onds). The  experiments  of  Prevost  and  Battelli  show 
that  the  fatal  effects  are  due  to  the  energy,  and  that  the 
energy  required  for  killing  a  given  animal  increases  in 
proportion  to  its  weight.  In  a  one-pound  guinea-pig, 
400  joules  were  necessary  to  arrest  respiration;  while  in 
one  weighing  ten  ounces,  but  250  joules  were  necessary.| 

From  experiments  upon  animals,  accidents  from  in- 
dustrial currents,  and  the  electrocution  of  criminals,  it  is 
evident  that  the  lethal  effect  is  due  to  a  sudden  discharge. 
If  the  same  amount  of  energy  in  joules  was  passed 
through  the  body  slowly,  the  effects  might  be  quite  dif- 
ferent. For  example,  400  joules,  the  lethal  dose  for  a 
ime-pound  guinea-pig,  might  mean  a  pressure  of  20  volts, 
a  curri-nt  strength  of  20  amperes  continued  for  one  second 
of  time,  i.e..  20  X  20  X  1  volt-ampere  seconds  =  400 
joules;  or  20  X  0.1  X  200  volt-ampere  seconds  =  400 
joules.  The  result  would  be  very  different  in  each  in- 
stance. In  the  first,  a  sudden  discharge  of  great  ixnver; 
in  the  second  a  gradual  expenditure  of  energy,  lasting  for 
two  hundred  seconds,  and  accomplishing  the  same  amount 
of  electric  work,  but  not  violent  nor  disruptive  in  its  ac- 
tion, as  in  the  former  instance. 

Tliis  detailed  case,  as  well  as  experimental  work  and 
the  electrocutions  instanced,  show  that  the  pressure  nec- 
essary under  one  set  of  couditions  is  not  required  under 
another,  and  that  a  lethal  dose  does  not  of  necessity  re- 
quire a  current  of  high  pressure.  Prevost  and  Battelli 
found  that  under  good  electrical  conditions,  a  dog — 
contacts  head  and  hind  limbs — could  bo  killed  with  a 
current  of  10  volts  ])ressure;  while  80  volts  were  neces- 
sary, under  the  same  conditions,  when  the  contacts  were 
iiia'de  to  the  head  and  fore-legs.     In  the  former  instance, 
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the  heart  Uiy  m  tlic  conducting  path,  while  in  tlie  latter 
It  ihd  not,  and  was  not  oidy  leaclied  indirectlv-reduii- 
mg  moi-e  powei-but,  by  reason  of  increased  'resistance 
a  greater  pressure  was  re(iuired  to  seeuie  the  current 
necessary  to  tlie  production  of  a  letlial  effect 

This  experiment  illustrates  the  inllueuce  of'  the  position 
ot  the  contacts,  as  does  also  the  case  ot  jMeElwaiiie  (second 
electrocution),  m  whom  the  head  and  hands  formed  the 
points  of  contact.  In  this  instance  the  contacts  were 
good— i.e.,  sahne  solution— and  there  was  a  Iar"c  super 
ticies;  but,  by  reason  of  tlieir  position,  they  wctc  olijec 
tumable  for  tlie  purpose  contemplated,  in  that  the  heart 
was  not  placed  m  tlie  conducting  path,  and  consequentlv 
death  did  not  result  until  their  position  was  chau"-ed 

It  is  clearly  shown,  therefore,  by  an  analysis^f ' 
work  of  dilTerent  experimentt'i-s  as  wt'" 
dents  from  industrial  curr 


till 


as  of  the  acei- 
^     ^      .^,  i'lifs.  that  lethal  effects  follow 

contact  with  pressures  of  wiiUdy  \aryiiig  E.M  F 

An  accidental  contact  with' a  hi'nli-'pres.sure  line  or 
terminal— or  with  any  pressure  for  'that  matter— rarely 
involves  the  same  set  of  conditions,  and  often  the  con- 
ditions existing  are  such  as  to  render  it  ineffective  as 
a  high-prcssun-  current.  Fa\'orable  conditions  are  ob- 
tained only  (1)  in  e.xpei'iniental  work,  and  (2)  in  electrocu- 
tions. It  is  not  then  a  mat  ter  of  pressure  alone,  for  death 
results  from  currents  of  low  pressure  as  well  as  from 
those  of  high  pressure,  and  the  latter  are  oftentimes  in- 
effective, while  a  fatal  result  may  follow  contact  with  a 
low-pressure  current. 

Cases  3  and  10  (see  tabulated  references)  illustrate  the 
ineffleacy  of  a  high-pressure  current  with  jioor  contacts; 
while  No.  9  is  a  striking  example  of  the  efficacy  of  a  low- 
pressure  current  with  the  best  position  as  well'  as  nature 
of  contacts ;  and  It  is  not  only  a  question  of  diminished  elec- 
trical resistance,  but  of  vital  resistance  (see  Case  9)  as  well. 

There  can  be  no  doubt  that  vital  resistance  must  be 
counted  as  one  of  the  conditions  governing  the  action  of 
a  lethal  dose.  Kratter,  in  his  experiments,  found  that  a 
short  exposure  to  an  alternating  current  of  1,500  volts  did 
not  always  prove  fatal  to  rabbits  and  guinea-pigs,  while 
others  succumbed.  With  all  the  conditions  of  the  con- 
chicting  circuit  absolutely  the  same,  and  with  animals  of 
the  same  species,  age,  and  weight,  this  would  indicate  to 
the  writer  a  difference  in  vital  resistance — a  factor  which 
cannot  be  lost  sight  of  in  the  administration  of  a  lethal 
dose  of  electricity  any  more  than  in  its  therapeutic  ad- 
ministration. 

Cunningham,  in  his  experiments,  established  the  fact 
that  anything  acting  tr)  dejiress  the  vital  forces  increases 
susceptibility  to  the  current.  For  example,  after  the  cer- 
vical cord  in  an  anaesthetized  dog  had  been  exposed  and 
divided,  it  was  found  that  a  very  brief  passage  of  a  cur- 
rent of  0.25  ampere  caused  the  heart  to  stop  immediately, 
although  previously  one  of  0.(55  ampere  had  been  readily 
withstood.  Whatever  serves  to  depress  the  general  con- 
dition increases  the  susceptibility  even  to  we&k  currents. 

From  the  action  of  a  low-pressure  current,  when  the 
effect  is  upon  the  heart  (i.e.,  causes  fibrillar  contraction), 
it  is  seen  that  such  animal  species  as  rats,  frogs,  and  tur- 
tles recover  spontaneously,  wliereas  in  the  higher  order  of 
mammals,  as  well  as  man,  death  is  absolute ;  but  that  from 
currents  of  a  higher  pressure  death  results  in  the  former 
with  a  lower  pressure  and  shorter  contact  than  in  the 
latter.  This  is  when  currents  of  high  pressure  act  by 
reason  of  position  and  nature  of  contact  as  such. 

The  spontaneous  recovery  of  such  animals  as  rats,  frogs, 
and  turtles  depends  upon  the  phenomena  connected  with 
the  heart.  The  action  of  a  low-pressure  current  is  moie 
severe  and  more  lasting  as  the  animal  kingdom  is  ascended. 
The  cold-blooded  animals  recover  from  the  action  of  the 
current  on  the  heart,  wdiile  the  warmer-blooded  animals 
succumb.  The  heart  is  paralyzed  in  ventricular  tremula- 
tions  in  all  animals,  and  the  phenomenon  produced  varies 
in  intensity  according  to  the  genus  of  the  animal.  Pre- 
vost  and  Battelli  usefl  four  genera  of  warm-blooded  ani- 
mals : 

(1)  Dogs,  in  which  the  characteristic  action  in  the  heart 
(ventricular  tremulations)  is  well  defined. 
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weie  most  ott,en,  but  not  always  well  delined 

(.:i)  Kabbits,    in    which    the    tremulations   are  oftenest 
transitory,  but  in  sonii-  cases  well  defined 

4)  Rats,  in  whicli  the  tremulations  last  only  during 

the  electrization   (,f   the   heart.     When   this  ceases   the 

remulations  disajipear  and   the  ventricles 

beat. "  * 


resume  tlieir 


These  observati.ais  are  in  accord  with  the  well-kIlo^^■ll 
physiological  fact  that  while  the  hearts  of  the  hi.rlie,- 
mammals  very  rarely  recover  siiontaneimsly  from  a  con- 
dition ot  hbrillar  contracti,)n,  the  hearts  of  those  lower 
in  the  animal  kingdom  and  ,,f  cold-blooded  animals  do 
tliat  in  them  a  lethal  eifect  must  he  produced  bya.sphyxia 
and  necessitates  the  use  of  a  current  of  higher  pressure. ' 

Jtixiilf.^  ,,t  K.i'jK-rhiifiiU/l  Work,  I'/ii/siolor/iral.— There  is 
a  woiiilerlul  shnilarity  of  result  in  i-etrospect  of  the  work 
ot  different  iih.ysiologists  made  within  the  past  eleven 
years  to  detei-mine  the  medjanism  of  death,  althougli  the 
earlier  investigators  did  not  carry  their  experiments  to 
the  dehnite  conclusions  of  the  later  ones,  and  in  .some  in- 
stances failed  to  appreciate  and  interpret  correctly  the 
phenomena  observed.  By  far  the  most  important  ex- 
periments, and  tlie  only  ones  to  which  reference  will  be 
made — olliers  having  a  purely  historical 
tho.se  of  (1)  D'Arsonval,  1HH7 ; 


int<'rest — are 


.  .  t^i";  (2)  Edward  Tatum,  Phys- 

iological Laboratory  of  the  Univeisity  of  Pennsylvania, 
1^90;  (:!)  Houston  and  Kennelly,  Private  Lab'oratory 
Philadelphia,  Pa.,  1«0-1  (undertaken  not  to  detennii'ie 
the  mechanism  of  death,  hut  wdiether  death  did  occur  as 
the  result  of  pressures  similar  to  those  used  in  electrocu- 
tions in  which  contacts  were  good,  in  order  to  refute  the 
idea  that  in  electrocution  the  current  did  not  kill,  and 
that  the  autopsy  did);  (4)  Bokenham  .and  Jones.  Labora- 
tory of  the  Royal  College  of  Physicians  and  Suru'eons 
London,  1895;  (5)  A.  M.  Bleile!  Phy.siological  Labora- 
tory, Ohio  State  University,  1895;  (6)  Kratter,  1895;  (7) 
Oliver  and  Bolam,  1897;  (8)  Prevost  and  Battelh,  Phys- 
iological Laboratory,  University  of  Geneva,  Switzerland, 
1899;  (0)  R.  II.  Cunningharn,  Physiological  Laboraloi\, 
Columbia  University,  1899. 

As  a  result  of  the  experiments  upon  animals,  of  a  study 
of  aecident.s  from  industrial  currents  and  from  atmos- 
pheric electricity,  and  also  of  electrocutions,  the  generali- 
zation is  obvious  that  death  due  to  au  expenditure  of 
electrical  eneigy  within  the  tissues  occurs  in  two  ways; 
(1)  By  mechanical  lesions  of  vital  structures,  or  (2)  by 
arrest  of  organic  functions  essential  to  life — i.e. ,  by  arrest 
of  respiration,  heart's  action,  or  nutritive  exchange. 

Death  occurs,  as  a  rule,  in  the  tirst  way,  from  light- 
ning stroke,  and  there  is  an  actual  meehanieal  disinte- 
gration of  vital  structures.  Tliis  is,  however,  not  always 
the  case.  The  deaths  from  lightning  in  this  country  are 
happily  very  few,  being  estimated  at  only  about  one  per 
million  of  the  population  per  annum.  Oftentimes  no 
trace  of  injury  can  be  seen  upon  the  subject  of  the  acci- 
dent, but  in  other  cases  various  marks  are  found  upon 
the  body,  or  the  clothing  will  be  torn  or  scorched;  and 
it  not  infrequently  happens  that  the  boots  are  torn  off 
the  feet,  and  nails  driven  out  of  the  soles  of  the  boots. 
The  following  case  illustrates,  in  a  striking  manner,  the 
disruptive  action  of  this  tremendous  energy  : 

The  accident  occurred  in  Guilford,  England,  August 
25th,  1897,  and  tlie  inquest  revealed  that  the  man  was 
found,  one-half  hour  after  a  single  flash  of  lightning  and  a 
clap  of  thunder,  lying  on  his  face.  Around  him,  within 
a  radius  of  several'yards,  were  his  clothes  and  boots,  which 
had  been  torn  anil  scattered  about  in  an  extraordinary 
manner.  The  lightning  appeared  to  Iiave  struck  him  on 
the  right  side  of  "the  head,  tearing  his  cap  to  pieces  and 
burning  his  hair  off.  It  then  passed  inside  his  collar,  down 
the  front  of  his  body  and  both  legs  into  his  boots,  which 
were  torn  to  pieces,  and  then  it  passed  into  the  ground, 
making  a  hole  about  eighteen  inches  in  circumference 
and  three  inches  deep.  His  collar  was  torn  to  pieces,  the 
front  of  his  shirt  was  rent  into  ribbons,  the  jacket  and 


*  Battelli,  Frederic  C. 


T45 


EletH-Kity. 
Electricity. 


REFERENCE   HANDBOOK    UP   THE  MEDICAL   SCIENCES. 


imdervcst  were  literally  toru  to  shreds,  irud  the  knicker^ 
lioekers  he  was  wearing  were  stripped  from  lum  and 
seattered  on  tlie  ground.  His  stockings  and  gaiters  ^cre 
similarly  torn  to  pieces,  and  on  the  boots  the  lightning 
ha.l  a  i-emarkable  elTeet.  They  were  burst  open  some 
of  the  brass  eyelet  holes  were  torn  out,  nai  s  were  forced 
out  and  llie' soles  were  torn  out.  Thv  skm  liad  x-en 
torn  oil  the  ehest  and  the  right  leg  was  torn  am  black- 
ened; blood  was  issuing  from  the  mouth  and  right  cai.- 

In  view  of  the  tact  that  the  current  strength  ot  a  par- 
ticular stroke  of  lightning,  from  the  data  pre.sculcd  Jias 
been  estimated  at  at  least  hundreds  if  not  thousands  ot 
amperes,  it  is  not  difficult  to  account  for  the  phenomena 
descrilied.f 

There  is  no  doubt  tliat  a  lightning  stroke  aels  some- 
times as  a  high-pressui-e  current,  i.e.,  it  cau.sc's  an  inhi- 
bition of  the  ivspiiatory  centre  and  syncope,  and  it  is  in 
such  cases  that  ree(jvery  follows  either  spontaneously  or 
from  artificial  respiration.  That  death  occurs  sometimes 
in  the  first  way  from  industrial  currents  is  uncjuestion- 
able.  and  the  post-mortem  findings  in  .some  of  the  elec- 
trocutions point  to  an  actual  mechanical  disintegration 
of  the  vascular  structures  ;  at  least,  such  seems  to  have 
been  tlie  case  in  the  twenty-fourth  electrocution  (Hauip 
ton)  witnessed  and  reported  by  Drs.  A.  E.  Kennelly  and 
Augustin  Goelct.l  In  this  case,  ui^m  post-raoitem  ex- 
amination, it  was  observed  that  the  blood  was  driven 
from  the  peripheral  vessels  into  the  organs  and  tissues  of 
the  chest  and  head  and  there  was  actual  rupture  of  the 
overdistended  vessels.  Examination  of  the  brain  de- 
monstrated the  presence  of  a  ciuantity  of  dark  blood  due 
to  rupture  of  the  blood-vessels.  It  was  estimated  that  at 
least  two  quarts  escaped  from  the  scalp  and  cranium  in 
removing  the  brain.  Ujwn  the  removal  of  the  dura  mater 
the  vessels  on  the  surface  were  seen  to  be  distended,  while 
in  many  places  there  were  evidences  of  rupture.  The 
same  condition  existed  in  the  interior  of  the  brain  and 
coagulated  blood  was  found  at  the  base  of  this  organ. 

As  to  the  actual  mechauism  of  death  occurring  in  the 
second  way,  for  a  long  time  there  was  no  uniformity 
of  opinion  among  phy.siologi.sts.  Happily,  more  solifl 
ground  seems  now  to  have  been  reached. 

In  reviewing  the  work  of  the  different  ex])erimenters 
in  sequence,  it  is  found  that  D 'Arson val  concluded  from 
his  observations  of  the  phenomena  which  took  place  in 
animals  subject  to  lethal  df)ses  of  electricity,  that  death 
occurred  in  two  wa5's; 

(1)  By  lesion  or  destructicm  ot  the  tissues  (disruptive 
and  electroh'tic  effects  of  the  discharge). 

(3)  By  excitement  of  the  nerve  centres,  producing  the 
arrest  of  respiration  and  syncope,  but  without  material 
injuries.  In  the  first  instance  death  is  absolute  and  final, 
but  in  the  second  he  lielie\'ed  that  the  nerve  centres — 
respiratory — were  inhibited,  whicli  gave  ri.se  to  a  suspen- 
sion of  respiration  and  arrest  of  heart  action.  In  his  esti- 
mation the  primary  action  was  upon  the  respiratoi-y  func- 
tion, and  the  cardiac  failure  followed  upon  exhaustion  of 
the  medulla  oblongata  and  functional  death  of  the  gan- 
glionic cells.  The  fact  of  cardiac  acticm  after  arrest  of 
respiration  led  to  this  theory. 

(3)  Tatum  concluded  that  the  essential  fatal  field  of 
action  lay  within  the  substance  of  the  heart  itself;  that 
the  external  inhibitory  mechanism  played  little  or  no 
part;  that  electrical  currents  finally  airest  respiration 
without  simultaneous  or  still  earlier  arrest  of  the  heart; 
and  that  no  changes  were  ob.servable  in  the  sulislanees  or 
functionsof  the  muscles  and  nerves  or  blood  which  enidd 
in  any  sense  lie  the  cause  of  sudden  di'alh.  [If  offered 
no  expliuiatioii  asto  the  natureof  thc^  action  on  the  he.arl 
hut,  fnan  experiuients  with  cunire  and  atropine,  he  lie' 
heved  that  Iheaetion  \v;is  a  direct  one  ii|.ontli(!  nniseidar 
tissue  rather  than  oni'  involving  any  nervous  mechanism 
ncMiad^no  suggestion  to  offca-  as  to  why  the  licart  muscle 
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was  more  su.sceptible  than  other  luuscles,  but  hoped  that 
a  more  special  study  of  the  subject  would  soon  be  pas.si- 
ble.  That  hope  has  been  fulfilled  in  the  work  of  Prevost 
and  Battelli  and  in  that  of  Cunningham. 

(4)  Tlie  experiments  of  Ibmstou  and  Kennelly  have 
already  been  referred  to  as  of  interest,  not  from  the  phys- 
iological side,  but  in  demonstrating  that  death  is  prac- 
tically instantaneous  and  painless  from  the  purpo.sed  and 
scientific  applications  of  high-pressure  currents.  They 
showed,  as  Tatum  had,— and  this  has  been  confirmed  by 
later  investigators, — the  tolerance  of  an  animal  to  currents 
of  higli  pi-essure  when  passed  through  the  head  (contacts 
consisted  of  cotton  pads  well  wetted  with  saline  solution 
and  ]>laced  in  the  ears  of  a  dog;  alternating  current  of 
700  \olts,  090  of  which  were  effective;  resistance  1,200 
ohms;  current  0  amperes;  duration  five  .seconds;  loss  of 
consciousness,  but  animal  not  killed).  Their  conclusions 
as  to  the  instantaneity  and  painlessness  of  death  will  be 
considered  later  on. 

('))  Bokenham  and  Jones  confirmed  the  observations  of 
Houston  and  Kennelly,  that  a  much  stronger  current  was 
re(|uired  to  kill  an  animal  (the  experiments  were  made 
upon  cats)  when  passed  through  the  head  or  when  the 
contacts  were  placed  on  either  side  of  the  neck.  The  pulse 
traciugs  taken  bj'  Bokenham  and  Jones,  and  careful  in- 
spection of  the  respiratory  movements,  led  them  to  con- 
clude that  death  was  caused  by  failure  of  the  heart,  and 
the  negative  results  of  shocks  of  equal  strength  passed 
through  the  head  and  neck  strongly  suggested  to  them 
that  the  action  was  upon  the  heart  muscle  directly  rather 
than  through  the  nervous  mechanism. 

(6)  Bleile,  after  a  .series  of  very  careful!}'  conducted 
experiments,  eliminated  during  their  progress  (1)  the 
direct  action  of  the  current  upon  the  heart,  by  artificial 
respiration;  and  (2)  the  influence  of  the  pneumogastric 
nerve,  by  the  hj'podermic  injection  of  atropine,  thus  para- 
lyzing the  nerve  fibres.  He  also,  (3)  prior  to  the  applica- 
tion of  the  current,  administerecl  nitroglycerin  and  nitrite 
of  amyl  to  produce  dilatation  of  the  arterial  system.  He 
then  concluded  that  death  was  due  to  the  contraction  of 
the  arteries,  through  the  influence  of  the  nervous  system, 
and  that  the  constriction  of  the  arteries  furnished  a 
greater  mechanical  impediment  to  the  flow  of  blood  than 
the  heart  was  able  to  overcome. 

(?)  Kratter  concluded  from  his  experiments  that  the 
first  effect  consisted  in  a  permanent  arrest  of  the  respira- 
tion and  he  regarded  death  from  an  electric  shock  as  a 
form  of  suffocation. 

(8)  Oliver  and  Bolam  concluded  that  the  action  was 
upon  the  heart  mirscle  rather  than  upon  any  of  its  ner- 
vous mechanisms.  They  oliserved  that  when  the  current 
ceased  to  pass,  the  heart  underwent  distention  and  then 
entered  into  a,  state  of  fibrillar!/  tremor,  maintained  for  a 
variable  period,  while  the  animal  would  make  deep, 
respii-atory  efforts — shown  by  forcible  mo^-enients  of  the 
diaphragm.  They  failed,  however,  to  interpret  the  value 
of  this  phenomenon,  although  the_y  were  the  first  to  record 
it  in  connection  with  experiments  made  to  determine  the 
mechanism  of  death. 

The  analysis  of  the  work  of  the  physiologists  thus  far 
rei'orded  jioints  with  tlircc  exceptions  to  a  direct  action 
on  the  heart  as  the  cause  of  death.  But  it  remained  for 
Prevost  and  Battelli  and  Cunningham  to  show  how  the 
current  acted  on  the  heart  mirscle.  Their  experiments 
seem  to  have  been  conducted  simultaneously  and  without 
know  ledge  on  the  part  of  either  one  as  to  what  the  other 
was  doing — as  is  so  often  the  case  Avhen  scientific  inves- 
tigation of  any  sort  has  been  carried  to  a  certain  definite 
eoncliision — but  the  priority  of  publication  belongs  to 
Prevost  and  Batlidli  (Comptes  Rendus  de  I'Academie 
des  Sciences,  March  I3th  and  27th,  18ili);  Jour,  de  Phi/n. 
el  (le  rutlii'l.  deiienile.  May  and  September,  1899— et  Be- 
rne Mi'ilir.  de  Id  Siiisxe  llomaiute.  September,  1899;  R.  H. 
Cunningham,  N.  Y.  J/iy/.  Jour..  October  21st,  28tli,  1899.* 


"CuniiinclKuii'.-i  nrlirle  was  coiiiplPtcd  toward  the  end  of  February, 
Is'.ill,  liiit  was  held  \r,\r\i  until  Marcli  ;!lst,  wtien  it  passed  into  the  hands 
ef  one  of  111!'  Prize  Coiiiniiltees  of  the  rolleRe  "f  Physicians  and  Sur- 
geons, New  York,  \vhero  it  remained  until  published. 
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KlcttrU'lty. 
ElettrKIIy. 


The  experiments  of  Prevcjst  and  Battolli  ai-e  no  nK)re 
conclusive  as  to  the  action  of  a  lethal  dose,  but  are  more 
complete  in  that  they  deal  both  with  continuous  and  with 
alternating  currents  of  varying  pressures,  thereby  estab- 
lishing very  clearly  the  apparent  discrepancies  in  the  ac- 
tion of  low-  and  high-pressure  currents.  The  experiments 
of  Cunningham,  on  the  other  hand,  were  made  with  con- 
tniuous  currents  only,  at  pressures  of  11,5  volts  (lightino- 
mains),  and  134  volts  (battery  of  accumulators*).  " 

Prevost  and  Battelli  determined  from  their  oli.serva- 
tions  that  the  mechanism  of  death  from  both  continuous 
and  alternating  currents  was  the  same,  although  the 
action  varied  in  a  slight  degree. 

From  their  researcaies  tirey  find  that  death  by  electric 
currents  takes  place  in  two  ways  entirely  different  the 
one  from  the  other: 

(1)  By  the  action  of  a  low-pressvue  current,  death  in 
man  is  due  to  the  primary  paralysis  of  the  heart  in  -eeii- 
tiicular  tremtilation.  This  is  regarded  as  the  usual  cause 
of  death  in  accidents  of  the  electrical  industries,  because, 
as  has  been  pointed  out,  the  conditions  of  the  conducting 
circuit  are  such  that  a  high  pressure  current  acts  as  a  low- 
pressure  current. 

(2)  A  high-pressiue  current,  when  the  contacts  are  good 
and  the  heart  lies  upon  the  line  which  unites  the  elec- 
trodes— i.e.,  in  the  conducting  path, — does  not  paralyze 
the  heart  of  man.  In  this  case  the  respiration  has  been 
resumed,  as  has  been  noted  at  the  earlier  electrocutions 
in  New  York  State. 

When  death  takes  place,  under  the  conditions  just 
mentioned,  it  is  due  to  an  inhibition  of  the  respiratory 
centre.  The  heart  continues  to  beat  with  energy  and 
stops  only  after  the  asphyxia.  It  is  in  these  cases  that 
it  is  sufficient,  as  a  rule,  to  practise  artificial  respiration. 

The  paralysis  which  occurred  in  animals  the  subject 
of  experiment,  through  the  action  of  a  low-pressure  cur- 
rent, i.e..  120  volts,  they  found  "analogous  to  that  which 
is  directly  obtained  from  exciting  the  exposed  heart  with 
an  induced  current,  fihrillary  tremulations  of  the  ventri- 
cles, while  the  auricles  continued  to  beat.  This  is  the 
well-known  phenomenon  designated  by  physiologists  as 
ventricular  tremuln tions  orfibr'illar  contraction." 

A.  The  following  phenomena  were  observed  by  them 
in  their  experiments  upon  dogs,  cats,  guinea-pigs,  rab- 
bits, and  rats: 

AUenuUing  Currents. — "1.  Instantaneous  paralysis  of 
vagus  and  of  cervical  sympathetic  with  currents  of  high 
pressure. 

"2.  Non-modification  of  phenomena  described  above 
by  previous  section  of  vagus  nerves. 

"3.  Tlie  repletion  of  the  heart  with  blood,  even  in  the 
case  of  currents  of  high  pressure  and  short  duration, 
which  seems  to  prove  that  the  vascular  tone  and  vaso- 
motor centres  are  not  paralyzed. 

"  4  No  appreciable  elevation  of  the  temperature,  if  the 
time  of  the  passage  of  the  current  is  not  prolonged. 

"5.  Rapid  appearance  of  cadaveric  rigidity  in  the  case 
of  the  currents  of  high  voltage. 

"6.  At  autopsy,  absence  of  constant  and  characteristic 
microscopic  lesions.  Notwithstanding,  one^  finds  some- 
times hyperoiniia  of  the  meninges,  but  not  intracerebral 
hemorrhages,  if  the  subject  of  the  experiment  has  not 
been  subjected  to  elevation  of  the  temperature.     ^      _ 

"7.  Duration  ot  the  contact  is  important ;  respiration, 
e/Mieris  paribus,  is  more  affected  when  contact  has  been 
longer.  Convulsions  and  general  tetanus  will  be  more 
pronounced  if  the  contact  has  been  short.  The  more  the 
voltage  is  raised,  the  shorter  is  the  duration  of  the  con- 
tact necessary  to  cause  convulsions. 

"  8.  The  jMints  of  ajipiication  of  the  electrodes  are  a 
matter  of  great  importance.  Their  differing  position  can 
vary  the  appearance  of  this  or  that  symptom. 

"  Respiration  will  be  affected  more  easily  and  convul- 
sions more  easily  produced  if  one  of  the  electrodes  is 
placed  upon  the  head. 

*  Cunningham  made  some  experiments  in  1894  wltli  currents  of  a 
higher  pressure,  but  the  detailed  results  are  not  embodied  in  his  paper 
of  October  aist,  28th,  1899. 


i/rioV.  — The  voU.age  necessary  to  produce  the  fihril- 
kiry  tremor  is  less  if  tlie  heart  is  in  the  line  between  the 
poles.  Inversely,  if  the  heart  is  not  in  this  line,  it  can 
be  thrown  into  fihrillary  tremor  (tremulations  fibrillaires) 
upon  the  application  of  currents  of  high  pressure  which 
m  traversing  the  heart  directly,  would  not  have  nara- 
lyzcd  it.  ■  '■ 

"  9.  When,  after  currents  of  high  pressure,  the  heart  of 
the  dog  or  of  the  guinea-pig  is  paralyzed  consecutively  to 
the  arrest  of  respiration,  massage  of  the  heart  provokes 
the  treinulatioiis  fibrillaires,  which  are  wanting  in  a  case 
of  simple  asphyxia  not  produced  by  electrocution. 

B.   Coiiiiimous  Oiirrents.— Conclusions  reached: 

"1.  Resj)iration  and  .sensibility  react  the  same  to  the 
shocks  of  closure  or  of  opening. 

"  2.  Convulsions,  on  the  other  hand,  are  especially  pro- 
voked by  opening  of  the  current. 

"  3.  As  to  the  heart,  the  fibrillary  tremor  will  come  on 
if  the  circuit  bo  not  closed  or  opened  abruptly.  It  is  a 
fact,  analogous  to  that  which  was  stated  with  regard  to 
alternating  currents,  that  a  violent  excitation  can  make 
the  fibrillary  tremor  cease. 

"4.  Examination  of  the  tracings  of  arterial  pressure 
seems  to  indicate  the  absence  of  a  vaso-motor  excitation, 
which,  on  the  other  hand,  is  produced  by  the  alternating 
currents." 

The  fact  that  in  some  of  the  earlier  electi'ocutions  in 
New  York  (McElwaine,  Jaylor)  respiration  was  not  de- 
finitely arrested  when  the  bod}'  was  traversed  by  a  press- 
ure of  1,700  volts  alternating  current  (contacts  good, 
head  to  leg,  continued  for  several  seconds),  is  in  a  line 
with  some  of  the  experiments  of  Prevost  and  Battelh. 
For  example,  a  large-sized  dog  was  submitted  to  the  ac- 
tion of  an  alternating  current  of  4,800  volts  (contacts  good, 
duration  several  seconds),  and  yet  spontaneous  recovery 
of  the  respiration  took  place.  On  the  other  hand,  in  their 
experiments  with  a  much  lower  pressure  (240  to  600  volts, 
as  well  as  with  those  of  H.  and  K.)  death  was  absolute. 
They  found  in  dogs  that  these  currents  of  medium  press- 
ure produced  not  only  i^aralysis  in  ventricular  tremula- 
tions of  the  heart,  but  also  absolute  arrest  of  the  respi- 
ration. In  such  cases  instantaneous  death  would  result 
from  the  inhibition  of  the  nerve  centres,  seconded  by 
the  failure  of  the  circulation.  In  the  first  instance  a 
repetition  of  the  shock  is  sufficient  to  produce  a  definite 
arrest  of  the  respiration,  and  while  physiologically  death 
cannot  be  regarded  as  strictly  instantaneous,  it  is  practi- 
cally so  so  far  as  consciousness  is  concerned. 

In  view  of  the  unquestioned  fact  that  currents  of  the 
same  degree  of  pressure  and  applied  under  apparently 
the  same  conditions,  both  in  man  (electrocutions)  and  in 
animals,  produce  such  different  results, — lethal  in  the 
one  case,  and  non-lethal  in  the  other,— we  are  justified  in 
concluding  that  there  must  be  differences  in  vital  resist- 
ance. It  is  very  evident  from  all  the  evidence  forthcom- 
ing that  the  human  respiratory  system  offers  a  very  great 
resistance  to  an  electric  shock,  and  this  resistance  is  by  no 
means  the  same  in  all  individuals,  just  as  experiment  has 
shown  that  it  is  not  so  in  all  animals.  The  fact  that  the 
nervous  system  is  of  a  higher  organization  in  man  than  in 
animals  is  suggested  by  Prevost  and  Battelli  as  a  reason 
why  the  function  of  the  respiratory  centre  should  be  abol- 
ished in  the  former  with  but  a  slight  increase  of  voltage. 
This  is  not  substantiated,  however,  by  the  results  of  elec- 
trocuti(m.  Prevost  and  Battelli  show  by  their  experi- 
ments upon  animals  that,  all  other  things  being  equal,  the 
higher  the  pressure  the  greater  certainty  of  the  definite 
abolishment  of  the  respiratory  function,  and  they  place 
the  pressure  necessary  for  the  purpose  beyond  1,700  volts. 
So  far  as  the  evidence  is  at  hand  from  the  electrocutions 
which  have  taken  place  in  New  York— some  fifty  in  num- 
ber—it appears  that  the  expenditure  of  this  tremendous 


energy  varies  m 


its  action  in  different  individuals :  that 


while  in  one  a  complete  inhibition  of  the  respiratory  cen- 
tre from  a  single  application  results,  in  anotheT  several 
successive  shocks  are  required  completely  to  abolish  its 
function;  and  again,  in  other  instances,  there  seems  to  be 
an  actual  mechanical  disruption  (twenty-fourth  electro- 
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cution),  as  the  blood  from  every  pcnplieral  as  well  a;, 
from  tiie  larger  vessels  is  forced  by  the  powerful  tetanic, 
muscular  contractions  into  the  chest  and  head,  with  rup- 
ture of  some  of  the  blood-vessels.  It  is  fair  to  suppose 
that  nearly  all  the  energy  liberated  lu  the  body  is  ex- 
pended as  heat;  and,  as  a  matter  of  fact,  there  is  a.  con- 
si.lerable  rise  in  the  tmnperature,  although  the  action^  of 
this  heat  does  not  bring  al.)out  death.  In  this  connection 
it  is  interesting  to  note  that  Prevost  and  Battelh  touml 
that  there  was  no  intracerebral  hemorrhage  when  the 
temperature  was  not  raised,  which  would  seem  to  in- 
dicate a  definite  relation  between  the  amount  of  enei-gy 
liberated  and  the  result.  , 

If  this  energy  acted  to  produce  either  inhibition  of  the 
respiratory  centre  or  paralysis  of  the  heart  in  ventricular 
tremulation,  there  might  not  be  an  appreciable  rise  m 
the  temperature;  but"  when  it  has  acte<l  to  produce  a 
disruptive  effect,  as,  for  example,  in  some  accidents  from 
industrial  currents  and  sometimes  in  elcctroculion  (/.e., 
with  excessive  intracerebral  heminTliage  and  ru])ture  of 
some  of  the  blood-vessels),  the  evidence  shows  that  the 
rise  is  considerable."" 

Analysis  of  the  accidents  from  industrial  currents  (jire- 
sented  farther  on  in  tabulated  form)  would  seem  to  coutirm 
the  experiments  of  Prevost  and  Battelli  in  reference  to 
the  action  of  the  current  on  the  respiratory  centre. 

In  cases  2,  3,  8,  and  10,  there  was  contact  with  alter- 
nating pressures  of  2,000,  4,500,  10,000,  and  2.5,000  volts 
respectively,  followed  by  recovery.  From  the  C(>nditi(jns 
of  the  conducting  cii'c'uit  (i.e.,  position  and  nature  of 
contact)  No.  2  was  evidently  a  hand-to-hand  contact; 
No.  3,  bipolar,  i.e.,  telephone  wire  grasped  in  hand,  which 
touched  another  wdre ;  No.  8  a  liand-to-hand  contact ;  and 
No.  10  a  hand-to-hand  contact  (the  energy  was  not  ex- 
pended upon  the  respiratory  centre  in  such  a  way  as  defi- 
nitely to  arrest  respiration,  nor  was  tlie  heart  in  the  direct 
conducting  path).  To  produce  inliiliition  of  the  respira- 
tory centre,  a  hcad-to-spine  contact  is  the  most  favorable, 
although  a  head-to-leg  contact  contributes  to  the  same 
result.  The  latter  position  of  contacts  also  favors  action 
upon  the  heart  primarily,  although  a  che.st  to  spine,  or  to 
spine  and  head,  is  better.  Had  the  latter  condition  obtained 
in  No.  10,  on  account  of  the  \<t\y  high  resistance  offered 
by  the  position  and  nature  of  the  contact,  the  pressure,  al- 
though high,  might  have  acted  as  a  low-pressure  current 
to  paralyze  the  heart  in  ventricular  tremulations. 

The  data  in  Cases  Nos.  1,  9,  It,  13,  13,  15,  IG,  and  20 
seem  coi'roborative  of  the  experimental  work  of  Prevost 
and  Battelli,  showing  that  high-pressure  currents,  bj' 
reason  of  high  resistance,  act  as  low-pressure  currents. 
Although  the  pressure  in  every  one  of  these  instances 
was  high,  the  inference  is  reached,  from  instantaneous 
death,  that  they  acted- by  reason  of  position  and  nature 
of  contact  as  low-pressure  currents,  and  that  death  was 
due  to  paralysis  of  the  heart  in  ventricular  trenudation. 
Unfortunately  tliere  has  never  been  any  opportunity  of 
observing  this  phenomenon  in  man,  and  the  inferencecan 
be  drawn  only  by  the  action  on  warm-blooded  animals. 
By  reason  of  the  fact  that  in  the  industries  the  contacts 
are  always  bad,  both  as  to  position  and  as  to  nature,  the 
resistance  great  and  amperage  small,  the  effect  produced 
is  that  of  a  low-pressure  current.  This  effect  is  more 
grave  when  the  initial  pressure  is  high,— less  so  witli  a 
diminution  of  voltage. 

It  is  not  believed  by  Prevost  and  Battelli  that  tla^  i)a,- 
ralysis  of  the  heart  in  man  is  always  permanent,  but 
that  it  may  sometimes  be  transitory.  This  conclusion  is 
reached  by  them  as  the  result  of  an  analysis  of  some  ac- 
cidents, and  from  the  fact  that  the  current  does  not  affect 
all  animals  similarly ;  that  in  some— for  example,  a  g.uinea- 
pig— the  heart  rarely  resumes  its  beats,  but  tliat  in  the 
rabbit  it  often  resumes  its  rhythm.  Tliese  are  inexplica- 
ble facts,  and  we  have  no  means  of  Unowing  that  the 
human  heart  may  not  comport  itself  similarly 
From  experimental  evidence  there 


IS  every  reason  to 
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conclude  that  besides  the  influence  exerted  by  the  quality, 
duration,  strength,  and  density  of  the  current  (Tatum) 
through  the  thorax,  some  other  factor,  apparently  resid- 
ing in  the  heart  and  probably  physiological  in  nature,  also 
exercises  a  considerable  influence,  as  evidenced  by  the 
greater  or  less  readiness  with  wdiich  the  cardiac  eft'ect  is 
produced  (Ciinningliani). 

Prevost  and  Battelli  as  a  result  of  their  very  complete 
ex])erimental  work,  arrived  at  the  following  conclusions: 

Conchi.iions  and  Qenernl  Considerations. — Experiments 
upon  animals,  observations  made  upon  the  electrocuted 
criminals  in  America,  the  accounts  of  accidents  occurring 
in  the  electrical  industry,  lead  us  then  to  conclude  that 
according  to  all  probability: 

1.  The  heart  in  man  comports  itself  like  that  of  ani- 
mals; it  is  paralyzed  in  ventricular  tremulations  by  a  cur- 
rent of  low  pressure. 

2.  The  death  of  man,  in  the  accidents  of  the  electrical 
industry,  cannr)t  be  attriljuted  to  arrest  of  respiration  con- 
sidered as  an  ininiediat(^  cau.se. 

3.  The  death  of  man  in  these  accidents  is  due  to  the  pri- 
mary paralysis  of  the  heart  in  ventricular  tremulations. 

4.  Currents  of  high  pressure,  when  the  contacts  are 
good  and  the  heart  lies  upon  the  line  which  unites  the 
electrodes,  do  not  paralyze  the  heart  of  man;  in  this  case 
the  respiration  is  resumed,  as  has  been  observed  upon  the 
electrocuterl  criminals  in  America. 

5.  In  the  electrical  industry  the  contacts  are  always 
more  or  less  bad;  for  this  reason  the  currents  of  high 
pressure  act  like  currents  of  lo"w  pressure  and  lead  to 
paralysis  of  the  heart. 

6.  The  difference  in  the  results  (mortal  or  not)  of  the 
grave  accidents  of  the  electrical  industry  can  be  explained 
in  two  ways:  we  must  assume  that  the  duration  of  the 
contact  has  been  too  short  (fractions  of  a  second)  and  that 
the  heart  has  not  been  i^laced  in  ventricular  tremulations; 
or  we  must  admit  that  the  paralysis  of  the  heart  of  man 
is  not  always  decisive,  i.e.,  permanent. 

From  these  conclusions  it  would  appear  that  in  em- 
ploj'ing  a  current  of  high  pressure,  f(U'  the  purpose  of 
electrocuting  a  man,  we  have  secured  a  result  quite  dif- 
ferent from  that  which  we  set  before  ourselves  to  obtain, 
viz.,  to  kill  the  man  rapidly. 

The  study  of  the  ventricular  tremulation  of  the  heart, 
which  hitherto  has  offered  onh'  a  theoretic  interest,  now 
assumes  some  practical  importance;  for  it  is  to  the  de- 
velopment of  these  tremulations  that  are  due  the  mortal 
accidents  in  the  electrical  industry.  The  jihysician,  in 
most  of  these  accidents,  is  quite  impotent,  for  we  possess 
no  practical  means  of  re-establishing  the  beats  of  the  para- 
lyzed heart.  Artificial  respiration,  absolutelj'  useless  in 
the  case  of  well-defined  paral.vsis  of  the  heart,  can  be 
sometimes  of  some  use  it  this  paralysis  is  transitorj',  in 
facilitating  the  normal  resumption  of  the  respiration.  In 
any  case,  artificial  respiiation  is  actually  the  only  treat- 
ment ndiich  the  physician  has  at  his  disposition. 

Cunningham  in  his  experiments  reached  practically  the 
same  conclusion,  at  about  the  same  time  as,  and  independ- 
ently of,  Prevost  and  Battelli.  The  evidence  obtained  as 
a  result  of  his  exiieriments  upon  a  series  of  thirty  dogs 
is  most  conclusiA-e,  and  his  work,  after  a  lapse  of  two 
years,  may  be  regarded  as  classic.  In  view  of  this  fact, 
a  somewdiat  detailed  description  of  his  technique  as  well 
as  of  the  results  which  he  obtained,  is  of  sufficient  im- 
portance to  warrant  us  in  publishing  it  in  the  present 
article. 

A  medium-sized  dog  was  etherized  and  into  the  right 
carotid  artery  there  was  inserted  a  cannula  which  was 
connected  with  a  Ludwig  manometer.  The  latter  in  turn 
was  so  arranged  that  the  pulsations  should  be  recorded 
upon  the  paper  of  a  lUirthle  kymograph.  A  second 
cannula  was  introduced  into  the  trachea;  and  through 
this  the  ana'sthetie  was  administered  when  necessary. 
As  a  third  sle]i  the  liair  over  the  chest  was  carefully  re- 
moved liy  shaving,  and  the  scalp  and  .soft  parts  covering 
tlie  skull  and  teiiqioral  fascia  (on  both  sides)  were  dis- 
sected off.  Then,  finally,  the  contacts,  covered  with  thin 
chamois  skin  and  well  wetted  with  a  strong,  hot  saline 
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solution,   were  applied  to  the  two  regions   thus  made 
reiidy  lor  tlieni :  to  tluit  of  the  heart  a  plate  electrode,  cou- 
ueeted  with  the  negative  terminal  and  held  securely  in 
place  by  means  of  strips  of  rubber  plaster ;  to  that  of  the 
head  a  cup-shaped  electrode  connected  witli  the  positive 
terminal.     A  stcthogi-aph  was  attached  to  the  chest  and 
conni'cted  with  a  recording  Marey  tambour.     A  chrono- 
graph placed  in  shunt  with  the  circuit  that  passed  through 
the  dog  served  to  inscribe  the  base  line  of  the  tracings  as 
well  as  to  mark  the  closing  and  the  opening  of  the  cir- 
cuit.    A  second  chronograjih  indicated  the  time  in  two- 
second  intervals,  while  a  Whitney  dead-beat  voltmeter 
and  a  Weston  dead-ljcat  anuncter  were  used  to  measure 
the  pressure  and  the  strength  of  the  currents.     Normal 
tracings  of  the  blood  pressure  and  the  respiration  were 
first  taken  and  then  the  circuit  was  suddenly  closed  and 
kept  closed  for  seventy-six  seconds.     During  its  closure 
there  w^as  observed  a  pressure  of  116  volts  and  an  ob- 
served current  of  0.4    ampere.      The  following  effects 
were  noted:  Almost  simultaneou.sly  witJi  the  closing  of 
the  circuit  the  blood  pressure  rapidly  fell  to  zero,  the 
tracing  showing  a  few  heart  beats — auricular.     At  the 
closure  a  deep  inspiration  was  produced,  then  there  was 
a  deep  expiration,  followed  b)-  cessation  of  respiratorj' 
movement  in  a  state  of  expiration  so  long  as  the  current 
continued  to  pass.     On  breaking  the  circuit  a  deep  in- 
spiration followed  by  au  expiration  residted,  and  after  a 
few  moments  a  few  shallow  respirations  were  observed. 
Artificial  respiration  was  then  begun  and  was  continued 
without  avail  for  twentj'  minutes. 

The  occiu-rence  of  natural  rhythmical  respiratory 
movements  after  the  opening  of  the  circuit  demonstrates 
that  the  respiratory  centre  in  the  medulla  is  not  paralyzed 
nor  Instantly  killed.  Further,  the  tracings  sliow  that  an 
almost  total  and  instantaneous  extinction  of  the  arterial 
circulation  is  produced.  By  opening  the  chest  previously 
and  observing  the  liehavior  of  the  heart,  it  is  readily 
demonstrated  that  this  extinction  of  blood  pressure  re- 
sults from  a  practically  instantaneous  cessation  of  the 
co-ordinated  rhythmical  movements  of  the  heart  at  th(j 
instant  a  current  of  0.0  ampere  or  even  less  is  passed 
through  a  dog.  Both  ventricles  immediately  stop  beat- 
ing, while  the  auricles,  especially  the  auricular  appen- 
dages, beat  with  exti-cme  rapidity.  On  stopping  the 
current  the  auricular  appendages  generally  resume  then- 
usual  co-ordinated  rhythmical  contractions,  which  may 
often  continue  for  a  considerable  number  of  minutes. 
Frequently  the  auricles  will  begin  to  beat  again  co-ordi- 
nately for  a  few  seconds,  but  the  ventricles  rarely  if  ever 
exhibit  the  slightest  sign  of  co-ordinated  contraction. 
Cunningham  noted  ventricular  contraction  in  only  a  sin- 
gle instance,  and  that  only  after  he  had  introduced  a  tube 
into  the  jugulai'  vein  for  the  purpose  of  withdrawing 
venous  blood  from  the  greatly  distended  heart.  ^  Ihis 
points  to  a  direct  action  upon  the  ventricular  portion  of 
the  heart  muscle.  The  only  difference  observed,  when  the 
points  of  contact  are  the  chest  and  fore-leg,  instead  of  the 
head  and  chest,  is  the  greatly  exaggerated  respiration 
show-n  by  the  resultant  tracings.  Upon  opening  the 
thorax  immediately  after  the  passage  of  the  current 
through  the  heart  percutaneously,  a  careful  examination 
of  the  still  quivering  ventricles  shows  that  the  co-okU- 
natcd  beat  of  the  heart  is  absent,  as  a  whole,  while  the 
various  minute  bundles  of  muscle  fibres  alternately  con- 
tract and  relax  with  considerable  vigor  m  various  paits 
of  the  ventricles.  As  the  right  cavities  of  the  heart  tje- 
come  more  and  more  distended  by  the  acc-iiniulating 
venous  blood,  the  asynchronous  quivering  of  the  vari- 
ous little  bundles  of  muscle  fibres  grows  less  and  less 
until  finally  every  trace  of  muscular  ccnitraction  disap- 
pears from"  the  greatly  distended  ventricle.  Ihe  act  on 
of  the  current.  Cunningham  concludes,  produces  upon 
the  heart  the  well-known  phenomenon  descrilied  oy  pii}^- 
io]oi!:isU  as  deli riinn  cordis  or fihrilla r  eoiitnictum  sup- 
posed to  be  cau.sed  by  some  change  in  the  muscular  nmes 
themselves,"  and   Hedlev  *  asks:  Is   this  a  coagulation 
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by   the   heat,  resulting  from  the  tetanic  muscular  con- 
tractions? 

Cunningham  believes  tliat  there  is  no  question  of  the 
instantaneous  death  of  the  muscle  cells  of  the  heart  nor 
ot'  their  paralysis,  nor  of  i)rofound  molecular  changes  in- 
visiliU^  under  the  microscope,  resulting  from  the  direct 
disruptiveaction  of  tliecurrent.  This,  be  says,  is  readily 
proved  if  Porter's  method,  or  any  other  method  for  re- 
covering the  excised  dog's  heart  from  the  condition  of 
fibiillar  contraction,  is  employed.  By  the  use  of  Porter's 
method  (perfusion  of  the  lilo'od-ves.sels  of  the  heart  with 
warm,  dcHbrinated  dog's  blood  diluted  with  0.8  percent, 
saline  solution)  the  excised  hearts  (still  manifesting  fibril- 
lar contractions)  of  nuniermis  electrocuted  dogs  wore 
made  to  beat  co-ordinately  again  and  to  continue  their 
co-ordinate  contractions  for  nearly  an  hour,  only  ceasing 
then  because  of  the  discontinuance  of  artificial  respira- 
tion. It  was  often  necessary  to  plunge  the  excised  hearts 
into  iced  saline  solutions  in  order  to  stop  all  movements 
before  co-ordinate  beats  could  be  established.  These 
facts  demonsti'ate  that  the  licart  muscle  is  not  paralyzed 
or  killed  by  the  curient;  for  if  it  were  paralj'zcd  no 
mo\'emcnts  would  have  been  observed  after  the  passage 
of  the  shock ;  and  if  the  muscle  had  been  killed  no  re- 
coverjr  could  have  occurred  on  I'estoring  the  circulation. 
It  is  probable  that  "  the  effect  of  the  electrical  stimulus 
has  been  to  disturb  the  balance  of  the  hypothetical  in- 
tracardiac co-ordinating  mechanism,  the  nature  and  loca- 
tion of  which  physiologists  are  still  endeavoring  to  elu- 
cidate. " 

Cunningham  points  out,  as  did  Prevost  and  Battelli, 
that  it  is  well  known  that  the  action  of  various  kinds 
of  stimuli  upon  the  exposed  mammalian  heart — for  ex- 
ample, mechanical,  chemical,  electrical,*  and  also  the 
stimulus  of  cold — produce  the  condition  known  as  fibril- 
lary contraction;  consequently  the  effect  is  physiological 
in  nature  and  not  one  that  is  characteristic  alone  of  the 
passage  of  an  electric  current. 

In  view  of  the  fact  that  an  electric  current  produces 
this  effect  upon  the  exposed  heart,  it  is  not  at  all  remark- 
able that  a  strong  electric  current,  continuous  or  alter- 
nating of  a  moderate  frequency,  when  passed  percutane- 
ously, should  tlirow  the  heart  into  a  condition  ot  fibrillar 
contraction. 

H.  Dixon  Mann  concluded,  from  the  phenomena  ob- 
served as  a  result  of  percutaneous  applications  of  the 
continuous  current  upon  man,  that  a  struggle  takes  place 
between  the  natural  and  the  artificial  electrotonic  condi- 
tions ;  and  that  when  tlie  heart  is  weak  and  the  current 
strong,  the  heart  is  overcome,  but  that  when  the  organ 
is  fairly  strong  and  active  it  is  able  to  bear  the  force  of 
the  current  without  experiencing  any  liarm.f 

The  experiments  of  Cunningliam,  as  well  as  those  of 
Prevost  and  Battelli,  are  conclusive  in  showing  that  death 
in  doi's— and  without  doubt  also  in  man,  in  view  of  the 
evidence  of  autopsies-from  low-pressure  eummts  (120 
volts)  or  from  those  of  medium  pressure  (240-bOO  volts), 
or  even  from  currents  of  high  pressure  (above  600  volts), 
when  the  conditions  of  the  circuit  are  such  as  to  cause 
a  hi'di-pressure  to  act  as  a  low-pressure  current,  is  due 
to  the  excitation  of  fibrillar  contractions  from  which  the 
heart  of  the  mammalian  rarely  recovers.  1  he  tact  that 
certain  animals  (frogs  and  turtles,  for  example)  recover 
easily  from  such  a  condition  explains  why  they  are  not 
easily  killed  by  low-pressure  currents,  and  that  to  cause 

*  Weber  Ludwig,  and  HofTa,  for  magnetic  electric  currents;  Ein- 
brnm  M  li-er  Herbst,  and  McWiUlams,  lor  continuous  currents  from 
battlTi.'  Hud'smallinduction  coils.    All  of  these  authorities  are  cited 

"^•i;  A^'rf'^.^iSc  Oun?l;ts  on  the  Heart  in  Living  Sublects."- 

'"'■■"'^f!'  ''J;  ;,-^.dia  distreS  and  threatened  syncope,  with  an  irregu- 
anguisb  K.PC..I   lal  digues  ^^^^^.  ^^^  ^.^  oscillatory  currents  of 

Uir  and  fee  le  Pu'^e^  !i'^.y,"^,„je,i  to,  it  is  interesting  to  note  that  relief 
high  potential  r™™"^'\,%' .  .,  ^„.,„,ral  application  of  the  convective 
Sischi;S^'fn  "":^S?Muin;^niachinAith  a  localisation  directly 
over  the  heart  and  to  the  dorsal  spine. 
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(leatlj,  iu  these  auiinals,  the  production  of  asphyxia  b}' 
the  use  of  liinii-pfessure  currents  would  be  necessary. 

In  determining  the  action  of  a  strong,  continuous  cur- 
rent upon  tli(!  cranio-cervical  portion  of  tlie  nervous 
system  Cunningham  placed  the  contacts  directly  upon 
tiie  exposed  brain  and  spinal  cord,  tliereby  muinni/.ing 
the  resistance  and  acting  diivetly  upon  the  nerve  centres. 
The  passage  of  a  current  of  l.i  amperes  for  one  minute 
directly  through  the  cerebnun,  medulla,  and  upi)er  cord 
resulted  intheaisual  deep  inspiration  followed  by  expira- 
tory standstill,  while  the  current  was  still  flowing.  If 
the"  current  was  not  kept  applied  for  too  long  a  time,  the 
respiratory  movements  generally  rocommenced  a  few 
moments  after  its  removal.  At  first  these  movements 
were  feeljle,  but  gradually  they  i-esumed  their  normal 
rhythm,  if  the  electrode  liad  not  been  pressed  with  un- 
due force  against  the  bi-ain.  Even  wdien  the  dose  was 
1.6  amperes,  after  the  ciuTcnt  had  been  on  for  several 
seconds,  respiratory  inhibition  was  overcome  and  pro- 
nounced respiratory  movements  began  while  it  was  still 
flowing.  As  a  rule,  however,  inhibition  of  the  respira- 
tory centre  during  contact  was  maintidned  by  a  current 
of  i.5  amperes. 

The  blood  pressui-e  behaves  difEcrcntly  when  the  con- 
tacts are  directly  against  the  brain  and  spinal  cord,  from 
what  it  does  when  they  are  placed  simply  against  the 
head  and  che.st ;— ('.f.,  after  a  slight  rise  coincident  with 
the  general  tetanic  spasm  of  the  muscles,  produced  al- 
ways by  the  closure  of  the  circuit,  the  pressure  falls 
slightly;  it  then  rises  to  a  considerable  height,  often 
twice  or  thrice  its  original  height,  if  the  circuit  is  kept 
closed  for  tifty  seconds.  If  the  current  is  In-oken  at  this 
time  it  may  or  mav  not  continue  to  rise  for  a  few  mo- 
ments, but  after  this  it  ijuickly  returns  to  the  normal. 
On  the  other  hand,  if  the  fiow  of  the  current  is  continued 
for  four  or  five  minutes  the  blood  pressure  slowdj-  di- 
minishes, the  cardiac  action  becomes  progressively  more 
labored  and  slower,  and  finally  ceases.  If  artificial  res]ii- 
ation  is  maintained,  this  enormous  rise  in  the  pressure 
does  not  take  place.  If  the  current  is  discontinued  after 
the  lapse  of  a  minute,  the  inhibited  heart  action  gradually 
disappears  and  respiratory  movements,  at  first  slow,  soon 
become  natural. 

The  asphyxia  from  inhibition  of  the  respiratory  centre 
appears  to  be  mainly  responsible  for  the  increased  blood 
pressure. 

These  experiments  demonstrated  the  ability  of  a  strong, 
continuous  current  passed  through  the  brain  and  uppei- 
part  of  the  cord  to  kill;  but  tha't  the  mode  of  death  is 
quite  different  from  that  wdiich  takes  place  wdicn  the 
heart  lies  in  the  conducting  path  and  is  traversed  by 
the  current.  In  the  former  the  lethal  effect  is  plainly 
the  result  of  asphyxia  due  to  a  respiratory  inhibition, 
while  in  the  latter  the  lethal  restdt,  e\'en  from  niodei-ate 
currents  continued  for  a  short  period,  is  due  to  the  per- 
manent stoppage  of  the  heart's  co-ordinated  action,  the 
central  nervous  system  dying  finm  an;emia. 

Cunningham's  experiments,  in  common  with  all  others 
in  which  these  points  have  been  observed,  show  that  a 
greater  amperage  is  necessary  to  produce  death  when 
the  current  travei-ses  the  stijireme  nerve  centi-cs  than 
when  it  traverses  the  heart.  In  his  experiments,  the  re- 
lations were  1.1  to  1.6  in  the  former  as  against  0.8  lo  0  (i,-| 
ampere  in  the  latter  instance.  His  conclu.sions  are  em 
bodied  in  the  following  sumin.iry  : 

"1.  Industrial  electric  euri'enis  which  traverse  (he 
whole  body  transversely  or  longiludiiially  in  sullicient 
intensity  kill  because  fibrillar  contraction  of  the  heart  is 
produced  and  not,   as  has   been    hillierto   surnusi'd     liy 

producing  a  total  jiaralvsis  oC  tliat  or-aii    or   killi ii 

(aitriglit. 

"3.  Such  currents  neilher  kill  the  central  iiervnns 
system  outright  nor  iiai'.-dvzr  il  inslantaneouslv  Dealli 
ottlie  nervous  system  fn.n.  surh  ,.„miits  is  due  I,,  Ih,^ 
total  ana'iiua  following  u  sudden  .•iiTrsI   ,,r  11,,.  cireula- 

onl}  the  cerebro-cervical  portion  of  the  nervous  s3-sU.m 
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in  considerable  intensity  and  for  a  considerable  length  of 
time,  it  may  kill  by  asphyxia  consequent  to  more  or  less 
complete  inhibition  of  the  respiratory  movements,  which 
occurs  chiefly  during  the  passage  of  the  current.  No 
existing  facts  warrant  the  conclusion  that  the  medullary 
respiratory  centre  is  paralyzed  or  killed  in  such  conditions. 

"4.  Industrial  currents  are  practically  non-lethal  to 
frogs  and  turtles,  as  the  condition  of  fibrillation  quickly 
and  spontaneously  disappears  from  their  hearts  after  the 
current  has  ceased  to  pass.  Such  animals,  of  course,  can 
be  killed  by  the  very  prolonged  application  of  a  current 
of  modei-ate  intensity,  or  by  one  of  enormous  voltage  and 
large  intensity. 

".5.  Strong  electrical  currents  applied  to  tlie  surface  of 
the  skin  affect  the  heart  in  the  same  manner  as  currents 
of  less  strength  do  w  hen  they  are  applied  directly  to  the 
exposed  heart. 

"0.  It  may  be  possible  for  an  electric  current  of  enor- 
mous intensity  and  electromotive  force  to  produce  in- 
stantaneous death  either  by  its  disruptive  action  or  by 
producing  an  instantaneous  heat  coagulation  of  the  cellu- 
lar constituents  of  the  bod}'.  Industrial  currents  do  not 
kill  instantly,  although  as  a  result  of  their  action  death 
rapidly  occurs.  The  experience  of  individuals  who  have 
recovered  from  severe  electric  shock  indicates  that  such  a 
mode  of  death  is  not  a  painful  one. 

"  7.  Spontaneous  recovery  of  the  dog's  heart  from  fibril- 
lation produced  by  strong  currents  is  rare.  Spontaneous 
recovery  of  the  dog's  heart  from  fibrillation  and  restora- 
tion of  the  arrested  circulation  after  the  external  applica- 
tion of  a  strong  current  for  two  or  three  seconds  appears 
not  to  exist. 

"8.  Artificial  reeoveiy  of  the  fibrillating  heart  of  the 
dog,  with  restoration  of  the  circulation  and  recovery  of 
the  nervous  system,  can  be  accomplished  by  the  method 
described  in  this  paper,  provided  the  duration  of  the 
shock  is  short  and  the  procedure  is  begun  immediately 
after  the  cessation  of  the  current. " 

CHnicnl  Manifestdtions  in  Electric  HI n  irk. — As  there- 
suit  of  electric  shock  in  both  animals  and  man  there  are 
distinguished  five  stages  of  eft'ects;  JIuscular  contrac- 
tions; clonic  convulsions;  tonic  convulsi(jns  with  mo 
mentary  stoppage  of  respiration;  general  inhibition  of 
respiration  and  of  the  nervous  system,  but  without  con- 
vulsion; and  lastly  complete  .stoppage  of  the  heart's 
action. 

When  a  strong  current  is  brought  to  bear  upon  the 
subject  there  is  a  strong  tetanic  contraction.  Sometimes, 
not  always,  when  the  circuit  is  broken,  a  deep  respiration 
takes  place  followed  liy  an  expiratory  cry.  In  the  tabu- 
lated list  of  accidents  it  is  noticed  in  but  one  instance 
(Case  4). 

Cunningham  descrilies  the  clinical  manifestations  in  a 
ease  of  electric  shock  of  which  he  was  a  witness.  An 
eli-ctrician  who  was  on  the  point  of  removing  a  defective 
brush  from  the  motor  of  a  trolley  car  was  partially  be- 
neath the  car,  with  his  right  hand  on  the  brush,  when  he 
ina<lvertently  rested  his  left  hand  on  a  livi?  rail;  immedi- 
ately his  muscles  became  tetanic  and  he  was  thrown 
backward  in  an  instant,  thus  severing  his  connections 
with  the  live  contacts.  Syncope  oecurrcil  iu  a  few  mo- 
ments, and  during  its  continuance  the  respirations  were 
at  lirst  rather  raiiid,  later  possibly  a  little  slower  and 
shallower  than  normal.  His  pulse  was  very  soft,  rapid, 
and  slightly  irregular,  but  soon  consciousness  returned. 
He  then  vomited  (Mice  and  was  able  to  get  up  by  himself, 
though  he  comphnned  of  feeling  extremely  weak.  The 
next  morning  he  stated  that  the  prostration'  had  persisted 
for  alimit  two  hours  and  then  disappeared,  leaving  him 
as  well  as  ever.  The  pressure  of  the  current  in  tliis  in- 
stance Avas  .'iOO  v<ills,  but,  by  reason  of  the  ]iosition  and 
iialure  (d'  the  contact  (hand-io-hand,  dry  skin),  the  resist- 
ance was  so  great  as  to  minimize  the  current  so  that  prob- 
ably not  more  than  a  small  fraction  of  an  ampere  passed 
through  him.  These  eU'ects,  Cunningham  concludes,  are 
produced  as  follows:  As  the  accidenial  contact  with  the 
li\  e  \\  ires,  rails,  brushes,  etc.,  is  made,  more  or  less  pro- 
nounced gener;Ll  muscular  contractions  occur.     Res]iira- 
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tion  may  be  inhibited  after  a.  deep  inspiration  and  ex- 
piration, but  is  (|uiekly  resumed.  From  the  moment  the 
shoclc  begins  there  is  temporary  inlnbidon  of  the  lieurt's 
action  accompanied  liy  a  fall  in  the  blood  pressure.  After 
exposure  to  a  uondethal  current  of  hrief  duration,  l)oth 
normal  heart  beat  and  blood  pressure  are  soon  recovered. 
Consecutive  to  diminution  of  the  blof)d  pressure  and  dis- 
turbance of  the  cerebral  cii-culation,  more  or  less  syncope 
frequently  occurs,  but  this  is  gnidually  recovered  from 
and  normal  circulation  is  re-established.  When  a  large 
portion  of  the  current  tra\'erses  the  brain  (head  and  back 
of  neck  contact,  for  example)  the  underlying  sensory- 
motor  centres  of  the  brain  may  be  stinudated  to  such  a 
degree  that  in  a  few  moments  one  or  more  general  con- 
vvdsious,  quite  similar  in  many  respects  to  an  epileptic 
fit,  may  bo  produced.  H'  syncope  had  not  been  induced 
previously  by  the  cerebial  an;\^mia  i-esulting  from  the 
lowering  of  the  blood  pressure  and  disturbed  heart  action, 
the  onset  of  a  general  convulsion  in  all  probabihty  would 
be  accompanied  by  complete  loss  of  consciousness.  Loss 
of  consciousness  is  not  contined  to  fatal  cases,  and  the 
longer  it  continues  the  less  danger  there  is  to  life.  It 
rarely  persists  longer  than  a  few  minutes,  but  may  be 
followed  by  headache  for  several  days — possibly  by  ver- 
tigo. In  Cases  Nos.  2  and  8  (see  tabulated  list  of  acci- 
dents) loss  of  consciousness  was  prolonged,  and  in  No.  8 
not  completely  recovered  from  for  twenty-four  hours. 
It  is  verj'  rare  that  sensory  or  motor  paralysis  appears  as 
the  result  of  an  electric  shock.  In  Case  No.  2  (see  tabu- 
lated list  of  accidents),  there  was  slight  sensory  disturb- 
ance; in  Case  10  motor  paralysis,  and  in  Case  21  both 
sensory  and  motor  paralj'sis.  Convulsions  sometimes 
occur  and  seem  to  bear  a  relation  to  the  contacts.  If  the 
energy  is  expended  upon  the  supreme  centres  they  are 
more  apt  to  appear.  In  Case  No.  2  (tabulated  list  of 
accidents),  the  man  was  blind  for  forty-flve  minutes,  de- 
lirious for  several  hours,  and  for  several  hours  unable  to 
speak.  In  No.  7  the  pupils  were  observed  to  be  dilated 
— a  condition  often  noted. 

In  most  cases  no  permanent  ill  effect  appears  to  follow 
an  electric  shock.  On  the  other  hand,  Case  10  (tabulated 
references)  claimed  to  ■'feel  better  in  general  health" 
than  before.  This  is  not  an  unreasonable  statement  in 
view  of  the  physiological  action  of  an  electric  current 
in  a  therapeutic  dose. 

The  following  case,  however,  suggests  the  possibility 
of  the  development  of  traumatic  neuroses  from  electric 
shock  in  common  with  other  forms  of  in.iury ;  A  work- 
man while  at  work  on  an  electric  transformer,  standing 
on  a  perfectly  dry  floor,  received  a  shock  of  3,000  volts, 
with  100  interruptions  per  second.  He  lost  conscious- 
ness for  twenty  or  thirty  minutes,  and  then  he  was  able 
to  get  up  and  walk  to  the  carriage.  For  about  two 
months  he  was  treated  for  burns  which  he  had  received, 
and  recovered  sufficiently  to  resume  his  work.  Soon 
afterward  he  developed  a  neurosis  associated  with  hys- 
teria and  neurasthenia.  He  presented  a  concentric  nar- 
rowing of  the  lield  of  vision,  clonus  of  the  patella,  irregu- 
larity of  the  pulse,  increased  reflex  action  and  muscular 
irritability,  vaso-motor  disturbances  and  weakness  oi 
the  extremities.  In  other  words,  this  was  a  typical  rase 
of  traumatic  neurosis  developing  several  months  after 
the  injurv. 

The  patient  finally  recovered  under  bromides,  massage, 
and  eleotricitj'.* 

Post-moriem  Findinff^.—The  iiost-mortem  hndings  in 
death  from  electricity  present  faiily  uniform  conditions: 

1.  Rigor  mortis  is  always  quickly  established.  I  atum 
found  it  generally  estabhshed  in  the  second  or  third  hour, 
but  it  occurred  in  fifty  minutes  in  one  instance.  It  was 
established  in  every  instance  without  any  relation  that 
could  be  traced  to  the  strength  of  the  current.  It  was 
never  absent  where  it  was  sought  for,  and  presented 
nothing  noteworthy  in  its  character  save  promptness  of 
appearance. 

*Brustein,  8.  A.  :  "On  the  Action  of  the  Electric  Current  of  High 
Tension  (Pressure;)  ou  the  Human  Body."  Vratch,  April  ,^131,  laui. 
vol.  xxii.,  No.  lli. 


U  The  extent  of  injiuy  to  the  skin  in  electrical  injuries 
and  fatalities  varies  greatly.  ^I'ljc  points  of  ],eiieti-ation 
ot  the  current  are  always  evidenced  by  burns  of  greater 
or  less  degree.  The  place  of  exit  is  less  freijuentl)'  marked 
by  burning  than  is  that  of  entrance.  The  evidences  of 
burning  may  lie  yrry  well  marked  oi-  they  maybe,  on 
the  contrary,  vei-y  slight;  and  they  aiv  by  no  means 
proportional  to  the  gravity  of  the  accident,— depending 
as  they  do  iqion  the  condition  of  the  skin,  whether  moist 
or  dry,  as  well  as  upon  tin;  nature  and  duration  of  the 
contacts.  In  Case  No.  6  (see  tabulated  list  of  accidents) 
—pressure  not  given,  death  instantaneous— a  small  blis- 
ter only  was  found  on  the  left  index  finger,  while  in 
Case  14  (contact  with  a  2,000-volt  continuous  current) 
the  thumb  of  the  right  hand  with  a  portion  of  the 
joint  was  burned  off.  Intense  cutaneous  congestion  and 
patches  of  ecchymosis  are  often  found  (see  Cases  5  and  (i, 
tabulated  rtd'erences). 

3.  As  to  the  heart,  Tatum  found  that  if  the  body  was 
opened  immediately  after  a  sudden  death  the  heait  was 
always  found  to  be  in  a  lax  condition,  both  \-entricles 
distended  with  blood,  and  both  auricles  pulsating  rhyth- 
mically. If  the  examination  was  delayed  a  quarter  of  an 
hour  or  more,  or  if  it  followed  a  less  rapid  death,  the  left 
ventricle  was  sometimes  found  empty  and  more  or  less 
firmly  contracted.  The  observations  of  other  experi- 
menters point  to  practically  the  same  condition  of  the 
heart, — that,  namel3^  which  follows  death  by  apna^a. 

4.  Blood-vessels  and  blood:  The  arteries  are  often  con- 
tracted to  their  smallest  calibre  and  the  blood  is  crowded 
into  the  very  large  veins  of  the  trunk  and  head.  There  is 
sometimes  rupture  of  the  blood  vessels  (see  Case  11,  tabu- 
lated references,  and  also  twenty-fourth  electrocution). 
Tatiim  found  the  blood  in  the  arteries  bright  red  if  the 
body  was  opened  at  the  end  of  a  minute  fir  so  after  death ; 
but  if  the  examination  was  delayed  for  a  few  minutes  the 
blood  was  quite  black.  On  free  exposure  to  the  air  it 
turned  scarlet  as  promptly  as  other  venous  blood  and 
clotted  quite  normally.  There  is  an  absence  of  li.'emo- 
globin  from  the  blood  in  death  due  to  electricity,  as  in 
apna?a.  Great  fluidity  of  the  blood  and  absence  of  clots 
are  marked  features  in  death  fi'om  industrial  currents. 
Cases  6,  7,  and  15  of  the  tabulated  references  are  excel 
lent  illustrations  of  this  post-mortem  condition. 

5.  Viscera :  The  viscera  are  frequently  found  congested 
and  sometimes  engorged  with  blood  (see  Cases  7  and  15 
of  the  tabulated  references). 

0.  The  nervous  system  does  not  present  any  gross 
lesions,  nor  have  any  microscopic  evidences  of  changed 
conditions  been  found.  That  molecular  changes  which 
are  not  determinable  by  present  methods  may  be  found 
is  very  possible.  On  tlie  other  hand,  tliere  may  be  gross 
disorganization  of  the  brain,  with  destruction  of  the 
peripheral  cortex  and  intracranial  effusion  of  blood.  The 
latter,  with  rupture  of  blood-vessels,  was  a  marked  feat- 
ure in  the  twenty-fourth  electrocution  in  the  State  of 
New  York.  Slight  hemorrhages  in  the  walls  of  the  fourth 
ventricle  and  inllie  meningeal  coverings  are  not  rare. 

Prevost  and  Battelli  never  found  intracranial  hemoi'- 
rhage  when  elevation  of  the  temperature  had  been  avoidei  I. 
although  there  was  soinetinies  hyperremia  of  the  me- 
ninges. In  Case  No.  5,  of  the  tabulated  references,  there 
was'  hemorrhage  into  the  common  sheath  of  the  carotid 
and  the  vagus  nerve  on  both  sides  of  the  neck,  and  there 
were  also  symmetrical  hemorrhages  along  the  spinal  cord^ 

The  post-mortem  findings  in  Nos.  5,  6,  7,  11,  and  14  of 
the  tabulated  list  of  accidents— in  which  cases  the  ex- 
amination was  made  at  times  varying  from  ten  hours  to 
three  days  after  the  occurrence  of  the  accideni— may  be 
summarized  as  follows  :-In  every  instance  there  were 
marked  rigor  mortis  and  great  cutaneous  congestion,  with 
patches  of  ecchymosis;  the  heart  was  uncontracted  and 
empty ;  the  blood  was  markedly  fluid  and  would  not 
coagulate;  there  was  but  little  lilood  in  the  large  blood- 
vessels ;  the  viscera  were  engorged  with  bloo.l.  In  some 
instances  there  were  ruptures  of  small  blood-vessels  and 
burns  of  greater  or  less  severity  were  found  on  diller- 
ent  parts  of  the  body.     In  Case  No.  7,  the  vessels  of  the 
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scalp,  meninges,  and  bniin  wen;  congested  and  fu|l  oi 
liquid  blood,  and  so  also  were  the  lateial  sinuses.  Iliis 
accident  from  a  3,000- volt  current  seems  to  have  attected 
the  brain  instantaneously,  as  the  subject  fell  as _m  a  ht; 
but  the  heart  and  respiration  did  not  stop  until  five  min- 
utes later.  ^,  ,     . 

Is  Death  litstciJitiiiieous  and  Painless .?— The  conclusions 
of  Houston  and  Kennelly,  whose  experiments  were  under- 
taken to  answer  the  above  question,  are  as  follows: 

"1.  That  the  passage  of  a  sufficiently  powerful  alter- 
nating current  througli  the  body  of  an  animal  is  followed 
by  instantaneous,  painless,  and  absolute  death. 

"3.  That  eonse(|uently  where  electrocution  is  properly 
carried  out  there  is  not  even  a  remote  possibility  of  sub- 
sequent resuscitation  of  the  criminal. 

"3.  That  in  case  of  accidental  contact,  where  the  cur- 
rent passing  is  not  excessive,  it  is  quite  possible  that 
death  may  "be  apparent  only,  and  that  tlie  method  of 
artificial  respiration  suggested  by  Dr.  D'Arsonval  should 
invariably  be  followed." 

In  the  analysis  which  the  writer  has  made  of  all  the 
data  at  her  command,  and  in  the  evidence  furiiislied  by 
experiments  u))on  animals,  by  accidental  contacts  of  man 
with  industrial  currents,  or  by  electmcutions,  tlicre  is 
nothing  which  contradicts  the  conclusions  ju.st  stated. 
There  may  be  a  difference  of  opinion  as  to  what  is  meant 
by  instantaneous  death,  although  the  experiments  of 
these  authorities  showed  immediate  and  absolute  arrest 
of  the  cardiac  function. 

So  far  as  the  ego  is  concerned,  death  is  no  doubt  instan- 
taneous, but  from  the  physiological  point  of  view  this 
need  not  necessarily  he  true.  Physiological  death  is  not, 
judging  from  the  evidence  in  many  instances,  established 
until  some  time  after  conscious  death.  The  results  of 
Cunningham's  experiments  show  that  all  the  tissues  of 
the  body,  the  nervous  system  and  the  heart  included, 
are  not  killed  instantaneoush',  and  that  the  respiratoiy 
centre  continues  to  act  more  or  less  perfectlj'  for  some 
moments  after  the  cessation  of  a  lethal  current.  On  the 
other  hand,  in  the  experiments  of  Houston  and  Ken- 
nelly, the  dogs,  with  the  exception  of  tlie  one  in  wliicli 
the  current  was  passed  through  the  head,  died  instantl)- 
— i.e.,  no  cardiac  movements  nor  respii'atory  effort  oc- 
curred after  the  application  of  the  current. 

From  an  analy.sisof  nineteen  cases  the  subject  of  severe 
but  non-letlial  shocks,  Cunningham  concluded  that  there 
was  ample  time  before  loss  of  consciousness  for  the  re- 
cipient of  the  shock  to  become  aware  that  he  was  or  had 
been  in  contact  with  an  electric  current.  Every  one  of 
the  nineteen  individuals  experienced  some  sort  of  sensa- 
tion (for  description  of  sensations  and  conditions  pro- 
duced from  an  electric  shock  experienced  by  a  physician, 
see  Case  31.  tabulated  references  of  accidents)  before 
consciousness  was  lost,— a  sensation  which  was  described 
l)y  them  as  similar  to  that  produced  by  catching  hold  of 
the  electrodes  of  a  small  but  strong  "medical  induction 
coil.  Usually  a  sensation  of  tremenilous  pressure  is  felt 
across  the  chest.  It  does  not  follow,  liowever,  that  a 
lethal  would  be  accompanied  by  as  much  .sensation  as 
a  nou-lethal  shock.  Indeed,  to' the  writer's  mind,  the 
question  of  physical  pain  from  electrocution  is  not  only 
not  proven  by  the  evidence,  but  disproved.  "  With  the 
nearly  instantaneous  extinction  of  the  cerebral  circu- 
lation, such  a  rapid  and  com]ilet(^  cessation  of  the  func- 
tions of  the  cerehnil  cortex  occurs  tliat  no  time  remains 
tor  sensations  other  than  tliosi;  of  an  electric  current  to 
be  felt  before  the  cerebral  perceptive  nerve  centres  have 
ceased  to  act. "  The  suffering  must  l)ctljementai  an^niish 
and  consequently  of  the  same  character  as  thatcMieri- 
ence(  by  the  condemned  criminal,  no  matter  how  death 
IS  to  l)e  brought  about. 

When  tlie  enormous  pressures  use<l  in  the  industries 
are  considered,  it  does  not  seem  diflicult  to  believe  tli.at 
dr^th  may  be  instantaneous,  even  from  accid,.nlal  con- 
iseri  =y'"^'.""""«  <;'.nTentsof  10  kilo-volts  arc  s<,metimes 
are  used  Th  ^"-^  'S'"i';F-'"-'^li"'nily  only  3  kilo-volts 
aie  used.  The  ordinary  limit,  however,  in  thi.  ease  of  a 
continuous  current  is  but  tlOO  volts.     In  the  case,,  I  alt,.; 
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nating  currents  the  pressures  are  very  much  greater  and 
go  up  to  40  or  even  60  kilo-volts  in  the  long-distance 
transmission  of  power. 

In  the  writer's  opinion,  based  upon  an  analysis  of  ex- 
perimental work,  accidents  from  industrial  currents  and 
electrocutions,  as  well  as  upon  the  experience  of  those 
who  have  suffered  from  electric  shocks  of  varying  se- 
verity, there  seems  to  be  no  good  reastm  for  doubting 
that  death  from  an  electric  current,  so  far  as  conscious- 
ness is  concerned,  is  instantaneous  and  unaccompanied 
by  any  pain  save  the  possible  cerebral  perception  of  an 
electric  shock. 

As  to  spontaneity  of  Recovery. — Many  instances  of 
spontaneous  recovery  after  accidental  contact  with  in- 
dustrial currents  of  high  pressure  are  a  matter  of  record. 
In  these  cases,  as  has  been  pointed  out,  but  little — possi- 
bly none — of  the  current  has  traversed  the  heart,  by 
r,'ason  of  the  position  and  the  nature  of  the  contacts. 
Therefore,  the  coordinate  contractions  of  the  heart  are 
not  stopped.  Or  if  the  current  has  travcrscl  the  heart, 
it  may  not,  f,)r  some  neason  inherent  in  th,'  in,lividual,  as 
suggested  by  Prevost  and  Battelli,  have  established  well- 
defined  ventricular  tremulations;  and  consequently,  in 
.such  a  case,  after  the  flow  of  the  current  has  ceased,  re- 
covery takes  place.  Whetlier  the  recovery  is  spontane- 
ous or  is  influenced  by  artificial  respiration,  depends  no 
doubt  upon  the  degree  of  inhibition  of  the  respiratory 
centre  and  the  consequent  asphyxia.  If  the  nervous 
system  has  suffered  profoundly  before  the  current  is 
stopped,  spontaneous  rccoveiy  is  extremely  doubtful, 
just  as  it  is  in  profound  aspli3'xia  from  other  causes.  In 
some  instances,  apparent  death  from  lightning  is  but  a 
con,lition  of  suspended  animation,  and  it  is,  therefore, 
well  always  to  practise  artificial  respiration  in  all  cases 
of  lightning  .stroke.  But  where  the  electrical  energy  has 
expended  it.self  in  producing  a  di.sruptive  action,  or  me- 
chanical lesions  of  vital  organs,  efforts  of  resii.scitation 
are  useless. 

In  Case  No.  10,  of  the  tabulated  references,  recovery 
was  spontaneous ;  in  Nos.  3  and  8.  artificial  respiration  was 
jiractised;  while  in  No.  3,  morphine,  brandy,  and  sina- 
pisms to  the  piU'Cordium  were  used.  It  is  possible  that 
spontaneous  recovery  might  have  taken  place  in  all  four 
instances. 

On  the  other  hand,  when  a  strong  current  has  passed 
through  the  heart — Cunningham  places  it  at  from  1  to  8 
amperes — the  organ  goes  at  once  into  a  condition  of 
fibrillar  contraction.  He  considers  it  most  improbable 
that,  after  the  brief  passag,'  of  such  a  str,>ng  current, 
spontan,'ous  recovery  of  the  highly  organized  heart, 
with  complete  rest,)ration  of  the  extiuguislied  circulation, 
w,)uld  ever  take  place.  As  a  matter  of  fact,  he  concludes, 
fr,mi  his  experiments  upon  flbrillating  excised  dogs' 
hearts  (with  artificial  perfusion  of  blood),  that  such  re- 
overy  wouhl  never  take  place  spontaneously  in  the  brief 
interval  which  exists  bef,u-c  the  vitality  ,if  the  central 
nervous  system  has  become  so  reilueed  as  to  be  incapable 
of  reco\-ery.  After  the  arterial  blood  pressure  has  dis- 
app,'ared.  "I  have  never  seen."  says  Cunningham,  "a 
single  instance,  in  a  series  of  more  than  thirty  experiments 
on  dogs,  in  which  sp,intaneous  recovery  of  the  co-ordi- 
nate,1  ontractions  of  the  heart,  with  restoration  of  the 
gi'n,'ral  circulation,  occurred.  The  simpler  the  heart  the 
more  raiiid  the  recoveiy,  therefore,  the  spontaneous  re- 
el very  in  fr,)gs  after  a  severe  shock." 

In  electrocutions,  tUinningham  believes  that  if  the 
auto|),sy  is  di'f,'rreil  fiu'one  hour  and  no  signs  of  recovery 
ar,'  then  manilesfcl  by  the  executed  criminal,  one  may 
r,'st  assureil  that  reovery  e,iul,l  not  take  place  either 
sp,mtaii,'ously  (u-  by  artiticial  means.  He  jioints  out, 
how,'ver,  that  the  exeise,l  heart  wouhl  probably  be  made 
to  bi'at  again  co  ,u-dinat,dy  if  it  were  perfused  with 
bloo,l. 

Itesnscitation. — As  to  resuscitation  after  electric  shock, 
an  analysis  of  the  work  of  the  ,lilferent  experimenters 
instanced  in  this  paper  points  very  clearly  to  the  ineffi- 
ciency of  artificial  respiration  when  there  has  been  a 
purposeil  application  of  a  lethal  current:  and  an  analysis 
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of  the  accidents  occurring  from  electric  curreuts  points 
to  tlie  same  conclusion. 

D'Arsonval,  in  1H87,  and  later  in  1894,  voiced  the 
opinion  that  after  an  electric  shock  the  individual  should 
be  treated  by  means  of  artificial  respiration,  as  1n  the 
case  of  the  drowned,  "since  the  condition  after  the  shock 
is  one  of  suspended  animation,  in  which  the  respiratorj' 
function  is  suspended." 

In  the  light  of  the  experiments  quoted  in  this  paper, 
such  a  procedure  can  be  i-egarded  onl}-  as  unphysiologieal 
and  ineffective.  In  those  cases  in  which  tlie  heart  hap 
pens  not  to  be  in  the  direct  conducting  path  of  the  elec- 
trical current  (as  in  brain  and  spinal-c-ord  contacts),  and 
consequently  feels  the  infiueiice  of  the  latter  in  a  dinnn 
ished  degree,  it  is  quite  possible  that  the  establishment 
of  artificial  respiration  may  be  found  useful.  In  acci- 
<lents  in  which  there  is  but  a  momentary  contact  with  a 
current  of  high  pressure  artificial  respiration  is  always 
indicated.  But.  when  the  euri-ent  has  exerted  its  power 
mainly  upon  the  heart  and  the  latter  has  ceased  to  beat, 
artificial  respiration  will  do  no  harm,  but  we  can  scarcely 
expect  that  it  will  do  any  good.  Finally,  in  tho.se  cases 
in  wdiich  there  has  been  an  actual  mechanical  and  dis- 
ruptive action,  death  is  absolute  and  artificial  respiration 
valueless. 

It  has  been  shown  that  after  a  brief  application  of  an 
electric  current  to  the  exjiosed  heart  of  a  dog,  a  brief  period 
of  fibrillation  may  be  followed  by  the  reappearance  of  a 
few  co-ordinated  heart  beats  (Herbst  and  McWilliams). 
"Should  this  occur,"  says  Cunningham,  "before  the  gen- 
eral blood  pressure  has  become  greatlj^  diminished,  it  is 
possible  that  the  disturbed  circulation  might  be  restored. 
Once,  however,  it  has  fallen  to  zero  the  right  heart  be- 
comes so  overdistended  with  venous  blood,  which  may 
coagulate  in  a  few  moments,  that  even  though  one  or 
more  feeble,  co-ordinated  beats  occur,  the  overfilled  right 
heart  cannot  empty  itself  with  sutlicient  rapidity  through 
the  lungs  so  that  the  left  ventricle  can  produce  enough 
pressure  in  the  aorta  for  the  necessary  blood  to  be  forced 
through  the  coronary  circulation  rapidly  enough  for  the 
spontaneously  restored  co-ordinate  contractions  to  be 
maintained."  .  . 

In  those  cases  in  which  artificial  respiration  is  mdi- 
cated,  inhibition  of  the  respiratory  centre  (Laborde's 
method),  which  Laborde  called  the  physi(jlogical  treat- 
ment of  death  {i.e.,  rhythmic  tiaetion  of  the  tongue), 
should  be  practised. 

When  the  action  of  the  electrical  current  has  been  upon 
the  heart,  the  indication  is  to  restore  the  circulation— 
not  only  of  the  nervous  system,  but  also  of  the  heart— as 
quickly  as  possible,  in  order  that  the  latter  may  quickly 
recover  its  co-ordinated  contractions.  There  is  but  one 
way  in  which  this  may  possibly  be  accomplished,  viz. 
by  the  establishment  of  a  temporary  circulation  of  a  fluid 
w'hieh  will  feed  the  heart  and  nervous  system  until  the 
former  has  sufliciently  recovered  to  perforin  its  function. 
"Of  all  the  various  fluids  recommended  for  intravascular 
injecrion,  the  defibrinated  blood  from  anotlier  animal  of 
the  same  species  is  the  only  one  capable  of  maintaining 
the  circulation.  The  mere  arterial  injection  of  warm,  de- 
fibrinated blood  would  not  answer,  for  the  injected  blood, 
after  passing  through  the  capillaries,  accumulates  in  the 
venous  system  and  in  the  distended  right  heart  until 
finally  the  veins  rupture  or  the  general  vascular  pressiire 
equals  the  pressure  of  the  blood  being  injected,  the 
overdLstention  of  the  heart  prevents  the  re-estabhshmeut 
of  the  coronarj'  circulation,  an  element  of  great  impor- 
tance in  establishing  the  co-ordinated  heart  beat. 

"  This  enormous  increase  in  the  pressure  could  be  pre- 
vented only  by  the  establishment  of  an  outlet  in  the  right 
ventricle  for  the  injected  defibrinated  blood.  With  suci 
an  outlet  the  oxygenated  blood  would  circulate  tlirougli 
the  coronary  arteries  and  the  nervous  system,  but  natui- 
ally  there  would  be  no  pulmonary  circulation.  Undei 
these  circumstances  artificial  respiration  would  be  ot  no 
avail,  save  possibly  to  assist  the  outflow  from  the  heart. 

Owing  to  these  very  serious  obstacles  the  matter  ot 
resuscitating  the  heart's  action  by  perfusion  of  defibii- 
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natcd  blood  becomes  at  oikh-  absolutely  impracticable. 
The  solution  of  the  problem  as  a  mere  laljoratory  experi- 
ment is  a  totally  different  matter.* 

The  ob.servation  of  the  fact  that  the  employment  of 
oscillatory  currents  ot  high  potential  favors  the  recovery 
of  a  fibrillating  dog's  heart,  and  of  the  results  obtained 
by  the  use  of  such  eurrciits  in  tlii'rapeutie  work,  suggests 
tlie  possilrility  that  a  similarly  favorable  effect  may  be 
produced  in  the  human  being  in  cases  in  whicli  the  heart 
has  not  been  too  profoundly  affected.  Experimental  work 
in  this  direction  could  not  fail  to  be  of  value,  no  matter 
what  might  be  the  conclusion  readied.  Further  experi- 
mental researches  into  the  mechanism  of  death  are  also 
desirable.  However,  if  we  are  to  obtain  further  knowl- 
edge as  to  wdicn  an  attempt  at  resuscitation  is  likely  to 
prove  succes.sful,  we  must  not  only  extend  our  experi- 
mental researches,  but  we  must  also  observe  with  greater 
care  and  with  more  scientitic  acenraey  the  phenomena 
resulting  from  accidental  contact  with  industrial  currents, 
and  we  must  study  more  closely  the  post-mortem  condi 
tions.  It  is  also  desirable  that  accurate  ob.servations  and 
records  should  be  made  ot  all  the  conditions  of  tlie  eon- 
ducting  circuit,  of  the  character  and  pressure  of  the  cur- 
rent, of  the  current  strength  or  amperes,  of  the  position 
and  nature  of  the  contacts,  and  also  of  the  duration  of 
the  contact.  Such  accumulated  evidence  should  be  of 
value  in  establishing  the  fact  o(  death  and  determining 
its  mechanism,  or  in  indicating,  in  cases  of  apparent 
death,  the  phenomena  wdiieh  warrant  the  hope  that  ef- 
forts at  resuscitati(ra  will  prove  successful. 

The  following  table  of  accidents  from  electric  currents 
has  been  largely  made  up  from  cases  descrilied  in  medical 
and  electrical  journals.  In  all  accounts  of  accidents, 
whether  mortal  or  not,  the  data  given  have  been  ffiund 
to  be  very  meagre,  and  the  table,  though  very  incom- 
plete, is  as  full  "and  exact  as  the  data  furnished  would 
admit  of.  There  is  also  in  both  medical  and  electrical 
literature  a  striking  dearth  of  detailed  cases  and  even  of 
any  mention  of  accidents,  which  leads  to  the  assumption 
that  they  are  comparatively  rare. 

Mnryarei  Ahigail  Vleares. 
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ELECTROTHERAPEUTICS.— The  knowledge  of  the 
therapeutic  applications  of  electricity  presuppo.ses  a  thor- 
ough familiarity  with  the  main  principles  of  electrical 
effects  tipon  tissues  and  organs,  and  also  with  the  proper 
dosage  of  every  form  of  electricity  in  every  given  case; 
it  also  presupposes  a  familiai-ity  with  tlie  different  forms 
of  batteries  used  for  theia])eutic  purposes.  A  series  of 
observations  shows  that  the  blood-vessels  contract  and 
dilate  when  they  are  under  the  intiueuce  of  an  electrical 
current  and  tliat  the  normal  irritabilit}-  of  nerves  is 
changed  when  a  current  passes  through  tlieni.  This  last 
phenomenon  is  called  electrotonus.  It  has  been  observed 
that  the  anode  of  the  galvanic  current  applied  to  a  nerve 
diminishes  its  irritaliility,  while  the  cathode  increases  it. 
Tlie  law  of  electrotonus  is  eiiually  true  of  .seiisoiy  and  of 
motor  nerves.  Electrical  stimulation  of  a  motor  nerve 
produces  a  contraction  of  tlie  muscle  innervated  by  the 
nerve  and  its  branches.  A  current  passing  through  a 
sensory  nerve  will  produce  pain,  while  a  current  influ- 
encing a  mixed  nerve  will  produce  both  effects — motor 
and  sensory.  Electricitj^  causes  muscles  not  only  to 
contract  but  also  to  undergo  changes  of  a  trcqihic  char- 
acter. 

Apart  from  the  purely  physiological  intiaeuce  upon 
blood-vessels,  nerves,  and  muscles,  electricity  shows  its 
chemical  effects  by  means  of  cataphoresis  and  elect  rolysis. 
By  cataphoresis  we  miderstand  a  phenomenon  which 
partakes  of  the  nature  of  osmosis  and  which  is  brought 
into  existence  b}-  the  action  of  a  galvanic  current  upon 
organic  tis.sues.  Thus,  for  example,  medicinal  sub- 
stances, as  mercury,  cocaine,  chloroform,  etc.,  can  be 
transferred  into  the  tissues  when  an  electrical  current 
passes  through  the  skin  to  which  the  drugs  are  applied. 
By  electrolysis  we  understand  a  splitting  up  of  chemical 
compounds  into  their  component  elements,  the  acid  ele- 
ment being  set  free  at  the  positive,  the  alkaline  element 
at  the  negative  pole.  In  living  tissues  an  acid,  dry  eschar 
is  formed  under  the  positive  pole,  an  alkaline,  moist 
slough  under  the  negative  pole. 

Forms  op  Ei.EOTiiiciTY  for  Tiikk.u'eitic  Pckposes. 
— The  forms  of  electricity  used  in  thei'apeutics  are :  static, 
galvanic,  and  faradic. 

The  aiiplication  of  Static  Electricity  to  the  body  for 
therapeutic  purposes  is  known  as  Franklinization.  This 
is  the  form  of  electricity  which  is  developed  by  rubbing 
certain  bodies,  and  which  lias  the  property  of  'spreading 
over  the  electrical  conductors  (for  example,  metals)  and 
of  remaining  there.  The  terminal  portions  of  these 
bodies  have  more  tension  than  the  middle  portions ;  at  the 
sharp  ends  the  tension  is  greatest.  One  distinguishes 
two  sorts  of  this  electricity— positive  and  negative.  By 
contact  with  electrical  bodies  the  non  electrical  bodies 
become  electrified.  Also  at  a  distance  the  electrical 
bodies  have  an  influence  over  the  non-electrical  bodies 
(inducrion).  If  a  non-electrical  body  is  brought  into  close 
Pro^""']}'  "^vith  the  negative  pole,  the  body  in  question 
will  be  found  to  have  assumed  the  character  of  a  positive 
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pole.  For  therapeutic  pui-poses  one  can  use  direct  con- 
tact witli  eitlicr  tlie  po,sitivc  or  the  negative  pole  Several 
methods  are  employed  in  Franklinization  :  (a)  Insulation, 
The  patient  is  placed  upon  an  insulator  and  is  connected 
with  one  pole  of  the  static  machine  by  a  chain  The 
free  end  of  the  other  pole  (also  a  chain)  rests  upon  the 
floor.  The  macliine  is  put  in  i-apid  motion.  The  patient 
is  charged  vi'ith  static  electricity,  (h)  Sparks.  When  a 
piece  of  metal  attached  to  the  free  end  of  the  chain  is 
brought  close  to  the  patient's  body,  insulated  as  before 
sparks  will  lie  obtained  from  it.  S]3arks  are  powerful 
means  of  exciting  deep  organs,  as  well  as  the  skin  and 
the  procedure  is  attended  with  pain,  (c)  Breeze.  If  in- 
stead of  a  ball  electrode  a  pointed  electrode  is  used,  a 
sensation  as  of  a  spray  will  be  experienced;  this  is  called 
a  breeze,  (d)  Induced  static  current.  In  this  case  a  pair 
of  sponge  electrodes  are  attached  to  two  Leyden  jars, 
which  are  suspended  from  the  poles  of  the  machine! 
Before  applying  the  sponge  electrodes  to  the  body,  the 
poles  should  be  approached  to  each  other.  An  induced 
static  current  is  thus  obtained.  One  of  the  best  elec- 
trodes for  this  purpose  was  devised  by  W.  J.  Morton, 
who  named  it  a  pistol  electrode.  Ranney's  device  (Fig. 
1834)  is  a  decided  improvement  for  use  in  applying  in- 
duced static  electricity.  Other  electrodes  used  with  static 
machines  are :  a  plate  for  the  head,  in  the  form  of  a  crown, 
and  a  button-shaped  electrode. 

Galnanic  currents  are  used  in  tlieraijeutics  for  general 
and  for  local  applications.  The  different  methods  of 
employing  galvanic  currents  are  termed  central  galvani- 
sation, local  galea nization,  general  galvanization,  and  that 
by  means  of  the  galvanic  bath.  In  central  galvanization 
one  large  negative  electrode  is  placed  over  the  epigas- 
trium and  the  jiositive  electrode  over  the  head,  along  the 
spine,  or  against  the  trunk.  Each  seanre  should  last  not 
more  than  fifteen  minutes.  In  local  galvanization  the 
rules  of  application  are  the  same;  the  cathode  should  be 
placed  on  some  indifferent  spot,  as  the  sternum  or  th« 
neck,  and  the  anode  on  the  diseased  spot.  In  general 
galvanization  the  patient  is  seated  on  a  large  negatiA'e 
electrode,  well  moistened,  and  the  other  electrode  is  ap- 
plied first  to  the  head,  then  to  the  neck,  face,  upper  ex- 
tremities, trunk,  and  lower  extremities.  As  to  galvanic 
baths  we  distinguish  Iavo  varieties :  nwnojiolar  and  bipolar. 
In  monopolar  galvanic  baths  the  cathode  is  connected 
with  the  water,  while  the  anode  is  either  connected  with 
a  tube  lying  over  the  bathtub,  which  the  patient  will 
hold  in  his  hands,  or  with  a  large  plate  which  is  put  on 
the  patient's  back  or  on  some  indifferent  part  of  the  body 
(sternum,  neck).  The  bath  is  called  cathodal,  when  the 
water  is  connected  with  the  cathode,  and  vice  versa.  A 
bipolar  galvanic  bath  consists  of  a  bathtub,  where  lioth 
electrodes  are  connected  witli  the  water,  and  the  pationi 
is  not  in  contact  with  either.  The  currents  will  pass 
through  the  body  from  one  electrode  to  another.  Each 
seance  should  last  at  the  beginning  about  ten  minutes. 
As  to  the  strength  of  the  current  it  may  be  permitted  to 
reach  100  ma.  .      . 

Faradic  Meetricity. —Tins  form  of  electricity  is  used  in 
therapeutics  both  in  a  general  manner  and  as  a  local  ap- 
plication. The  utilization  of  general  faradization  is  gov- 
erned by  the  same  rules  as  those  given  for  general  galvani- 
zation The  only  point  to  be  mentioned  is  that  on  account 
of  our  inabilitv  to  measure  exactly  the  strength  of  the  cur- 
rent in  a  faradic  battery  we  must  guide  ourselves  by  tlie 
sensory  or  motor  effects.  Local  faradization  which  is  used 
for  stimulation  of  the;  ,skin,  muscles,  and  deep  st^ructures, 
is  obtained  by  using  large  sponge  electrodes  or  diy  brush 
electrodes.  The  method  .of  application  is  exactly  tlie 
same  as  that  already  mentioned.  Special  mention  should 
be  made  of  the  combination  of  galvanic  and  faradic  cui- 
rents  in  one  machine,  but  we  do  not  as  yet  possess  posi- 
tive data  as  to  the  real  value  of  farado-galvamzation.      ^ 

Therapeutic  Effects  of  the  Various  I^orms  ok 
Eh^CTmcJTY.— Static  electricity  increases  the  blood  press- 
ure, accelerates  the  circulation,  stimulates  tfie^  function 
of  secretory  organs,  and  restores  disturbed  fuMtions^ 
Sparks  and  induced  static  electricity  are  indicated  when 


a  strong  action  is  sought  for.  The  advantage  of  Frank- 
linization is  that  it  can  be  applied  through  the  clothing. 
Faradic  currents  have  their  effect  upon  muscular  con- 
tractility and  vaso-motor  phenomena;  this  form  of  elec- 
tricity is  therefore  indicated  in  effusions,  which  will  be 
absorbed  through  the  stimulation  of  the  vascular  system. 
In  disorders  of  deep-seated  organs  faradism,  by  produc- 
ing hypewemia  of  the  skin,  will  relieve  congestion. 
Galvanism  shows  its  effect  in  various  ways.  The  vaso- 
motor effect  will  be  manifested  in  the  variation  of  the 
calibre  of  the  blood-vessels.  As  to  the  trophic  effect  of 
galvanism,  there  is  no  doubt  that  atrophies  are  favorably 
influenced  by  this  form  of  electricity.  The  chemical 
effects  of  galvanism  are  manifested  in  cataphoresis  and 
electrolysis  (see  aboveV     A  special  practical  application 


FK^.  18;34.~Ranuey's  Device  fur  Induced  Current.  To  use  this  de- 
vice connect  witli  short  chains  the  poles  of  the  static  to  binding  posts 
4.  ^  on  device.  Use  the  current  through  well-nioistenea  sponge- 
covered  discs,  the  cord  tips  being  connected  to  the  binding  posts 
attached  to  the  Leyden  jar  supports.  Press  sponges  firmly  on  part 
to  be  treated,  and  regulate  strength  by  turning  F. 

of  galvanic  currents  is  furnished  in  galvano-cauterization. 
This  surgical  procedure  has  an  important  advantage  over 
other  methods  of  accomplishing  the  same  results.  First, 
hemorrhage  is  a  rare  occurrence,  and  next,  the  cauterized 
surface  presents  a  clean  aseptic  appearance.  In  opera- 
tions in  the  nose,  throat,  or  other  cavities,  it  has  a  decided 
advantage  over  the  thermo-cautery  in  the  fact  that  it  is 
appHed  cold  and  heated  while  apphed  to  the  diseased 
spot.  This  form  of  electrical  application  is  indicated  in 
ulcers,  in  angiomata,  in  fistulse,  where  a  stimulation  of 
healthy  granulations  is  desirable,  in  growths  which  are 
to  be  removed  from  the  nose,  pharynx,  etc. 

Batteries  Used  in  Electrotherapeutics. 

The  number  of  various  batteries  devised  for  electro- 
therapeutic  purposes  is  considerable.  They  are  made 
stationary  and  portable.  The  stationary  galvanic  batter- 
ies are  the  most  satisfactory.  The  cells  are  put  in  a  closet 
or  cellar  and  connected  with  the  switchboard  by  insu- 
lated wires.     The  cells  present  usually  some  modification 
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of  a  Leclanche  element.  Otto  Flemming  of  Philadelphia, 
Waite  &  Bartlett  of  New  York,  and  the  Mcintosh  Gal- 
vanic and  Faradic  Battery  Company  of  Chicago  make 


Fig.  1835.— Waffner  Static  Machine,  with  Four  Revolrtng  Mica  Plates 
(diam.  28  in.)  and  Four  Stationary  Glass  Plates  (diam.  31  in.). 

batterie.s  which  an.swer  all  therapeutic  purposes  excejit 
that  of  the  gal  vano-cautery.  They  are  all  supplied  with 
a  galvanometer  for  measuring  the  strength  of  the  current, 
an  automatic  interrupter  or  rheotome,  a  rheostat  for  in- 
creasing or  decreasing  the  current,  and  a  commutator  for 
clianging  tlu^  poles  of  the  currents. 

G.  Betton  Massey's  movable  table  for  hospital  work 
.should  also  be  mentioned.  The  portable  batteries,  al- 
though supplied  with  all  the  accessories  just  mentioned, 
lack  one  desideratum,  namely,  the  steadiness  of  acrion 
of  the  cells  of  stationary  batteries.  The  Leclanche  cells 
or  sulphate  of  copper  cells,  cannot  be  used  on  account  of 
Iheir  size  and  weight,  and  bichromate  cells,  or  bisulphate 
of  mercury  and  chloride  of  silver  cells,  must  take  the 
place  of  the  stationary  cells.  The  writer  has  tested 
J^leinmings  bichromate  portable  battery,  and,  although 
It  presents  some  inconvenience,  it  is  at  present  the  best 
form  of  portable  battery.     The  Waite  &  Bartlett   bat- 


FiG.  18;!(i.— Small  Galvano-caustic  Operating  Set. 

teries  are  worthy  of  commendation.     There  are  now  on 

convenient  ''"■^ '''''""'^^  "*'  ""'^'""^  batteries  which  are  very 

Fanulic  batteries  arc  portable.     The  DuBois-Reymond  's 

coil  IS  taken  as  a  type,  anil  different  variations  of  it  have 
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been  introduced  by  different  makers.  Flemming,  for 
example,  has  improved  DuBois-Reymond's  coil  in  a  very 
advantageous  way.  Dry  chloride  of  silver  batteries  in 
the  hands  of  the  writer  have  jjroven  to  be  extremely 
satisfactory.  Static  machines:  All  the  static  machines 
devised  for  electrotherapeutic  purposes  have  for  basis 
Holtz's  original  machine.  The  Mcintosh  Battery  Com- 
pany of  Chicago,  Waite  &  Bartlett  of  New  York,  Queen 
&  Co.  of  Philadelphia,  make  these  machines  with  a 
high  electromotive  force.  R.  V.  Wagner  &  Co.,  of 
Chicago,  have  lately  devised  a  powerful  static  machine 
in  which  the  use  of  mica  plates  (instead  of  glass) 
constitutes  the  principal  feature.  This  new  arrange- 
ment promises  a  very  high  speed.  A  machine  con- 
structed with  mica  plates  38  inches  in  diameter  can 
be  run  at  a  speed  of  more  than  3,000  revolutions  per 
minute,  wliereas  a  machine  with  glass  plates  of  corre- 
sponding .size  cannot  be  run  faster  than  at  a  rate  of  400 
revolutions  per  minute;  and,  furthermore,  as  the  gener- 
ating capacity  of  the  machine  is  in  direct  proportion  to 
the  speed  at 
which  it  is 
run,  a  ma- 
chine hav- 
ing two  re- 
v  o  1  V  i  n  g 
mica  plates 
has  a  much 
greater  ca- 
pacity than 
one    liaving 

many  times  this  number  of  glass  plates 
(Fig!  1835). 

As  to  a  galvano-cautery  outtit  the 
following  requirements  are  necessary: 
the  elements  must  be  of  a  large  sur- 
face, and  the  battery  itself  of  a  small 
internal  resistance ;  the  current  must 
produce  a  sufficient  degree  of  heat  in 
the  cautery  ends.  While  the  cautery 
batteries  arc  stationary,  they  are,  as  a 
rule,  portable.  Fig.  1836  presents  an 
outfit  sufficient  for  ordinary  work.  For 
laryngeal  operations  Schriitter's  laryn- 
geal cauteiy  instruments  are  very  sat- 
isfactory (Fig.  1837).  For  general  cau- 
terization purposes  Dawson's  cautery 
battery  and  Bruns'  cautery  batterv,  as 
made  by  the  Mcintosh  Co. ,  are  to  lie 
commended. 

Rules  for  Applvikg  Electrical 
Tre.\t.ment.— The  rules  which  the 
writer  has  here  formulated  are  gen- 
eral in  character,  and  the  Iherapeutist 
should  adapt  them  to  each  indi\idual 
case,  using  his  own  judgment  as  to 
the  necessity  fiu'  changing  them.  Be- 
fore any  application  is  made  it  is  very 
important  to  localize  the  disease;  but 
sometimes  difficulties  arise.  For  ex- 
ample, in  palsies  of  ocular  muscles,  or 
in  functional  neuroses  in  which  the  ex- 
act place  of  I  he  disease  is  unknown,  or. 
finally,  in  progressive  pathological  pro- 
cesses of  the  central  nervous  system 
in  which  the  direct  application  of  a  cur- 
rent is  an  impossibility,  wc  must  con- 
tent ourselves  with  symptomatic  treatment— /.f. ,  we  must 
apply  the  current  to  a  place  where,  although  it  may  be 
remote  from  the  diseased  focus,  the  most  pronounced 
symptoms  have  been  observed. 

io  T'"'j'''^^'  important  consideration  in  electrotherapeutics 
s  the  dosaffe  of  currcts.  A  strong  galvanic  current  pro- 
uceson  the  skin,  and  especially  on  the  mucous  mem- 
bianes,  pamful,  burning  sensations,  and  is  apt  to  iniure 
the  integument,  so  that  sometimes  after  a  single  app  ica- 
lon  an  u  cer  forms.  The  beginning  of  pain'serves  as^t 
warning  in  regard  to  the  strength  of  the  current      Only 


Fig.  LS:3:.  —  Schrot- 
t  e  r '  s  Laryngeal 
Cautery  Instru- 
ments. 
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a  slight  burning  sensation  is  permissible.  Paradic  cur- 
rents of  stronger  power  produce  only  pain  and  redness 
of  the  skin;  nevertheless,  one  should'not  use  at  the  be 
ginning  a  strong  i'aradic  current,  because  it  is  likely  to 
frighten  the  patient  and  so  to  call  forth  resistance  on  his 
part.  Galvanic  currents  of  average  strength,  when  ap- 
plied to  the  head  and  neck,  cause  dizziness,  flashes  before 
the  eyes,  a  peculiar  taste  in  the  tongue,  nausea,  tinnitus 
auriiun,  and  in  hysterical  patients  cramps  and  spells  of 
all  sorts.  The  same  symptoms  are  sometimes  observed 
even  with  milder  currents  when  applied  to  the  head  and 
neck.  They  occur  at  each  closuie  and  opening  of  the 
current,  especially  when  the  increase  or  decrease  of  the 
strength  of  the  current  is  produced  abruptly,  and  not 
gradually.  It  is  therefore  necessary  in  applying  elec- 
tricity to  that  part  of  the  body  to  use  a  rheostat  and 
cautiously  to  move  it  forward  or' backward.  The  needle 
of  the  galvanometer  will  indicate  whether  the  increase  or 
decrease  is  rapid  or  not.  The  needle  should  not  make 
abrupt  movements,  but  slow  and  regular  ones  in  tlie 
desired  direction.  It  is  advisable  to  jnit  in  as  few  ele 
meuts  as  possilile  and  to  use  up  the  whole  rheostat  or  at 
least  a  large  part  of  it.  B}'  this  means  it  will  be  easier  to 
avoid  sudden  changes  in  the  strength  of  the  current  than 
if  we  employ  many  elements,  as  in  the  latter  case  the 
changes  are  more  marked  and  sudden  ones  are  more  diffi- 
cult to  avoid  in  spite  of  the  rheostat.  In  the  employ- 
ment of  the  latter,  for  either  increasing  or  diminish-  ■ 
ing  the  strength  of  the  current,  it  is  strictly  necessary 
to  effect  the  change  in  a  gradual  manner,  especially  when 
we  are  making  a  polar  application,  i.e.,  when  we  wish 
to  obtain  an  anodal  or  a  cathodal  result.  Por  example, 
in  neuralgias  we  use  the  anode  of  the  galvanic  current 
in  order  to  diminish  or  allaj'  pain.  In  this  case  we  nmst 
be  particularly  careful  to  increase  the  strength  of  the 
current,  by  means  of  the  rheostat,  very  gradually.  It 
is  equall_Y  important  not  to  reverse  the  cm-rent  while 
it  is  closed,  neither  must  we  close  or  open  it  suddenly. 
It  is  therefore  a  good  i>lan  to  instruct  the  patient  not  to 
remove  the  electrodes  before  the  seance  of  treatment  is 
terminated.  In  such  cases  one  electrode  should  be 
provided  with  an  interrupter,  by  means  of  wdiich  the 
closure  and  opening  of  the  current  can  be  effected  in  a 
gradual  manner.  Por  therapeutic  purposes  the  elec- 
.  trodes  should  be  first  applied  to  the  desired  places,  and 
only  afterward  should  the  current  be  tiu-ned  on  very 
gradually.  In  terminating  a  seance  it  is  well  first  to 
remove  the  current  (by  a  slow  turning  back  of  the 
handle  of  the  rheostat),  then  next  to  disconnect  the 
elements,  and  last  of  all  to  remove  the  electrodes. 

If  direct  effects  on  muscles  and  nerve  trunks  are  de- 
sired, one  must  moisten  tlie  electrodes  thorongMy,  be- 
cau.se  the  resistance  of  the  skin  will  thereby  be  diminished. 
Dry,  especially  metallic  electrodes  (brushes,  etc.)  exert  a 
direct  effect  on  the  skin,  and  only  an  indirect  one  (through 
reflex  action)  on  the  central  nervous  system  and  the  cir- 
culatory apparatus.  Tliey  are  especially  used  for  faradic 
applications.  Por  galvanic  currents  metaUic  electrodes 
are  not  advisable  because  of  their  injurious  effect  upon 
the  skin.  It  is  desirable,  therefore,  when  galvanic  cur- 
rents are  used,  that  the  electrodes  should  be  well  covered 
in  order  that  the  patient's  skin  may  not  come  in  contact 
with  their  metallic  parts. 

In  recent  cases  electrical  applications  should  be  made 
daily  ■  in  old  cases  everv  other  day.  When  the  applica- 
tions are  made  less  frequently  they  produce  a  suggestive 
rather  than  a  therapeutic  effect. 

Electeotiibbapeutic  Applications  in  Diseases. 

The  question  of  the  real  value  of  electrical  api.lications 
in  various  diseases  is  even  at  the  present  time  under  dis- 
-cussion.  Some  authors  do  not  believe  at  all  in  the  cuia- 
tive  effect  of  electricity.  Opposed  to  this  absolutely 
sceptical  view  there  is  another  which  is  held  by  men  who 
believe  in  the  curative  value  of  this  agency,  but  only 
through  its  influence  upon  the  patient's  mind,  this 
latter  influence,  it  must  be  admitted,  is  sometimes  com- 


petent to  remove  or  allay  certain  unpleasant  symptoms, 
especially  those  of  a  nervous  character,  which  accompany 
certain  diseases.  The  third  view  is  that  which  is  held  by 
file  majority  of  writers,  viz.,  that  the  various  electric 
currents  do  actually  exert  a  curative  effect  upon  certain 
l)athoIogical  conditions  of  tfie  living  body.  They  base 
their  views  on:  (a)  exact  chnical  experiments;  (l>)  ex- 
periments on  animals,  in  which  the  psychic  effect  is  out 
of  the  question,  and  in  which  artificially  produced  dis- 
eases are  cured  by  means  of  electrotherapeutic  methods; 
and  (k)  the  fact  that  electrical  currents  .show  tlieir  effect 
especially  on  the  nervous  system.  The  study  (jf  the 
clinical  data  concerning  the  applications  of  electiicity 
in  diseases  of  various  organs  peimits  us  to  arrive  at  the 
following  conclusion:  the  electrical  current  produces,  in 
addition  to  tlie  psychical  influence  already  mentioned, 
the  following  well-established  effects;  a  chemical  effect 
upon  the  flinds  and  solids  of  the  body,  an  effect  upon 
the  smooth  muscle  cells  of  the  blood-vessels,  a  stimulat- 
ing effect  upon  the  nerves,  an  effect  upon  striated  mus 
cvdar  tissue  (contraction),  and  finally  changes  in  the 
molecular  life  of  the  tissues  in  general. 

Disi;.\ses  of  Peiiipuehai.  Nkkvpjs. — («)  Heiindyin. 
The  irritaiiility  of  the  sensory  nerves  is  diminished  by  the 
application  of  the  galvanic  anode.  The  application  is 
made  in  the  following  way ;  one  electrode  of  larger  size 
is  thoroughly  moistened  and  applied  to  some  indift'erent 
spot  (sternum,  back);  the  smaller  electrode  is  placed  on 
the  s|iot  wliich  is  considered  to  be  diseased.  The  num- 
bei-  of  elements  to  b  '  used  is  always  determined  in  ad- 
vance (on  the  head  and  neck  they  should  be  fewer  than 
on  any  other  part  of  the  borly).  With  the  rheostat  we 
can  slowly  and  gradually  regulate  the  strength  of  tlie 
current,  and  the  galvanometer  will  show  the  desired 
strength.  The  number  of  millianiperes  shown  on  the 
galvanometer  will  depend  upon  (1)  the  localization  of 
the  nerve  (for  the  fiftli  nerve  the  maximum  will  be  2  ma. , 
for  the  brachial  plexus  about  4  ma.,  for  the  sciatic  nerve 
about  8  ma. ;  (3)  upon  the  lengtli  of  time  during  which 
the  disease  has  existed  (in  recent  cases  use  weaker  cur- 
rents); (3)  upon  the  sensibility  of  the  individual.  Each 
seance  devoted  to  such  an  application  of  the  electrical 
current  should  not  last  more  tlian  five  or  six  minutes. 

Descending  galvanic  currents  are  also  found  to  be  of 
value  in  allaying  pain.  When  we  use  such  a  current  we 
should  apply  both  electrodes  to  the  nerve  trunk  at  a  cer- 
tain distance  from  each  other;  the  anode  being  placed 
centrally  and  the  cathode  peripherally.  Of  course  this 
is  possible  only  in  cases  in  wdiich  the  nerve  trunks  arc  not 
far  from  the 'surface.  Tims,  for  example,  in  cases  of 
sciatica  the  anode  should  be  placed  in  the  middle  of  the 
gluteal  fold  and  the  cathode  in  the  popliteal  space  at  the 
point  wdierc  the  nerve  divides  into  two  branches. 

In  old  neuralgias  the  voltaic  alternative  currents  are 
used.  They  are  produced  by  abrupt  or  rapid  movements 
of  the  rheostat  after  both  electrodes  have  been  placed 
according  to  the  general  rule. 

As  to  tlie  faradic  current  it  can  be  used  with  a  faradic 
brush  electrode,  which  should  then  be  the  anode  and 
with  which  a  massage  should  be  exercised  over  the 
painful  area,  while  the  cathode  is  kept  immovable  on  an 
indift'erent  spot.     This  procedure  will  often  allay  pain. 

Cataphoresis  with  various  drugs  has  been  ]iractised  by 
many  authors,  and  comparatively  good  results  have  been 
obtained.  According  to  this  method  the  remedy  for  re- 
lieving liain  is  applied  to  the  anode  which  is  in  contact 
with  the  neuralgic  area.  The  cathode  is  placed  on  an 
inditfereut  spot.  By  employing  cataphoresis  with  cocaine 
and  witli  aconitine  Peterson  and  Seguin  were  successful 
in  relieving  patients  who  were  siift'ering  from  supra- 
orbital neuralgia. 

Treatment  by  high  intensities  has  been  recommended 
in  tic  douloureux.  An  electrode  attached  to  the  positive 
iiole  is  placed  on  the  diseased  side,  while  the  indiflerent 
electrode  is  placed  on  the  back.  The  current  is  gradually 
increased  to  30-50  ma.  and  is  allowed  to  remain  at  this 
strength  for  from  half  an  hour  to  an  hour.  Static  elec- 
tricity in  the  form  of  sparks  is  of  great  utility  in  neural- 
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gias.  One  of  the  methods  of  Franklinization  for  allay- 
ing neuralgia  and  various  forms  of  para'Sthesia  is  that 
of  "sharp  ends":  the  positive  pole  is  connected  with 
electrodes  which  have  sharp  ends,  while  the  negative  is 
connected  with  the  earth  or  with  an  isolated  plate  for  the 
feet.  The  electrodes  should  not  be  brought  nearer  the 
patient's  body  than  at  the  distance  of  2  cm.  The  con- 
ductors must  be  separated  from  each  other  by  a  distance 
of  from  5  to  8  cm.  When  everything  is  in  readiness  we 
shall  find  that  light  emanates  from  the  ends  of  the  elec- 
trodes and  that  ozone  is  given  forth.  The  skin,  when 
under  the  influence  of  the  curient,  appears  to  give  out  a 
pleasant  odor.  This  form  of  electricity  is  used  chiefly  in 
the  treatment  of  neuralgias  and  paresthesias  of  all  kinds. 

(b)  Local  Cramps,  so-called  Tics. — In  these  affections 
the  mode  of  employing  the  current  is  similar  to  that  al- 
ready described  previously.  A  labile  applicaiion,  how- 
ever, is  the  one  most  likely  to  prove  beneficial.  This  is 
effected  by  applying  one  electrode  at  some  indifferent 
point,  while  the  other  is  moved  slowly  up  and  down  over 
the  region  affected,  without  interrupting  the  current. 

It  is  importantto  bear  in  mind  that  while  theelectrodes 
are  in  situ  and  the  patient  is  beginning  to  feel  burning  sen- 
sations, they  should  not  be  removed,  because  by  so  doing 
the  sensations  in  question  would  simply  Ije  intensified. 

(c)  Paralysis  of  Peripheral  Nertes. — In  tlie  ca.se  of  peri- 
pheral palsies  therapeutic  effects  may  be  obtained  by 
stimulating  the  muscles  innervated  by  palsied  nerves. 
The  faradic  current  should  be  employed.  The  rules  laid 
down  for  guidance  in  electrical  examinations  should  be 
observed  here.  The  negative  electrode  is  to  be  placed  on 
an  indifferent  point,  while  the  positive  electrode,  supplied 
with  an  interrupting  handle,  should  be  applied  to  the 
affected  muscles;  the  contractions  obtained  with  each 
closure  should  be  well  marked.  Both  electrodes  can  also 
be  placed  simultaneouslj^  on  the  affected  muscle,  but  if 
this  is  done  a  larger  number  of  closures  will  be  found 
necessary.  The  faradic  current  should  not  be  used  in 
cases  in  which  there  are  spasms  of  the  affected  muscles. 
The  galvanic  current  is  to  be  >ised  only  when  there  is  no 
response  to  the  faradic.  The  catliode  should  be  placed 
upon  the  affected  muscles,  while  the  anode  is  applied  at 
some  indifferent  spot.  During  the  passage  of  the  cur- 
rent the  cathode  is  kept  moving  to  and  fro  over  the  dis- 
eased area  without  once  being  removed  altogether.  After 
each  seance  the  current  .should  be  shut  off  before  the 
electrodes  are  removed,  especially  when  the  face  and 
neck  ai'e  under  treatment.  Both  currents,  faradic  and 
galvanic,  can  be  utilized  at  the  same  sitting  if  a  com- 
bination apparatus  is  employed.  When  there  is  no  re- 
sponse to  the  galvanic  or  the  faradic  current,  it  is  useless 
to  attempt  electrical  treatment,  and  massage  should  be 
substituted.  When  the  paralysis  or  atrophy  is  followed 
by  contracture  of  the  muscles,  electrical  applications  to 
the  affected  muscles  should  never  be  attempted.  Instead, 
the  attempt  may  be  made  to  produce  a  compensatory  or 
counteracting  effect  by  stinndating  the  muscles  which 
have  a  function  opposite  to  that  of  the  diseased  ones. 
Thus,  for  example,  if  the  flexors  of  the  forearm  are  per- 
manently contracted,  the  extensors  of  the  limb  might 
advantageously  be  stimulated,  and  vice  versa. 

Diseases  ov  the  Spinal  C^ohd.— In  the  treatment  of 
diseases  of  the  spinal  cord  electricity  affords  a  better 
outlook  for  improvement,  if  not  for  recovery,  tiian  does 
any  other  method  of  therapeutics.  It  can  be  applied  to 
the  cord  itself  or  directly  to  the  different  organs  depend- 
ent upon  the  parts  of  the  spinal  coid  that  are  affected. 
As  to  the  cord  itself  two  kinds  of  galvanization  are  to  be 
used:  stabile  and  labile.  In  tlie  first,  the  positive  elec- 
trode is  to  be  placed  on  the  neck,  while  the  negative  one 
should  be  applied  to  the  lumbar  region  of  tlie  siiiiial 
column.  A  current  of  from  4  to  8  ma.  is  then  to  be 
turned  on  for  about  ten  minutes.  In  the  second  method 
the  anode  is  to  be  applied,  as  before,  on  the  neck,  and 
the  cathode  is  to  be  moved  up  and  down  along  the  spine 
without  once  being  removed.  This  galvanization  can  be 
used  only  in  systemic  diseases  of  the  cord,  in  tabes,  or 
in  chronic  inflammatory  conditions  (posterior  and  lateral 
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sclerosis,  multiple  sclerosis),  but  not  in  acute  processes 
like  myelitis  or  hsematomyelia.  In  systemic  diseases  a 
longitudinal  galvanization,  in  the  form  of  stabile  and 
labile  applications,  is  indicated.  By  adopting  this  plan 
the  current  will  be  made  to  pass  through  the  entire  cord. 
In  case  a  segment  of  the  cord  is  diseased,  as  in  transverse 
myelitis  of  a  chronic  character,  a  transverse  galvanization 
is  indicated.  This  may  be  carried  out  by  placing  one 
electrode  over  the  spine,  while  the  other  is  applied  to  the 
median  line  in  front. 

The  effect  of  galvanization  of  the  cord  is  expressed 
by  a  betterment  of  its  circulation  and  nutrition.  Better 
results,  however,  will  be  obtained  if  the  electrical  cur- 
rent is  applied  directly  to  the  organs  affected  by  the  dis- 
ease of  the  cord.  This  is  true,  for  example,  of  the  palsies 
accompanying  poliomyelitis  or  myelitis.  In  old  palsies 
due  to  diseases  of  the  cord  the  faradic  current  should  be 
used.  In  cases  of  spasticity  tlie  anodal  labile  application 
of  the  galvanic  current  should  be  utilized.  In  mild 
palsies  the  galvanic  cathode  should  be  put  in  use.  Par- 
irsthetic  disturbances  accompanying  pal.sies  can  be  re- 
lieved by  the  application  of  the  galvanic  anodal  electrode 
or  by  using  the  faradic  brush  ;  the  latter  being  especially 
indicated  in  cases  of  sharp  pain. 

In  di.seases  of  the  spinal  cord  the  sphincters  of  the 
bladder  and  rectum  are  often  involved,  and  there  are  apt 
to  be  sexual  disturbances.  Cases  have  been  reported  in 
which  good  results  were  obtained  by  introducing  into 
the  urethra,  as  far  as  the  bladder,  an  insulated  electrode 
having  the  form  of  a  bougie.  Before  turning  on  the 
electrical  current  (one  of  10  ma.)  the  bladder  should  be 
half  tilled  with  warm  salt  water,  and  after  a  few  minutes 
the  current  should  be  reversed.  The  faradic  current  is 
to  be  employed,  and  the  external  electrode  is  to  be  placed 
against  the  perineum,  the  lumbar  part  of  the  spine,  or 
over  the  pubis.  The  galvanic  current  may  also  be 
utilized,  but  in  that  case  the  bougie-like  electrode  should 
be  made  the  cathode.  Good  results  have  also  been  ob- 
tained from  external  electrization;  the  cathode  of  the 
galvanic  current  having  been  placed  in  these  cases  on  the 
lumbar  region  and  the  anode  on  the  perineum  or  the 
pubis.     The  most  careful  asepsis  must  be  observed. 

Impotence  due  to  spinal  diseases  can  be  treated  with 
the  faradic  brush,  to  be  applied  over  the  lumbar  region, 
or  with  a  labile  galvanic  current. 

The  question  of  electrotherapeutics  in  progressive 
muscular  atrophies  is  intimately  associated  with  that  of 
reactions  of  degeneration.  In  each  case  a  thorough  in- 
vestigation concerning  the  electrical  reactions  of  atrophied 
and  paralyzed  muscles  is  absolutely  indispensable,  for 
the  reactions  of  the  diseased  muscles"to  electrical  currents 
will  determine  the  nature  and  seat  of  the  lesion.  Also 
the  prognosis  of  certain  forms  of  paralvses  depends  al- 
most exclusively  upon  the  electrical  'reactions.  It  is 
therefore  essential  to  say  a  few  words  in  regard  to  the 
electrical  reactions  in  muscular  wastings  and  paralyses. 

In  diseases  which  involve  the  region  of  the  peripheral 
neurones  and  which  lead  to  degeneration  of  mu.scles  one 
finds  abnormalities  in  the  electrical  irritability  of  the 
affected  nerves  and  muscles.  These  abnormalities  pre- 
sent the  following  characteristic  iioints: 

1.  Qjiantitatirc  changes,  namely :  (a)  diminution  and 
entire  loss  of  irritability  (faradic  and  galvanic)  of  the 
nerves  and  of  faradic  irritability  of  the'niuseles;  (4)  in- 
crease and  soon  diminution  of  galvanic  irritability  of 
muscles.  2.  Qiialitatire  changes,  esju-cially  (a)  slow- 
ness of  galvanic  muscular  contractions,  and  eventually 
(b)  deviation  from  the  normal  formula.  If  Ca  represents 
thecathode  (negative  pole).  An  the  anode  (positive  pole), 
e  the  closure,  and  o  the  opening,  we  .shall  have  as  the 
torniula  fcir  normal  nerve  reactions  to  galvanism :  CacC  > 
AnoG  >  AncO  >  CaoC!;  and  as  that  for  normal  muscle 
reactions:  CacC  >  AncC  >  AnoC  >  CaoC.  In  disease 
the  formula'  will  lie  reversed. 

The  complicated  anomalies  of  irritaliility, which  accom- 
pany muscular  degeneration  and  which  disappear  when 
the  degeiieration  is  followed  by  regeneration,  were  studied 
hist  by  Erb  (1868),  Ziemssen,  and  Weiss;  and  finally  Erb 


REFERENCE   HANDBOOK  OF  THE   MEDICAL   SCIENCES. 


Ulet'trotlierape  titles. 
ElectrotUerapeutlcs. 


proposed  that  the  corresponding  symbol  should  be  RD 
(reaction  of  degeneration). 

The  reaction  of  degeneration  takes  place  in  the  follow- 
ing cases:  1.  Diseases  of  the  medulla  with  involvement 


m.   corrug. 
super. 

m.  compr.  nasi 

m.orbic.  palpeb. 

m.  levat.  lab.  I 

super,  f 

m.  zygom. 

m.  zygom.  m. 

m.  orbic.  oris 


m.  levat.  mentl 


r.  cerv.  pro 
platysni. 
m.  omohyoid 


m.  sternohyoid 


Fig.  Kis.-  Motor  Points  of  Head,  Face,  ami  Kei'k, 

of  the  nuclei  of  cranial  nerves  (such,  for  example,  as  the 
different  forms  of  bulbar  paral}'.sis).  3.  Diseases  in 
which  the  cells  of  the  anterior  horns  are  involved  (such. 
for  example,  as  acute  anterior  poliomyelitis;  so-called 
infantile  palsy  ;*  progressive  muscular  atrophy;  hemor- 
rhage and  softening  in  the  anterior  horns;  tumors,  in- 
cluding gliomata;  S3'ringomyelia ;  transverse  myelitis; 
and  amyotrophic  lateral  sclerosis).  In  diffused  foci  of 
an  inflaiTimatory  or  a  sclerotic  natui-e,  which  have  rheir 
seat  in  the  anterior  horns,  we  hnj  ED  in  tlie  muscles 
which  derive  their  nervous  supply  from  the  correspond- 
ing parts  of  the  cord.  3.  Diseases  affecting  the  roots  of 
cerebral  or  spinal  nerves.  Among  these  may  be  included 
meningeal  processes  of  various  kinds  involving  also  the 
trunks,  tuberculous  disease  of  the  columns,  and  tumors 
which  have  their  origin  in  the  roots  or  meninges.  4. 
Diseases  of  peripheral  nerves:  («)  Affections  due  to  com- 
pression of  the  nerve  (as,  for  example,  the  prcssui-e  palsies 
of  the  arms,  peroneal  palsy,  and  palsies  of  the  ulnar  and 
median  nerves);  rheumatic  facial  palsies;  injuries  of 
nerves  in  surgical  operations,  (i)  Inflammation  of  nerves 
(as  in  the  facial  palsies  which  are  causeil  by  disease  of 
the  middle  ear,  and  in  the  idiopathic  palsies  which  are 
partly  of  a  toxic  nature — e.g.,  lead,  arsenic,  and  alcoholic 
palsies— and  partly  the  result  of  infection— ?.,(/.,  the 
palsies  following  diphtheria,  intluenza,  etc.  (r)  Tumors 
of  nerves. 

The  RD  may  be  complete  or  partial.  The  complete 
reaction  is  observed  in  two  classes  of  cases:  those  which 
are  curable  and  those  which  are  incurable.  ^  The  curable 
cases  may  again  be  subdivided  into  the  light  and  the 
more  serious  forms.  A  differential  diagnosis  between 
the  incurable  and  the  clearly  curable  cases  can  be  made 
only  after  the  lapse  of  eight,  ten,  or  even  fifteen  weeks 
after  the  commencement  of  the  disease.  If  by  that  time 
we  notice  a  return  of  contractility  (under  the  use  of  a 
strong  current  applied  indirectly  through  the  nerves)  in 

*In  infantile  palsies  ot  cerebral  origin  the  electrifal  reactions  show 
either  a  simple  diminution  or  else  no  change  whatevei,  but  no  BU. 


one  or  more  nuiscles  located  in  a  region  where  previously 
the  current  had  elicited  no  I'esponse,  or  if  such  contrac- 
tility can  be  excited  in  these  very  muscles  by  a  direct 
application  (jf  tliefaradic  euirent,  we  may  feel  warranted 
in  giving  a  favorable  jjrognosfs — i.e., 
the  ca.se  in  harul  l)el<mgs  to  the  cur- 
able variety.  The  iiKjie  muscles  re- 
spond to  direct  or  indirect  stimulation, 
tlie  better  is  the  pi-ogiiosis.  It  is  also 
important  to  watch  the  form  of  gal- 
vanic muscular  contraition.  If  the 
galvano-mu.scular  irrital)ility  is  low, 
but  the  formeily  slow  contraction  be- 
„,  f..„.,,.,u..  comes  rapid,  the  progno.sis  as  a  r\de  is 

good;  liut  if  it  remains  slow  and  be- 
comes even  slower,  the  prognosis  is 
l)ad;  it,  is  probably  a  completely  in- 
eiuable  form  of  paraly.sis. 

It  is  imiiortant  to  examine  all  the 
muscles  of  the  diseased  area  by  direct 
stinudation  and  indirectly  (by  applica- 
tion of  the  current  to  the  nerves)  in 
order  to  ascertain  whether  all  the  nuis- 
cles innervated  by  the  nerves  in  cpies- 
tion  contract  or  not. 

We  said  before  that  pi'ogressive  mus- 
cular atrophies  should  be  treated  with 
electi-icity.  In  progressive  muscular 
dj^sti-ophies,  in  which  the  palsy  and 
atrophy  are  not  due  to  involvement 
of  the  spinal  cord,  the  faradie  contract- 
ility is  ]ireserve(l  for  a  very  long  time, 
and  it  is  the  last  to  disappear.  The 
galvanic  current  should  therefore  be 
used  in  these  cases,  and  a  labile  cath- 
odal application  should  be  made  at  the 
beginning  and  should  soon  be  followed 
by  the  faradie  current,  or  a  combination 
of  galvanism  and  faradism  may  be  tried. 

The  accompanying  figures  (Figs.   1838   to   1846)  will 
show   the  exact  points  wheic   the  electrodes  should  be 
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Fio.  ISJli.-  Motnf  Pciiiits  of  Forearm. 

applied  in  order  ta  influence  certain  muscles  and  nerves 
of  the  face  and  four  extremities  in  cases  of  paralysis  and 

atrophy.  ^,  ,       .     ^.        .  .,     ,,     i 

Diseases  of  the  Bimin.— Galvanization  of  the  head 

has  been  resorted  to  in  various  diseases  of  the  brain,  such 
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as  liemorrliages,  softening,  inflammation,  tumors,  and 
atheromatous  condition  of  the  arteries,  and  even  in  psy- 
.choses  of  all  varieties.     The  methods  employed  for  in- 


Tam.n.raed.  I 
m.  pron. 


Fig.  1840.— Motor  Points  ot  Arm. 

fluenciug  the  brain  are:  1.  Longitudinal  brum  galvaniza- 
tion, in  vidiich  the  electrodes  are  applied  to  the  forehead 
and  occiput.  The  current  may  be  either  stabile  or  labile. 
2.  Transverse  brain  galvanization,  in  which  the  electrodes 
are  applied  either  to  the  sides  of  the  fronal  bones,  to  the 
parietal  protuberances,  to  the  temporal  bones,  or  to  the 
mastoid  processes. 

The  electrical  applications  to  the  brain  are  to  be  made 
very  cautiously,  and  the  rules  above  mentioned  should 
be  observed  very  .strictly  (see  rules  for  applying  electri- 
cal  treatment).     As   a   rule,  applications   to   the   brain 
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Fig.  IWl.-Motor   Points  of  the  Exten.sor  Surface  ot   Forearm  and 
Hand. 

do   not   give  any  permanent  result,  and   if  any  benefit 
follows.  It  ,s  usually  by  relieving  the  headache 

Ibe   application    should   be   made   in   the    folio  win"- 
manner:  Place  the  anode  on  the  fV.rehead  and  the  cath 
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caput  ext.  m.  trie. 


ode  on  the  neck  or  sternum,  or  place  both  electrodes  on 
the  temples.  The  seance  should  not  last  more  than 
five  minutes,  and  a  maximum  current  of  2  ma,  should 
lie  used.  One  should 
reljr  rather  on  the 
sensations  felt  by  the 
patient  than  on  the 
strength  of  the  cur 
rent.  Extreme  pre- 
cautions should  be 
taken  in  galvaniza- 
tion of  the  head.  Re- 
lief from  headache 
can  be  obtained  also 
by  galvanization  of 
the  s  _y  m  p  a  t  h  e  t  i  c 
system  in  the  neck. 
The  anode  should  be 
placed  on  the  neck 
below  the  ear,  be- 
hind the  ascending 
perpendicular  por- 
tion of  the  inferioi 
maxilla,  and  t  li  c 
cathode  in  the  jug- 
ular fossa.  The  cath- 
ode may  also  be 
placed  on  the  corrc 
sponding  spot  on  the  Fio.  lH4i— Motw  Points  ot  Arm  (Ex- 
oppo.site   side  of   the  '«">*'"'  Surface), 

neck.   Very  cautious- 
ly the  cun-ent  (fi'om  1  to  3  ma.)  is  to  be  turned  on  for 
a  few  iuinutes. 

Headaches  can  also  be  relieved  bj'  means  of  .static 
electricity,  and  the  following  are  the  methods:  1.  Static 
douche.  The  positive  and  negative  poles  and  conductors 
should  be  held  apart  and  brought  near  to  the  patient's 
body  as  in  the  method  of  "  sharp  ends  "  (see  above).  By 
means  of  a  short  wire  the  negative  pole  is  connected  with 
the  head-plate  and  the  po.sitive  with  the  earth.  With 
the  aid  of  a  screw  the  head-plate  may  be  brought  into 
more  or  less  close  proximity  to  the  patient's  head  or 
iidapted  to  special  parts  of  the  .same.     The  distance  sepa- 
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Fi(i.  Lstn.— Motor  Points  of  Thigb. 

rating^tbe  plate  and  the  hea.l  should  not  be  less  than  5 
cm  The  nearer  the  plate  is  to  the  head  the  more  intense 
wil  be  the  action  of  the  current;  and  by  isolating  Ue 
p  t  ent  s  body  by  means  of  a  foot-plate  this  action  can 
be  intensitied.  The  seance  should  last  for  from  five  to 
hiteen  mmules.  3.  Sfaffeairbat/,.  The  stime  procedure 
as  that  already  described  on  p.  756.     The  positive  po  c^s 
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counected  witli  a  toot-plutc  or  olmir,  while  the  negative 
IS  connected  with  tlie  eartli.  The  seance  lasts  tof  m  n 
utes  Patient  may  remain  dressed.  3,  MaJes  Zne 
procedure  as  hat  already  desoribetl.  One  pelvis  to  be 
conL,ect^>d  with  the  foot-plate,  while  the  other  (senerallv 
the  positive  one),  which  is  connected  with  a  bi  Uon  e  el 
trode  IS  made  to  approach  the  patient's  body  Even  at 
a  distance  of  10-30  cm.  flash,.s  and  lights  ire  noticed 
which  can  be  .sedated  and  direct.-d  toward  one  speciai 
mascular  part      The  procedur,.  canses  some  irriLtion 

As  regards  the  treatment  of  cerebral  palsies,  good  is 
so)iietinies  obtained  from  the  cmploymen  of  the  farad  c 
curren  pn,vidcd  contractures  liave  not  already  developed 
In  he  lattei  case,  however,  the  current  should  be  applied 
to  those  muscles  winch  have  a  function  directly  the  op 
posite  ot  that  of  the  .■ontracted  muscles.  Por  exlmple  f 
the  contracture  puts  the  arm  in  flexion,  a  faradizat  on'of 
the  extensors  can  be  tried 

Functional  Nkumoses. -Electrical  treatment  in  neu- 
roses like  h.ysteiia  or  neurasthenia  may  sometimes  pro- 
duce a  beneticial  efleet,  not  because  of  any  specific  in- 
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flueuce  upon  the  functional  disturbances,  but  rather  on 
account  of  it.s  suggestive  or  psychic  effect.     Any  method 
may  be  applied  in  these  cases.  '  The  tact  and  abil'ity  of  the 
physician  in  any  given  case  will  teacli  him  to  what  par- 
ticular method  lie  sliould  have  recoui'se  in  order  to  obtain 
the  best  suggestive  results.     On  the  other  liand,  there  are 
cases  in  wdiich  electricity,   as  an  adjuvant  to  mas.sage, 
will  show  its  really  beneticial  effect  of  stimulation.     For 
example,   when  a  general   inusciilai'  weakness   is   pres- 
ent, a  general  faradization   will  be  found  very  useful. 
When  tiie  circulation   is  slow,  not  only  in  tlie  skin,  but 
also    in    other   organs,  a   stimulus  which   will   aid   the 
metabolism,  respiration,  appetite,  and  general  nutrition 
will  be  of  great  im|)ortance.     Tlie  faradic  current  will 
produce,  in  addition  to  its  direct  effect  on  the  skin,  a  re- 
flex action  on  tin;  central  nervous  sj'stem.     The  faradic 
brush  or  the  roller  .should  lie  applied  to  the  arms,  chest, 
back,  and  extremities  alternately  foi-  fifteen  or  twenty 
minutes   daily,    or    less    often.       General   galvanization 
should   also   be   tried.      For   tliis   purpose   the   cathode 
should  bo  placed  on  an  indiifcrent  spot,  wdiile  the  anode, 
of  a  smaller  size,  is  to  be  applied  to  different  parts  of  the 
body   for   about   fifteen   minutes.     A   ver}'  appropriate 
electrical    treatment   in  functional   neuroses   is  that  by 
means  of  the  electrical  baths  (see  above). 

As  to  individual  symptoms  in  functional  neuro.ses  it  is 
possible  to  influence  them  beneficially  to  some  extent  by 


wh'nV  vnrT-f  '^'"T--  ''"■  '■■'■^™P''^'  'headaches,  no  matter  of 
The  n,!H  i^'T  '"«"™."'a  can'^e  relieved  in  some  cases. 
1  IK  method  ot  application  is  described  in  the  paragraph 
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which  treats  of  diseases  of  the  l)rain.  Other  functional 
symptoms,  as  parsesthesia,  hypenestJiesia,  or  pain  in  the 
l)ack,  ovarian  region,  mammary  region,  etc.,  .should  be 
t  reated  with  the  faradic  brusli  or  tlie  massage  roller.  The 
anodal  electrode  of  the  galvanic  current  may  also  be  tried. 
Electricity  also  shows  its  beneficial  eflx'ct  in  traumatic 
iipimmx,  like  writers',  pianists',  or  tailors'  cramp.  The 
motor  form  of  these  neuroses,  if  they  are  not  spastic,  can 
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be  benefited  by  an  appropriate  electrical  treatment.  The 
principles  are  the  same  as  tlio.se  which  govern  any  other 
paretic  condition  of  muscles.     Local  faradization  of  the 
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muscles,  or  cathodal  galvanization  or  galvano-faradiza- 
lion,  should  he  applied  in  the  usual  manner  as  described 
in  other  parts  of  this  article.  In  case  of  muscular  cramps, 
if  electricity  is  to  be  used  at  all,  faradization  of  the  an- 
tagonistic muscles  should  be  chosen  as  the  proper  pro- 
cedure. Tremors  of  cither  a  functional  or  an  organic 
character,  like  those  in  multiple  disseminated  sclerosis, 
intoxication,  etc.,  should  not,  as  a  rule,  be  treated  with 
electricity,  although  good  results  have  been  reported 
from  the  use  of  electrical  baths.  The  rdso-motor  or  secre- 
tory  neurcses  maybe  treated  with  galvanization  of  the 
sympathetic  nerve,  but  not  mu<'h  should  be  e.\ peeled 
from  it. 

Diseases  of  tfie  Uterus  and  its  Appendaoes. — Fi- 
broid growth  is  the  most  prominent  atlection  of  tlie  uterus 
that  can  be  treated  by  electricity.  The  object  of  this 
treatment  is  to  relieve  pain  and  hemorrhage,  as  well  as 
to  reduce  the  size  of  the  tumors.  It  is  supposed  that 
currents  traversing  sucli  growths  cause  an  inhiljition  of 
their  prolifei'ating  power,  some  degree  of  absorption 
through  the  lymphatic  vessels,  and  a  trophic  .stimulation 
of  the  healthy  surrounding  tissue.  The  discovery  of  the 
treatment  of  fibroid  growths  by  means  of  electi'icity  is 
due  to  Apostoli  of  Paris,  France.  He  demonstrated  in 
the  '80'sthat  electricity  causes  an  actual  arrest  of  growth 
and  even  retrogression  of  the  fibroid  tumors.  This  was 
V(irified  by  many  surgeons,  and  some  of  them  published 
cases  which  were  characterized  by  the  actual  disappear- 
ance of  the  tumors.  The  best  testimony  ever  given  in 
favor  of  Apostoli's  treatment  is  that  furnished  by  the 
eminent  surgeon,  Thomas  Keith.  In  )iis  work  ("Elec- 
tricity in  the  Treatment  of  Uterine  Tumors  "),  which  was 
written 'in  collaboration  with  Skene,  and  dedicated  to 
Apostoli,  Keith  gave  the  details  of  one  hundred  and  six 
cases  treated  with  electricity.  In  tlie  introduction  to  this 
work  he  says:  "For  long  we  had  doubts  as  to  the  per- 
manency of  the  treatment  in  the  early  cases.  The  later 
work  has  been  much  more  satisfactory.  But  now  more 
than  two  years  have  passed  since  all  operations  were 
given  up  for  this  treatment;  and  our  first  patient  writes 
— and  no  one  could  have  had  more  hemorrhage — that  she 
has  been  perfectly  well  all  summer,  climbing  hills  and 
rowing  in  a  boat.  Another  of  the  early  and  doubtful 
ones,  who  could  never  bear  a  large  dose  of  electricity, 
tells  us:  'I  am  now  iu  excellent  health,  without  au  ache 
or  pain  of  any  kind,  and  my  periods  are  just  a  show, 
and  nothing  more,  and  give  me  no  discomfort  whatever. 
I  hope  you  have  been  as  successful  with  all  your  other 
patients  as  you  have  been  with  me.  But  it  cannot  be 
otherwise,  for  I  am  sure  that  no  one  could  have  been 
worse  than  I  was  with  that  awful  hemorrhage. '  This 
patient's  importunity  had  almost  driven  me  into  doing 
hysterectomy  for  her.  At  fiist  we  fell  into  tile  natural 
mistake  of  trying  electricity  on  every  ca.se  that  presented 
any  symjitoms,  in  some  when  the  "tumors  A\'erc  almost 
certainly  sarcomatous,  and  even  iu  one  who  was  in  the 
last  stages  of  old  cardiac  disease.  We  know  now  that 
the  eases  best  treated  are  those  which  are  suffering  mucli 
from  hemorrhage— the  more  the  better,— cases  in  which 
something  must  he  done;  cases  iu  which  two  or  three 
years  ago  the  question  of  operation  of  some  kind  would 
have  been  considered  by  us.  This  Irealment,  it  must  be 
remembered,  is  a  new  thing.  We  began  it  in  compara- 
tive ignorance.  Electricity  is  known  by  its  results,  and, 
working  on  the  living  body,  progress  and  improvement 
are  slow.  In  the  following  eases,  therefore,  are  found 
some  failures  and  some  imperfect  and  incomplete  cases; 
the  marvel  is  rather  tliat  th(;re  are  so  few.  Time  and 
experience  every  day  correct  our  want  of  knowledge  and 
dmiinish  these  imperfections.  No  large  uterine  tiuuor 
has  witli  us  entirely  disappeaicd  under  the  eleetiic  treat- 
ment, but  in  four  eases  of  small  tiljroids,  three  of  whieli 
come  into  the  present  series,  there  is  not  now  a  trace  to 
be  found.  The  carrying  out  of  this  treatment  faithfully 
to  the  end  is  not  an  easy  matter,  and  old  tumors  that  are 
large,  and  that  have  bled  for  many  years,  take  a  long 
time  to  improve.  The  treatment  runs  away  with  time 
and  It  requires  care  and  thought.     To  the  surgeon,  by 
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far  the  simpler  plan  is  hysterectomy  and  the  removal  of 
the  ovaries.  But  Dr.  Apostoli's  treatment  saves  our  pa- 
tients from  risk  of  life  by  operation,  and  saves  them  also 
from  a  liorrid  mutilation,  the  one  thing  that  they  all 
dread.  We  believe  it  to  be  the  right  treatment,  and  our 
patients  must  get  it,  however  great  the  inconvenience 
and  monotony  it  may  be  to  ourselves.  Thougli  our  re- 
sults after  hysterectomy  show  the  lowest  mortality  of 
any  yet  recorded,  and  though  we  have  had  but  a  single 
death  after  removal  of  the  o%'aries  for  fibroid  in  almost 
one  hundred  operations,  we  reject  even  the  minor  opera- 
tion in  favor  of  Apostoli's  treatment,  and  we  reject  hys- 
terectomy altogether  on  account  of  the  mortality  that  has 
hitherto  attended  it  all  over  the  world.  The  method 
given  us  by  Apostoli  is  good,  and  it  will  endure.  Since 
we  began  your  treatment,  now  more  than  two  years  ago, 
we  have  ceased  to  perform  any  operation  on  the  uterus 
by  abdominal  section.  For  myself  I  liave  always  had 
grave  doubts  if  I  were  justified  in  jierforming  such  oper- 
ations at  all,  especially  hysterectomy,  for  the  mortality 
attending  this  operation  is  out  of  all  proportion  to  the 
benefits  received  by  the  few.  As  time  went  on,  and  tlie 
number  of  op(;rations  became  larger,  my  doubts  as  to 
whether  I  were  doing  right  continued  to  increase,  and 
that,  too,  in  S])ite  of  the  comparatively  low  mortality 
with  which  I  was  favored,  more  especially'  in  m}^  private 
practice.  I  never  had  any  such  doubts  as  to  the  propri- 
ety of  performing  ovariotom}',  for  if  an  ovarian  c,y.st  be 
left  alone,  death  is  almost  certain,  and  even  that  is  only 
reached  after  great  suffering.  With  hysterectomy  it  is 
quite  diflerent.  Hysterectomy  is  a  hazardous  operation 
for  the  removal  of  a  tumor  that  of  itself  rarely  shortens 
life.  The  minor  operation,  on  the  other  hand — the  re- 
moval of  the  ovaries — requires  no  surgical  skill  for  its 
performance.  It  is  a  great  mutilation  to  a  woman,  being 
simply  castration;  and  women  are  beginning  to  find  this 
out.  It  is  not  always  successful  in  attaining  its  purpose, 
for  you  will  find  in  these  pages  some  cases  narrated  that 
were  cured  by  electricity  where  operations  on  the  ovaries 
had  failed  to  give  an}-  relief.  Your  method  thus  came 
to  me  at  a  ver}'  opportune  time.  You  have  taken  away 
from  me  those  anxious  doubts  and  fears  that  had  so  long 
vexed  me.  For  long  I  had  hoped  much  from  electricity 
in  the  treatment  of  fibroids,  luit  had  only  met  with  dis 
appointment  till  your  method  was  maile  known  to  me. 
It  is  in  every  way  a  new  method,  and  it  belongs  to  you 
and  to  no  other.  You  have  worked  in  the  true  scientific 
spirit.  For  five  years  you  labored  quietly  at  your  clinic, 
kept  up  at  your  own  expense,  and  open  to  all,  before 
you  made  your  work  known.  What  have  those  to  offer 
in  place  o"f  all  tliis  who  have  so  bitterly  opposed  this 
treatment;  who  with  unliniited  material  staud  aside  and 
will  not  take  the  trouble  to  investigate  the  matter  for 
themselves,  but  wait  till  some  one  else  does  it  for  them ; 
who  make  only  an  <nitcry  if  by  chance  they  hear  of  any 
accident  during  the  progress'  of  the  treatment  of  any 
case,  and  who  go  frantic  over  the  rumor  of  a  death,  oV 
worse  still,  who  proclaim  they  know  of  deaths  that  never 
happen?  These  men  have  absolutelv  nothing  whatever 
to  offer  in  the  bad  eases,  and  only  hysterectomy  in  such 
tumors  that  will  come  out  lucue  or  less  easily,  so  as  to  be 
treated  by  the  extraperitoneal  method  of  operating.  I 
have  seen  not  a  few  cases  of  had  bleeding  fibroids  since  I 
came  to  London;  almost  everv  one  had 'consulted  one  or 
other  surgical  authority  on  the  subject  of  operation. 
These  were  invariably  told  that  nothing  would  do  them 
any  good  b\it  the  removal  of  the  tumor;  but  in  their 
special  case  the  local  difiieuUies  were  too  great,  or  they 
had  let  their  strength  go  down  too  far  f(n-  s'uch  an  opera 
tion.  The  very  feeble  and  bad  cases,  with  masses  of 
tumor  blocking  the  pelvis,  with  absence  of  cervix,  and 
opened-out  broad  ligaments,  would  seem  to  be  let  alone. 
Ily.sterectoiiiy  then  at  best  \vould  appear  to  be  a  most 
doubtful  remedy  for  a  certain  number  of  cases  and  these 
not  of  the  worst  sort.  On  the  other  hand,  the'  worse  the 
ease,  the  more  feeble  the  patient,  the  greater  the  loss  of 
blood,  th^e  more  marked  is  the  result  of  electrical  treat- 
ment.    Criveu  a  woman    with  a  large  bleeding  fibroid. 
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bUinclied  almost  to  ileiitU  from  years  ol  liciiiorrhagc,  and 
see  )ier  some  mouths  after  this  tr<;.at.mciit  is  citm.pk'tcd, 
you  would  scarcely  recognize  lier,  the  im]irovemeiit  is 
so  great.  Electricity  in  any  form,  when  apiilied  to  the 
<;ure  of  disease,  is  set  down  as  pure  (iiiackery  by  many 
medical  men,  simply  because  they  know  nothing  about 
it,  and  won't  take  the  trouble  to  learn  for  themselves 
what  to  many  is  rather  a  hard  study.  Every  time  that 
any  disease  can  be  cured  without  resorting  "to  a  bloody 
operation,  such  as  hysterectomy,  progress  is  made  in  our 
art,  and  there  is  a  gain  to  humanity,  while  surgery^  is  the 
better  for  being  purged  of  a  deadly  operation.  It  may 
seem  strange  to  some  that  after  the  results  I  got  in  hy.s- 
terectomy — results  that  almost  made  it  justifiable— I 
should  now  begin  to  throw  stones  at  the  operation  in 
stead  of  trynng  still  further  to  improve  upon  it.  I  would 
give  something  to  have  back  again  tho.se  .sixty-four 
women  that  I  tlid  hysterectomy  for,  that  I  might  have  a 
trial  of  Apostoli's  treatment  upon  them.  What  I  now 
plead  for  is  that,  for  a  time,  all  bloody  operations  for  the 
treatment  of  uterine  fibroids  should  cease  and  that  Apos- 
toli's treatment,  as  practised  by  him,  should  have  a  fair 
trial." 

Method  of  Applimtioii. — The  positive  pole  is  the  one 
generally  eiuployed,  especially  in  tumors  accompanied 
by  hemorrhages.  The  indifferent  electrode  (cathode) 
should  be  placed  on  the  abdomen,  and  the  active  pole 
(anode)  should  be  inserted  into  the  utei'us.  In  order  to 
protect  the  os  and  cervix,  the  Intra-uterine  electrode  must 
be  insulated.  Apostoli  uses  a  sound  covered  with  a 
sheath  of  hard  rubber.  Of  course  asepsis  and  antisepsis 
should  be  strictly  observed.  Currents  of  from  30  to  50 
ma.  can  be  frequently  repeated.  Each  seance  should 
last  forabout  five  minutes  (Apostoli).  Stronger  currents 
are  permissible  only  after  weak  currents  have  been  tried. 
The  current  must'be  taken  off  very  gradually.  After 
each  seance  the  patient  must  rest  for  several  hours.  If 
on  the  following  day  there  is  pain  or  some  fever,  the 
electrical  treatment  sliovUd  be  abandoned.  As  to  the 
effect  of  the  negative  pole,  it  is  diametrically  opposite  to 
that  of  the  positive;  it  produces  a  temporary  congestion 
which  will  be  very  beneficial  innon-hemorrhagie  fibroids. 
The  negative  poles  may  therefore  be  exiiected  to  render 
very  valuable  service'  in  fibroids  accompanied  with 
amenorrhcea  and  dysmenorrhoea.  J'Jii.  resume  we  will 
say,  with  Apostoli,'  that  the  positive  pole  should  be 
utilized  in  eases  in  which  there  are  hemorrhages,  the 
negative  pole  in  those  in  which  there  are  no  hemor- 
rhages. 

N.  B.  The  intrauterine  electrode  shoidd  never  be  m- 
serted  until  an  examination  has  proved  conclusively  that 
pregnancy  does  not  exist.  An  acute  metritis  or  some 
purulent  condition  of  the  pelvis  is  also  a  contraindication 
to  the  employment  of  an  intra-uterine  electrode. 

Among  the  tumors  which  do  not  yield  to  electrical 
treatment,  we  may  mention  the  fibro  cystomata  and  the 
myomata. 

In  cases  of  metritis  and  perimetritis,  the  employment 
of  electricity  does  not,  according  to  the  majority  of 
writers,  prove  of  benefit,  except  to  a  certain  extent  in 
the  chronic  forms  of  these  diseases.  Apostoli  believes, 
however,  that  even  in  the  acute  stage  electricity  is  not 
contra  indicated.  The  methods  of  procedure  are  the 
same  as  for  fibroid  tumors. 

In  diseases  of  the  Fallopian  tubes  and  ovaries  again 
only  the  chronic  forms  should  be  treated  with  electricitj 
A  Vagino-abdominal  or  a  combined  intra-utenne  and 
abdominal  application  of  a  faradic  or  a  galvanic  cur- 
rent may  be  of  use.  As  to  the  relative  value  of  these 
two  forms  of  electricity,  galvanization,  according  to 
Apostoli,  is  much  more  powerful  than  faradization. 

In  cases  of  saliiingo-ovaritis,  not  sufliciently^  amelio- 
rated by  intra-uterine  galvanism,  Apostoli  advises  gal- 
vano- puncture,  which  treatment  is  more  efficacious  al- 
though more  painful.  Af  j  v, 
Amenorrhcea  and  dysmenorrhrea  can  be  benelitea  dj 
the  employment  of  a  strong  primary  faradic  current  pre- 
ceded by  a  stabile  galvanic  current  of  about  iJOlim.     tn 


the  latter  procedure  the  iiatient  should  lie  in  the  recum- 
bent ])osl  ure,  with  her  body  resting  upon  a  large  electrode, 
while  thv  other  electrode  .should  rest  alternately  on  the 
h.V|>ogastrium  and  the  e])igastriuin.  Static  electricity 
Willi  sinirks  drawn  from  the  lumbar  region  of  the  cord, 
hypogastrium,  and  loins  alfonls  the  quickest  and  most 
reliable  method  of  treatment.  General  faradization, 
dorso  abdominal  faradization,  and  the  dry  brush  applied 
to  the  abdominal  walls  or  to  the  soles  of  the  feet,  are  re- 
liable nuthods  of  application.  When  galvanization  is 
used  in  these  cases  it  should  be  applied  either  near  the 
centre  of  the  bod}'  or  along  the  si)iiie; 
thecuirent  can  be  directed  from  the 
lumbar  i-egion  toward  the  pubis.  As 
lo  direct  uterine  applications,  there 
is  a  general  opinion  that  electricity 
applied  not  directly  to  the  uterus, 
but  to  a  distant  part,  exerts  a  liet- 
ter  inlliience  on  the  menstrual  flow, 
except  wdien  the  dysmenorrhfjeie  dis- 
turbances are  due  to  stenosis  of  the 
cervix  or  lo  a  deviation  of  the  uteius. 
In  the  former  condition  the  proper 
procedure  is  to  introduce  a  galvanic 
cathode  into  the  canal  of  the  cervix ; 
for  the  relief  of  the  latter,  Apo.stoli 
employs  the  current  of  the  second- 
ary spiral  of  a  faradic  battery,  in 
connection  with  his  bipolar  intra-uter- 
ine electrode  (Fig.  1H47).  introduced 
into  the  uterus. 

Subinvolution  is  treated  by  intra- 
uterine faradic  currents.  Uterine  and 
ovarian  pain  of  a  neuralgic  chara(ter, 
accompanied  by  backache,  should,  ac- 
cording to  Apostoh,  he  relieved  by 
the  faradic  current.  He  recommends 
the  employment  of  a  secondary  coil, 
of  a  long  thin  wire,  so  as  to  obtain  as 
much  tension  as  is  convenient.  He 
uses  his  bipolar  electrode,  introduced 
into  the  uterus,  but  external  applica- 
tions— one  pole  over  the  sacrum  and 
the  other  on  the  perineum  or  in  the 
groin — are  often  sufficient.  Some- 
times a  better  effect  is  jirodnced  by 
introducing  one  of  the  poles  into  the 
vagina. 

Diseases  of  Urinary  Organs. 
—Electrical  applications  in  paralysis 
and  atony  of  the  bladder  due  to  a 
spinal  affection  are  dwelt  upon  in  the 
section  relating  to  diseases  of  the  spinal  cord.  The  same 
method  and  rules  can  be  applied  in  diseases  of  the  blad- 
der of  a  functional  character. 

In  cases  of  chronic  inflammation  and  stricture  of  the 
urethra  the  negative  pole  of  the  galvanic  current  should 
be  utilized  The  patient  should  be  in  the  recumbent  po- 
sition on  his  back.  The  indifferent  electrode  is  to  be 
placed  on  either  the  abdomen  or  the  back.  A  whalebone 
bougie  a  boule,  connected  with  the  negative  pole,  is  to 
be  introduced  into  the  urethra  and  pushed  on  untU  it 
reaches  the  painful  spot  or  the  stricture.  The  current 
should  not  have  a  strength  above  3,  4,  or  5  ma.  As  the 
current  gradually  increases  in  strength,  the  bougie  will 
slide  onward  and  pass  through  the  previously  contracted 
and  painful  canal.  If  after  fifteen  minutes  the  bougie 
does  no  t  pass,  defer  the  application.  There  should  be  an 
interval  of  at  least  one  week  between  the  applications. 
At  each  successive  attempt  a  larger  bougie  should  be 
used  This  treatment  of  stricture  depends  for  its  success 
chiefiv  upon  the  action  of  the  electricity,  which  causes 
o-alvano-chemical  absorption  to  take  place-a  process 
which  is  based  upon  the  electrolytic  properties  of  the  tis- 
sues of  the  human  body  (see  the  paragraph  relating  to 
Electrolysis).  No  treatment  will  give  more  satisfactory 
^'sult^ina'case  of  irritability  of  the  urethra,  than  this 
method  of  employing  the  galvanic  current.     Of  course 
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Fig.  1847.—  Apostoli's 
Bipolar  Intra  -  ut«  - 
Fine  Electrode  for 
Faradic  Current. 


Kleolrotlierapeiitios. 
Electro  tonus. 
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the  gentlest  manipulation  in  a  necessary  element  in  this 
sort  of  treatment. 

H3'pertrophy  of  the  prostate  may  also  be  treated  either 
by  electrolysis  or  by  the  galvano-cautery.  The  electro- 
lytic treatment  of  this  affection  is  the  same  as  tliat  for 
stricture  of  the  urethra.  An  insulated  bougie-shaped 
electrode,  connected  with  the  negative  pole,  should  be 
passed  tlirough  the  urethra  and  its  end  allowed  to  rest 
against  the  enlarged  gland.  A  current  of  5  ma.  is  then 
allowed  to  pass  for  twenty  minutes.  The  seanrx!  can  be 
repeated  every  ten  days. 

The  u.se  of  galvauo-cauterization  forms  a  part  of  Bot- 
tini's  operation  for  hypertrophic  prostates.  The  object  of 
this  operation  is  to  cauterize  and  thus  divide  the  prostate. 
For  tliis.purpo.se  Newman's  cautery  electi-ode  is  consid- 
ered one  of  the  best  on  the  market  (Fig.  1848).  Tripier 
advises  faradization  for  hypertrophy  of  the  prostate. 
The  procedure  should  be  carried  out  in  the  following 
manner:  An  insulated  sound  is  to  be  introduced  into  the 
urethra  and  a  double  bulbous  electrode  into  the  rectum, 
and  then,  after  the  current  has 
been  turned  on,  the  latter  is  to 
be  pressed  against  the  prostate. 

Noctiirnal  incontinence  of 
urine  is  also  benefited  by  elec- 
tricity, good  results  being  ob- 
tained by  the  u.se  of  either 
faradism  or  galvanism.  One 
electrode  should  be  introduced 

into  the  urethra  and  placed  against  the  neck  of  the  blad- 
der, wliile  the  other  is  placed  over  the  pubis. 

Involuntar}'  seminal  emissions,  spermatorrhoea,  and 
impotence  are  also  affections  which  can  be  ameliorated 
or  removed  by  the  same  method  of  treatment. 

Under  these  circumstances  the  catliode  should  be  in- 
troduced into  the  urethra  and  made  to  rest  against  the 
openings  of  the  seminal  ducts,  while  the  anode  is  placed 
upon  the  perineum.  In  impotence  it  may  be  well  to  add, 
to  the  procedure  just  described,  galvanization  of  the 
spine  and  also  applications  of  the  faradic  bru.sh  to  the 
penis  and  scrotum.  It  seems  proper  to  state  here  that  two 
electrical  instruments,  already  described  in  other  parts  of 
the  Handbook  (Figs.  1570  to  1573  inclusive  in  the  pres- 
ent volume),  have  been  devised  for  tlie  purpose  of  facili- 
tating both  the  diagnosis  and  the  treatment  of  diseases 
of  the  genito-urinary  tract.  I  refer  to  the  urethroscope 
and  the  cystocope. 

Gout  and  RriEiiMATisM. — In  these  affections,  which 
are  associated  with  chronic  inflanunatory  conditions  of 
the  joints  and  with  degenerative  changes,  electrical  baths 
(see  above)  are  indicated.  The  baths  may  be  either  gen- 
eral, if  several  joints  are  affected  simultaneously,  or  lo- 
cal, if  only  one  or  two  joints  of  a  limb  are  involved. 
In  the  last  case  the  affected  member  is  placed  in  the  bath, 
one  pole  of  the  battery  is  connected  by  a  wire  with  a  me- 
tallic vessel  submerged  in  the  water  of  the  bath,  and  the 
other  pole  is  placed  on  an  indifferent  part  of  the  patient's 
body. 

If  with  the  diseased  joint  is  associated  muscular  atro- 
phy—which, in  fact,  often  occurs— a  local  faradization 
of  the  muscles  should  lie  added  to  the  treatment  of  the 
joint.  Besides  the  baths  direct  faradization  or  galvani- 
zation of  the  joints  is  of  great  utility.  Stabile  unipolar 
currents,  with  the  anode  over  the  spinal  origin  of  the 
nerves  supplying  the  joint  and  the  cathode  over  the  joint 
itself,  give  good  results.  Bipolar  applications  are 
equally  useful.  When  the  faradic  current  is  u.sed,  the 
higher  its  tension  the;  greater  appear  to  be  its  analgesic 
properties.  In  bipolar  treatment  the  electrodes  are 
placed  on  both  sides  of  the  articulation  through  which 
the  electrical  current  passes.  At  the  International  Medi- 
cal Congress  of  Berlin  in  1890  Edi.son's  experiments  on 
the  treatment  of  gout  were  reported  by  Bayles ;  it  was 
demonstrated  that  the  gouty  concretions  are  removed  by 
cataphoresis  (electric  endosmosis).  Good  results  were 
obtained  by  connecting  the  aiiti  gouty  or  the  anti-rheu- 
matic drugs  with  the  anode  and  then  directly  applying 
them  to  the  affected  joints.     The  much-desired  metabo- 
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lisni,  of  transforming  uric  acid  into  urea,  was  obtained. 
The  tophi,  which  in  gout  are  composed  of  urate  of  soda, 
are  removed  by  galvanism,  and  particularly  by  the  em- 
ployment of  the  positive  pole;  the  urates  are  split  at  the 
negative  pole. 

Muscular  rheumatism,  lumbago,  and  rheumatic  torti- 
collis may  be  treated  by  both  galvanic  and  faradic  cur- 
rents. The  method  of  application  is  the  usual  one.  Bi- 
polar faradic  applications,  strong  enough  to  produce 
vigorous  muscular  contractions,  are  the  best  adapted  for 
the  relief  of  stiffness  and  spasm.  The  galvanic  current, 
on  the  other  hand,  is  more  efficacious  in  relieving  pain. 
The  faradic  brush  also  often  affords  relief  in  this  class  of 
cases.  In  muscular  rheumatism  static  electricity,  as  a 
rule,  affords  no  rehef,  but  the  static  induction  current, 
with  its  infinitely  rapid  succession  of  sparks,  has  the 
character  of  a  faradic  current  of  high  tension  and,  as  we 
mentioned  above,  it  is  likely  to  give  relief  for  a  long  time. 

Diseases  of  the  Skin. — In  the  treatment  of  diseases 
of  the  skin  electricity  may  be  utilized  in  two  different 


Fid.  1K4S.— Newman's  Cautery  Eiia-tnide. 

ways.  If  applied  in  a  genei-al  manner  it  . 
proves  the  general  condition  through  the  sti.„ 
ulation  of  the  sensory  terminations,  and  thus 
improves  the  trophic  condition  of  the  skin ;  while  if  ap- 
plied locally  it  removes  many  uncomfortable  symp- 
toms, such  as  pain,  pruritus,  hyperaesthesia.  Electricity 
may  also  produce  a  caustic  efl'ect  upon  the  skin,  by  de- 
positing acids  and  alkalies  on  its  free  surface.  For  the 
production  of  a  general  effect,  all  the  three  varieties  of 
electricity,  static,  faradic,  and  galvanic,  maj-  be  utilized. 
Static  electricity  is  recognized  as  one  of"  the  greatest 
stimulants  of  metabolism,  and  at  the  same  time  one  of 
the  ideal  cutaneous  stimulants  and  sedatives.  Faradic 
electricity  acts  as  a  stinuilant.  The  galvanic  current 
produces  a  sedative  effect  if  a  mild  current  (about  3  ma.) 
is  applied  continuously  for  live  minutes.  Care  should 
be  taken  that  the  skin  be  slightly  reddened;  otherwise 
there  may  be  electrolytic  action  folloT\ed  liy  destruction 
of  the  skin.  During  the  operation  there  should  be  no  in- 
terruption of  the  current.  The  galvanic  current,  if  ap- 
plied in  sufficient  strength,  can  be  used  as  a  counter-irri- 
tant. The  principle  of  cataphoresis.  i.e..  the  property  of 
the  galvanic  cturent  to  carry  drugs  under  the  skin  for 
absorption,  can  be  urilized  in  disea'ses  of  the  skin.  The 
anode  sliduld  be  saturated  with  the  desired  drug  and  ap- 
plied to  the  spot  where  the  action  of  the  drug  is  ex- 
pected. This  method  is  particulariv  useful  in  parasitic 
affections  of  the  skiu  ;  the  posit  ive  electrode  beinn-  impreo-- 
nated  with  the  parasiricide  solution  and  ]ilaced°over  the 
diseased  area.  That  mercury  passes  through  the  skin  by 
tins  procedure  was  proven  by  GEirtner  (AVc  d'Electro- 
thempu,  1893).  Gautier  (Rev.  fV Elect, -othenqne  1891) 
has  proved  it  for  copper,  and  has  applied  this  treatment 
in  lupus  actinomycosis,  and  sycosis.  Copper  needles 
connected  with  tlie  positive  pole  are  thrust  into  the  dis- 
eased spots;  (uring  the  passage  of  the  current  the  copper 
becomes  dissolved  and  forms,  with  the  oxy^eu  and  chlo- 
rme  of  the  rissues,  an  oxycliloride  of  copper,  which  is 
hi.ghly  antiseptic  and  caustic.  The  galvano-cautery  is 
tih/ed  for  the  destruction  of  diseased  tissues,  and  can 
theretore  be  applied  m  pathological  conditions  of  the 

«!,.;,  Hi^^^^^fr"  °^  '""'■•=  "■''«■  The  tissues  are  de- 
stioycd  by  an  alkali  or  an  acid,  whether  we  use  the  ne"-a- 

ooie",'oll'n'l?r"H'  ■"»'■  ^""''^^  """^t'^'l  "°  t"^"  positive 
pole  coagulate  the  albumen,   thus    protectinff  the  sur- 

rs'alkfli'''",'-'  [T  ""^  '■■•'''^■''  '^-d-  The  cathode  liber- 
as  ,  hi;,,  ?■"'''"'"  "°*.^'"^-^''^''^  albumen,  but  acts 
riHs,.Hn.Vn  •'"'i- ''"'"'•,  ^''^'  P'-actical  application  of 
this  principle  in  diseases  of  the  skiu  is  evident.     A  point 
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to  be  considered  is,  that  the  electrode  which  produces 
the  desired  action  upon  the  skin  should  lie  a  needle  and 
well  insulated.  The  positive  pole  should  be  of  platinum 
or  gold,  because  other  metals,  through  undergoing  oxi- 
dation, leave  an  indelible  stain  on  the  skin.  Electrolysis 
is  particularly  useful  in  acne,  furuncle,  carbuncle,  lupus, 
and  epithelioma. 

Aneuiusms. — In  the  treatment  of  the  thoracic  and  sub- 
clavian aneurisms  in  which  medicinal  aid  fails  to  effect  a 
cure,  electricity  has  been  tried  with  a  fair  proportion  of 
good  results.  The  employment  of  electricity  in  the  treat- 
ment of  aneurisms  is  based  on  the  fact  that  a  galvanic 
current  passing  through  the  blood  coagulates  it,  through 
electrolysis.  A  clotting  occurs  around  the  poles,  and 
then  subsequently  a  further  coagulation  takes  place  and 
fibrin  is  deposited  around  the  primitive  clot.  Ciniselli 
treated  twenty-three  cases,  .six  of  which  recovered.  He 
operated  with  needles  connected  with  both  jjoles  and  in- 
troduced into  the  aneurismal  sac;  every  five  minutes  he 
reversed  the  current.  Tripier  and  others  advocate  the 
insertion  only  of  the  positive  pole,  on  account  of  its 
power  to  coagulate  albumen.  Stewart  reports  good  re- 
sults with  continuous  currents;  the  anode  being  intro- 
duced into  the  sac,  and  the  cathode  placed  on  the  abdo- 
men. The  strength  of  the  current  may  be  gradually 
increased  up  to  as  high  as  70  ma.,  but  one  should  com- 
mence with  20  ma.  Each  seance  should  last  about  half 
an  hoiir.  Petit  ("Dictionnaire  Enyclopedique  ")  treated 
114  cases  of  aortic  aneurism  with  electrolysis;  09  were 
improved. 

Aneurisms  of  the  extremities  were  completely  cured. 
Whether  the  positive  pole  should  be  inserted  into  the 
sac,  or  the  negative,  or  both  at  the  same  time,  as  some 
authors  advise,  is  a  matter  which  has  not  been  fully 
determined;  but  one  should  always  bear  in  mind  that 
hemorrhagic  inflammation  of  the  sac,  with  suppura- 
tion and  embolism,  maj^  occur.  In  those  eases  in 
which  the  operation  jjroves  successful,  the  tumor  hard- 
ens and  shrinks.  A/fred  Gordon. 

ELECTROTONUS.— If  a  constant  battery  current 
flows  continuously  through  a  muscle  or  a  nerve,  it  will 
so  alter  the  chemico-physical  condition  of  the  living  sub- 
stance that  its  physiological  properties  will  be  greatly 
modified.  The  modifications  produced  by  the  flow  of  the 
current  were  first  carefully  studied  by  DuBois-Reymond, 
who  gave  the  name  "eiectrotonus"  to  the  changed  con- 
dition. The  alterations  produced  arc  in  general  of  op- 
posite kinds  at  the  anode,  the  place  where  the  current 
enters,  and  the  cathode,  the  place  where  the  current 
leaves  the  tissue;  therefore  we  speak. of  anelectrotonic 
and  catelectrotonic  efl'ects  of  the  current.  Where  the 
tissue  is  under  the  influence  of  the  anode,  is  in  a  state  of 
anelectrotonus,  the  irritabiUty  and  conductivity  are  de- 
creased or  even  absent;  where  the  tissue  is  Under  the  in- 
fluence of  the  cathode,  is  in  a  state  of  catelectrotonus, 
the  irritability  and  conductivity  tend  to  be  enhanced. 
These  alterations  of  physiological  activity  are  accom- 
panied by  clianges  in  the  electrical  condition  in  the  vicm- 
ity  of  the  two  poles,  changes  which  are  revealed  by  the 
so-called  "electrotonic  currents." 

In  the  case  of  muscle,  the  alterations  produced  by 
the  current  arc  chiefly  localized  at  the  points  to  which 
the  electrodes  are  applied;  in  the  case  of  nerves  the 
change  spreads  not  only  throughout  the  region  betvyeen 
the  electrodes,  the  intrapolar  region,  but  in  both  direc- 
tions beyond  the  part  directly  exposed  to  the  current 
the  extrapolar  regions.  Finally,  it  must  be  stated  that 
the  current  not  only  influences  the  condition  of  the  nerve 
and  muscle  during  the  time  it  is  flowing,  but  leaves  be- 
hind it  important  after-effects,  these  being  in  general 
the  reverse  of  those  observed  at  the  poles  during  tlie 
flow.  , 

The  causes  of  the  physiological  changes  which  result 
from  the  passage  of  the  current  are  to  be  sought  m  the 
chemico-physical  changes  which  it  produces  in  the  living 
substance.  The  flow  of  the  current  causes,  through 
electrolysis,  the  liberation  of  ions,  which  in  turn  produce 


the  polarization  phenomena  observed.  These  polariza- 
tion phenomena  are  without  doubt  closely  related  to  the 
changes  in  irritability  and  conductivity,  and  to  the 
excitation  effects  produced  by  the  polarizing  battery 
current. 

The  above  facts  have  been  ascertained  chiefly  through 
the  study  of  isolated  nerves  and  muscles  of  auimals. 
There  is  rea.son  to  believe,  however,  that  they  hold  good 
for  the  nerves  and  niu.scles  of  man,  although  necessarily 
modified  by  the  spread  of  the  current  through  the  fluids 
which  normally  surround  these  structures. 

Effects  of  the  OonsUiid  C'lirrent  upon.  IrritiihiHty  and 
Condiietitrity  of  NervcK. — Many  of  the  phenomena  referred 
to  by  the  earlier  writers  under  the  title  of  "galvanism" 
were  of  electrotonic  nature,  but  most  of  the  accounts  are 
too  vague  or  tlio  data  are  too  incomplete  to  make  the  state- 
ments of  anjr  scientific  value.  According  to  Pflliger, 
the  first  trustworthy  observation  whicli  bears  directly  on 
the  effect  of  the  galvanic  current  on  irritability  and  con- 
ductivity was  reported  by  "tliat  indefatigable  experi- 
menter, Rittcr"  (Gilbert's  Annul,  d.  Physik,  Bd.  vii.,  S. 
477-483).  Ritter  stated  that  he  remained  connected  with 
a  battery  by  his  hands  for  half  an  hour,  and  that  the  hand 
and  arm  on  the  silver  side  of  the  battery  (negative  pole) 
became  stiffened,  and  gradually  the  power  to  move  that 
hand  lessened,  while  his  control  over  the  hand  connected 
with  the  zinc  side  (positive)  increased.  Toward  the  end 
of  the  experiment  he  had  ceased  to  receive  any  direct  sen- 
sations of  a  type  to  remind  him  that  he  was  connected 
with  the  battery.  Hitter's  philosophical  interpretation 
of  these  effects  need  not  be  considered,  for  his  results 
may  be  explained  in  the  light  of  the  facts  which  have 
been  ascertained  by  scientific  study  of  the  efl'ects  of  bat- 
tery currents  on  animal  tissues. 

Pfluger  gives  the  following  explanation  :  On  account 
of  the  wide  spread  of  the  current  through  the  fluids  of 
the  tissues  of  the  trunk,  we  can  think  of  the  current 
ascending  one  arm,  leaving  it  at  the  shoulder  to  spread 
through  the  body,  then  entering  the  other  arm,  descend- 
ing through  it,  and  leaving  it  at  the  hand;  thus  the  first 
arm  has  an  anode  at  the  hand  and  a  cathode  at  the 
shoulder,  and  the  other  arm  has  an  anode  at  the  shoulder 
and  a  cathode  at  the  hand.  Experiments  on  isolated 
nerves  show  that  exciting  a  nerve  above  a  descending 
current  excites  less  than  exciting  it  above  an  ascending 
current,  and  Hitter's  observation  is  in  harmony  with  this 
result,  and  is  more  interesting  because  in  his  case  the 
irritant  was  the  normal  voluntary  impulse.  Ritter 
("Beitrage  zur  nitheren  Keuntniss  des  Galvanismus," 
etc.,  Jena,  1802,  Gehlen's  Journal  f.  d.  Client.,  Phys..  u. 
Mineral.,  vi.,  S.  431,  1808)  made  other  interesting  obser- 
vations of  fundamental  impoi'tance.  One  of  these  was 
that  the  effect  of  the  current  on  the  nerve  increases  with 
the  time  of  closure,  this  being  revealed  by  the  modifica- 
tions of  irritability  observed  wdien  the  current  was  opened. 
Anotlier  observation  was  that  the  modifications  produced 
in  the  nerve  by  the  current  may  not  be  limited  to  the  re- 
gion subjected  to  the  current,  but  may  spread  with  op- 
posite sign  along  the  nerve  toward  the  muscle,  as  depres- 
sion of  irritability  where  there  was  an  ascending,  and 
elevation  of  irritability  where  there  was  a  descending 
current,  what  we  now  recognize  as  the  anelectrotonic 
and  catelectrotonic  effects. 

Twenty  years  later  another  discovery  having  an  im- 
portant bearing  upon  our  question  was  reported  by  the 
physicist  Nobili  (Annal.  de  Ghimie  et  de  Physiqtte,  p.  30, 
1830)  He  saw  a  frog  preparation,  which  had  entered 
into  tetanus  from  some  unknown  cause,  become  quiet 
when  a  battery  current  was  passed  through  it.  He  ex- 
nlained  the  result  as  due  to  a  change  produced  by  the 
current— this  change  preventing  the  transimssion  of  the 
excitation  process.  He  even  went  so  far  as  to  recom- 
mend the  use  of  the  constant  current  to  the  physician  as 
a  means  of  arresting  tetanus.  ■  ,r,         i         a 

This  subiect  was  studied  by  Matteucei  (Compt.  rend, 
vi     680  1838)  and  others,  but  the  first  to  do  really  careful 
wo'rk  upon  it  was  Valentin  ("Lehrbuch  d.  Physiol,  des 
Menschen,"  ii.,  2,  S.  655).     He  excited  a  nerve  at  a  dis- 
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tance  from  the  muscle  with  uii  imluctioii  current  and 
noted  tlie  height  of  the  contraction;  tlien  he  sent  througli 
a  part  of  the  nerve,  close  to  the  muscle,  a  constant  current, 
and  saw  the  contraction  of  the  muscle  lessen  or  altogether 
fail;  finally  he  removed  the  constant  current,  and  on  ex- 
citing with  the  induction  current  again,  saw  the  muscle 
contract.  The  result  of  this  experiment  was  to  show 
that  the  nerve  could  be  the  seat  of  the  inhibition.  Val- 
entin found  in  addition  tliat  excitation  might  fail  when 
the  irritant  was  applied  to  the  region  between  the  part  of 
the  nerve  subjected  to  the  liattery  current  and  the  mus- 
cle; but  ho  observed  that  this  occurreil  only  when  the 
ascending,  not  the  descending,  current  was  used. 

The  next  to  investigate  these  questions  was  Eckhard 
("Der  galvanisclie  Strom  als  HindernLss  der  Muskelzuc 
kung"';  Henleand  PimiUr,  Zeit.'<chr.  f.  rat.  Med.,  N.  F., 
15d.  iii.,  S.  198).  He  corroborated  Valentin's  statement 
that  a  constant  current  flowing  through  a  nerve  makes  it 


If   the   strengtli 
amo\uit,  inhil)itorv 


Fi«.  1849.— Effect  ol  a  Constant  Batt«rv  Current  on  the  Irritability  o(  a  Nerve.  The  nerve  being  taken  as  the 
abscissa,  positive  ordlnates  represent  Increased  and  negative  decreased  Irritability.  A,  Shows  the  point 
where  the  current  enters ;  B,  where  It  leaves  the  nerve.  Curve  y  1,  shows  the  Irritability  caused  in  dif- 
ferent parts  of  the  nerve  during  the  flow  of  a  weak  current ;  i/  3,  by  a  medium  current ;  )/  .3,  by  the  strongest 
current. 


impassable  for  an  ii-ritalioii  developed  in  it  higher  up;  and 
he  ])roved  that  this  was  true  for  mechanical  and  chem- 
ical as  well  as  for  electrical  stimuli.  Eckhard  (Beitru/je 
z.  Anat.  tt.  Physiol..  Hefti.,  S.  25,  1855)  also  observed, 
like  Valentin,  that  the  ascending  current  can  lessen  the 
excitability  between  the  positive  electrode  and  the 
muscle,  and  found,  in  addition,  that  the  descending  cur- 
rent can  increase  the  excitability  of  the  n(!rve  between 
the  negative  electiode  and  the  muscle.  This  was  ob- 
served to  be  true  when  chemical  stimuli  were  used.  He 
failed  to  find  the  increased  irritability  wliicli  occurs  near 
the  cathode  when  the  current  is  ascending. 

Although  the  woi'k  of  his  predecessors  had  revealed 
many  of  tlie  more  important  etiects  of  the  flow  of  a  con- 
stant galvanic  current  through  a  nerve,  we  are  indebted 
to  Pflliger  for  a  critical  review  of  the  field,  and  for  the 
disentangling  of  apparently  conflicting  results.  He  de- 
vised exact  methods  for  grading  the  strength  of  the 
polarizing  current,  for  securing  a  constant  strength  of 
stimulation,  and  for  recording  the  height  of  the  muscular 
conti'actions  which  he  used  as  the  test  of  the  strength  of 
the  excitation  developed  in  and  transmitted  liytlie  nerve. 
With  the  help  of  these  methods  he  was  enabled  to  distin- 
guish more  accurately  than  liad  been  done  the  effects  of 
the  polarizing  current  on  conductivity  and  on  excitability. 
He  sums  up  the  I'esults  of  his  studies  on  the  effect  of  the 
polai'izing  current  on  the  irritability  of  the  nerve  when 
it  is  excited  by  an  induced  current  as  follows  ("Unters. 
it.  d.  Phy.siol.  d.  Electrotonus,"  S.  47,  Berlin,  1859): 

I.  We  send  a  constant  descending  current  through  a 
stretch  of  nerve  near  to  the  gastrocnemius  muscle  and 
lay  the  electrodes  of  the  induction  circuit  near  the  posi- 
tive electrode  and  between  this  and  the  central  cut  end 
on  the  sciatic  nerve.  A  descending  induelion  current 
now  causes  a  weaker  contraction  when  the  nerve  is  polar- 
ized, a  stronger  when  it  finds  itself  in  the  normal  condi- 
tion. 

II.  The  constant  descending  current  flows  through  a 
stretch  of  the  nerve  near  tlie  cut  end,  and  the  irritating 
descending  induction  current  strikes  the  nerve  in  the 


vicinity  of  the  negative  electrode  and  between  this  and 
the  muscle.  Tue  contractions  now  appear  stronger  than 
when  the  constant  current  does  not  flow  through  the  nerve. 

III.  The  constant  ascending  current  flows  through  a 
stretch  of  the  nerve  near  the  gastrocnemius  muscle,  and 
an  ascending  induction  shock  strikes  the  nerve  in  the 
neigliborhood  of  the  negative  electrode  and  between  this 
and  the  central  cut  end.  While  the  constant  current 
flows,  tiie  contractions  are  larger  than  when  this  is  not 
tlie  case. 

IV.  The  constant  ascending  current  flows  through  a 
stretch  of  nerve  in  the  vicinity  of  the  cut  end,  and  an 
ascending  induction  shock  sti'ikes  the  nerve  near  the 
positive  electrode  and  between  this  and  the  muscle. 
While  the  constant  current  flows,  the  contractions  are 
weaker  than  when  this  is  not  the  case. 

of  tlie  current  surpassed  a  certain 
effects  on  the  conduction  power  of 
the  nerve,  like  those 
described  by  Valentin 
and  Eckhard,  were 
seen. 

Thus  PflUger  found 
that  the  excitability  of 
the  nerve  in  the  ex- 
tra polar  regions  was 
decieased  near  the  an- 
ode and  increased  near 
the  cathode,  both  when 
the  polarizing  current 
was  ascending  and  de- 
scending, and  in  the 
region  central  as  well 
as  peripheral  to  the 
part  sulajected  to  the 
current.  In  short,  the 
irritability  of  the  nerve 
duiing  the  flow  of  the 
ineli-ctrotonus  and  increased  in 


current  is  decreased  in 
catelectrotonus. 

Pflliger  also  observed,  by  the  use  of  chemical  stimuli, 
that  the  irritability  is  altered  in  the  intrapolar  regions. 
Since  the  irritability  is  here,  as  in  the  extrapolar  regions, 
decreased  at  the  side  of  the  anode  and  increased  at  the 
side  of  the  cathode,  there  is  an  indifferent  point  at  some 
place  between  them  where  these  effects  neutralize  each 
other. 

Pflliger  found  that  as  the  polarizing  current  is 
strengthened  the  anodic  depressing  influence  predomi- 
nates more  and  more  and  the  indifferent  point  shifts  tow- 
ard the  cathode.  He  gives  the  following  scheme  (Fig. 
1849),  to  illustrate  the  alteration  of  the  irritability  of  the 
nerve  in  electrotonus  hy  dilferent  strengths  of  battery 
current. 

Although  the  most  striking  effect  of  the  cathode  is  to  in- 
crease the  irritability  of  the  nerve,  a  number  of  observers* 
have  reported  that  a  strong  current,  if  allowed  to  flow  for 
a  con.sidcrable  time,  may  cause  a  subsequent  depression 
of  the  irritabilit}'.  Tliis  fall  of  irritability  in  the  region 
of  the  cathode  has  generally  been  attributed  to  a  spread 
of  the  condition  of  decreased  irritability  at  the  anode 
into  the  region  of  the  cathode.  The  indifferent  point  is 
said  to  shift,  as  the  current  is  strengthened,  toward  the 
cathode;  until  finally  the  cathodic  region  is  invaded  and 
the  irritability  is  depressed  beneath  the  cathode.  Results 
obtained  by  Werigo  (Pfliiger's  Arcliir.  xxxi.,  S.  417, 
1883;  ihid.:\\\\\\:.  S.  .547,''l901),  and  confirmed  by  the 
experiments  of  Biirker  (Pfliiger's  Archir,  Ixxxi.,  1890) 
throw  doubt  on  the  usually  accepted  explanation.  Ac- 
cording to  Werigo,  the  fall  of  irritability  at  the  cathode 

♦Hermann  (Pniiger's  Archiv,  vli.,  S.  a'ji,  \i~i;  ibid.,  x.,  S.  236, 
187')),  (iriienhagen  (Pfliiger's  ArcMv,  Iv.,  1871),  Tlgerstedt  ("MItth. 
a.  d.  pliyslol.  l.ab.  d.  Carolin.  Institut.  in  Stockholm,"  Bd.  1.,  1875), 
who  used  niechanlciil  excitations  for  the  intrapolar  region.  Zanetow- 
skl  ("Sltzbr.  d.  k.  Akad.  d.  Wiss.  in  Wlen,  Math.  Phys.  CI.,"  Ed.  cvi., 
Abthl.  3,  S.  18.5, 1897),  Lhotak  v.  Lhota  (Bull.  Internat.  d.  TAcad.  d. 
So.  d.  Boheme).  Hermann  and  Tschltschkln  (Pfliiger's  Archiv, 
Ixxvlll.,  S.  .53,  IWIft),  and  (iotoh  (Schaefer's  "Textbook  ol  Physiol- 
ogy," 11.,  p.  4il,5,  191X1). 
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IS  not  the  result  of  anodic  influence,  but  is  un  efTect  ijro- 
duced  by  the  cathode.  The  first  clTect  of  tlie  closure  of 
the  current  is  to  heighten  the  ii'ritiibility  at  the  cathode 
and  this  condition  of  heightened  irritability  extends  from 
there  with  lessening  intensity  in  both  directions  along 
the  nerve;  this  condition  of  increased  irritability  soon 
gives  place,  however,  to  a  decrease  of  irritability  imme- 
diately beneath  the  cathode,  the  irritability  in  the  intra- 
polar  and  extrapolar  regions  to  eitlicr  side  of  it  remain- 
ing high.  If  the  current  is  long-continued,  the  cathodic 
decrease  of  irritability  spreads  aUmg  th(^  nerve  to  either 
side  of  the  pole. 

The  changes  in  irritability  which  take  place  when  a 
battery  current  is  put  into  a  nerve  begin  immediately 
We  shall  consider  this  question  later,  in  connection  with 
electrotonic  currents. 

After-Effect  of  the  C,iii-eiit.—\n  the  eariv  days  of  gal- 
vanism it  was  observed  that  when  the  eiurent  is  wUh- 
drawn  from  a  nerve  it  leaves  it  in  an  altered  state.  The 
first  observations  related  to  tlie  e.xcitaticai  phenomena 
accompanying  the  opening  of  the  current.  The  openini; 
contraction  was  seen  fiist  by  Valli  and  Fowler  (Rein" 
hold's  "Geschichte  des  Galvanismus,"  u.s.w.,  S.  3,'), 
1793),  the  opening  flash  by  Rutherford,  and  the  opening- 
sensation  by  Robinson  (Al.  Monro's  and  Rirhaid  Fowler's 
"Abhandlung,"  S.  57,  1793).  Both  Volta  (■■  Collezione 
dell'Opere,"  T.  ii.,p.  11;  letter  to  Banks  "  IMemcria sully 
Idendila,"  p.  319)  and  Pfaff  ("  Ueber  thierisehe  Electi'iciliit 
u.  Reizbarkeit,"  S.  76)  failed  to  recognize  the  true  sig- 
nificance of  the  opening  contraction,  ref  I'liing  it  to  changes 
occurring  in  the  battery  circuit  at  the  instant  it  was 
broken.  Ritter  ("Beitriige  z.  naheren  Kemitniss  d.  Gal- 
vanismus," Stuck,  i.,  S.  78,  1803)  attributed  it  to  an  effect 
left  in  the  organism,  saying  that  the  instant  the  battery 
circuit  was  broken  its  influence  must  cease.  This  view 
was  supported  by  Ermann  (Gilbert's  jhvnalen  d.  Pliysik, 
xxiii..  S.  30,  1806)  and  Dumas  ("Traite  experimental," 
T.  iv..  S.  968,  p.  284,  1886)  and  lias  been  generally  ac- 
cepted. Ritter's  view  is  favored  by  the  fact  that  the 
opening  tetanus  Observed  by  him  with  the  ascending  cur- 
rent is  the  greater  the  longer  the  current  lasts  (Ritter, 
"  Beweis  dass  ein  bestiindiger  Galvanismus  den  Lebens- 
(irocess  in  deni  Thierreich  begleite,"  S.  119-131,  1798). 
Pflliger  ("Electrotonus."  S.  73,  1859)  in  treating  of  this 
subject  accepts  Ritter's  idea  that  tlie  o])ening  tetanus  is 
due  to  an  equalization  of  the  alterations  jirodueed  by  the 
current  in  the  nerve,  the  molecules  being  carried  back  to 
normal  position  by  internal  forces.  He  points  out,  how- 
ever, that  the  visible  excitatory  phenomena  are  only  the 
outward  expression  of  changes  produced  in  the  nerve  by 
the  current,  and  that  the  current  leaves  behind  it  altera- 
tions which  manifest  them.selves  in  a  change  of  the  irri- 
tability. In  general  at  all  points  where  the  iri-itability 
is  raised  during  the  Aoav  it  is  lessened  just  after  its  re- 
moval and  vice  versa.  Pfliiger  ("  Electrotcmus."  S.  274) 
states  that  the  fall  at  the  cathode  is  of  short  duration, 
however,  and  is  followed  by  a  second  rise,  while  the  rise 
at  the  anode  lasts  for  a  cons'iderable  period.  The  decline 
of  excitability  at  the  cathode  when  the  current  has  been 
strong  is  of  so  short  duration  that,  according  to  Obernier 
(Archie  f.  Anat.  v.  Phyxiol,  S.  269,  1861),  it  may  be  difli- 
cult  to  detect  it.  AVerigo  (Pflugei-'s  Archii\  Ixxxiv., 
8.  547,  1901)  states  that  the  after-effect  of  the  current 
depends  more  upon  the  duration  of  flow  than  upon  the 
strength  of  the  current.  If  the  flow  is  of  short  duration 
the  recovery  is  very  rapid;  if  it  is  prolonged,  a  condition 
of  decreased  irritability  may  last  for  a  long  time.  A  re- 
versal of  the  current,  making  the  former  anodic  region 
cathodic,  hastens  the  return  of  the  irritability  to  the 
normal. 

Effect  of  the  Con.itant  Current  on  the  Condtwtimty  of  the 
iV«r»g,—Pfluger(" Electrotonus,"  S.  48)  found,  like  Val- 
entin and  Eclihard,  that  if  the  current  surpa.sses  a  certain 
strength,  it  has  an  inhibiting  effect  on  the  conduction 
powex  of  the  nerve.  To  demonstrate  it,  it  is  only  neces- 
sary to  excite  the  nerve  by  a  feeble  stimulus  applied  to 
the  central  end  of  the  nerve  of  a  nerve-muscle  prepara- 
tion, and  then  let  a  battery  current  flow  in  either  direc- 
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tion  through  the  part  of  the  nerve  between  the  excited 
point  and  the  muscle.  The  flow  of  the  current  lessens 
the  conductivity  of  the  nerve  in  the  region  of  the  anode 
and  the  muscle  fails  to  be  excited.  This  block  at  the 
anode  is  thoughtto.be  associated  witli  the  lessened  ex 
citability  of  this  region  by  those  who  regard  the  condue 
tion  process  to  be  due  to  the  successive  stimulations  of 
succeeding  points  of  the  nerve.  After  the  removal  of 
the  current  there  is,  for  a  short  time,  a  block  in  the  region 
of  the  cathode  corresponding  to  the  decreased  irritability 
ill  this  region.  Like  the  decrea.se  in  iriitability,  the  de- 
crease in  conductivity  is  greater  the  stronger  tlie  battery 
current  and  the  longer  the  closure.  The  lessening  of 
conductivity  during  the  clo.sure  and  just  after  the  open- 
ing of  the  battery  current  explains  the  third  stage  of 
Pfliiger's  law  of  contraction.  If  the  current  is  strong 
and  the  anode  be  nearest  the  muscle,  the  excitation  de- 
veloped at  the  cathode  on  the  closure  of  the  current  fails 
to  be  transmitted ;  and  if  the  cathode  is  next  to  the  muscle, 
the  excitation  developed  at  the  anode  at  the  opening  is 
prevented  from  reaching  the  muscle.  This  experiment 
shows  that  the  change  in  conductivity,  like  the  alteration 
of  irritability,  begins  immediately. 

Not  onl)'  is  the  power  to  conduct  lessened  during  the 
flow  of  the  current,  but  von  Bezold  ("Electr.  Erreg. 
d.  Nerven  u.  Muskein,"  Leipzig,  1861)  has  shown  that 
the  conduction  rate  is  slowed.  Tliis  result  has  been  cor- 
roliorated  by  the  work  of  Rutherford  (Jovr.  ofAnrit.  and 
Phyitiol.,  ii.,  p.  87,  1867)  and  Gotch  (Schaefer's  "Text- 
book of  Physiol.,"  u.,  p.  503,  1900),  who  also  found  that 
Avitli  weak  currents  of  short  duration  the  conductivity  is 
quickened  at  the  cathode.  We  sliould  expect  to  And  the 
conductivity  at  the  cathode  to  be  lessened  during  the  flow 
of  the  current,  if  it  is  strong  and  long-continued  (Werigo, 
Pfliiger's  Archiv,  Ixxxiv.  8.  547,  1901). 

Electrotonus  in  Human  Nereen  and  Muscles. — Electro- 
tonic  phenomena  in  man  are  of  great  interest  not  only 
because  of  their  theoretical  import,  but  because  of  their 
bearing  upon  diagnosis  and  therapeutics.  Unfortunately 
the  conditions  under  which  the  nerves  and  muscles  exist 
in  the  normal  man  are  such  as  to  make  exact  experi- 
mentation impossible.  In  spite  of  the  difficulties  which 
exist,  it  has  been  ascertained  that  the  voltaic  current  has 
the  same  effect  upon  the  nerves  and  muscles  of  men  as 
ui)on  those  of  the  frog  and  the  higher  animals. 

In  studying  the  effect  of  the  flattery  current  on  tlie 
nerves  of  man  one  has  to  resort  to  the  unipolar  method, 
recommended  bv  Chauveau  (Compt.  rend.,  Ixxxi.,  )>.  779, 
834,  1875;  Ixxxii.,  p.  73,  1876).  By  this  method,  a  large 
electrode  is  placed  over  some  indiff'erent  part  of  the 
bod)',  and  a  small  electrode  is  put  directly  over  the  part 
to  be  subjected  to  the  current.  The  position  of  this 
electrode  does  not  accurately  mark  the  point  at  which 
the  current  will  enter  and  leave  the  nerve  because  tlie 
current  spreads  as  it  enters  tlie  moist  tissues  beneath  the 
electrode. 

Hermann  ("Handbueh  d.  Physiol,"  Bd.  ii.,  Abth.  1,  8. 
63,  1879)  states  that  one  can  never  be  sure  of  the  direction 
which  the  threads  of  the  current  will  take  in  the  nerve. 
If  the  exciting  electrode  is  the  anode,  it  will  frequently 
happen  that  there  is  a  cateleetrotonic  region  above  and 
below  the  point  of  ai)i)lieation  of  the  electrode.  More- 
over, because  of  its  spread  through  the  fluids  about  the 
nerve,  the  current  does  not  enter  and  leave  the  nerve  at 
two  definite  places,  but  there  are  formed,  beneath  the 
physical  anode,  the  leading-in  electrode,  and  beneath  the 
physical  cathode,  the  leading-out  electrode,  many  physio- 
logical anodes  and  cathodes.  It  is  at  these  physiological 
anodes  and  cathodes,  the  places  where  the  current  enters 
and  leaves  the  nerve,  that  its  anelectrotonic  and  catelee- 
trotonic effects  are  produced.  The  position  and  number 
of  these  physiological  poles  will  of  course  be  different  in 
each  experiment. 

It  is  not  strange  that  working  under  such  variable 
conditions  different  observers  have  arrived  at  contradic- 
torv  results.  „       .   ,  , 

Fick  ("Medicin.  Physik,"  S.  377,  1866)  tried  by  ap- 
plying the  current  to  the  ulnar  nerve  at  the  elbow  to  get 
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inhibition  of  voluntary  muscular  contractions,  hut  failed 
to  do  so  even  with  very  strong  currents.  Eulcnberg 
(Deutsch.  Arcliiof.  klin.  Med.,  iii.,  1867)  obtained,  on  the 
nerves  of  men,  changes  in  irritability  closely  resembling 
those  obtained  by  Pfitiger  on  the  nerves  of  frogs.  Erb 
(Deidsch.  Arehin  f.  klin  Med.,  iii.,  1867)  at  first  found  a 
decrease  of  irritability  near  the  cathode  and  an  increase 
near  the  anode.  Later,  however,  his  attention  having 
been  called  by  Helmholtz  to  the  way  in  which  the  cur- 
rent spreads,  he  repeated  his  experiments  and  decidcil 
that  the  nerves  of  men  beliave  like  those  of  animals 
(Ziemssen's  "Patholog.  u  Therapie,"  iii.,  S.  00,  1882). 
Samt,  Brtiecker,  Runge,  and  Ziemssen  also  studied  this 
question  but  failed  to  obtain  uniform  results. 

De  Watteville  (Thfese  inaug.,  1883)  reached  the  con- 
clusion that  human  nerves  react  like  those  of  frogs  to  the 
battery  current;  and  Waller  and  de  Watteville  (Philos. 
Trans.  Royal  Soc,  London,  1883)  obtained  definite  proof 
that  the  irritability  of  the  human  nerve  is  decreased  in 
anelectrotonns  and  increased  in  catelectrotonus.  Waller 
("Lect.  on  Physiol.,"  flr.st  series,  on  Animal  Electricity, 
p.  81,  London,  1897)  describes  the  following  e.xperiment : 
A  large  flat  electrode  is  placed  on  the  back  of  the  neck 
and  the  knob  of  a  small  electrode  over  the  ulnar  nerve  at 
the  back  of  the  elbow.  The  electrode  is  pressed  carefully 
upon  the  nerve,  and  then  tapped  at  regular  intervals  with 
a  light  mallet,  just  hard  enough  to  give  distinct  twitches 
of  the  fingers.  If  while  these  light  blows  are  being  given 
the  current  is  sent  into  the  nerve,  the  electrode  being 
made  a  cathode,  the  effect  of  the  taps  is  seen  to  be  more 
pronounced;  if  the  current  is  then  rever.sed,  and  the  elec- 
trode is  made  an  anode,  the  laps  are  seen  to  be  without 
effect. 

E.Kitation  Effects  of  the  Voltaic  Current.— Not  only  does 
the  voltaic  current  produce  alterations  within  the  nerve 
which  greatly  modify  its  irritability  and  conductivity 
during  the  flow  and  after  the  withdrawal  of  the  current, 
but  it  causes  excitation  effects  at  the  instant  that  the  cur- 
rent begins  and  at  the  instant  that  it  ceases  to  flow 
through  the  nerve.  These  excitation  effects  are  inti- 
mately related  to  the  electrotonic  changes  produced  by 
the  current,  and,  to  be  understood,  must  be  considered 
in  this  connection. 

The  amount  of  excitation  depends  on  two  sets  of  con- 
ditions: those  conditions  of  nutrition,  etc.,  which  deter- 
mine the  excitability,  the  molecidar  stability,  of  the 
nerve  as  a  whole ;  and  those  conditions  which  determine 
the  extent  and  character  of  the  electrotonic  changes 
which  occur  at  the  two  poles.  This  latter  set  of  condi- 
tions are,  viz.,  the  strength  and  density — i.e.,  the  inten- 
sity of  the  current;  the  rate  of  change  of  intensity;  the 
duration  of  the  current;  and  the  length  of  nerve  sub- 
jected to  its  influence. 

It  has  been  frequently  pointed  out  that  a  rise  of  irrita- 
bility is  closely  associated  with  increased  molecular  in- 
stability. If  the  changi3  be  sufficiently  sudden  there  may 
be  molecular  disintegrations  which  restdt  in  the  liberation 
of  energy  and  the  development  of  an  excitation  process. 
At  the  instant  the  current  is  sent  into  a  nerve,  there  is 
a  sudden  rise  of  irritability  at  the  cathode,  from  the 
normal  to  something  above  the  normal,  and  a  fall  at  the 
anode,  from  the  normal  to  something  below  the  normal. 
When  the  current  is  opened  the  rever.se  is  true;  a  sudden 
rise  of  irritability  at  the  anode,  fmm  lielow  the  normal  to 
a  level  above  the  normal,  and  a  fall  of  irritability  at  the 
cathode,  from  a  point  above  the  normal  to  a  level  below 
the  normal.  Tlie  sudden  rise  of  irritability  and  sudden 
increase  of  molectdar  instability  occurring  at  the  cathode 
when  the  current  is  closed,  and  at  the  anode  when  it  is 
opened,  cause  an  excitation  prf)cess  to  d('velop  at  the 
cathode  on  the  closing  and  at  thi'  anode  on  the  oi>ening 
of  the  current. 

Pfluger*  .stated  his  "  law  of  polar  excitation  "  as  follows 
("  Untersuchungen,"  B.  4')()):  "A  given  stretch  of  a  nei'vi' 

*The  statement  is  not  infrequently  made  that  Chauveaii  CTour.  de 
Pliysiol.,  il.,  pp.  490-511 ;  Uiid.,  pp.  S.'iH-.'iTH,  18511)  discovered  the  "  I,aw 
of  Polar  Excitiittcm."  Thoae  who  ari>  Inlerested  In  this  subject  ar(^  re- 
ferred to  the  article  by  PflilKer,  PlliiKer's  Archlv,  xxxi.,  s.  llil,  IHKi. 


is  irritated  by  the  development  of  catelectrotonus  and  the 
disappearance  of  anelectrotonus,  but  not  through  the  dis- 
appearance of  catelectrotonus  or  the  development  ot  an- 
electrotonus." .      , 

The  cathode  closing  effect  is  the  stronger  and  is  the 
only  one  seen  when  the  current  is  weak ;  as  the  current 
is  strengthened  the  anode  opening  excitation  also  de- 
velops, .so  that  by  medium  currents  both  closing  and 
opening  effects  are  seen.  By  strong  currents,  these  ex- 
citation effects  are  rendered  still  stronger;  but  a  new 
condition  begins  to  show  itself,  viz.,  the  effect  of  the  cur- 
rent on  the  conductivity.  The  conductivity  of  the  nerve 
suddenly  lessens  at  the  region  of  the  anode  at  the  instant 
the  current  is  closed,  and  at  the  cathode  at  the  instant 
the  current  is  broken,  and  if  the  current  be  strong  the 
decrease  of  condtictivity  acts  as  a  block  for  excitation 
processes  developed  higher  up. 

The  results  of  the  excitation  of  the  nerve  of  the  frog, 
by  making  and  breaking  battery  currents  of  different 
strengths  and  different  directions,  have  been  formulated 
by  PflUger  ("Electrotoniis,"  S.  454)  as  follows: 

pri.LTGKR's  Law  ok  Co.ntraction. 
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The  same  law  is  found  to  hold  good  for  afferent  nerves, 
the  reflex  response  being  taken  as  the  index,  only  in  this 
case  the  organ  to  be  excited  being  at  the  central  end  of 
the  nerve,  the  effects  of  descending  and  ascending  cur- 
rents are  reversed. 

That  the  closing  excitation  is  developed  at  the  cathode 
and  the  opening  at  the  anode  may  be  proved  by  sub- 
jecting special  regions  of  the  nerve  to  agents  which  will 
alter  the  irritability.  Gotch  and  Macdonald  {.loiirn.  of 
PhvsioL,  XX.,  p.  357,  1896)  found  that  if  the  irritability 
of  the  nerve  be  raised  at  one  pole  by  the  cooling  of  that 
part  of  the  nerve,  and  lowered  at  the  other  by  warming 
the  part,  one  obtains  with  suitable  strengths  of  current 
an  excitation  only  from  the  pole  that  is  on  the  cooled 
region,  a  closing  if  this  is  the  cathode,  an  opening  if 
this  istheanode.  Similarresultsare  got  if  the  irritability 
of  the  nerve  is  locally  raised  by  the  application  of  NaCl 
and  locally  lowered  liy  the  application  of  ammonia. 

Effect  (if  Rate  of  Change. — DuBois-Re\'mond  formu- 
lated his  ''law  of  excitation  "  as  follows:  "It  is  not  the 
absolute  value  of  the  current  at  each  instant  to  which  the 
motor  nerve  replies  by  a  conti'action  of  its  muscle,  but 
the  alteration  of  this  value  from  one  moment  to  another; 
and,  indeed,  the  excitati(m  to  movement  which  results 
from  this  change  is  the  greater  the  more  rapidly  it  occurs 
by  e((ual  amounts,  or  the  gixater  it  is  in  a  given  time." 
Although  this  rule  is  not  williout  exceptions,  the  gen- 
eral statement  holds  good  that  excitation  effects  fail  in 
case  cateleetrotouic  changes  develo]!  and  anelectrotonic 
changes  ]iass  off  gradiiall\';  the  suddenness  with  which 
the  e(juilibrium  of  the  nervous  molecules  is  altei'ed  ap- 
pears to  play  iin  imiiortant  part  in  producing  what  we 
call  the  nerve  impidse.  Fortius  reason  the  rate  at  which 
the  change  of  intensity  of  the  existing  current  occurs 
has  a  marked  intluence  on  the  I'esidt,  and  within  certain 
limits  (varying  with  the  special  type  oi  nerve)  the  more 
rapid  the  changes  the  greater  the  exciting  effect. 

Eff'eet  of  I)ii ration  <;/'  Current. — The  cateleetrotouic  and 
anelectrotonic  states  do  not  develop  with  equal  rapidity, 
the  formei-  develojiing  very  rapidly  and  the  latter  some- 
what more  slowly,  Poi-  this  reason,  weak  currents  of 
slunt  duration  excite  only  on  the  closui'e,  at  the  cathode. 
This  is  true  of  brief  voltaic  currents,  breaking  induction 
eiii'reiits  and  condenser  discharges.  Anodic  excitations 
with  induced  curi'ents  are  to  be  obtained  only  when  very 
intense  cuiTents  are  used. 
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Ejfatos  Lenfjth  of  Nerrc.-'Vh&t  excitation  fails  when 
the  electrodes  are  applied  to  the  opposite  sides  ot  he 
nerve  is  due  not  to  the  resistanc-e,  altliough  tWs  is  in 
creased,  but  to  the  fact  that  the  antagonistic  w  elect  ■ 
tome  and  catelectrotonie  effects  neutralize  eaZ  otl  e  " 
On  the  other  hand,  we  tind  that  the  efreet  of  irritation  s 
the  greater  the  longer  the  stretch  of  nerve  between  Ue 
electrodes  because  the  further  they  are  apart  the  me 
complete  the  anelectrotonic  and  catelectrotonie  cliaiXs 

th//u-  ,  T'""*  '""^  ^^"''""  ^'■<"""-— Ritter  observed 
that  It  a  strong  ascending  current  flows  through  a  nerve 
for  a  considerable  tnue.  on  the  opening  of  the  circuit  the 
muscle  enters  into  vigorous  continued  contraction  which 
only  gradualy  passes  off.  This  plienonienon  has  rc-eeive,  1 
the  name  ot  Ritter  s  opening  tetanus.  The  excitation 
develops  at  the  anode,  as  is  shown  by  the  fact  that  it 
persists  after  the  nerve  is  cut  above  the  anode  in  the  in 
trapolar  region.  The  cause  of  the  excitation  is  to  be 
found  m  the  anelectrotonic  chemical  changes  which  have 
been  produced  during  the  flow  of  the  current,  and  which 
because  widespread,  reciuire  considerable  time  for  their 
disappearance.  The  tetanus  ceases  at  once  if  the  current 
IS  again  closed,  and  the  decrease  of  irritability  which  ex- 
ists at  the  anode  when  the  curi'ent  is  closed  is  aoain 
established.  On  the  other  hand,  the  tetanus  becomes 
still  stronger  if  the  current  be  closed  in  the  reverse  direc- 
tion, and  the  irritability  in  the  region  of  the  former  anode 
IS  now  still  further  increased  by  putting  tliat  region  into 
a  condition  of  cateleetrotonus. 

If  the  in-itability  of  a  nerve  be  increased  by  some 
agent,  a  salt  or  a  mechanical  influence,  for  example  but 
not  enough  for  the  state  of  heightened  irritability  to'pass 
over  into  a  condition  of  excitation,  tlie  closure  of  the 
current,  by  still  further  increasing  the  irritability  at  the 
cathode,  will  cause  a  closing  tetanus. 

These  effects  can  be  summed  up  as  follows:  If  the  irri- 
tability of  a  nerve  be  heightened  by  any  influence  of  a 
kind  to  produce  a  condition  of  latent  excitation,  this  state 
manifests  itself  by  a  continuous  excitation  starting  at  the 
cathode  on  the  closure,  and  at  the  anode  on  the  opening 
of  the  current.  There  are  some  nerves,  especially  the 
non-medullated  of  crayti,sh,  which  under  normal  condi- 
tions show  prolonged  closure  effects  in  a  very  striking 
manner,  and  Biedermann  ("Elektrophysiologie,"  S.  596, 
1895)  argues  that  the  medullated  nerves  of  voluntary 
muscles,  although  normally  excited  only  by  the  make  and 
break  of  the  current,  may  under  altered  conditions  re- 
spond as  well  to  the  polar  changes  resulting  from  a  pro- 
longed flow  of  the  current. 

The  Law  of  Oontrnetion  for  Hunuui  Nerves  — The  law 
of  contraction  which  applies  to  human  nerves  under 
normal  conditions  differs  considerably  from  the  law  of 
contraction  established  hy  Pfliiger  for  the  isolated  nerves 
of  frogs.  The  differences  are,  however,  more  apparent 
than  real,  and  are  readily  reconciled  if  one  takes  into  ac- 
count the  conditions  under  which  tlie  work  is  done.  The 
so-called  unipolar  method  is  u.sed  for  the  excitatiou  of 
human  nerves  (see  page  769).  By  this  method  lioth  open- 
ing and  clo.sing  effects  are  to  be  obtained  beneath  the 
positive  and  beneath  the  negative  electrode,  because 
under  each  of  these  there  are  physiological  anodes  and 
cathodes  where  the  current  enters  and  leaves  the  nerve. 
This  condition  is  illustrated  in  the  following  flgure. 

The  current  enters  the  nerve  beneath  the  anode,  and 
leaves  it  beneath  the  cathode  as  a  comparatively  dense 
stream ;  but  where  it  leaves  the  nerve  beneath  the  anode 
and  enters  it  beneath  the  cathode,  the  stream  is  dift'used. 
These  differences  in  density  play  an  important  part  in 
determining  the  reactions. 

The  current  spreads  widely  as  it  passes  from  or  to  the 
electrodes  through  the  nerve,  so  that  to  eitlier  side  of  the 
anode  and  cathode  the  current  is  flowing  in  both  direc- 
tions along  the  nerve:  for  this  reason  we  cannot  find  the 
effects  of  direction  of  current  such  as  show  themselves 
on  the  isolated  nerve. 

Closing  excitations  developing  at  tlie  physiological 
cathodes,  when  the  nerve  passes  from  the  normal  state 
to  one  of  cateleetrotonus,  always  tend  to  be  stronger  than 


Electrotoniiii. 
Electrotonus. 


opening  excitations,  developing  at  the  physiological 
anodes,  when  the  nerve  passes  out  of  the  state  of  anelec- 
trotonus.  Of  the  two  closing  and  two  opening  excita- 
tions, that  which  occurs  where  the  density  of  the  current 
IS  greater  is  the  .stronger. 

If  the  effect  of  clo.sing  and  opening  excitations  he  tested 
at  the  positive  and  negative  electrodes  with  gradually 
increasing  strengths  of  current,  under  normal  condition's 
the  following  order  will  be  observed, 

1.   Cathode  closing  contraction 


FKi.  lS.oO.— Unipolar  Excitation  of  Human  Nerve.  A,  Tbe  positive 
electrode,  the  physical  anode  ;  K,  the  negative  electrode,  the  physi- 
cal cathode;  a,  a,  a,  physiological  anodes;  }t,k,  H,  phvsinlogical 
cathodes. 

traction  wliicli  results  finm  the  development  of  eatelec- 
trotonusat  tlie  physiological  cathode  beneath  the  physical 
cathode. 

3.  Anode  closing  eonlraction  (ACC),  i.e..  tne  contrac- 
tion which  results  from  the  development  of  cateleetro- 
tonus at  the  iiliysiologieal  cathode  beneath  the  ]ihysical 
anode. 

y.  Anode  opening  contraction  (AOC),  i.e.,  the  contrac- 
ti<)n  which  results  from  the  cessation  of  anelectrotonus  at 
the  physiological  anode  beneath  the  physical  anode. 

4.  Cathode  o|iening  contraction  (KOC),  i.e.,  the  con- 
traction which  results  fniin  the  cessatiini  of  anelectrotonus 
at  the  physiological  anode  beneath  the  physical  cathode. 

It  is  convenient  to  describe  the  results  in  three  stages, 
corresponding  to  weak,  medium,  and  strong  currents. 

First  stage,  only  KCC  is  seen. 

Second  stage  shows  KCC  (.stronger),  ACC-  and  per- 
liaps  AOC,  the  latter  being  feeble,  or  more  rarely  AOC 
being  stronger  than  ACC',  these  variations  depending  on 
differences  in  tlic  den.sity  of  the  current  due  to  relation 
of  nerve  to  surrounding  tissues. 

Third  stage  gives  all  four  contractions,  the  KCC  being 
vigorous  and  prolonged,  tending  to  take  on  the  character 
of  a  continuous  contraction  (the  closing  tetanus),  and  the 
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KOC  beina;  very  feeble.  Bj'  this  third  stage  the  coming 
of  tlie  AOC  may  be  delayed.  Waller  (Archives  de  Physiol, 
normal  et  Patfwl.,  p.  383,  1883)  finds  this  delay  may  be 
as  much  as  0.3  second,  and  attri))utes  it  to  the  loss  of 
conductivity  which  occurs  in  the  region  of  the  phy.sio- 
logical  cathode  for  a  short  time  after  the  opening  of  the 
current. 

Effect  of  the  VoUiiir  Current  on.  the  IrritnhiUiy  and  Con- 
d'Mtimly  of  Muscle.— li  a  constant  battery  current  is  al- 
lowed to  flow  through  a  muscle,  it  acts  upon  it  as  it  docs 
upon  the  nerve,  and  piits  it  into  the  peculiar  condition 
called  by  DuBois-Rcymond  "electrotonus,"  in  which  its 
irritability  and  conductivity  are  markedly  altered. 

If  a  battery  cun-ent  is  sent  for  a  short  time  thro\igli  a 
curarized  sartorius  muscle,  from  end  to  end,  and  tlje 
muscle  is  then  irritated  liy  an  induction  current  having 
tlie  same  direction,  applied  to  it  through  tlic  same  elec- 
trodes, it  will  be  found  that  the  irritability  is  increased 
by  the  flow  of  the  current.  Von  Bezold  C'Untersuchun- 
gen  ilber  die  clectrische  Erregung  der  Nervcn  und  Mus 
keln,"  S.  311,  Leipzig,  1861),  who  was  the  first  to  observe 
this,  sujiposed  that  the  irritability  of  the  whole  muscle 
was  increased.  Biedermann  ("Electro-Physiology," 
translation  by  Frances  Welliy,  i.,  p.  301,  London,  18ilM) 
has  shown  that  this  is  not  the  case.  The  flow  of  the  cut 
I'ent  first  increases  the  irritability  at  the  cathode  if  the 
current  is  weak,  but  decreases  it  if  the  cun-ent  is  strong 
and  long-continued.  The  changes  in  iiritiibility  are  not 
to  be  found  in  the  intrapolar  or  e.xtrapolar  regions. 

Biedermann  (loe.  cj<. ,  p.  386)  gives  the  following  ex- 
planation of  the  loss  of  irritability  seen  at  the  cathode 
when  the  muscle  is  subjected  to  a  strong  current  for  a  con- 
siderable time :  An  electric  current  dvuing  its  flow  raises 
the  irritability  of  the  muscle  at  tlie  cathode,  and  produces 
latent  e.xcitatiou  effects,  which,  though  insufficient  to 
cause  the  discharge  of  an  excitation  Avave,  result  in  fatigue 
and  decreased  irritability  at  the  j)oints  where  the  cunent 
leaves  the  muscle  fibres.  The  after-effect  of  the  current 
is  decreased  irritability  at  the  cathode  and  increased  at 
the  anode,  these  elianges,  too,  being  localized  at  the 
poles.  On  account  of  the  loss  of  irritability  produced  at 
the  cathode,  a  current  sufficiently  strong  to  produce  a 
marked  closing  excitation,  if  withdrawn  after  flowing  a 
short  time  and  theri  sent  in  again,  fails  to  give  a  closing 
excitation.  If  the  current  be  then  put  through  the  mus- 
cle in  the  reverse  direction,  ,so  that  the  former  anode  is 
made  a  cathode,  a  good  closing  contraction  is  obtained. 
This  phenomenon  is  analogous  to  Avhat  is  known  as  the 
'■  voltaic  alternative  "  in  the  ease  of  nerves. 

Tlie  conductivity  is  alteied  in  the  same  way  as  in 
neives.  Contrary  to  the  view  of  von  Bezold,  it  is  not 
changed  in  the  intrapolai-  region.  Engelraann  (PflUger's 
Arrliit,  iii.,  1870),  studying  the  \u'etcr  of  the  rabbit,  found 
that  the  conductivity  is  lessened  at  the  anode  liy  medium 
currents  and  is  lost  there  by  strong  currents.  Further, 
liy  strong,  continued  cun-ents,  the  conductivity  decreases 
at  the  cathode.  Biedermann  (loc.  eit..  396)  associated  this 
with  the  lessened  irritabilitv  and  regards  it  as  an  eft'ect  of 
the  fatigue  cau.sed  by  the  latent  excitation.  He  did  not 
find  it  less  at  the  anode  in  tlie  case  of  striated  muscles, 
but  as  it  is  lessened  at  the  anode  in  the  case  of  the  nerves 
and  non  striated  muscle,  he  thinks  tliere  must  have  been 
some  experimental  error. 

Polar  Excitation  of  Muscle  hii  the  Batter)/  (Jn rreol.—\n 
the  case  of  muscles  as  of  nerves,  the  excitation  process 
develops  at  the  cathode  on  the  closing  and  at  the  anode 
on  the  opening  of  the  current. 

BothVulpian  ((la-..nied.  d.  /'a.ris,  |i.  G18,  18,57;  Compt 
rend.  (3),  iv.,  18.57;  Joitrn.  de  Phipiol.,  i.,  ii.  .560,  1858)  and 
Nihil!  (Moleseh.  "Unters.,"  v.,  S.  187,  1858;  "Beitriige  z 
Physiol.,"  u.,  S.  13)  observed  that  when  a  muscle  is  dyin<.' 
and  can  no  longer  transmit  tlie  excitation  wave,  it  may 
show  a  localized  contraction,  an  "idiomuseular  welt  "  at 
the  point  of  application  of  the  cathode.  They  failed  to 
recognize  the  significance  of  the  phenomenon,  and  we  are 
indebted  to  von  Bezold  for  the  proof  that  the  "law  of 
contraction  "  found  by  Pfluger  and  Chauveau  for  nerves 
holds  good  for  muscles,     lie  connected  a  myograph  lever 

772 


with  the  tibia!  end  of  a  curarized  sartorius  muscle,  and 
then  recorded  the  latent  period  of  the  muscle  when  the 
upper  part  was  held  firmly  by  two  electrodes  placed  at 
unequal  distances  from  the"  tibial  end.  The  latent  period 
was  longer  by  closing  excitations  when  the  cathode  was 
farther  away  from,  and  shorter  when  it  was  nearer  to, 
the  recording  part  of  the  muscle. 

Engelmann  (Pfluger's  Archie,  iii.,  S.  247,  1870)  re- 
ported that  the  ureter  of  the  rabbit  exhibits  in  an  admir- 
able manner  the  polar  effects  of  the  current,  a  peristaltic 
contraction  wave  starting  from  the  cathode  on  the  closing 
and  from  the  anode  on  tiie  opening  of  tlie  current,  Her- 
mann ("Ilandbuch  der  Physiol., "'^  Bd.  ii.,  Abth.  1,  S.  93, 
1870)  states  that  if  loops  of  wet  thread  be  used  as  elec- 
trodes and  placed  on  the  curarized  muscle,  a  welt-like 
contraction  develops  at  the  cathode  on  the  closing,  and 
at  the  anode  on  the  opening,  and  draws  the  whole  muscle 
toward  the  electrode  in  question.  Engelmann  (Pflliger's 
Archie,  ,xxvi.,  S.  97)  and  Biedermann  ("Sitzuugsbr.  d.  k. 
Akad.  d.  Wiss.  z.  Wien,"  Bd.  Ixxx.,  Abth.  3,  S.  367)  as- 
certained that  if  a  part  of  a  muscle  be  injured  by  being 
dipped  intoa  hot  salt  solution,  and  electrodes  beapplied, 
the  one  to  the  injured  the  other  to  the  normal  part,  the 
closing  contraction  is  very  feeble  if  the  cathode  beapplied 
to  the  injured  ]iart,  but  vigorous  if  it  be  applied  to  the 
normal  part.  These  and  man_v  other  similar  observations 
have  fully  established  von  Bezold 's  conclusions. 

Not  onljf  does  the  muscle  contract  when  the  current  is 
made  or  broken,  but  during  the  flow  of  tlie  current  a 
continuous  slight  contraction  may  be  observed  at  the 
cathode.  If  a  current  be  led  through  a  muscle  from  end 
to  end,  one  can  see  with  a  lens  a  swelling  of  the  muscle 
at  the  point  where  the  current  leaves  it.  The  difl'erence 
between  the  two  kinds  of  contraction  is  well  brought  out 
in  the  following  experiment  of  Engelmann  (Pflliger's 
Archie,  iii.,  S.  316):  He  clamped  a  curarized  sartorius 
muscle  in  the  middle,  applying  the  clamp  firmly  enough 
to  prevent  the  muscle  from  moving  but  not  enough  to 
interfere  with  its  conductivity;  he  then  placed  the'elec- 
trodes  near  the  two  ends,  and  connected  the  tibial  end 
with  a  recording  lever  "When  the  anode  was  on  the 
writing  end,  a  single  twitch  was  seen  on  the  closure  of 
the  current;  when  the  cathode  was  on  that  end,  the 
twitch  caused  liy  the  closing  of  the  current  was  followed 
by  a  prolonged  contraction.  The  tendency  of  the  mus- 
cle to  give  a  prolonged  localized  contractionat  the  cathode 
during  the  flow  of  the  current  is  increased  by  cold  or  any 
influence  which  slows  muscular  reactions. 

In  conclusion  it  may  be  said  that  the  batteiy  current 
can  arouse  two  different  kinds  of  contraction  in  the  mus- 
cle ;  a  sudden  change  in  the  intensity  of  the  current  at  the 
instant  it  is  clo.sed  or  opened  causing  a  simple  twitch, 
and  a  continuous  flow  of  the  current  causing  a  prolonged 
tetanic  contraction.  AVheii  the  current  is  clo.sed  the  ex-  ■ 
citation  develops  at  the  cathode,  and  when  it  is  opened 
at  the  anode,  and  it  is  jirobable  that  in  the  case  of  the 
muscle  as  of  the  nerve  the  excitation  processes  are  asso- 
ciated with  the  sudden  passage  of  the  tissue  into  a  state 
of  catelectrotonus  and  out  of  a  state  of  aneleetrotonus. 
In  a  like  manner  we  can  compare  the  continuous  contrac- 
tion which  is  devcloi>edin  the  muscle  at  the  cathode  when 
the  flow  of  the  current  is  prolonged,  with  the  continued 
slate  of  heiglileiied  irritability  which  exists  in  the  nerve 
while  it  is  siibji'cled  to  the  flow  of  the  current.  As  Gotcli 
(Schaefer's  "Textbook  of  Physiology,"  ii.,  p.  436)  .says: 
"In  the  muscle,  contraction 'is  (he" sign  of  the  cathodic 
state;  in  the  nerve,  increased  excitability." 

There  is  another  interesting  effect  wli"icli  may  be  men- 
ticmcd  in  this  connection,  viz.:  the  inhibitory  "action  of 
the  anode  during  the  flow,  and  of  the  cathode  on  the 
opening  of  the  current.  Biedermann  ("Electro-Physiol- 
ogy," trans.,  i.,  ji.  357.  1806)  states  that  if  the  electrodes 
are  applied  to  the  ventricle  of  the  heart,  the  muscle  re- 
laxes during  systole  at  the  point  of  application  of  the 
anode  when  the  current  is  closed,  and  at  the  point  of 
application  of  the  cathode  when  it  is  opened.  A  stronger 
current  is  required  for  the  cathodic  than  for  the  anodic 
elTect. 
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The  inhibitory  mfluciice  of  the  anode  can  be  well  seen 
if  a  battery  current  is  allowed  to  flow  throue-li  a  niece  of 
smooth  muscle  when  in  tonic  contraction  (Biedermann 
loc^  cit..  p,  256).  It  is  also  observed  on  striated  muscles' 
when  put  into  a  state  of  tonus  by  veratrine  The  nhe' 
uomenon  is  undoubtedly  associated  with  the  decrease  of 
irritation  which  takes  place  at  the  anode  on  the  closure 
and  at  the  cathode  on  the  opening  of  thi.  current  (Bie- 
dermann, loc.  cit..  p.  265), 

Elecirotonic  Currents. ~U  a  constant  euirent  be  sent 
through  a  special  part  of  a  nerve,  and  a  n-alvanometer  be 
connected  with  any  portion  of  the  nerve,  either  central 
or  peripheral  to  the  region  subjected  to  the  polarizing 
current,  the  instrument  will  indicate  the  presence  of  an 
electric  current  having  the  same  direction  as  the  battery 
current.  The  battery  current  through  which  these 
changes  are  produced  is  frequently  spoken  of  as  the 
polarizing  current,  and  the  electrodes  connecting  the 
battery  with  the  nerve  as  the  "polarizing  electrodes" 
The  electrodes  which  'connect  tlie  nerve  with  tlie  galva- 
nometer, or  electrometer,  wlien  the  eleetrotonic  currents 
are  being  studied,  are  referred  to  as  tlie  "  leading-off  elec- 
trodes. "  " 

The  fact  that  the  flow  of  a  constant  battery  current 
through  a  part  of  a  nerve  caa  alter  the  electromotive 
state  of  the  whole  nerve  was  first  observed  by  DuBois 
Reymond  ("  Untersuchungen  ttber  thierische  Eleetrici- 
tiit,"  Bd.  ii.,  Abth.  1,  S.  289,  1849),  who  called  the  elec- 
tric currents  which  result  from  the  change  "eleetrotonic 
currents,"  those  to  be  obtained  from  the  side  of  tlie  anode 
being  termed  "anelectrotonic,"  and  from  the  side  of  the 
cathode  "eatelectrotonic  "  currents  (see  Fig.  1851). 

I.  The  anelectrotonic  current  strengthens  the  effect  of 
the  demarcation  current  on  the  galvanometei-. 

II.  The  eatelectrotonic  current  weakens  the  effect  of 
the  demarcation  current  on  the  galvanometer. 

This  can  be  taken  as  a  proof  that  eleetrotonic  currents 
are  independent  of  the  current  of  rest.  Another  proof  is 
that  they  can  be  observed  when,  on  account  (jf  the  sym- 
metrical arrangement  of  the  leading-ofi'  electrodes,  de- 
marcation currents  cannot  be  detected.  With  this  ar- 
rangement a  change  in  the  electrical  condition  of  the 
nerve  is  caused  by  the  polarizing  current,  of  such  a  type 
that  all  points  of  the  nerve  on  the  side  of  the  cathode'are 
more  negative  and  all  points  on  the  side  of  the  anode 
more  positive  than  normally,  the  change  being  greater 
close  to  the  electrodes,  and  shading  off  from  the.se  points 
in  both  directions  along  the  nerve.  This  is  true  of  the 
extrapolar  regions  at  lea.st,  and  probably  is  true  of  the 
intrapolar  region  also,  though  considerable  uncertainty 
exists  as  to  just  what  happens  in  this  part.  To  state  the 
change  with  reference  to  the  direction  of  the  polarizing 
current,  a  battery  current  flowing  through  a  portion  of 
a  nerve  alters  the  chemical  condition  of  the  whole  nerve, 
all  points  of  which  become  electrically  active  in  the 
direction  of  the  current,  each  point  becoming  galvano- 
metrically  negative  in  respect  to  other  points  in  advance 
of  it  in  the  direction  of  the  current. 

If  one  would  avoid  confusion  in  studying  this  subject, 
he  must  always  bear  in  mind  the  fact  that  a  current  is 
always  to  be  con.sidered  as  flowing  in  a  circuit,  from  the 
positive  to  the  negative  sign,  and  consequently  the  flow 
in  the  part  of  the  circuit  containing  the  nerve  must  have 
the  opposite  direction  to  the  flow  in  the  part  containing 
the  galvanometer.  A  point  which  is  positive  with  refer- 
ence to  the  direction  of  flow  through  the  galvanometer  is 
negative  with  reference  to  the  direction  of  flow  through 
the  nerve,  and  mce  versa. 

Eleetrotonic  currents  are  not  to  be  identified  with 
currents  of  action,  because  they  are  to  be  seen  when  the 
battery  current  is  flowing  constantly  through  a  motor 
nerve,  and  is  too  weak  to  cause  a  state  of  excitation, 
sufficient  at  least  to  produce  a  current  of  action  and 
a  contraction  of  the  muscle.  Further,  as  Hermann 
("Handbuch  d.  Physiol.,"  Bd.  ii.,  Abth.  1,  S.  158, 
1879)  says,  the  fact  that  eleetrotonic  currents  increase 
with  increase  of  strength  of  the  polarizing  current,  and 
do  not  reach  a  maximum,  is  against  the  view  that  they 


are  the  result  of  a  condition  of  excitation.  Finally,  the 
eleetrotonic  effects  are  the  stronger  the  nearer  the  part 
of  the  nerve  examined  to  the  region  through  which  the 
battery  current  is  flowing,  which  would  not  be  true  of 
currents  of  action. 

To  any  one  familiar  with  the  tendency  of  electrical 
currents  (o  spread  through  moist  conductors,  the  first 
thought  is,  that  eleetrotonic  currents  are  due  to  the  ordi- 
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Fig.  18.il. —Effect  of  Eleetrotonic  Currents  on  tlie  Demarcation  Cur- 
rent. B,  Battery;  ^1,  positive  electrode,  the  anode;  C,  negative 
electrode,  ttie  cathode;  (?,  galvanometer;  arrow  p  shows  the 
direction  of  the  polarizing  current;  arrow  d  shows  the  direction  of 
the  demarcation  current  in  the  nerve :  arrow  d'  shows  ihe  direction 
of  this  current  in  the  galvanometer  circuit ;  arrow  a  shows  the 
direction  of  the  anelectrotonic  cun'ent  in  the  nerve ;  arrow  a'  the 
direction  of  this  current  in  the  galvanometer  circuit;  arrow  c, 
the  direction  of  the  eatelectrotonic  current  in  the  nerve  ;  arrow  c', 
the  direction  of  this  current  in  the  galvanometer  circuit. 

nary  spread  of  the  battery  current  beyond  the  electrode 
bringing  it  to  the  nerve.  That  this  is  not  the  immediate 
cause  is  proved  by  the  fact  that  whatever  interrupts  the 
physiological  conductivity  of  the  nerve,  as  a  ligature  or 
strong  acid  applied  between  the  polarizing  electrodes  and 
leading-off  electrodes,  althougli  not  lessening  the  physi- 
cal power  of  the  nerve  to  conduct  electric  currents,  often 
wholly  does  away  with  the  phenomenon.  The  same  is 
true  of  anything  which  will  lessen  the  physiological 
activities  of  the  nerve.  DuBois-Reymond  failed  to  find 
eleetrotonic  currents  on  dead  nerves,  moist  threads,  and 
muscles,  which  offer  favorable  conditions  for  the  spread 
of  electrical  currents.  Sehiff'  ("Lehrbuch  d.  Muskel  u. 
Nervenphysiologie,"  S.  69,  Larr,  1858-59)  and  Valentine 
(Zeitschrift.  f.  rat.  Med.  (3),  xi.,  S.  1,  1861)  failed  to 
find   them  on  degenerated    nerves,    while   Gruenhagen 
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(Koniffsbergcr  mcd.  Jiihrb.,  iv.,  S.  199,  ty64)  thiuks  tliat 
he  observed  them.  Boruttau  (Pfluger's  Archie,  Bil, 
Iviii.,  8.  29,  1894)  observed  electrotonic  currents  on  tlie 
nerves  of  frogs  ten  or  twelve  days  after  their  removal 
from  tlie  body,  and  long  after  they  had  lost  the  power  to 
excite  the  muscles.  As  long  as  tlie  ordinary  structure  of 
the  nerve  is  retained,  these  currents  can  be  detected;  but 
they  weaken  the  more  the  chemico-iihysical  condition 
departs  from  the  normal.  Hermann  ("Handhuch  d. 
Phy,siol.,"  Bd.  ii.,  Abth.  1,  S.  !.")«)  draws  attenti<jn  to  th(^ 
fact  that  electrotonic  ('ui'rents  have  been  found  to  bi' 
greater  in  frog's  nerves,  at  the  side  of  the  anode  than  at 
the  side  of  the  cathode,  though  if  due  to  the  ordinaiy 
spread  of  curient  it  is  likely  that  they  wo\dil  ))e  the 
same. 

Probably,  under  certain  conditions,  feeble  currents 
which  are  of  puiely  physical  origin  may  be  detected  in 
the  e.xtrapolar  regions;  these  are  not  to  be  confused 
with  i)hysiological  electrotonic  currents,  although  these, 
too,  as  we  shall  see,  are  in  their  ultimate  analysis  the 
result  of  chemico-])hysical  changes  brouglit  about  in  the 
living  substance  by  the  polarizing  current.  Waller 
("Lectures  on  Animal  Electricity,"  p.  104,  London,  1897) 
discusses  this  (piestion,  and  shows  how  by  the  use  of 
anaesthetics,  ether  and  chloroform,  one  can  distinguish 
between  the  purely  pliysical  and  physiological  factors 
of  the  phenomenon.  He  finds  that  the  iihysiological  fac- 
tor, tlie  true  anelectrotonic  and  catelectrotonic  effects, 
disappears  as  the  physico-chemical  conditions  peculiar  to 
the  living  state  are  suppressed  by  the  anaesthetic,  and 
the  physical  factor,  the  "  physical  electrotonus  "  <,)f  certain 
German  monogi'aphs,  the  "  residual  deflection "  as  lie 
calls  it,  remains.  Physical  electrotonus,  according  to 
Waller,  means  nothing  more  than  current,  escape  (see 
(Waller,  "Lectures  on  Annual  Electricity,"  note,  p.  106). 
Biedcrmann  ("Sitzungsbr.  d.  k.  Akad.  d.  Wissensch.," 
Bd.  xcvii.,  Abth.  3,  S.  84,  Wien,  1888;  "Elektro-Phys 
iology,"  translated  by  Frances  C.  Welby,  ii.,  S.  294, 
London,  1898)  was  the  first  to  use  an  ante.sthetic  to  dis- 
tinguish between  physiological  and  physical  electrotonic 
ett'ects.  His  conclusions,  as  we  shall  see  later,  differed 
from  those  of  Waller  (see  effect  of  anaesthetics,  p.  775). 

The  effect  of  the  temperature  is  another  proof  that  true 
electrotonic  currents  are  dependent  on  the  normal  physi- 
ological condition  of  the  nerve.  Raising  the  temperature 
to  40"  C.  (which  would  be  favorable  to  the  physical  con- 
duction of  the  current),  or  lowering  it  to  5°  C.,  causes  the 
extrapolar  currents  to  disappear  (Waller,  loc.  cit.,  p.  107). 

Btrenyth  of  Electrotonic  Currents. — Electrotonic  cur 
rents  are  the  stronger  the  greater  the  intensity  of  the 
polarizing  current,  within  the  limits  which  would  cause 
injury  of  the  nerve;  the  longer  the  stretch  of  nerve  sub- 
.iected  to  the  current,  provided  the  resistance  be  allowed 
for;  the  nearer  the  leading-off  electrodes  are  placed  to 
the  polarizing  electrodes;  the  more  normal  the  condition 
of  the  nerve,  and  the  greater  tlie  polarizability  of  tlic 
nerve.  A  maximum  strength  of  electrotonic  current  has 
not  been  found.  Anelectrotonic  currents  are  stronger 
than  catelectrotonic,  and  DuBois-Reymond  (Airhiv  f. 
Anat.  u.  Physiol.,  S.  441,  1867)  obtained  anelectrotonic 
currents  twenty-two  times  the  strength  of  the  demarca 
tion  current,  and  requiring  an  electromotive  force  of  0.5 
of  a  Daniel  cell  for  their  c<jmpcnsation. 

Ni'coiuhii-y  Klccli'ntnniis. — The  strengtli  of  the  electro- 
tonic current  developed  in  a  nerve  may  be  enough  to  ex- 
cite another  nerve  in  contact  with  it.  The  current  in  the 
first  nerve  flows  through  the  second,  which  completes  the 
circuit  for  it;  wlien  the  current  enters  or  ceases  to  flow 
through  the  second  nerve,  on  the  make  and  break  of  the 
polarizing  current  in  the  first  nerve,  the  second  nerve  is 
excited  and  a  muscle  connected  with  it  will  contract. 
For  example,  exciting  the  central  stump  of  tlie  ]ieroneal 
inay  excite  the  fibres  of  the  tibial,  where  they  run  by  the 
side  of  the  peroneal  flbnjs  in  the  s<'iatic,  and  may  cause  a 
contraction  of  the  gastrocnemius.  This  "paradoxical 
contraction"  of  DuBois-Reymond  ("Untersuch,,"  ii.,  1, 
S.  528,  1849)  is  not  to  be  confused  with  the  "paradoxical 
contraction"  of  Hering  (Hermann's  "Handbuch,"  Bd.  ii., 
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Abthl.  1,  S.  160,  1879),  due  to  excitation  of  a  second 
nerve  by  the  current  of  action  of  the  first.  The  electro- 
tonic cuiTcnt  from  the  first  nerve  can  put  the  second  into 
secondary  electrotonus,  as  can  be  shown  with  a  galva- 
nometer; and  Moleschott  ("Untersuch.,"  Bd.  x.,  S.  649, 
1870)  has  seen  even  a  tertiary  electrotonus. 

lititfi  of  Development  and  Spread  of  Electrotonus  in 
iV'c/Tft'*.  —  DuBois-Reymond  ("Untersuch.,"  Bd.  ii.,  S. 
321,  ;:!91,  540,  1849)  concluded  that  electrotonus  begins  to 
develop  at  the  two  poles  at  the  instant  the  polarizing 
current  is  closed.  Pflliger  ("Untersuch.  u.  d.  Physiol,  d. 
Electrotonus,"  S.  442-444,  1859,  Berlin)  agrees  with  this; 
he  writes:  "DuBois-Reymond  has  shown  that  thegrowtli 
of  the  electrotonic  current  finds  sufficient  time  for  its  de- 
velopment even  by  the  quickest  induction  currents.  I  can 
afiirm  the  .same  for  the  rate  at  which,  with  strong  cur- 
rents, the  change  of  irritability  occurs  after  the  closing 
of  polarizing  currents."  Helmholtz  ("Monatsberichte 
d.  Berliner  Akad.,"  S.  329,  1854),  making  use  of  DuBois- 
Reymond's  "paradoxical  contraction,"  i.e.,  letting  the 
electrotonic  current  of  one  nerve  excite  another  nerve 
resting  upon  it,  concluded  that  "the  condition  of  elec- 
trotonus does  not  appear  demonstrably  later  than  the 
electrotonic  current  which  excites  it."  Bernstein 
("Naturwiss.  Rundsch.,"  S.  9,  1887;  "  Untersuch,  a.  d. 
physiol.  Inst.  d.  Univcrs.  z.  Haller,"  S.  75,  1888)  ascer- 
tained, with  the  aid  of  his  rheotome,  tliat  extrapolar  elec- 
trotonus shows  it.self  near  the  poles  within  0.001  second 
after  the  battery  current  has  been  closed,  and  Hermann 
(Pfliiger's  Archiv,  Ixii.,  S.  1,  1888)  concluded  that  the 
polarization  changes  causing  these  currents  begin  at  the 
instant  that  the  polarizing  current  enters  the  nerve. 

Tlie  method  of  the  rise  and  fall  of  the  electrotonic 
cliange  was  first  described  by  DuBois  Reymond  (Archie 
f.  Aniit.li.  Physiol,  u.  irissensch.  3fed.,S.  446,1867).  who 
found  that  anelectrotonic  currents  of  nerves  grow  to 
their  maximum  somewliat  less  rapidly  than  catelectro- 
tonic, and  then  gradual!}'  fall,  while  catelectrotonic  cur- 
rents reach  their  maximum  almost  immediately  and  then 
forthwith  fall,  the  decline  occurring  even  during  the  rise 
of  tlie  anelectrotonic  currents. 

It  is  generally  conceded  that  electrotonus  l)egins  to  de- 
velop at  the  poles  at  the  instant  the  current  is  c'losed,  and 
spreads  thence  along  the  nerve  in  the  form  of  a  wave: 
great  differences  of  oiiiiiion  exist,  however,  as  to  the  rate 
at  which  it  travels  along  the  nerve.  Pfli'iger  ("Electro- 
tonus," S.  442)  decided  that  anelectrotonic'alterations  of 
excitability  occur  at  the  same  instant  as  the  anelectro- 
tonic currents,  and  he  considered  that  those  two  phenom- 
ena were  merely  different  expressions  of  the  change  pro- 
duced in  the  nerve  by  the  polarizing  current."  This 
makes  the  rate  of  spread  of  the  change  of  irritability 
of  interest  in  this  connection.  Gruenhagen  (Pfltiger's 
Archie,  iv.,  S.  549,  1871;  vi.,  S.  181,  1872)  found  tliat  the 
changes  in  irritabihty  associated  with  anelectrotonus  and 
catelectrotonus  are  ti-ansmitted  with  equal  rapidity,  and 
appear  in  all  parts  of  the  nerve  at  the  instant  tliat  the 
current  is  closed.  Wuudt  ("  Untersuch.  z.  :Mechanik  d. 
Nerven  u.  Nervencentren,"  i.,  1871)  arrived  at  a  difierent 
result,  deciding  that  the  alterations  of  irritability  of  the 
nerve  of  the  frog  do  not  develop  in  all  parts  of  the  nerve 
at  the  instant  of  the  closure  of  the  current,  but  spread 
over  the  nerve  as  a  coniparalively  slow,  wave-like  proc- 
ess, comparable  to  the  excitation  wave,  "the  anodic  wave 
of  inhibition"  travelling  at  tlie  rate  of  80-700  mm  per 
second,  according  to  the  strengtli  of  the  curient.  Bara- 
nowsky  and  Garre  (Pfliiger's  Archie,  xxi.,  S.  446  1880) 
got  rates  which  were  entirely  ditTerent  from  those  of 
Wundt,  and  which  were  favorable  to  Gruenhao-eu's  con- 
clusions^^ They  found  that  the  decrease  of  exci'tabilitv  in 
the  anodic  exfrajiolar  regions  must  spread  at  a  rate  of  "not 
less  than  165  metres  per  second.  Ascher  (Zeitseh.  f.  Biol  , 
xxxii  8.  478,  1895).  on  the  other  hand,  concluded  the 
rate  of  propagation  to  be  30  metres  per  second 

Experiments  on  the  rate  of  transmission  of  electrotonic 
currents  both  in  the  nerve  and  in  "  core-conductor  models" 

rl  T?""^'??'   '"^^®    S'^'^'"   equally   contradictorv   results. 
UuBois-Reymond  (Archie  f   Anat  u.   Physiol     S   449 
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1867;  Ges.  Abthl..  S.  258),  reviewing  Helmholtz's  ex- 
pLTiiiiont,  cited  above,  decided  tlmt  it  showed  tlmt  tlie 
changes  in  tlie  nerve  wliich  underlie  eleetrotonus  are 
transmitted  as  rapidly  as  the  excitation  process.  Tschir- 
jew  (ArcMvf.  Anat.'ii.  P/n/niol.,  S.  525,  1879)  concluded 
that  the  rate  was  about  tlie  same,  or  perhaps  slightly 
.slower  tl»n  the  excitation  process;  and  Beiiistein  {Archil^ 
f.  Aiiaf.  ti.  Fhyniol.,  S.  197,  1886)  found  that  the  propa- 
gation of  electrotonic  changes  is  less  I'apid  than  that  of 
the  excitation  wave,  the  catelectrotonic  wave  travelling 
at  the  rate  of  9-10  lum.  per  second.  Lately,  Hermann 
and  Weiss  (Pfltiger's  Airhir,  Ixxi.,  S.  2;i7,"  1898)  have 
expressed  themselves  in  favor  of  Grueuhagen's  view, 
that  the  electrotonic  state  develops  in  all  parts  of  the 
extrapolar  regions  of  nerves  instantaneously. 

Expt'rimentson  "core-conductor models  "  (see  page 777) 
are  of  great  interest  in  this  connection,  for  the  results 
obtainable  with  them  imitate  with  wonderful  accuracy  the 
phenomena  observed  on  nerves.  Boruttau  (PH tiger's 
Arcliir.  Iviii.,  S.  1,  1S94)  tindsoii  his  core-conductor  models 
of  nerves  what  DuBois-Reymond  found  for  nerves  them- 
selves, viz.,  that  catelectrotonus  develops  faster  and  de- 
clines more  rapidly  than  anelectrotonus.  A  studj'  of  the 
galvanic  alterations  in  these  models,  under  the  influence 
of  a  polarizing  current.  shoAvs  the  extrapolar  electro- 
tonic currents  to  be  transmitted  in  the  form  of  a  wave, 
the  rate  varying  with  the  composition  of  (he  model,  the 
temperature,  etc.,  and  averaging  about  100  metres  per 
second.  Hermann  and  Samwaj'  (Pflitger's  Ai'chh\  xxx  v. , 
S.  1,  1884)  had  found  the  rate  to  be"  at  least  60  metres 
per  second.  Gotch  and  Burch  (Sehaefer's  "Textbook  of 
Physiol.,"  ii.,  p.  549,  1900),  employing  capillary  elec- 
tro'metres  and  recording  the  movements  of  the  mercury 
by  photography,  found  the  rate  on  models  to  be  over  100 
metres  per  second. 

An  explanation  of  the  conflicting  results  which  have 
been  obtained  by  those  who  have  studied  this  question 
may  lie  found  in  the  way  in  which  electrotonic  currents 
in  nerves  and  core  conductors  develop  and  decline,  and  in 
the  fact  that  they  lessen  in  intensity  as  the  distance  from 
the  poles  increases.  Hermann  (Pfltiger's  Arekir,  xvi., 
S.  423,  1880;  Hermann  and  Weiss,  Pfltiger's  Archii\  Ixxi., 
S.  237,  1898)  points  out  that  a  difl'erence  in  the  strength 
of  the  current  at  the  different  parts  of  the  nerve  might 
well  result  in  a  difference  in  the  lag  of  the  recording  in- 
strument. Both  Biedermann  ("Electro-Physiol.,"  ii.,S. 
280,  1895)  and  Gotch  (Sehaefer's  "Textbook  of  Physiol.," 
ii.,  pp.  497  and  549,  1900)  in  their  reviews  of  this  subject 
agree  that  all  the  slower  times  which  have  been  given 
are  for  this  reason  open  to  suspicion.  On  the  whole  the 
evidence  is  in  favor  of  the  view  thai  the  electrotonic 
changes  spread  to  all  parts  of  the  nerve  almost  instanta- 
neously. 

Elivtrotonus  in  Noit-MediiUated  Nerees. —It  was  tor  a 
long  time  generally  believed  that  the  electrical  phenom- 
enaT  at  least,  of  eleetrotonus  occurred  only  in  medullated 
nerves  and  were  absent  from  non-medullated  nerves. 
This  difference  was  attributed  to  the  peculiar  structure 
of  the  medullated  nerve,  an  axis  cylinder  surrounded  by 
a  sheath  of  different  chemical  composition. 

It  has  been  shown  by  Biedermann  ("  Bencht.  d.  Wien. 
Acad.  d.  Wiss.,"  Bd.  xciii.,  Abth.  3;  Bd.  cxvii.,  Abth, 
3;  Frnger's  Archiv,  liv.,S.  24;  "Electrophysiology,  u 
p  281  1895)  that  certain  electrotonic  effects  may  be  ob- 
served on  the  non-medullated  nerves  of  a  mollusk,  the 
Anodonta.  If  such  a  nerve  be  connected  by  its  longi- 
tudinal surface  and  cross  section  with  a  galvanometer,  it 
shows  a  strong  demarcation  current;  if  this  be  compen- 
sated, and  a  batterv  current  be  applied  to  a  distant  part 
of  the  nerve,  there  is  at  the  instant  of  closure  a  swing  ot 
the  galvanometer  in  a  direction  corresponding  to  a  nega- 
tive variation  of  the  demarcation  current,  this  being  due 
to  the  action  of  the  current  resulting  from  excitation.  It 
the  polarizing  current  passes  through  a  part  of  the  nerve 
not  far  from  the  leading-off  electrodes,  the  negative 
variation  is  followed  bv  a  positive  variation  when  t  le 
polarizing  current  is  ascending  (flowing  away  from  tlie 
leadiug-ofi  electrodes),  i.e.,  when  the  anode  is  nearest  to 


the  leading-off  electrodes.  If  the  negative  effect  was 
large,  the  po.sitive  after-efl:ect  is  delayed  and  increases 
more  slowly  during  the  passage  of  the  current.  Its  maxi- 
mum strength  comes  with  a  greater  intensity  of  battery 
current  than  is  required  to  produce  the  maximum  of  the 
initial  negative  variation.  Of  course  these  two  influences 
antagonize  each  other,  and  produce  more  or  less  conflict- 
ing results,  according  to  their  relative  strength.  This 
anelectrotonic  effect  is  greater  the  stronger  the  polarizing 
current,  the  nearer  the  leading-off  electrode  to  the  anode, 
and  the  greater  the  vitality  of  the  nerve.  When  the 
polarizing  current  is  descending,  i.e.,  when  the  cathode 
is  nearest  the  leading-off  electrodes,  little  or  no  increase 
iu  the  effect  of  the  current  of  action  on  the  galvanometer 
is  s<'en. 

It  would  appear  from  these  results  of  Biedermann  that 
non-medullated,  like  medullated  nerves  show  anelectro- 
tonic galvanic  effects,  hut  that  they  fail  to  show  catelec- 
trotonic effects,  von  Uexhuell  (Zeii.  f.  Bivl.,  x.,  S.  550) 
failed  to  tind  any  marked  electrotonic  effects  on  the 
nf)n-medullated  nerves  of  cephalopods;  but  Boruttau 
(Pfliitfer's  Airhiv,  Ixvi.,  S.  285,  1897;  ihid.,  Ixviii.,  S. 
351,  i897;  Ixxxiv.,  S.  378,  1901)  reports  that  these  nerves 
show  the  same  electrotonic  changes  as  medullated,  ex- 
cept that  catelectrotonic  effects  arc  feeble,  and  the  an- 
electrotonic condition  may  extend  over  into  the  cathodic 
area.  Mendelsohn  (A';;?,  de  In  Soc.  deBiol.,  1900;  Richet's 
Dictionnaire  dePhysiologie,  v.,  p.  414,  1901)  also,  as  a  re- 
sult of  work  on  many  different  forms,  asserts  that  in  gen- 
eral the  non-medullated  nerves  of  lower  animals  present 
the  same  qualitative  electrotonic  manifestations  as  the 
medullated  nerves  of  the  higher  animals.  Quantitatively, 
however,  there  are  great  differences;  catelectrotonic 
changes  are  always  less  pronounced  than  anelectrotonic 
changes  in  non-inedullated  nerves  (in  some  forms,  indeed, 
may  be  absent),  and  very  much  less  marked  than  in 
medullated  nerves.  It  is  to  be  remembered  tliat  the 
medullated  nerves  of  higher  animals  differ  in  regard  to 
the  strength  of  anelectrotonic  and  catelectrotonic  effects. 
In  frog's  nerves  anelectrotonus  is  usually  stronger  than 
catelectrotonus,  while  in  mammahan  nerves,  according 
to  Waller  ("Lectures  on  Animal  Electricity,"  p.  97, 
and  p.  1'22,  1897) ,  they  are  of  equal  importance.  Boruttau 
huds  (Pfltiger's  ^/r/H?>,  Ixxxiv.,  S.  380,  1901)  that  in  mam- 
malian nerves  anelectrotonic  effects  are  always  somewhat 
more  than  catelecti-otonic,  though  the  difference  is  con- 
siderably less  than  in  the  case  of  the  nerves  of  frogs. 

Influences  toliich  Alter  the  Pliysiologieal  Actimty  of  the 
Neri-e  Alter  the  Electrotonic  Gurrevts.—The  death  of  a 
nerve,  however  produced,  does  away  with  electrotonic 
currents,  and  conditions  which  merely  modify  the  physio- 
logical activity  of  the  nerve  alter  the  intensity  of  the.se 
phenomena. 

Effect  of  Anmtheties. —Bkderm&nn  ("Elektro physio- 
logic "  S.'  696,  Jena,  1895;  Sitzungsbr.  d.  k.  Akad.  d. 
Wissenseh.,  Bd.  xcvii,,  Abth.  3,  S.  84,  Wien,  1888) 
observed  that  if  a  nerve  were  etherized,  although  the  irri- 
tability and  conductivity  were  lost,  electrotonic  effects 
were  still  to  be  observed.  Normally,  anelectrotonic 
effects  are  considerably  in  excess  of  catelectrotonic,  but 
after  etherization  they  are  about  the  same.  Biedermann  , 
attributed  the  electrotonic  effects  which  remained  after 
etherization  to  the  electrolytic  effects  of  the  current,  and 
concluded  that  they  were  purely  physical  phenomena, 
while  those  which  were  lost  he  considered  to  be  the  true 
physiological  electrotonic  changes.  He  regarded  the 
physiological  factor  to  be  the  result  of  a  reaction  of  the 
nerve,  dependent  on  increased  assimilation  in  Bering's 
sense  and  to  correspond  to  greater  functional  activity. 

Waller  ("Lectures  on  Animal  Electricity,"  p.  104, 
London  1897)  also  made  use  of  ansesthetics  to  distin- 
guish between  the  physical  and  physiological  elements 
of  eleetrotonus,  but  arrived  at  different  results.  He 
found  (Proc.  Physiol.  Soc,  Jovrn.  ofPhynol,  vol.  xix., 
1896)  that  both  the  anodic  and  cathodic  effects,  and  then- 
diminution  on  excitation  of  the  nerve,  are  influenced 
bv  all  the  agencies  which  alter  the  electrical  response 
of  the  nerve.    .Ether,  chloroform,  and  carbou-dioxide 
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gas  may  abolisli  both  anelectrotonic  and  catelectrotonic 
effects,  "the  aVjolition  being  succeeded  by  secondary  aug- 
mentation. Tliis  result  is  in  favor  of  the  view  that 
the  total  elcctrotonie  effect  is  physiological,  if  we  ex- 
cept the  minor  effects  of  current  escape  which  may  oc- 
cur when  very  strong  polarizing  currents  are  employed. 
A  similar  conclusion  is  reached  by  Boruttau  (Pflliger's 
Archiv.  Lxxxiv.,  8.  3H1,  1901);  Waller  also  foiuid  that 
electrotonic  currents  may  be  temporarily  modified  by  nar- 
cotics in  such  a  way  that  the  catelectrotonie  effect  may 
be  relatively  strengthened  and  the  anelectrotonic  current 

weakened,  so  that  the  quotient  j^  may  be  less  than  one. 
This  has  been  corroborated  by  Boruttau  (PtlUger's  Airhir. 
lxxxiv.,  S.  335,  1901). 

Effect  of  Acids  and  Bases.— This  question  is  of  impor- 
tance with  reference  to  the  electrolytic  changes  Avhich  the 
current  produces  in  the  nerve.  Waller  ("Lectures  on 
Animal  Electricity,"  p.  125,  1897)  studied  the  efl'ects  of 
weak  acid  and  alkaline  baths,  and  carbon-dioxide  gas  and 
the  fumes  of  ammonia,  upon  anelectrotonus  and  catelee- 
trotonus.  He  found  catelectrotonus  to  be  increased  by 
shght  acidification  and  decreased  by  slight  basification ; 
anelectrotonus,  on  the  other  hand,  is  generally  decreased 
by  slight  acidification  and  but  little  afl'ected  by  slight 
basification.  To  state  the  effects  in  the  order  of  their 
occurrence  with  respect  to  the  strength  of  the  acid,^  tirst 
there  is  increase  of  anelectrotonus;  second,  diminished 
anelectrotonus  and  increased  catelectrotonus,  this  being 
the  typical  effect;  third,  diminished  catelectrotonus,  as 
the  last  effect.  These  effects  come  out  clearly  only  when 
the  strength  of  the  acid  is  nicely  graded,  as  otherwise  the 
finer  effects  are  lost.  The  relation  of  anelectrotonus  to 
catelectrotonus  under  these  influences  can  be  expressed 

by  the  quotient  ^-     Generally  the  early  stages  are  lost, 

and  by  acidification  both  A  and  K  are  lessened;  but  A  is 

lessened  more  than  K,  so  the  total  effect  is  to  lessen  -rr 

by  aciditicalion.     The  characteristic  effect  by  basification 
A 


is  to  increase 


K 


The  effect  of  tetanizing  the  nerve  is, 


according  to  Waller,  the  same  as  the  effect  of  carbon- 
dioxide  gas  upon  the  nerve,  and  he  argues  that  the  effect 
during  tetanization  is  due  to  the  production  of  carbon- 
dioxide  gas  by  the  active  nerve  tissue,  a  view  which 
Boruttau  is  inclined  to  favor. 

Effect  of  Tempemtiire. — According  to  Biedermann 
("Elektrophysiol.,"  S.  690,  1895),  if  tiie  nerves  of  frogs 
are  cooled,  they  appear  to  approach  the  state  of  non- 
medullated  nerves  in  their  electrotonic  reactions,  the 
ordinary  difference  between  the  strength  of  the  anelectro- 
tonic and  catelectrotonie  effects  being  accentuated,  be- 
cause the  cold  enhances  the  physiological  anelectrotonic 
reaction.  Waller,  however,  has  seen  both  anelectrotonus 
and  catelectrotonus  disappear  under  the  effect  of  tem- 
peratures of  40"  C.  and  0"  G.  If  the  expos\u'e  to  the 
abnormal  temperature  was  not  too  prolonged,  electro- 
tonic currents  were  again  seen  on  the  return  of  the  tem- 
perature to  15°  C.  The  effect  of  lowering  the  temperature 
to  normal  after  heating  to  40°  C.  was  to  cause  the  catelec- 
trotonie currents  to  be  greatly  increased,  so  as  to  be  even 
more  than  the  anelectrotonic.  This  fact  is  attributed  to 
the  chemical  disruption  of  the  living  matter  under  the 
influence  of  the  heat,  the  effect  being  the  same  as  that 
produced  by  acid  and  by  tetanization'of  the  nerve. 

Effe^:t  of  Excitation  on  E/ectivtnmis  and  the  Effect  of 
Electrotonus  on  the  Current  of  Aciion.~^vxx\^\,nn  (Archie 
f.  Anat.  u.  Physiol,  u.  wissensch.  Med.,  S.  014,  lH(i(i)  was 
the  first  to  study  this  question.  He  found  I  hat  the  current 
of  action  causes  a  negative  variation  of  electrotonic  cur- 
rents, similar  to  that  which  it  produces  in  demarcation  cur- 
rents. This  change  is  known  as  the  "electrotonic  decre- 
ment" of  Bernstein.  The  view  was  advanced  that  the 
excitation  process  lessened  the  susceptibility  of  tlie  nerve 
ISPioJ^n '*'""'•  H<'™^nn  ("Handb.,"  Bd.'ii.,  Abfli.  1,  S. 
Ib5,  1879)  corroborated  the  fact  but  gave  another  explana- 
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tion.  His  view,  which  has  since  been  generally  accepted, 
is  that  the  electrotonic  currents  are  peculiar  threads  of 
currents  from  the  polarizingcircuits,  and  that  the  apparent 
negative  variation  of  the  same  is  due  to  a  change  caused  by 
the  excitation  process  in  its  passage  through  the  polarized 
nerve.  He  explains  the  facts  on  the  assumption  that  the 
wave  of  negativity  which  accompanies  the  irritation- 
process  gains  intensity  as  it  spreads  toward  more  strongly 
anelectrotonic  or  more  weakly  catelectrotonie  parts  of  the 
nerve,  and  loses  intensity  as  it  spreads  toward  more 
weakly  anelectrotonic  or  "more  strongly  catelectrotonie 
parts  of  the  nerve  (law  of  the  polarization  increment  of 
irritation).  According  to  this  view,  the  irritation  process 
would  be  at  its  maximum  at  the  anode  and  at  its  mini- 
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Fig.  18.52. — A^  Showing  Lessening  of  Anelectrotonic  Current.  B, 
Showing  LesseningofCateleclrotonic  Current.  X,  Excitiiis  circuit; 
r,  ffalvanometer  circuit ;  Z,  polarizing  circuit ;  blact  arrow,  direc- 
tion of  electrotonic  currents ;  dotted  arrow,  direction  of  electro- 
motive effect  due  to  excitation. 

mum  at  the  cathode,  i.e.,  the  galvanometer  would  indi- 
cate a  marked  negativity  in  the  region  of  the  anode  as 
compared  with  the  cathode,  which  would  mean  that  there 
would  be  in  the  intrapolar  region  a  strong  axial  current 
of  action  of  the  same  directiou  as  the  polarizing  battery 
current,  which  would  make  it  appear  that  Uiis  was 
strengthened.  This  is  in  fact  observed  in  galvanometer 
exp<>riments,  and  wasexplained  by  Gruenhagen  as  dueto 
a  lessening  of  I  he  resistance  during  excitation.  Hermann 
found,  however,  that  this  does  not  happen,  and  tliat  the 
effect  is,  as  has  been  stated,  the  result  of  an  electro-motive 
force  resulting  from  the  excitation.  The  current  of  action, 
then,  because  of  the  same  direction  as  the  polarizing  cur- 
rent, makes  it  apiicar  that  this  is  strengthened;  on  tlie 
other  hand,  because  of  tlieop]iosit.e  direction  to  the  polar- 
ization current,  it  makes  it  appear  that  the  polarization  is 
less. 

In  the  extrapolar  regions  there  is  a  decrease  of  the  elec- 
trotonic currents,  both  on  the  side  of  the  anode  and  on 
that  of  the  cathode.  If,  for  example,  the  galvanometer 
circuit  is  between  the  part  excited  and  the  part  subjected 
to  the  polarizing  current,  the  effect  of  the  anodic  elec- 
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trotonic  current  on  the  gulvanometer  v;iH  be  lessened 
when  tlie  excitation  is  given,  beetuise  tlie  part  of  tlii. 
nerve  near  tlie  anode  will  become  more  negative  than 
more  distant  parts,  and  the  effect  of  the  catluKlic  electro 
tome  current  on  the  galvanometer  will  be  lessened  be- 
cause the  part  of  the  nerve  near  tlu>  cathode  will  become 
less  negative  than  more  distant  parts. 

Similar  elTects  are  observed  when  the  galvanometer 
electrodes  are  connected,  the  one  with  the  cut  end  and 
the  other  with  the  longitudinal  surface,  only  in  this  case 
the  presence  of  the  demarcation  current  coinplicates  the 
result.  The  current  of  action  undeigoes  a  marked  altera- 
tion in  its  passage  through  the  polaii'zed  lenion  the  wave 
of  negativity  increasing  as  it  approaelies  I'.ai-ts  relatively 
more  positive  (as  the  region  of  the  anode),  oi-  leaves  part's 
relatively  more  negative  (as  the  region  of  the  catliode) 
and  decreasing  as  it  approaches  more  negati\e,  and  leaves 
more  positive  parts  of  the  nerve.  These  elTeets  are  best 
observed  witha  capillary  electrometer  (Gotch  and  Burch 
Proc.  of  Roy.  Soc.  London,  vol  Lxiii.,  p.  300  1898- 
Schaefer's  "Textbook  of  Physiol.,"  vol.  ii.,  p.  5,53,'  1900). 
Boruttau  (Pflliger's  Arc/iii\  Ixxxiv.,  S.  384,  1901)  says! 
if  the  part  of  the  nerve  ccninected  with  the  electrometer 
is  between  the  point  irritated  and  the  part  of  the  nerve 
subjected  to  the  battery  current,  when  the  anode  is  near- 
est, the  second  phase  of  the  current  of  action  is  strength- 
ened, and  when  the  cathode  is  nearest  it  is  weakened; 
while  the  tirst  phase,  if  superposition  be  allowed  for,  is 
lessened  in  the  tirst  case,  and  generally  increased  in  the 
second,  although  here,  too,  it  may  be  lessened.  Just  the 
opposite  happens  when  the  region  subjected  to  tlie  bat 
tery  current  is  between  the  part  irritated  and  the  poi-tion 
connected  with  the  electrometer.  If  with  this  arrange 
ment  the  electrometer  electrodes  connect  the  longitudinal 
surface  with  a  cross  section,  the  single  phase  of  the  cur- 
rent of  action  is  lessened  if  the  anode  is  nearest,  and 
.strengthened  if  the  cathode  is  nearest,  as  Bernstein  found 
(1866)  for  the  negative  variation  caused  by  excitation  of 
the  nerve  with  an  interrupted  current. 

The  After-Effects  of  Pohirhotioii,  Secondary  Electro- 
motive  Phenomena. — When  a  strong  polarizing  current  is 
withdrawn  from  a  nerve,  two  different  phenomena  pre 
sent  themselves.  On  account  of  the  electrolytic  effects 
produced  in  the  nerve  by  the  polari/.ing  current,  polariza- 
tion currents  of  opposite  directions  to  the  battery  ciu-rent 
are  present  after  its  removal.  On  account  of  alterations 
in  irritability  of  the  tissue,  excitation  effects  may  not  only 
occur  at  the  instant  of  the  removal,  but  they  may  continue 
for  some  time  after.  The  effect  of  the  condition  of  ex- 
citation is  to  make  the  former  anode  negative  as  compared 
with  the  rest  of  the  nerve,  from  the  standpoint  of  the 
galvanometer  circuit,  which  means  that  witliin  the  nerve 
currents  would  flow  away  from  this  point.  These  inter- 
nal currents  of  action  would  have  the  opposite  direction 
to  the  polarization  current,  and  in  the  anodic  extrapolar 
region  tend  to  nullify  its  action  on  the  galvanometer. 
The  result  is  that  the  anodic  polarization  changes  are 
overpowered,  and  the  cathodic  exti'apolar  currents  alone 
manifest  themselves.  This  interpretation  is  in  harmony 
with  the  results  observed  in  muscle  after  the  removal  of 
the  battery  current. 

Electrotonie  Currents  of  Muscle  upon  Uemcn'ol  of  the 
Battery  Current.— '^wscliis.  if  subjected  to  the  flow  of  a 
battery  current  become  polarized  just  as  the  nerves  do, 
the  electrotonic  effects  differing  only  in  respect  to  inten- 
sity. DuBois-Reymond  ("  Untersueh.,"  Bd.  ii..  Ablh.  1,  S. 
339,  1849)  was  the  first  to  observe  polarization  currents 
in  muscle  and  termed  them  "secondary  currents."  Val- 
entin (Pflliger's  AreMv.  i.,  S.  513,  1868)  reported  that 
muscles  might  show  extrapolar  electrotonic  currents, 
and  Hermann  ("Handbuch  d.  Physiol.,"  Bd.  i,,  Abth.  1, 
S.  91-93;  Bd.  ii.,  Abth.  1,  S.  168,  1879)  confirmed  this 
result.  The  effects  are  most  marked  in  the  immediate 
vicinity  of  the  electrodes,  and  as  in  the  case  of  nerve  are 
strongest  near  the  anode.  DuBois-Reymond  observed 
two  opposite  effects  on  removing  the  battery  current,  the 
one  indicating  a  polarization  current  of  the  same,  and 
the  other  of  the  opposite  direction  to  the  polarizing  cur- 


rent. The  former  of  tliese  (which  he  called  the  iio.sitive 
polarization  current)  is  a  cunvnt  of  action,  due  to  a  con- 
dition of  excitation  developed  at  the  region  of  the  anode, 
which  becomes  suddenly  relatively  negative  at  the  in- 
stant that  tlie  battery  current  is  broken.  Tliat  this  cur- 
rent is  the  result  of  the  o|icning  excitation  is  shown  by 
the  following  facts,  viz.  :  it  can  be  observed  best  l)y  plac- 
ing one  electrode  at  the  anode  and  the  other  at  a  short 
distance  from  this,  the  electrode  at  the  anode  becoming 
negative  in  ivlation  to  the  other;  it  is  best  developed  when 
the  battery  curient  is  strong,  of  short  duration  and  rapidly 
broken  ;  the  effect  is  only  to  be  observed  on  fiesh  muscles. 
Later  writers  have  generally  employed  the  term  "anodic 
after-effect"  for  this  change. 

The  polarization  currents  which  have  the  opposite 
direction  to  the  Ijalteiy  curient,  the  negative  polarization 
currents  of  DuBois-Keymond,  are  purely  physical  phe- 
nomena, such  as  can  be  obtained  in  any  electrolyte  as  the 
result  of  the  fl(Av  of  a  battery  current.  These  polariza- 
tion currentsare  found  throughout  the  intrapolar  region, 
and,  althougli  weak,  in  the  extrapolar.  They  last  but 
a  short  time  after  the  withdrawal  of  the  battery  current, 
and  tljcir  amount  varies  with  tlie  strength  and"  duration 
of  the  battery  current.  Although  physical  phenomena, 
they  are  intimately  related  1o  the  physical  and  chemical 
structure  of  the  protoplasm  of  the  muscle,  for  they  fail 
if  it  is  altered  by  heat,  etc.  Nevertheless  they  are  not 
the  result  of  the  physiological  activities  of  the  muscle, 
because  they  can  be  obtained  when  tlie  muscle  is  too 
fatigued  to  i-espond  to  stimuli. 

Theories  of  Electrotonic  Currents. — Two  principal 
theories  as  to  the  origin  of  electrotonic  cuirents  have  been 
evolved.  The  first  of  these,  known  as  the  "molecular 
theory,"  was  set  forth  by  DuBois-Reymond  ("Unter- 
suchungen  fiber  thierische  Eleetricitat,"  ii.,  S.  389-389, 
1849).  According  to  this,  the  battery  current  altered  the 
position  of  hypothetical  electromotive  molecules  of  the 
nerve,  giving  lliem  a  columnar  arrangement.  We  need 
not  dwell  im  this  conception,  as  the  theory  and  its  vari- 
ous modilicalinns  (Bernstein,  Pflliger's  Archie,  vi.,  S. 
335,  1873;  FleischI,  "Sitzungsbr.  d.  Wiener  Akad.," 
Abth.  3,  Ixxvii.,  1878)  have  been  displaced  by  the  theory 
of  electrolytic  polaiization.  Hermann  discu.sses  the 
earlier  literature  of  this  subject  in  his  " Handbuch  der 
Physiologie,"  Bd.  ii.,  Abth.  i,  S.  171-196,  1879, 

Peltier  discovei'cd  the  occurrence  of  polarization  in 
animal  tissues,  and  DuBois-Reymond  ("Unters.  ii.  thier. 
Electric.,"  i.,  S.  376,  1848;  ii.,  3,  S.  377,  1849)  repeated  his 
observations,  and  detected  after  the  removal  of  a  l.iattery 
current  from  an  isolated  nerve  an  electromotive  force  of 
opposite  direction.  He  termed  the  polarization  effects 
produced  by  the  flow  of  Ihe  current  "secondary  electro- 
motive effects."  DuBois-Reymond  also  ("Monatsbr.  d. 
Akad.  z.  Berlin,"  S.  395,  1856;  Ges.  Abth.  1,  S.  1)  re- 
ported that  the  polarization  occurs  at  the  bounding  sur- 
faces of  dissimilar  electrolytes.  Matteucci  (Comptes 
rend  ,  1.,  p.  413,  1.S60;  lib,  p.  331,  1861;  Ivi.,  p.  760, 
1863;  Ixv.,  p.  151,  194,  884,  1867;  Ixvi.,  p.  580,  1868),  in- 
fluenced by  the  results  of  Peltier  and  DuBois-Reymond, 
studied  these  secondary  electromotive  effects,  and  found 
an  explanation  of  electrotonic  currents  in  the  internal 
polarization  of  the  nerve ;  he  also  thought  to  have  proved 
the  existence  of  electrolytic  products  within  the  nerve, 
viz.,  acids  at  the  anode  and  alkalies  at  the  cathode. 

Hermann  ("Untersueh.  z.  physiol.  d.  Muskeln  u. 
Nerven,"  Heft  3,  S.  71,  Berlin  1868;  Pflliger's  .lrc/«»,  v., 
S.  333;  ihid,  vi.,  S.  313)  studied  the  polarization  after- 
eurrent  of  the  nerve,  and  concluded  that  the  polarization 
effects  are  not  equally  distributed  through  the  nerve,  but 
occur  at  the  bounding  surfaces  of  sheath  and  core;  that 
polarization  explains  all  the  galvanic  effects  of  electro- 
tonus;  and  that  Pflliger's  aneleetrotonus  and  catelectro- 
touus  correspond  w'ith  the  regions  of  positive  and 
negative  polarization  of  the  core  of  the  nerve. 

Cure-Conductor  Models.— ll  was  in  1863  that  Matteucci 
discovered  that  if  a  constant  current  flows  through  a  por- 
tion of  a  platinum  wire  covered  with  a  sheath  saturated 
with  a  fluid,  extrapolar  cun-ents  can  be  led  off  which 
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correspond  to  the  electrotonic  currents  of  nerves.  lu 
addition,  he  noted  tliat  amalgamated  zinc  wires  sur- 
rounded by  a  solution  of  zinc  sulphate  do  not  give  such 
currents,  from  which  ho  decided  that  electrotonic  currents 
are  the  result  of  polarization.      This  view  was  corrobo- 


I'lc.  18)3.- Electrotonic  Currents  of  a  Core-f'onfluctnr  Model.  C'-C", 
Good  conducting  metal  core,  surrounded  by  fluid  shciitb  ;  E,  bat- 
tery;  G,  Cf',  G",  galvanometers ;  ^1,  anode;  C,  catljode  or  battery 
current;  black  arrow,  direction  of  battery  current;  dotted  arrow, 
direction  o£  electrotonic  current  as  shown  by  galvanometers. 
(Copied  from  Hermann's  "Handbucb,"  Bd.  ii.,  Abtbl.  i.,  S.,  176.) 

rated  by  Seliiff  ("Nuovo  Cimento,"  ave.,  1868).  The 
phenomena  to  be  observed  on  core-conductor  models  and 
their  relation  to  electrotonus  in  nerves  were  thoroughly 
investigated  by  Hermann  (Pfitiger's  J.rc//M,  v.,  S.  264, 
1871;  vi.,  S.  3i2,  18T2;  vii.,  S.  301,  1873;  "Ilandbuch," 
Bd.  ii.,  Abthl.  1,  S.  174-184,  1879). 

The  core-conductor  models  employed  by  Hermann  con- 
sisted of  a  platinum  wire  surrounded  by  zinc  sulphate,  or 
of  an  amalgamated  zinc  wire  surrounded  by  zinc  sulphate. 
The  wire  was  passed  horizontally  thi-ough  the  middle  of 
a  glass  tube  containing  the  fluid.  A  number  of  short 
tubes,  welded  to  the  upper  side  of  the  main  tube  at  stated 
intervals,  permitted  the  entrance  of  the  polarizing  and 
leadiug-off  electrodes,  which  were  made  of  amalgamated 
zinc. 

With  this  ai-rangement  he  was  able  to  demonstrate 
many  of  the  more  important  phenomena  associated  with 
the  production  of  electrotonic  currents  in  nerves.  He 
offered  the  following  exjjlanation.  In  the  case  of  the  core 
conductor  in  which  there  is  no  polarization,  such  as  an 
amalgamated  zinc  wire  surroimded  b_y  zinc  sulphate,  the 
battery  current  takes  the  shortest  path  through  the  fluid 
sheath  from  the  electrodes  to  the  good  conducting  core ; 
if,  however,  polarization  occurs  at  the  boundary  between 
the  sheath  and  the  core,  as  happens  when  platinum  wire 
is  used,  counter  currents  are  set  up,  which  resist  the  pas- 
sage of  the  battery  current  fi'om  the  sheath  to  the  core 
beneath  the  anode,  and  from  the  core  to  the  sheath  be- 
neath the  cathode,  and  cause  the  polarizing  curi-ent  to 
spread  Avidely  along  the  sheath  into  the  extrapolar  re- 
gions. The  cui-rent  thvis  spreading  through  the  moist 
sheath  can  b('  detected  b}'  a  galvanometer  connected  by 
electrodes  with  the  sheath  in  the  extrapolar  regions,  and 
the  current  wherever  tested  is  found  to  have  the  same 
direction  as  the  polarizing  current. 

II.  Weber  (Borehardt's  Jmu-n.  f.  Math.,  Ixxvi.,  S.  1; 
PflUger's  Arehiv,  vii.,  S.  319),  working  will]  Hermann, 
from  a  mathematical  research,  decided  that  in  theory 
metal  cores  ai-e  not  essential  to  core-conductor  phenomena, 
and  that  two  electrolytes  with  polai-izable  contact  sur- 
faces would  give  like 'results.  Hering  ("Lotos.  Prag.," 
Bd.  ix.,  1888)  worked  with  models  without  a  metal  core, 
and  therefore  still  more  resembling  ni.'r\'es.  He  used  a 
liollow  stem  of  grass,  soaked  in  water,  and  then  tilled 
with  a  strong  sodium  cliloride  solution  which  conducts 
well  as  compared  with  water.  In  these,  too,  polarization 
oecui-sat  the  surface  of  contact  betwi^en  the  nood  ((induct- 
ing core  and  tlie  less  perfectly  conducting  slieath.  Her- 
mann says  that  a  diflerfjnce  in  tiie  condiicti(m  jiower  of 
core  an(:l  sheath  may  not  be  essential. 

Within  a  few  years  a  number  of  papers  have  appeared 
which  show  an  astonishing  similai-ity  in  the  eleetiical 
phenomena  to  be  (jbserved  ()n  nerves  and  core-conductor 
models.  Indeed,  it  is  claimed  bv  some  observers  (Borut- 
tau,  Pflliger's  Archiv,  Iviii.,  S.  1,  1894;  lix.,  S.  47,  189,-): 


Ixiii.,  S.  158,  1896;  Ixviii.,  S.  351,  1897;  Hoorweg, 
Pflliger's  Airhiv,  Ixxi.,  S.  138,  1898)  that  all  the  elec- 
ti'ical  phenomena  which  can  be  observed  on  nerves  are 
exactly  reproduced  by  these  models.  Boruttau  says  the 
form  of  model  that  most  exactly  imitates  the  electrical 
phenomena  observed  on  nerves  is  that  of  Radzikow.ski 
("Institut  Solvay,  Travaux  de  laboratoire,"  t.  3,  fasc.  1, 
pp.  1-23,  Brussels,  1899),  which  con.sists  of  a  magnesium 
wire  in  dilute  sodium  chloride. 

Electrolytic  Piiliirlzatioii  Effects. — Waller  in  his  lectures 
on  "Animal  Electricity  "  argues  strongly  in  favor  of  the 
view  that  extrapolar  electrotonic  currents  are  the  result 
of  electrolytic  p(jlarization,  and  he  gives  an  excellent 
picture  of  the  way  such  electrolytic  changes  may  occur, 
and  how  they  may  iiroduce  the  polarization  currents  that 
cause  the  spread"  of  battery  currents  along  tlie  nerve. 
Gotch  also  (Sehaefer's  "Textbook  of  PJiysiol.,"  vol.  ii., 
pp.  540-547,  1900)  illustrates  these  effects  well.  If  a  bat- 
tery current  be  sent  Ihrottgh  a  fluid  conductor,  the  current 
cau.ses  an  electrolytic  decomposition  of  the  clectrolj'te  and 
the  collection  of  the  ions  at  the  poles.  Acids,  oxygen, 
chlorine,  etc.,  eleetio-negative  ions,  collect  at  the  anode, 
gases,  hj'drogen,  sodium,  etc.,  electro-positive  ions,  col- 
lect at  the  cathode. 

If  the  current  be  strong,  O  and  Hmay  be  seen  to  come 
oft'  as  bubbles.  If  it  be  weak  there  is  still  a  separation 
of  ions,  though  they  maj'  not  be  visible.  The  fact  that 
such  an  electrolytic  decomposition  occurs  and  that  the 
ions  collect  at  the  two  poles  may  be  detected  by  intro- 
ducing into  the  solution  some  substance  which  will  change 
color  under  the  influence  of  an  acid  or  an  alkali.  AValler 
has  emphjyed  a  solutitm  of  dextrin  and  potassium  iodide 
to  illustrate  the  phenomena.  The  battery  current  de- 
composes the  iodide  of  potassium,  the  ba.se  collects  at  the 
cathode  and  the  iodide  at  the  anode,  where  it  strikes  a 
red  color  with  the  dextrin. 

Gotch  suggests  the  use  of  methylene  blue,  which  is 
blanched  on  being  reduced  at  the  cathode  and  takes  on  a 
stronger  color  under  the  influence  of  the  acid  at  the  anode. 

The  products  of  the  electrolytic  change  are  themselves 
capable  of  generating  a  current,  the  anodic  ions  being 
galvanometrically  positive  to  the  cathodic  ions.  That 
they  do  this  can  be  ascertained  by  letting  a  battery 
current  flow  through  a  moist  conductor,  and  then  dis- 
connecting the  electrodes  from  the  batterj-  and  connect- 
ing them  with  a  galvanometer,  when  a  current  of  op- 
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Fig.  lS;>t.— Diagram  of  Polarization  Currents  In  a  Moist  Conductor, 
when  a  Battery  nurent  is  led  through  by  Metal  Electrodes.  A  and 
(  ,  luetal  electnides;  B,  battery;  ?|-,  k' ,  keys;  G,  galvanometer;  0, 
acid,  negative,  but  galvaTiometrioally  positive  ions;  H,  basic,  posi- 
tive, but  galvanonielrlcally  negative  ions.  The  dotted  arrows  show 
the  direction  of  the  inilahziug  currput,  and  the  black  arrows  the 
direction  of  polarization  currents  oliserved  with  galvanometer  aft«r 
opening  of  battery  circuit. 

po.site  directicin  to  the  preceding  battery  current  will  be 
indicated.     This  is  the  so-called  polarization  current. 

This  jiolarizalion  change  is  most  marked  at  the  point 
where  the  metal  electrodes  come  in  contact  with  the 
moist  conductor. 

This  external  polarization  effect  may  be  greatly  lessened 
by  employing  "  non-polarizable  "  electrodes.  In  case  the 
moist  conductor  is  c(nnposed  of  more  than  one  substance, 
and  these  have  diffei'ent  capacities  of  conduction,  an  in- 
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teriial  polarizatkm  may  be  observed.     Such  is  esneoi-illv 
the  case  with  meduUated  nerves. 

AVallcr  ("Lectures,"  p.  90)  shows  that  the  Imnian  body 
may  be  mterually  polarized  Ijy  the  flow  of  a  battery  cur- 
rent. He  took  two  pairs  of  cups  containing  salt  solution 
and  connected  one  pair  with  a  battei'y  and  the  other  witli 
a  galvanometer.  Hy  then  dipped  two  of  his  lingers  into 
the  first  pair  of  cups,  thus  completing  the  battery  circuit 
through  hnnselt;  he  then  remoyed  those  fingers  and 
dipped  two  others  into  the  cups  connecled  witb  the  "ul- 
vanometer;  this  showed  a  deflection,  proving  that  theie 
had  been  an  internal  polarization  of  his  body'. 

DuBois-Re.ymond  showed  that  the  electrolytic  polari- 
zation occurs  at  the  interspace,  i.e.,  the  poiut'of  contact 
of  the  different  moist  conductors.  This  is  illustrated  in 
the  following  scheme  (Fig.  185.5). 

In  this  case,  the  electrolytic  efl'ects  are  supposed  to 
occur  at  the  contact  of  the  surfaces  of  the  sheath  and  core. 
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Fie.  18.5.5.— Diagram  showing  the  Internal  Polarization  Effects  left  In 
a  Core  Conductor,  such  as  a  Nerve,  after  the  withdrawal  of  the 
Polarizing  Current.  B,  battery:  A  and  0,  non-polarlzable  elec- 
trodes :  h,  k\  keys :  G,  galvanometer ;  dotted  arrows,  show  course 
of  polarizing  cuirent:  black  arrows  show  course  of  polarization 
currents  in  axis  and  sheath,  as  indicated  by  the  galvanometer  after 
opening  of  battery  circuit. 

We  have  to  consider  tliat  intermil  anodes  exist  wliere  the 
battery  current  enters  the  axis  cylinder  beneath  the  anode, 
.4,  and  where  it  enters  tlie  sheath  beneath  the  cathode, 
C,  and  internal  cathodes  where  the  current  leaves  the 
sheath  below  tlie  anode,  and  where  it  leaves  the  axis 
cj'linder  beneath  the  cathode. 

Negative,  acid  ions  would  collect  at  the  internal  anodes, 
and  positive,  basic  ions  at  the  internal  cathodes,  and 
these  would  cause  the  polarization  currents  in  the  axis 
and  sheath  indicated  in  the  diagram.  When  the  battery 
circuit  is  broken  and  the  galvanometer  circuit  closed,  a 
part  of  these  currents  will  flow  througli  the  galvanometer, 
and  the  region  of  the  anode  will  be  found  to  be  galvano- 
metrically  positive  with  i-eference  to  the  region  of  tlie 
cathode. 

Ccnise  of  MHrapolar  Electrotonie  C'urrerUs.—(a)  After  the 
Polarizing  Cvrrent  is  Withdrmeri.  The  electrolytic  polar- 
ization effects  are  the  most  marked  directly  beneath  the 
anode  and  cathode.  When  the  battery  current  ceases  to 
flow,  the  sheath  of  nerve  beneath  the  anode  will  be  gal 
vanometrically  positive  to  all  other  parts  of  the  sheatli. 
and  therefore'  polarization  currents  will  flow  from  this 
part  of  the  sheath  to  the  other  less  positive,  extrapolar  as 
well  as  intrapolar  parts  of  the  sheath,  and  return  currents 
will  come  back  to  the  anode  through  the  core.  If  two 
points  of  the  extrapolar  region  be  connected  with  the  gal- 
vanometer, a  part  of  these  extrapolar  currents  will  flow 
through  the  galvanometer  circuit  from  the  point  nearest 
the  anode  to  the  one  more  di.staut,  these  tlireads  of  cur- 
rent returning  to  the  anode  through  the  core.  In  a  like 
manner,  since  the  part  of  the  sheath  near  the  cathode  is 
more  negative  than  other  parts  of  the  siieath,  if  two 
points  of  the  cathodic  extrapolar  region  be  connected  with 
a  galvanometer,  current  tlireads  will  be  obtained  flowing 
from  more  distant  parts  toward  the  cathode,  and  iudicat 


ing  a  flow  of  current  in  the  core  away  from  the  cathode 
As  a  matte)-  of  fad  the  thickness  of  the  sheatli  of  a  core 
couduelor  has  an  important  influence,  but  this  question 
need  not  be  di.scus.scil  lieic;  (Goteli,  Schaefcr's" Textbook 
ol  Physiology,"  vol.  ii.,  p.  ,544,  lOOU). 

(/()  Itiin'/i;/  the  Flmr  of  the  FoldHziiig  Current.  The 
conditions  which  lead  to  (he  production  of  the  extrapolar 
currenis  which  aredetected  in  a  core  conductor  and  nerve 
after  the  polarizing  current  has  been  withdrawn  are 
present  diulng  the  flow  of  the  polarizing  current.  Elec- 
trolytic polarization  effects  begin  to  develop  at  the  in- 
stant theiiolarizingciiiii.nt  enters,  and  continue  through- 
out its  flow.  Tliey  are,  therefore,  one  of  the  .sources  (jf 
the  electrotonie  currents  obsei-ved  in  core  conductors  and 
nerves  during  the  flow  ofi  the  cuirent  (Gotch,  Scliaefer's 
"  Textb(jok, "  p.  .546).  Another  cause  is  to  be  found  in  the 
fact  that  the  polarization  currents  which  develop  about 
the  core  resist  the  passage  of  the  battery  current  from 
the  sheath  to  the  core  and  from  the  core'  to  the  sheath, 
and  cause  it  to  spread  widely  into  the  extrapolar  regions. 

ReUitiuii  of  I'liliirizKtiiiii.  to  E.reitation.  and  Conduction.  ' 
—  Pfli'iger  says  that  the  beginning  of  our  knowledge  of 
electrotonus  starts  with  the  observation  of  Rittcr  ("Bei- 
trage  zur  naherii  Kentni.ss  des  Galvanismiis,"  etc.,  Jena, 
1802)  that  the  irritability  of  a  nerve  is  altered  by  the  flow 
of  a  current,  and  dilferently  for  ascending  and'  dcsceixl- 
ing  currents.  The  fact  that  the  flow  of  an  electric  cur- 
rent tlirough  a  nerve  may  lead  to  the  development  of 
electrotonus  was  first  observed  by  DuBois-Reymond 
("Untersuch.  it.  thieiisclie  Electricitiit,"  Bil.  ii.,  Abth.  1, 
S.  289,  1849).  He  considered  excitation  to  be  closely 
i-elated  to  the  isleotrotonic  changes  which  he  observed,  and 
these  to  be  associated  with  the  electrolysis  jiroduced  by  the 
current.  Although  he  recognized  electrotonus  and  ex 
citation  to  be  intimately  related,  he  did  not  regard  the 
electrotonie  state  to  be'identical  with  the  process  of  ex- 
citation as  manifested  by  sensation  and  movement.  His 
statement,  "  Galvanic  excitation  is  only  the  first  stage  in 
the  electrolysis  of  a  nerve,  "has  received  support  from 
many  of  the  latest  observations. 

Pfiiiger  recognized  tliat  there  is  a  very  close  relation 
between  the  polar  changes  of  irritability  and  conductiv- 
ity which  he  observed  and  the  polar  electrical  phenomena 
of  elect  rotonus,  but  regarded  them  as  the  different  symp- 
toms of  the  iuti'rnal  molecular  changes  produced  by  the 
battery  cuirent  in  the  nerve.  DuBois-Reymond  ("Unter- 
such.," Bd.  i.,  S.  258)  had  formulated  a  general  Jaw  for 
excitation,  viz. :  excitation  is  caused  not  bj^  the  continu- 
ous flow  of  a  current,  but  by  changes  of  intensity  within 
short  intervals  of  time,  and  Pfliiger  ("Untersuch.  i'l.  d. 
Physiol,  d.  Electrotonus,"  S.  445,  Berlin,  1859) interpreted 
this  law  to  nieiui  that  excitation  depends  upon  the  rate 
at  which  the  inner  molecular  constitution  of  the  nerve  is 
altered  by  the  application  of  some  external  force,  and 
found  this  law  to  be  in  harmony  with  his  law  of  "polar 
excitation  of  nerve," — "a  given  stretch  of  nerve  is  ex- 
cited by  the  development  of  cateleetrotonus  and  the  dis- 
appearance of  aneleetrotonus,  not,  however,  by  the  dis- 
appearance of  cateleetrotonus  and  the  development  of 
aneleetrotonus"  ("Unter.such.,"  S.  .546).  He  associated 
excitation  with  the  sudden  rtse  of  irritability  which  occurs 
at  the  cathode  on  the  closing,  and  at  the  anode  upon  the 
opening  of  tlie  current. 

Hermann  followed  up  the  observations  wdiicli  Matteucci 
liad  made  in  1863  on  core-conductor  models,  and  con- 
cluded that  electrotonie  currents  and  the  electrical  phe- 
n(jraena  to  be  (ibservedim  nerves  when  they  aie  excited, 
can  be  explained  by  the  chemico-physical  effects  of  the 
current;  and  further,  that  the  explanation  of  the  "law 
of  polar  excitation "  developed  by  Pfliiger  is  to  be 
sought  in  file  electrolytic  changes  wdiicli  the  current 
produces  at  the  two  poles.  Hermann  (Hermann  u.  Weiss, 
Pfliiger'syl;c///c,  Ixxi.,  S.  279,  1898)  states  that  as  early  as 
1867  ("Untersuch.  li.  Muskeln  u,  Ncrven,"  Heft  2,  S. 
41-43,  Berlin,  1867)  he  developed  a  theory  that  under  the 
influence  of  the  cathode  the  splitting  up  of  chemical 
compounds  in  the  tissue  is  hastened  (dissimilation  oc- 
curs), and  so  negativity  is  produced  in  the  neighborhood 
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of  the  cathode,  iind  under  the  influence  of  tlie  anode  de- 
composition is  delayed  and  perliaps  syutlietic  changes 
produced,  wlience  a  condition  of  positivity  is  developed 
near  the  anode.  He  says  that  later  he  gave  this  theory 
up  for  a  better  one,  but  it  has  been  accejited  Ijy  many 
and  was  brought  forward  again  by  Hering  and  Bieiler- 
mann("Ber.  d.  Oesterr.  Akad.  Math.  Naturwiss.  CI.," 
Abthl.  3,  Bd.  997,  S.  1-15,  IhiSH;  Biedermann,  "Electro- 
physiologic," S.  70(i,  Jena,  1895),  who  describeil  clectro- 
tonus  of  the  nerve  as  a  physiological  phenomenon  and 
different  from  the  physical  change  to  be  observed  on 
core-conductor  models.  Tlirough  this  some  confusion  in 
terminology  arose.  Bernstein  classes  under  physiological 
electrotonns  the  changes  in  irritability,  and  imder  pliys 
ical  the  galvanic  phenomena  produced  by  the  cuirent. 
Hermann  is  not  satisfied  that  such  a  division  is  admissible, 
nor  is  it  now  generally  accepted.  Hermann  (Inf.  n't..  S. 
380)  says:  "  For  me  all  physiological  phenomena  of  elec- 
trotonus  are  only  effects  of  jiolarization  of  the  nerve  core, 
these  being  at  once  the  result  of  the  action  of  the  current 
and  the  cause  of  its  spread  into  the  e.xtrapolar  regions." 
The  assumed  assimilation  and  dissimilation  effects  find 
place  under  the  physiological  action  of  positive  and 
negative  polaiizafion.  Boruttau  (Pfluger's  Archiv,  Iviii., 
S.  51,  1894;  lix.,  S.  47,  1895;  Ixiii.,  S.  154,  1890;  Ixvi., 
1897;  Ixviii.,  1897;  Ixxxi.,  S.  300,  1901),  in  his  many 
papers  on  this  sidjject,  favors  the  view  that  excitation 
always  goes  hand-in-hand  witli  a  catelectrotonic  condi- 
tion and  that  the  curi-ent  of  action  can  be  identified  with 
"a  wave-like  spread  of  catelectrotonus."  He  arrived  at 
the  view  tlirough  his  experiments  on  core-conductor  mod- 
els, on  which  he  claims  that  all  the  electrical  phenomena 
to  be  observed  on  nerves  can  be  reproduced.  His  experi- 
ments have  shown  an  astonishing  similarity  beween  the 
way  in  which  electrical  waves  traverse  these  models  and 
the  way  that  the  waves  which  accompany  the  nerve  im- 
pidse  pass  along  the  nerve.  Even  verj^  brief  currents, 
such  as  induction  currents,  can  cause  catelectiotonus; 
and  he  finds  that  if  a  series  of  equal  induction  currents 
of  alternating  direction  are  passed  through  a  portion  of 
a  core-conductor  model,  the  opposite  equal  polarization 
effects  cause  a  condition  of  negativity,  of  catelectrotonus, 
to  develop  near  the  electrodes  on  each  side  of  the  polar- 
ized region.  Hoorweg  (Pfliiger's  Arcliiv,  Ixxi..  S.  128, 
1898)  as  the  result  of  his  experiments  comes  to  much  the 
same  conclusion  as  Boruttau,  but  Hermann  (Pfluger's 
Archiv,  Ixxi.,  S.  294,  1898)  states  that  he  is  not  prepared 
to  go  as  far  as  Boruttau,  and  does  not  consider  that  core- 
conductor  models  can  be  looked  upon  as  nerve  models  in 
respect  to  irritability ;  they  are,  for  him,  models  of  elec- 
trotonic  effects  of  the  current.  He  considers  that  polari- 
zation, and  the  excitation  associated  with  its  development 
and  disappearance,  are  to  be  held  as  distinctly  separate 
phenomena.  This  year  he  writes  (Pfluger's  Arc/iin. 
Ixxxiii.,  S.  360,  1901)  with  reference  to  tlie  current  of 
action  and  excitation ;  "One  need  not  consider  these  as 
separate  properties;  on  the  contrary,  for  me  excitation  is 
nothing  more  than  that  change  in  the  core  which  causes 
the  potential  of  the  current  of  action." 

Pflliger  found  that  the  sudden  cessation  of  anelectro- 
tonus  as  well  as  the  e.slablishment  of  catelectrotonus  is 
associated  with  a  sudden  rise  of  irritability  and  excitation. 
This  is  difficult  to  explain  on  the  theory  that  excitation 
only  occurs  on  the  establislmient  of  catelectrotonus. 
Gruetzner  (Bredauer  aerzU.  Zeitxchr.,  No.  233,  1882) 
and  Tigerst(;dt  ("Mitthl.  a.  d.  physiol.  lali.  d.  Carolin 
Instit.  in  Stockholm,"  Hft.  2,  Abthl.  2,  1882)  have  tried 
to  meet  the  dilflculty  by  attracting  attention  to  the  fact 
that  on  the  opening  of  the  polarizing  circuit  a  catelectro- 
tonic condition  is  developed  at  the  former  anode,  through 
the  establishment  of  the  polarization  aftercurrent  of 
opposite  direction.  This  explanation  is  n(]t  altofrcther 
satisfactory  to  Gotch  (Schaefer's  "Textbook  of  Physi- 
ology," ii.,  p.  499,  509,  1900)  who  points  out  a  number 
of  ditficidties,  and  decides  that  something  more  than 
the  effect  of  the  aft(M--polarization  c\irrent  must  be  at 
work  in  the  production  of  tlu;  openini,^  excitation ;  it 
appears  to  liave  been  accepted  by  Hermann,  Boruttau, 
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and  others  who  associate  excitation  with  the  catelectro- 
tonic state. 

The  prolonged,  more  or  less  continuous  excitatory  con- 
dition seen  to' follow  the  opening  of  a  strong  current  that 
has  flowed  through  a  nerve  for  a  considerable  time,  and 
which  is  known  as  "Ritter's  opening  tetanus,"  like  the 
continuous  contraction  which  may  develop  during  the 
flow  of  a  strong  current,  is  generally  attributed  to  an 
irritation  caused  by  the  ions  liberated  at  the  two  poles 
during  the  flow  of  the  current. 

Rdatiiin  uf  Polarization  to  Ooiidiiction.— The  excitation 
jiroccss  is  transmitted  in  nerves  in  the  form  of  a  wave, 
at  a  definite  rate,  without  loss  of  energy;  electrotonus  is 
develojied  instantaneously,  is  a  stationary  condition,  and 
lessens  in  intensity  with  increasing  distance.  As  Wal- 
ler ("  fjcctures  on  Animal  Elcclricity,"  p.  114,  London. 
1897)  states,  both  electrotonic  currents  and  currents  of 
action  are  expressions  of  polarization,  but  the  former  is 
a  stable,  the  latter  a  fleeting  change,  propagated  as  a 
wave  along  the  compound  electrolyte.  H  this  be  true, 
how  can  the  excitation  associated  with  the  development 
of  catelectrotonus  result  in  conduction?  Hermann 
(Pfluger's  Air/iin.  Ixxv.,  S.  574,  1899)  recalls  that  as 
early  as  1872  h(.'  expressed  the  view  that  the  polarization 
which  occurs  at  the  bounding  siu-faces  of  the  axis  cylinder 
and  the  sheath  of  the  nerve  might  play  a  part  in  the 
conduction  process.  He  says  tliere  are  two  laws  of  the 
utmost  importance  in  this  connection,  that  of  Pfltiger. 
that  a  part  of  a  nerve  is  irritated  when  catelectrotonus 
increases  and  when  anelectrotonus  diminishes,  and  his 
own  law  of  the  current  of  action,  that  every  cross  section 
of  a  fibre  is  negative  in  respect  to  one  less  irritated  or 
not  irritated.  Since  an  irritated  part  of  a  core  is  negative 
with  reference  to  neighboring  parts  which  are  at  rest, 
currents  would  lie  set  up  which  would  flow  from  the 
core  through  the  sheath  and  back  to  the  core.  These 
currents  would  act  catelectrotonically  to  excite  the 
neighboring  inactive  parts,  and  anelectrotonically  to  in- 
hibit the  part  which  bad  been  irritated.  On  this  basis, 
as  the  wave  of  excitation  passes,  each  point  becoiues  first 
catelectrotonic  and  then  anelectrotonic.  The  idea  that 
an  anelectrotonic  condition  immediateh'  follows  a  catelec- 
trotonic explains  for  Elermann  why  it  is  that  not  all  the 
available  energy-producing  substance  made  irritable  by 
the  condition  of  catelectrotonus  is  used  up  bj'  a  single 
excitation.  Werigo  (Pfliiger's  Archir.  Ixxxiv.,  S.  618, 
1901)  thinks  tliat  it  is  unncccssaiy  that  anelectrotonus 
should  thus  follow  catelectrotonus,  because,  if  currents 
are  of  short  duration,  the  rapid  rise  of  excitability  at  the 
cathode  is  always  followed  by  an  immediate  fall  of  ex- 
citability. Hermann  (Pfliiger's  Archie.  Ixxiv.,  S.  582, 
1899),  at  the  close  of  a  paper  in  which  he  attempts  to  give 
a  mathematical  expression  to  bis  theory  of  nerve  excita- 
tion, writes,  "The  irritation  works  on  the  current  forma- 
tion just  like  self  induction,"  but  he  says  that  we  cannot 
assume  self-induction  for  protoplasm. 

Hermann's  theory  of  the  conduction  process  requires 
excitability  in  the  conducting  part,  and  the  claim  has 
been  made  by  a  number  of  investigators  (Gruenhagen. 
Efron,  Gad  and  Sawyer,  Goldscheider,  Piotrowsky)  that 
they  have  observed  conductivity  in  ]iartsof  a  nerve  which 
had  lost  their  excitaliility,  through  the  application  of  cold 
or  some  narcotizing  drug.  The  excitation  wave  is  evi- 
dently I'losely  associated  with  a  wave  of  electrical  nega- 
tivity, but  the  question  arises.  Are  these  to  be  regarded 
as  iuse]iarable  in  the  case  of  nerves'?  The  currenfof  ac- 
tion can  be  demonstrated  on  a  core-conductor  model  where 
there  can  be  no  question  of  excitation;  and,  as  Hermann 
ob.serves,  a  platinum  wire  is  not  a  model  of  an  irritable 
nerve,  but  only  one  to  illustrate  its  electrical  properties. 
Gotch  and  Burch  (Joirrn.  of  Phi/.tiol..  xxiv  ,  ji.  144)  found 
in  experiments  in  which  two 'rapidly  following  excita- 
tions were  given  to  a  nerve,  different  parts  of  which  were 
at  different  temperatures,  that  excitation  can  pass  along 
a  stretch  of  nerve  without  a  current  of  action  developing. 
Herzen  (CevtraM.  f.  Pliynol.,  xiii.,  S.  455;  Reme  Scien- 
ti.-fiqve,  January  13th,  1900)  found  that  a  nerve  poisoned 
with  chloral,  and  presumably  not  irritable  (since  no  mus- 
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cular  coutvactions  resulted  from  exeitution),  was  still  able 
to  conduct  and  give  a  negative  vaiiatiou.  Kadzikowski 
C'lus.  Sohvay,  Truvaux  de  lab.,"  iii.,  fasc.  1  p  1  imd) 
found  currents  of  action  in  nerves  which  were  apparentl'v 
not  functioning,  since  they  did  not  excite  the  muscles 
According  to  him,  the  current  of  action  is  simi)ly  a  chem- 
ico-physical  change  resulting  from  the  core-conductor 
structure,  and  not  essentially  connected  with  function 
These  resultsare  by  no  means  generally  accepted  Thus 
Wedensky  (Pfliiger's  Yl/r/(«>,  Ixxxii.,  S.  124,  1900)  con- 
siders that  excitability  and  conductivity  are  inseparably 
connected,  and  Boruttau  (PHiiger's  Arc/no,  Ixxxi.,  8  300 
KKIO;  Ixxxi  v.,  8.  335,  1001),  after  reviewing  the  work  that 
has  been  done  by  otheis  on  this  suljject  and  describing  a 
large  number  of  experiments  of  his  own,  concludes  with  a 
reiteration  of  the  \iew.  already  frequently  expressed  by 
him,  that  the  appearance  of  currents  of  "action  without 
true  functional  activity  of  the  nerve  or  the  rever.se  never 
occurs. 

There  can  be  no  doubt  th[it  electrolysis  and  the  conse- 
quent polarization  phenomena  can  exist  independently 
of  excitation,  for  they  are  to  be  observed  on  core  con- 
ductor models  in  which  there  is  no  question  of  excitation 
in  the  physiological  seu.se.  AH  the  electrical  phenomena 
to  be  detected  on  nerves  can  be  reproduced  on  core-con- 
ductor models,  and,  therefore,  we  are  justitied  in  assum- 
ing that  in  the  nerve  as  in  the  model  they  may  be  chemico- 
physical  processes.  This  conclusion  does  not  prevent  us 
from  considering  the  electrical  phenomena  detected  in 
nerves  as  physiological  proeesses,  for  they  arc  to  be  found 
in  nerves  only  so  long  as  the  chemical  and  anatomical 
structure  peculiar  to  living  protoplasm  is  maintained, 
and  are  modified  by  any  influence  which  alters  the  func- 
tional activity  of  the  tissue.  Probably  strengths  of  cur- 
rent capable  of  producing  excitation  will  alwaj's  pro- 
duce, if  suitably  apjilicd,  ]i<ilarization,  but  it  by  no  means 
is  sure  that  polarization  efl'ects  may  not  occur  independ- 
ently of  excitation. 

Although  we  cannot  say  that  polarization  and  excita- 
tion are  identical,  it  is  c^'ident  that  they  are  very  closel}' 
related  and  can  lie  considered  as  two  different  symptoms 
of  the  same  chemicd-jihysical  changes  of  the  living  ju-o- 
toplasm.  The  closeness  of  the  relation  is  made  evident 
by  the  fact  that  they  are  influenced  in  the  same  way  by 
so  many  diflerent  conditions.  Both  excitation  effects  and 
polarization  aie  most  marked  in  medullated  nerves;  both 
require  the  integrity  of  the  nerve  fibre,  and  both  are  altered 
in  a  similar  manner  by  most  of  the  influences  which  affect 
the  activity  of  nerve  protojilasm  ;  both  are  increased  wh<'n 
the  length" of  nerve  subjected  to  the  current  is  increased; 
both  are  increased  by  an  increase  in  the  intensity  and 
duration  of  the  current;  currents  of  ver}'  short  duration, 
such  as  induction  currents,  can  produce  polarization  as 
well  as  excitation;  finally,  the  more  rapidly  polarization 
develops  the  greater  the  excitation. 

Wiin-eii  P.  Lombard. 

ELEMI.— Of  the  .several  resins  which  at  one  time  or 
another  have  been  sold  under  this  name,  that  in  use  at 
present  is  the  one  known  as  Manilla  elemi,  and  comes 
from  the  Philippines. 

Elemi  exudes  from  incisions  in  the  bark  of  one  or  more 
species  of  CaiiKriiim  (fam.  Bur.ieraceo').  C.  covimvne  L.. 
of  India,  yields  one  variety,  but  it  is  apparently  not  that 
now  in  rise,  which  conies  chiefly  from  the  island  of 
Luzon.  . 

Elemi  is  a  soft,  translucent,  grayish-white  or  yellowish 
substance,  of  pleasant  aromatic  odor,  and  rather  terebin- 
thinous  taste.  It  comes  in  large  cakes  or  masses,  ofteij 
very  much  contaminated  with  dirt,  chips,  and  ^leaves. 
The  British  official  description  is  as  follows;  "When 
fresh,  soft,  granular,  resinous,  and  colorless,  but  by 
keeping  it  becomes  harder,  and  of  a  pale  yellow  tint. 
Odor,  strong  and  fragrant,  somewhat  resembling  fennel 
and  lemon.  Moistened  with  rectified  spirit,  it  breaks 
up  into  small  particles,  which,  when  examined  by  the 
microscope,  are  seen  partlv  to  consist  of  acicular  crys- 
tals." 


Co.MPOsiTioN.— According  to  Fllickiger  it  contains  ten 
per  cent,  of  enKcidiiil  nil,  wiiieh  may  be  separated  upon 
fradional  distillation  into  six  portions,  all  of  the  turpen- 
tine .series,  CiJIio,  or  CJIh.  The  remaining  resin  is  a 
complex  mixture,  from  which  several  crystalline,  resin- 
ous substances— «»/;(/;■(■)/,  hryoidin,  breidin,  etc. — and 
amorphous  resins  have  been  separated.  Elemic  acid  is 
finally  another  ingredient. 

Action  akd  Use. — Elemi  is  a  local  stimulant,  like  tur- 
]ientine  and  resin,  and  is  put  to  the  .same  uses.  Its  only 
emiiloyment  here,  and  that  quite  raiely,  is  as  an  in- 
gredient of  plasters  and  ointments.  Unguentnm.  Elemi 
uas  made  of  elemi  one  pait  and  simple  ointment  four 
parts.  IF.  p.  Bolles. 

ELEPHANTIASIS. —  (Synonym:  Elephantiasis  Ara- 
lium;  Barbadoes  leg ;  Morbus  lierculeus;  Spargosis  of  the 
Egyptians;  Pachydermia;  Sarcoma  mucosum;  Tropical 
big  leg;  Bucnemia  tropica;  Hypersarcosis;  Phlegmasia 
malabarica;  Mai  de  Cayenne.) 

Definition. — A  non-contagious  endemic  or  sporadic 
disease,  characterized  by  a  chronic  hyperplasia  of  the 
true  .skin  and  subcutaneous  tissues;  usually  limited  to 
an  exclusive  locahty,  and  preceded  by  a  local  disturbance 
of  the  circulation,  especially  in  the  lymphatic  vessels; 
and  terminsiting  in  swelling,  (cdeiiia,  induration,  progres- 
sive hypei-troph}',  more  or  less  pigmentation,  the  devel- 
opment of  fissures,  and  the  growth  of  the  papillae. 

Owing  to  its  great  anti(|uity  and  the  jirominence 
awarded  it  by  the  earliest  medical  authorities,  elephan- 
tiasis must  be  regarded  as  a  disease  of  phenomenal  inter- 
est. Its  name  would  seem  to  imply  that  it  originated  in 
Arabia;  indeed,  according  to  the  most  ancient  history  of 
medicine,  it  first  prevailed  in  that  country  and  was  of 
common  occurrence.  Formerly  the  term  was  practically 
unlimited  in  its  application  and  failed  to  express  with 
even  approximate  accuracy  the  various  forms  and  phases 
of  the  disease.  It  apjiarently  embraced  all  the  morbid 
ccuiditions  of  the  human  body  which  involved  the  en- 
largement of  a  specilied  part,  and  pointed  particularly 
to  the  condition  described  as  lepra  graeeorum.  Truly, 
this  was  a  most  unfortunate  name,  as  it  was  many  limes 
applied  to  lesions  of  a  totally  diflerent  pathological  char- 
acter. Ilappil}',  however,  the  emploj'inent  of  this  ge- 
neric term  for  diverse  morbid  processes  has  finally  been 
discountenanced,  being  at  present  coutineil  to  a  single 
disease. 

While  elephantiasis  is  a  typical  pandemic  disorder, 
characterized  b_y  wide  differences,  it  is  either  endemic  or 
sporadic  in  its  distribution,  ditfering  symptomatically  as 
to  its  exciting  causes,  but  with  like  results  in  all  cases. 

The  endemic  form  is  essentially  a  disease  of  the  tropical 
and  subtriipical  regions,  appearing  most  freipiently  in 
Africa,  India,  the  Indiiui  Arcl)i]ielago,  the  West  Indies 
and  South  Amei-ica.  The  sporadic  form  occurs  all  over 
the  wf)rld ;  the  endemic  type  is  rarely  encountered  be- 
yond the  35th  degree  of  North  and  South  latitudes.  In 
Travencore  it  is  very  common,  affecting  about  five  per 
cent,  of  the  entire  population,  while  in  some  of  the  South 
Pacific  Islands  nearly  one-half  of  all  the  inhabitants  are 
its  victims. 

In  the  United  States  the  disease  is  comparatively  rare, 
being  more  prevalent  in  our  territorial  possessions  and  in 
the  South  than  in  the  North,  where,  indeed,  it  does  not 
seem  to  spring  from  the  same  cause.  The  pathological 
process  is  ,so  different  in  the  two  groups  of  the  disease, 
as  to  etiology,  symptomatology,  and  course,  that  there 
seem  to  be  two  distinct  typesOf  the  disease,  covering  a 
multitude  of  hypertrophic  conditions,  such  as  result  from 
congenital  elephantiasis,  telangiectodes  and  lymphangi- 
ectodes,  or  acquired  obstruction  of  the  lymphatic  system, 
and  including  cases  of  chronic  ]ihlegmasia  dolensandhy- 
pertrophj'  originating  in  chronic   eczema  and  varicose 

veins.  ,  , ,     , 

The  endemic  form  declares  itself  somewhat  suddenly, 
and  is  accompanied  by  pain  and  inflammation  of  the 
parts  affected,  more  or  less  well-marked  febrile  symp- 
toms, and  the  so-called  elephantoid  fever  which  is  usually 
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characterized  by  a  prodromic  slagc,  generally  following 
over-exertion  or  iujiuy,  chills,  high  fever,  iind  gastric 
disturbances. 

The  inflammation  is  of  an  erysipelatous  character,  and 
chooses  the  lymphatics  and  blood-vessels  as  its  points  of 
attack.     Often  the  lymph  glands  of  the  groin  and  arm- 


FiG.  IMU.— Elepbautiasia  Tropica  uf  Leg.     (Cri)cker. ) 

pit  become  swollen  and  extremely  sensitive.      A  lym- 
phatic streak  of  a  ro.se  color  is  frequently  seen  to  traverse 
the  skin  which,  when  jiajpated,  seems  "to  present  a  line 
of  knots;  the  region  inx-ohed  becoming  reildened,  hot 
painful,  oedcmatous,  and  swollen. 

In  a  few  days  tlie  constitutional  symptoms  subside 
and  .so  also,  as  a  rule,  does  the  swelling';  a  sliglit  thicken- 
ing, however,  may  remain.  The  further  course  of  lli|. 
disea.se  is  marked  by  ivjieatcd  utiacks,  at  ii-regular  in 
tervals,  of  lymphangitis  and  lyin|iliatic  (edennL  Tliese 
may  be  relocated  once  or  twice  in  a  single  inontli,  or  ma\- 
be  delayed  for  a  whole  year.  Asa  I'ule,  the  oftener  Ih'e 
attacks  occur  the  less  inlense  is  Ihe  general  reaction: 
while,  on  the  other  hand,  there  oeciiis,  each  lime,  addi 
tional  hypertropliy  of  the  region  alfeetcd.  Finally  the 
affected  ])art  bec(jmes  pcrjuanently  eidarij;eil,  hard  to  tlie 
toucl],  and  dark  in  color,  with  folds  beneath  which  dirt 
and  oifensive  disehai-ges  collect;  hence  the  compari.son, 
if  the(lisease  all'ects  the  lower  extfemity,  l<i  the  ele- 
phant's leg.  In  the  interval  between  any  two  attacks,  if 
protracted,  the  swelling  .s(]nii'wliat  icecdi's,  but  afterward 
it  increases  again.  As  a  conscfpuMice  of  tljc  recurrent  in 
flammation,  enormous  and  persistent  hyi)ertrophies  re 
suit.  Sometimes  there  are  slight  tension  and  iirmncss 
of  the  affected  parts,  but  at,  other  times  they  show  a  dis- 
coloration consisting  of  various  shades  of  red.     After  a 


few  attacks,  a  fold  of  skin,  when  pinched,  reveals  an  ap- 
preciable thickening.  Repeated  attacks  result  in  still 
further  thickening  of  the  skin  and  subcutaneous  connec- 
tive tissue,  the  skin  becoming  harder,  firmer,  non-resist- 
ant, and  more  tensely  fastene(i  to  the  substratum.  In  ex- 
treme cases,  the  deep  fascia,  the  sheaths  of  the  blood-ves- 
sels, and  the  periosteiun  are  involved.  The  condition  is 
furthermore  favored  by  the  stasis  of  the  lymph  in  the 
channels  and  obstructed  glands,  resulting  in  a  dilatation 
of  the  lymphatic  trunks,  which  become  indurated,  tough, 
and  stringy.  Ultimately,  they  and  the  surrounding  con- 
nectiv(;  tissues  become  fused  together  into  a  uniform, 
hard  mass. 

The  changes  which  take  place  upon  the  exterior  of  the 
integument,  after  the  lapse  of  a  year  or  morfe,  are  mani- 
fold. At  first  the  skin  is  usually  dry,  shiny,  smooth,  and 
ten.se;  a  little  later  it  becomes  discolored  and  is  found  to 
be  rough,  tawny,  ichthyotic,  and  pigmented.  The  nat- 
ural f<ilds  and  furrows  are  greatly  exaggerated,  and  often 
present  irregular  lissures  esjiecially  pronounced  at  the 
bases  of  the  folds,  under  which  the  epidermis  is  aj)t  to 
become  macerated  and  deconipased,  as  a  result  of  which 
there  is  an  offensive  discharge.  The  papillary  layer  is 
frequently  modified  in  that  it  may  be  uniformly  thick- 
ened like  the  whole  skin,  or  this  may  occur  only  at  cer- 
tain points,  forming  the  verrucous  projections  often  en- 
countered about  the  arch  of  the  foot  or  between  the  folds 
of  the  integument.  While  the  structural  change  of  the 
papillary  layer  is  not  always  the  same,  it  may  be  said 
that  thickening  of  the  epidermis  is  generally  associated, 
with  hypertrophic  papilhs. 

This  disease  is  calculated  to  give  more  or  less  annoy- 
ance to  the  patient,  not  alone  because  the  parts  are  cum- 
bersome, liut  for  the  reason  that  great  deformities  of  the 
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toes   may   result   from   atrophy   and   dislocations      The 
nails,   too,  may  contribute  to  the  characteristic  discom 
fort  by  tmdergoing  some  kind  of  degeneration      Occa- 
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sionally  even  the  bones  show  a  change.  Osteo] jliy  tes  inav 
arise,  particularly  near  the  insertion  of  a  muscle  or  sinew", 
or  at  the  borders  of  the  epiphyses,  and  eventually  tlie  bone 
undergoes  necrosis  and  ulceration.  In  addition  to  inter- 
ference caused  by  tlie  deformity,  the  function  of  tlie  limb 
becomes  greatly  impaired  froiii  the  hypertrophy  of  the 
structures  of  the  soft  parts  and  from  atrophy  of  the 
bones  and  muscles.  The  resulting  inconvenience  is  con- 
siderable, especially  when  the  disease  affects  the  lower 
portion  of  the  leg.  Other  local  discomforts  may  arise. 
Thus,  for  example,  eczema  is  sometimes  set  up,  at  other 
times  varicose  ulcers  are  formed,  and,  in  rare  cases,  i-up- 
ture  of  the  lymphatics  ensues.  All  these  are  no  doubt 
secondary  consequences  of  the  disease,  but  they  greatly 
aggravate  the  suffering  of  the  patient.  Again,  severe  and 
continuous  pain,  usually  of  a  neuralgic  character,  may 
accompany  the  disease.  Occasionally  elephantiasis  may 
be  associated  with  complications;  these  are  found  to  be 
most  numerous  in  the  endemic  variety.  They  consist,  as 
a  rule,  of  suppuration  of  the  inguinal  glands,  and  of  cel- 
lulitis with  subscfiuent  abscess  formations. 

The  sporadic  form,  like  the  endemic,  very  often  de- 
clares itself  in  recurring  attacks  of  lymphangitis,  but 
differs  from  it  in  these  particulars:  the  constitutional 
symptoms  are  not  usually  as  severe,  and  the  enlargement 
is  more  equally  distributed  about  the  limb  and  not  so 
often  associated  with  the  section  below  the  knee.  Cases 
resulting  wholly — or  nearly  so — from  chronic  irritation, 
without  any  acute  inflammatory  signs,  would  seem  al- 
most to  constitute  an  entirely  different  class.  However, 
these  two  types — the  endemic  and  the  sporadic — are  so 
similar  clinically  that  they  must  be  considered  as  one.  It 
is  not  difficult  to  see  that  repeated  inflainmations  have 
greatly  interfered  with  the  venous  and  lymphatic  circu- 
lation ;  the  limb  has  therefore  been  chronically  congested, 
and  a  supeiabundance  of  lymph  has  been  constantly 
present  in  the  subcutaneous  cellular  spaces.  This  con- 
dition finally  becomes  more  pronounced  and  results  in  the 
hypertrophy  and  induration  so  characteristic  of  elephan- 
tiasis. In  rare  cases  the  acute  and  chronic  inflammation, 
which  may  be  regarded  as  the  cause  of  the  disease,  are 
wanting. 

The  particular  portion  of  the  body  most  frequently 
attacked  is  the  leg,  yet  the  hypertrophy  frequently  ap- 
pears elsewhere,  as,  for  example,  in  the  scrotum,  perns, 
labia,  hand,  arm,  face,  and  ears.  Apart  from  the  ex- 
tremities it  may  be  stated  that  it  is  most  often  met  with 
in  the  scrotum",  which  has  been  kncjwn  to  attain  a  weight 
of  more  than  one  hundred  pounds,  and  actually  to  reach 
the  ground.  When  the  male  genitals  become  the  seat  of 
the  difficulty,  we  have  svniptoms  and  complications 
peculiar  to  "these  parts,  the  symptoms  referred  to,  m 
addition  to  the  constitutional  ones  and  the  recnrring^at- 
tacks  of  lymphangitis,  are  both  systemic  and  local.  For, 
besides  the  usual  chills  and  fever,  we  often  encounter 
nausea  and  vomiting,  associated  with  severe  pains  m  the 
groin  radiating  from  the  spermatic  cord,  with  subse- 
(juent  swelling  of  the  loeabty.  The  attack  may  be  acute, 
in  consequence  of  the  disturbance  in  the  circulation,  this 
being  especially  true  when  the  inguinal  glands  are  greatly 
inflamed  and  "swollen,  and  when  there  is  a  chrome  in- 
flammatory affection  of  the  penis  and  scrotum.  ^  Strict- 
ures urinary  fistulas,  and  incontinence  of  urine  are 
frequently  tlie  source  of  the  disease.  The  cutaneous 
covering  "of  the  scrotum  and  penis  soon  loses  its  sensi- 
tivenessand  becomes  indurated,  rough,  and  rugose,  ihe 
prepuce  is  lengthened  and  thickened  and  the  skin  gradu- 
ally becomes  liypertrophied.  Wlien  the  scrotum  is  in- 
volved, the  rapiie  and  the  natural  folds  and  furrows  are 
greatly  exaggerated;  beneath  these,  dirt  and  dribbling 
Srine  from  a  retracted  penis  collect,  and  give  rise  to 
the  formation  of  excoriations,  fissures,  and  ulcerations, 
accompanied  by  offensive  discharges.  We  also  find  hernia 
and  hydrocele  frequently  associated,  as  complications, 
with  efephantiasis  of  the  scrotum. 

Lymph  scrotum  is  a  peculiar  form  of  the  disease  known 
as  nevoid  elephantiasis ;  this  is  fre<iuently  associated  with 
hematuria,  chyluria,  and  a  varicose  condition  of  the  lym- 


lihaties  of  the  scrotum,  apparently  due  to  the  presence 
of  the  Filaria  sanguinis  hominis.  It  is  characterized  by 
the  presence  of  enlarged  vessels  arranged  in  lines  or 
groups,  which  vary  in  diameter  from  a  pinhead  to  a  bean, 
and  which,  being  opened,  exude  a  piuki.sh,  milky  fluid 
which  readil}'  coagulates.  In  its  inoipiency  it  is  attended 
with  chills,  fever,  and  erj'sipelatous  inflammations;  the 
inguinal  glands  on  one  or  both  sides  are  swollen;  and, 
.sometimes,  there  is  inflammation  of  the  testicles. 

Elephantiasis  of  the  female  genitals,  in  the  temperate 
zone,  is  more  frequently  met  with  than  its  congener 
in  man,  hut  in  the  tropical  and  sub-tropical  climates 
these  organs  are  less  often  assailed.  The  parts  generally 
affected  are  the  vulva,  the  labia  majora,  less  often  the  labia 
minora,  and  rarely  the  clitoris.  The  sporadic  variety  is 
remarkable  in  that  it  is  comparatively  mild  and  seldom 
presents  the  intense  features  found  in  the  endemic  type. 
In  this  variety  the  development  of  the  disease  may  be 
slow  and  painless,  or  very  rapid.  It  is  usually  charac- 
terized by  symptoms  which  indicate  that  it  is  the  result 
of  some  irritation,  as  Onanism,  or  of  some  local  affection, 
as  syphilitic  inflammation,  which,  in  addition  to  the  irri- 
tation, obstructs  the  circulation  of  the  lymphatics.  Be- 
nign tumors  which  appear  earl}^  in  childhood,  or  congen- 
ital malformations  may  serve  to  explain  Ihe  subsequent 
hypertrophy. 

'  The  entire  vulva  is  not  always  involved,  hut  usually 
the  labia  majora  become  affected.  Should  the  lesser  labia 
fail  to  escape  the  influence  of  the  disease,  they  will  often 
become  the  seat  of  a  spherical  or  pear-shaped  tumor,  for 
the  most  part  small,  although  sometimes  attaining  con- 
siderable size.  The  skin  restricted  to  this  region  may 
beconre  either  smooth  and  somewhat  tense  and  firm,  or 
wrinkled  and  covered  with  dilated  sebaceous  glands  with 
gaping  orifices;  or  it  may  show  warty  growths  arising 
from  the  enlarged  papilla?.  In  the  latter  ease  the  entire 
surface  of  the  vulva,  as  far  as  to  the  anus,  may  be  covered 
with  these  warty  growths.  The  surface,  owing  to  the 
presence  of  distinct  and  hypertrophic  papilla?,  reveals  nu- 
merous rifts  and  fissures.  The  development  of  the  disease 
in  these  parts  is  generally  quite  slow,  a  number  of  years 
being  necessary  to  produce  tumors  as  large  as  a  hen's 
egg,  but  at  times  the  pathological  change  occurs  more 
rapidly,  and  then  the  masses  may  attain  enormous  di- 
mensions. Even  when  the.se  growths  are  small,  the 
patient  often  suffers  from  rhagades,  fissures,  and  ulcera- 
tions, which,  if  not  actually  painful  in  themselves,  are  al- 
wavs  troublesome  by  reas<m  of  the  irritation  caused  by 
the" acid  excretions.  The  mucous  membranes  of  the  ure- 
thra and  vagina  also,  under  the.se  conditions,  often  throw 
out  a  discharge  which  is  of  an  irritating  character. 

While  the  various  localities  mentioned  may  be  suscep- 
tible to  elephantiasis,  it  would  nevertheless  appear  that 
only  the  lower  extremities  and  the  genital  organs,  owing 
to  the  frequency  with  which  they  are  attacked  and  the 
extent  of  the  hypertrophy,  deserve  here  to  be  considered. 
The  portions  of  the  body  most  usually  attacked  are  the 
leg  and  the  scrotum;  aU  other  sites  are  .so  rarely  impli- 
cated that  a  detailed  description  thereof  seems  unneces- 
sary the  characteristic  symptoms  having  already  been 
sufficiently  indicated  in  discussing  the  preceding  forms. 

Elephantiasis  of  the  face  and  head  usually  presents  a 
lobulated  appearance  without  well-defined  borders.  It 
n-enerally  results  from  frequent  attacks  of  erysipelas,  or 
ft  follows  a  chronic  eczema,  or,  finally,  it  may  be  due  to 
traumatism.  The  entire  face  may  be  affected,  or  only  a 
single  section,  as  the  forehead,  ears,  lips,  and  nose.  Ele- 
phantiasis of  the  mammae  occurs  only  m  women  and  never 
before  puberty.  It  generally  manifests  itself  during 
pre"-nancy  or  lactation  and  is  almost  invariably  of  the 
endemic  type.  In  the  tropics  the  female  breast  has  been 
known  to"develop  into  a  colossal  tumor,  large  enough  to 
extend  down  to  the  patient's  knees,  and  at  the  same  time 
the  effected  skin  has  shown  a  marked  tendency  to  ul- 

Finally  elephantiasis  is  sometimes  congenital.  This 
form  resembles  the  sporadic  or  the  endemic  variety  in  its 
anatomical  characteristics,  but  differs  from  them  not  only 
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in  origin  but  in  general  symptoms.  Instances  of  con- 
genital lympliangiectatic  macroglossia  and  raacrocheiria 
are  occasiouallj'  met  "witli.  Cases  of  cii'cumscribed  lym- 
phangiectasis  of  tlie  slcin  are  also  sometimes  encountered, 
and  from  their  resemblance  to  tumors  they  are  classified 
as  lymphangiomata.  Well-defined  elephantiasis  due  to 
congenital  causes  is  not  frequent  in  temperate  climates. 

Typical  instances  of  the  malady  in  tropical  countries 
have  been  made  the  subject  of  interesting  monographs 
by  Moueorvo,  of  Hio  de  Janeiro,  in  which  he  gi-aphieally 
depicts  the  facial 
and  manual  de- 
formities. He 
discovered  the 
presence  of  strep- 
tococci in  the 
blood  and  he  be- 
lieves that  they 
were  the  exciting 
c  a  u  s  e.  The  y 
found  their  waj' 
into  the  maternal 
circulation,  as  he 
believes,  through 
the  placenta,  from 
a  previous  injury 
to  the  abdomen. 
Some  authorities 
attribute  the  de- 
velopment of  this 
peculiar  disease  to 
the  tilaria  or  its 
embryos,  other.'; 
regard  it  as  the 
result  of  heredi 
tary  syphilis. 

In  a  sporadic 
•case  which  was 
reported  by  Dr. 
Ernest  Wende, 
and  which  devel- 
oped in  intra-uter- 
ine  life,  it  was 
found,  upon  mi- 
croscopical exam- 
ination, that  the 
connective  ti.ssue 
of  the  skin  was 
greatly  thickened, 
especially  in  the 
papillary  1  a  y  e  r : 
the  sweat  glands 
were  distorted ; 
the  muscles  had 
undergone  fatty 
degeneration ;  the 
walls  of  the  blood- 
vessel s  w  e  r  c 
thickened  and 

some  of  them  weiv  obstriictcd.  Similar  changes  were 
met  with  in  tlie  lymphatics.  The  lymph  spaces  were 
enlarged  and  dilated.  Round-cell  infiltration  was  pres- 
ent. No  fllarise  or  embryos  were  found.  It  was  con- 
cluded that  the  etiology  of  this  disease  is  not  subject  to 
-a  single  law,  as  now  held  bv  fiome  authorities,  but  'is  due 
to  several  distinct  cau.ses.  Fig.  lS.-)9,  copied  from  a 
photograph,  shows  the  gross  manifestations  of  the  dis- 
ease in  this  particular  case. 

Etiolouy.— This  affection  oecuis  at  all  ages,  but  is 
especially  found  in  connection  witli  adidt  life.  It  attacks 
both  .sexes,  but  the  male  sex  in  the  ratio  of  four  to  one, 
■a  fact  undoubtedly  due  to  greater  liability  to  exposure! 
It  is  developed  in  all  coimtries  and  clunat'es,  but  is  nun-e 
commonly  found  in  the  island  and  coast  territory  of  trop- 
ical and  subtropical  regions.  In  Ihe  endemic"  form  it 
most  frequently  occurs  among  the  natives.  Sir  Jo.seph 
Jayrer  states  that  in  India,  if  the  di.sease  occurs  among 
Europeans,  it  is  always  among  those  who  i)ossess  an  ad- 
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mixture  of  native  blood.  On  the  other  hand,  Manson 
says  that  racial  peculiarities  do  not  play  a  vital  part  in 
the  problem,  but  that  the  Europeans,  owing  to  their  edu- 
cation and  habits,  arc  less  exposed  and  therefore  less 
liable  to  contract  tlie  disease. 

Many  observers  emphasize  the  possibility  that  heredity 
is  either  the  direct  cause  of  the  endemic  variety  of  the 
disease,  or  that  it  creates  a  predisposition  to  it  and  enters 
into  the  problem  as  a  factor.  In  support  of  this  theory, 
it  has  been  observed  that  the  disease  has  existed  in  the 

same  family  for 
several  genera- 
tions. It  .should 
be  borne  in  mind, 
however,  that  the 
individual  mem- 
bers of  such  fam- 
ilies are  usually 
exposed  to  the 
same  general  in- 
iluences  of  cli- 
mate, habits,  and 
mode  of  living. 
Moisture,  damp 
and  swampy  re- 
gions, and  unhy- 
gienic surround- 
ings in  general 
may  have  a  bear- 
ing upon  the  etio- 
logical relations  of 
the  di.sease,  inas- 
much as  such  con- 
ditions are  allied 
to  the  habitat  of 
the  mosquito;  this 
especially  applies 
to  the  ]:>  o  o  r e  r 
classes.  While  the 
disease  is  often 
found  in  moun- 
tain districts, 
rapid  changes  of 
temperature  and 
exposure  to  the 
sun  or  damp  are 
more  frequent 
causes. 

The  question 
whether  elephan- 
tiasis is  not  a  spe- 
cific disease  de- 
pending upon  a 
sjiecific  c  a  u  s  e — 
for  instance,  a  true 
parasite  —  has 
been  freely  dis- 
cussed by  Carter, 
Lewis,  and  Ban- 
croft, and  especially  by  Manson.  In  the  endemic  variety 
sueli  a  connection  has  been  established,  and  it  appears 
that  Its  existence  is  associated  with  the  Filaria  san- 
guinis homiiiis,  known  to  exist  in  malarial  districts  and 
which  readily  finds  a  habitat  in  the  blood-vessels  and 
lymphatics.  There  is  a  strong  probabilitv,  according  to 
Manson,  that  the  disease  owes  its  origin  to  a  certain 
species  o(  mosqiiilo.  Quite  recently.  Dr.  Low  and  Capt 
James,  while  working  with  mosquitoes,  claimed  to  have 
discovered  that  these  belong  lo  the  genus  anopheles  as 
well  as  the  genus  eulex,  and  Ihat  the  former  more  fre- 
(luently  acts  as  an  intenucdiary  host. 

In  consideiing  the  eliology  ot  the  sporadic  variety  we 
are  able  to  gam  a  clearer  comprehension  of  the  disease 
one  which  includes  all  the  pathological  factors  produc- 
ing lymphangitis  and  all  kinds  of  atypical  forms  of  in- 
llamination,  especially  erysipelas.  The  question  arises 
whether  these  repeated  attacks  of  inflammation  consti- 
tute a  true  erysipelas,  or  a  lymphatic  process  peculiar 
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to  elephantiasis  alone.     The  eousensus  of  opinion  is  that 
the  streptococcus  discovered  in  several  cases  corresponds 
to  a  specific  cause  different   from  that  whicli  produces 
genuine  er}'.sipelas.     However,  a  true  erysipelatous  con- 
dition may  precede  elephantiasis,  if  the  local  conditions 
are  favorable,  as  is  often  the  case  wlien  ulcers,  fissures,  or 
lymph  fistulte  are  present.     It  is  ditticult  to  ascertain  the 
cause  of  the  mauj^  cases  of  elephantiasis  that  occur  spo- 
radically in  our  climate,  for  the  affection  is  apparentlj^ 
occasioned  by  various  factors,  favoring  the  theory  of  a 
recurrent     inflammation 
and    obstructions    of    a 
lymphatic      a'dematous 
character.    For  instance, 
when  the  disease  begins 
in  the  lower  extremity, 
any  local  process  or  fac- 
tor calculated  to  impede 
the  venous  circulation — 
as  by  compression  from 
scars,  or  by  means  of  a 
thrombus  resulting  from 
a   phlebitis,  or  even  by 
means  of   a   frost-bite — 
may   possibly   give   rise 
to  the  difficulty.    In  fact, 
it  may  be  caused  by  any 
decided  inflammation  of 
the   soft  parts.     To  the 
last-named  category 
chronic    eczema,     syph- 
ilis,   lupus,    ulcers,  and 
flstuliE      especially     be- 
long. 

Pat  II  CLOG  y. — The 
pathology  of  this  mal- 
ady is  peculiar  in  that, 
irrespective  of  the  spe- 
cific causes, — of  which 
there  are  a  number, — 
the  resulting  changes  are 
invariably  the  same. 

The  peculiar  charac- 
teristics are  a  cell  prolif 
eration  and  hypertrophy 
which  involve  in  a  vary- 
ing degree  all  the  struc- 
tures of  the  affected 
parts.  Implication  of 
the  fibrous  tissue  con- 
stitutes, perhaps,  the 
most  prominent  feature 
of  the  disease  and  pro- 
duces the  bulk  of  the 
mass,  the  process  involv- 
mg  the  true  skin,  blood 
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vc°ssels,  lymphatics,  and  the  structures  of  the  nervous  and 
mnsculai-  systems.  The  various  layers  of  tiiej,fan  bc^ 
come  so  matted  by  reason  of  t^e  enormous  nicreasen  the 
fascicles  of  tlie  fibrous  tissue  that  they  can  hardly  1  edistm- 
guislied.  Tlie  corium  is  greatly  thickened  and  mduiated, 
Ind  in  certain  localities  the  process  is  so  'parked  as  to  „^ 
duce  verrucous  elevations.  The  sebaceous  and  s.xtat 
glands,  as  well  as  the  hair  follicles,  are  at  f^'^*  "«  f  "  '^ 
changed,  but  subsequently  are  ^"dely  separati;  m 

consequence  of  hypertrophic  j.rcssure,  become  at^ioplncd 
and  scarcely  perceptible,  often  ph.gged  and  tlieirj  alls 
thickened.     The    fasci*   and   'ntermuscula.    sc^  a    «e 
greatly  augmented,  and  present  evidence  »*  fa«y  dcgen 
Iration.     Upon  section,  the  Parts  show  the  hjpwh^^^^ 
tissue  to  be  fibrous,  lustreless,  sclerotic   and  homogcnc 
ous,  and  a  lymph-like  fluid  exudes.     I"^^.  «^'^\'  "  ,<if  ^^, 
dilated   lymph  pockets   appear,  from  which   0  mpn  JJ' 
chyle   esSes,  s'l.pposed  to  result  from  the  obstruction 
of  one  or  more  large  lymph  trunks. 

TroDical  elephantiasis  is  now  known  to  be  causeu  oy 
the  mrtk    01   complete  obstruction  of  some  lymphatic 
vessel  or  gland  by  the  filaria  or  its  embryos,  these  having 
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been  discovered  in  the  peripheral  lymph  vessels,  in  many 
cases  involving  the  scrotum  and  lower  extremities.  The 
question  of  its  being  a  parasitic  disease,  particularly 
that  form  which  is  found  in  hot  countries,  has  been  fu 
discussed  by  AVucherer,  Lewis,  and  especially  by  Manson. 
The  filaria  has  been  found  in  those  suffering  from  other  dis- 
eases, botli  in  man  and  in  some  of  the  lower  animals,  but 
without  causing  anj'  apparent  inconvenience.  It  exists 
in  some  cases  without  reaction  and  without  any  evidence 
of  elephantiasis.     In  view  of  these  facts,  therefore,  the 

evidence  that  the  filaria 
is  in  itself  the  exciting 
cause  of  the  disease  is 
not  complete.  All  we 
can  say  is  that  it  repre- 
sents one  of  the  many 
causes  which  may  de- 
velop the  disease  in  hot 
countries  when  other 
etiological  factors  are 
present. 

Tlie  adult  male  and 
female  filarite  that  gain 
entrance  to  the  lym- 
phatic vessels,  thus  caus- 
ing a  stasis  of  the  lym- 
phatic fluid  of  which 
elephantiasis  is  the  con- 
sequence, measure,  re- 
spectively, the  male  83 
mm.  in  length  by  0.407 
mm.  in  thickness,  the 
female  155  mm.  in 
length  by  0.715  mm.  in 
thickness,  while  their 
embrj'O  measures  14 
mm.  "by  0.038  mm.  In 
appearance  the  parasite 
is  long,  smooth,  round, 
and  opaline.  Accord- 
ing to  the  opinion  of 
JIauson,  the  parent 
worm  occupies  some 
portion  of  the  lymph 
channel,  at  which  place 
its  ova  are  discharged, 
to  wander  through  the 
lymph  glands  and  gen- 
eral circulation.  These 
embryos  have  a  diameter 
scarcely  larger  than  that 
of  a  lymph  corpuscle. 
Manson  states  that  they 
are  abstracted  from  the 
blood  by  the  mosquito, 
and  by  it  introduced 
ultimately  affects    man 
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into  the  water  stream,    which     „ 

througli  contamination.  Filaria  embryos  disappear  peri- 
odically from  the  blood  and  reappear  in  the  same  indi_ 
vidual,  this  phenomenon  depending  on  the  habits  of 
the  host  It  has  been  ascertained  that  during  the  day 
the  filari*  are  absolutelv  wanting  in  the  blood,  while 
in  the  evening  and  at  midnight  they  are  largely  m  evi- 
dence The  presence  of  filarial  may  also  depend  upon 
the  nocturnal  habits  of  the  mosquito.  It  has  not  been 
shown  with  absolute  certainty  whether  the  filari*  which 
appear  during  the  night  come  in  freshly  from  the  lymph 
vessels  and  then  die,  or  whether  they  assert  themselves  al- 
ternately in  the  blood  and  lymph.  The  discovery  of  fi- 
laria- in  the  blood  depends  very  much  upon  the  precise 
time  of  examination,  which  often  proves  to  be  negative. 
So  Ion-  as  the  patient  is  active,  no  specimens  ot  the  para- 
site art'  likely  to  be  discovered ;  but  usually  a  moderate 
number  of  embryos  can  be  found  after  the  patient  has  been 
in  bed  for  a  short  time. 

TuEATMENT.-In  the  endemic  type,  in  order  to  secure 
immunity  from  filarial  complications,  prophylaxis  is  im- 
portant     The  drinking-water,  unless  collected  m  cisterns 
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that  are  protected  from  mosciiiitoes,  should  be  filtered  or 
boiled.  In  sections  favorable  to  the  disease,  the  indlyid- 
ual  should  always  sleep  under  netting.  In  suspicious 
cases,  remedial  measures  should  be  promptly  applied  to 
all  injuries  received.  All  cases  may  be  greatly  benefited 
by  a  change  to  a  country  that  is  free  from  malarial  and 


Fig.  I860.— Filaria  Sanguinis.     {Photomicrograph  by  Dr.  Harvey  R. 
Gaylord.j 

miasmatic  influences ;  for  it  has  been  observed  that  even 
if  the  disease  is  far  advanced  the  severity  of  the  paroxys- 
mal attacks  will  be  lessened  by  the  removal  to  a  different 
country. 

Surgical  interference  of  one  kind  or  another  has  never 
accomplished  auj^  definite  result  in  these  cases.  That  the 
embryos  which  are  usually  lodged  in  the  glandular 
structure,  after  being  hatched,  enter  the  general  circula- 
tion of  other  portions  of  the  body,  is  capable  of  demon- 
stration. 

The  measures  commonly  adopted  in  connection  with 
this  condition,  especially  when  preceded  by  chills  and 
fever,  are  such  as  will  most  successfully  combat  inflam- 
matory processes.  The  efEect  of  such  remedies  will  be 
to  counteract  the  fever,  lessen  exudation,  and  diminish 
stasis.  The  medicines  generally  employed  for  this  pur- 
po.se  are  quinine,  salines,  phenacetine,  or  any  other  suit- 
able antipyretic,  while  soothing  and  astringent  lotions, 
like  lead-water  and  opium,  zinc  oxide,  and  boric  acid 
may  be  applied  locallj'  imtil  the  inflammatory  action  has 
suljsided.  After  the  intercurrent  attacks,  tonics,  such  as 
iron,  cod-liver  oil,  strychnine,  and  mineral  acids,  may  se- 
cure beneficial  results. 

The  sporadic  cases  which  are  met  with  in  our  country 
are  best  treated  by  counteracting  the  cause.  If  the  dis- 
ease is  the  result  of  an  ulcer  on  the  leg,  this  should  be 
promptly  healed,  its  excrescences  removed,  and  the  limb 
maintained  in  an  elevated  and  horizontal  position.  After- 
ward it  .should  be  methodically  compressed  with  a  rul)bev 
bandage.  The  toes  shotdd  lie  se])arately  enveloped,  then 
the  f (j(jt  and  ankle,  and  lastly  the  leg,  so  as  to  diminish  the 
(edema.  When  elephaptiasis  of  the  leg  has  reached  such 
]iroportions  that  bandages  no  longer  serve,  ligation  of  the 
arteria  femoralis  and  of  the  iliaca  externa  nnist  be  resorted 
to.  In  certain  instances  these  measures  have  jiroved  ef 
fective  and  they  should  be  tried  in  extreme  ca.ses.  In 
acute  attacks  the  parts  may  be  punctured — in  order  to 
lessen  the  effusion  by  providing  an  escai)e  for  the  fluid — 
and  antiseptically  dressed  with  an  astringent  lotion  or 
ointment. 

In  a  few  instiuiees  nerve-stretching  and  partial  excision 
of  the  sciatic  nerve  have  been  followed  by  l)eneficial  re- 
sults.    In  elephantiasis  of  the  scrotum  the  removal  of  the 
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offending  mass  by  the  knife  sometimes  becomes  indis- 
pensable. The  mortality  resulting  fromlieroic  treatment 
is  comparatively  small.  Before  operating,  Fayrer  recom- 
mends drawing"  off  the  blood  by  placing  the  patient  on 
his  back,  elevating  the  tumor  and  compressing  it  with 
an  elastic  bandage.  The  incision  is  to  be  made  alongside 
of  the  cord  and  at  the  root  of  the  penis.  The  skin  is  re- 
flected and  the  cord,  testicles,  and  penis  protected  by 
turning  them  out;  the  mass  is  then  quickly  removed, 
only  a  few  bold  incisions  being  required. 

The  female  genitals,  almost  without  exception,  de- 
mand surgical  interference.  For  this  purpose  either  the 
knife  or  the  galvano-cautery  may  be  employed.  The 
latter  method  is  simply  and  especially  adapted  to  cases 
of  hypertrophied  labia.  Amputation  of  the  leg  has  also 
been  resorted  to,  but  the  operation  has  not  been  charac- 
terized by  the  same  success  as  has  attended  it  in  other  re- 
gions aff'ected  by  tlie  disease. 

Prognosis. — The  prognosis  largely  depends  not  only 
upon  the  particular  form  of  the  disease,  but  upon  its 
complications.  It  is  evident  from  what  has  been  said 
that  the  disease  is  not  necessarily  fatal — even  the  en- 
demic variety  vastly  improves  under  a  change  of  climate. 
This  is  likewise  true  of  sporadic  cases.  Both  surgery 
and  medicine  have  rendered  even  aggravated  cases  com- 
paratively curable.  The  duration  of  life  is  not  usually 
shortened  by  elephantiasis,  since  it  exerts  no  detrimental 
influence  upon  the  general  constitution.  Death  rarely 
ensues  from  it  except  in  those  cases  which  involve  sup- 
puration or  septic  infection. 

The  necessary  literature  relating  to  this  subject  is  to 
be  found  in  the  following  books:  A.  von  Winiwarter; 
"Chirurgischen  Krankheiten  der  Haut " ;  Hyde  and 
Montgomery;  "  Diseases  of  the  Skin,"  "Twentieth  Cen- 
tury Practice  of  Medicine, "  vol.  iv. ;  "  Albutt's  System  of 
Medicine,"  vol.  ii.  ;  "  La  Pratique  Dermatologique,"  vol. 
ii.  ;  and  the  London  Lancet  and  British  Medical  Journal, 
1880  and  following  years.  Grorer  II'.   Wend^. 

ELGIN  SPRINGS,— Addison  County,  Vermont. 

Post-Ofpice. — Vergennes.     Boarding-houses. 

Access. — Via  Vermont  Central  Railroad  to  Vergennes, 
thence  three  miles  south  by  stage.  This  resort  is  pleas- 
antly located  in  the  Champlain  valley,  surrounded  hy 
beautiful  scenery  and  delightful  drives.  The  sunmier 
temperature  generally  ranges  from  about  50'  to  70'  F., 
and  the  weather  is  usually  clear  and  bracing.  The  fol- 
lowing analysis  of  the  springs  was  made  in  1889  by 
Henry  M.  Sully,  of  Middlebury  College; 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Silica i.]9 

Calcium 24  111 

Magnesium 2.5  10 

Sodium 11.30 

Chlorine .134 

Sulphuric  acid '  87  6.5 

Carbonic  acid ,' '   1  'og 

iron '.'.  Traces. 

Total i5J[27 

Temperature  when  drawn,  4.5°  F.  The  compounds 
formed  by  these  acids  and  bases  liave  not  been  desiiinated 
by  the  chemist,  but  it  can  readily  be  seen  that  they  "would 
consist  largely  of  sulphates  witli  an  admixture  of  carbon- 
ates and  chlorides.  The  water  contains  a  considerable 
proportion  of  sulphate  of  magnesium  and  some  sulphate 
of  sodium  which  gives  it  a  cathartic  effect.  It  resembles 
the  waters  of  Seidlitz  and  Pullna  in  Bohemia  and  is  valu- 
able in  chronic  constipation  and  in  blood  disorders.  The 
water  is  slightly  opalescent  when  fresh,  faintly  alkaline 
to  test  paper,  and  odorless.  It  becomes  perfectly  clear 
after  stamlmg.  James  K.  Crook. 

ELM,  SLIPPER Y.-Ui,Mus,  Elm  Bakk.  "The  dried 
inner  bark  ol  l/ii<ii«fuli:aUx.{fa.m.Uhtiore,T)"{V  S  P) 
Tins  IS  a  smaller  and  less  graceful  tree  than  the  common 
"American,"  or  white  elm,  [/,  AmencKua,  which  it  in 
general  resembles.     It  is  a  moderate-sized  tree,  A\ith  a 
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Elgin  Springs. 

El  Paso  de  Uoblcs. 


browu,  rough  bavk,  and  soft,  but  tough,  iimI  wood.  Tljc 
leaves,  are  larger  and  thicker  than  those  of  tin-  conniioii 
elm,  and  rough  or  pubescent  beneath,  and  the  fiiiit  is 
twice  as  large.  The  expanding  buds  and  smallest  twigs 
are  velvety.  The  inner  bark  of  most  elms,  as  well  as  of 
many  other  species  in  the  order  (nettles,  hemp  etc  )  is 
very  pliable  and  tough  ;  that  of  the  pi-esent  species  is  also 
very  mucilaginous,  and  is  valued  on  tliis  account. 

This  is  a  common  tree  in  the  United  States,  esi)ecially 
in  the  central  portions ;  but  the  demand  for  its  bark  ha's 
exterminated  it  from  many  regions,  which  suggests  the 
question  whether  it  could  not  be  collected  in  such  a  way 
as  not  to  destroy  the  tree,  as  is  done  with  the  barks  of 
cinchonas  in  India. 

The  bark  should  be  collected  in  the  spring.  It  is  "in 
flat  pieces,  varying  in  length  and  width,  "about  one- 
eighth  of  an  inch  (3  mm.)  thick,  tough,  pale,  brownish- 
white,  the  inner  surface  iinely  ridged;  fracture  fibrous 
and  mealy;  the  transverse  section  delicately  checkered; 
odor  slight,  peculiar  ;  taste  mucilaginous. 'insipid."  It 
contains  no  starch,  a  fact  which  affords  an  excellent 
means  of  detecting  the  numerous  starchy  adulterants  of 
the  ground  l)ark. 

Slippery  elm  bark  is  remarkable  for  the  abundance  of 
mucilage  which  it  imparts  to  either  cold  or  hot  water, 
making  a  nearly  tran.sparent,  thin,  jelly-like,  but  not 
filterable  solution.  It  is  preci imitated  by  neutral  acetate 
of  lead.  The  addition  of  strong  alroho"l  to  the  concen- 
trated mucilage  abstracts  a  portion  of  its  water  without 
coagulating  it. 

The  employment  of  slippery  elm  is  said  to  have  been 
learned  from  the  aborigines.  In  medicine  it  is  used  as  a 
pleasant  demulcent,  like  other  gums  and  mucilages ;  in 
sore  throats,  diarrhoeas,  dysenterj-,  inflanmiation  of  the 
bladder,  etc. ;  also  as  a  poultice.  It  is  a  very  mild  agent, 
and  has  hardly  any  value,  excepting  that  of  an  imiriitat- 
ing  protection  to  the  parts  it  reaches.  The  crude  bark, 
chewed  and  swallowed  in  large  quantity,  has  been  the 
mechanical  cause  of  serious  consequences  in  one  or  two 
cases. 

Administration. — The  powdered  bark,  stirred  into  hot 
water,  is  sometimes  used  as  a  demulcent  drink.  It,  of 
course,  includes  the  woody  dust,  and  is  an  unsightly  mix- 
ture. The  official  mucilage  (Mvcilago  Ulrid),  made  from 
the  sliced  bark  and  strained  (six  per  cent. ),  is  much  better. 
Dose  indefinite.  The  powder  can  be  used  for  poultices. 
It  is  often  mixed  with  flaxseed  for  this  purpose. 

Allied  Plants. — Several  other  elm  barks  are  muci- 
laginous, but  none  so  much  so  as  tliis.  The  European 
elm  (  Ulmiis  campesirix  L.)  is  ollicial  in  se\'eral  countries. 
It  is  slightly  astringent.  11'.  P.  BoUes. 

EL  PASO  DE  ROBLES  HOT  AND  COLD  SULPHUR 
SPRINGS.— San  Luis  Oljispo  County,  California.  Hotel 
and  cottages. 

These  springs  lie  in  the  beautiful  valley  of  tlie  Salinas 
River,  about  16  miles  from  the  shores  of  the  Pacific  Ocean 
and  316  miles  from  San  Francisco.  They  are  reached  by 
the  Southern  Pacific  Railroad  via  Soledad.  Access  may 
also  be  had  from  San  Luis  Obispo  by  stage.  The  name 
of  El  Paso  de  Robles  is  derived  from  the  Spanish,  mean- 
ing "the  pass  of  the  oaks,"  from  the  fact  that  the  main 
highway  ran  throiigh  this  valley.  For  many  miles  this 
picturesque  vallev  is  covered  with  gigantic  white  oak, 
live  oak,  and  cottonwood  trees,  and  nestled  in  one  of 
these  cosy  groves  is  Paso  Robles  Retreat.  The  once  wild 
"pass  in' the  oaks"  is  now  tran,sformed  into  a  blooming 
r&sort,  with  cultivated  grounds,  and  Paso  Robles  is  a  de- 
lightful little  town  of  about  a  thousand  inhabitants. 
When  the  Southern  Pacific  Railroad  is  completed  the 
place  will  become  of  considerable  commercial  impor- 
tance. Near  the  springs  and  overlooking  the  prosperous 
little  town  a  commodious  and  elegant  hotel  is  under  con- 
struction. The  building  is  of  .solid  brick  throughout. 
Some  eighteen  or  twenty  cottages  are  also  found  under 
the  umbrageous  oaks  in  different  parts  of  the  extensive 
grounds.  On  each  side  of  the  resort  and  valley  the  ever- 
green hills  covered  with  forests  of  pine,  oaks,  manzanita 


grt)\es,  and  sweet-seente<l  shrubbery,  foini  a  pleasant 
contrast  to  Paso  Robles  proper.  The  climate  is  remark- 
ably inildand  delightful  all  the  j'ear  round,  and  theatmos- 
phere  is  pure,  balmy,  and  invigorating.  The  waters  of 
Paso  Robles  are  sulphurous  and  alkaline  and  range  in  tem- 
perature from  59°  to  132°  P.  They  comprise  the  "Main 
Hot  Sulphur"  spring,  the  "Mud"  or  "Moor"  spring 
the  "Soda,"  "Sand,"  "Cold,"  "White  Sulphur,"  "Iron;" 
and  "Garden"  springs.  The  great  hot  sul])h\ireted 
spring  is  located  about  three  hundred  yards  from  the 
hotel  in  a  southeasterly  direction,  Over  it  has  been  con- 
structed one  of  the  finest  bathing  establishments  on  the 
coast,  consisting  of  .sixty  individual  bath-tubs,  and  a  large 
vat,  lifteen  by  thirty  feet,  for  a  swimming  or  plunge 
bath.  The  flow  of  "this  spring  is  about  live  thousand 
gallons  jier  houi',  and  it  has  a  temperature  ranging  from 
105"  to  110"  P.  The  following  analysis  was  made  by  Dr. 
Winslow  Anderson  in  1889: 

One  U.nited  States  Gallon  Contains  : 

Solids.  (.rains. 

Sodium  (chloride :i5.7.3 

Sodium  bicarlDonate 4l!]9 

Sodium  carbonate 7. tig 

Sodium  sulpliate 7.a.5 

Sodium  iodide Trace. 

Sodium  bromide Trace! 

Potassium  chloride ]  .,57 

Potassium  carbonate 2.0.5 

Potassium  iodide Trace. 

Potassium  sulphate Trace. 

Magnesium  carbonate 2.1-5 

Magnesium  sulphate .5.11 

Calcium  carbonate 1.23 

Calcium  sulphate 2.94 

Femim  peroxide 73 

Borates Trace. 

Lithates Trace. 

Alumina ,2.5 

Silica L7.5 

Iodides  and  bromides Trace. 

Organic  matter 1.90 

Total 1111.47 

Gases.  (Ju.  in. 

Free  sulphureted  hydrogen 3.75 

Free  carbonic  acid  gas 8.91) 

These  waters  are  found  to  be  especially  serviceable  in 
subacute  and  chronic  rheumatism  and  articular  affec- 
tions, in  blood,  glandular,  and  cutaneous  affections,  and 
in  strumous  cases.  In  catarrh  of  the  nasopharynx  the 
water,  used  as  a  hot  douche,  has  proved  beneticial.  It 
may  also  be  used  to  advantage,  in  the  form  of  a  hot 
douche,  in  the  treatment  of  leucorrha?al  discharges  and 
in  engorgement  of  the  female  jielvic  organs.  The  mud 
springs,  about  a  mile  and  a  half  north  of  the  hotel,  are 
of  decided  benefit  in  rheumatism,  arthritis,  stiff  joints, 
sprains,  S3'nov)tis,  glandular  enlargements,  chronic  cuta- 
neous diseases,  etc.  They  range  in  temperature  from  104° 
to  133°  F. ,  and  have  been  found  to  lie  highly  charged 
with  mineral  and  gaseotis  ingredients.  The  mud  springs 
cover  a  space  of  about  twenty-five  feet  square,  over  which 
suitable  bathing  facilities  have  been  established.  These 
consist  of  dressing-rooms,  hot  sulphurous  water  plunges, 
and  the  mud  bath.  This  latter  is  a  compartment  or  vat 
four  liy  eight  feet  and  nearly  filled  with  prepared  moor  or 
mud,  and  so  arranged  that  the  hot  sulphurous  "water  and 
gases  rise  directly  into  it  from  the  ground  beneath.  The 
mud  springs  flow  collectively  about  six  thousand  gallons 
per  hour.  "  About  two  hundred  yards  north  of  the  mud 
baths  is  the  Soda  Spring.  Its  temperature  is  77°  F.,  and 
its  How  is  limited.  The  water  is  much  used  for  drinking 
purposes.  By  allowing  a  small  quantity  of  sulphureted 
hydrogen  to  escape  the  water  becomes  very  palatable. 
A'ccording  to  Anderson's  analysis, 

One  United  states  Gallon  Contains: 

Solids.  Grains. 

Sodium  chloride 25.10 

Sodium  carbonate 7.2.5 

Sodium  bicarbonate IS. 70 

Sodium  sulphate 5.05 

Potassium  carbonate l.W 

Potassium  sulphate S5 

7sr 


T:iiibaliiilng. 

UlllbollMUl. 
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solids.  «;■»>;?»• 

Magnesium  carbonate ;3'J, ' 

Magnesium  sulphate '  ■' , 

Calcium  carbonate ^:'b: 

Calcium  sulphate Trnce 

Iron  peroxide ™ 

Silica j^t 

Alumina ,,,     •■ 

Organic  matter ■  ' ' "  "• 

Total  solids '*'-"^ 

Gases.  '-■'^•,;"- 

Free  carhonic  acid  gas •'•':[ 

Free  sulphureted  hydrogen '•"" 

The  water  has  valuable  antacid  and  aperient  pvopertics. 
It  belongs  to  the  alkaline-carbonated  class.  The  other 
springs  at  Paso  Robles  are  not  extensively  used  as  yet, 
althoiigli  some  of  them  will  no  doubt  be  found  of  value. 

James  K.  Crook. 

EMBALMING.     See  Bead  Bodies,  Bisposol  of. 

EMBELIA.— Tlic  fruit  of  EiiiMia  rihes  Burnt,  (fam. 
Myrsinaeete).  The  fruits  of  this  Indian  shrub  are  nearly 
as' large  as  black-pepper  fruits,  globular,  slightly  beaked, 
dull  red  and  striate,  becoming  brown  on  keeping.  They 
are  said  to  be  used  to  adulterate  pepper.  The  drug  is 
largely  vised  in  its  home  as  a  stomachic,  carminative, 
stimulant,  and  anthelmintic,  and  also  as  a  parasiticidal 
application  to  ringworm  and  similar  allections.  It  ap- 
pears to  be  specially  useful  as  a  ttunicide.  Although  it  is 
said  usually  to  kill  the  worm,  a  purgative  should  be  taken 
both  before  and  after  the  administration  of  the  remedy. 
Its  iinportant  constituent  is  embelic  acid,  which  is  found 
to  possess  the  same  properties  as  the  drug  itself.  Em- 
belic acid,  the  formula  for  which  is  CJInOj,  occurs  in 
orange-yellow  scales,  soluble  in  alcohol,  odorless  and  taste- 
less." It  is  given  in  doses  of  0.3  to  0.4  gm.  (gr.  iij.-vi.), 
to  be  both  preceded  and  followed  by  castor  oil.  The  fruit 
contains  also  resin,  fat,  tannin,  and  a  small  amount  of  an 
alkaloid,  whicli  has  been  called  christemUne.  The  pow- 
dered fruit  is  given  in  doses  of  from  4  to  16  gm.  (  3  i.-iv.) 
or  the  fluid  extract  in  corresponding  amount. 

Henry  II.  Rushy. 

EMBOLISM. — That  form  of  metastasis  in  which  insolu- 
ble; substances  are  transported  by  the  blood  current  and 
lodged  in  some  part  of  the  vascular  systein  is  known  as 
embolism.  The  inaterial  transported  is  an  embolus.  The 
process  may  occur  in  lymph  vessels  (lymphogenous  em- 
bolism), as  well  as  in  blood-vessels  (liaematogenous  embol- 
ism). The  latter  is,  however,  the  more  common  and  im- 
portant form,  and  embolism  is  usually  imderstood  to  mean 
this  when  no  special  modifying  designation  is  used. 

The  substances  which  may  enter  the  vascular  system 
and  be  carried  in  the  blood  stream  as  emboli  are  of 
the  most  varied  character.  They  may  be  gaseous,  liquid, 
or  solid.  The  most  common  emboli  are  those  compo.sed 
of  the  products  of  coagulation  of  the  blood,  and  unless 
specially  designated  an  embolus  is  usually  understood  to 
be  derived  from  a  thrombus.  Tumor  cells,  living  or  dead 
tissue  elern(;nts,  animal  or  vegetable  parasites,  parenchy- 
matous cells,  jilacental  cells,  fat,  jjigmenl,  masses  of  Ciil- 
eitication,  air,  and  various  extrinsic  sidjslances  may  also 
gain  entrance  into  the  blood  stream  and  loi-m  emboli. 

The  lodgment  and  imiiaction  of  the  embolus  in  the 
ve.ssel  is  due  to  the  fact  that  on  account  of  eilher  its  .size 
or  its  phy.sical  properties  the  materhil  transported  is 
caught  upon  an  obstructicm  in  the  ve.ssel  or  caimot  pass 
its  lumen,  and  so  remains  either  partially  or  wholly 
blocking  it.  Metastasis  in  the  direction  of  th(;  norniiil 
current  is  known  as  direct  embolism,  in  the  opposite 
direction  as  reti-ograde.  The  transportalion  of  einlioli 
from  the  veins  into  llie  systemic  arleries  vvilhout  passing 
through  the  )iulmoiiary  ciiculatioii  is  designated  crossi.'d 
or  pai'adoxiciil  embolism.  This  may  occur  in  case  of  a 
pat('nt  foramen  ovale  or  a  persistent  ductus  Botalli, 

The  importance;  of  the  embolism  depends  tipcjii  the  na- 
ture of  the  embolus,  its  size,  and  the  anatomical  location 


and  relation  of  the  obstructed  vessel.  Emboli  containing 
tumor  cells  or  infective  agents,  as  bacteria  are  the  most 
iniurious{septie  emboli);  those  consistingof  dead  tissues 
or  substances  incapable  of  growth  act  only  mechamca  ly 
in  obstructing  the  circulation  (bland  or  aseptic  emboli) 
Hard  or  sharp-pointed  substances  may  injure  the  vessel 
wall  and  lead  to  the  formation  of  an  aneurism,  loxic  or 
infective  emboli  may  weaken  the  wall  of  the  vessel  and 
also  produce  aneurisms.  Large  emboli  may  senously 
interfere  with  the  nutrition  of  the  part  supplied  by  the 
c  ibstructcd  vessel.  Embolism  of  small  arterioles  or  capil- 
laries may  produce  a  very  slight  disturbance  of  nutrition 
or  none  at  all.  If  the  embolus  does  not  completely  oc- 
clude the  vessel  no  serious  circulatory  disturbance  may 
be  caused,  but  the  complete  closure  of  the  vessel  usually 
follows  from  the  formation  of  an  induced  or  secondary 
thrombus.  If  the  obstructed  vessel  hiis  abundant  col- 
lateral anastomoses  beyond  the  point  of  obstruction  no 
(listurbai)ee  of  nutrition  of  any  consequence  may  occur; 
but  if  the  obstructed  vessel  is  a  terminal  artery  poorly 
provided  with  collaterals,  degeneration  or  necrosis  of  the 
part  supplied  b-;  :twill  result  from  an  insutticient  supply 
of  nutrition  (anicmic  and  hemorrhagic  infarction). 

Birect  Eniholisin.—Emhi-A\%m  in  the  direction  of  the 
normal  blood  current  is  of  most  frequent  occurrence. 
The  substance  forming  the  embolus  is  carried  along  by 
the  blood  stream  until  it  is  caught  by  some  obstruction 
or  swept  into  a  channel  so  narrow  as  to  prevent  its  farther, 
passage.  It  follows,  therefore,  that  direct  embolism  can 
occur  only  in  the  pulmonarv  and  systemic  arteries,  heart, 
and  portal  vein.  Emboli  found  in  the  right  side  of  the 
heart  or  pulmonary  arteries  have  their  origin  in  the 
systemic  veins;  those  found  in  the  systemic  arteries  arise 
in  the  pulmonary  veins  or  left  heart.  Portal  vein  emboli 
take  their  origin  from  thrombi  either  in  the  main  trunk 
or  in  its  contributing  bi-anches.  The  course  and  site  of 
lodgment  of  the  embolus  is  determined  by  the  size,  form, 
weight,  and  character  of  the  material  composing  it,  as 
well' as  by  the  force  and  volume  of  the  blood  stream,  the 
size  of  tiie  blood-vcs.sels,  the  angle  at  which  they  are 
given  off,  the  position  of  the  body,  etc.  Consequently 
emboli  arising  in  the  systemic  veins  or  right  heart  are 
more  frequently  carried  into  the  pulmonary  arteries  sup- 
plying the  lower  lobes  of  the  lungs,  and  more  frequently 
into  those  of  the  right  lower  lobe  than  into  those  of  the 
left.  Emboli  froni  the  left  heart  more  frequently  pass 
into  the  thoracic  aorta  than  into  the  carotid  or  subclavian 
arteries.  The  left  carotid  arising  from  the  highest  point 
of  the  aortic  arch  is  more  likely  to  receive  emboli  than  the 
right  carotid.  Likewise  the  left  common  iliac  artery,  be- 
ing more  directly  in  the  line  of  the  current  in  the  abdemii- 
nal  aorta,  receives  emboli  more  often  than  the  right  iliac. 
Since  the  conditions  in  the  systemic  veins  arc  much  more 
favorable  for  thrombosis,  embolism  of  the  pulmonary 
arteries  is  much  more  common  than  of  the  systemic 
arteries.  Of  the  latter  the  small  bi'anches  in  the  lower 
extremities  are  most  likely  to  receive  emboli,  but  in  the 
great  majority  of  cases  this  event  is  not  diagnosed  clini- 
cally, inasmuch  as  the  symptoms  produced  are  of  much 
less  importance  than  those  caused  by  embolism  of  the 
renal  arteries,  splenic,  etc. 

if  the  embolus  completely  closes  the  lumen  of  the  ob- 
structed vessel,  it  is  styled  an  obturating  embolus. 
Spherical  emboli  are  most  likely  to  do  this,  but  an  elon- 
gated iiortion  of  a  thrombus  may  be  folded  several  times 
upon  itself  and  pushed  into  a  vessel  several  times  its  own 
diameter,  completely  obturating  the  lumen.  This  ball- 
pens very  often  in  the  case  of  long  pieces  of  thrombi 
washed  out  of  the  femoral  veins  and  in  this  manner 
blo(;king  up  the  largest  branches  of  the  pulmonary  artery. 
Similarly,  irregular  thrombi  of  soft  consistence  may  lie 
pushed  into  a  vessel  so  as  completely  to  lill  it.  If"  the 
eiiiliolus  is  hard  ami  lirm  there  m:iy  still  be  .some  space 
left  foi-  the  blood  to  How,  lint  this  is  usually  soon  closed 
by  secondary  thrombosis.  C^yliiidrical,  elongated.  Hat  or 
irregular  emboli  may  be  caught  tttan  arterial  bifurciition 
itnd  be  pushed  partly  into  both  branches,  either  wholly 
or  partly  blocking  them  (straddling  or  riding  embolus). 
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Large  soft  tlirombi  may  bi-cak  up  and  the  resultiiiff  em- 
boli may  fill  a  large  number  of  small  bninelies.  Einl)(ili 
arising  in  the  systemic  veins  small  enough  to  iiass  tlie 
pulmonary  capillaries  may  lodge  iu  the  cerebral  or  i-eual 
capillaries. 

lietrorjradc  EmhoUxiii.—A.  retrograde  transpoi'tution  and 
impaction  of  an  embolns  is  more  likely  to  occur  in  the 
lymph  stream  than  in  the  blood,  and  plays  a  very  im- 
portant part  iu  the  lymph(jgenous  metaslusis  of  tumors 
Under  especial  conditions  retrograde  eml)olism  may  oc- 
cur also  iu  the  veins,  usually  in  tlie  large  veins  near  the 
heart.  The  cause  of  the  retrograde  transpditntion  may 
lie  either  iu  a  reflux  flow  from'tlie  heart  and  great  veins 
into  the  hepatic  veins  or  the  veins  of  the  neck,  head,  or 
arms;  or  in  case  of  extreme  venous  stasis  an  embolus 
may  be  gradually  pushed  backward  in  the  vein  by  ab- 
normal venous  pulse  waves  proceeding  from  the  lieart 
This  event  is  most  likely  to  occur  in  diia'tation  of  the  right 
heart  with  tricuspid  iusufficieney.  Any  condition  which 
increases  the  pressure  in  the  veins  iiea'r  the  heart  favors 
also  a  retrograde  embolism— decreased  negative  pressure 
in  the  thorax,  disturbances  of  respiration,  prolonged  and 
diflJcult  expiration,  cardiac  insufliciency,  etc.  If  the 
venous  valves  remain  adequate  the  enibolus  may  be 
caught  on  them,  but  in  the  extreme  distention  of  the 
vessels  they  become  insutHcient  and  allow  the  embolus 
to  pass.  Retrograde  metastasis  has  been  observed  in  the 
hepatic,  cerebral,  mesenteric,  renal,  pulmonary,  axillary, 
and  coronary  veins,  pampiniform  plexus,  and  duial 
sinuses.  It  has  been  most  frequently  observed  in  the 
case  of  tumor  metastasis,  but  retrograde  transportation 
of  liver  cells  and  infective  emboli  has  also  been  reported. 
In  the  case  of  non-infective  thrombotic  material  it  would 
be  very  diffloult  to  establish  a  diagnosis  of  retrograde 
embolism. 

PimidmUal  Emholum. — The  passage  of  endioli  tlu-ough 
an  open  foramen  ovale  or  persistent  ductus  liotaUi  with- 
out passing  through  the  pulmonary  circulation  is  known 
as  paradoxical  or  crossed  embolism.  Au  opening  in  the 
foramen  ovale  in  the  shape  of  a  narrow  oblique  slit  is 
found  in  a  relatively  large  number  of  autopsies.  Under 
conditions  of  disturbed  pulmonary  circulation  in  which 
the  pressure  in  the  right  auricle  becomes  greater  than 
that  in  the  left,  the  slit  in  the  foramen  is  widened  and  its 
membranous  edges  are  bulged  into  the  left  auricle.  The 
opening  maj'  be  so  enlarged  tluit  not  only  small  emboli 
may  pass  through  it,  but  thrombi  arising  in  the  I'iglitside 
of  the  heart  may  extend  tln-ough  it  iutcj  tlie  left  auricle. 
Masses  of  tumor  cells  and  liver  cells,  tiie  latter  in  cases 
of  traumatic  laceration  of  that  organ,  have  been  found 
obstructing  the  opening.  Aside  from  such  autopsic  evi- 
dence the  diagnosis  of  crossed  embolism  is  impossible. 
The  metastasis  of  certain  large-celled  tumors  is  best  ex- 
plained by  the  assumption  of  paradoxical  emboli.sm,  but 
the  possibility  of  even  large  tumor  cells  passing  through 
the  pulmonary  capillaries  without  setting  up  lung  sec- 
ondaries must  be  borne  in  mind. 

Varieties  of  Emboli. — BUniO  Emholi. — These  are 
composed  for  the  greater  part  of  thrombotic  material 
which  does  not  contain  toxic  or  infective  agents;  but  no 
.sharp  line  can  be  drawn  between  them  and  septic  emboli, 
inasmuch  as  emboli  may  contain  i)athogenetic  organisms 
and  yet  not  give  rise  to  septic  pi'ocesses,  because  of  the 
action  of  the  protective  forces  of  the  body  inhibiting 
their  growth.  The  practical  criterion  is  not  the  a))sence 
or  presence  of  micio-organisms  in  the  end)olus  but  the 
effect  of  the  latter  upon  the  vessel  wall  at  the  point  of 
lodgment.  A  bland  embolus  is  acconlingly  one  whose 
efEects  are  purely  mechanical.  Besides  thrombotic  ma- 
terial, pigment  granules,  dead  cellular  elements,  fat, 
masses  of  calcification,  extrinsic  substances  such  as  cai- 
bon  or  metal  dust,  etc.,  may  produce  only  mechanical 
effects. 

Infective  Emboli. — Because  of  their  frcfiuent  occurrence 
and  the  serious  conditions  resulting  from  them  infective 
emboli  containing  pathogenetic  micro-organisms  are  of 
very  great  pathological  importance.  In  addition  to  the 
purely  mechanical  effects  produced  by  them  they  show 


at  the  point  of  lodgment  tljc  charactei-istic  efi-ects  of  the 
bacteria  which  they  contain.  These  effects  are  chemical 
m  nature,  the  result  of  the  specific  products  of  the  organ- 
rsm,  and  are  characterized  by  degeneration  or  necrosis  of 
the  vessel  wall,  hemorrhages,  inflammation,  suppuration 
gangrene,  etc.  As  a  result  of  the  weakening  of  the  wall 
through  the  injury  or  destruction  of  its  inner  coat  aii 
aneurism  may  be  formed  (aneurvsnui  mycotico-eni- 
bohcum).  The  metastasis  of  emboli  containing  pyo- 
genetic  organrsms  gives  rise  to  the  condition  known  as 
py;iemia.  The  primary  focus  of  the  embolism  is  usually 
an  infective  venous  thrombus  formed  at  the  point  of  en- 
trance of  the  bacteria,  which  may  be  in  any  part  of  the 
body.  Prom  this  tlirombus  emboli  may  arise  and  convey 
the  bacteria  to  other  parts  of  the  va.scular  system  where 
having  lodged  they  may  multiply  and  produce  poisons 
which  exert  their  characteristic  effects  upon  the  vessel 
wall  and  surrounding  tissues.  From  these  secondary 
foci  other  emboli  may  be  given  off  and  the  process  in- 
deflnitelj'  repeated. 

There  may  be  no  evident  primary  focus  and  f  he  second- 
ary lesions  may  form  the  only  features  of  the  disease ;  or, 
as  in  the  case  of  mahgnant  endocarditis,  infective  thrombi 
may  form  upon  the  valves  of  the  heart  and  give  origin 
to  infective  emboli,  though  the  primary  entrance  of  the 
bacteria  into  the  vascular  system  cannot  be  discovered 
(cryptogenic  infection).  Embolism  of  bacteria  alone  from 
the  primary  focus,  either  singly  or  in  masses,  may  occur 
without  the  formation  of  au  infective  thrombus  at  tliis 
point.  These  may  become  attached  to  the  vessel  wall, 
multiply,  and  set  up  their  characteristic  changes.  In 
this  manner  bacteria  arising  iu  infective  thrombi  in  the 
systemic  veins  may  pass  the  lung  capillaries  and  produce 
their  effects  in  the  systemic  arteries  or  capillaries.  As 
mentioned  above,  not  all  emboli  containing  pathogenetic 
bacteria  give  ri.se  to  secondary  lesions  at  the  point  of  lodg- 
ment. This  may  be  explained  by  an  increase  in  the  vita) 
resistance  of  the  body  or  a  diminished  virulence  of  the 
bacteria  due  to  conditions  arising  either  in  them  or  in  the 
bod  J'. 

Tnmnr-cell  Emboli. — Very  rarely  benign  tumors  may 
extend  into  blood-vessels  and  give  rise  to  emboli  which 
may  develop  into  secondary  growths  of  the  same  nature 
as  the  primary.  In  the  metastasis  of  malignant  tuniois 
embolism  plays  a  much  more  important  role,  as  it  is  the 
ciiief  factor  of  their  spread  through  fJie  body.  Both 
carcinoma  and  sarcoma  very  frequently  break  into  blood- 
vessels, loosened  tumor  cells  are  carried  away  in  the 
blood  stream,  and  from  the  emboli  thus  produced  second- 
ary growths  arise.  It  may  be  emphasized  here  that  this 
embolism  is  always  one  of  tumor  ccllsand  not  of  parasites 
which  may  cause  the  formation  of  such  cells.  The  struc- 
ture of  sarcoma  particularly  favors  hoematogenous  metas- 
tasis, inasmuch  as  the  cells  of  a  .sarcoma  not  infrequently 
form  the  wall  of  the  blood-vessels  of  the  tumor,  or  are 
separated  from  the  blood  stream  by  an  endothelial  layer 
only.  On  the  other  liand,  the  spread  of  carcinoma  into 
the  lymph  spaces  favors  lymphogenons  metastasis,  and 
in  general  it  may  be  said  that  sarcoma  and  carcinoma 
are  characterized  respectively  by  hjcmatogenons  and  by 
lymphogenous  metastasis.  Large  masses  of  tumor  cells 
coming  from  the  systemic  veins  may  block  the  orifices  of 
the  right  heart  or  the  pulmonary  artery  and  cause  sudden 
death.  As  a  rule,  however,  the  mechanical  eft'ects  of 
emboli  composed  of  tumor  cells  are  unimportant  when 
compared  to  the  significance  of  the  tumor  metastasis. 
More  frequently  tlie  secondary  growths  of  malignant 
tumors  arise  from  capillary  emboli  rather  than  from  those 
of  large  size.  Tumor  cells  of  small  size  may  pass  the 
pulmonary  capillaries  without  lodgment  and  give  rise  to 
secondary  growths  in  the  systemic  capillaries.  Both  the 
reti-ograde  and  the  paradoxical  varieties  of  embolism  of 
tumor  cells  have  been  observed. 

Eiiiholi  of  Animal  Pa rasifes.— The  Filaria  sanguinis, 
Bilharzia  li"a?niatobia,  and  the  Plasmodium  nialai  i;e  may 
be  found  in  tlie  blood  of  the  human  body,  and  under 
certain  conditions  may  block  the  capillaries  or  smaller 
arterioles.     Ecbinococcus  cysts  in  the  heart  wall  may 
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rupture  into  the  blood  stream  and  give  rise  to  general 
metastasis.  The  embryos  of  triehina  pass  from  the  in- 
testine to  the  muscles  thi-ough  the  lympli  and  blond,  and 
the  amrebit  found  in  the  intestine  may  reaeli  the  liver  by 
way  of  the  portal  vein. 

Fat  Embolism. — This  is  probably  a  very  common  form 
of  embolism,  but  in  the  majority  of  cases  it  is  of  little 
pathological  significance.  Occasionally  it  is  fatal,  in 
conditions  when  so  much  fat  is  set  free  into  the  circula- 
tion as  to  block  up  many  capillaries  and  small  arteries; 
or  a  moderate  fat  embolism  may  aid  in  causing  death  in 
cases  of  shock,  cachexia,  anaemia,  etc.  Tlie  source  of 
the  fat  is  usuall_y  the  fatty  bone  marrow,  Ijut  fat  may 
enter  the  circulation  as  tlie  result  of  injury  to  any  tissue 
or  organ  of  the  b(}dy  whieli  contains  fat.  Amputations, 
fractures,  crusliing,  etc.,  of  bones  containing  fatty  mar- 
row arc  tlie  most  common  causes,  Ijut  even  sliglit  con- 
cus.sion  of  the  bones  may  set  free  some  fat  into  tlie  blood- 
vessels. Congestion  or  inflammation  of  the  marrow  may 
also  lead  to  fat  embolism.  Injury  to  adipo.se  tissue 
in  breast  amputations,  laparotomy  during  cliild-birlli, 
laceration  or  necrosis  of  fatty  liver,  destruction  of  brain 
tissue,  fatty  degeneration  of  sclerotic  ])la(iues,  etc,,  may 
also  cause  the  entrance  of  fat  into  tlie  circulation.  Fatty 
embolism  has  also  been  observed  in  tfie  lipa'mia  of  dia- 
betes, and  has  been  supposed  to  be  the  cause  of  the  dysp- 
noea and  coma  in  tliis  disease. 

The  fat  droplels  floating  in  the  blood  stream  collect  for 
the  greater  part  in  the  lung  capillaries,  and  in  severe  cases 
tlie  majority  of  these  vessels  may  be  found  greatly  dis- 
tended and  filled  with  plugs  of  oil.  The  capillaries  of 
the  brain,  Iddnej'S,  and  lieart  suffer  next  in  proportion. 
Layers  of  fat  may  occasi<mally  be  present  in  the  post- 
mortem clots  found  in  the  heart  and  great  veins.  Tlie 
results  of  fatty  embolism  are  purely  mechanical.  In  a 
moderate  degree  the  fat  may  be  disposed  of  b}'  saponifi- 
cation, emulsion,  phagocytosis,  etc. 

Cellular  Embolum. — Pulmonary  embolism  of  the  giant 
cells  of  the  bone  marrow  is  of  very  frequent  occurrence, 
being  found  in  many  toxic  and  infective  conditions,  per- 
nicious amiemia,  splenic  ana?mia,  leukjemia,  congestion 
and  inflammation  of  the  bone  marrow,  injury  to  the 
bones,  etc.  It  occurs  to  tlie  greatest  extent  in  puerperal 
eclampsia,  but  is  also  commonly  found  in  the  lungs  of 
women  dying  in  the  puerperium  of  diseases  other  than 
eclampsia.  The  significance  of  the  process  is  not  yet 
known;  within  a  limited  degree  it  may  be  physiological, 
or  it  may  occur  just  before  death  as  a  pre-agonal"phe- 
uomenon.  In  the  acute  infections  the  existing  liyper- 
.'emia  of  the  bone  marrow  may  be  tlie  underlying  cause 
of  the  metastasis.  Injury  to  tlie  bones  may  cause  a 
metastasis  not  only  of  the  fat  and  giant  cells  of  tlie  mar- 
row but  also  of  portions  of  marrow  tissue  and  bony  frag- 
ments. The  giant  cells  appear  in  the  lung  capillaries  as 
deeply  staining  masses  of  chromatin  having  a  verj-  irreg- 
ular knobbed  shape,  rarely  multinuclear.  As  a  rule  the 
cells  are  crowded  so  tightly  into  the  capillaries  that  no 
cell  protoplasm  can  be  made  out,  but  in  tlie  cells  found 
in  the  small  arterioles  the  protojilasm  is  usually  intact. 
In  puerperal  eclampsia  tlie  number  of  giant-cell  emboli 
may  be  as  great  as  from  six  to  eiglit  in  every  low-power 
field.  This  variety  of  emliolism  is  also  found  in  associa- 
tion with  other  forms  of  cellular  embolism — r.q.,  that  of 
liver  cells,  placental  cells,  etc.  Giant  cells  r'es'cnibling 
those  of  the  marrow  may  originate  in  the  luemolympli 
glands  in  fatal  eases  of  aniemia,  and  it  is  possible  that 
these  may  also  give  rise  to  pulmonary  embolism. 

Giant  cells  arising  from  the  syn(7tium  of  the  chorionic 
villi  have  also  been  found  in  the  jiulnionary  capillaries  in 
cases  of  jmerperal  eclampsia,  Indafid  mole,  etc  Ac- 
cording to  Sclmiorl,  this  form  of 'embolism  plays  an  im- 
portant role  in  the  etiology  of  eclampsia ;  but  this  is  ]UT)b- 
ably  not  the  case,  as  it  is  not  constantly  found  in  this 
disease  and  may  be  present  in  the  lungs  cd'  puerperal 
women  not  suffering  from  celampsic  symptoms.  Further 
since  tlie  dilfenaitial  diagnosis  of  multinuclear  bone- 
marrow  cells  and  syncytial  cells  is  |iractically  impossible 
It  IS  probable  that  many  of  the  emboli  found  in  the  pul- 
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monary  capillaries  and  thought  to  be  syncytial  cells  were 
in  reality  bone-marrow  cells.  In  case  of  hydatid  moles 
portions  of  syncytial  buds  or  villi  may-  break  into  llie 
uterine  sinuses  and  be  carried  to  the  lungs,  but  this  proc- 
ess must  be  regarded  as  being  of  the  nature  of  a  tumor 
metasla.sis. 

After  traumatic  laceration  of  the  liver,  large  portions 
of  li  ver  tissue  have  been  found  in  the  pulmonary  arteries. 
Small  pulmonary  emboli  of  liver  cells  may  occur  after 
hemorrhage  and  necrosis  of  the  liver.  Paradoxical  em- 
bolism of  liver  cells  has  also  been  observed,  and  portions 
of  liver  tissue  liave  been  found  blocking  the  foramen 
ovale.  In  connection  with  liver-cell  embolism  pulmonary 
emboli  of  bone-marrow  giant  cells  are  usuall_y  present. 

Splenic  cells,  .sometimes  containing  malarial  parasites 
and  ])igmcnt,  red  blood  cells,  or  blood  pigment,  may  be 
found  under  certain  conditions  in  the  liver  capillaries. 
Portions  of  endothelium,  bits  of  the  heart  valves,  etc., 
may  also  be  loosened  info  the  blood  stream  and  form  em- 
boli in  the  capillaries  of  various  organs;  brain,  spleen, 
kidncj'S,  etc. 

Air  EmhoUsiii. — Air  may  enter  the  circulation  through 
wounds  or  surgical  operations  about  the  neck,  upper 
part  of  thorax,  shoulders  and  head,  in  which  conditions 
the  air  is  sucked  into  open  veins  by  means  of  respiratory 
aspiration.  Air  may  also  enter  the  circulation  through 
the  uterine  veins  after  separation  of  the  placenta  in  abor- 
tion, jilaeeuta  praevia,  uterine  injections,  etc,  ;  or  open 
veins  in  ulcers  of  the  stomach  ancl  intestines  ma_y  be  the 
point  of  entrance.  Gaseous  embolism  may  be  produced 
by  infection  with  gas-producing  bacilli.  The  cause  of 
death  in  cai.sson  disease  has  been  thought  to  be  emboli  of 
nitrogen  which  has  been  absorbed  by  the  bloofl  under 
high  atmospheric  pressure  and  suddenly  released  on  re- 
turn to  normal  atmospheric  conditions.  It  is  probable 
that  manjr  of  the  cases  reported  as  air  embolism,  espe- 
cially those  in  which  the  air  has  been  supposed  to  enter  the 
uterine  or  stomach  veins,  have  been  in  reality  cases  of 
gaseous  embolism  due  to  infection  with  the  Bacillus 
aSrogenes  capsulatus. 

Effects  of  Embolum. — The  metastasis  of  dead  or  inert 
substances  incapable  of  growth  produces  chiefly  mechan- 
ical effects,  inasmuch  as  their  chemical  properties  are  not 
usually  such  as  to  cause  further  alterations  in  the  vessel 
wall  or  its  neighborhood.  Of  the  purely  mechanical 
effects  the  most  important  is  the  obstruction  of  an  artery 
by  an  embolus.  If  the  emboliz.ed  vessel  has  abundant 
anastomoses,  as  is  the  ca,se  with  the  arteries  of  the  volun- 
tary muscles,  skin,  bone,  uterus,  thyroid,  etc,,  there  may 
be  no  apprecialile  disturbance  of  the  circulation ;  but  i'f 
the  obstructed  vessel  has  few  anastomoses  and  a  collateral 
circulation  is  not  ciuiekly  established,  the  tissues  supplied 
by  the  occluded  artery  will  quickly  degenerate  or  necrose 
as  the  result  of  the  an;iemia.  The  area'of  ana?mic  necrosis 
liroduccd  by  the  occlusion  of  an  artery  by  either  throm- 
bo.sis  or  embolism  is  known  as  an  infarct, "  Two  varieties 
of  infarcts  are  distinguished;  anaunic  or  white,  and  the 
hemorrliagic  or  red  infarct.  The  former  occurs  as  the 
result  of  the  occlusion  of  terminal  arteries  in  the  kidneys, 
spleen,  lieart,  brain,  and  rarely  in  the  liver.  The  hemor'- 
rhagic  infarct  occurs  legidarlv  as  the  result  of  the  ob- 
struction of  the  ferminal  branches  of  the  pulmonary  and 
superior  mesenteric  arteries.  It  dilTers  from  the  aiia-mic 
only  in  that  into  the  necrosed  area  there  is  an  infiltration 
of  blood.  It  is  therefore  a  liemorrhagic-anifmic  ne- 
crosis. The  hemorriiage  into  the  necrosed  tissue  takes 
placed  l)y  dia])cdesis  from  the  injured  walls  of  the  ves- 
sels lying  within  or  at  tlie  bonier  of  the  infarcted  area 
These  become  jiartly  filled  with  blood  from  collateral 
capillaries  and  e.rterioles,  and  the  vessel  walls,  weakened 
by  dislurliance  of  nutrition  from  the  lack  of  their  ac- 
customed blood  supply,  permit  of  hemorrhage  by  dia- 
pedesis.  The  low  tissuc-rcsisfance  in  the  lun'i;-  and  mes- 
entery and  submucosa,  of  the  intestines  also  favors 
hemorriiage.  Siirrouniling  the  anaunic  infarcts  of  the 
spleen  heart,  ki.lneys,  etc.,  there  is  alwavs  a  narrow 
zone  of  congestion  and  bemorrlianic  infarcticm  which  is 
visible  in  the  tresh  specimen  as  a  red  line  surrounding 
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tlie  gray  or  ycUuwish  dciiil  ana'mic  area.  This  may  be 
explained  as  being  due  partly  to  eollateral  congestiiai 
and  partly  to  hemorrhage  from  the  small  anastomosing 
vessels  at  the  bonier  of  tlie  ini'aret,  wliose  Widls  also  sull'er 
disturbance  of  nutrition  from  the  an:eniia  or  stasis,  and 
permit  the  eseape  of  blood  by  diapedesis.  In  eases  of 
extreme  venous  congestion  this  border-line  of  he7n(nrliage 
may  be  greatly  increased  in  size  and  an  aniemic  infarct 
may  for  the  greater  part  or  wholly  become  hemorrhagic. 
Thrombosis  in  the  veins  also  favors  the  production  of 
hemorrhagic  infarction.  It  is  probable  that  under  normal 
conditions  of  the  circulation  occlusion  of  a  terminal  branch 
of  either  the  pidmonary  or  the  mesenteric  arteries  will  pro- 
duce no  infarction  owing  to  the  rich  collateral  anasto- 
mosis. Under  conditions  in  which  the  circulation  in 
these  vessels  is  already  impaired  obstruction  of  their  ter- 
minal branches  will  produce  a  hemorrhagic  infarct.  The 
fact  that  infarcts  of  the  lung  and  intestines  are  inviiriably 
hemorrhagic  has  not  yet  been  satisfactorily  explained, 
but  it  is  supposed  that  the  rich  anastomoses  of  the  pul- 
monary and  superior  mesenteric  arteries  lea<i,  through 
the  establishment  of  a  collateral  flow,  to  the  refilling  of  the 
vessels  of  the  infarcted  area,  and  that  the  walls  of  these 
vessels  having  been  damaged  by  the  anivmia  permit  of 
diapedesis. 

Embolism  of  the  coronary  arteries,  the  valvular  orifices, 
the  pulmonary  artery  or  it.s  main  branches,  or  the  bulbar 
arteines  ma_v  cause  immediate  death.  Fat  embolism  of 
the  cerebral,  pulmonary,  or  renal  capillaries  may  be  so 
extensive  as  to  cause  death  by  obstruction  of  the  circu- 
lation and  disturbances  of  nutrition.  Less  severe  cases 
may  cause  coma,  dyspnoea,  etc.,  while  moderate  degrees 
may  produce  no  symptomsat  all.  Likewise  air  embolism 
in  small  amount  may  produce  no  effect.  Larger  amounts 
of  air  may  collect  in  the  right  heart  and  pulmonary  artery 
in  a  frothy  mass  which  the  heart  is  unable  to  force 
through  the  pulmonary  capillaries,  death  resulting  from 
paralysis  of  the  heart.  In  caisson  disease  death  may 
follow  the  embolism  of  bubbles  of  nitrogen  which  have 
been  suddenly  liberated  in  the  blood  by  the  too  sudden 
reduction  of  the  high  atmospheric  pressure  under  which 
it  had  been  absorbed.  The  effects  of  embolism  of  cellu- 
lar elements,  animal  parasites,  etc. ,  are  purely  mechanical. 
Pulmonary  embolism  of  placental  cells  has  been  thought 
to  be  the  cause  of.  eclamptic  convulsions.  Tumor  cells 
not  only  act  mechanically  b>it  give  rise  to  secondary 
<T0wths  as  well.  Sharp-pointed  masses  of  calcification, 
vtc  not  only  cause  obstruction  of  the  circulation  but 
may  so  injure  the  vessel  wall  as  to  lead  to  the  formation 
of  an  aneurism.  . 

Toxic  and  infective  emboli,  in  addition  to  their  purely 
mechanical  effects,  produce  changes  in  the  vessel  wall 
and  its  neighborhood  due  to  the  action  of  the  poisons 
which  they  contain  or  which  are  produced  by  the  bacteria 
contained  within  them.  Degeneration,  necrosis,  and  in- 
flammation of  the  vessel  at  the  point  of  obstruction  may 
lead  to  a  widespread  purulent  arteritis,  formation  of  ab- 
scesses, etc.,  or  as  a  result  of  the  weakening  of  the  wall 
aneurisms  may  be  produced. 

Seqnel(V.  —In  the  case  of  embolism  of  throinbotio  ma- 
terial organization,   simple  and   purulent  softening,   or 
calcification  of  the  embolus  may  take  place.     The  sequelce 
of  infarction  are  essentially  the  same  as  those  of  necrosis 
in  general:  organization,  encapsulation,  cyst  /.o™ation 
calcification,  abscess,   gangrene,  e  c.      Emboli   of   hvei 
cells  quickly  necrose,  the  dying  cells  forming  centres  of 
coagulation  and  thrombus  formation.     Bone  niarrow  an 
placental    giant  cells  undergo   a  slow  i^,f  "^'°«J'  ,^° 
may  also  |ive  rise  to  thrombosis.     Small  bits  of  dea 
tissue,  pigment  granules,  and  bacteria  may  be  lemm  ccl 
by  phagocytes.     Fat  in  small  amount  is  saponified  o 
emulsified,    or    disposed    of    by    phagocytosis.       Small 
amounts  of  air  may  be  absorbed.  infective 

Symptoms. -The  general  symptoms  of  non-ntec  ive 

embolism  depend  upon  t^^  ^'f  t°™«''^l  P*^'  '°°  J^'L'Vhe 
tions  of  the  occluded  vessel,  the  specific  ^""Ctro  of  the 
nart  sunplied  by  it,  and  the  degree  of  anajmia  pioduced 
by  the  obstruction.     The  passage  of  the  embolus  through 


the  vessels  or  heai't  causes  no  definite  sym|)toms.  Pain 
may  follow  the  impaction  of  an  embolus  in  an  artery, 
particiilaily  in  the  abdominal  aorta,  mesenteric,  iliac,  and 
femoral  arteiies.  At  times  it  is  very  severe,  having  the; 
character  of  that  of  a  painful  blow.  It  is  probably  due 
to  the  irritation  of  sensory  nerves  in  the  vessel  wall 
caused  by  the  sudden  impaction  and  distention.  Pain 
may  follow  the  embolism  as  a  result  of  local  anemia,  in- 
flammation, and  the  various  sequelix;  of  infarction.  In 
rare  cases  a  chill  or  fever  may  accompany  the  impaction 
of  non-infective  emboli.  Fever,  however,  usually  follows 
embolism  as  one  of  the  accompanying  phenomena  of  sec- 
ondary inflammation,  se]isis,  gangrene,  etc.  Embolism 
of  vessels  supplying  visible  parts  of  the  bodj'  may  be 
manifested  liy  signs  of  local  ana;mia,  gangrene,  etc.  In- 
farction of  the  lungs,  kidneys,  and  intestines  may  be 
shown  by  hemorrhage  from  these  organs.  Infarction  of 
any  oigan  will  lead  to  disturbance  of  its  function.  In 
tlie  case  of  infective  emboli,  besides  the  symptoms  due  to 
the  mechanical  obstruction  of  the  circulation,  those  of  lo- 
cal and  general  infection  are  present :  chills,  fever,  etc. 
These  are  usually  of  such  great  importance  as  complete- 
ly to  cast  into  the  background  the  symptoms  of  local 
anii^mia  or  infarction. 

The  order  of  frequency  of  arterial  embolism  is  given 
by  Welch  as  follows:  pulmonary,  renal,  splenic,  cerebral, 
iliac  and  arteries  of  lower  extremities,  axillary  and  arter- 
ies of  upper  extremities,  cffiliac  axis  with  hepatic  and  gas- 
tric branches,  central  artery  of  the  retina,  superior  mesen- 
teric, inferior  mesenteric,  abdominal  aorta,  and  coronary 
arteries.  This  order  is  based  not  so  much  upon  the 
actual  occurrence  of  emboli  as  upon  the  symptoms  of 
emboUsm.  It  is  very  probable  that  embolism  of  the 
small  arteries  of  the  lower  extremities  would  come  next 
to  the  pulmonary  in  the  order  of  frequency,  but  the 
signs  or  symptoms  attending  this  event  may  be  so  unim- 
portant as  to  be  overlooked. 

Pulmonary  jfi/»7/)oiism.— Embolism  of  the  main  trunk  or 
both  of  the  main  branches  of  the  pulmonary  artery  is 
usually  followed  by  sudden  death  from  syncope.  In 
other  cases  there  may  be  a  sudden  attack  of  intense  pre- 
cordial pain  and  dyspnwa  followed  ciuickly  by  death. 
In  less  extensive  pulmonary  emboUsm  the  chief  symptoms 
may  be  intense  dyspncea,  cyanosis,  great  disturbance  of 
heart  action  and  respiration,  sweating,  chills,  syncope, 
convulsions,  coma,  etc.  Embolism  of  the  smaller  ter- 
minal branches  may  produce  no  symptoms,  but  very  often 
hemorrhagic  infarction  is  accompanied  by  chills,  dysp- 
nrea  fever,  pain  in  the  side,  pulmonary  hemorrhage, 
etc.  '  Infective  emboli  give  rise  to  pyemic  abscesses, 
purulent  and  fibrinous  pneumonia,  and  the  local  and 
general  symptoms  arising  from  these  conditions. 

Renal  'Ewbolism.— Large  infarcts  of  the  kidney  may 
cause  pain;  small  ones  are  unaccompanied  by  painful 
sensations.  Hajmaturia  is  the  most  important  sign  of 
renal  infarction.  Infective  emboli  cause  pyemic  ab- 
scesses. These  are  manifested  by  severe  constitutional 
symptoms  of  intoxication,  pyuria,  etc. 

Splenic  ^nSoiism. —Infarction  of  the  spleen  may  occur 
without  signs  or  symptoms,  but  frequently  theie  are 
sudden  pain  in  the  splenic  region,  chills  and  fever, 
splenic  enlargement,  perisplenitic  friction,  etc.  Infec- 
tive emboli  may  cause  splenic  abscess  with  symptoms 
of  pyajmia.  . ,  „  ,     ,   .  -. 

Cerebral  Embolism.— The  left  middle  cerebral  is  most 
commonly  involved.  Sudden  hemiplegia  and  aphasia 
are  the  chief  symptoms.  Embolism  of  the  vertebral  or 
basilar  artery  produces  symptoms  of  acute  bulbar  pa- 

^'^ Mesenteric  Embdism.—lnfavctkm  of  the  intestines  is 
usually  manifested  by  sudden  attacks  of  severe  colicky 
pain  abdominal  tenderness,  bloody  or  fx'cal  vomiting, 
tjlood  in  the  stools,  gangrenous  odor  of  stools,  sweating, 
subnormal  temperature,  and  collapse.  Death  usually 
occurs  within  a  very  short  time.  Very  rarely  the  symp- 
toms are  less  pronounced  and  of  such  vague  character  as 
to  make  diagnosis  impossible.  The  condition  may  v-ery 
much  resemble  that  of  intestinal  obstruction.      Embol- 
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ism  of  the  smaller  lirancliesof  the  hitestinal  arteries  gives 
rise  to  the  formation  of  intestinal  ulcers. 

Aoftic  EiiihiAism.— The  occlusion  of  the  thoracic  aorta 
by  embolism  is  of  very  rare  occurrence.  It  may  be 
caused  by  the  dislodgmeut  of  large  thrombi  in  the  heart 
or  in  aortic  aneurisms  above  tlie  point  of  embolism. 
Death  is  instantaneous  or  occurs  within  a  very  short  time. 
Embolism  of  the  abdominal  aorta  is  not  of  such  rare  oc- 
currence. In  the  majority  of  cases  the  embolus  arises 
from  a  heart  thrombus.  The  symptoius  may  develop 
suddenly  or  the  onset  may  be  gradual.  Pain  in  both  legs, 
often  extreme,  is  usually  present ;  with  this  there  is  as- 
sociated paralysis,  absence  of  femoral  pidsation,  and  as- 
cending gangrene.  Death  may  occur  within  a  few  hours 
or  be  delayed  for  months,  in  the  latter  case  the  result  of 
slowly  progressive  gangrene  or  sepsis.  Embolism  of  the 
iliacs,  or  of  the  femoral  or  pophteal  arteries  is  manifested 
by  similar  symptoms  varying  in  degree  with  the  size  of 
the  vessel  occluded  and  the  location  of  the  embolus. 

Cm-onary  Embolism. — Embolism  of  the  larger  branches 
of  the  coronary  arteries  causes  sudden  death,  or  an  attack 
of  extreme  dyspnoea  and  severe  precordial  pain  which 
may  be  followed  shortly  by  death.  Emboli.sm  of  the 
smaller  branches  may  cause  ana'mic  infarction  with 
symptoms  of  angina  pectoris.  As  a  result  of  the  weak- 
ening of  the  heart  wall  by  the  infarction  rupture  of  the 
heart  into  the  pericardial  sac  may  take  place  cau.sing 
sudden  death,  or  aneurismal  dilatation  of  the  heart  may 
be  produced,  leading  to  serious  impairment  of  cardiac 
efflcieney. 

Betlnal  Embolism^ — Sudden  blindness  is  produced  by 
the  embolic  occlusion  of  the  central  artery  of  the  retina. 
Ophthalmoscopic  examination  reveals  a  condition  of  ret- 
inal infarction  usually  without  the  occurrence  of  hem- 
orrhage. In  embolism  of  the  smaller  retinal  branches 
multiple  hemorrhages  usually  occur  with  more  or  less 
pronounced  disturbance  of  vision. 

Embdlum  of  Spermatic  Arlei'y. — Occlusion  of  the  sper- 
matic artery  by  embolism  is  said  to  have  caused  gan- 
grene of  the  testis  in  a  small  number  of  cases. 

Di.vGNOsis. — Since  the  chief  symptoms  of  embfilism 
are  of  the  same  nature  as  those  of  thrombosis,  tlie  differ- 
ential diagnosis  of  these  two  conditions  is  of  main  im- 
portance. The  sudden  developmi.'nt  and  severity  of 
symptoms  of  arterial  aua?mia  are  more  characteristic  of 
embolism  than  of  thrombosis.  Absolute  dependence  can- 
not, however,  be  placed  upon  this  point,  inasmuch  as 
thrombi  occasionally  occlude  with  great  rapidity,  while 
on  the  other  hand  the  symptoms  of  embolism'  may  be 
slow  of  development  owing  to  the  fact  that  the  emliolus 
either  does  not  entirely  obturate  the  vessel  which  is  later 
completely  closed  by  secondary  thrombosis,  or  the  em- 
bolus may  be  so  situated  that  the  secondary  thrombosis 
plays  the  chief  part  in  the  production  of  the  anauuia. 
After  arteiial  embolism  the  establishmi'ut  of  the  col- 
lateral circulation  usually  leads  to  a  more  decided  im- 
provement of  symptoms  than  is  commonly  the  case  after 
thrombo.sis.  Absolute  reliance  cannot  be  placed  \iiion 
tills  factor,  since  occa.sionally  after  thrombosis  very 
marked  amelioration  follows  the  development  of  the 
collateral  circulation.  The  occurrence  of  ai'terial  ol)- 
struction  in  young  individuals  or  in  adults  showing  no 
signs  of  arteriosclerosis,  especially  in  cases  of  valvular 
lesions  of  the  left  side  of  the  lu'arl,  jjoints  very  strongly 
to  the  occurrence  of  emliolism.  If  arteriosclerosis'"  is 
present,  the  differential  diagnosis  between  thiombosis 
and  embolism  becomes  much  more  dilTlcult. 

The  estahlislim(.'nt  of  a  source  fur  emboli  in  the  exis- 
tence of  a  pivviously  foi-med  lliromlius,  eai'diac  disease, 
aneurism,  infected  wound,  ele.,  is  lljemost  reliable  factor 
m  the  (liagno.sis  of  embolism.  In  pulmonary  embolism 
the  soui'ce  may  lie  .sought  in  thrombi  in  tlie  systemic 
veins  or  right  heart.  In  embolism  of  the  systemic  arter- 
ies the  chief  source  of  the  emliolus  is  disease  of  the  mi- 
tral or  aortic  valves.  Thrombi  in  aortic;  aneurisms  may 
also  give  rise  to  emlioli.  Infected  wounds,  abscesses 
acute  endocarditis,  etc.,  form  the  sources  of  infective 
emholi.     Abortion,   separation  of  the  placenta,  uterine 
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injections,  pregnancy,  etc.,  are  conditions  in  which  em- 
bolism may  occur.  Injury  of  the  bones  or  fat-containing 
tissues  gives  rise  to  fatty  embolism.  Though  cases  may 
occur  in  which  the  source  cannot  be  found,  and  thougli 
the  existence  of  a  thrombus  in  one  ves.sel  does  not  ex- 
clude the  occurrence  of  thrombo.sis  in  others,  it  is  pos- 
sible, in  the  majority  of  cases,  to  make  a  correct  diagnosis 
of  embolism  whenever  definite  .symptoms  are  present. 

Treatment. — Prophylactic  treatment  may  be  of  the 
greatest  importance  in  the  prevention  of  the  detachment 
of  an  emljolus  from  a  thrombus.  In  the  case  of  venous 
thromliosis  of  tJie  lower  extremities  absolute  rest  of  the 
affected  limb,  or  better  of  the  body  as  a  whole,  should 
be  insisted  upon,  as  a  very  large  percentage  of  the  cases  of 
death  from  pulmonary  embolism  occur  as  the  result  of 
the  patient's  movements  in  walking,  bathing,  or  going  to 
stool.  Walking  should  not  be  allowed  for  at  least  six 
weeks  after  venous  thrombosis  of  the  lower  extremities. 
Massage  or  palpation  of  the  affected  vein,  or  even  press- 
ure upon  it  witfi  a  stethoscope,  as  well  as  all  unneces- 
sary movement  and  manipulation  of  the  limb,  should  be 
avoided.  Prophylactic  measures  may  be  instituted 
further  against  the  formation  of  thrombi  by  stimulation  of 
the  heart's  action,  improvement  of  the  general  nutrition, 
prevention  of  extension  of  infection  by  surgical  interfer- 
ence, etc.  In  the  case  of  acute  endocarditis,  heart 
thrombus,  aortic  aneurism,  etc.,  absolute  rest  is  also  es- 
sential as  a  prophylactic  measure  against  embolism. 

After  embolism  has  occurred  the  general  indications 
are  relief  of  pain,  absolute  rest,  proper  nourishment, 
cardiac  stimulation,  etc.  The  development  of  the  collat- 
eral circulation  should  be  brought  about  as  soon  as  pos- 
sible in  order  to  avoid  anamiic  necrosis.  In  case  of  em- 
bolism of  acces.sible  portions  of  the  body  this  may  be  aided 
b}'  the  local  application  of  heat.  When  infarction  has 
taken  place  the  general  indications  of  treatment  are  along 
lines  tending  to  promote  absorption  and  organization  of 
the  dead  tissues.  In  tlie  case  of  gangrene  of  the  lower 
extremities  and  intestinal  infarction  operation  according 
to  general  surgical  principles  mav  be  performed. 

Ahlred  Scott  WortMn. 

EMBRYOLOGY.— The  general  history  of  the  embryo 
up  li>  about  the  end  of  the  second  month  is  given  under 
Fo'tiiii,  Foniuitlon  of.  Thedevelopmentof  special  organs 
is  treated  under  tlio.se  organs;  e.rj..  for  the  develop- 
ment of  the  brain  .see  under  Jjirilii.  There  are  also  in- 
cluded in  the  Handbook  the  following  special  embryo- 
logical  articles;  Allitntol.i,  Amnion.  Area  EmbryoncdlK, 
Bltifitodenii,  Blostopore,  Chorion,  Cirlom.  Differentiation, 
Embryos,  Oastrnlii.  Germ  Layers,  Impregnation,  Xeiinn- 
teric  Canal,  Notoehord,  Placenta,  Proamnion,  Ser/mcnta- 
tion  of  the  Body,  Segnientation  of  the  Onim,  Umbilical 
Cord,  and  Yolk  Sac. 

In  tliis  articli'  arc  given,  (1)  a  brief  sketch  of  the  history 
of  embryology;  (2)  i)raetical  directions  for  the  study  <'>f 
emlu'yos. 

1.  History  i)F  Emiikyoi.ogy.— Although  embryology 
is  the  department  of  inorpbological  science  now  most 
in  vogue  among  investigators,  "it  has  held  this  hiuh 
lauk  but  a  very  sliort  tin"ie.  Embryology  may  date  Tts 
liirlb,  after  gestaliiig  Hn-  nianv  centuries" in  the  wouil)  of 
science,  from  the  year  160(1,  when  Fabricius  ab  Aquapen- 
dente  published  his  woik,  "  De  Formato  Fa-tu,"  fol- 
lowed four  years  later  by  his  "De  Forniatione  Fa-tus." 
After  Falnicius  came  a  series  of  anatomists,  who  duriui,'^ 
the  seventeenth  and  eighteenth  centuries  slowly  added 
to  the  knowleilge  of  the  development  of  man  aiid  other 
vertebrates;  but  it  was  a  time  of  vague  general  notions, 
a  iieiiod  when  lu'inejples  which  seem  to  us  elementary 
were  still  under  debate.  It  was  not  until  C'as]iar  Friede- 
rich  "Woltr  published  his  dissertation,  "Theoria  Genera- 
tionis"  (1759),  that  the  mere  idea  of  development  bv 
gradual  differentiation  of  unformed  material  could  make 
its  way.  Wolff  is  justlv  regarded  as  the  initiator  of 
modern  embryology,  for  until  bis  views  of  gradual  dif- 
feivntiation  (eiiigenesis)  were  established  correct  embrvo- 
logical   conceptions   were   impossible.     The   next  great 
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advance  was  due  to  the  inlluence  of  Dijlliuger,  of  Wuiz- 
burg,  a  man  who  inspired  many  of  tlie  best  reseuiches. 
Under  liini  wei'c  traineil  Pander  and  von  Baer,  wlio  lirst 
definitely  aseertained  tlie  existence  and  traced  niucli  of 
the  history  of  tlie  gernr  layei'S.  Von  Baer  was  a  magnifi- 
cent intellect— among  the  great  morphologists  of  Ger- 
many easily  first.  His  book  (1829)  on  the  development 
of  animals  has  never  been  equalled  for  keen  insight  and 
original  profound  thoughts  in  the  domain  of  morphology. 
The  author  is  no  less  remarkable  for  his  observational 
powers.  Kolliker  says,  with  perfect  truth,  that  von 
Baer's  researches  "are  to  be  described  as  unconditionally 
the  best  which  the  embryological  literature  of  all  time 
and  all  peoples  has  to  show."  The  third  epoch  may  be 
said  to  have  begun  Mith  the  estabhshment  of  the  "cell 
doctrine  by  Schleiden  and  Schwann  (1839),  after  which 
began  the  labor  of  ascertaining  the  origin  and  metamor- 
pho.ses  of  the  cells  in  the  embryo.  Schwann's  discovery 
led  to  the  recognition  of  the  real  signification  of  the  seg- 
mentation of  the  yolk,  which  had  been  previously  dis- 
covered. The  ne.xt  great  change  occurred  during  1860- 
1870,  after  Darwin  had  given  a  might}'  impulse  to 
biology  by  the  publication  of  his  "Origin  of  Species"; 
in  this  period  the  germ  layers  were  discovered  and  de- 
scribed in  invertebrates  by  Kowalewsky,  MetschnikofF, 
and  others,  and  in  the  course  of  a  few  years  it  was  defi- 
nitel_y  proved  that  the  germinal  layers  exist  in  all  multi- 
cellular animals.  Since  1870  a  multitude  of  researches 
have  been  carried  out,  a  wealth  of  new  discoveries  made, 
largely  in  consequence  of  the  vast  improvements  in  the 
methods  of  investigation.  These  improvements  have 
been — first,  in  regard  to  the  means  of  preserving  ova  and 
embryos;  second,  in  the  manners  of  making  sections  and 
staining  thein. 

Of  recent  writers  the  student  of  human  embryology 
must  place  His  and  Kolliker  first;  the  former  has 
worked  out  the  anatomy  of  very  young  human  embryos 
with  surprising  skill,  and  the  latter  has  contributed  a 
vast  series  of  observations  on  the  development  of  nearly 
every  organ  and  tissue. 

In  the  history  of  embryology,  then,  the  following 
points  mark  the  chief  epochs: 

1739. — The  doctrine  of  gradual  development,  or  epi- 
genesis,  detinitelv  establisiied  by  Caspar  Fr.  Wolff. 

1829  _i'ije  existence  of  the  germ  layers  demon.strated, 
and  their  most  important  metamorphoses  in  vertebrates 
traced  out  bv  Carl  Ernst  von  Baer. 

1839.— The  cell  doctrine  applied  to  animals  by 
Schwann,  and  embryology  turned  into  the  study  of  his- 
togenesis. 

1860-70.— The  presence  of  germ  layers  in  invertebrates 
proven  by  Kowalewsky,  Metschnikoff,  and  others.^ 

1870-8.5.— Constantly  increasing  number  of  special  re- 
searches, and  steady  perfecting  of  methods. 

2.  Embryological  jMetiiods.— The  student  of  hu- 
man embryologv  cannot  obtain  his  material  at  will,  but 
can  only  take  advantage  of  opportunity.  A  considerable 
number  of  aborrions  and  miscarriages,  natural  and  |iro- 
cured,  occur  in  everv  community,  and  the  ova  and  em- 
brvos  thus  di.schargcd  are,  in  a  minority  of  cases,  normal 
and  fresh;  the  older  the  embryo  the  more  hkely  it  is  lo 
be  in  good  condition.  Embryos  less  than  two  inches 
long  are  best  preserved  intact;  larger  embryos  are  much 
better  opened,  and  the  parts  severed  and  hardened 
separately.  If  the  specimen  is  intended  only  lor  the 
study  of  gross  anatomy,  it  will  suffice  to  preserve  it  m 
seventy-per-cent.  alcohol,  which  must,  however,  be  re- 
newed once  or  twice  at  fii-st,  and  the  larger  the  specinK.'ii 
the  more  necessary  is  the  caurion  of  changing  the  alco- 
hol. 


If  the  specimen  is  good  enough  to  be  used  for  section 
cutting,  it  must  be  preserved  with  more  care.     Embryos 
of  more  than  seventy  days  should  be  opened  and  par- 
tially dissected  if  good  preservation  of  the  sterna,  pari 
is  desired.     («)  For  general  msf^  Parker  s  Aj^^      """' 
lin  16C.C.,  water  784  c.c,  and  96-per-cent.  alcohol  IJJ 
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forty-eight  hours,  and  the  ipiantily  of  tliiid  should  be 
about  ten  times  the  volume  of  Ihi' embryo,  (h)  For  em- 
bryos of  nine  weeks  or  less  preservation  intact  in  Zen- 
ker's fiiiid  (corrosive  sulilimatc,  10  gm.,  potassium 
bichromate  5  gm.,  sodium  bisulpliate  2  gm.,  water  200 
c.c,  glacial  acetic  acid  10c. c.)  or  in  von  Rath'sfluid  (.sat- 
urated solution  of  picric  acid  100  i)arts,  hot  .saturated 
sohition  of  corrosive  sublimate  100  parts,  acetic  acid  1 
part)  may  be  recommended.  Zenker's  llni(i  requires  from 
twelve  to  thirty-six  hours,  von  Ruth's  from  one-half  to 
two  hours,  according  to  Die  siz(;  of  the  specimen.  Both 
of  these  require  to  be  followed  by  treatment  with  tinc- 
ture of  iodine  to  remove  the  corrosive  sublimate,  (c)  Of 
all  good  methods  the  most  expeditious  is  to  place  the 
embryo  or  organ  for  five  minutes  or  less  in  a  mixture  of 
10  parts  strong  nitric  acid  and  90  parts  water;  transfer 
to  sixty  per  cent,  for  an  hour  or  two,  and  then  lo 
seventy  per  cent,  (d)  The  .simplest  method  of  all  is  to 
put  the  specimen  into  sixty-per-cent.  alcohol  for  twentj'- 
four  hours,  then  permanently  in  seventy  to  eighty  per 
cent. 

In  preserving  embryological  material  observe  the  fol 
lowing  rules:  Handle  the  specimen  as  little  as  possible; 
do  not  on  any  account  put  it  in  water  or  wash  it;  if  it 
is  necessary  to  keep  it  moist,  wrap  a  soft  damp  cloth 
gently  round  it;  never  put  a  fresh  specimen  in  strong 
alcohol;  never  keep  a  specimen  in  strong  alcohol,  i.e.. 
over  eighty  per  cent.  The  only  time  when  strong  alco- 
hol can  be  safel}'  used  is  after  a  specimen  has  been  hard- 
ened;  and  then  only  to  act  for  twenty-four  hours  imme- 
diately before  embedding. 

To  cut  sections:  For  very  small  objects,  paraftin  is 
satisfactory,  but  for  most  of  the  work  of  tlie  human  eni- 
biyologist  celloidin  is  the  best  embedding  material.  A 
specimen  to  be  embedded  in  this  material  is  put  (1)  for 
one  day  in  ninety-five-per-cent.  alcohol ;  (2)  for  one  day 
in  a  mixture  of  equal  parts  ether  and  ninety-five-per- 
cent.  alcohol;  (3)  for  one  day  in  a  thin  celloidin  solu- 
tion; (4)  embedded  in  celloidin.  To  embed,  wrap  a 
piece  of  glazed  paper  round  a  cjjliudriml  cork,  so  as  to 
make  a  paper  cup  of  which  the  end  of  the  cork  forms 
the  bottom;  the  paper  may  be  fasteneil  to  the  cork  with 
a  couple  of  pins;  the  cup  must  be  considerably  deeper 
than  the  object  to  be  embedded,  because  bubbles  form  in 
the  celloidin,  and  it  is  desirable  to  have  the  celloidin  so 
deep  that  the  bubbles  will  rise  aliove  the  specimen;  the 
specimen  is  placed  in  the  cup,  which  is  then  filled  with 
thick  celloidin  solution.  The  object  may  then  Iw 
pushed  into  the  right  position  for  cutting.  The  cup  is 
allowed  to  stand  until  a  film  is  formed  over  the  celloi- 
din, and  is  then  iji)  transferred  to  a  jar  of  eighty-per- 
cent, alcohol,  where  it  remains  until  the  celloidin  is 
Ihoroughly  hardened,  a  process  requiring  several  days. 
T(j  keep  the  cork  down  and  the  cup  right  side  up,  put 
into  the  bottom  of  the  cork  a  sinker  made  of  a  heavy 
ballet  and  a  stout  pin  or  sharp-pointed  wire  nail.  Cel- 
loidin is  made  by  Schering,  at  Berlin,  and  sold  in  ounce 
boxes;  it  may  be  dissolved  in  eipial  parts  ether  and  alco- 
hol; two  solutions  are  required,  one  about  the  consist- 
ence of  maple  syrup,  the  other  like  thick  molasses, 

Celloidin  sections  must  be  made  under  alcohol.  The 
sections  are  stained  and  the  celloidin  is  left  on ;  to  mount 
Ihein,  place  the  sections  in  alcohol  on  a  glass  sHde,  drain 
off  the  extra  alcohol,  and  drop  on  top  of  the  sections  a 
thin  filtered  solution  (fifteen  per  cent,  is  good)  of  white 
shellac  enough  completely  to  cover  the  sections;  dry 
the  slide  at  a  gentle  warmth,  say  30"  C,  until  the  shellac 
is  hard ;  clear  up  with  oil  of  cloves,  and  mount  in  balsam. 
(This  method  is  new,  and  has  not  been  published  before.) 

Staining:  Small  pieces,  not  exceeding  one-fourth  of  an 
inch  in  diameter,  may  be  stained  iiitnto  before  embed- 
ding The  best  method,  on  the  whole,  because  the  safest, 
for  in  toto  coloration,  is  to  soak  the  object  for  one  to  two 
days  in  alum-cochineal,  made  by  boiling  seven  parts 
powdered  cochineal  and  seven  parts  burnt  alum  with 
four  hundred  parts  water  for  at  least  one-half  hour;  the 
solution  must  be  filtered  before  using.  For  staining, 
Mayer's  paraearinine   and   Mayer's  luematein  solutions 
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muy  also  l)c  liiii'lilv  recommcndcil  For  sections  it  is  best 
to  employ  a  variety  of  stains;  my  own  experience  has 
led  me  to  consider  tlie  following  five  dyes  the  most  val- 
luable:  alum  cochineal,  Bcale's  carmine,  Minot's  picric 
acid  carmine,  alum-ha'matoxylin  (Boelimcr's),  and 
Weigert's  acetate  of  copper  and  luematoxylin.  Osmic 
acid,  nitrate  of  silver,  chloride  of  gold,  etc.,  must,  of 
course,  be  u.sed  for  special  purposes,  and  their  employ- 
ment will  naturally  suggest  it.self  to  the  experienced  his- 
tologist  at  the  proper  moment. 

Both  for  tlie  sake  of  comparison  and  on  account  of  the 
rarity  of  yo>ing  human  endnyos,  and  of  the  impossi- 
bility of  obtaining  the  earlier  stages  of  man's  develop- 
ment, it  is  important  to  study  the  emliryology  of  mam- 
mals and  other  vertebrates.  An  admirable  guide  for 
such  studies  is  Sedgwick's  edition  of  Foster  and  Bal- 
four's "Embryologj-."  The  best  re.siiuie  of  the  jnethods 
used  in  embryology  is  Lee's  "  Jlicrotomists'  Vade  jMe- 
cum,"  of  which  the  German  edition  edited  liy  Paul  Mayer 
is  the  l.ii'St.  t'liarlcs  Srdrjirick  Miiiot. 

EMBRYOS,  HUMAN.— Age.— It  has  been  (piite  gener- 
ally accepted  that  the  age  of  an  embryo  must  be  deter- 
mined l)y  the  time  of  a  certain  cohabitation.  In  many 
cases  it  was  attempted  to  locate  the  day  exactly.  After 
it  had  been  sliown  that  the  ovum  is  extruded  from  the 
ovary  at  or  before  menstruation  begins,  it  was  then  gen- 
erally admitted  that  the  egg  could  be  fertilized  at  any 
point  between  the  ovary  and  the  viterus.  Tlie  time  re- 
quired for  the  ovum  to  pass  through  the  Fallopian  tul)e 
was  considered  the  time  in  which  it  was  capalde  of  be 
ing  fertihzed.  According  to  the  above,  these  conclu- 
sions are  not  based  on  a  sound  footing,  because  of  the 
difficulty  in  obtaining  accurate  observations,  and  also 
because  they  do  not  agree  with  the  results  olitained  from 
the  lower  animals.  Both  Coste  and  His  have  sliown  that 
the  eggs  of  the  hen  are  fertilized  ten  or  more  days  after 
copulation,  and  the  former  has  shown  that  the  egg  is  no 
longer  capable  of  fertilization  after  it  has  passed  through 
the  lower  portion  of  the  oviduct. 

Impregnation  is  nearly  alwaj's  marked  by  a  cessation 
of  menstruation,  and  it  now  remains  to  be  shown 
whether  the  fertilization  takes  place  during  the  last  men- 
strual period,  or  at  the  time  of  the  first  cessation  ;  for  it 
is  known  from  the  examination  of  the  ovary  in  the  liv- 
ing subject  that  ovulation  usually  comes  ju.st  before 
menstruation.  Since  it  seems  to  be  necessarj'  to  fertilize 
the  egg  just  as  it  leaves  the  ovary,  it  is  probable  that 
impregnation  takes  place  just  before  the  mcn.strual 
period.  To  locate  the  menstrual  period,  from  which  to 
compute  the  age  of  an  embr3'0,  we  must  consult  the 
tables,  which  are  in  part  copied  from  His. 

From  a  comparative  standpoint  we  can  easil)'  deter- 
mine the  age  of  human  embryos  within  four  weeks. 
Counting  from  the  last  menstrual  period,  it  is  quite  easy 
to  see  by  tlie  size  of  the  embryo  whether  or  not  it  is,  .say 
three  or  seven  weeks  old.  The  table  shows  that,  by 
counting  in  tliis  way,  embryos  of  the  same  size  may 
have  a  difference  of  four  weeks  in  age  (see  Table  II. ,  3, 
and  Table  III. ,  8,  10  and  14) .  In  tliese  cases  the  age  cor- 
responds to  the  other  cases,  if  from  their  time  twenty- 
eiglit  days  are  subtracted.  This  already  iudicates  that, 
as  a  rule,  fertilization  of  the  ovum  takes  place  during  the 
ovulation  wliicli  precedes  the  first  menstruation  wliieli 
has  lapsed.  After  Reicbert  liad  sliown  that  menstruation 
is  only  a  method  of  eli'aring  out  flie  uti'rus  after  an  ovu- 
lation, and  after  Leoi)old  had  .shown  lliat  the  mucous 
membrane  of  the  uterus  undergoc^s  histological  changes 
before  ovulation,  it  is  fair  to  assume  tliat  tlie  latter 
changes  are  only  preparatory  to  the  reception  of  the 
ovum,  and  that  when  the  unfertilizi-d  ovum  reaches  the 
uterus,  menstruation  is  only  a  method  of  reducing  the 
uterus  to  its  former  condition. 

Only  in   four  of   the  eases  is  it  necessary  to  compute 
the  age  of  the  embryo  fi-om   the  last  meusti'ual   period, 
and  it  is  not  fair  to  assume  that  just  these  four  i>ud)rvo,s 
have  grown  too  rapidly.    All  the  rest  must  have  tweiit.y 
eight  days  subtracted  from  their  time  in  order  to  make 


them  correspond  with  the  above  four.  These  are  the 
main  reasons  for  assuming  that  the  fertilization  of  the 
egg  takes  place  just  before  the  first  menstrual  period 
which  has  lapsed.  It  may  be  that  a  great  many  fertili- 
zations take  place  during  the  last  menstrual  period,  but 
tliat  when  menstruation  has  once  begun,  the  activity  of 
the  uterus  destroys  tlie  ovum,  and  that,  as  a  rule,  only 
tlio.se  ova  are  preserved  in  which  menstruation  does  not 
follow  the  last  ovulation.  At  least  the  embryological 
evidence  speaks  for  this,  and  at  present  embryologists 
make  their  specimens  correspond  with  one  another  when 
they  reckon  their  ages  from  the  last  menstrual  period, 
minus  twentj^-eight  days. 

The  tables  show,  in  addition,  that  in  certain  pregnan- 
cies the  first  cohabitation  followed  the  last  menstrual 
period.  It  cannot  be  that  in  these  cases  the  ovum  of  the 
last  period  could  have  been  fertilized,  for  it  is  quite  cer- 
tain the  ovum  loses  its  jxjwer  of  l)eing  fertilized  shortly 
after  it  leaves  the  Graafian  follicle.  In  the  case  given  in 
Table  III.,  1  (B  B),  the  first  cohabitarion  of  a  newly  mar- 
ried woman  took  place  on  April  4th,  say  about  five  days 
after  the  last  menstrual  period;  and  the  woman  ceased 
menstruating  at  once,  prol)ably  on  account  of  the  fertili- 
zation of  the  ovum  of  the  following  ovulation.  If  all 
the  cases  of  newly  married  women  in  which  there  was  an 
early  pregnancy  were  collected,  it  would,  no  doubt,  be 
shown  that  in  many  of  the  cases  the  women  did  not  men- 
struate at  all  after  marriage.  At  present,  howe^'cr,  I 
know  of  four  such  cases.  His  has  tabulated  cases  given 
1)y  Ilasler,  in  which  the  tirst  copulation,  the  last  menstrual 
peiiod,  and  the  date  of  birth  of  the  child  are  given.  In 
all  of  these  cases  the  age  of  the  fa>tus  is  from  two  hun- 
dred and  seventy  to  two  hundred  and  eighty  days,  if  the 
beginning  of  pregnancy  is  reckoned  from  the  beginning 
of  the  first  period  wfiieh  has  lapsed.  If  the  beginning 
of  pregnancy  is  placed  at  the  first  cohabitation,  the  age 
of  the  foetuses  varies  fully  a  month  according  to  the  time 
of  the  cohabitation;  if  the  time  which  has  elapsed  be- 
tween the  cohabitation  and  the  first  menstruation  which 
lapsed  is  subtracted  from  the  duration  of  the  pregnane}', 
then  the  lengths  of  the  pregnancies  are  practicallj'  alike. 
Assuming  that  the  lengths  of  pregnancies  should  be 
about  the  same,  it  makes  it  highly  probable  that  fertiliza- 
tion takes  place  at  the  time  of  the  first  menstrual  period 
which  has  lapsed  rather  than  at  the  time  of  cohabitation. 

In  several  of  the  cases  given  in  the  tables,  the  last  co- 
haljitation  took  jdace  several  weeks  before  the  cessation 
of  menstruation,  showing  tliat  the  vitality  of  the  sper- 
matozoa within  the  female  organs  lasts  for  at  least  a  few 
weeks.  It  is  probable,  however,  that  the  spermatozoa 
cannot  live  in  the  Fallopian  tulx'S  or  uterus  for  over  a 
month,  because  authentic  posthumous  births  alwaj'S  take 
place  within  two  hundred  and  eight}-  daj'S  after  the 
father's  death. 

The  general  conclusions  formulated  by  Professor  His, 
and  accepted  by  embryologists.  are  as  follows: 

1.  The  beginning  of  development  is  the  time  of  impreg- 
nation, i.e.,  at  that  moment  when  the  spermatozoon 
enters  the  ovum. 

3.  The  time  the  egg  leaves  the  ovary  is  marked  by 
menstruation,  l>ul  it  is  not  necessary  for  the  Graafian 
vesicle  to  rupture  during  menstruation ;  it  may  take 
l)lace  two  (u-  three  days  before  or  even  during  the  hemor- 
rhage. 

3.  The  egg  is  not  capable  of  being  fertilized  at  any 
]ioint  from  the  ovary  to  the  uterus,  but  only  shortly 
after  it  has  left  the  ovary;  as  a  rule,  as  it  is  entering  the 
Fallo|iian  tulie. 

4.  The  spermatozoa  which  have  entered  the  female 
sexual  organs  must  await  the  ovum  in  the  upper  part 
of  the  Fallopian  tube,  and  can  retain  their  vitality  here 
several  days,  or  ]iossibly  several  weeks.  The  time  of 
cohabitation  is,  therefore,  not  directly  related  to  the  age 
of  the  embryo. 

5.  The  age  of  the  embryo  is  to  be  estimated  from  the 
beginning  of  the  first  menstrual  period  which  has  lapsed, 
although  it  is  possililc  to  have  a  menstruation  aftei  ferti- 
lization of  the  ovum. 
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Embryos. 
Kitibryos. 


6.  The  iige  of  au  embryo  can  be  expressed  by  tlie  fol- 
lowing fornmhi :  A  =  X  -  M  or  A  =  X-M  -  28,  in  wliicli 
X  is  tlie  date  of  the  abortion  and  M  tlie  beginning  of  the 
last  period.  Tlie  second  foi-niuUi  is  lor  embiyos  in 
wbich  it  is  necessary  to  estimate  tlie  age  by  ciuinting 
from  tbe  first  lapsed  pei-iod. 

PiiiiSEiiVATiox.— The  liiinian  embryos  wliicli  conic 
into  the  bands  of  the  enibryologists  aic'nearly  altogether 
worthless  for  careful  study,  due  to  careless  pVcsci'\^iti(in. 
Of  one-hundi-cdand  fifty  embryos  less  tbausi.x  weeks  old, 


which  have  come  into  the  writer's  liands  during  the  past 
few  years,  only  a  few  have  proved  to  be  valuable,  and  these 
came  from  two  physicians.  The  main  reason  why  speci- 
mens ai-e  destroyed,  in  nearly  all  ca.ses,  is  that  the  ovum  is 
placed  in  veiy^  dilute  alcohol,  and  in  so  doing  it  is  also 
handled  very  roughly.  Yet  poor  specimens  are  better 
than  none  at  all,  and  in  all  cases  all  ova  should  be  pre- 
seived,  even  if  there  is  but  litlle  hope  for  a  good  speci- 
men. Not  only  shoiild  ova  which  appear  I o  be  normal 
be  preserved,  but  all  specimens,  foi'  lieiiuently  patholog- 


Tarlk  I.— Emi;i!yos  op  tuk  Skcond  Week. 


Observer. 


Petei-s... 
Ereuss  . . 
Reicheit. 


Siegenbeek  van  Heukelom. 

Gl-af  Spee 

No.  XL* 

Keibel  

Eteriiod 

Graf  Spee 


A\> 


Length 

of 
embryo. 


0.:l'*5  mill. 
O.oT  mill. 
0.8  iiiiLj. 
1.0  nun, 
l.:i  mm. 
l..">4   mm. 


0.79  mm.  1.14  :<  1 


Dimensions  of 
nnibiiical  \'esicle. 


0.10  iiini.. 


1.08  <  1  mm  . 
1.5   X  1  mm  . 


I.s  X  1.5  nun 


Itimoiisions  of 


o.ii  ■.  1.5  /  1.5  mm. 

5.0  mm 

5.5  .<  'riM  mm 


5.5  X  4.5  mm 

7.(1  X  5.5  mm 

lO.OX  7.0  X  I.Oram. 

8.5  X  7.75  X  6  mm . . 
10.x  X  8.2  X  6  mm  . . 
10.0  X  8.5  X  ti.5  mm . 


IJ    'IJ     fH  _     3 

-1  'U  oj  "5  ■- 


so  1 1  ays. 
;iS  (lays. 
42  days. 


5  \yeeks. 
41  days. . 


34  days. . 
5  weeks. 


Probable 
age. 


10  days., 
14  days.. 


12  dayst. 

13  days. . 


12  days  +. 


lleferenoes, 
or  from  wbom  obtained. 


Einhettungdes  mensch.  Eies.  1899. 
Wiener  tned.  Wochenblatt,  1877. 
Abhandl.  d.  k.  A.  d.  Wiss.,   Berlin, 

1873. 
His'  Arrhiv,  1898. 
His'  Arrhiv,  IS'.lii. 
Dr.  Kittri'dgp,  Nashua,  N.  H. 
His'  Ariliiv,  Ls'.iO. 
Anat.  Anz.,  .xv..  1898. 
His'  Ardiiv,  1890. 


*  The  Roman  numbers  refer  to  the  embryos  in  my  colleetion. 

t  Twelve  days  in  my  estimation,  as  Graf  Spee  only  in  a  general  way  gives  live  weeks  as  the  time  between  the  last  period  and  the  abortion. 

Table  II. — EMnitYos  of  the  First  Half  of  the  Third  Week. 


5 
2i 

Observer. 

Length 

of 
embryo. 

Dimensions  of 
umbilieal  vesicle. 

Dimensions  of 
ovum. 

Time 
between 
last  period 

and 
abortion. 

Probable 

age. 

References, 
or  from  whom  obtained. 

1 

2.1    mm. 
2.1    mm. 

2.1  mm. 
2.12  mm. 
2.15  mm. 

2.2  mm. 
2.2    mm. 

2.4  mm. 

2.5  mm. 
2.0   mm. 

2.6  mm. 
2.69  mm. 
3.0   mm. 
3.0   mm. 

1.5  X  1  -,  1  mm 

2.6  mm 

2.3  X  1.8  mm 

3.0  X  2.5  X  1.75  mm.. 

1.6  X  1.2  mm 

1.9  X  1.5  mm 

2  1X17  mm 

IH.O  X  18  >;8 

41  days. . 

42  days.. 

13  days.. 

14  days.. 

Dr.  Ellis,  Elkton,  Md. 

5.7  mm 

Edin.  Med.  and  Surg.  Journal,  1839. 

3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 

His  (E  ) 

8.5  X  5.5  mm 

Anat.  mensch.  Embryonen. 

16.3  mm 

Anat.  Anz.,  XV.,  1898. 

His  (Lg.) 

15.0  X  12.5  mm  .... 
9.0  X  8  mm 

4(1  days. . 

12  days.. 

Anat.  mensch.  Embryonen. 
Anat.  mensch.  Embryonen. 

Anat.  mensch.  Embryonen, 

9.0  X  8  mm 

Anat.  mensch.  Embryonen. 

2.1  mm 

15.0  X  10  mm 

15.0  X  12  X  8  mm  .. 

14  days.. 

14  days.. 

Edin.  Med.  and  Snrg.  Journal,  1839. 

1.9  X  1.8  X  1.6  mm... 

2.6X1.7  mm 

2.5  X  1.5  mm 

Arch,  Ital.  de.  Biol.,  12. 

8.0  X  7.5  mm 

Anat.  mensch.  Embryonen. 

15.0  X  14  mm 

42  days.. 

42  days. . 

43  days.. 

14  days. . 

14  days.. 

15  days. . 

Verein.  Schles.-Holst.  Aerzte,  1887. 

His  (E.B.) 

Janusilf 

His'  Arch.,  1898,  p.  .58. 

A.  f.  m.  A.,  30. 

— 

2.41  mm. 

2.22  X  1.6  X  1.45min. 

11.7  X  10.6  ••:  8  mm. 

14  days. 

Table  III.— Embryos  op  the  Second  Half  op  the  Third  'Week. 


B 

Observer. 

Length 

of 
embryo. 

Dimensions  of 
umbilical  vesicle. 

Dimensions  of 
ovum. 

Time 
betw-een 
last  period 

and 
abortion. 

Probable 

age. 

References, 
or  from  whom  obtained. 

His  (B.  B.) 

3.2   mm. 
4.0    mm. 
4.0    mm. 
4.0   mm. 

4.2  mm. 

4.3  mm. 
4.3   mm. 
4.5    mm. 
4.5    mm. 
4.5   mm. 
4.5   mm. 
5.0   mm. 
5.0   mm. 
5.0   mm. 
5.0   mm. 
5.25  mm. 
5.5    mm. 
6.0   mm. 
6.0   mm. 

14  X  11  mm  

24  X  16  X  9  mm  — 

'■M'X  ifi'mm. '.'.'.'. ... 

15  mm 

48  days.. 
42  days. . 
45  days.. 

51  days . . 

52  days. . 
38  days. . 

20  days.. 

21  days.. 

21  days. . 
IS  days. . 

45  days.. 

20  days . . 
14  days . . 

17  days. . 

23  days.. 

24  days . . 
2(j  days.. 

21  days . . 

21  days!! 

18  days . . 

'iV  days!! 

Anat.  mensch.  Embryonen. 

1 

2 
3 
4 
5 

Dr.  Cole,  Peru,  111. 

His"  Archiv,  1880. 

Anat.  mensch.  Embryonen. 

Anat.  mensch.  Embryonen. 

Inaug.  Dis.,  Miinchen,  1889. 

Ecker 

His  (III.) 

His  (Lr.) 

Stubenrauch  (K.) 

No.  OXLVIII 

Wagner 

No.  I 

Henseii 

No.  LXXVI 

No.  LXXX 

His(D2) 

His  (W.) 

His  (R.) 

Meyer 

No.  XIX 

No.  XVI 

Stubenrauch  (I.) 

3.0  X  2.7  mm 

2.8  X  2.3  ram 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

3  mm 

4  mm 

4  mm 

4  ram  

2.5  X  2  x2nim 

17  X  14  X  10mm... 
'ii  x'sd'mm 

'22x'2(i'mm 

24  X  18  X  8mm.... 
2f)  X  15  mm 

25  X  20  mm 

22  mm 

22  mm 

18  X  14  mm 

24  X  18  mm 

Dr.  Hoeu,  Baltimore. 

Midler's  Archiv,  1835. 

Dr.  Gavin,  Baltimore. 

His'  Archiv,  1877. 

Dr.  Mitchell,  Chicago. 

Dr.  Branham,  Baltimore. 

Anat.  mensch.  Embryonen. 

Anat.  mensch.  Embryonen,  pp.  7,  74. 

Anat.  mensch.  Embryonen. 

A.  f.  m.  A.,  36. 

Dr.  Williams,  Baltimore. 

Dr.  Sherwood,  Baltimore. 

Inaug.  Dis.,  Miinchen,  1889. 

Average 

4.67  mm. 

3.3  X  2.2  X  2  mm  . . . . ;  22  X  18  X  9  mm  . . . 

19  5  days. 
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Table  IV. — Embryos  of  the  Fourth  Week. 


% 

g 

•A 

Observer. 

Length 

ot 
embryo. 

Dimensions  of 
umbilieal  vesicle. 

Dimensions  of 
ovum. 

Time 
between 
last  period 

and 
abortion. 

Probable 
age. 

References, 
or  from  whom  obtained. 

1 
2 

3 

4 

:■, 

6 

No.  CXVI 

No.  11 

Stuhenramii  (11.)  

.   ().;-(   iiini. 

.   7.0  mm. 

.   7.0  mm. 

7  0  mm 

'7.'o"x  4..'i  X  4.5  mm  . . 

38X20X10  mm... 
25  X  35  mm 

55  days . . 
.53  days . . 
51  days. . 

37  days. . 
34  days . . 
33  days. . 

Dr.  Ryan,  Springfield,  111. 
Dr  0.0.  Miller,  Baltimore. 
Inauff.  Dis.,  Munchen,  1HH9. 

18  X  18  mm 

Dr.  Douglas,  Nashville,  Tenii. 

His  (B.) 

His  (Stt.) 

.   7.0  ndn. 
.   7.75  mm. 

4  mm 

25  X  33  mm 

31  X  17  mm 

20  ■'  13  mm 

57  days. . 

37  days.. 

Anat.  mensfh.  Embryonen. 
Anat.  mensch.  Embryonen,  8,  74. 
Anat.  menseh.  Embryonen. 

s 

Meyer 

.    H.O  mm. 

5  mm 

45  mm 

3H  days.. 

38  days.. 

A.  f.  m.  A.,  3fi. 

" 

Average 

.   7.34  mm. 

5.3  X  4.5  X  4.5  mm. . . 

36  X  19  X  10  mm. . . 

20  days. 

Table  V.— Embryos  of  the  Fifth  Week. 


s 

2; 

(Jbserver. 

Length 

ot 
embryo. 

Dimensions  ol 
umbilical  vesicle. 

Dimensions  of 
ovum. 

Time 
between 
last  period 

and 
abortion. 

Probable 
age. 

References, 
or  from  whom  obtained. 

1 

o 

10.0  mm. 
10.0  mm. 
10.3  mm. 
11.0  mm. 
11.0mm. 
11.0  mm. 
11.5  mm. 
13.5  mm. 
13.Smm. 
13.0  mm. 
13.0  mm. 
13.0  mm. 

80  days. . 

32  days.. 

Icon.  Physiol.,  28. 
Dr.  Brumm,  Detroit. 
Anat.  mensch.  Embryonen. 
Dr.  Gushing,  Baltimore. 
Anat.  mensch.  Embryonen. 
Anat.  mensch.  Embryonen. 
Anat.  mensch.  Embryonen. 
Anat.  mensch.  Embryonen. 
Anat.  mensch.  Embryonen. 
Dr.  C.  0.  Miller.  Baltimore. 
Anat.  mensch.  Embryonen. 
Anat.  mensch.  Embryonen,  9, 

No    T.YXYVni 

30  X  28  X  15  mm  . . 

3 
4 

35  X  35  mm 

No  CIX 

30  X  30  mm 

5.0  X  4.5  mm 

30  X  37  mm 

30  X  35  mm 

61  days. . 

33  days.. 

6 

His  (\('Vn  1 

His  rUff  1 

5.5  X  4.5  mm 

6  0X5  mm          .   ... 

30  X  37  mm 

8 

His  (SI.)  

His  {W\  ) 

30  X  27  mm 

5.0  X  4.5 

40  X  32  mm 

No.  XXXV 

His  CM   2) 

37  days.. 
04  days.. 
03  days. . 

37  days. . 
36  days.. 
35  days. . 

ll 

12 

His  (Br.  3) 

6.0  X  4.5  mm 

35  X  38  mm 

■4. 

11.0  mm. 

5.3  X4.6  X  4.5  mm.. . 

33  X  27  :--  15  mm... 

34.0  days. 

Tajh.i-:  YI. — Embryos  Over  Five  Weeks  Old. 


His  (Dr.  1)  .. 
His  (S.  3)  ... 
His  (Lhs.)... 

No.  CVI 

No.  XVH  .... 
No.  XLII  .... 
No.  CXLIV  . . 

No.  V 

No.  XXV III  . 
No.  LXXXI. . 
No.  XCIV  ... 
No.  XXII.... 

Minot 

His 

No.  LVII  .... 
His  (Wt.)  ... 
No.  LXXII  .. 
No.  XXVII  .  . 
His  (Lp.).... 
No.  XXXI  ... 

No.  VI 

No.  cxxvir . 
No.  CXXVIII 
No.  CXVIII.  . 
His.  (Dr.  2 1.. 
No.  XCIX  . ,  . 
No.  XLV  .... 
No.  XXVI  ... 

Minot 

No.  LXXIX  . 
No.  OXXIX  .. 
No.  GXLV... 

No.  Lll 

No.  XGVI  . .  . 
No.  XGV  .... 

No.  CV 

No.  XXX.  .. 
No.  Wl\  .... 
No.  XI.IX  ... 

XXIII  ... 

XXXIV,. 

CXLVl  .. 

GXVII  .. 

GXXXVIl 

CXLIX. 
No.  XCV'III. 
.\'o.  XLVI  .. 

I 'XXI  .. 


No. 
No. 
No. 
No. 
No. 
No. 


No. 


Length 

of 
embryo. 


15.0 
15.0 
17.0 
17.0 
18.0 
18.0 
18.0 
18.5 
19.0 
30.0 
20.0 
20.0 
33.0 
33.0 
33.0 
23.0 
33.0 
23.0 

;».o 

24.0 
:.'4.l) 
24.0 
.24.11 
25.0 
,35.0 
37.0 
38.0  1 
30.0  t 
33.0  1 
32.0! 
33.0  1 
33.0  1 
33.0] 
44.01 
4i;.0l 
48.0  I 
tlll.Ol 
70.0  r 
70.01 
70.0  1 
811.01 
95.0  I 
100.0  I 
112.1)1 

l.ai.ii 
KiO.O 
135.0 
210.0 


nmi. 
mm. 
mm. 
mm. 

mm. 
mm. 
min. 
mm. 
mm. 
mm. 
mm. 
mm. 
mm. 
mm. 
Mini, 
mm. 


mm 
mm 
imn 
mm 
mm 


mm 
mm 
mm 


Dimensions  ol 
umbilical  vesicle. 


0.0  ?<  5.5  mm  . . 
5.5  ■  4.5  mm  . . 


Dimensions  of 
ovum. 


X  40 

X  28 


mm. 
mm. 


X  30 
ram. 
X30 
X30 
X  30 
X  55 
X40 
X30 


X20 


X30 
mm. 
X  20 
>  35 
X  30 
X30 


mm. 
una 


mm 
irim 
mm. 
mm 


mm 
X  .50 
X  30 
mm. 
X50 
X30 

X  45 
■■  40 


mm. 
mm. 


mm.. 
X30i 


X  40. 
mm. . 


mm  . 
■,  3ii  1 


I  X  .50 
)X30 


X  40 
X15 


40 

OR  ,.;  50  X  .50  11 


mm 
mm. 


51  days. 
54  days. 


47  dLiys. 


■53  days. 
50  days. 


00  days. 
77  days, 
84  days, 
76  days, 
94  days. 


Probable 
age. 


I  days 


75davs, 
08  days, 
91  days, 
05  days, 
78  days. 


84  days, 
83  days, 
83  days, 
77  da\s, 
90  days, 
05  days. 


da,\s 


104  dm 
115  days, 
101  days, 
127  davs. 
1,25  days, 
125  days, 
143  days, 
190  days. 


References, 
or  from  whom  obtained. 


Anat.  mensch.  Embryonen. 
Anat.  mensch.  Embryonen. 
Anat.  mensch.  Embryonen. 
Dr.  Gardner,  Baltimore. 
Dr.  (.'iittrell,  Louisville,  Kv. 
Dr.  Wills,  Los  Angeles,  Cal. 
Dr.  Watson,  Baltimore. 
Dr.  Kittridge.  Nashua,  N.  H. 
Dr.  Sewall.  Denver,  fol. 
Dr.  Brauham,  Baltimore. 
Dr.  Knill,  Detroit,  Mich. 
Dr.  Snively,  Waynesboro,  Pa. 
Minot's  Embryology,  392. 
Anat.  menseh.  Embryonen. 
Dr.  Howard,  Cleveland,  (.ihio. 
Anat.  mensch.  Eiubrv*.'nen. 
Dr.  Arthur,  Baltimore. 
Dr.  Thayer,  Baltimore. 
Anat.  mensch.  Embryonen. 
Dr.  Ballard,  Baltimore. 
Dr.  G  o.  Miller,  Baltimore. 
lir.  A.  T.  (.iundry,  Baltimore. 
Dr.  Lupton,  Baltimore. 
Dr.  Booker,  Baltimore. 
Anat.  mensch.  Embryonen. 
Dr.  Garr,  Durham,  N.  C. 
Dr.  Douglas,  Nashville,  Tenn. 
Dr.  Simon,  Baltimore. 
Human  Embryology,  398. 
Iir.  Briggs,  Biackviile,  S.  C. 
Dr.  (iunilry,  Baltiiuore. 
I'r.  Watson.  Baltimore. 
Dr.  (;avin,  Baltimore. 
Dr.  Spencer,  ,'^an  Fram-isco. 
Dr.  Watson,  Baltimore. 
Dr.  Wats.in,  Baltimore. 
Dr.  Snively,  Wavueslioro,  Pa. 
Dr.  Ballard,  Baltimore. 

Dr.  Snively,  Waynesboro,  Pa. 
Dr.  Ellis,  Klktim,  Md. 
Dr.  Watson,  Baltimore. 
Dr.  Ballard,  Baltimore. 
Dr.  Watson.  Baltimoie. 
Dr.  lloen,  Baltimore. 
Dr.  Atkins(m,  lialtiiiiore. 
Dr.  Taylor.  Baltiiimre. 
Dr.  Ballard,  Baltimore. 
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Table  VII. 


-EXTIIEME    AND    AVEKAUE   ]MHASUREMENTR   IN   MiLLIMETKEB   OF   THE   EmBKYO    AND    ITS   Al'PENDAUES, 

AS  Obtained  fuom  Tables  1.  to  VI. 


Week. 


Seeond 

First  ball  of  third 

Second  lialt  of  tliird. 

FourtLi 

Fifth 


Measurement. 


Kxtreme  *. 

Averajre 

Extreme  . . 
Average.. . 
F.xtreme  . . 
Average... 
Extreme  . . 
Av<'raKe. .. 
Extreme  . . 
A \eraif e. . . 
Extreme  . . 
Average... 
Extreme  . . 
Average.. . 
Extreme  . . 
Average. . . 
Extreme  . . 
Average... 


Lengtti  of  emliryo. 


0.19  to 
11.7!) 

2.1  to 
2.41 

3.2  to 
4.«T 

(;..■•)  to 

7.34 
II)  to  1 

n.B 
1.")  to 

17.3 
2(1  to 

•»  r. 

2.')  to 

26 

30  to 


3 
li 
K 

3.11 
1<\ 
24 
28 
•IS 


Greatest 
lUmensions  of  tlie 
iiiii)5ilical  vesiele. 


U.l'.i  to  1.8 

1.14 

l.o  to  3 

'i.r<  to  4 

3.3 
4  to  7 

4  to  B 

.'j.2 
5.5  to  « 

5.7 


(ireatest 

rlil))ensloiis  of  the 

chorion. 


Probable 
age  in  days. 


3  t^-.  10 

5.7  to  18 

11.7 
14  to  ;30 

;>) 

18  to  45 

2li 
30  to  40 

32 
35  txi  .50 

41 
30  to  05 

47 
40  to  45 

42 
40  to  OS 

54.5 


10  to  14 

12 
12  to  15 

14 
U  to  23 

19.5 
2=5  to  28 

26 
32  to  37 

34.0 


*Tbe 


extreme  measurements  of  the  umbilieal  vesiele  and  chorion  are  the  greatest  mea.surements  in  each  casi'. 


ical  specimens  iiie  obtained  wliich  may  prove  to  be  of 
the  greatest  practical  value.  T/ie  best  and  most  conven- 
ient method  of  preserving  young  emhryi/s  is  to  place  the  un- 
opened ovum,  'with  the  least  possible  Imndluig,  in.  a  large 
ijiiantity  of  t'cry  strong  alcohol.  The  alcohol  of  druggists 
is  in  no  case  too  strong,  and,  according  to  my  experi- 
I'Dce,  is  as  a  rule  too  weak.  Often  tlie  ovum  is  wi-apped 
in  a  towel  and  then  placed  in  a  small  quantity  of  alcohol 
and  water.  This  may  be  a  method  of  preserving  mu- 
seum specimens,  but  it  practically  )-uins  every  embryo 
which  is  preserved  in  this  way.  When  an  ovum  is  placed 
iu,  say,  four  ounces  of  strong  alcohol,  the  water  of  the 
iivum  dilutes  the  alcohol  to  a  iiropcr  strength. 

Those  physicians  who  have  the  proper  opportunities 
should  place  the  specimen  as  soon  as  possible,  and  with- 
o)it  opening  the  ovum,  in  seventy  pcr-ceut.  alcohol,  i.e., 
absolute  alcohol  reduced  by  volume  to  seventy  per  cent. 
At  the  end  of  a  day  or  two  it  should  be  placed  in  fresh 
alcohol  of  the  same  strength.  An  excellent  method  lor 
meservino-  embrvological  specimens  is  to  place  the  meni 
branes,  blood  anil  allin  a  weak  solution  (live  to  ten  per 
cent.)  of  formalin.  ,  .  . 

A  second  convenient  niethod  is  to  place  a  specimen  in 
..uitealarge  quantity  of  Muller's  tluid,  to  be  change, 
once  or  twice  during  tlie  fiist  te^y  days,  after  which 
may  be  preserved  in  the  same  fluid  indefinitely.       1  he 
embryo   s  fully  hardened  in  about  a  month,  an<l  then  i 
can  bl  washed  in  water  for  a  .lay  or  two,  alter  winch  it 
is  to  be  preserved  in  seventy-per-cont.  alcohol 

Ten  per  cent,  nitric  acid  is  a  convenient  and  a  most 

cxcencnt  method.     The  ovum  is  to  be  placed  m  four  or 

ixoun'L  of  aten-pc,-cent.  solution  and  opened  while 

in  the  fluid,  ca,-c  being  taken  not  ^  .'"I,""' /'  ^  "^'^,fd 
According  to  its  size  (if  not  over  an  uteh  ong  t  .should 
,-cmain  in  the  acid  for  from  thirty  mmu  es  t"  *  " J^,"";^' 
At  the  end  of  this  time  it  is  to  be  placed  m  seventy-pci 

'X.ter"excellent  method  is  to  employ  satui-at«l 
^nueous  corrosive  sublimate.  The  specimen  is  to  be 
Z  ed  asTn  the  ten-per-cent.  HNO.  only  it  >«'.  remain 
in  The  sublimate  longer.  These  specimens  are  then  to  be 
pi-eserved  in  seventy-pcr-cent.  alcohol. 

There   are   many   other  methods,  but  it   an)    oi   luc 
above  are  cmployc^d  there  will  be  a  sulflcient^  supply  o 
mateHal  to  aid  the  study  of  l^"™an  em brydogy.     I    ^ 
really  wonderful  to  see  what  progress  has  .'f  "^  "^"^  "^ 
this  study  when  we  consider  how  diftcult  it  is  to  ohtdin 

preserved  human  embryos,  as  a  glance  at  the  man| 
pers  of  His  and  at  the  excellent  text-book  of  Minot  ^^.ll 

''Ti^reat  work  is  done  when  the  ^Peciniens  are  onc^  ob^ 
tained,  but  in  order  to  make  it  complete  they  must  Dc 


placeil  in  the  hands  of  a  specialist,  who  can  devote  all 
his  eneigies  as  well  as  all  the  additional  necessary  ex- 
pense to  these  the  most  precious  of  cmbryologieal 
specimens. 


Franliin  P.  iVrill. 


EMBRYOS,  HUMAN,  PATHOLOGICAL.— This  article 
is  based  upon  the  studv  of  tifty  iiathologieal  human  ova 
which  have  been  collected  by  me  during  the  past  six 
years.  All  of  the  embryos,  with  but  one  exception,  have 
been  cut  into  serial  sections,  thus  permitting  of  a  more 
careful  study  than  is  possible  from  that  of  the  external 
appearances  alone.  As  far  as  possible,  I  have  obtained 
additional  data  from  the  physicians  who  sent  me  the 
specimens;  these  have  proved  to  be  of  much  value  m 
determining  the  age  of  them.  Sections  were  also  made 
of  the  uterine  moles,  as  well  as  of  nearly  all  of  the  em- 
bryonic membranes  sent  me.  It  is  almost  needless  to 
.state  that  whih;  I  was  collecting  the  pathological  speci- 
mens a  considerably  greater  number  of  normal  ones  came 
into  my  possession!  "These  have  also  been  cut  into  serial 
sections,  and  they  have  been  constantly  used  for  compar- 
ison in  studying  the  pathological  ova. 

The  mate'riarat  my  disposal  justifies  a  much  more  e.x^ 
tensive  account  than  I  give.  The  illustrations  could 
also  with  advantage,  be  much  more  numerous.  In  the 
present  article,  my  aim  is  to  describe  in  a  connected  way 
the  specimens  as  briefly  as  possible." 

The  scattered  literature  relating  to  pathological  hu- 
man embryology  is  very  exten.sive,  and  in  general  of  not 
much  valrie.  From  the  numerous  communications  relat- 
ine:  to  young  pathological  cmliryos,  two  groups  of  pa- 
Dcrs  stand  out  prominently— those  of  His  and  those  of 
Giaeomini  The  more  general  article  by  His  is  published 
in  Virchow's  "  Festschrift,"  vol.  i.,  and  that  liy  Giacomini, 
isiuMcrkcl  und  Bonnet's  "Ergebnis.se  der  Anatomie, 
viil  iy  The  results  of  these  two  authors  I  have  used  as 
a  basis  after  conflrming  many  of  their  statements.  In 
..■eneral  I  am  able  to  contirm  all  of  His'  statements, 
while  I'find  some  of  Giaeomini's  obscure.  Giacomim  s 
numerous  publications  are  mostly  on  single  specimens, 
«-hieh  are  usually  very  young.  The  nature  of  his  prob- 
lem as  well  as  the  hmited  amount  of  material  at  his  dis- 
posal, is  a  sufficient  excuse  for  any  misint^-pretation  he 
may  have  made.  His  latest  paper,'  published  shortly 
before  his  death,  shows  the  marked  influence  the  studies 
of  the  normal,  liy  Graf  Spec  and  others,  have  had  upon 

""Any  change  which  may  take  place  in  the  embryo  after 
it  is  well  formed,  that  is,  after  the  second  week,  is  easily 
recoo-nizable,  provided  it  has  not  gone  too  far.  Speci- 
mens of  this  sort  can  be  divided  into  two  great  groups: 

*  4  more  detailed  description  of  the  embryos  referred  to  will  be 
found";°an  artMebyniein  the  Welch  "  Festschritt,"  and  in  Johns 
Hopkins  Hospital  Reports,  vol.  rx. 
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(1)  those  in  which  the  embryo  is  priratinly  adected  and 

(2)  those  in  wliich  tlie  chorion  is  primarily  affected.  In 
the  first  group  the  embryo  is  affected  and  tlie  cliorion 
normal,  while  in  the  second  gronj)  the  chorion  is  diseased 
and  the  embryo  partly  or  whoUv  strangulated,  due  to  its 
impaired  nutrition.  The  earliest  stages.  His'  nodular 
forms  are  among  the  most  interesting.  Since  all  of  them 
are  vesicular,  it  might  be  l)etter  to  call  them  vesicular 
forms.  In  all  of  tiiem  there  is  a  vesicle  which  shows 
many  of  the  characteristics  of  the  umbilical  vesicle  witli 
blood  islands  embedded  within  its  walls.  The  fact  that 
the  blood  and  the  blood-ve.ssels  arise  in  the  undiilical 
vesicle  makes  it  very  certain  that  the  vesicular  forms 
represent  the  remnants  of  very  early  embryos.  Thei'e 
have  now  been  studied  a  suliicient  number  of  young 
normal  embryos  to  establish  the  time  the  blood-vessels 
grow  from  the  embryo  to  the  cliorion.  This  is  at  the 
end  of  the  second  week,  and  the  vesicular  forms  must 
repres(!nt  embryos  younger  than  two  weeks,  for  in  none 
of  them  have  the  blood-vessels  reached  the  villi  of  the 
chorion.  Between  the  time  of  the  formation  of  blood  in 
the  walls  of  the  lunbilical  ve.sicle  and  that  of  their 
growth  into  the  chorion  lies  the  important  stage  of  the 
formation  of  the  ))ody  of  the  embryo.  Early  normal 
specimens  which  Peters,'  Eternod,^  Siegenbeek  van 
Heukelom''  and  Graf  Spec''  have  recently  published 
indicate  that  the  vesicular  stages  are  formed  before  the 
body  of  the  cndiryo  is  oul lined,  and  also  in  many  in- 
stances hand  in-hand  with  the  formation  of  the  amnion. 
If  we  can  use  the  same  reasoning  with  the  vesicular 
forms  which  we  do  with  the  older  ones,  then  the  vesicu- 
lar must  be  due  to  arrested  development  of  earlier  and 
much  younger  stages  than  we  have  as  yet  been  able  to 
study.  If  the  amnion  is  formed  by  an  invagination  of 
the  layer  of  the  embryonic  vesicle,  as  I  have  previously 
asserted,"  then  the  explanation  of  a  ntunber  of  the  vesic- 
ular forms  is  very  easy.  B>it  the  recent  publication  of 
a  very  young  normal  embryo  by  Peters  speaks  against 
this.  Yet  the  persistence  of  an  epithelial  laj^er  over  the 
vesicle  in  the  vesicular  forms,  as  well  as  its  invagination, 
indicates  that  in  the  spet'imen  I  previously  described  the 
ectoderm  must  have  broken  out  of  its  natural  boundaries 
from  a  stage  like  Peters',  or  that  this  ectodermal  plate 
upon  the  umbilical  vesicle  represents  a  stage  before  the 
formation  of  the  amnion.  Either  explanation  is  ])laus- 
ible,  liut  the  first  appears  to  me  to  be  the  more  likely,  for 
recently  Selenka  has  descrilied  an  ovum  of  Hylobates 
concolors  in  whicli  the  amnion  almost  communicates 
with  the  exterior  of  the  ovum.'  The  ov\uu  Selenka  de- 
scribes is  about  1  cm.  in  diameter  with  an  umbilical 
vesicle  measuring  1  mm. 

From  all  appearances  the  epithelial  covering  of  the 
cliorion  of  early  human  ova  is  formed  long  before  the 
anmiou  and  embryo  are  outlined.  Judging  by  the  early 
stages  of  other  manmials,  the  epithelial  covering  of  the 
chorion  in  man  must  be  produced  as  Rauber'slayer  is 
foimed  in  them.  While  the  ovum  is  still  wandering 
down  the  uterine  t\dje,  its  epithelial  covering,  or  Rau- 
l)er's  layer,  is  undoubtedly  still  smooth,  and  only  grows 
into  villi  wdien  the  cavity  of  the  \iterus  is  reached. 
Then  the  syncytial  layer  is  formed,  and  as  evidence  ac- 
cumulates it  l)i-comes  more  and  more  probable  that  it  is 
embryonic  in  origin.  1  have  in  my  collection  a  young 
normal  ov\im  from  a  tuljal  ]>regnancy  in  which  th'e  syn- 
cytial layer  is  very  extensive,  and  is  gi-owing  against  a 
blood  clot  on  one  side  and  ag:dnst  noi'mal  tubare]iithe- 
lium  on  the  other.  At  certain  points  its  .syncytial  layer 
has  destroyed  the  lining  epithelial  cells  of  'the"tid)e  and 
is  in  direct  contact  with  tla;  subepilhelial  tissue.  The 
growth  of  the  syncytial  la\'ei-  could  be  interpreted  as 
growing  from  I  he  epithelial  cells  of  the  tube  to  the  cho- 
rion and  from  it  lr>  tlio  lilood  clot  and  the  lining  cells  of 
the  tube  on  the  opposite  side  of  the  ovum;  but  why  this 
roundabout  and  improljuble  wav  of  explanation  'when 
the  direct  is  so  much  easier?  Moreover,  I  lie  eli;iracleris- 
ties  of  the  syncytial  layer  are  so  (Iccidi'div  "enibryoiiic  " 
that  It  is  uotdifiicult  to  separate  it  from  tubal  eiiithe- 
hum  when  the  two  e.,i,ie  in  (-(mtact.     Even  the  nests  of 
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partly  destroyed  tubal  cells  are  very  unlike  the  cells  of 
the  syncytial  layeis. 

The  quantity  of  syncytium  may  be  either  increased 
or  diminished. '  In  tlie  former  instance  the  buds  of  syn- 
cytium ari.se  from  all  portions  of  the  villi  as  well  as  from 
the  chorion  proper.  When  there  are  numerous  buds 
arising  directly  from  the  chorion  theepithelial  cells  often 
become  piled  "u|i  until  the  laver  is  considerably  more 
than  two  cells  deep.  The  double  layer  of  syncytial  cells 
is  also  present  on  the  inside  of  the  amnion  in  a  specimen 
(cxi.Ti.)in  which  the  syncytial  cells  "ate"  through  the 
membranes  to  the  embryo. 

The  force  of  the  growth  of  the  syncytium  may  be 
terrific.  It  destroys  whatever  comes  in  front  of  it.  It 
grows  best  when  it  comes  in  contact  with  mother's 
blood,  as  a  stud_y  of  numerous  specimens  shows.  Its  re- 
action upon  otiiei-  cells  is  also  terrific,  for  whenever  leu- 
cocytes come  in  contact  with  the  S3'ncytium  their  nuclei 
fragment,  and  they  disintegrate.  When  the  syncytium 
forms  great  masses  of  cells,  so  great  that  its  nutrition 
becomes  impaired,  tlie  centres  of  the  masses  become  ne- 
crotic. We  have  here,  again,  all  of  the  reactions  of  a 
parasite  battling  for  its  existence.  AVhen  the  growth  of 
the  ovum  is  retarded  by  the  destruction  of  the  embryo, 
excessive  infianunation  of  the  uterus,  or  other  causes, 
the  syncytium  may  attack  the  tissues  of  the  chorion  and 
destroy'  it  in  part.  Tliis  kind  of  attack  is  favored  most 
by  leucocytic  infiltration  of  the  mesoderm  of  the  chorion, 
as  well  as  by  fibrous  degeneration  of  its  walls.  Yet  such 
an  attack  is  rare,  for  it  appears  as  if  the  simple  meso- 
derm of  the  chorion  belongs  to  the  most  resistant  of  tis- 
sues. Under  certain  circumstances  it  can  continue  to 
grow  almost  bjf  itself,  for  a  long  time  resisting  s_yncy- 
tium,  leucocytes,  and  bacteria. 

The  embryologists  of  the  early  part  of  this  century 
described  within  the  cceloni  of  the  ovum  a  delicate  net- 
work of  fibrils,  the  nature  of  which  is  not  definitely 
known.  This  structure,  the  magma  reticulare,  is  fairlv 
well  mai'ked  in  normal  ova  and  linalh'  disappeai's  wlien 
the  amnion  reaches  the  chorion.  This  is  its  story  under 
normal  conditions.  When,  however,  the  amnion  fails 
to  reach  the  chorion  in  due  time  the  magma  reticulare 
maj'  become  fluid,  or  in  other  instances  it  is  converted 
into  a  granular  mass,  or  magma  granulare.  On  the  other 
hand,  the  magma  reticulare  may  be  greatly  increased  in 
pathological  ova  of  about  the  fourth  week,  with  or  with- 
out a  diseased  chorion.  Wlien  this  condition  continues 
the  magma  reticulare  may  become  only  partly  granular, 
as  a  number  of  my  specimens  show. 

At  the  first  appearance  one  is  inclined  to  consider  the 
magma  reticulare  as  l)eing  composed  of  fibrin.  In  order 
to  test  this  ctuestion,  I  collected  a  number  of  fresh  speci- 
mens, both  normal  and  pathological,  hardened  them  in 
alcohol  and  then  stained  them  by  means  of  Weigert's 
fibrin  stain.  In  no  instance  did  the  fibrils  of  the  magma 
hold  the  stain.  These  tests,  then,  are  only  negative, 
giving  us  no  insight  as  to  the  nature  of  the  fibrils  of  the 
magma. 

Not  only  is  the  amount  of  magma  found  in  tlie  cadom 
excessive,  but  it  may  also  extend  through  the  ainniim 
and  reach  the  embryo.  In  other  instances,  w  hen  the  em- 
bryo remains  normal  until  the  sixth  week,  a  magma 
reticulare  may  form  primarily  in  the  amniotic  cavitv  and 
ultimately  liei-ome  granular.  Whelher  or  not  the  reticu- 
lar magma  undergoes  disintegration  to  form  the  gran- 
ular remains  lo  be  shown.  It  is,  liowever,  noteworthy 
t  liat  usually  either  one  or  the  other  exists,  but  intermediate 
stages  Willi  both  present  are  not  rare. 

In  nearly  all  instances  there  are  scattered  throughout 
the  magma  numerous  cells  with  relatively  small  nuclei 
and  a  considerable  quantity  of  protoplasm,  showing  all 
the  characteristics  of  the  blood  corpu.scles  of  the  embryo. 
These  are  the  migrating  cells  of  His.  In  all  pathological 
specimens  it  is  found  that  the  migrating  cells  penetrate 
all  id'  Ihe  tissues  of  the  embryo;  in  fact,  all  of  the  tissues 
and  spaces  within  the  chorion.  j\Iy  specimens  show  all 
of  the  intermediate  stages  between  blood-vessels  filled 
with  blood,  with  few  migrating  cells  in  the  rissues,  to 
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empty  blood-vessels  with  the  tissues  stuffed  witli  migrat- 
ing eells.  These  stages,  together  with  the  common  mor- 
phological appearances  of  the  blood  corpuscles  and  the 
migrating  cells,  force  the  conclusion  that  the  latter  are 
blood  corpuscles  within  the  tissues. 

It  appears  as  if  the  blood  corpuscles  of  the  emljryo 
have  great  power  to  migrate  within  the  blood  s[)aces  be- 
fore the  heart  is  formed.  In  pathological  embry<js,  when 
the  circulation  is  retarded  or  arrested,  the  corpuscles 
leave  the  blood-vessels  to  form  conditions  whicli  may  be 
termed  inflammation  of  the  embryo.  As  the  blood  cells 
leave  the  blood-vessels  to  wander  through  the  tissues, 
the  blood-vessels  contin\ie  to  grow  in  diameter  as  \veU  as 
in  extent,  for  I  have  numerous  specimens  in  which  the 
aorta  is  distended  and  empty,  while  in  c  )t  her  instances  cap- 
illary vessels  without  blood  within  them,  have  grown 
into  the  villi  of  the  chorion. 

Arrested  Development  op  the  Embryo  with  Con- 
tinued Gbow^tii  op  the  Ovom.— The  specimens  which 
come  under  this  group  vary  in  so  many  respects  that  it 
is  impossible  for  me  to  consider  them  from  any  stand- 
point except  that  of  their  approximate  ages  when  their 
development  was  first  arrested.  Before  doing  this,  I 
worked  through  the  specimens  from  many  other  stand- 
points— their  size,   their  membranes,  and  "the  condition 


ol  then'  tissues— only  with  unsiitisfactorv  results.  The 
general  sljupe  of  tlie  embryos,  and  their  organs  how- 
ever, gave  me  a  clew  to  their  ages  when  development 
was  arrested ;  and  when  they  are  considered  from  tliis 
standpomt  tiie  restdts  are  fairly  .satisfactory.  Knowin" 
the  time  at  which  the  development  of  the  embryos  was 
arrested,  the  other  factors— tissues  of  the  embryo,  cho- 
rion, and  time  of  the  abortion— can  easily  be  taken  into 
consideration.  Moreover,  in  all  instances  I  have  repeat 
edly  compared  the  |>alliological  specimens  with  the  nor- 
mal, my  cabinet  being  well  supplied  with  numerous  .sets 
of  serial  sections  of  hotli. 

There  are  in  my  collection  two  specimens  of  arrest  (jf 
development  at  the  beginning  of  the  second  week  (Nos. 
cxv.  and  cxxxvi.).  A  glance  at  the  table  shows  that  one 
of  these  specimens  is  a  two-weeks'  emljiyo  in  a  four- 
weeks' ovum;  the  other  a  four- weeks'  emljryo  in  a  two- 
weeks'  ovum.  In  one  the  development  of  the  embryo 
was  arrested  at  the  beginning  of  the  second  week, 
but  the  chorion  continued  to  grow  two  weeks  longer 
before  the  aljortion ;  in  the  other  the  reverse  is  the 
histor}'. 

Specimen  cxxxvi.  appeared  to  be  pathological  before  it 
was  cut  open,  but  it  was  found  filled  with  an  increased 
quantity  of  magma,  within  which  could  be  seen  a  nor- 
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Table  I. — Arrested  Development  op  the   Embryo.* 


Dimensions  of 
ovum. 


CL  ... 
CXXII 
OX... 
CXLL 
XCVII 
CIV  . . 


o5  X  SOX  10 mm. 
20  X  18  X  0  mm . 
40  X  30  X  30  mm. 
40  X  30  X  20  mm. 
:B  X  30X  irunm. 
3i  X  35  X  1.5  mm . 


Time  between 

last  period 
and  abortion. 


Two  TO  Three  Weeks. 

CXXXVI 

14  X  11  X    6mm... 
30  X27X  22mm... 

Mitiriiia  reticulare  inereased. 
May:ma  reticulare  greatly  increased. 

CXV 

3mm 

•Oii  days 

Three  to  Forp,  Weeks. 

1)5  days Amnion  has  reached  chorion. 

.K2  (lays Amnion  has  reached  chorion.    Embryo  very  much  macerated. 

7s  davs Mafrma  reticulare  within  coelom. 

i)l  days ;  Mairina  reticulare  increased. 

3.">  days '  Maifiiia  reticulare  fjreatly  increased. 


CXXXVII  . 
LXXXl.... 
CXLII 


tiO  X  .50  ■  3(1  mm. . 
05  X  .55  X  35  inm . . 
.50  ■■  40  X  30  mm.. 


CLII... 
LXXIX 
CXXIV. 


70X  42X  38  mm.. 
50  X  60  X  50mm.. 
90X75X  50mm.. 


Four  to  Five  Weeks. 


LX          

8mm. 

105  X  65  X  65  mm.. 
SOX  25  X25mm.. 
33  X  32  X  32  mm . . 

Amniitn  has  reached  the  chorion. 

CLXI 

CXXXIII 

LIV 

83  days. 

Magma  reticulare  greatly  increased. 

n  mm. 

LXIX 

CXXXII 

70  X  40  X  2(1  mm.. 
42  X  30  mm 

Amnion  has  reached  the  chorion. 

15  mm 

SI  days 

Amnion  has  reached  the  chorion. 

Five  to  Six  Weeks. 


16  mm 
20mui 
20  mm 


86  days 

S4  days. 
12fldays 


Cord  tilled  with  a  reticular  mass. 
Syncytium  within  cavity  of  amnion. 


Six   TO   SEVEN    WEEKS. 


Seven  to  Nine  Weeks. 


31  mm 

32  mm 
35  mm 


70  days. 
91  days. 
126  days. 


*  The  Roman  numbers  given  the  embryos  correspond  with  the 
tory  of  Johns  Hopliins  University. 


record  numbers  in  the  cabinet  of  human  embryos  in  the  Anatomical  Labora- 
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null  einl)rv<>  of  tlie  fourtli  week.  Since  I  bad  never  seen 
a  chori.iu"  too  small  for  its  embryo,  I  bad  my  doubts 
about  the.  aecuraev  of  my  observation  untd  tlie  speeuiien 
was  cut  into  serial  sections.  Tlieii,  to  my  surprise,  I 
found  an  eml)rvo  practically  normal  ot  the  four-\veel<s 
sta"-e  to  corri'spond  with  tlie  menstrual  bistory.  1  lie 
cho^rion,  liowcver,  is  markedly  thickened,  with  villi,  and 
not  in  cells.  Both  chorion  and  villi  contain  a  great  num- 
ber of  blood-vessels  which  are  overtillcd  with  blood. 
The  syncytium  is  verv  extensive,  large  buds  arising 
from  all  parts  of  the  villi  as  well  as  from  the  chorion  it- 
self. Comparing  it  with  normal  specimens,  the  syney- 
lium  is  excessive  in  quantity,  wliich  may  account  for  the 
.rood  nutrition  of  the  embrvo.  The  large  amount  of  em- 
bryo blood  also  speaks  foi-  this.  The  trouble  in  this 
specimen  seems  to  lie  with  the  mesoderm  of  the  chorion, 
which  prevented  it  from  expanding  sutbciently.  This 
condition  was  compensated  by  an  excessive  growth  of 
the  syncytium,  which  gave  sufficient  nutrition  to  the 
embryo.  Tlie  entire  vascular  system  of  the  embryo, 
lunbiiical  vesicle,  and  chorion  is  overdistended  anil  the 
lieritoneal  eavitv  of  the  embryo  is  also  filled  with  blood. 
Finally,  however,  the  equilibrium  between  embryo  and 
chorion  was  overthrown,  resulting  ultimately  in  the 
abortion.  This  inequality  is  also  expressed  by  the  ex- 
cessive quantity  of  magma  within  the  cadom. 

The  second  s'peciiueii'in  which  there  was  an  arrest  of 
development  at  the  beghuiing  of  the  second  week  is  No. 
cxv.  Here  the  development  of  the  embryo  is  arrested 
and  the  chorion  has  continued  to  grow.  This  variety  of 
abnormality  is  very  common,  and  it  is  fairly  easy  to  in- 
terpret the  various  steps  by  which  it  is  brought  about. 
Not  only  are  specimens  of  this  kind  easy  to  interpret, 
but  we  have  in  them  the  key  through  which  we  shall  ul- 
timately obtain  data  regarding  the  very  earliest  human 
embryos.  If  au  ovum  four  weeks  old  have  within  it  an 
embryo  two  weeks  old,  why  ma}'  not  an  ovum  three 
weeks  old  have  within  it  an  embryo  one  week  old?  All 
the  specimens  reported  in  this  article  speak  most  de- 
cidedly in  favor  of  this  hypothesis.  In  general,  this  em- 
bryo is  an  exaggerated  two-weeks'  stage  with  a  four- 
weeks'  amnion  and  chorion.  The  great  quantity  of  pus 
encircling  the  chorion  and  cutting  off  its  nutrition,  with 
a  conse(|uent  atrophy  of  the  sj'ncytium,  cuts  oil  also 
the  nutrition  of  the  embryo,  thus  graduallj'  causing  its 
death.  The  overtlirow  of  the  equilibrium  lietween  the 
emliryo  and  uterus  is  indicated  by  the  great  quantity  of 
magma  within  the  cfrloin  as  well  as  within  the  amnion. 
The  effect  of  strangulation  of  the  cmbrj'o  is  beautifully 
shown  within  its  tissues.  The  form  of  the  central  ner- 
vous system  is  extri'niel_y  simple,  like  that  of  an  embryo 
two  weeks  old,  but  it  is  largerand  it  is  solid.  Peripheral 
nerves  are  not  present.  The  heart  is  simple,  completely 
tilled  with  blood ;  the  lilood-vessels  have  mostly  disap- 
peared. The  lunliilical  vesicle  is  relatively  small  and 
filled  with  a  solid  mass  of  entoderm  cells.  Its  communi- 
cation with  the  body  is  almost  entirely  cut  off.  Within 
the  bod}'  there  is  neither  liver  nor  alimentary  canal  left. 
The  peritoneal  cavity  communicates  very  freel}'  with 
the  extra-embryonic  ccelom;  theic  is  no  ])ericardial  cav- 
ity. Traces  of  myotomes  and  Wolffian  bodies  an.',  still 
left.  Throughout  the  embr}'o  and  the  magma  of  llie 
c(elom  and  amnion  there  are  scattered  cells  willi  all  the 
characteristics  of  embryo  bluod  corjiii.scU'S.  Tlii'se  ai-e 
undoubtedly  the  migra'ting  cells  already  descjilied  by 
His."  In  tills  siieeimen  W(;  see  the  later  stage  of  this 
]irucess;  and,  judging  by  all  llie  conditions  present,  ils 
duration  must  have  been  almul  Iwii  weeks.  His  dc 
scribes  a  similar  stage,  (lilVering  nnly  in  thai  the  lime  lie- 
tween the  death  of  tlic  emiiryd  and'  the  alioiliiin  is  Imir 
weeks  more  than  in  No.  cxv. 

The  two  specimens  described  alun-e  imlicali'  Ihat  there 
has  been  an  arresi  nf  ile\eli)pment  of  sume   ]i(irliiins   of 

the  ovum  and  gi\c  si ■  hints  ivgaiiling  the  physiology 

of  sniiie  of  llie  grniiiisof  lissiies."  In  No.  CXV."tli<!  pri- 
iniiry  lesion  was  iindoiibti'dl\-  the  eiidometrilis,  which  de 
prived  the  oviini  of  ils  pro),,.,-  nntrilion.  The  .second 
portion    of   Table    1.    ^ives    better   daU    regarding    the 


primary  lesion  as  well  as  the  probable  duration  of  the 
Secondary  changes  within  the  embryo. 

Judging  by  the  general  appearance  of  s|iecimen  No. 
xcvii.,  it'mighl  be  considered  normal  with  the  exception 
of  the  excessive  magma  reticulare.  Sections  show,  liow- 
cver, that  the  chorion  is  fibrous  and  the  embryo  is  infil- 
trated with  migrating  cells  which  have  also  invaded  the 
entire  cwlom.  The  age  of  this  specimen,  if  determined 
by  the  embryo  and  its  organs,  is  not  over  twenty-eight 
days,  while  the  menstrual  history  calls  for  at  least 
thirty-one  days.  We  have,  therefore,  to  do  in  this  speci- 
men with  an  "embryo  which  has  undergone  pathological 
changes  for  at  least  three  days.  Tlie  chorion  is  fibrous, 
and  i'  am  inclined  to  locate  the  primary  trouble  in  it. 
The  chorion  is  the  least  changeable  of  all  the  embryonic 
tissues,  and,  therefore,  it  may  follow  that  a  slight  alter- 
ation in  it  produces  grave  consequences.  The  early 
changes  in  the  process  of  degeneration  of  an  embryo  are 
beautifiillv  shown  in  this  specimen.  The  central  ner- 
vous system  is  greatly  dilated,  the  boundaries  of  the  ab- 
dominal viscera  are  obscured,  and  the  vascular  system  is 
greatly  dilated.  The  entire  embryo  is  filled  with  migrat- 
ing cells  which  show  all  the  characteristics  of  embryo 
blood  corpuscles. 

A  stage  slightly  in  ad\ance  of  the  above  is  shown  in 
specimen  No.  civ.  Here,  however,  the  membranes  ap- 
pear normal,  but  the  walls  of  the  umbilical  vesicle  are 
fibrous,  the  magma  is  greatly  increased  and  granular, 
and  the  embryo  is  macerated  and  straightened.  The 
changes  within  the  embryo  are  much  more  in  advance 
than  in  xcvii.,  the  liver  tissue  being  entirely  ob.scured. 
The  vascular  system  is  undoubtedly  blocked,  and  the 
migrating  cells  "have  invaded  all  of  the  tissues,  including 
the  umbilical  cord,  to  the  chorion. 

In  both  of  the  above  specimens  the  embryos  must  have 
been  strangulated  sufficiently  to  cause  their  death,  thus 
permitting  the  blood  corpuscles  to  leave  the  vascular 
system  to  invade  the  tissues  and  the  cadom.  In  speci- 
men cxxii.  the  primary  lesions  were  not  so  severe,  the 
embryo  continued  to  grow  but  not  develop,  and  the  am- 
nion continued  to  dilate  until  it  met  the  chorion.  The 
primary  trouble  here  again  appears  to  be  a  fibrous 
change  in  the  chorion.  The  central  nervous  system  is 
distended,  the  vascular  system  is  dilated,  and  the  aorta  is 
em]ity.  The  tissues  of  the  embrj-o  are  partly  filled  with 
migrating  cells.  Specimens  ex.  and  cxi.i.  show  the 
same  process  two  or  three  weeks  later.  The  specimens 
came  from  the  same  woman,  who  was  suffering  from 
leucorrhiea,  and  in  general  show  the  same  character- 
istics. They  are  both  embryos  four  weeks  old  which 
had  been  retained  in  the  uterus  another  four  weeks  after 
strangulation. 

In  Nos.  ex.  and  CXLI,  the  villi  of  the  chorion  are  al- 
most destroyed,  and  the  chorionic  walls  are  converted 
into  a  fleshy  mass  invaded  by  leucocytes.  The  embryos 
arc  atrophied,  the  organs  are  obliterated,  and  the  vascu- 
lar systems  are  distended.  That  the  process  was  slow  is 
indicated  by  the  amnion  having  reached  the  chorion  and 
the  general  form  of  the  embryo  and  its  tissues  corre- 
sponding with  that  of  cxxii.  'The  uterine  trouble  of  the 
mother,  the  extreme  changes  of  the  chorion  in  both 
s|ieeimens  with  almost  identical  changes  in  both  embryos, 
]U'o\e,  as  much  as  these  specimens  can  ])rove,  that  there 
was  a  gradual  slangulalion  of  the  embryo  due  to  inflam- 
nialion  of  the  ubaine  mucous  membrane,  first  affecting 
and  then  destroying  the  villi  of  the  (horion. 

The  specimens  in  my  collection  of  embryos  of  the  fifth 
week  lack  the  data  of  those  of  the  fourth  week,  yet 
something  can  be  made  out  of  them.  Undoubtedly  the 
}oimgcst  of  this  gnmp  is  No.  c:xxxni.  The  \illi  of  the 
chorion  ajipear  normal  but  have  little  syncytium  at  their 
lips.  Bctwciai  Ihe  villi,  upon  the  chorionic  walls,  there 
is  an  excessive  (|uanlity  of  syncytium.  The  cadom  is 
complctidy  filled  with  an  excessive  (|uantity  of  magma, 
in  which  lies  the  embryo  greatly  cramped  and  closely 
enveloped  by  the  amnion.  Terrific  changes  have  taken 
])laee  within  the  embryo.  In  every  respect  this  embryo 
is  like  No.  xcvii.,  only  it  is  a  few  "days  older.     The  mi- 
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grating  cells  have  invaded  the  entire  enibrvo  and  at 
nnraeroiis  pomts  lliey  were  leavin-  the  liody  t,')  enter  the 
eavily  ol  the  anniion.  At  tliese  points  the  epithelium  of 
the  embryo  is  exfoliated.  Specimen  clxi.,  whose  abor- 
tion was  caused  liy  reiieated  attempts  on  the  part  of  the 
mother,  aids  materially  in  locating  the  beginning  of  the 
pathological  changes  in  the  ovum.  While  there  is  great 
activity  in  the  leucocytes  and  syncytium  on  the  outside 
of  the  chorion,  there  is  more  activity  of  the  migrating- 
ceils  within  the  embryo,  and  this  latter  condition  mus"t 
be  viewed  as  being  secondary. 

The  other  embryos  of  the  tilth  week  indicate  that  a 
slower  process  has  taken  place  in  them.  The  history  of 
one  of  them,  and  the  dimensions  of  the  chorion  of  others 
also  speak  for  this.  Tlie  least  changed  of  all  the  speci- 
mens is  No.  cxxxn.  The  history  of  the  specimen  as 
well  as  the  dimensions  of  the  chorion  indicate  that  this 
specimen  must  have  been  alive  but  did  not  grow  to  any 
marked  extent  during  three  weeks  preceding  the  abor- 
tion. The  organs  of  the  embryo  are  aliout  normal  in 
form  and  structure,  with  a  small  number  of  migrating 
cells  in  the  tissues  and  peritoneal  cavity.  Specimens  Lx. 
and  Liv.  show  slight  tissue  changes  in  advance  of 
cxxxii.  More  marked  changes  occur  in  i,xix.,  which, 
judging  by  the  size  of  the  chorion,  must  have  been  un- 
dergoing pathological  changes  for  a  number  of  months 
before  the  abortion.  In  No.  Lxxxii.  the  villi  of  the 
chorion  are  considerably  atrophied,  while  in  LXix.  the)' 
are  entirely  wanting,  with  tibrous  chorionic  walls.  The 
erabiyo  itself  is  atrophic  and  much  macerated.  The 
central  nervous  system  is  distended,  the  sharp  contour  of 
the  organs  is  lost,  and  the  vascular  sj'Stem  is  distended. 
Migrating  cells  have  invaded  all  the  tissues,  including  the 
peripheral  nerve  bundles  and  the  umbilical  cord. 

While  most  extreme  changes  will  take  place  in  several 
weeks  in  pathological  embryos  of  the  fourth  week,  in 
embryos  of  the  fifth  week  months  are  re(|nired  to  pro- 
duce corresponding  changes.  In  specimen  Lxix.  the  slow 
process  must  have  been  at  work  for  months,  producing 
all  sorts  of  tissue  abnormalities,  from  multiple  papilli- 
form  growths  of  the  entire  epithelial  covering  of  the  body 
to  an  atrophied  head.  In  specimen  cxxxv.  this  process 
of  tissue  change  and  organ  destruction  is  still  more  ad- 
vanced. The  primary  lesion  of  this  specimen  must  also 
have  been  in  the  chorion.  The  villi  are  all  destroyed 
while  the  chorion  remains  as  a  thin  fibrous  membrane  in- 
filtrated with  leucocytes  and  a  few  nests  of  syncytial  cells. 
The  entire  chorion  is  very  large,  lined  by  an  amnion, 
and  is  filled  with  a  jelly-like  substance  which  hardened 
to  the  consistence  of  glycerin-jelly  in  formalin.  The 
atrophic  embryo  shows  the  usual  nervous  system  with 
the  head  end  of  it  completely  destroyed.  The  outhne  of 
the  organs  and.  peritoneal  cavity  is  also  very  indefinite, 
the  entire  embryo  being  filled  with  migrating  cells.  The 
vascular  system  is  more  definite  than  are  other  portions  of 
the  embryo,  it  no  doubt  having  functioned  longest.  The 
head  end  of  the  embryo  has  become  greatly  atrophied,  its 
front  end  being  converted  into  a  mucoid  mass.  The  eyes 
have  sunken  deep  into  the  head  but  the  lenses  continued 
to  develop  into  hard  pearls  composed  of  lens  fibres.  The 
front  end  of  the  chorda  is  expanded  into  a  large  mucoid 
tumor  on  either  side  of  which  there  is  a  large  cartilagi- 
nous tumor.  All  this  shows  that  develoiiment  ceased 
long  before  the  ovum  was  aborted,  but  that  tissues  already 
established  continued  to  grow  and  to  degenerate  into 
all  sorts  of  masses. 

In  addition  to  the  groups  of  embryos  of  the  third, 
fourth,  and  fifth  weeks,  there  are  several  specimens  of 
later  date  which  show  that  the  changes  in  form  and  struc- 
ture are  not  likely  to  occur  when  there  is  an  arrest  of  de- 
velopment in  later  stages.  Specimen  lxxxi.  seems  to  have 
its  primary  trouble  in  the  chorion,  it  being  fibrous  and 
invaded  by  leucocytes  as  well  as  syncytium.  The  am- 
niotic cavity  is  greatly  distended  and  the  embryo  is 
macerated  with  an  ulcerated  crest  on  top  of  its  head. 
The  whole  specimen  suggests  death  and  destruction  of 
tissues  without  any  indication  of  further  growth  of  any 
of  the  parts. 
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Specimen  cxi.n.  also  shows  tlie  great  resistance  of  an 
older  embryo  that  has  Ijeen  dead  for  .several  months  be- 
fore the  abortion.  The  syncytium  has  also  l)een  active, 
liaving  uaten  into  the  walls  of  the  chorion  and  its  villi 
mid  liaving  entered  the  cavity  of  the  amnion.  Here  the.se 
cells  foiin  their  characteristic  double  layers  again  and 
als(^  invade  the  tissues  of  the  thickened  amnion. 

Embryo  cxxviii.  is  a  perfect  normal  specimen  with  a 
normal  chorion  of  about  the  sixtli  week,  but  the  history 
shows  that  it  must  be  older.  The  peculiarity  of  this 
specimen  is  the  delicate  reticulum  of  fibrils  over  tlie  em- 
bryo within  the  amnion.  It  may  be  that  this  is  Ihe  be- 
ginning of  the  granular  niagma'frequently  found  with 
the  amnion  of  older  jiathologieal  ova.  Of  this  .same  date 
I  liavc  another  embryo,  xciv.,  with  fibrous  degeneration, 
as  well  as  some  leucocytic  infiltration  of  the  chorion.  The 
embryo  is  normal  in  form  and  the  amnion  is  packed  with 
a  mass  of  granular  magma.  There  are  many  indications 
of  destruction  of  the  tissues  of  the  embryo,  but  none  of 
groAvth  and  regeneration. 

No.  i.xxix.  is  similar  to  xciv.  but  older.  It  also  has 
leucocytic  (also  syncytial)  invasion  of  the  chorion,  necrosis 
of  the  tissues  of  the  embryos  and  so  on.  The  epithelial 
covering  of  the  embryo  lias  partly  fallen  off,  but  at  the 
border  line  of  the  exfoliation  there  appears  to  be  an  at- 
tempt at  regeneration.  Its  lines  are  not  ragged,  but  tlie 
regenerating  border  is  elevated  and  rounded.  There 
are  no  cell  figures.  No.  CLii.,  much  like  Lxxix.,  shows 
a  more  advanced  stage  of  degeneration.  In  this  speci- 
men tlie  cause  of  the  strangulation  of  the  embryo  is  to  be 
found  in  the  endometritis,  which  gradually  cut  off  the 
nutrition  of  the  chorion,  and  later  aided  in  destroying 
the  villi. 

Among  these  specimens  I  may  mention  here  a  remark- 
able one,  cxxiv. ,  in  which  the  nutrition  must  have  been 
impaired  some  time  during  the  second  month  of  preg- 
nancy. The  entire  duration  of  this  pregnancy  must  have 
been  at  least  four  months.  The  large  chorion  has  on  one 
side  of  it  a  small  placenta  which  is  infiltrated  with  leuco- 
cytes. The  quantity  of  syncytium  is  normal  but  appears 
necrotic,  a  change  which  may  have  taken  place  immedi- 
ately before  the  abortion.  Between  the  chorion  and  am- 
nion there  is  a  large  cadom.  The  walls  of  the  amnion  are 
gieatly  thickened.  The  umbilical  cord  is  thin  and  great- 
ly twisted.  The  general  form  of  the  embryo  is  nearly 
normal,  I)ut  there  are  club  hands  and  club  feet.  The  ex- 
ternal ear  is  also  rudimentaiy  and  pointed.  If  this  speci- 
men is  compared  with  a  normal  embryo  of  the  fourth 
month  it  is  seen  at  once  how  much  too  small  and  how 
distorted  this  embryo  is.  In  this  instance  it  is  interesting 
to  note  that  accompanying  this  abnormal  embryo  there  is 
a  diseased  placenta,  a  distended  extra-embryonic  coelom, 
and  a  very  thin  umbilical  cord. 

Embryos  inth  Slight  Ahnormality . — In  addition  to  em- 
bryos CXXVIII.  and  xciv.  described  above,  I  have  several 
specimens  in  my  collection  with  slight  abnormalities 
which  could  not  greatly  affect  the  further  growth  and 
nutrition  of  the  embryo.  No.  vi.  is  undoubtedly  a  nor- 
male  embryo,  as  it  was  obtained  by  inducing  abortion 
seventy-seven  days  after  the  beginning  of  the  last  men- 
strual period.  Its  tissues  all  appear  normal  with  the  ex- 
ception of  a  small  vesicle  on  the  ventral  side  of  the  lower 
tip  of  the  spinal  cord.  This  vesicle  is  lined  with  one 
layer  of  cylindrical  cells;  other  embryos  of  the  same 
stage,  in  my  collection,  do  not  possess  it.  A  pathological 
embryo  of  about  the  same  age.  No.  lxxxi.  ,  has  a  similar 
dilatation  at  the  lower  tip  of  the  spinal  cord. 

There  are  in  my  collection  three  specimens  of  hernia  of 
the  liver  (x.,  xciv.",  xxx.).  Embryo  in  x.  is  stumpy  and 
poorly  shaped,  but  the  tissues  appear  normal.  No.  xciv. 
is  abnormal  while  xxx.  is  normal. 

Degeneration  of  the  Embbto,  Leaving  only  the 
Umbilical  Cokd.— This  remarkable  group  of  specimens 
cau,sed  me  a  great  deal  of  trouble,  and  not  until  studying 
them  again  and  again  could  I  make  anything  of  them. 
With  but  one  exception  (Lxxvii.)  they  were  all  found  in 
ova  which  otherwise  appeared  normal.  The  main  data 
are  given  in  Table  II. : 
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Table  II. 


XXXVII 

cxxx .. 
xxxii.. 
XX  V ... . 
LXXVII 


Diameter  of 
ovum. 


3.-1  •  1.-^  ■  V, 

\r>  ■  111  •    t; 

;!ii 

3.T 

711   •    4(1  ■   311 


Ilin 

elisions 

of 

HllihlVollii 

mass. 

mm. 

7  ■'  3 
9X3 
u  ...:  3 
I  /  O.3.- 

Time  lietween 

last  iieri(jd  aud 

abortion. 


days. 


U 

H3 


embryo  is  greatly  needed  to  keep  up  I  be  (•iiuilibriuui  be- 
tween the  ovum  and  uterus  and  tlie  aliortioii  lollops 

Tlie  earliest  stage  of  this  form  of  degeneration  is  lep- 
resented  in  specimen  xxxvii.  (Figs.  1861  to  1863),  which 
is  made  up  of  a  very  atrophic  head  of  an  embryo  seated 
upon  the  tip  of  the  umbilical  cord  within   the  amnion 


In  i>;eneral,  the  size  of  the  cord  does  not  correspond  to 
the  size  of  the  ovum  or  to  its  age  when  determined  from     c 
the  last   menstrual   period.      In   siieciniens   \xxn.    and 


Fk;.  1861.-  Section  througli  the  Heart,  Umbilical  Vesicle,  and  Obori<iu 
of  Specimen  No.  XXXVII.  The  pharynx  and  flrst  aortic  arches  are 
cut  across  in  the  head,     a,  10  times, 

CXXX.  the  embrj'onic  masses  are  much  alike,  and  they 
might  well  represent  the  cords  of  embryos  fif  the  second 
month.  The  size  of  the  ovnm  in  xxxir.  calls  for  this 
age,  but  the  time  between  the  first  lapsed  menstrual  pe- 
riod and  the  abortion  is  much  greater. 
In  specimen  cxxx.  the  size  of  the  ovnm, 
as  well  as  its  hi.story,  places  it  in  the 
early  part  of  the  third  week,  but  at  this 
time  the  cord  and  umbilical  vesicle  are 
much  less  developed  than  in  this  speci- 
men. 

It  appetirs  to  me  that  we  have  in  the 
five  specimens  given   in  Table  II.   five 
stages  of  a  variety  of  jiathological  em 
bryos  intermediale  between  ova  without 
any  embryos  at  all   and  tho.se   forming 
embryos  which   are   greatly   deformed. 
At  an  early  stage,  after  the  formation  of 
the  amnion,  through  unknown  causes,  the  embryos  die, 
or,  having  been  originally  deformed,  cease  to  grow,  while 
the  amnion,  coi-d,  and  chorion  grow  on  as  if  nothing  had 


Fkj.  18b:).— Section  throueh  tlie  Attachment  ot  the  Umbilical  Cord  and 
Vesicle  t<j  the  Chorion  in  No.  XXXVII.     X  10  times. 

The  umbilical  ve.sicle  is  attached  to  the  side  of  the  cord 
but  does  not  extend  in  anj'  way  to  the  embryo.  Tlie 
very  rudimentary  nervou.s  .system,  the  iibsence  of  the 
heart,  as  avcH  as  other  causes,  are  snflieient  to  overtlirow 
the  ftiither  growth  of  this  embryo  had  the  tibortion  not 
occurred. 

The  next  stage  is  represented  in  specimen  cxxx. 
(Figs.  1864-1866).  Here  the  embryo  is  already  reduced  to 
a  mass  of  cells  which  no  longer  contains  nervous  system 
or  vascular  .s_vstem.  It  naturally  dies  in  consequence 
of  the  absence  of  these  important  members  and  thus 
inteiferes  with  the  equilibrium  of  the  ovum.  The  cord 
is  filled  with  blood-vessels  and  blood,  showing  again  that 
an  embryo  must  have  been  present  at  an  earlier  ilate. 


FlC.  ISC 


-Sertioii  tinimirh  the,  Uml.Jlii-iil  Cord  and  Vesicl 
Chorion  of  No.  XXX\'II.      ■    Id  times. 


happened.  Thcreb.iv  the  normal  villi  of  il„>  chori.di 
and  the  comparative  absence  of  nnmnia  ridicularc  This 
continues,  however,   until    the  eii-eulution   through  the 
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Fill.  Isiit.     Section  tlirouffti  the  Amnion,  Cord,  aud  Reinnant  of  the 
Embryo  of  No.  CXXX.    •    in  times. 

Had  the  amniim  not  been  complete,  the  remnants  of  the 
embryo  wotild  probably  have  fallen  off,  converting  this 
specimen  into  one  rei)resented  in  the  next  stage. 

The  leliition  of  the  aiuuion  to  the  cord  makes  it  proba- 
bile  that  this  s]icciraen  is  nol  over  three  weeks  old.  The 
large  ccelom  also  speaks  for  this.  The  large  and  detached 
uiiibilieal  vesicle  is  ditflcult  lo  account  tor.  It  may  be 
tliiit  the  early  destruclion  of  the  embryo  and  tlie  over- 
thidw  of  the  eireulation  through  the  umbilical  vesicle 
may  have  hasteneil  its  growth  and  faviued  its  separation 
ri-om  the  unibiliciil  cold.  Of  course  it  is  possilile  that  the 
lasting  comieetion  between  the  vesicle  and  umbilical 
cord  wtis  separati'd  by  traumatic  means,  but  a  tear  is  not 
visible  at  any  ])oint. 

A  stage  slightly  more  advanced  is  represented  in  sjieci- 
men  xxxii.  (Figs.  1867  and  1868).  Here  the  amnion  tills 
the  ovum  completely,  the  embryo  is  entirely  destroyed, 
and  the  cord  shows  it  number  of  secondary  changes.'  It 
may  be  that  this  stage  is  really  but  little  "in  advance  of 
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tlie  specimen  cxxx.,  as  ill  it  tlie  emliryci  ivmniuits -sverc 
well  protected  by  the  amnion.  In  l)otfi  specimens,  how- 
ever, tlie  blood-vessels  arc  well  filled  with  lilood,  and  at 
lioiuts  the  vascular  walls  are  broken  and  the  cells  inlil- 


FiG.  1805.-  Section  throusl;  the  .\mniou.  Cord,  ami  rhorioii  o£  No.  CXXX 

trate  the  surrounding  tissues.  These  pictures  are  ex- 
tremely striking  and  suggest  an  attempt  at  rejiair  by  the 
process  of  inflammation  at  this  early  stage.  The  tip  of 
the  cord  is  intensely  stained  by  the  carmine,  suggesting 
very  much  a  section  through  an  ulcerating  wound.  The 
nucleated  blood  cells  are  out  among  the  mesoderm  cells 
of  the  cord  and  become  necrotic  as  they  approach  its 
rag,ged  edge. 

The  stage  as  represented  in  specimen  xxxii.  is  .sliown 
in  a  somewhat  advanced  form  in  specimen  xxv. ,  Fig. 
1W69.  The  stump  end  of  the 
cord  is  not  so  ragged  as  be- 
fore ;  it  has  become  rounded 
and  the  larger  blood-vessels 
are  not  overdistended  with 
blood.  It  appears  as  if  the 
stage  of  great  reaction  be- 
tween the  blood  cells  and  the 
necrotic  tissue  had  passed 
and  the  wound  had  nearly 
liealed. 

In  the  five  specimens  de- 
scribed above,  the  morpho- 
logical characteristics  of  the 
chorion,  villi,  and  sj'ncytium 

appear  normal.  The  magma  reticulare,  however,  is 
greatly  diminished  in  quantity  or  is  entirely  wanting. 
With  "the  exception  of  the  partly  deformed  embryo, 
then,  there  was  little  to  suggest  that  the  specimens  are 
pathological.  It  appears  that  the  destruction  of  the  em- 
bryo with  a  deficient  cjuantity  of  magma  reticulare  is 
the   only   sign  to   account  for  the  abortion.     Specimen 

Lxxvii.,    however,   shows 
that  the  ovum  can  be  re- 
tained in  the  uterus  for  a 
long    time   after   the   em- 
bryo has  been  destroyed, 
and  that  under  tliese  cir- 
cumstances   decided    sec- 
ondary changes  may  take 
place.     In   this   specimen 
the    chorion    and   amnion 
have   both    become    more 
fibrous  than  normal,   ap- 
pearing as  if  all   the 
delicate  mesoderm  spaces 
Fig.  1866.— Section  tbroiigb  the  At-    had  disappeared.     At  the 
tacliment   of    the    Amnion    and 
Cord  to  the  Chorion  of  No.  CXXX. 
X  10  times. 


tliere  is  a  nodule  which  no  doiil)t  represeiils  tlie  la.st 
reiniiant  of  the  uinhilieal  cord,  Tlie  mesodermal  tissue 
of  the  villi  has  also  beeoiiic  lihioiis,  and  there  are  no 
blood-vessels  within  them.  Tliere  is  no  magma.  While 
this  stage  has  lieen  reached  on 'the  inside  of 
the  ovum,  the  syncytium  and  leucocytes 
,  on  the  outside  have  become  most  active. 
With  every  iiicrea.sed  quantity  of  fresh 
blood  between  the  villi  the  syncytium  re- 
ceives new  food  and  continues  to  grow. 
Wherever  syncytium  comes  in  contact  with 
leucocytes  it  causes  their  destruction,  as  the 
fragmentation  of  their  nuclei  shows.  But 
this  cannot  continue  forever,  and  finally  the 
syncytium,  as  well  as  the  leucocytes,  at- 
tacks the  mesoderm  of  the  chorion  and  its 
villi,  and  in  specimen  Lxvir.  all  stages  of 
this  process  are  shown.  Similar  pictures 
are  seen  in  specimen  xciii.,  which  in  all 
probability  also  belongs  to  this  group  of  ab- 
normal ova.  In  cxLii.  the  syncytial  attack 
is  still  more  intcn.se;  it  invades  the  meso- 
derm of  the  chorion  and  its  villi,  has  entered 
the  cavities  of  the  coelom  and  amnion,  and 
is  attacking  the  amnion. 

The  excessive  growth  of  syncytium  and 
its  invasion   of  the  maternal   tissues,  ulti- 
mately foi'miug  malignant  tumors,  was  first 
pointed  out  by  Sanger, '  and  has  since  been 
confirmed   numerous  times  by  competent  investigators. 
Recently,  however,  Neumann  '"  has  shown  that  not  only 
does   the   syncytium   enter  the   tissues,  and   ultimately 
the   circulation  of  the  mother,  but  it  also  invades  the 
tissues  of  the   chorion  and  its  villi.     This  observation 
I  can  confirm,  but  am  unable  to  contribute  to  its  diag- 
nostic value.     In  general,  it  appears  to  me  that  destruc- 
tion of  the  chorion  and  its  villi  may  be  accomplished  by 
the  syncytium,  but  this  is  exceptional.     It  appears  that 
when  the  chorion  is  attacked  by  the  syncytium  there  are 


10  times. 


Fig.  1867.— Section  through  theC'inl  and  the  Amnion  at  its  Attach! 

■   10  times. 


ent  to  the  Chorion    INj  XWIF 


point  of  juncture  between 
the    amnion   and   chorion 


usually  great  quantities  of  leucocytes  accompanying  it, 
and  tliiscondition  may  also  favor  the  formation  of  de- 
ciduoniata.  At  any  rate  the  fact  is  established  that  the 
s.yucytium  may  enter  and  destroy  the  chorion  and  its 
villi  in  uterine  moles  of  long  standing. 

Ova  Normal  in  Form  without  Embryos  and  Ute- 
rine Moles. — The  ten  specimens  which  come  under  this 
head  differ  very  much  from  one  another  in  form  and  age, 
but  careful  consideration  of  all  their  structures  shovps 
that  they  belong  together.  They  are  all  alike  in  that  the 
embryos  are  mis,sin'g,  and  they  must  have  been  destroyed 
at  a  very  early  date;  in  seven  of  them  this  must  have 
taken  place  before  the  embryo  was  six  weeks  old,  as 
there  is  no  trace  of  an  amnion  left ;  while  in  three  of  them 
(xcni.  and  lxxvii.)  the  amnion  is  fully  formed,  but  the 
general  appearance  of  the  ova  shows  that  they  represent 
early  stages  in  development. 

Table  III.  gives  the  general  characteristics  of  the  ova 
which  represent  all  stages  of  uterine  moles.  The  young- 
est specimen,  Lxxi.,  is  an  ovum  about  two  weeks  old, 
normal  in  every  respect,  with  the  exception  that  the  em- 
bryo is  wanting  entirely.  Within  the  ca?lom,  however, 
there  is  a  small  nodule  about  1  mm.  in  diameter,  which 
may  represent  the  remnant  of  the  embryonic  mass.     It  is 
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Table  HI. — T.\.ble  of  Ova  without  Emijuvos  and  Utehinb  ]Mol7':s 


of  chnrionic 
mass. 


Diameter 

of 
ctx-'lom 


Time 

between  last 

period  and 

abortion. 


Villi. 


Syncytium, 


Maffma. 


LXXI... 

XX 

XXIX... 

LV 

CLllI  ... 

LXX 

LXXXII. 
XOIII... 
CLIX  ... 

LXXVII. 


10  X  9 
20X14 
30  mm. 

:r>  >:  m 
.50  X  ai 

4.')  X  oil 
7.5  X  60 
40X30 
Walnut 


X  .5  mm . 
X  6  mm. 


X  14  mm. 
X  20  mm. 
X  38  mm. 
X  40  mm. 
mm 


H  mm. 
16  mill. 
24  111111. 
15  mm. 


4(1  days . 


5  mm. 
7  mm. 


54  days . . 
77  days . . 
113  days . 
279  days . 


70  days  (?). 


70 


40 


None. . . 
None. .. 
None... 
None . . . 
None. . . 
None , . . 
None, . . 
Present 
Present 

I^resent 


Normal. 

Normal 

Fibrous 

Leucocytic  invasion 

Leucocytic  invasion 

Necrotic 

Hypertrophic 

.Syncytial  inyasion 

Syncytial  and  leucocytic 

invasion. 
Syncytial  and  leucocytic 

imasion. 


Normal 

Normal 

Atro|)liic 

Necrotic 

Norma] 

Hypertropliic 

Alropliic 

lIy|H-rtropliic 

syncytial  and  leucocytic 

invasion. 
Syncytial  and  leucocytic 

invasion. 


Normal . . . . 

Normal 

Excessive  . 
Necrotic... 

Normal 

Excessive  . 
Diminutive 
Excessive  . 
Excessive  . 

Excessive  . 


Normal. 

Increased. 

Excessive. 

Granular. 

None. 

None. 

None. 

None. 

None. 

None. 


composed  of  twisted  discs  looking  much  like  the  dried 
blood  corpuscles  of  the  frog,  being  pigmented,  but  tliev 
would  not  st*iin.  If  this  ma,ss  represents  the  remnants 
of  the  eiTibr3'o,  it  must  have  died  long  before  the  abortion 


Another  modification  of  tlie  degenerative  process  is 
shown  in  specimen  Lxx.  It  is  an  hydatid  mole.  The 
chorion  is  small,  collapsed,  deeply  buried  in  the  speci- 
men, and  from  it  arise  enormous  villi  with  very  large 
S|)aces  within  them.  Between  the  villi 
thei'e  is  a  considerable  quantity  of 
blood  which  gave  nutriment  to  the  ex- 
cessive sync_vtium. 

To   what   extent   a   collap.sed  ovum 


may  grow  is  .shown  in  specimen  lxxxii. 
A  large  solid  mass  the  size  of  a  duck's 


Fin.  1868.— Section  tbrough  the  Attachment  of  the  Umbilical  Cord  to  the  Chorion  in  No 
XXXII.    X  10  times. 


took  place.  Embryo  xx.  also  appears  normal  with  the 
magma  normal  or  slightly  increased  in  quantity  and 
lumpy.  These  small  nodules  of  magma  appeared  to  the 
naked  eye  like  remnants  of  the  embryo,  but  sections  of 
the  ovum  easily  demonstrated  the  contrary. 

The  specimens  lxxi.  and  xx.  would  be  considered  nor- 
mal if  they  had  within  them  a  normal  embryo.  It  ap- 
pears that  to  the  extent,  as  represented  in  these  speci- 
mens, the  chorion  develops  independently  of  an  embi-yo, 
but  its  further  growth  is  affected  if  no  embryo  is  present! 
It  may  be  noted  that  in  the  ovum  of  the  second  week  the 
nutrition  must  reach  the  embryo  through  the  fluid  of  the 
cielom  and  thence  through  the  umbilical  ve,sicle.  Tow- 
ard the  end  of  the  second  week  the  blood-vessels  of  the 
embryo  reach  the  chorion, "  and  at  this  time  nutrition  must 
reach  the  embryo  through  its  blood-vessels,  which  now 
reach  to  the  villi  of  the  cliorion.  So  if 
an  early  embryo  is  missing  we  should 
tind  marked  changes  in  the  choiion 
after  the  beginning  of  the  third 
week.  This  proves  to  be  the  case 
in  specimen  xxix.  The  walls  of  the 
chorion  and  its  villi  are  fibrous  and 
thickened.  The  syncytium  is  very 
extensive;  its  borders  are  no  longer 
sharply  defined,  and  at  points  it  in- 
vades tlie  chorion.  Many  of  the  isl- 
ands of  syncytium  are  enclosed  in  a 
mucoid,  and  sometimes  fibrinous,  en- 
velope. This  process  is  still  further 
increased  in  specimen  lv.,  which  from 
its  size  and  history  belongs  to  the  be- 
ginning of  the  fifth  week.  The  cav- 
ity of  the  C(elom  has  become  smaller,  the  villi  are  matted 
together,  and  with  their  surrounding  syncytium  appear 
necrotic.  There  is  much  blood  and  fibrin  between  the 
yilh  and  leucocytes  have  invaded  the  wall  of  the  chorion 
In  this  specimen  we  have  a  typical  mole  which  is  two 
weeks  older  than  the  specimen  lxxi. 


large  soiia  mass  tne  size  of  a  duck's 
egg  was  expelled  nine  months  after  the 
last  menstrual  peiiod.  At  the  end 
whicli  lay  in  the  os  uteri  there  is  an 
extensive  ulceration  of  the  mole;  other- 
wise it  is  very  compact.  After  it  had 
been  hardened,  I  cut  it  into  sections 
which,  to  my  astonishment,  contained  a 
collapsed  chorion  sending  folds  in  all 
directions  throughout  the  specimen. 
Through  the  middle  of  the  specimen 
there  are  large  spaces  along  the  col- 
lapsed chorion  filled  with  fresh  blood.  The  opposite 
walls  of  the  chorion  are  in  appo,sition  throughout  most 
of  the  specimen,  and  at  points  thev  have  grown  to- 
gether. There  is  no  amnion,  and  on  this  account  I 
place  the  beginning  of  this  mole  back  to  the  first  month 
of  pregnancy.  The  extensive  ramification  of  the  folds 
of  the  chorion  shows  that  it  must  have  continued  to  grow 
throughout  the  nine  months  of  its  existence,  this  being 
made  possible  by  the  nutrition  brought  to  it  by  the 
fresh  blood  in  its  interior.  Islands  of  svncytial  cells 
are  located  throughout  the  specimen  upon" the"  chorionic 
wall.  Tliis  syncytium  shows  active  growth  and  its 
cells  stain  well  at  numerous  points  where  it  comes  in 
contact  with  fresh  blood.  All  the  svncytial  masses 
which  are  distant  from  the  fresh  blood  are  necrotic 
which  is  undoubtedly  due  to  the  lack  of  nutrition     Nests 
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Section  through  the  UmhillcaY^rd  ■^"^d  Amnion  at  their  Attachment  to  the  Chorion 


'^Ll^uZ^tZ   ''''"'   .f^Smented    nuclei    are    scattered 
,  1  f  1         ""'  «P«;ein,en.     The   walls   of    the   chorion 

aie  not  invaded  liy  the  syncytium. 

The  above  group  „f  'specimens  shows   all    sta^-es  of 

chorion""Th ':  '"'""  !"^'  "'""°"  *^  ^-^  contact  wftrthe 
chonon.      There  are,   however,   three   other  specimens, 
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<n  .,  rxxvn.    and  vux..  i,i   whiHi  ihr  .-liori,,,,  is  li,„.,l 

mens   like   thus,,  m  ^^  Inch   th.  ,.,nbryo   was  destr  yed 
eavmg  oulv  the   unil.ilieal   ,„nl.      Specin.eu  lxxyr   I 
have  already  discussed  with  that  gr„up  in  wlneh  tlie  en, 
nu,  IS  destroyed,  leaving  ,)nly  tlie  eord  (Table  H  )    and 
to  ,1  I  now  add  xciii.  ,n  discnssin-  it  wit],  this  fiToiin 

In  speeimen  LxxvTi.  there  is  a  small  stump  of  the  um- 
b.heal  eonl  left,  Avl,ile  tlie  elmrion  has  a  lar^e  un  ni  y 
o  blood  and  syncytium  between  its  villi.  At  points  the 
chorion  and  villi  are  invaded  by  the  syneytinn,  In 
xciir.  thi.s  process  ol  destruetion  has  increase.l,  the' cho- 
rion IS  thickened  and  irregulur,  and  it  is  surr.mnded  by 
hyper  rophied  villi  with  great  quantities  of  blood  aid 
syncytium  b..tu-een  them.  (.)ver  the  entire  mass  there  is 
a  layer  of  syncytium  coyered  witli  blood  and  librin    then 

tis'inlf^f'tl'  ""'".*'>e;l«'i''"^^-  Within  the  mesodermal 
tissue  ot  the  chorion  there  are  occasional  islands  of  svn 
cytium,  ■■  ■  J  1' 

"The  two  groups  of  pathological  ova,  given  in  Tables 
II  and  III,,  are  undoubtedly  caused  by  an  arrest  of  de- 
velopment and  a  destruction  of  the  embryo  before  the 
t  th  week  of  pregnancy.  In  one  of  the  groups  this  took 
place  very  early  belore  the  amnion  had  been  fully  formed 
and  I  am  strongly  inclined  to  believe  that  they  repre- 
sent specimens  in  which  the  amnion  did  not  form  at  all 
—the  so-called  vesicular  forms.  In  the  second  group  the 
embryo  and  amnion  were  formed,  then  the  embrvo  was 
destroyed,  lea\ing  the  amnion  and  chorion.  In  both  sets 
the  equilibrium  by  which  the  normal  growth  of  the  cho- 
rion is  favored  was  oyerthrown,  due  to" the  destruction  of 
the  embryo.  In  case  the  ovum  is  not  aborted,  it  continues 
to  grow  in  an  irregular  fashion,  and  the  chorion  or  villi 
either  become  atrophic  or  hypertrophic.  The  syncytium 
in  all  cases  continues  to  grow  as  long  as  it  receives  the 
proper  nutrition,  and  in  certain  instances  it  attempts  to 
destroy  the  chorion  and  its  villi. 

VeSICULAK  FoiiMS  OF  P.^TllOLOGICAL    E.MBKYOS.— The 

different  varieties  of  pathological  embryos  described 
above  can  all  be  explained  as  forms  of  arrested  develo])- 
ment  of  the  embryo,  its  partial  destruction  or  its  com- 
plete destruction.  In  all  instances  the  chorion  proves  to 
be  the  most  resistant  tissue  and  continues  to  grow  after 
forming  a  large  cyst-like  ovum,  but  occasionafly  collaps- 
ing to  form  a  fleshy  mole.  When  the  primary  trouble  is 
in  the  embryo,  usually  the  chorion  appears  normal;  but 
when  the  primary  trouble  is  in  the  chorion  the  embryo 
is  immediately  affected,  often  resulting  in  its  strangula- 
tion. ^  In  the  younger  strangulated  embryos  the  tissue 
reactions  are  very  marked,  while  in  the  older  strangu- 
lated specimens  there  is  a  slow  and  irregular  growth,  but 
not  development  of  the  organs. 

In  addition  to  the  atrophic  embryos  and  moles  *^here  i.s. 
a  group  of  vesicular  forms  which  are  extremely  ditiicult 
to  understand.  It  has  frequenth'  been  asserted  that  this 
group  represents  early  pathological  embryos,  but  as  yet 
no  positive  proof  has  been  brought  forward  to  substan- 
tiate tills  view.  All  the  specimens  at  my  disposal  indi- 
cate that  the  vesicle  is  the  umbilical,  for  in  it  there  is 
found  the  characteristic   mesoderm    with  blood-ve,ssels 


Embryos. 
Jinibrjos. 


filled  with  blood.  This  is  naturally  what  we  would  ex 
m't  U>  tmd,as  the  blood-vessels  a  ise  in  the  Zh  i,al 
v<.sicle  and  grow  iato  the  ,.mbryo.  In  lie  ve?fe  ih 
"""»^il  liunian  embryo,  described- recently  by  Peters^^. 
headend';:7.r'"^"  amnion  completely  ^los^d  X  ^ 
:;';       'r '*,'■"-■ ''"\'™"  ""t  wholly  covered  with  meso- 


h 

derm.     Ther( 

being  noi'nial 


,  ,.         - ^  ^.j^so- 

ean  he  no  ipiestKJU  about  this  specimen 

thmU,  on   this  account,  that  the  vounsr 

r:';::fc,!^;;,-;i^-7'!''''"0;..,severalyearsag^im:;^ 

cate  that  the 
loin. 


logical.     Yet  this  does  not  indi 
amnion  never  communicated  with  the  cie- 
loin.     None  of  the  facts  are  against  this  hypothesis  and 

s^.ai;  f/,  "?'  I^V"^'I°8'«''>  «P«"'n"iB  in  niy  eolleetlo 
speak  tor  it.  At  any  rate,  the  walls  of  the  vesicular 
ormsare  not  only  formed  of  a  layer  of  mesodem,  in 
w  Inch  are  embedded  blood-vessels  and  lined  with  a  layer 
of  entoderm  cells,  but  are  covered  with  a  layer  of  epithe- 
lium which  m  a  number  of  specimens  form  an  invagina- 
lon-the  amnion.  This  outer  covering  of  the  velicle, 
Winch  I  shall  term  the  ectoderm,  may  represent  an  eariy 
normal  lorm  of  the  ectoderm  or  it  may  represent  a  dis- 
placed ectoderm  m  a  stage  as  early  or  earlier  than  the 
Peters  specimen. 

The  ectodermal  covering  ot  the  V(;siclc  is  usually  pres- 
ent in  the  vesicular  forms  and  nearly  always  absent  from 
the  umbilical  vesicle  in  the  normal  embryo.  In  a  large 
eoUectiou  of  serial  sections  of  normal  embryos  I  have 
found  It  present  but  once.  These  facts  can  be  interpreted 
m  either  of  the  ways  given  above  and  need  not  there- 
tore,  be  discussed  further.  At  any  rate,  the  epithelial 
layer  covering  the  vesicle  in  the  pathological  ova  is 
nearly  always  present,  and  in  my  description  of  them  I 
.shall  assume  that  it  is  the  ectoderm. 

The  fact  that  there  is  so  great  a  morphological  differ- 
ence between  the  vesicular  embryos  and  the  older  patho- 
logical embryos  makes  it  likely  that  some  very  marked 
barrier  lies  between  the  two  varieties.  This  undoubtedly 
is  the  amnion,  for  in  the  one  it  is  absent  or  not  closed,  and 
in  the  other  it  is  present.  In  order  to  bring  the  vesicular 
forms  into  any  s(jrt  of  harmony  it  is  necessary  to  assume 
that  the  ectodermal  covering  of  the  vesicle  is  either  a  dis- 
placed amnion  or  that  it  is  an  arrested  development  of 
an  extremely  early  normal  stage. 

That  the  cavity  of  the  amnion  may  have  communi- 
cated at  an  early  stage  of  its  development  with  the  cce- 
lom  is  indicated  by  Giacomini  in  his  thirteenth  commu- 
nication,'^ The  pathological  embryo  in  the  specimen  he 
describes  is  not  entirely  encircled  by  the  amnion,  for  the 
head  of  the  embryo  protrudes  through  an  opening  into 
the  calom.  A  sinrilar,  but  normal  specimen,  is  described 
by  Siegenbeek  Van  Ileukelom.''  This  specimen  dates 
froin  the  end  of  the  second  week.  The  amnion  is  not 
complete.  In  two  .sueoessive  sections  the  amnion  has  in 
it  an  opening  in  the  dorsal  median  line  which  Van  Heuke- 
lom  believes  to  be  artificial,  for  free  chromatin  granules 
are  present  in  the  tissues  in  the  immediate  neighborhood 
of  the  opening,  A  similar  condition  is  present  in  the 
Peters  embryo,  as  the  amnion  is  not  entirely  enclosed 
with  a  layer  of  mesoderm  but  protrudes  into  the  cadom. 
The  first  vesicular  specimen  of  my  collection  which  I 


Table  IV. — ViisicuLAR  Forms  of  Pathological  EMninos. 


Numlier. 

Dimensions  of 
ovunt. 

Dimensions  of 
vesicle. 

Time  between 

last  period 
and  abortion. 

XIII 

1.0  X  0  .-'  ti  iiiiii 

CXXXIV 

17  y  n  mm 

',1  0  /  ;j  iiiiii 

3;j  davs 

Amnion  partly  formed. 

XI 

1.5  X  1  uin:i 

41  rlavs 

Amnion  partly  formed. 

LXXXVII 

24  X  lU  X    9  mm  . . , . 

20  X  18  X  12  mm 

3UX  33  X  13  mm 

21  X  16  X    5  mm 

-I^davs 

LVIII 

6  0  mm 

71  davs 

Piirtial  amnion. 

LXXVIII 

XXIV 

Multiple  amnion. 

XIV 

1  5  ram 

Xo  amnion. 

CXXXIII 

2.0  X  ].')  mm 

No  amnion. 

XXI 

No  amnion. 

cxxx 

15X10X    i'ijnm 

30  X  27  X  20  nun 

4.0  X  3  X  1.5  mm  . .. 

14  days 

No  amnion. 

CXLVII 

No  amnion. 

CXLIII 

25.0  X  10  mm 
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shall  describe  is  No.  xm.     It  is  a  double  vesicle,  amnion, 
and  \imbilical  vesicle  attached  to  the  chorion.     Tlie  ccr- 

lom  is  filled  with  a  con- 
siderable (|\iantity  of  mag- 
ma reticulaie.  Tlie  walls 
(if  tlie  vesicles  are  fibrous 
and  thickened,  and  be- 
tween tliem  tliere  is  a 
I  hickened  mesoderm.  Tlie 
tissues  of  the  vesicles  and 
llieir  cavities  are  filled 
with  a  considerable  num- 
licr  of  migrating  cells. 
Figs.  f870-i«73  show  all 
the  layers  of  the  embrjonic 
mass  in  their  normal  posi 
tion  with  two  large  blood- 
vessels embed<led  in  the 
mesoderm.  In  the  eni- 
bryoidc  stidk  the  blood- 
vessels unite  into  a  single 
tnmk.  There  is  no  hearl . 
The  stage  of  this  specimen 
is  midway  between  Graf 
little  earlier  than  the  em- 
This  specimen 


No.  XIII.  an  intermediate  stage  between  the  nodular  and 
atrophic  abnormal  embryos.  .  , 

One  of  the  most  remarkable  specimens  ^vln(•ll  ma}   oe 
discussed  in  this  connection  is  No.  cxxxiv.     I*  rom  extei- 


EiG.  1870.  —  Section  thrciufrh  tlic 
Umbilical  Vesicle  ami  Chorion  of 
Specimen  No.  XIII.,  Hts'  No. 
XIjIV.  Blood  corpu.scles  are 
within  the  cavity  of  the  vesicle. 
-'  30  times. 


Spee's  v.  II.  anil  Gle.,  and  a 
bryo  Etcrnod  "  has  describetl  recently, 
shows  also  that  the  blood-vessels  tilled 
with  blood  may  grow  to  tin;  chorion 
before  the  heart  has  even  existed. 
This  fact  is  not  remarkable  when 
considered  in  connection  with  our 
knowledge  of  the  growth  of  the 
blood-vessels  from  the  umbilical  vesi- 
cle to  the  body  of  the  embryo  to  form 
tlie  heart.  Furtliermore,  Loeb'^  has 
shown  recentlj'  that  when  the  heart 
of  embryo  fislies  is  poisoned  with  KCl 
a  complete  set  of  blood-vessels  is 
developed  without  any  circulation 
whatever.  The  fact  that  blood-ves- 
sels may  grow  into  the  villi  of  the 
chorion  without  the  presence  of  cir- 
culation or  blood  corpuscles  and  the 
great  jiower  the  blood  corpuscles 
possess  to  wander  throvigh  any  of  the 
tissues  of  the  embryo,  exclude  to  a 
great  extent  the  mechanical  idea  of  the 
tirst  formation  of  the  blood-vessels. 

The  beginning  of  the  arrest  of  development  in  speci- 
men XIII.  must  have  taken  ]ilace  after  the  amnion  was 


Fii,.  1S71  —Section  thi 
lar  Veins,  TJmhilK  al 
XIII.     .■  30  times. 


Fill  lS73.-Section  tlirough  the  Umbilical  Vesicle  as  It  .loins  the 
Chorion  in  No.  XIII.  -  :iO  times.  The  larye  irregular  space  in  the 
chorion  is  a  hlooii  sjiace  which  communicates  with  the  veins  of 
the  embryo. 

iial  aijpearances  the  ovum  cannot  be  over  seventeen  days 
old.     A   few   days  before  the  abortion    took  place  the 
ovum  was  punctured   iinil   a    clot    of    mother's    blood 
formed  within  the  cadom.     The  ac- 
tivity of  tlie  leucocytes  was  terrific, 
for  tiiey  encircled  the  embryo,  entered 
its  tissues,  and  invaded  tlie  chorion. 
We  can  fairly  presume  that  the  em- 
bryo   was     infected    with     mother's 
blood    somewhere    in   the   neighbor- 
hood of  tlie  twelfth  day  of  pregnancy, 
and  that  its  development  was  partly 
arrested   at   that   lime.     Within    the 
ovum  there  is  a  large  vesicle  which 
is  collapsed  (Fig.  1873).    It  is  attached 
to   the   chorion  b_v   means  of  a  firm 
pedicle.      The    blood-vessels  of    the 
embryo  reach  to  the  chorion  and  enter 
the  villi  immediatelv  over  the  attach- 
ment of  the   pedicle  to  the  chorion. 
In  addition   to  the  reaction  between 
ouKh  the  Ammon,  Jugu-    t'^f,  leucocytes  of  the  mother  and  the 
Vesicle,  and  ( horion  of    cells  of  the  embryo  the  most  remark- 
able thing  is  the  arrangement  of  the 
germ  layers. 
Fig.  1878  shows  in  general  the  collapsed  vesicle,  com- 
posed mostly  of  two  layers  with  a  deep  and  short  invagi- 
nation of  a  layci  which  appeals  to  be  the  ectoderm      The 
cells  of  thi  cctodtim  aic  fiimi  thuc  to  six  cells  deep  and 
the  ■i\holc  Un  ( 1   has  \ci\    sliai]>  boidcis      Immcdiatih 
below  this  la^  ei  theie  is  a  shaij)  la\ii   of  single  cubical 
cells   the  cntodeim      On  the  side  opposite  the  lUNagin.i- 
tion  theie  is  also  a  double  la-\  ci    the  lunei    oi  cntodeim 
the  outei    ormcsodeim      In  geneial   one  can  see  in  this 
specimen  man's  <li  iiartciistics  of  tin  li-\  eis  ol  the  vesicle 


completely  formed.  Had  it  continued  to  grow  it  might 
have  produced  an  embryo  like  i  xv.  described  above.  An 
earlier  stage  could  hardly  have  done  this,  so  we  find  in 


lu.  1ST!— Suli  11  Ihr  ii_rii  ii,h  i  imhu  md  tmhnonic  \  esu  li  .f  No 
(  \\\I\  Till  mill  111.  il\(siili  IS  liiin  ami  Lolli]iseii  Thi  invagl 
nation  of  its  «  ills  iiid  the  mvitonR-likc  bodies  ale  shonn  B, 
hloid  It  It     L    li  11  o(M(s 


ot  Ko  \i  (Fi,,s  1S74  and  IST-))  The  niaiked  diflcicnce 
ism  the  diuttion  ot  the  iin  igmation  m  xi  it  isawa^ 
from  the  stem,  while  in  ixxxiv.  it  is  toward  it.  In  ad- 
dition, the  ectoderm  lining  Ihe  invagination  of  embryo 
CXXXIV.,  the  mesoderm  on 'the  side  near  the  blood  clot,"  is 
iirranged  in  a  peculiar  manner,  suggesting  myotomes. 
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TliiTG  are  live  of  them,  ami  they  are  surrounded  witli 
embryo  blood  as  well  as  leucocytes.  The  wron<f  direc 
tion  of  the  invagination  of  the  ectoderm,  and  its  wn.nn- 
relation  to  the  "myotonies,"  make  it  extremely  dilhcuh 
to  interpret  this  specimen.  I  am  inclined  to  the  opinion 
that  the  clot  o[  blooil  arrested  the  development  of  the 
eni1n-yo  when  it  was  in  tlie  stage  represented  by  No  xi 
but  that  the  parts  continued  to  grow,  shifting'tlii'  layer 
into  this  abnormal  position.  The  amnion  did  n„\.  cldse 
the  blood-vessels  of  the  cinlnTO  failed  to  form  a  heart' 
but  (Muitinuedto  grow  in  all  diiections  through  the  walls 


Fifi.  1874.— Section  Uimugli  tlie  Umbilical  Vesicle  and  its  Invagina- 
tion ol  Specimen  No.  XI.  X  51)  times.  The  tliree  layers  correspond 
with  the  ectoderm,  mesoderm,  and  entoderm.  The  invagination 
marks  the  cavity  of  the  amnion. 

of  the  vesicle,  its  stem,  the  chorion  and  some  of  its  villi. 
The  mesoderm  continued  to  develop  for  a  while  and  pro- 
duced aborted  myotomes. 

A  specimen  similar  to  the  experimental  embryo 
cxxxiv.  is  No.  XI.  This  specimen  has  been  described  in 
detail  in  the  Joiirital  of  Morphology,  vol.  xii,,  and  in  the 
Johns  Hopkins  Hospital  Reports,  voL  ix.  At  that  time 
I  used  this  specimen  as  a  basis  upon  which  to  construct 
a  theory  of  the  formation  of  the  amnion.  The  general 
arrangement  of  the  layers  is  given  in  Figs.  1874  and  1875. 
Entoderm  within,  mesoderm  with  blood-vessels  in  the 
middle,  and  a  thick  ectodermal  plate  on  the  outside.  A 
deep  invagination  of  all  three  lay- 
ers is  the  amnion.  A  sharp  allan- 
tois  is  within  the  stem. 

Specimen  Lxxxvii. ,  Figs.  1876 
and  1877,  corresponds  with  xi.  as 
well  as  with  cxxxiv.,  which  is  an 
experiment  upon  a  normal  em- 
bryo. The  age  of  this  specimen 
is  about  in  the  neighborhood  of 
two  and  a  half  to  three  weeks, 
judging  by  a  normal  embrj^o 
which  was  within  this  same  ovum. 
The    large    vesicle    I   believed  at 


alterations.  Its  walls  are  made  up  of  three  distinct  lay- 
er,s— an  (ailer,  composed  of  cylindrical  cells;  a  middle, 
in  which  are  located  blood  islands;  and  an  inner  com- 
l-Mjscd  of  Hat  cells. 
With  the  exception 
of  its  thickened 
walls,  it  appears  as 
a  normal  umbilical 
vesicle  which  is  in- 
verted. The  outer 
epithelial  layer  does 
not  cover  the  entii-e 
vesicle.  On  one  side 
thei'e  is  a  deep  inva- 
gination of  all  three 
layers,  as  shown  in 
the  figures. 

The  pi'esence  of 
this  vesicle,  in  addi- 
tion to  a  normal  em- 
bi-yo  within  the 
ovum,  is  in  itself  re- 
markable. I  am  in- 
clined to  interpret  it 
as  an  abnormal  sec- 
ond embryo.  The  in- 
A'agination  brings  it 
in  line  with  the  em- 
bryos described 
above.  Remarkable 
is  it  that  the  outer 
laj'er  is  so  extensive, 
that  the  invagination 
is  so  small,  and  that 
blood  islands  are  in- 
cluded in  the  walls 
of  the  invagination. 

Closely  related  to 
i.xxxvii.  is  specimen 
Lym.,Figs.  1878  and 

1879.  The  mesoderm  of  the  vesicle,  pedicle,  and  cho- 
rion is  librous  and  decidedly  abnormal  in  appearance. 
Within  the  pedicle  there  are  a  few  large  blood  islands. 


Figs.  1876  and  1877.— Sections  through  the 
Vesicle  and  Chorion  of  Specimen  No. 
LXXXVIl.  :<  25  times.  A  deeper  por- 
tion of  the  invagination  in  Fig.  1876  is 
shown  cut;  in  cross  section  in  Fig.  1877. 
Blood  islands  are  in  the  mesoderm. 


Fiii.  1875.— Section  through  the  Stem  Unit 
ing  the  UmhUical  Vesicle  with  the  tho 
non  in  No.  XI.  X  50  times.  The  cavity 
within  the  stem  lined  with  epithelium 
is  the  allantois. 

first  to  be  the  umbilical  vesicle  of 
the  embryo  present  in  the  ovum, 
but  sections  of  them  both  showed 
that  the  embryo  had  its  own  nor- 
mal umbilical  vesicle,  while  the 
additional  vesicle  showed  marked 


Sections  through  the  Vesicle  and  its  Attachment  on  the  Chorion  from  Specimen  N.i 
5  1  0-mes  W  thin  the  stem  there  is  a  sharply  deflneil  cavity  lined  with  epithelimi 
/.  liitimeb.     niio  u  Lu  covered  with  epi 


FIG  1^78 -Sectlons^ffirough^^  ve.^|e^--.-^-^- 

and  an  ■hom--gtos:uke  space  tilled  with  blood.    On  one  side  the  stem  is  covered  with  epi- 
FiG.'lBra^-The  cavity  of  the  Stem,  shown  in  Fig.  1S78,  enlarged  50  times. 
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In  the  ncigliliorliood  of  tliem  tliere  is  a  space  lined 
with  a  shaTp  layer  of  epitlielial  cells  which  might  be 
iiitcrpi-eted  as  an  arrest  of  development  of  a  stage  like 
Graf  Spec's  v.  H.  On  the  outside  of  tlie  pedicle,  how- 
ever, there  is  a  distinct  layer  of  epithelial  cells,  whicli 
brings  this  specimen  in  harmony  with  the  others  de- 
scriljed  above.  My  interpretation  of  this  specimen  is  a 
partial  furmation  of  the  amnion  with  most  of  the  ecto- 


FKi.  1»»2. 

FIGS.  laSO,  1881,  and  1883.— TUe  Sections  ttroufih  the  Vesicle  and  Cho- 
rion oi  No.  I-XXVIII.  X  10  times.  Blood  within  the  cavity  of  the 
vesicle.  The  stem  is  partly  covered  with  epithelium  and  there  is  a 
double  amnion,  shown  in  Fig,  1880. 

derm  on  the  outside  of  the  vesicle.  A  similar  condition 
is  found  in  specimen  Lxxviii. ,  Figs.  1880-1883.  Here 
again  there  is  an  epithelial  layer  around  the  periphery  of 
the  stem  with  a  double  amnion  lined  with  high  epithe- 
lium just  beneath  it  (Fig.  1880).  There  are  also  blood 
islands  in  the  mesoderm  of  the  pedicle.  Much  more 
marked  than  any  of  the  above  is  the  condition  found  in 
XXIV.,  Figs.  1883-1885.  We  have  here  an  ectoderm  of 
varying  thickness  covering  a  large  share  of  the  vesicle, 
dipping  into  the  depth  at  numerous  points  to  produce 
solid  plugs  as  well  as  invaginations.  There  are  also  nu 
merous  epithelial  tubes  within  the  pedicle  which  do  not 


Fig.  18&3.— Section  through  the  Vesicle  and  Chorion  of  Specimen  No 
XXiy.  X  a.j  times.  There  are  a  multiple  allantois  and  multiple 
amnion  with  a  thicli  layer  of  epithelium  over  the  vesicle. 

communicate  with  the  outer  epithelial  layer.     In  this 
specimen  we  again  have  multiple  amnion  made  intelligi- 
ble from  all  of  the  specimens  just  described. 
In  addition  to  the  specimen  in  whieli   I  In 
either  partial  or  multiple,  we  have  in  xiv. 


amnion  is 
Figs.  1880 


and  1887,  a  specimen  witliout  any  amnion  whatever.  The 
vesicle  is  covered  with  a  layer  of  epithelial  cells  (ec- 
toderm) wdiich  lias  fallen  oil  "io  part.     There  are  a  few 


Fig.  1884.- Deeper  Section  through  No.  XXIV. 
ing  Allantois. 


sljowing  ihe  Bram-h- 


blood  islands  present.  There  are  also  two  spaces  in  the 
chorion  which  do  not  communicate  wit.b  the  main  cavity 
of  the  vesicle  and  they  are  lined  with  a  layer  of  thin 
cells.  These  may  be  remnants  of  the  amnion,  but  their 
appearance  differs  so  from  the  amnion  in  other  specimens 
that  I  am  not  inclined  to  accept  such  an  explanation. 
Below  them,  embedded  in  the  cliorion,  there  is  a  nest  of 
syncytial  cells. 

With  the  hypothesis  that  the  epithelial  covering  of 
the  vesicle  and  the  epithelial  tubes  in  the  stem  are  de- 
rived from  the  ectoderm,  all  of  these  pathological  speci- 
mens of  the  vesicular  form  can  be  explained.  I  have 
constantly  compared  them  with  numerous  sets  of  serial 
.sections  of  normal  umbilical  vesicles  of  all  ages,  and  have 
never  found  this  epithelial  covering  of  the  umbilical  vesi- 
cle of  the  normal  embryo  like  that  in  the  pathological. 
In  one  instance  the  umbilical  vesicle  of  a  pathological 
embryo  of  the  fourth  week  (xcvii.)is  covered  with  a 
layer  of  epithelial  cells. 

While  we  have  all  variations  in  the  growth  of  the  ectn 
dermal  covering  of  the  vesicle,  we  also  have  variation  in 


.  1HK.5.— A  Dei'per  section  of  the  Vesicle,  showing  the  Irregular 
Thickening  ol  the  Ectoderuj  and  Entoderm. 

the  growth  of  its  entodernial  lining.  In  general,  there 
is  a  tendency  for  the  pedicle  of  the  veside  to  become 
destroyed,  thus  liberating  the  vesicle  from  the  chorion, 
Haiid-in-haiiil  with  this  ])i'ocess  there  is  an  arrest  of  the 
development  <if  the  allantois.  Usually  there  is  none. 
My  inclination  is  to  consider  the  cavitv  in  the  pedicles  of 
XIV.  and  xxi..  Fig.  18«G,  as  the  allantois  whicli  has  been 
,se|)ara.ted  from  the  umbilical  vesicle.  Yet  this  is  only  an 
opinion.  In  specimen  i.xxviii,  the  cavity  of  the  umbili- 
cal vesicle  extends  well  into  the  clioiion  (Fig,  1882),  and 
tills  condition  may  be  viewed  as  dilutatioii  of  the  allan- 
tois. In  specimen  xxiv,.  Figs,  1883,  1884,  with  the  mul- 
tiple amnion,  we  also  have  a  multiple  allantois.  Its 
branches  subdivide  many  times,  as  the  figures  sliow^. 

In  all  the  patliologiealspecimens  there  are  blood  islands 
in  the  pedicle.  This  fact  establishes  the  meaning  of  the 
vesicle.  It  is  the  remnant  of  the  embryo  and  its  umbili- 
cal vesicle.     From  it  the  blood-vessels  grow  to  the  cho- 
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Figs.  1886  and  1887.-Section  tlirough  the  Nodule  Vesicle)  of  Speci- 
men No  XIV.  X  2.5  times.  A  tew  blood  islands!  are  withm  tin 
stem  as  well  as  an  enclosed  mass  of  s.racytium.  These  are  also  still 
in  the  chorion.  The  nodule  is  covered  with  a  layer  of  epithelium 
which  has  fallen  uff  at  points. 

date.  If  the  embryo  is  fairly  well  formed  before  it 
started  to  disintegrate,  tliere  are  blood-vessels  with  or 
without  blood  in  the  chorion.  ,      ,  ^    ,, 

What  I  have  called  umliilical  vesicle  is  undoubted  y, 
in  some  instances,  what  Giacomini  calls  amnion  m  his 
earlier  communications.  Tlie  presence  ot  blood-vesse  s  is 
the  main  evidence  for  my  calling  these  vesicles  umbili- 


dermal.  Otlicr  ol),scr\;i1ions,  cinimeraled  above,  also 
speak  tor  this  ititerpretation. 

A  single  vesicle  just,  separated  from  tlie  chorion  is  found 
in  No.  c.xxiir.,  Fig.  ISHi).  Tliis  vesicle  is  completely 
sepa-ratcd  from  tlie  eliorion  with  its  jiointed  end  ojiiiosid- 
a  pointed  mound  witlnn  llie  chorion  sliowdng  its  original 
connecti<m.  A  similar  vesicle  is  in  s])ccimen  cxxx.,  liul 
tlie  communication  may  have  broken  oil'.  Another  spec- 
imen of  the  same  l^ind  is  cxiAii.  The  vesicle  is  fully 
separated  from  the  chorion  and  is  partly  covered  with  a 
very  thick  inesoderiii  in  which  are  blood-vessels  tilled 
with  blood.  Thereare  Mood-vessels  in  the  chorion  in  tin- 
immediate  neighliorliood  of  the  vesicli-,  showing  that  at 
one  time  the  vesicle  must  have  been  wmnected  witli  it. 

A  unicpie  specimen  is  shown  in  No.  cxi.iii.  There  are 
two  large  vesicles  which  do  not  communicate  and  are 


Fifi.  ISsa.— Section  through  the  Vesicle  of  No.  CXXIII.     X  25  times. 
Entoderm,  mesoderm,  and  Ijlood  islands  are  shown. 

connected  with  Hie  chorion.  The  structure  of  their 
walls  could  not  be  made  out,  as  the  specimen  had  been 
in  alcohol  many  years.  The  vesicles  seem  to  represent 
the  amnion  and  umbilical  vesicle. 

The  primary  affection  in  the  vesicular  forms  seems  to 
be  in  the  neighborhood  of  the  pedicli'.  At  this  iioint  all 
the  forces  come  together.  Through  it  the  blood-vessels 
meet  the  chorion.  Into  it  the  amnion  and  allaiitois 
grow.  So  it  is  natural  that  forces  which  overthrow  the 
development  of  an  early  embryo  must  express  themselves 
at  tills  pohit.  FruidiiiiP.  Mull. 
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cal.  The  presence 
of  an  epithelial  cov- 
ering, especially  in 
tlie  neighborhood  of 
the  pedicle,  its 
forming  complete, 
partial,  c"  multiple 
invagination  into 
the  vesicle  or  into 
its  stem,  are  my 
main  reasons  for 
designating  it  ecto- 


Fk;  isss.-section  through  the  Vesicle  and 
Chorinn  in  No.  XXI.  X  25  times.  The 
second  vesicle  between  the  larger  oiie 
and  the  chorion  appears  to  be  the  stem 
with  a  dilated  allantois,  although  it  is  not 
attached  to  the  chorion. 


d  deutsch.  Gesellschft.  f.  Gyniikol.,  1897. 

iiEternod:  Anat.  Anz.,  Bd.  xv.. 
1898. 

12  Giacomini :  Merkel  u.  Bonnet  s 
Ergebnisse,  Bd.  iv.,  S.  uaii. 

i=Van  Heukelom:  His'  Archiv. 
1898,  S.  27. 

n  Eternod  :  Anat.  Anz.,  1898. 

15  Loeb  -.  Pfliiger's  Archiv,  Bd.  hv., 
S.  525. 

EMETICS  are  medicines 
used  to  produce  vomiting. 
Thev  are  fe\N-  in  number.  Some  of  the  medicines  for- 
merly employed  have  become  obsolete,  and  others  ar;e 
larclv  resorted  to,  because  their  emetic  operation  is  harsh 
and  disagreeable,  and  often  followe.l  liy  injurious  eonsc- 

''"The  principal  effect  of  emetics,  the  process  of  vomiting, 
is  essentially  the  same-no  difference  by  what  means  m- 
dncctl  but  it  may  be  preceded  and  followed  by  numei 
ous  1  h'enomena  which  differ  greatly  in  intensity  and  du- 
rt^^ltor  according  to  the  agent  used.  These  phenomena 
wm  be  c"nside?ed  with  the  individual  emetics.     Here  we 
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may  prolitnljly  study  tlie  common  effect  of  emetics,  the 
act  of  vomiting. 

In  order  tliat  vomiting  may  take  place,  certain  mus- 
cles, whose  action  is  consecutive  in  tlie  normal  state, 
must  contract  simultaneously.  The  ett'cren  t  impulses  co- 
ordinating, their  movements  come  from  the  medulla  ob- 
longata, and  are  held  to  start  in  the  emetic  centre,  which 
is  closely  related  to  the  respiratory  centre,  bat  is  doubt- 
less more  e.xtensive.  When  this  centre  becomes  excited 
in  conseciuence  of  the  action  of  a  medicine,  or  of  a  mor- 
bid state  of  other  organs,  sucli  as  the  stomach,  uterus, 
peritoneum,  meninges,  cerebrum,  etc.,  or  of  the  blood, 
as  in  urannia,  efferent  impulses  pass  from  it  to  the  vari- 
ous nmscles  whose  simultaneous  contraction  is  neces.sary 
in  order  that  vomiting  may  take  place. 

However  induced,  by  medicines  or  by  pathological 
states,  the  process  of  vomiting  usually  begins  with  nausea 
and  a  flow  of  saliva,  which  is  partlj^  swallowed,  often 
with  nuich  air.  Soon  retching  lakes  place,  an  ineffectual 
effoi't  to  vomit,  in  which  a  strong  inspiratoiy  effort  is 
made  while  theglottis  is  closed,  so  tliat  no  air  can  enter 
the  lungs.  The  air  being  drawn  into  the  pharynx,  some 
of  it  is  swallowed  and  helps  to  distend  the  stomach,  thus 
facilitating  the  act  of  vomiting.  Immediately  after  the 
inspiratory  effort,  and  while  the  diaphragm  is  power- 
fully contracted  and  foiced  down  toward  the  stomach, 
a  sti-ong  contraction  of  tlje  abdominal  muscles  occurs. 
Since  the  diaphragm  remains  contracted  and  the  glottis 
closed,  the  whole  force  of  this  expiratoiy  effort  is  spent 
in  pressure  upon  the  abdominal  organs,  and  especially 
upon  the  distended  stomach.  Sometimes  several  succes- 
sive retchings  take  place  before  the  contraction  of  the 
abdominal  walls  becomes  so  powerful  as  to  cause  the 
ejectment  of  the  contents  of  the  stomach.  When  this 
latter  happens  the  cardiac  orifice  of  tlie  stomach  is  widely 
dilated,  which  is  supposed  to  be  effected  by  contraction 
of  the  longitudinal  muscular  libres  of  the  o?sophagus, 
especially  those  which  pass  from  the  end  of  the  oesopha- 
gus over  the  stomach,  but  which  more  probably  results 
from  the  diminution  of  the  intrathoracic  pressure  neces- 
sarily following  the  powerful  inspiratory  effort  while  the 
glottis  is  closed.  The  intense  action  of  the  abdominal 
muscles,  which  cau.ses  the  expulsion  of  the  contents  of 
the  stomach,  is  quickly  succeeded  by  a  sudden  and  pow- 
erful expiration,  which  prevents  the  vomit  from  entering 
the  glottis,  and  ejects  mucus  or  other  pathological  prod- 
ucts which  may  be  present  in  the  air  passages. 

During  the  contraction  of  the  abdominal  muscles  the 
cii-culation  of  blood  in  the  abdominal  vessels  is  interrupt- 
ed, and  hence  the  vessels  of  the  face,  neck,  conjunctiva, 
and  probably  of  the  brain,  become  distended. 

Tlie  mode  of  action  of  most  emetics  is  doubtful.  Of 
one  only,  apomorphine,  is  it  clearly  proved  that  it  acts 
on  tlie  emetic  centre.  Of  ipecacuanha  and  tartar  emetic 
it  is  not  yet  fully  established  how  they  act,  whether  on 
the  emetic  centre  or  on  tlie  gastric  nerves,  or  both.  It  is 
generally  held  that  sulphate  of  zinc,  sulphate  of  copper, 
mustard,  and  alum  act  on  the  gastric  nerves,  though 
some  authors  hold  that  sulphate  of  zinc  and  sulphate'of 
copper  may  also  act  on  the  emetic  centre. 

According  to  the  supposed  action  of  emetics,  they  have 
been  divided  into  two  groups:  direct  and  indirect.  Those 
supposed  to  act  on  the  gastric  nerves  have  been  called 
direct  emetics,  and  sometimes  local,  mechanical,  or  irri- 
tant emetics.  Tlie  indirect  emetics,  which  are  supposed 
to  act  on  tile  emetic  centre,  have  also  been  ealied  systemic 
emetics. 

Apoinoriildiui'  lfy(h-<,r]ilon(x.^T\\ii  emetic  action  of  this 
salt  was  oljserved  by  its  discoverers,  Wright  and  l\Iat- 
tlnessen,  in  experiments,  but  Gee  lirst  investigated  its 
operation  on  man.  Numerous  careful  experiments  on 
man  and  animals  have  been  made  since  the  dfseoverv  of 
Its  enietie  power  (1869),  so  that  its  mode  of  action  and 
tlie  incidental  phenomena  jireceding  and  following  its 
operation  have  lieen  clearly  elueidati'd. 

It  produces  vomiting  Ijy'acling  on  the  emetic  centre 
1  his  IS  evident  from  the  fact  that  when  injected  into  the 
siilieutaiicous  tissue  it  acts  more  speedily, 'certainly,  and 
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in  smaller  doses  than  when  given  internally.  That  its 
operation  does  not  result  from  elimination  through  the 
gastric  mucous  membrane  is  proved  by  the  fact  that  in- 
travenous injection  is  followed  by  vomiting  in  animals 
whose  aorta  has  been  previously  ligated,  so  that  no  apo- 
morphine can  be  conveyed  to  the  stomach. 

Apomorphine.  in  appropriate  doses,  acts  speedilj',  cer- 
tainly, and  gently. 

The  time  elapsing  between  the  subcutaneous  injection 
and  the  first  act  of  vomiting  may  vaiy  from  two  to 
twentj'  minutes,  but  it  rarely  exceeds  ten  minutes.  In 
twelve  careful  observations  by  Riegel  and  Boehm  the 
average  time  was  nine  and  a  half  minutes  after  injection 
of  the  average  dose  of  gr.  J.  In  six  other  observations  by 
the  same  physicians  vomiting  took  place,  on  the  average, 
in  five  and  a  half  minutes  after  average  doses  of  gr.  -|. 

The  emetic  action  takes  place  with  great  certainty, 
unless  the  dose  is  too  small  or  too  large,  when  it  may 
fail.  It  may  also  fail  in  certain  pathological  states,  es- 
pecially in  profound  sopor  produced  by  narcotics,  and  in 
severe  dyspnwa  with  cyanosis.  In  these  conditions  it  is 
supposed  that  the  emetic  centre  is  so  greatly  depressed 
that  apomorphine  cannot  excite  it. 

Usually  the  action  of  apomorphine  is  gentle,  and  at- 
tended hy  sli.glit  incidental  phenomena.  Sometimes  the 
vomiting  occurs  quite  suddenly  and  unexpectedl}',  with 
very  little  effort,  and  without  having  been  preceded  by 
notable  nausea  or  other  S3'niptonis.  ]\Ioi-e  frequently  the 
act  of  vomiting  is  preceded  for  a  short  time,  usually  sev- 
eral minutes,  by  such  phenomena  as  are  incidental  to  the 
vomiting  ju-ocess  however  induced.  There  occurs  slight 
nausea,  with  giddiness,  ringing  of  the  ears,  and  head- 
ache. Frequently  there  takes  place  a  copious  flow  of  .sa- 
liva, with  free  perspiration.  The  patient  may  complain 
of  some  pra^cordial  distress;  or  he  ma_v  yawn,  and  be- 
come languid  and  sleepy.  Retching  soon  takes  place, 
and  is  rapidly  followed  by  vomiting.  In  rare  instances 
the  patient  during  the  peiiod  of  nausea  becomes  restless, 
and  pi-esents  motor  disorder,  such  as  rhythmical  move- 
ments of  the  head,  supination  and  pironation  of  the  fore- 
arms, spasmodic  movements  of  the  lower  jaw,  and  hic- 
cup. 

Before  vomiting  ensues  the  pulse  becomes  accelerated, 
but  afterward  slow.  The  blood  pressure,  according  to 
Harnack,  does  not  become  increased,  from  which  it  is  in- 
ferred that  the  frequent  pulse  results  from  excitation  of 
the  accelerator  nerves.  In  some  patients  very  little  or 
no  change  in  the  pulse  rate  is  observable.  Tlie  respira- 
tions become  rapid  and  superficial  before  vomiting,  and 
afterward  slow. 

The  act  of  vomiting,  after  an  ordinary  dose  of  apo- 
morphine, may  occur  but  once,  or  be  repeated  several 
times,  occasionally  from  four  to  eight  times.  It  is  usually 
([uick  and  easy  if  the  stomach  is  distended,  but  preceded 
by  ineffectual  retching  if  the  stomach  is  emptv.  Be- 
tween the  acts  of  vomiting,  when  they  occur  "several 
times,  the  patient  feels  weak,  ya\\ns  occasionally,  and 
sweats  freely.  Sometimes  copious  salivation  takes"  place. 
The  nausea  continues,  often  with  eructations  and  retch- 
ing. After  the  last  act  of  vomiting  nausea  may  persist 
for  a  short  time;  the  patient  is  much  relaxed,  and"  usually 
very  sleepy.     The  depression  is  rarely  intense. 

All  the  symptoms  produced  by  apomorphine  wholly 
disappear,  as  a  rule,  in  from  thirty  minutes  to  two  hours. 
In  young  children  appropriate  doses  generally  cause 
vomiting  very  rapidly,  the  time  elapsing  between" the  in- 
jection and  the  first  act  of  vomiting  varying  from  thri'c 
to  seven  minutes  (Jurasz).  In  from" one  to  three  minutes 
the  child  exhibits  evidences  of  its  action.  Usually  it  be- 
comes more  quiet,  yawns  occasionally,  grows  pale  and 
has  a  staring  look.  Infants  not  rai-ely  present  symp'toms 
of  depression ;  the  head  droops,  the  extremities  become 
cool  and  powerless,  the  face  very  pale,  the  pulse  feeble 
and  the  general  aiipearance  resembles  that  of  narcotic 
poisoning.  According  to  Jurasz,  these  phenomena  soon 
vanish  after  the  cessation  of  vomiting.  Then  the  child 
still  perspires  freely,  and  has  a  copious  flow  of  saliva 
but  ,soon  becomes  sleepy,  and  usually  goes  to  sleep      Af- 
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ter  scveml  hours  of  rest  it  awakes  fully  restored  to  its 
ordinary  eouditiou.  Thus  the  effects  produced  by  apo- 
iiiorphme  ui  infants  ai-e  marked  by  greater  depression 
than^  in  adults.  This  is  supposed  "to  be  due,  not  to  a 
specific  action  of  the  medicine,  but  to  the  nausea  for 
which  infants  have  great  susceptibility  and  little  endu^ 
ranee. 

Sometimes  alarming  depression  has  followed  moderate 
doses  in  adults.  Thus  sr.  J  caused  intense  collapse  in  a 
strong  man  (Dujardin-Beaumetz).  In  the  case  of  an  old 
man  gr.  -,V  failed  to  produce  emesis,  but  caused  agitation 
dimness  of  sight,  small  pulse,  yawning,  copious  flow  oi' 
saliva,  and  somnolency  (Mueller).  Aftir  doses  of  "t  -V 
to  gr.  ^V  a  woman  had  repeated  attacks  of  syncope^'witli 
alternating  myosis  and  mydriasis,  and  convulsive  twitch- 
ingsof  tlie  corners  of  the  mouth  (Prevost).  In  younf 
children  approjiriate  doses  sometimes  produce  spasmodic 

movementsof  the  head,  extremities,  jaws,  and diaphrao-m 
with  hypera'slhesia  (Jui-asz.).  °    ' 

Excessive  doses  may  fail  to  produce  vomiting,  and  be 
followed  by  alarming  symptoms,  although  generally  they 
are  not  followed  by  severer  symptoms  than  moderate 
do.ses.  Professor  Peeholier,  after  an  injection  of  nearly 
gr.  i,  had  ineffectual  retchings,  then  suddenly  became 
unconscious,  and  ceased  to  breathe.  After  anot'lier  injec- 
tion he  vomited,  and  tell  into  a  state  of  profound  collapse, 
from  which  he  was  rescued  b)-  hypodermatic  injections 
of  ether  and  the  application  of  sinapisms. 

Apomorphine  is  appropriate  in  all  cases  indicating  the 
use  of  an  emetic.  It  should  be  employed  whenever  a 
speedy  evacuation  of  the  stomach  is  'necessary,  as  in 
cases  of  poisoning,  and  when  the  stomach  is  inllamed, 
and  hence  liable  to  be  injured  by  the  irritant  emetics. 
It  is  specially  indicated  w-lien  patients  are  unable  or  un- 
willing to  swallow,  as  in  trismus  and  insanity. 

Apomorphine  is  administered  hypodermatically.  It 
never  produces  notable  irritation,  even  when  concen- 
trated solutions  are  injected. 

According  to  Jurasz  and  f)ther  o1.)servers,  the  following 
doses  are  suitable  for  children:  From  liirtli  to  three 
months,  ,gr,  ^-„-  to  ^\;  three  months  to  one  year,  gr.  ^^ 
to  jV;  one  year  to  live  years,  gr.  -j\^  to  -jij;  five  years  to 
ten  years,  gr.  4-e  to  -jV.  For  adults  the  dose  varies  from 
gr.  y'j-  to  J .  Females  and  weakly  males  require  somewhat 
smaller  doses,  from  gr.  -i^-  to  \. 

Generally  one-per-cent.  solutions  are  employed  for 
adults,  and  one-half-per-cent.  for  children.  The  solution 
rapidly  becomes  green,  but  retains  the  emetic  property 
for  a  long  time.  It  is  a  good  rule  to  remain  with  the  pa- 
tient for  some  time  after  the  injection  has  been  made,  in 
order  to  apply  restoratives  should  inordinate  depression 
result. 

I]M'CMiian7ia. — ^As  an  emetic  ipecaouauha  is  character- 
ized by  slowness  and  mildness  of  action.  Its  activity  is 
due  to  the  presence  of  an  alkaloid,  called  emetine,  which 
it  contains  in  greatly  varying  quantities.  Podwj'ssotzki 
found  in  the  best  kinds  of  ipecacuanha  from  three- 
fourths  to  one  per  cent,  of  emetine,  and  in  the  poorest 
only  from  one-fourth  to  one-half  per  cent. 

The  mode  of  action  of  emetine  is  doubtful.  Most  au- 
thors incline  to  the  view  that  it  results  from  an  irritant 
action  upon  the  perijjheral  termination  of  the  vagus 
nerve  in  the  stomach,  because  it  acts,  when  given  inter- 
nally, in  smaller  doses  than  when  injected  subcutane- 
ouslj',  and  just  as  rapidly,  and  because  it  has  been  discov- 
ered in  the  vomit  after  subcutaneous  injection.  Others 
hold  that  it  acts  on  the  emetic  centre,  because  it  causes 
\omiting  after  all  modes  of  administration,  internal,  snli- 
cutaneous,  intravenous,  etc.  ;  and  because  they  failed  to 
detect  it  in  the  vomit  or  any  secretion  or  excretion  after 
subcutaneous  or  intravenous  injection  (Podwyssotzki). 

Ipecacuanha,  or  its  active  principle,  emetine,  acts 
slowly  even  when  maximimi  doses  are  given.  Rarelj' 
does  vomiting  occur  before  twenty  minutes  after  doses 
of  one  scruple,  and  usually  not  before  thirty  minutes. 
Emesis  results  in  about  the  same  time  after  subcutane 
ous  injections  of  emetine.  When  small  or  moderate 
closes  of  ipecacuanha  are  administered,  vomiting  may  be 


wih  en  ,n  '"'-"'■  .^""•^-  T'"«Acker,„ann,  in  trials 
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t  If  e  emctuH.  bclon,  ,t  can  act  upon  the  gastric  nerves 
become  absorbed,  lor  in  animals,  after  subcutaneous 
injections   of  large  doses  of  emetine,  the  act  of  vomiting 
IS  repeated  three  or  four  times  at  long  intervals 

Ihe  meidental  phenomena  are  usually  slight  Some- 
times the  nausea  is  decided,  and  attended  by  marked 
general  relaxation ;  and  there  may  occur  a  copious  tlow 
ot  saliva,  tree  i)erspiration,  giddiness,  shudderings  rapid 
pulse,  eructations,  and  repeated  retching  before  the  aet  of 
vomiting;  but  these  phenomena  quickly  subside  after- 
want,  the  patient  remaining  only  weak  and  sleepy  for 
sometime.  Sometimes  looseness  of  the  bowels  occurs 
especially  if  tlie  emetic  operation  is  much  delayed. 

The  quantity  of  ipecacuanha  required  to  produce  vom- 
iting varies  greatly— in  some  patients  one  or  two  grains 
sulKcing,  in  others  less  than  twenty  or  thirty  grains  not 
succeeding.  Emetine  usually  acts  in  doses  of  one-twelfth 
to  one-sixth  of  a  grain.  Acc'ording  to  llusemaun  it  more 
frequently  than  ipecacuanha  causes  loose  stools. 

Ipecacuanha  may  be  employed  in  all  eases  requiring 
emetics,  if  speedy  action  be  not  necessary.  It  has  usu- 
ally been  preferred  to  other  medicines  when  irritating 
substances,  such  as  indigestible  articles  of  food,  required 
removal,  or  when  accumulations  of  mucus  in  the  bron- 
chial tubes  were  impeding  the  respiratory  process.  On 
acc-ount  of  its  gentle  action  it  is  especially  suitable  for 
feeble,  old,  and  very  young  patients. 

For  adults  the  dose  of  ipecacuanha  varies  from  ten  to 
twenty  grains,  repeated  at  intervals  of  ten  or  tifteen  min- 
utes until  vomiting  occurs.  Generallj-  it  is  given  in  the 
form  of  powder,  mixed  with  an  equal  quantity  of  sugar. 
For  very  feeble  patients  the  wine  is  preferable,  ^vhich 
may  be  given  to  adults  in  doses  of  half  an  ounce.  Large 
draughts  of  tepid  water,  taken  as  soon  as  nausea  begins, 
hasten  the  emetic  operation.  To  infants  and  young  chil- 
dren the  syrup  of  ipecacuanha  is  usually  administered  in 
doses  of  half  a  drachm  to  two  drachms  every  ten  minutes 
until  vomiting  results. 

Antimonii  et  Potasfiii  Tariras. — Tartar  emetic  is  noted 
for  severitj'  of  action,  anfl  hence  is  rarely  employed  ex- 
cept in  combination  with  ipecacuanha. 

Small  doses  act  slowly.  In  careful  trials,  Ackermann 
foimd  that  half  a  grain,  repeated  at  intervals  of  tifteen 
minutes,  jiroduced  vomiting  in  one  hour  and  three-quar- 
ters. But  doses  of  one  or  two  grains  frequently  operate 
within  fifteen  minutes.  Often  purgation  follows,  espe- 
c.iall}^  when  the  vomiting  takes  place  .slowly. 

The  incidental  symptoms  are  very  pronounced.  They 
consist  of  intense  nausea,  profound'  muscular  relaxation, 
pallor  of  the  face,  shudderings,  free  perspiration,  giddi- 
ness, copious  salivation,  distress  in  the  epigastrium,  enie- 
tations,  and  severe,  often  violent,  and  frequently  repeated, 
retching.  The  act  of  vomiting  is  usually  repeated  a  num- 
ber of  times,  at  intervals  of  various  length.  Sometimes 
it  occurs  so  often,  and  is  attended  by  such  severe  nausea 
and  retching  as  to  cause  profound  collajjse,  marked  by 
deathly  pallor,  .sunken  features,  .superficial  breathing,  and 
weak  thready  pulse. 

Most  authorities  hold  that  tartar  emetic  produces  vom- 
iting by  acting  on  the  gastric  nerves.  The  fact  that  it 
cau.ses  'vomiting  when  injected  into  a  vein,  or  into  the 
connective  tissue,  does  not  prove  that  it  acts  on  the 
emetic  centre,  for  the  quantity  required  to  produce  vom- 
iting when  thus  administered  is  larger  than  the  internal 
dose,  and  it  acts  more  slowly.  Besides,  the  medicine  may 
be^letected  in  the  vomit  after  subcutaneous  or  intraven- 
ous injection,  and  hence  conies  into  close  relation  with  the 
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nerves  of  the  stomacli.  When  tartar  emetic  is  given  in- 
ternally, the  greater  part  is  discharged  -with  the  vomit, 
and  tlie  part  retained  or  absorbed  is  insiitlicient  to  cause 
emesis  wlien  injected  into  a  vein. 

Tliere  exist  no  special  indications  for  tlie  use  of  tartar 
emetic.  Fornierlj',  -wlien  it  was  supposed  to  exert  a  con- 
trolling inHuence  over  inHamniator_y  affections,  it  was 
often  given  at  tirst  in  emetic  doses.  But  tliis  practice  is 
now  obsolete.  It  should  never  be  administered  to  very 
young  children,  to  aged  or  weakly  patients,  on  account 
of  the  profound  collapse  which  it  may  induce. 

The  hyperemesis  which  sometimes  results  from  tai'tar 
emetic  may  be  allayed  Ijy  giving  small  pieces  of  ice  with  a 
few  drops  of  chloroform.  The  fol  lowing  remedies  are  also 
useful:  strong  coffee,  tannic  acid,  ether,  wine,  alcohol, 
morphine,  and  tincture  of  opium. 

The  dose  of  tartar  emetic  for  adults  is  from  half  a 
gi-ain  to  one  grain,  repeated  twice  if  nccessar3r.  ft  is 
usually  combined  with  ipecacuanha:  H  Antimonii  et 
potassii  tartratis,  gr.  ij.  ;  pulv.  ipecacuanhiii,  3  i.  M. 
Div.  in  partes  a'cjuales,  iv.  Sig. :  One  powder  ever}'  ten 
minutes  until  vomiting  takes  place. 

Ziiiei  Sulphas. — This  salt,  in  suitable  doses,  produces 
vomiting  promptly,  energetically,  and  with  little  nausea. 
In  some  instances  it  also  causes  colicky  pain  and  liq\iid 
stools. 

According  to  the  observations  of  Toulmouche,  vomit- 
ing rarely  occurs  after  the  administration  of  two  grains, 
inconstantly  after  four  grains,  almost  always  after  six. 
to  twelve  grains,  and  only  in  one-third  of  the  cases  after 
fifteen  grains.  Licjuid  stools  occur  in  one-half  of  the 
cases  after  four  to  twelve  grains,  and  in  two-thirds  of  tlie 
cases  after  fifteen  grains. 

Sometimes,  however,  it  operates  in  doses  of  one  scruple 
to  half  a  drachm,  almost  as  soon  as  it  reaches  the  stom- 
ach, causing  a  single  but  copious  ejectment. 

On  account  of  its  rapid  action  and  the  ab.sence  of  no- 
table nausea,  sulphate  of  zinc  is  adapted  to  cases  requiring 
speedy  evacuation  of  the  stomach.  Hence  it  is  usually 
employed  in  narcotic  poisoning. 

To  adults  it  is  given  in  doses  of  six  to  twelve  grains, 
repeated,  if  necessary,  every  ten  minutes  until  voniiting 
ensues.  ^  Zinci  sulphatis,  amyli,  aa  3  ss.  M.  Div.  in 
partes  Kquales  iij.  Sig. :  One  powder  every  ten  minutes 
until  vomiting  is  induced. 

Cupri  Sidp/ifis.— Tim  salt,  like  the  sulphate  of  zinc, 
usually  acts  promptly  and  without  marked  nausea.  Its 
emetic  action  is  also  frequently  followed  by  colic  and 
liquid  stools. 

While  the  action  of  sulphate  of  copper  is  generally 
rapid,  occurring  soon  after  administration,  it  is  some 
times  quite  slow.  Thus  Ackermann  found  that  five- 
grain  doses,  administered  e\'ery  fifteen  minutes,  caused 
vomiting  in  one  hour.  Formerly,  when  sulphate  of  cop- 
per was  used  as  an  emetic  in  the  early  stage  of  phthisis, 
it  was  frequently  observed  tliat  its  operation  was  delayed 
for  more  than  half  an  hour  (Thompson). 

Sulphate  of  cojiper  is  preferable  to  other  emetics  in 
poisoning  with  phosphorus,  because  it  po.ssesses  anti- 
dotal properties.  It  gradually  becomes  rcduceil  by  the 
phfisphorus,  and  then  covers  tlie  plios]ihorus  with  a,  'layer 
of  metallic  cojipcr,  and  thus  prevents  its  volatilization 
and  absorption  (Bamberger). 

SulpJiate  of  copper  has  been  especially  recommended 
in  croup.  If  the  exudation  impeding  respiration  be 
loosely  attached,  the  ]K)werful  oiieration  of  suliihate  of 
copper  may  cause  its  expulsion;  but  it  can  produce  no 
other  effect. 

The  dose  of  sulphate  of  copper  for  adults  is  from  two 
to  ten  grains;  for  children,  from  one  to  five  grains,  re 
peated,  if  necessary,  several  times  at  intervals'  of  ten  or 
fifteen  minutes.  1$  Cujiri  sulphatis,  3i, ;  pulv.  acacia', 
3ij.  M.  Div.  in  chart,  iv.  Sig.:  One  powder  every 
(en  minutes  until  vomiting  ensues  (in  narcotic  poison' 
ing).  I?  Cupri  sulphatis,  gr.  vi.  ;  aqme  deslill  -\  ■ 
syrnpi,  3SS.  M.  Sig.:  A  dessertspoonful  every  ""ten 
minutes  until  voniiting  ensues  (in  croup). 

iSiiiapin  Al/»i. —Mustunl  in  large  doses  rajiidly  induces 
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vomiting.  When  other  emetics  and  the  stomach  pump 
arc  not  at  hand,  it  is  employed  in  poisoning  with  nar- 
cotics. Sometimes  it  acts  promptl}'  when  suljihate  of 
zinc  has  failed.  It  should  not  be  used  when  the  poison 
is  of  such  a  nature  as  to  produce  inflammation  of  the 
stomach. 

A  teaspoonful  of  mustard  Hour  may  be  administered  in 
a  teacupful  of  tepid  water,  and,  if  necessary,  repeated 
once  or  twice  at  intervals  of  ten  minutes. 

Aliniiiii. — Alum,  in  doses  of  half  a  drachm  to  two 
drachms,  proiluces  vomiting  in  from  twenty  to  forty 
minutes.  Its  operation  is  attended  by  ver}'  little  nausi'a 
and  depression.  It  has  sometimes  been  employed  in 
croup  and  in  narcotic  poisoning.  For  children  the  dose 
is  half  a  drachm  administered  in  .S3'rup,  and  repeated,  if 
necessaiy,  in  half  an  hour. 

Genkrai.  Indications  for  the  Use  of  Emetics. — 
Emetics  are  used  to  evacuate  the  stomach,  to  expel  path- 
ological products  from  the  air  passages,  and  to  remove 
foreign  bodies  lodged  in  the  resopliagus  or  upper  jjart  of 
the  air  passages. 

f .  To  evacuate  the  stomach  is  the  first  indication  in 
many  eases  of  poisoning.  As  it  is  essential  to  accomijlish 
this  as  speedily  as  po,ssible,  only  those  emetics  should  be 
used  which  act  promptl3^  In  poi.soning  by  narcotics, 
such  as  morphine,  opium,  atropine,  belladonna,  stramo- 
nium, etc.,  one  of  the  following  emetics  should  be  se- 
lected: apomorphine,  sulphate  of  zinc,  sulphate  of  cop- 
per, or  mustard.  The  subcutaneous  injection  of  apo- 
morphine is  quickly  followed  by  copious  vomiting,  if  the 
uer-vous  centres  are  not  greatly  depressed.  Hence,  if  a 
long  time  has  not  elapsed  since  "the  poison  was  taken,  and 
profound  sopor  has  not  taken  place,  this  emetic  should 
be  preferred  to  all  others.  But  if  the  patient  is  so  coma- 
tose that  he  cannot  be  aroused,  apomorphine  should  not 
be  used,  as  it  would  probably  fail  to  induce  vomiting  and 
would  greatly  increase  the  depression. 

If  some  time  has  elapsed  since  the  poison  w-as  taken, 
voniiting  is  not  readily  induced.  Then  sulphate  of  zinc 
and  sulphate  of  copper  may  fail  in  ordinaiy  dcses;  hence 
some  authors  recommend  very  large  doses,  from  twenty 
to  forty  grains.  It  is  well  to  recollect,  however,  that 
according  to  the  observations  of  Toulmouche,  doses  of 
fifteen  grains  and  more  of  sulphate  of  zinc  more  fre 
quently  fail  than  do.ses  of  six  to  twelve  grains  It 
should  also  be  recollected  that  large  doses  of  sulphate  of 
zinc  and  of  sulphate  of  copper, "if  thev  do  not  cause 
emesis,  produce  severe  irritation  of  the  intestinal  mucous 
membrane,  and,  after  ab.sorption,  depress  the  central  ner- 
vous .system.  If  moderate  doses  do  not  soon  cause  vom- 
iting, recourse  should  be  had  to  mustard  flour  which 
generally  acts  promptly. 

In  poisoning  with  phosphorus,  sulphate  of  copiier  is 
preferable  to  other  emetics,  as  it  prevents  the  volatiliza- 
tion and  absorption  of  the  poison.' 

In  poisoning  with  strychnine  or  nux  vomica  aiiomor 
phiiie  is  the  most  suitable  emetic.  In  several  instances 
the  spasms  produced  by  strychnine  have  immediately 
subsided  after  a  hypodermatic  injection  of  apomorphine 
Apomorphine  has  been  succcssfullv  emploved  in  cases 
of  poisoning  with  oil  of  bitter  aln'ioud,  w'ith  carbolic 
acid,  and  with  kerosene. 
_  Emetics  are  contraindicated  in  poisoning  with  corro- 
sive substances,  such  as  the  concentrated  mineral  achls 
and  the  caustic  alkalies. 

Whenever  cmel^ics  are  employed  in  cases  of  poisonin- 
by  vegetable  and  animal  substances,  reiieated  emesis 
should  be  produced,  as  it  is  not  rarely  found  that  the 
vomit  of  the  third  or  fourth  evacuation  gives  evidence  of 
the  presence;  ot  some  of  the  poison.  In  „nler  to  hasten 
and  tacili  ate  he  action  of  the  emetic,  large  quantities  of 
lepid  water  should  be  given,  and  the  fauces  titillated 
with  the  finger  or  a  feather  ^uiuaiLo 

Eniet^'s  are  indicated  to  evacuate  the  stomach  when 
1  dig,.stible  food,  or  the  products  of  fermentation  or  pu 
t.ef action  cause  severe  gastric  irritation  or  alarmin.-  dis- 
order ot  the  nervous  system.  Sometimes  convids  ons  fn 
children,  a  comatose  state  in  adults,  intense  beadache 
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and  severe  cramp-like  pain  in  tlie  stomach,  have  this  ori- 
gin. If  tbe  liistory  of  the  iUness  aud  the  general  condi- 
tion of  the  patient  clearly  point  to  this  cause,  emetics 
should  be  irsed.  They  usually  give  speedy  relief.  The 
best  internal  emetic  is  ipecacuanha,  as  it  produces  less 
irritation  of  the  gastric  mucous  membrane  than  sulpiiate 
of  zinc,  sulphate  of  copper,  or  mustard.  Large  quanti- 
ties of  tepid  water  should  be  given  as  soon  as  nausea  su- 
pervenes, in  order  to  render  the  vomiting  as  easy  as 
possible.  A  subcutaneous  injection  of  apomorphine  is, 
however,  superior  to  all  internal  emetics,  as  it  in  no  wise 
increases  the  irritation  of  the  stomach  and  causes  speedy 
evacuation.  Especially  shoidd  it  be  preferred  to  ipecac- 
uanha when  convulsions  in  children  are  caused  by  gastric 
irritation. 

2.  To  expel  pathological  products  from  the  air  pas- 
sages, emetics  are  occasionally  indicated  in  bronchitis, 
broncliiolitis,  catarrhal  pneumonia,  and  croup.  When 
respiration  is  difficult,  rapid,  and  superficial,  and  moist 
rales  are  heard  over  various  parts  of  the  chest,  emetics 
often  give  decided,  although  temporary,  relief.  Apomor- 
phine is  preferable  to  other  emetics,  as  it  possesses  de- 
cided expectorant  properties  and  acts  rapidly  and  gentljr. 
It  may,  however,  fail  in  capillary  bronchitis,  when  the 
breathing  is  very  difficult  and  decided  cyanosis  has  taken 
place.  The  only  internal  emetic  wdiicli  should  be  admin- 
istered to  eliildren  to  eject  accumulations  of  mucus  in  the 
air  passages  is  ipecacuanha.  In  strong  adults  this  rem- 
edy may  be  combined  with  tartar  emetic. 

Emetics  are  generally  resorted  to  in  croup  to  expel  the 
fibrinous  exudation  or  false  membrane.  Sometimes  they 
accomplish  this,  but  more  frequently  fail  on  account  of 
the  firm  attachment  of  the  membrane.  If  the  ejectment 
takes  place,  a  notable  amelioration  of  the  dyspnoea  im- 
mediately occurs.  As  it  is  of  the  highest  importance  to 
prevent  the  depression  which  so  rapidly  occurs  in  ci'oup, 
only  those  emetics  are  eligible  which  produce  sHght  nau- 
sea, such  as  sulphate  of  copper,  sulphate  of  zinc,  and 
alum.  Apomorphine  has  been  successfully  used  in  some 
cases,  and  in  the  early  stage  of  croup  deserves  preference 
to  other  emetics. 

3.  Sometimes  emetics  are  indicated  when  foreign  bod- 
ies have  lodged  in  the  cesophagus  and  upper  part  of  the 
air  passages.  They  are  useful  when  the  substance  lodged 
in  the  oesophagus  is  rounded,  doughy,  or  pulpy,  but 
may  be  harmful  when  it  is  very  irregular  (pieces  of  bone, 
needles,  fish  bones),  as  the  efforts  incident  to  vomiting 
may  be  followed  by  severe  injury  of  the  oesophagus. 

When  foreign  bodies  lodge  above  the  glottis,  they  may 
be  expelled  by  emetics;  but  if  situated  below,  vomiting 
may  cause  them  to  lodge  in  the  rima  glottidis,  especially 
if  they  be  angular. 

Apomorphine  should  be  preferred  to  all  other  emetics 
to  remove  foreign  bodies,  as  it  acts  speedily  and  cer- 
tainly. ,  .,  , 
CoNTKAiNDiCATioNS.— At  the  time,  now  happily  past, 
when  it  was  supposed  that  the  whole  course  of  febrile 
and  inflammatory  diseases  might  be  favorably  modified 
by  the  action  of  emetics,  especially  by  such  as  induce 
severe  and  prolonged  nausea,  authors  found  it  necessary 
to  enumerate  numerous  contraindications,  such  as  in- 
flammation of  any  of  the  abdominal  organs,  diseases  of 
the  heart  and  blood-vessels,  great  debility,  the  extremes 
of  life,  pregnancy,  the  presence  of  hernia,  etc.^  When 
the  presence  of  a  poison  in  the  stomach  indicates  its  rapid 
evacuation,  an  emetic  must  be  given  regardless  ot  all 
other  considerations,  if  the  stomach  pump  cannot  be 
used.  But  in  cases  of  gastric  irritation  in  which  lite  is 
not  imperilled,  other  less  rapid  methods  of  treatment 
should  be  instituted,  if  the  operarion  of  vomiting  itselt 
endangers  the  life  or  future  well-being  of  the  patient. 

Samuel  ISiekles. 

EMETINE.     See  Ipecac. 
EMMENAGOGUES.     See  EchoUcs. 

EMODIN.     See  BucUlwrn  and  Cascara  Sagrcula. 


EMOLLIENTS  (from  Latin  eiimUire,  to  soften)  are 
substauees  which  tend  to  soften,  j-eiax,  and  protect  the 
parts  to  which  they  aie  applied.  As  a  rule  they  are  fatty 
and  have  very  little,  if  any,  real  medicinal  activity;  but 
I  his  lack  of  active  medicinal  virtue  in  no  way  detracts 
from  their  therapeutic  value.  Emolhents  are  "for  out- 
ward application  "  only.  Substances  of  a  similar  kind, 
but  for  iiiteriiul  use,  are  called  demulcents,  and  these  two 
terms  must  be  kept  distinct.  Demulcents  are  for  mu- 
cous membranes;  emollients  for  the  skin.  (See  article 
Deiiuilceiils.) 

Action  and  Uses.— The  action  of  emollients  is  almost 
entirely  mechanical;  by  their  moisture  and  warmth  they 
cause  the  blood-vessels  to  dilate,  and  with  relaxation  of 
contractile  tissues  pressure  on  the  nerves  is  lessened,  and 
thus  the  tension  aud  jjain  in  an  inllained  part  are  re- 
lieved. Emollients  also  exert  a  protective  infiuence  over 
inflamed  surfaces  which  would  otherwise  suffer  from 
friction  and  even  from  the  oxygen  of  the  air;  in  cases 
in  which  the  skin  is  broken,  or  the  epidermis  stripped  ofE, 
the  process  of  repair  can  go  on  without  let  or  hindrance 
under  the  protective  covering  of  an  emollient.  The  ju- 
dicious use  of  emollients  is  also  responsible  for  the  exclu- 
sion of  many  pathogenic  organisms  which  would  other- 
wise find  an  easy  entrance  through  a  broken  skin,  and 
which,  having  once  gained  admission,  would  do  more 
than  ordinarjf  harm  in  tissues  whose  powers  of  resistance 
were  already  enfeebled.  Without  emolhents  wounds, 
burns,  and  superficial  inflammations  would  heal  but 
slowdy;  b}'  emollients  the  skin  is  often  preserved  from 
cracks,  chaps,  and  fissures,  and  should  these  unfortu- 
nately supervene  emollients  are  the  best  remedial  agents 
we  have.  The  application  of  emollients  to  those  surfaces 
of  the  body  whicli  come  in  contact,  as  the  thighs,  will 
lessen  the  friction  aud  increase  the  comfort.  Emollients 
also  tend  to  prevent  bed-sores  and  heal  blisters;  they  are 
also  useful  in  some  forms  of  skin  diseases,  such  as 
eczema. 

List  of  Emollient  Substances. — The  chief  arc:  Almond 
oil,  cacao  butter,  castor  oil,  cold  cream,  glycerin,  goose 
grease,  lanolin,  lard,  liniments,  linseed  oil,  neatsfoot  oil, 
oUve  oil,  paraffin,  petrolatum,  soap,  spermaceti,  suet, 
vaseline.  Care  must  be  taken  to  avoid  using  rancid  fat 
or  oil,  for  this  would  act  as  an  irritant,  and  do  more  harm 
than  good.  Other  substances,  as  collodion,  white  of  egg, 
etc. ,  act  as  protective-s,  but  are  not  emollients.  Poultices 
made  of  substances  retaining  heat  and  moisture  are 
sometimes  grouped  with  emollients,  or  even  regarded 
as  emollients,  but  they  are  not  rightly  included  under  that 
heading.  -^-  ^^^  ^-  ScMt. 

EMPHYSEMA  OF  THE  L\i^GS.— Definition.— E.m- 
physema  is  the  condition  in  which  there  is  dilatation  of 
the  air  vesicles  with  atrophy  of  the  alveolar  walls. 

Strictly  speaking  there  come  under  this  definition  three 
forms  of  the  disease ;  Hypertrophic  or  large-lunged  em- 
physema, atrophic  or  small-lunged  emphysema,  some- 
rimes  known  as  senile  atrophy,  and  local  or  compen- 
satory emphysema.  In  addition  to  these  forms  it  is 
convenient  to  consider  here  certain  other  conditions  to 
which  the  term  emphysema  is  applied,  viz.,  acute  vesic- 
ular emphysema  and  interstitial  emphysema. 

I  Hypbrtbophic  Emphysema  (Syn.  Large- Lunged 
Eniph.iema).—3IoTbid  Anatomy.— The  lungs  are  large  and 
distended  and  do  not  collapse  when  the  chest  is  opened. 
The  borders  are  rounded,  encroaching  on  the  heart,  some- 
times meeting  and  even  overlapping  beneath  the  sternum; 
the  apices  project  far  above  the  clavicles  and  the  dia- 
phragm is  depressed  by  the  voluminous  lungs.  In  color 
he  organs  are  of  a  pale  gray  or  grayish-red,  and  often 
streaked  with  lines  and  spots  of  pigment.  The  outlines  of 
the  lobules  are  more  distinct  than  in  health,  and  on  close 
observation  the  individual  air  cells  appear  as  clear  dilated 
vesicles  reaching  the  size  of  small  shot  or  somewhat 
la,-er  in  occasiSnal  instances  large  thm-walled  blebs  or 
bufte  form  from  the  union  of  smaller  vesicles  and  reach 
the  size  of  a  cherry  or  walnut.  To  the  feel  the  organs 
are  soft  and  downy,  they  pit  on  pressure  owmg  to  loss 
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of  elasticity,  tliejf  do  not  crepitate  lilio  liealtljy  luugs,  aud 
-niieii  plackl  in  water  they  float  liiglier  than  usual. 

These  changes,  although  they  may  be  generalized,  are 
seen  earliest  and  reach  their  highest  development  iu  those 
areas  ot  the  lungs  which  are  unsupported  by  firm  and 
resisting  portions  of  the  che.st  wall.  They  arc  thus  best 
seen  at  the  apices,  along  the  anterior  borders,  especially 
on  the  left  side,  at  the  lingula  and  at  the  bases  of  the 
lungs,  particularly  at  the  free  borders  and  on  the  left  side 
•\\  here  the  lirm  support  of  the  liver  is  lacking. 

Microscopically  the  alveolai-  walls  are  much  thinned 
and  the  vesicles  and  infundibula  are  much  enlarged. 
Rindtleisch  has  shown  that  extensive  anastomoses  take 
place  between  the  pulmonary  arterioles  and  the  veins. 

The  bronchi  frecjuently  show  evidence  of  chronic  ca- 
tarrhal inflanmiation,  a  condition  which,  as  will  be  pres- 
ently seen,  is  a  fre([uent  precursor  of  emphysema. 

In  rare  instances  rupture  of  the  thinned-walled  vesi- 
cles may  occur  and  an  esc^ajje  of  air  take  place  into  the 
pleura,  ]>roducing  pmeuniothorax,  or  into  the  cellular 
tissue  of  the  lung  or  mediastinum,  whence  it  may  reach 
the  subcutaneous  tissues  of  the  neck  and  thorax  and 
cause  subcutaneous  emphysema. 

Changes  in  the  right  heart  are  commf)nly  seen  in  ad- 
vanced cases  of  emphysema.  Owing  to  the  increased 
strain  thrown  on  the  right  ventricle  as  the  residt  of  the 
occlusion  of  large  areas  of  capillar)'  vessels,  dilatation- 
hypertroph}'  sets  iu  primarily  on  this  side,  leading  to 
tricuspid  regurgitation  and  ultimately  to  the  same  train 
of  morbid  changes,  consisting  in  chronic  congestion  of 
the  various  viscera,  as  are  seen  in  cases  of  chronic  heart 
disease.  The  main  branches  of  the  pulmonary  artery 
sometimes  undergo  chronic  sclerotic  changes,  the  result 
of  long-continued  Iiigh  arterial  ])ressure. 

Patliogenesis. — Much  discussion  has  centred  about  the 
pathogeny  of  emphysema,  and  the  chief  theories  of  its 
production  may  be  briefly  discussed  under  three  heads. 

1.  Inspiratory  Theory. — LaKnnec  first  advanced  the 
view  that  emplij'sema  occurred  during  inspiration  owing 
to  the  inspiratorj'  movements  being  more  powerful  than 
the  expiratory.  Gairdner  subsecjnently  developed  this 
theory  of  emphysema  and  put  forward  a  hypothesis 
which  is  still  regaided  as  correct  but  only  in  a  very  lim- 
ited sense.  Acccjrding  to  this  writer  diminution  iu  the 
volume  of  the  lung,  clue  to  collapse  from  bronchitis  or 
broncho-pneinuonia,  or  again  recession  from  fibroid 
change,  precedes  the  development  of  emphysema,  and 
the  adjacent  air  vesicles  dilate  to  take  the  place  of  the 
collapsed  areas.  That  such  a  .seciuence  does  occur  is  gen- 
erally admitted  in  tlie  development  of  local  or  compen- 
satorj'  emphysema,  but  it  is  regarded  as  of  altogether 
secondary  importance  in  the  production  of  the  form  of 
the  disease  now  imder  discussion.  Gairdner's  .suggestion 
that  the  inspired  air  expanded  in  the  air  vesicles  under 
the  influence  of  the  body  heat  hardly  needs  refuting,  as 
it  is  now  well  known  that  the  inspired  air  is  heated  in 
the  nasal  cavities. 

2.  E-xpiratory  Theory. — Jeinier  (]Med.-Ch)r.  Soc. 
Trans.,  vol.  xi.),  although  preceded  by  Mendelssohn, 
independently  advanced  the  view  that  emphysema  was 
produced  chiefl}'  by  forces  acting  during  expiration. 
He  showed  that  during  violent  expiratory  actions,  such 
as  cough  or  straining  efforts,  certain  portions  of  the 
lungs  being  imsupported  by  rigid  parts  of  the  chest  wall, 
yield  and  dilate  under  the  influence  of  expiratory  forces, 
and  that  the  apices,  the  anterior  borders  and  the  bases, 
especially  along  their  free  maigins,  are  exactly  those 
parts  which  are  least  supported  aud  which  are  affected 
earliest  and  in  the  highest  degree  by  emphysema.  In 
support  of  his  view  Jenner  pointed  out  the  bulging  that 
takes  place  at  the  apices  during  an  attack  of  cough,  es- 
]iecially  when  the  lung  is  affected  by  emphysema,  and 
he  also  quotes  Louis  as  his  a\ithority  for  the  statement 
that  the  base  of  the  left  lung  is  affected  by  emphysema 
twice  as  often  as  the  right,  owing  to  the  absence  of  the 
firm  sup|)ort  alfoided  by  the  liver. 

The  fre(jueiicy  of  emphysema  in  old-standing  cases  of 
bronchitis  is  readily  explained  by  the  api)lication  of  Jeu- 
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ner's  views.  During  the  accompanying  cough  a  deep 
inspiration  is  taken,  the  glottis  is  closed,  aud  a  violent 
expiratory  effort  is  brought  about  by  the  muscles  of  ex- 
jiiration,  compressing  the  lung  and  causing  dilatation  of 
these  organs  in  the  parts  referred  to.  A  similar  mechan- 
ism comes  into  play  during  the  severe  muscular  efforts 
cau,sed  by  such  movements  as  lifting  or  dragging  heavy 
weights,"straining  at  stool,  or  playing  on  a  wind-instru- 
ment. ■       1  , 

The  emphysema  wluch  is  so  frequently  seen  m  old 
cases  of  asthma  is  not  so  readily  explained.  The  bron- 
chitis and  cough  which  are  such  common  accompani- 
ments of  asthma  are  undoubtedly  responsible  in  great 
part,  inducing  emphysema  by  expiratory  efforts  as  in 
bronchitis,  but  this  hardly  seems  the  whole  explanation. 
During  an  attack  of  asthma  a  temporary  emphysema 
frequently  develops,  particularly  when  the  attack  is 
prolonged  or  severe,  and  passes  off  as  it  subsides.  The 
enlargement  and  fixation  of  the  chest  in  the  inspiratory 
posture,  together  with  the  noticeable  dilflculty  in  expi- 
ration, indicate  difficulty  in  expelhng  air  from  the  chest, 
and  in  consequence  the  alveoli  become  overfilled.  Ac- 
cepting the  usual  view  that  asthma  is  due  to  obstruction 
of  the'  smaller  tubes,  resulting  from  spasm  or  catarrh,  it 
is  assumed  that  the  resistance  to  the  exit  of  air  is  greater 
than  to  its  entry,  and  in  consequence  the  alveoli  gradu- 
all)'  become  distended. 

3.  Vital  Causes.— Most  clinicians  agree  that  emphy- 
sema is  occasionally  found  when  no  apparent  cause  has 
been  in  operation  or  when  the  history  of  cough  or  other 
cause  has  been  slight  or  of  short  duration.  In  such  in- 
stances it  is  assumed  that  there  is  a  congenital  deticiency 
in  the  quality  of  the  lung  tissue,  allowing  it  to  yield 
under  the  ordinar}'  strain  to  which  it  is  of  necessity  sub- 
jected. In  support  of  this  view  it  may  be  urged  that 
emphysema  is  not  uncommonly  found  iu  several  mem- 
t)ers  of  a  familj',  and  a  numl)er  of  observers  have  le- 
corded  a  marked  hereditary  tendency  iu  the  disease. 

Cohnheim  lias  endeavored  to  show  that  a  defective  de- 
velopment of  clastic  tissue  underlies  the  production  of 
emphysema,  but  a  deticiency  in  this  tissue  may  simply 
represent  the  atrojjhy  accompanying  the  m<u-bid  process. 

Summing  up,  then,  the  conditions  tending  to  produce 
emphj'sema  we  must  attribute  special  wciglit  to  violent 
expiratory  efforts.  Owing  to  the  yielding  character  of 
certain  portions  of  the  tlioracic  ca\ity  the  air  is  com- 
pressed and  driven  into  the  underlying  alveoli,  which 
dilate  and  ultimately  become  emphysematous.  In  this 
form  of  cm])hysema  inspiratory  causes,  apart  from  the 
pos.sible  inspiratory  distention  caused  bv  asthma,  plav 
no  part,  and  lastly,  wliilst  it  seems  probable  that  as  in 
other  tissues  there  may  be  a  lack  in  resisting  jiower,  we 
have  no  definite  anatomical  knowledge  in  what  this  con- 
sists. 

Etiology. — Age.  Emphysema  occurs  at  all  periods  of 
life,  but  it  is  more  frequently  found  in  adults  beyond 
middle  life,  although  it  occurs  even  in  young  children. 

Sex.  Males  are  more  exposed  to  the  causes  favoring 
the  development  of  emphysema,  and  it  is  consequently 
more  frequent  in  this  sex  than  in  females. 

Occupation.  All  occupations  involving  exposure  and 
catarrhal  affections  or  heavy  straining  efforts  tend  to 
produce  emphysema  by  causing  violent  expiratory  ef- 
forts. It  is  thus  found  more  amongst  the  laboring  'than 
the  leisure  classes.  "  '"^ 

Previous  Diseases.  Of  all  the  causes  of  emphysema 
chronic  or  recurring  bronchitis  is  by  far  the  most'  com- 
mon. It  is  indeed  unusual  to  find  old-standinc  cases  of 
this  nature  without  some  accompanying-  emphysema  In 
children  the  cough  of  pertussis  and'of  the  pul'monary  le-  "\ 
sions  associated  with  measles  are  occasional  factors  in  the 
development  of  the  disease,  and  Osier  remarks  on  the 
frequency  of  emphysema  in  the  asthmatic  attacks  asso- 
ciated with  adenoid  growths.  In  chronic  cardiac  disea.se 
and  in  arterial  sclerosis  ^vitli  its  accompanying  cardiac 
and  renal  lesK.ns  eni]iliysenia  is  often  seen.    '      '^ 

It  is  probable  that  inflammatorv  chances  in  the  lung 
sometimes  lessen  its  resisting  power  andl'avor  the  pro- 
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iluetion  of  cmpliysema.  A  case  of  Hertz's  is  quoted  by 
Hilton  Fagge,  in  wiiicli  emphyscnia  rapidly  developed 
in  a  cornet  player  after  au  attack  of  double  imcumonia. 

Si/iiipliiiiis. — The  onset  of  cmpliysema  is  slow  and  in- 
sidious, although  it  occasionally  develops  rather  rapidly 
after  au  attack  of  bronchitis  or  wliooping  cough.  No 
special  symptoms  are  noticed  in  the  carlier'stages  of  the 
malady,  although  there  is  a  frequeut  history  of  chronic 
or  recurring  bronchitis. 

Dyspnceaisby  far  the  most  important  and  prominent 
feature  of  the  malady.  The  patient  notices  after  any 
imusual  effort  that  lie  suffers  somewhat  from  shortness 
of  breath.  The  ilifflculty  is  aggravated  by  every  slight 
attack  of  broncliial  catarrli.  As  the  disease  advances  the 
dyspnoea  increases  and  there  are  jiaroxysmal  attacks  like 
asthma,  especially  with  any  accession  "of  catarrhal  trou- 
ble, and  are  accompanied  by  wheezing,  prolonged  expi- 
ration, and  orthopncea.  Eventually  "dysjina'a  becomes 
more  constant  and  pireseut  even  at  rest,  the  iiaticnt  sits 
propped  up  by  pillows  or  in  an  armchair,  and  the  slight- 
est exertion  is  accompanied  by  an  increase  of  dyspno'a. 

A  slight  tinge  of  lividity  about  the  lips  and  linger 
nails  is  present,  indicating  deficient  aeration  ol  blood,  and 
in  advanced  stages  there  may  be  a  most  intense  degiee 
of  cyanosis.  With  this,  however,  the  patient  may  not 
be  incapacitated  for  slight  exertion,  and  as  Osier  remai-ks 
there  is  hardly  any  otlier  condition  in  which  a  patient 
majf  go  about  and  even  walk  to  a  hospital  with  a  lividity 
of  startling  intensity. 

Haemoptysis  is  not  often  noticed  in  emphysema,  and 
when  present  is  suggestive  of  a  complicating  tubercu- 
losis. Recurring  hemorrhages  have,  however,  been  ob- 
served, and  although  usuallj'  slight,  have  been  known  to 
be  severe  and  even  to  prove  fatal. 

Cough  and  expectoration,  strictly  speaking,  depend  on 
associiiTted  bronchitis,  but  many  individuals,  in  whom 
bronchitis  is  a  subordinate  feature,  sulfer  from  a  slight 
cough  and  expectorate  clear  perles  of  mucus. 

The  course  of  the  disease  is  usually  progressive.  The 
symptoms  are  much  aggravated  during  attacks  of  bron- 
chitis, and  each  attack  tends  to  increase  the  emphysema- 
tous condition  and  the  distress  of  the  patient.  Dilatation 
of  the  right  heart  may  still  further  aggravate  the  dysp- 
noea and  distress  of  the  sufferer;  ti-dema  of  the  lower  ex- 
tremities, albuminuria,  and  .signs  of  portal  obstruction  set 
in  and  tlie  clinical  picture  is  that  of  advanced  cardiac 
disease.  There  is  dilatation  of  the  veins  of  the  neck  and 
sometimes  pulsation  indicating  tricuspid  regurgitation. 

Although  there  is  commonly  S(.ime  failure  in  general 
nutrition  "in  cmphy.sematous  patients,  it  is  only  in  the 
terminal  stages  of  the  disease  that  emaciation  becomes  at 
all  marked.  Clubbing  of  the  finger  nails  is  less  frequent 
than  might  be  anticipated,  occurring,  according  to  Es- 
bach,  only  once  in  .six  cases. 

Physkcd  &>/;(.<.— The  recognition  of  the  disease  rests 
on  the  presence  of  certain  physical  signs.  In  a  well- 
marked  instance  the  appearance  of  the  chest  is  very  char- 
acteristic. The  thorax  is  rounded  or  barrel-shaped,  the 
antero-posterior  diameter  is  increased,  and  a  cyrtometer 
tracing  may  even  show  that  it  exceeds  the  transverse. 
The  clavicles  are  prominent,  the  supraclavicular  and  in- 
fraclavicular fossse  are  deeper  than  usual,  the  shoulders 
are  rounded,  and  the  back  is  convex,  causing  the  .scapuia? 
to  assume  a  more  horizontal  position.  The  thorax  is  in 
fact  fixed  in  the  inspiratory  position,  and  the  sterno- 
mastoid  and  trapezius  muscles  are  prominent  and  hyper- 
trophicd.  The  first  and  second  pieces  of  the  sternum 
sometimes  form  a  prominent  angle,  known  as  the  angle 
of  Ludovioi,  the  bone  being  convex  from  above  down; 
the  intercostal  spaces  are  wide,  whilst  the  projection  of 
the  lower  ribs  gives  the  abdomen  a  hollow  appearance. 
There  is  very  slight  inspiratory  movement,  the  tape 
measure  showing  a  movement  often  not  exceeding  one- 
quarter  or  one-half  an  incli.  ^ 

The  vocal  fremitus  is  somewhat  diminished  as  is  also 
vocal  resonance.  . 

Whilst  the  above  signs  are  present  only  in  well- 
marked  cases  of  the  disease,  by  means  of  percussion  even 


shght  degrees  of  enqihysema  can  be  detected.  The  reso- 
nant areas  ot  Inng  are  increased,  and  instead  of  cardiac 
dulness  lie,ginning  at  the  fourth  rib  it  is  found  at  a  lower 
level  and  may  indeed  be  altogether  replaced  by  pulmo- 
nary I'esonanee  which  passes  into  the  tympany  of  the 
stomach.  The  liver  dulness  is  also  lower  tlian  usual,  and 
in  marked  instances  may  be  completely  replaced  by 
pulmonary  resonance.  Although  displaced  downward, 
it  is  only  seldom  that  the  liejialie  border  can  be  palpated 
owing  to  the  arching  forward  of  the  lower  ribs  alri;ady 
referred  to.  In  the  back  the  resonant  note  ot  the  lungs 
is  also  lower  than  usual,  reaching  as  low  as  the  lower 
bonier  of  the  twelfth  rib.  Not  only  an.-  the  resonant 
areas  of  the  lungs  increased  in  extent,  but  the  chai'aeter 
of  the  note  is  changed,  becoming  louder  and  deeper  than 
normal,  and  in  some  instances  it  is  even  tympanitic. 

On  auscultation  the  breath  sounds  are  distant  and 
feeble,  whilst  expiration  is  frequently  but  liy  no  means 
always  jirolongcd. 

The  cardiac  impulse  is  feeble  owing  to  flie  presence  of 
the  lung  between  the  heart  and  the  chest  wall,  and  both 
first  and  second  sounds  are  often  much  enfeebled  from 
the  same  cause,  A  sj'stolie  murmur  is  not  'very  uncom- 
mon at  the  lower  end  of  the  sternum  and  sometimes  indi- 
cates a  tricuspid  regurgitation.  Increased  pulsation  in 
the  epigastric  region  is  often  found  due  to  the  low  jiosi- 
tion  of  the  diaphragm,  and  it  is  sometimes  intensified  by 
enlargement  of  the  ri.ght  ventricle. 

Diiigiiosiis. — Emphysema  is  readily  recognized  by  the 
charaeteiistic  shape  of  the  chest  and  in  slighter  degrees 
of  the  affection  by  the  increases  in  the  resonant  areas  of 
percussion.  A  history  of  bronchitis  should  always  sug- 
gest careful  mapping  out  of  the  extent  of  pulmonary 
resonance.  Emphysema  is  very  apt  to  obscure  the  diag- 
nosis of  other  affections  within  the  thorax,  and  it  may 
prove  difficult  or  impossible  to  recognize  an  enlarged 
heart,  an  aneurism,  or  a  tuberculous  focus  at  the  apex  in 
the  presence  of  marked  emphysema.  The  diminution  of 
the  liver  dulness  sometimes  leads  to  an  erroneous  diagno- 
sis of  cirrhosis,  an  error  easily  committed  without  a  due 
appreciation  of  the  increased  area  of  pulmonary  reso- 
nance. 

Profjnous. — Em].ihyscuia  is  an  extremely  chronic  mal- 
aily,  lasting  for  a  loiig  period  of  years.  The  prognosis 
is  'influenced  largely  by  the  frequency  and  severity  of 
attacks  of  bronchitis,  ea'ch  of  which  tends  to  cause  fur- 
ther damage  to  the  lung  tissue.  In  individiuils  who  can 
aft'ord  to  reside  in  a  suitable  climate  and  avoid  attacks  of 
bronchial  catarrh  the  condition  may  be  stationary.  The 
condition  of  the  heart  and  kidneys  requires  careful  con- 
sideration. The  outlook  is  not  good  when  evidence  of 
breaking  down  of  cardiac  compensation  is  present,  and 
such  serious  signs  as  dropsy  and  albuminuria  usually 
pi-esage  a  fatal  issue.  Emphysema  is  a  frequent  accom- 
paniment of  interstitial  nephritis  and  is  in  such  instances 
altogether  a  subordinate  feature,  the  pi'ognosis  resting 
on  tiie  condition  of  the  kidneys. 

Treatment.— ienmv  truly  remarks  that  as  "emphy- 
sema is  an  incurable  disease,  its  prevention  is  of  the 
highest  importance,  and  to  determine  its  cause  ...  is  to 
determine  to  some  extent  the  means  to  be  employed  for 
ils  prevention."  It  is  of  much  importance  to  prevent 
fre(|uent  recurrences  of  broneliitis  and  to  this  end  the 
various  causes  of  bronchitis  should  he  as  far  as  possible 
avoided  If  circumstances  permit  residence  in  a  temper- 
ate and  equable  climate  is  to  be  recommended  m  winter 
and  in  the  changeable  and  uncertain  weather  of  the 
sprino-  and  fall.  After  the  development  of  any  degree 
of  the  disease  it  is  of  importance  to  avoid  any  occupa- 
tion involving  straining  efforts  as  such  are  certain  to  ag- 
gravate the  malady.  ,       -,   ■       f        * 

Patients  with  emphysema  usually  seek  advice  toi  at- 
tacks of  bronchitis  or  asthma,  and  as  the  treatment  of 
these  conditions  does  not  differ  from  that  ordinarily 
adopted  it  is  not  necessary  further  to  refer  to  them  here 

The  use  of  the  compressed-air  bath  is  highly  spoken  ot 
bv  C  T  Williams,  Fowler,  and  others.  Dyspnaa  is 
nSarkedly'  lessened  and  the  good  effect  continues  after  a 
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oourso  of  baths.  The  lack  of  apparatus  has  liitherto  pre- 
vented any  extensive  iise  of  this  mode  of  tieatment. 
Expiration  into  rarefied  air,  carried  out  witli  tlie  view  of 
emptying  the  chest  of  residual  air  and  so  aiding  expira- 
tion, iias'not  been  attended  witli  such  good  results  as  the 
use  of  compressed  air. 

When  symptoms  of  cardiac  failure  are  present  digi- 
talis and  strychnine  are  of  value,  and  in  cases  of  marked 
cyanosis  and  dyspntt>a  bleeding  and  the  withdrawal  of 
ten  to  twenty  ounces  of  blood  may  be  necessarj'. 

It  is  of  importance  not  to  overload  the  stomach,  as  dis- 
tention of  the  abdomen  increases  the  difficulty  of  breath- 
ing and  precipitates  asthmatic  attacks.  An  occasional 
dose  of  calomel  or  blue  pill  followed  by  a  saline  is  of 
much  value  in  relieving  the  portal  circulation,  particu- 
larly in  plethoric  subjects. 

II.  Atkopihc  Empiiysem.v  (syn.  8i)iftll-Lniige(l  Einphy- 
xeiiKt;  Seti.ile  Atrophy). — This  variety  of  emphysema  is 
met  with  in  old  people  and  is  I'ealiy  a  senile  atrophy 
of  the  lung,  accompanied  by  some  dilatation  of  the  air 
vesicles. 

The  contrast  between  hypertrophic  and  atrophic  em- 
physema is  very  striking,  tlie  only  feature  they  have  in 
common  being  some  dilatation  of  the  air  sacs. 

lu  atrophic  emphj^sema  the  lungs  are  small  and  dark- 
colored  from  excess  of  pigmentary  deposit.  They  can 
be  compressed  into  a  very  small  S])ace  and  collapse  when 
the  thorax  is  opened.  The  bronchi  sliare  in  the  general 
atrophy  and  sometimes  present  evidences  of  catarrhal 
intlammation.  Some  of  the  air  cells  ai'e  enlarged,  partly 
as  the  result  of  atrophy  of  adjacent  alveolar  walls,  partly 
from  the  bronchial  cough  which  is  so  common  in  ad- 
vanced life.  The  other  organs  present  the  changes  of 
senile  involution. 

Individuals  who  are  the  subjects  of  this  condition  are 
thin,  old,  and  shrivelled-looking,  and  they  do  not  suffer 
from  any  symptom  which  can  be  dissociated  from  tlie 
debility  and  failure  of  old  age.  Dyspna>a  is  absent  ow- 
ing to  the  general  atrophy  of  the  tissues  eau.sing  a  less- 
ened demand  for  oxygen. 

The  thorax  is  diminished  in  size  and  the  ribs  lie  more 
obliquely  than  usual,  being  closely  packed  together  and 
the  lower  ones  depressed  so  as  to  be  near  the  iliac  crest 
The  shoulders  are  often  rounded  and  stooping  is  tlierefore 
present.  Percussion  resonance  is  increased  owing  to  the 
thin  chest  wall,  but  the  cai'diac  dniuess  is  not  diminished 
and  may  even  be  increased  owing  to  retraction  of  the 
lungs. 

III.  Compensatory  Eipphysema.— This  form  of  em- 
physema results  from  disease  of  any  portion  of  the  lung 
in  which  the  volume  of  the  organ  is  diminished.  It  is 
seen  constantly  in  the  neighborhood  of  old  tuberculous 
foci  or  of  areas  of  collapse  in  broncho-pneumonia.  With 
disea.se  resulting  in  contraction  of  one  lung  the  opposite 
side  becomes  emphysematous,  this  change  being  seen  in 
its  highest  degree  in  the  fibroid  lung,  and  to  a  less  extent 
in  pleui-isy  or  pneumothorax.  In  the  earlier  stages  of  the 
affection  the  air  vesicles  are  simply  dilated,  but  ulti- 
mately the  adjacent  alveolar  walls  atrophy  and  a  perma- 
nent dilatation  ensues.  Gairdner'.s  view  that  emphy- 
sema is  due  to  inspiratory  stretching  of  the  air  vesicles  "is 
probably  in  part  the  explanation  of'this  form  of  emphy- 
sema, although  the  expiratory  stretching  due  to  cough, 
so  rarely  absent  in  pulmonary  disease,  doubtless  inten- 
sifies the  condition.  When  confined  to  a  small  area  this 
form  of  emphysema  is  chiefly  of  pathological  interest 
and  may  give  rise  to  no  physical  signs.  A  hyperreso- 
nant  note  witli  feeble  respiratory  murmur  and  prolonged 
expiration  over  a  limited  area  of  lung  is  suggestive  of  the 
condition,  and  if  present  at  the  apex  of  a  lung  usually 
indicates  a  tuberculous  focus. 

Compensatory  change  in  a  healthy  lung  may  be  of  the 
nature  of  true  hypertrophy.  It  is  indicated  by  an  in- 
creased rather  than  diminished  expan.sion,  and  by  the 
presence  of  puerile  breathing. 

Acute  Vesicular  Emphysema,— In  any  condition  in 
which  extreme  dyspnfea  is  present  this  type  of  emi)hy- 
sema  develops.     It  occurs  in  the  dyspna-Ii  of  cardiac  or 
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renal  di.sease,  in  asthma  and  bronchitis,  and  in  obstruc- 
tion of  the  air  passages. 

Tliere  is  only  a  temporary  distention  of  the  air  vesicles, 
passing  off  with  the  ces.sation  of  the  dyspnaal  attack, 
and  not  going  on  to  atrophy  and  destruction  of  the  alve- 
ohir  walls. 

The  condition  is  recognized  by  the  extreme  inspiratory 
distention  of  the  thorax,  by  the  increase  of  the  resonant 
areas  of  the  lungs,  and  by  the  hyperresonant  note, 
ffidema  i.s  frequently  present,  evidenced  by  the  crack- 
ling r;tles  at  the  bases  and  by  sonorous  and  sibilant  rales 
over  the  chest. 

The  treatment  is  that  of  the  primary  condition. 

Interstitial  Emphysema. — This  form  of  emphysema 
is  rather  rare  and,  clinically,  is  of  but  slight  importance. 

Air  occasionally  passes  into  the  interstitial  tissue  of  the 
lung  from  rupture  of  an  air  vesicle.  This  accident  is 
seen  after  severe  paroxysms  of  cough,  and  it  is  probable 
that  such  a  condition  not  infrequently  occurs  and  recov- 
ery ensues  without  any  special  symptoms.  In  some  in- 
stances, however,  the  air  pa.s.ses  along  the  connective 
tissue  to  the  mediastinum  and  thence  to  the  subcutane- 
ous ti.s.sue  of  the  neck  and  thorax,  where  it  is  recognized 
by  the  crepitating  sensation  conve3'ed  to  the  fingers.  On 
the  other  hand,  the  air  may  find  its  way  down  from  a 
wound  in  the  neck,  beneath  the  deej)  fascia,  and  thence 
to  the  connective  tissue  of  the  lung,  Monej'  has  recorded 
cases  of  tracheotomy  wounds  in  which  this  complication 
arose,  and  in  a  few  instances  pneumothorax  was  induced 
by  rupture  of  the  pleura.  Frederick  O.  Finley. 

EMPHYSEMA,  SUBCUTANEOUS  {ki^pvavim,  infla- 
tion;  from  £1',  in,  and  ipvaau,  to  hhur),  also  known  as 
cellular  or  surgical  emphy.sema,  may  be  defined  as  a 
pathological  condition  in  which  air  or  other  gases  are 
either  developed  in  or  introduced  into  the  cellular  tissue 
beneath  the  skin.  The  cases  of  air  or  gases  being  derel- 
oped  in  the  tissues  are  infrequent,  and  are  generally  the 
result  of  decomposition,  or  come  more  appropriately  un- 
der the  head  of  gangrenous  emphysema.  We  are  here 
concerned  with  those  cases  in  which  the  air  is  introduced 
into  the  tissues. 

Btiolocjy  and  Pathology. — The  most  common  loca- 
tion of  subcutaneous  emphysema  is  the  chest :  and  the 
causes  may  be  divided  into  traumatic  and  pathological. 
The  former  may  occur  in  any  of  the  following  ways :  (1) 
The  air  cells  of  the  lung  may  rupture  from  overdisten- 
tion  following  violent  expiratory  effort  of  any  kind,  and, 
the  pleura  remaining  intact,  the  air  escapes  "into  the  cel- 
lular tissue  between  the  lobules,  thence  by  the  root  of 
the  lung  into  the  superior  mediastinum,  then  to  the  cel- 
lular tissue  at  the  root  of  the  neck,  and  here  becoming 
subcutaneous  is  capable  of  spreading  over  a  large  part 
of  the  body.  It  may  cause  dyspnoea,  and,  if  very  severe, 
prove  fatal.  (2)  The  lung  may  receive  a  wound  (the 
chest  wall  remaining  intact),  as  when  it  is  lacerated  by 
a  fractured  rib;  in  this  case  the  air,  on  inspiration, 
passes  into  the  pleura,  and  during  expiration,  the  wound 
of  the  lung  being  closed  by  the  valve-like  action  of  the 
tissues,  the  air  is  pumped  out  and  finds  its  way  into  the 
subcutaneous  tissues.  (8)  A  wound  of  the  chest  v/all 
may  penetrate  the  pleural  cavity  (and  possibly  the  lung), 
and  if  the  wovmd  be  nan'ow  and  of  a  valvular  character^ 
with  the  external  and  internal  openings  not  opposite  to 
each  other,  then  during  inspiration  the  air  easily  passes 
into  the  pleural  sac,  but  on  expiration  the  edges  of  the 
woiuid  falling  together  cause  "the  valve"  to  "close,  and 
the  air  which  cannot  escape  in  any  other  way  infiltrates 
the  cellular  tissue.  (4)  In  a  long,"  sinuous  wound  of  the 
chest  wall,  which  does  not  reach  the  pleura,  air  may  be 
drawn  into  the  tfssues  during  inspiration,  but  the  wo"und 
closmg  during  expiration,  emphysema  results.  In  the 
above  cases,  it  tlie  lung  is  wounded,  there  may  or  may 
not  be  a  pneumothorax.  If  the  wound  happens  to  be  at 
a  spot  where  adhesions  exist  between  the  two  layers  of 
the  pleura,  there  will  be  no  pneumothorax.  (',)  Wounds 
of  the  trachea,  larynx,  or  bronchi  may  produce  emphy- 
sema.    "  Emphysema  occurring  at  the  time  of  the  oper- 
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ation  (/.('.,  tracheotomy)  is  due  to  ton  suiall  a  skin  wound 
or  to  ojicning  up  the  cellular  tissue  in  attempts  to  pass 
the  tube  ;  it  may  he.  very  extensive  and  spread  d(]\vn  into 
the  thorax  ;  in  such  oises  it  is  sometimes  fatal  from  press- 
ure upon  the  lungs.  Chanipneys  (Med.-Chir.  Trans., 
1882)  hassliown  experimental!}'  that  there  is  serious  dan- 
ger of  mediastinal  emphysema  and  pneumothorax  when 
artitieial  respiration  or  sudden  violent  inspiratory  effort 
is  made  after  division  (d'  the  deep  cervical  fascia;  hence 
the  tube  or  dilator  should  be  put  in  ((uickly  and  the  fas- 
cia disturbed  as  little  as  possible."  (Ashby  and  Wright: 
"Diseases  of  Children,"  Am.  ed.,  1893,  p.  186.)  Em- 
physema may  also  follow  paracentesis  thoracis,  but 
is  generally  slight,  though  severe  cases  are  not  un- 
known. "  Erichsen  mentions  a  case  in  which  the  scro- 
tum became  blown  oat  to  the  size  of  a  coeoaunt  live  min- 
utes after  a  puncture  of  the  chest,  in  which  the  patient 
coughed  violently")  (Lancet.  1889,  i.,  220).  In  the  head 
we  may  have  orbital  emphysema  from  fi-acture  of  one  of 
the  thin  orbital  bones  and  the  establishment  of  a  comnui- 
nication  witli  one  of  the  air-coutaiuing  ea\'ities.  In  the 
abdomen  emphysema  has  been  caused  by  rupture  of  the 
duodenum  or  perforati(ai  of  the  c*cinn. 

Symptoms. — History  of  the  injury.  Disability,  vary- 
ing with  the  degree  and  location  of  the  hurt.  Painful 
constriction  of  the  chest  at  the  seat  of  the  lesion,  with 
dvspncea  and  tendency  to  suffocaticm.  The  chief  symp 
torn  is  the  swelling,  Avhieh  has  little  or  no  discoloration, 
is  possibly  pale,  is  not  painful,  has  no  sense  of  weight, 
on  pressure  it  pits  but  slighll_y  and  the  pitting  is  very 
transient,  but  there  is  a  peculiar  and  unmistakable  creji 
itation  or  crackling  which  is  pathognomonic  of  this  con- 
dition. The  swelling  begins  at  the  seat  of  the  lesion  (but 
when  it  is  tirst  seen  at  Uie  root  of  the  neck  it  is  caused 
by  rupture  of  the  lung)  and  increases  rather  rapidly,  its 
size  varying  somewhat  with  the  laxity  of  the  subcutane- 
ous tissues  "it  is  mostly  limited  to  the  trunk  and  neck, 
though  occasionally  it  liiay  extend  over  the  greater  part 
of  the  body.  In  severe  cases  the  air  may  separate  the 
fascia  and  penetrate  between  and  below  the  muscles. 
The  palms  and  soles  and  also  the  scalp  generally  escape. 
When  the  swelling  is  very  small,  it  is  lobulated,  and  by 
pressure  the  air  can  be  dri-s'cn  out.  An  external  wound 
can  generally  be  found  when  the  air  has  entered  from 
without;  if  from  within,  an  expiratory  effort  will  cause 
the  swelling  rapidly  to  increase  in  .size.  <.ln  the  face,  the 
features  may  be  obliterated,  and  the  eyes  hidden  by  the 
swollen  lids. 

Prognosis  and  Treatment.— The  prognosis  is  as  a 
rule  quite  favorable ;  the  air  generally  becomes  absorbed 
rapidly  and  completely  ;  only  rarely  inducing  inflamma- 
tion. The  danger  is  in  the  pressure,  or  in  the  pneumo- 
thorax, with  which  emphysema  is  often  associated.  Caie 
must  be  taken  to  prevent  sepsis.  If  absorption  do  uot 
take  place,  we  may  try  pressure  by  means  of  strappmg 
01-  bandages;  these  failing,  we  try  multiple  punctures  or 
incision.     Antiphlogistic  measures  are  in  order. 

Subcutaneous  emphysema  appears  to  have  attractions 
for  others  besides  the  physicians.  In  Europe  it  is  artifi- 
cially induced  by  malingerers,  by  mendicants,  by  prison- 
ers, and  those  who  from"  lack  of  patriotism  or  some  other 
cause  do  not  wish  to  serve  in  the  army.  These  enterpris- 
ing individuals  by  means  of  a  small  wound  inflate  1;he 
subcutaneous  tissues  and  then  produce  a  deformity 
which,  though  transitory,  may  possibly  serve  their  pur_ 
pose  and  excite  the  sympathy  if  not  the  admiration  ot 
the  more  honest  and  hard-working  portion  of  the  com- 
munity. 
Fifteen 

neous   emphy'sema'as   a   method   of   "life-savin_ 
drowning  " ;    but  the  idea  does  not  seem  to  have  been 
generally  accepted.  1^-  J-  ^-  '*"**■ 

EMS  —This  well-known   spa,    about  70  miles    from 
Cologne  via  Coblenz,  is  beautifully  situated  in  the  nar- 
row valley  of   the  River  Lahn,  at  an   elevation  of  300 
feet.     On  both  sides  of  the  river  rise  precipitous  and  f  or- 
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een  years  ago  Dr.  Silvester,  in  the  Lancet  (1885, 
ii.,  418),  suggested  the  self-induction  of  subcuta- 
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est-covered  mounlains.  It  exhibits  all  the  characteiistics 
of  a  spa  town:  numerous  hotels,  large  and  small,  villas 
and  lodging  houses;  the  bath-houses  with  a  magniticeut 
Kursaal;  |iublie  gardens  admirably  laid  out,  wiHi  a  tine 
covered  walk  ;  liazaars,  restaurants,  cafes,  and  an  English 
churi  h. 

The  climate  is  a  mild  one,  the  average  temperature  of 
the  year  being  49.1°  F.,  and  for  the  summer,  May,  57  9° 
F.,  June  (J4.C"F..  July  60.3"  F.,  August  63.5°  F.,  Sep- 
tember 57.9"  F.  The  annual  rainfall  is  26.2  inches.  The 
season  extends  from  May  1st  to  September  30th.  May 
and  September  ai-e  the  pleasantest  months;  the  summer 
is  said  to  be  I'ather  too  warm  foi'  comfort.  The  town 
contains  about  8,000  inhabitants  and  about  22,400  persons 
visit  it  annually,  among  whom  are  many  Americans, 
English,  and  Russians.  Here  one  can  lead  a  pleasant 
life  with  good  music  and  good  society.  For  many  years 
the  Emperor  "William  I.  was  accustomed  to  take  these 
waters,  and  it  was  here,  on  July  15th,  1870,  that  he  made 
his  memorable  answer  to  the  French  ambassador  which 
led  to  the  war  of  1870-71. 

Tlie  warm  \\  aters  of  Ems  have  been  known  and  used 
since  the  fourteenth  century  or  even  earlier,  and  flow 
from  warm  alkaline  saline  springs  wdiose  source  is  from 
a  very  compact  sandstone  which  runs  into  quartzite;  the 
tempeniture  ranges  from  80"  F.  to  120°  F.  The  princi- 
pal constituents  are  sodium  carbonate,  sodium  chloride,, 
and  free  carbonic  acid;  the  Eisenquelle  contains  only  car- 
bonate of  iron.  There  are  eight  or  nine  springs,  all  simi- 
lar chemically  but  differing  in  temperature;  tho.se  most 
used  are  the  following,  with  their  temperatures :  Kessel- 
brunnen,  116°  F. ;  Kralmcheu,  96°  F.  ;  Ftirstenbruuneu, 
103"  F.  ;  Augusta,  103°  F.  ;  Victoria,  81°  F.  ;  Kaiser- 
brunnen.  83'  F. 

According  to  Ilucklaiid,  tla;  chief  ingredients  in  six- 
teen ounces  are  as  follows: 

Bicarbonate  soda It  to  1.5  grains. 

CSloriild  sodium 7 

Bicarbonate  linio 1  to   2 

BicarlKinate  liiajinosiuDi 1  to   3 

Carbonic  acid  gas 0  to    8  cu.  in. 

These  waters  are  used  ]ii-iiici])ally  for  drinking,  but 
they  are  also  employed  for  the  purposes  of  gargling,  iu- 
ladatiou,  and  bathing. 

The  baths  are  well  fitted  uji  with  apparatus  for  hot  and 
cold  douches  and  various  other  methods  for  water  a|ipli- 
cation.  There  are  six  public  bath-houses  with  one  hun- 
dred and  eighty  bath-rooms.  One  of  the  especial  features 
in  the  utilization  of  these  waters  is  the  method  of  ap- 
plying sprays  to  the  throat,  and  the  inhalation  of  finely 
pulverized  water,  either  simple  or  medicated.  There  are 
also  rooms  for  gargling;  a  milk  and  whey  cure;  and  a 
"terrain  kur.  "  Massage  is  also  given  in  connection  with 
the  liaths.  The  waters  are  chiefly  drunk  between  six  and 
eight  in  the  morning,  and  the  "jour  medical"  is  very 
much  like  that  at  other  Euroijean  spas. 

A  large  quantity  of  this  water  is  annually  exported. 
From  the  town  a  wire-rope  railway  leads  to  the  top  of 
the  wooded  Malberg,  1,090  feet  high,  where  are  charm- 
ing walks  provided  with  convenient  resting  places;  there 
are  also  numerous  other  attractive  excursions  in  the  vi- 
cinity. The  accommodations  are  good  and  abundant,  and 
the  health  reports  are  satisfactory. 

The  waters  of  Ems  are  employed  in  a  variety  of  mala- 
dies and,  as  is  more  or  less  the  case  in  all  carefully  regu- 
lated spas,  the  hygienic-dietetic  rules  inculcated  along 
with  the  use  of  the  waters  undoubtedly  greatly  increase 
their  efiicacy.  Two-thirds  of  the  patients  who  visit  Eras 
are  sufferers,  it  is  said,  from  chronic  catarrh  of  the  nose, 
larynx  pharynx,  and  bronchi.  Indeed,  one  of  the  un- 
pleasant features  of  the  place  is  the  coughing  and  expec- 
toration met  with  on  all  sides.  Chronic  bronchitis  from 
measles  or  whooping-cough  receives  marked  benefit  from 
the  treatment  here.  Chronic  gastric  and  intestinal  ca- 
tarrh hepatic  congestions,  atonic  dyspepsia  associated 
with'anteniia,  cystitis,  gouty  and  rheumatic  affections, 
especiallv  the  former;  excessive  nervous  irritability,  hy- 
pochondria, hysteria,  paralytic  affections  of  the  limbs, 

817 


Enceplialocele, 
End-Organs. 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


are  diseases  which  are  treated  more  or  less  successfully 
at  Ems.  Skin  diseases  and  scrofula  are  also  in  evidence 
here  as  at  ahnost  every  other  bath  resort.  The  baths  are 
extensively  employed  in  cases  of  leucorrhn?a,  in  catarrhal 
conditions  of  the  uterus  and  cervix  uteri,  in  nervous  cases 
of  dysmenorrhoea  and  in  sterility. 

Indeed,  one  sometimes  wonders  what  chronic  diseases 
that  flesh  is  heir  to  are  not  benefited  at  such  popular 
spas  as  Ems,  according  to  the  advocates  of  natural  hy- 
drotherapy. The  comparative  ease  of  access  from  Paris 
or  England  renders  Ems  very  available  for  Americans; 
and  its  attractive  situation  in  the  vicinity  of  the  Rhine 
invites  the  Aveary  traveller  to  settle  down  there  for  a 
biicf  season,  improve  his  metabolism  by  a  course  of 
water-drinking,  diet,  and  rest,  and  then  go  on  his  way 
rejoicing  in  his  renewed  health  and  vigor. 

Edward  0.  Oti«. 

ENCEPHALOCELE.     See  Bmin  :  Cephuloeele. 

ENCHONDROMA.     See  Chondmma. 

ENDARTERITIS.     See  Blood- Vessels.     (Path.) 

ENDOCARDITIS.     See  Heart  Diseases. 

END-ORGANS,  NERVOUS.— While  in  origin  all  ner- 
vous structures  may  be  saiil  to  have  been  derived  from 
pei'ipheral  structiu'es,  in  so  far  as  the  nervous  elements 
are  ectodermal  rather  than  otherwi.se,  yet  in  higher  ani- 
mals the  separation  of  those  elements  that  are  aggregated 
within  the  body  to  form  a  central  system  fi'om  those 
which  retain  their  primitive  connection  with  epidermal 
structures  is  so  complete  as  to  warrant  the  division  of 
nervous  elements  into  central  and  end-organs. 

End-organs  fall  likewise  into  two  great  classes  depend- 
ing (in  tlie  origin  of  the  stimvilus  they  are  designed  to 
receive.  Peripheral  organs,  properly  so  called,  are  such 
as  are  adapted  to  receive  stimuli  from  without,  as  in  the 
case  of  the  sensory  cells  in  the  skin  and  organs  of  special 
sense  (and  this  group  cannot  well  be  arbitrarily  sepa- 
rated from  tlie  entirely  similar  organs  of  the  iesthesodic 
system  within  the  body)  while  kinesodic  end-organs  are 
such  as  are  intended  to  deliver  to  organs  like  muscles  and 
glands  the  stimuli  elaborated  in  the  central  sj'stem.  In 
addition,  there  is  the  system  of  somatic  or  sympathetic 
organs  which  serves  to  modify  the  function  of  one  organ 
in  accordance  with  the  activities  of  others — a  sj'Stem  of 
somatic  equilibrium  probably  much  more  important  than 
even  3'et  supposed. 

In  this  article  the  somatic  or  so-called  S3'mpathetic  sys- 
tem is  not  included. 

Pekipuek.vi,  End-Organs. — It  would  seem  from  the 
data  of  comparative  anatomy  that  the  progenitors  of  the 
vertebrates  had  sensory  cells  scattered  among  the  epider- 
mal elements  in  the  skin,  and  that  in  the  course  of  evo- 
lution there  was  exhibited  a  tendency  for  these  cells  to 
become  collected  toward  the  lateral  and  dorsal  ]iarts  of 
the  body  and  especially  in  tlie  region  of  the  future  head. 

Probably  Van  Gehuehten  was  the  first  to  announce  the 
discovery  of  .scattered  sen.sory  cells  in  the  skin  of  the 
earthworm,  though  the  observation  ivas  made  some  time 
earlier  in  the  writer's  laboratory.  This  author  and  Ret- 
zius  agree  that  these  cells  are  directly  connected  with 
the  central  nervous  system  by  nerve  fibres  having  origin 
in  the  cells.  Such  cells  would  seem  to  be  analogous 
with  sen.sory  ganglia  and  might  be  supposed  to  combine 
the  function  of  such  ganglion  cells  with  those  of  special 
sense  cells  (rod  cells  and  the  like). 

Lewis  Atheston  has  dcscrilied  (Annt.  Am.,  xvi.,  20) 
nervous  structures  in  the  worm  Tahife.t  rwiiloriim,  ex- 
hibiting a  still  higlier  differentiation.  He  shows  that  in 
worms  there  are  not  only  scattered  nerve  cells  in  the  e))i- 
dermis  which  have  the  direct  fibrous  connection  with  the 
central  system  described  by  Retzins,  but  that  there  are 
other  cells,  in  no  way  fundamentally  different,  which  ai-e 
grouped  symmetrically  to  form  sense  organs  upon  the 
prostoraium  and  first  few  segments  of  tliebody.     These 
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sense  organs,  though*  there  are  no  specially  modified  sup- 
porting or  central  glandular  cells  as  in  vertebrates,  bear 
an  unmistakable  resemblance  to  the  lateral-line  buds  of 
amphibians,  etc.  Atheston  finds  all  gradations  between 
the  isolated  cell  and  the  sense  bud,  and  is  inclined  to  re- 
card  the  one  as  a  derivative  of  the  other,  either  in  tliat 
the  sense  organ  is  the  I'esult  of  a  closer  aggregation  of 
tlie  isolated  cells  or  that  the  isolated  cells  are  the  result  of 
a  degeneration  of  more  primitive  sense  organs,  pcrhaiis 
as  a  result  of  the  influence  of  the  enclosing  tube  (.see  also 
Mi.ss  Langdon's  paper  on  the  "Sen.se  Organs  of  Nereis." 
,/iiiir.  eif  Comp.  Neurol.,  x.,  1.) 

In  the  case  of  vertebra.tcs  the  concentriftion  proceeds 
fuither  and  the  spinal  ganglia  are  permanently  separated 
from  the  skin,  while  the  peripheral  sensory  fibres  in 
mo.st  cases  seem  to  arise  in  the  cells  of  the  ganglia  and 
proceed  by  a  process  of  repeat('d  subdivision  and  elonga- 
tion toward  the  skin,  where  connections  are  effected  in  a 
secondary  manner  witli  sensoiy  cells  in  the  epithelium. 

In  Amphioxus  it  would  appear  that  the  sensory  ganglia 
are  as  yet  unfoi-med,  their  elements  being  scattered  in  the 
form  of  dispersed  nerve  cells  throughout  the  dorsal  or  sen- 
sory nerve  trunk  in  each  segment.  In  lower  vertebrates, 
notabl}'  aquatic  am- 
philiia,  if  our  studies 
are  correct,  an  interme- 
diate condition  is  found. 
Tlie  peiiplieral  sense  or- 
gans show  an  unmis- 
takable tendenc.y  to  col- 
lect into  bands  along  the 
lateral  aspects  of  the 
body  to  f(jrm  the  so- 
called  lateral-line  organs 
which  are  composite  ag- 
gregates of  nervous  and 
glandular  elements.  Not 
all  the  sensory  cells  are  yk.  \m).  ~  Isolated  Sensory  Cells 
thus  collected,  but,  es  from  Tubifex  rivutorum.  (After 
peeially  on  the  head,  Atheston.) 
there  are  numerous  cells 

of  unmistakably  nervous  nature  that  are  not  collected 
into  buds  as  are  those  of  the  lateral  line. 

In  the  tailless  amphibia  the  curious  fact  was  noticed 
that  after  the  metamorphosis  the  sensory  or  rod  cells  are 
liberated  from  their  original  association  in  the  "buds." 
and  are  scattered  on  the  surface  of  the  head  and  back  in 
groups  in  such  a  way  that  the  free  or  distal  end  of  all  the 
cells  of  the  group  lie  in  a  pore  of  the  skin.  It  seems 
scarcely  to  be  doubted  that  these  scattered  gi-oups  are 
actually  the  same  cells  that  in  the  larva  are  found  in  the 
sense  buds. 

The  greatest  diversity  of  opinion  still  prevails  as  to  the 
nervous  connections  of  these  peculiar  cells." 

The  most  probable  view  is  that  two  entirely  distinct 
sets  of  nerve  fibres  are  associated  with  the  lateral-line 
buds,  one  consisting  of  such  a  felting  of  perigcmmal 
fibres  as  may  be  demonstrated  by  methylene  blue  in  the 
case  of  skin  glands.  Avhile  in  the  other,  the  specific  ner- 

»Tlier.)ntrast  between  the  results  of  .lilTen-nt  methods  is  nowhere 
better  lljustran'ii  tlian  in  the  dilTeivnt  nun  lusmns  reached  by  Fusari 
and  Paiiusia  on  the  one  hand  (Arch.  Italicnncs  de  Biol  xiy'  p  240) 
and  those  of  Arnstein  (Archiv  f.  mikroskop.  Anat  xxxi  ") 
The  former  authors  worked  with  the  chrome-silyer  method  and  de- 
scribe a  direct  communication  of  the  nerve  fibre  with  the  rod  cells  of 
the  taste  buds.  (This  we  are  able  to  substantiati.  (nun  oei-sonal  ob- 
servation.) Arnstein  on  the  ..thcr  band,  (lcni,.s  su,h  cnnnection 
most  emphatically  and  claims  thattcaserl  prcparatinns  with  methylene 
1  ue  show  with  all  possible  clearness  mat  lliere  is  no  such  connection, 
lint  instpad  tlia  the  varicose  nerve  fibres  form  a  feltinff  ol  fibres 
aroni.l  the  axial  and  outer  ,-ells  ..f  ilie  bud  and  end  free  in  the  pore. 

h1'.",i  ■,■.'"„  ."m  \'T'\  "",'"''',','■  'r"''  I'l'dihKs  in  the  lllltorm  papilUe. 
He  does  not    ind  r,,rk.',l  cells,  but  inclines  to  the  view  that  such  cells 

md\  f  r';.",';?''!':!'-'';'""  .■*  '^'  V™  "«-^''  ">"•--■  f"»'  t^e  periphery 

e  wee      iH    .Hi'i    ,    ■;  o"  "  "'"«*,et'-    The  appearance  of  continuity 

between  the  cell  and  the  nerve  fibre  is  said  to  be  illusory  and  is  ex- 

p  allied  as  due  lo  the  l.lackenlnB  of  the  cell  as  well  as  the  fibre    Ehrlfch 

■el  s  in  the  n  nco,;"''!"''''  '"'•■  ^Ti.  *>  '^"^'^^^'i  intensely  colored 
(ells  in  the  mncons  iiiemhrane  of  the  0  factory  region  which  pass 
Without  Interruption  InO,  a  niMve  fibre,  but  these  cases  Arnst(Sn  also 
dismisses  a|»  illusory.    Dr.  Nlemack  has  also  reachi?,!  simito  (^on?  u- 
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vous  structures  consist  of  rod  cells,  not  in  the  centre  of 
the  bud  as  stated  by  authors  but  more  peripherally  situ- 
,ated.  The  last-mentioned  undoubtedly  connect  with  a 
nerve  libre  that  seems  to  be 
continuous  with  the  cell, 
though  it  is  possible  that 
there  is  an  interruption  of 
the  actual  continuity  beneath 
the  corium  of  the  skin. 

Inasmuch  as  the  epithelial 
lajcis   of    the     mouth    and 


FIG.  1891    A  AND  B.- 


-Sense   Buds  from  the  Skin    of   the   Axolotl. 
(Original.) 


tongue  are  morijhologicall^y  only  portions  of  the  skin,  it 
is  necessary  to  examine  these  regions  for  light  on  the 
nerve  endings  as  they  may  be  modified  under  the  special 
conditions  here  existing.  In  the  frog,  which  has  been 
the  subject  of  the  most  elaborate  investigation,  the  sense 
of  taste  cannot  be  at  all  highly  developed,  for  the  animal 
is  accustomed  to  swallow  its  food,  cliiefl^r  horny-coated 


Pig.  1892.—^,  Perlf-ellular  Endings  from  Sensory  Bud  of  Conger  Eel. 
B,  Intrabulbar  endings  in  harbus.     (Lenhossek.) 

insects,  without  mastication;  and  experiments  (Bethe) 
prove  a  very  sluggish  response  to  chemical  irritants.  In 
the  tongue  of  the  frog,  as  well  as  in  the  palate,  there  are 
numerous  scattered  specific  sense  organs,  those  of  the 
tongue  being  fiat  end-plates,  while  those  of  the  palate 
are  protuberant  sensory  papillffi.  Although  these  organs 
were  described  by  Leydig  in  1858  they  have  frequently 
been  the  objects  of  special  study  since  then,  and  even 
now  authors  are  not  wholly  in  agreement  as  to  the  details 
of  the  structure.  The  cellular  elements  in  these  sense 
organs  consist  of  the  cylinder  of  flask  cells  formmg  the 
protection  for  the  sensory  rod  cells,  a  subordinate  variety 
of  which  has  been  termed  forked  cells  by  reason  of  the 
divided  peripheral  projection.  Alate,  or  winged  cells, 
around  the  cup  or  flask  have  also  been  noticed  by  some 
authors.  Bethe,  who  has  recently  studied  these  buds  by 
means  of  the  modification  of  the  methylene-blue  method 
which  bears  his  name,  finds  two  sorts  of  nervous  termmi 
in  them:  first,  free  termini  lying  between  the  cylinder 
cells  and  reaching  the  surface ;  second,  termini  with  bulb- 
like expansions  on  various  cells  (Fig.  1894).  One  type  of 
such  endings  is  three-lobed  and  such  endings  are  affixed 
to  the  sides  of  the  cylinder  cells;  the  other  variety  has 


Fig.  Wm.—A,  Nerve  Endings  In  Jacobson's 
Organ.  (Lenhfissek.)  B,  Nerve  endings 
in  taste  bulbs.    (Arnsteln.) 


Simple  circular  end-plates  and  these  endings  are  found 
on  the  rod  cells,  fork  cells,  and  possibly  also  on  cylinder 
cells.  In  no  case  did  Bethe  succeed  "in  finding  actual 
continuity  between  the  rod  cells  and  the  nerve.  He  in 
fact  seems  to  find  greater  intimacy  of  connection  between 
the  cylinder  cells,  which  are  not  sujiposed  to  have  a  ner- 
vous function,  than 
with  the  rod  cells, 
and  in  no  case  is 
there  more  than  a 
contact  witli  the 
ceil  wall.  He  ex- 
plains the  continu- 
ity detected  by 
Arnstein  and  otliers 
as  the  result  of 
faulty  observation 
and  i  m  p  e  r  f  e  c  t 
methods.  In  the 
ordinary  pavement 

epithelium  of  the  palate  Bethe  finds  termini  on  gland 
cells  and  cihated  cells,  as  well  as  deeper  elements.- 

Our  own  studies  of  the  gustatory  epithelium  of  the 
axolotl  are  in  accord  with  the  results  of  Bethe  upon  the 
frog  so  far  as  tlie  diffuse  endings  are  concerned,  though 
the  methylene  blue  does  not  give  adequate  insight  into 
the  connections  between  fibres  and  cells.  The  taste 
buds,  on  the  other  hand,  afford  results  similar  to  those 
obtained  from  the  sensory  buds  of  the  skin.  The  source 
of  many  of  the  erroneous  conclusions  reached  is,  as  men- 
tioned beyond,  the  fact  that  in  successful  methylene-blue 
preparations  it  often  happens  that  fibrous  elements  stain 
when  the  cells  of  origin  for  the  same  fibres  do  not. 

Diffuse  Peripherai  Connections. — Various  early  writers 
have  reported  the  existence  of  a  dense  network  or  felting 
of  nervous  material  among  the  epithelial  and  even  the  cor- 
neum  cells  of  the  skin.  This  structure  was  first  made  out 
by  the  use  of  gold  chloride,  and  there  was  always  left  open 
the  possibility  that  the  appearance  was  due  to  the  disposi- 
tion of  metallic  salts  in  the  interstices  between  the  cells. 
Dogiel,  in  his  paper  on  the  nerve  endings  of  the  genitalia, 
figures  a  very  extensive  meshwork  of  this  kind  with  here 
and  there  a  free  knob-like  termination,  and  he  traces  the 
lower  part  of  the  reticulum  to  a  direct  communication  with 
a  set  of  nerve  fibres  passing  perpendicular  to  the  skin  (Pig. 


Fig  1894  -Nerve  Endings  In  the  Epithelium  of  the  Frog.  (Aocordmg 
to  Bethe  )  A,  "Gabelzelle,"  from  sensory  papilte  of  the  tongue; 
B,  cylinder  cells:;  C,  isolated  rod  cell;  D,  upper  part  of  papilla; 
e\  dilate  cell  of  palate. 

1895)  Strong,  in  his  paper  on  the  cranial  nerves  of  the 
frog  figures  a  similarly  minute  meshwork.  In  all  of  the 
above  cases  there  is  the  element  of  uncertamty  growing 
out  of  the  fact  that  the  methods  are  impregnation  rather 
than  staining  processes  and  are  histologically  uncertain. 
In  the  skin  of  the  Amphibia  there  exists,  at  the  base  or 
ental  aspect  of  the  layer  of  Malpighi,  a  layer  or  stratum 
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which  is  in  a  peculiarly  nascent  state.  These  cells  are 
devoid  of  the  thick  and  rigid  walls  characteristic  of  the 
superficial  cells  and  are  protoblasts  rather  than  complete 


Fig.  1895.— Diagram 


if    the  Skin    of    tlie    Sexual    Organs. 
Uogiel.) 


(After 


cells.  In  this  laj'er  we  va&y  find,  at  all  stages,  the  evi- 
dences of  mitotic  division.  In  fact  there  is  a  permanent 
proliferating  zone  in  this  region.  Comparison  of  this 
stratum  with  that  of  higher  vertebrates  shows  that  the 
latter  form  no  exception,  though  it  is  not  always  aasy  to 
detect  the  protoblastic  elements.  A  single  theoretical 
consideration  is  sufficient  to  convince  one  that  this  is 
what  should  be  expected,  for  it  is  of  course  recognized 
that  every  type  of  vertebrate  has  some  provision  for  the 
constant  or  occasional  removal  of  the  skin.  In  some 
cases  the  process  of  removal  of  the  corneum  is  intermit- 
tent, while  in  others  it  is  gradual.  In  either  case  it  is 
obvious  that  there  must  be  a  proton  of  undifferentiated 
material — of  cells  that  have  not  passed  beyond  the  plastic 
stage.  In  those  parts  of  the  skin  where  there  is  little 
differentiation  between  the  various  layers  the  dfllerence 
between  the  corneum  and  deeper  cells  is  not  readily  de- 
tected in  preparations  by  the  usual  processes,  but  in  the 
thicker  portions  where  the  so-called  Leydig  cells  ai)pear 
the  basal  protoblasts  are  crowded  into  the  Interspaces  and 
pried  apart.     One  effect  of  this  process  has  been  to  stretch 


Fig.  1898.---Skln  of  Axolotl,  showing  Pericellular  Network  and  the 
Nerve  Fibres  Entering  from  Below.     (Original.) 

the  connecting  protoplasm  into  an  excessively  thin  layer 
or  film  enveloping  the  Leydig  cell  either  completely  or 
as  a  coarse  mashwork  of  naked  protoplasm.     In  all  the 


preparations  we  have  seen,  the  appearance  is  that  of  a 
broad  reticulum  arising  in  the  intercalary  or  basal  proto- 
blasts and  enveloping  the  cell  in  such  a  way  as  to  wrap 
it  completely  in  the  products  of  the  adjacent  pro- 
toblasts. 

The  nerve  supply  to  the  reticulum  is  abundant, 
and    the    fibres    can   be   traced   without  difficulty 
through  the  corium  layer  in  all  pj'eparations.     The 
sheaths  seem  to  cease  after  passing  the  corium  and 
the  subsequent  course  is  less  easy  to  make  out.     In 
a  considerable  number  of  cases  it  has  been  possible 
to  trace  such  fibres  with  all  desirable  clearness  to 
actual  connection  with  the  bases  of  the  lower  pro- 
toblasts above-mentioned.     The  fibre  is  red,   as  is 
the  protoplasm,  so  that  it  I'emains  possible  that  the 
exact  nature  of  the  union  is  not  obvious,  j'et  from 
the  fact  that  two  masses  of  naked  protoplasm  thus  come 
in  contact,  the  range  for  possible  modes  of  union  cannot  be 
extensive.      It  is  believed  tliat  the  condition  above  de- 
scribed in  so  striking  an  example  is  by  no  means  limited 
to  the  acpiatic  or 
semi -aquatic   ver- 
tebrates.    It    has 
.simply  been  most 
clearly     seen      in 
these     cases     be- 
cause the  cells  are 
so  large   and    the 
intracellular  retic- 
ulum   is    so    evi- 
dent  (Pig.    1896). 
It  is  evident  that 
many  of  the  end- 
ings    to     be    de- 
scribed beyond  as  free  nerve  endings  receive  a  new  in- 
terpretation when  it  is  understood  that  these  may  lie  in 
immediate  contact  with  protoplasmic  material  lying  be- 
tween tlie  mature  cells  and  forming  a  stroma  in  which 
they  are  in  a  sense  embedded.     It  has  been  suggested  that 
to  some  such  reticulum  as  that  indicated  the  organs  may 
owe  the  remarkable  solidarity  and  co-ordination  of  their 
activities. 

Free  Nene  Endings  of  the  l>kin.~lt  seems  ahundaEtl_y 
proven,  in  spite  of  the  doubts  of  Krause,  Goldscheidef, 
and  others,  tJrat  free  nerve  endings  exist  in  the  epidermal 


Fig.  1897.  —  Vertical  Section  through  the 
Outer  Part  r.f  the  Cornea  ot  a  Kabblt. 
(After  Kolliker.) 


^"';J*?&^^,''*'""°  ''"•"""EH  Ei.ltheliiiiii  and  Part  of  the  Mucosa  of 
the  Ctsophagus  of  a  Cat.    Eud-ball  ^,  ith  teruunal  arborizaUont. 

layer  of  the  skin.  These  are  among  the  most  difficult 
objects  to  preiiare  suitably  for  study  and,  as  suggested 
above.  It  IS  probable  that  these  fibres  have  relatiSns  pri- 
marily with  an  intercellular  reticulum  derived  from  pro- 
^^'^Tu  "^^^"^'^^  l"ye>-.  The  cornea  is  a  favorite 
art  ot  the  skin  in  which  to  demonstrate  these  fibres,  but 
they  seem  to  be  distributed  over  the  whole  body  surface 
Belonging  to  the  same  category  apparently  are  the  so- 
called  tactile  menisques  identified  by  Ranvier  Ii^  this 
c^se  also  the  fibres  communicate  with  ill-defined  flattened 
thfsHn  ''  '"^  '"^^  superficial  and  deep  layers  of 
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It  is  as  yet  impossible  to  determine  what  tlie  relation 
of  the  tine  arborizations  of  these  free  endings  may  be  to 
the  so-called  hot  and  cold  spots.     It  appears,  however, 

that  the  percep- 
tion of  heat  and 
pain  is  iutimatel_y 
associated  with 
circulatory 
changes  and  that 
the  nerve  supply 
to  the  capillaries 
must  not  be  over- 
looked. 

M  i  s  s  DeWitt 
has  described  with 
much  skill  the  ter- 
minations of  free 
fibres  in  the  mu- 
cous membrane  of 
the  oesophagus. 

"The  large, 
medullated,  sen- 
sor}- fibres,  found 
in  the  nerve 
trunks  of  both  the 
intermuscular  and 
the  submucous  plexus,  pass  through  the  muscularis  mu- 
cosfe  and  form,  with  frequent  branching,  a  finer-meshed 
plexus  in  the  deeper  parts  of  the  mucosa.  From  this 
plexus  branches,  still  medullated,  are  given  off,  which 
pass,  repeatedly  dividing  at  the  nodes  of  Ranvier,  toward 
the  epithelium.  Under  the  epithelium,  these  nerve  fibres 
lose  their  medullary  sheaths  and  form  a  fine-meshed  sub- 
epithelial  plexus,  whose   fibres  extend  for  considerable 


Fig.  1899.— Tangential  Section  ot  Mucosa  o£ 
(Esophagus  ol  Cat. 


TTir    iqnn  — T  ondtudinal  Section  of  Vibrissa,  showing  the  Pulyinus  or 
^krSle  K  and  me  Path  of  the  Nerve  to  the  Annular  Bmg. 

iistances  under  the  epithelium.  Before  losing  their  nied- 
ullary  sheaths,  many  of  the  medullated  fibres  g^e  ott  at 
tte  Jodes  of  Ranvier  non-medullated  fibres,  wl"ch  also 
pass  up  toward  the  epithelium  and  assist  m  the  forma- 


tion of  the  subepithelial  plexus.  From  this  plexus,  as 
well  as  from  non-medullated  fibres  which  come  up  di- 
rectly from  the  mucosa  and  seem  to  take  no  part  in  the 
formation  of  the  plexus,  fine,  varicose  nerves  pass  up 
into  the  epithelium,  wind  between  the  epithelial  cells, 
occasionally  giving  off  longer  or  shorter  branches,  which 
terminate  in  varicosities  of  different  forms  and  sizes ;  the 
terminal  fibres  also  finally  end  in  ball-like  thickenings 
on  or  between  the  epithelial  cells,  either  near  the  sur- 
face or  at  a  greater  depth. 

"That  the  terminal  and  lateral  arborizations  surround 
the  epithelial  cells,  ending  on  or  between  the  cells  in 
small  varicose  thickenings,  sometimes  on  the  surface  cells 
and  sometimes  on  the  deeper  ones,  may  be  seen  in 
Fig.   1898,  taken  from  a  cross  section  of  the  ojsopha- 
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Fig  1901.— Longitudinal  Section  of  Sheath  of  Vibrissa  at  the  Pulvinus, 
showing  Part  of  Annular  Nerve  Ring  as  seen  by  Golgl  Method. 
(From  Messinger,  after  Herrlck.) 

geal  mucosa  of  a  young  eat.  In  the  greater  part  of  the 
fesophagus,  these  terminal  arborizations  seem  to  be  puite 
evenly  distributed,  and  it  has  seemed  to  me  probable 
that  nearly  all  of  the  epithelial  cells  come  in  contact 
with  one  or  more  of  the  terminal  nerve  fibres.  In  the 
upper  part  of  the  cesophagus,  however,  near  its  junction 
with  the  pharynx,  there  are,  in  addition  to  these  uni- 
formly distributed  telodendria,  certain  peculiar  ball-like 
masses,  consisting  of  the  telodendria  of  several  nerve 
fibres  whose  branches  are  very  short  and  soon  become 
non-medullated.  The  non-medullated  fibres  soon  break 
up  into  long,  slender,  varicose  end-branches,  forming 
end-brushes  which  meet  and  intermingle  with  the  end- 
brushes  of  other  nerve  fibres,  making  a  dense  and  com- 
pact mass  of  terminal  nerve  fibres,  which,  on  superficial 
examination,  resembles  a  special  sensory  end-organ. 
Closer  study  however,  fails  to  reveal  the  presence  ot  a 
connective-tissue  capsule,  and,  in  cross  sections,  we  find 
that  the  ending  is  in  the  epithelium  and  does  not  difler 
from  the  end-arborizations  in  other  parts  of  the  mucosa 
except  for  the  fact  that  here  they  are  more  closely 
crowded  together,  more  richly  branched  and  beset  with 
laro-er  and  more  abundant  varicosities." 

A  modification  of  the  free  endings  is  found  in  connec- 
tion with  certain  modified  hairs.     The  vibrissa  of  car- 
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nivora;,  for  example,  liave  a  curious  hemostatic  or  erectile 
apparatus  in  connection  witli  the  hair  bulb,  and  around 
the  neck  of  the  bottle-shaped  bulb  is  an  annular  arrange- 


FlG. 


19IB.— ^4,  Kraiise's  End-Bulti. 
Pacinrs  body. 


Fig.  1903.— Nerve  Endins 
ZJ,  in  Human  Conjunctiva. 

(Dogiel.) 


ment  of  fibres  that  seems  to  be  intended  to  serve  as  a 
means  of  receiving  tactile  impressions  arising  fiom  move- 
ments of  the  hair. 

Terminal  Corpuscles. — These  differ  from  the  free  termini 
in  the  fact  that  the  nerve  ending  is  surrounded  by  a  more 
or  less  complicated  sheath  of  connective  tissue,  and  it 
would  appear  as  though  the  arrangement  of  parts  was 
destined  to  apply  external  pressure  or  irritation  more 
directly  or  powerfully  to  the  nerve  fibre. 

The  nerve  bulbs  of  Krause  are  the  simplest  of  these 
organs  and  are  found  in  the  conjunctiva,  lips,  tongue, 
and  genitalia.  They  consist  simplj^  of  a  sac  of  connective 
ti.ssue  of  round  or  oval  form  in  which  the  end-fibre  lies 
either  as  an  axial  thread  or  as  a  complicated  coil.  In  the 
ease  of  the  genital  corpuscles  there  seems  to  be,  accord- 
ing to  Dogiel,  a  complicated  lateral  ana.stomosis  between 
the  fibres  of  the  different  corpuscles  affording  an  oppor- 
tunity for  excessive  irradiation  of  the  stimulus. 

Tactile  corpuscles  proper  are  much  more  complicated 
structures.  The  neurilemma  of  the  entering  nerve  fibre 
becomes  continuous  with  the  sheath  of  the  corpuscle. 
Each  corpuscle  may  receive  from  one  to  four  fibres  which 
enter  with  their  sheaths  for  some  distance.  The  fibre 
then  becomes  non-medullated  and  forms  numerous  coils 
or  loops  within  the  corpuscle.  These  corpuscles  are 
especially  numerous  on  the  palms  and  soles,  on  the  mar- 
gins of  the  lips  and  in  the  genitalia,  but  are  not  confined 
to  these  organs. 

Pacini's  corpuscles,  which  are  most  numerous  in  the 
joints  and  in  the  mesenterv,   though  also  found  in  the 


FIG.  1904.- An  Early  Staee  in 
the  Olfactory  Epitlii'liuni. 
Neuroblasts  iirollterii  ti  nK 
and  mi(rriitiii(>:  to  inner  as- 
pect of  I'fMtheliuni. 


FIG.  190.5.-A  I>ater  Stafje  of  Olfac- 
tory EpitlieHuiii.  BepinniiiKs  of 
olfactory  nerve. 


coruim  layer  of  tlie  skin  of  (he  extremities,  have  some- 
thing in  common  with  tlie  end-bulbs,  being  cjuite  simple 
in  structure,  with  a  single  straiglit  or  slightly  curved 
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axial  nerve  fibre.  The  simple  bulb  is,  however,  clothed 
with  numerous  concentric  capsules  and  the  whole  covered 
with  a  connective-tissue  pseudo-epithelium  of  polygonal 
cells. 

Organs  of  Special  Sense. — It  is  generally  believed  that 
the  sensory  elements  in  the  organs  of  higher  sense  have 
been  derived  from  the  simple  form  of  rod  cell  found  in 
the  lateral-line  buds  and  taste  buds.  The  latter  have  al- 
ready been  referred  to  as  being  obviously  similar  to  the 
lateral -line  organs,  and  we  believe  that  whatever  method 
of  nerve  connection  shall  be  determined  in  one  will  also 
be  found  characteristic  of  the  other,  unless,  indeed,  the 
nervous  connections  in  one  or  the  other  case  prove  to  be 
secondary,  as  is  not  impossible.  From  a  speculative 
point  of  view  it  is  impossible  to  say  whether  the  gusta- 
tory cells  are  derived  from  parts  of  the  lateral  .sensory 
bands  arising  between  the  pituitary  and  the  olfactory  or 
whether  they  have  entered  the  mouth  in  a  secondary  way 
via  the  gill  clefts. 

For  both  the  olfactory  and  Jacobson's  organ  the  direct 
connection  of  the  specific  cell  with  the  nerve  fibre  has 
been  demonstrated.*  In  these  cases  most  writers  agree 
afso  that  the  radix  fibres  are  the  product  of  moniliform 
series  of  neurocytes  or  neuroblasts.  The  writer  is  much 
inclined  to  regard  this  as  the  primitive  method  of  nerve 
formation  and  one  that  prevails  in  the  case  of  other  periph- 
eral nerves  in  a  disguised  form. 

The  fir.st  indication  of  the  change  of  the  ordinary  to 
the  sensory  e|5ithelium  is  seen  in  the  thickening  of  a  por- 
tion of  the  superficial  layer  from  the  morphological  front 
of  the  head  (the  region  of  the  future  infundibular  recess) 


Fig.  19UB.— Teased    Preparation   for    Olfactory  Epithelium  of  Sala- 
mander. 

in  relatively  Ijroad  bands,  one  on  either  side  of  the  head. 
As  the  head  ficxures  increase,  these  areas  are  carried 
ventrad  and  come  to  occupy  the  roof  of  the  mouth  and 
adjacent  parts  of  the  buccal  cavity.  The  development 
of  the  taste  buds  from  this  epitheliiim  we  have  not  traced 
in  these  subjects,  though  it  is  probable  that  they  are 
formed  from  this  proton,  as  the  mucous  parts  of  the  liy- 
pophysis  are.  At  the  time  the  first  olfactorv  rudiments 
appear,  the  curvature  is  such  that  the  hemispheres  are 
protuberant  in  front  and  so  come  nearly  in  contact  with 
the  protaof  the  olfactory  in  thetwobanils  of  germinative 
epithelium  above  mentioned.  Still  there  is  no  difticulty 
in  seeing  that  the  original  proliferations  take  place  in  the 
skin,  and  that  the  constant  proliferation  by  division  of 
the  earlier  cells  spins  the  nerve  fibre  from  the  original 


'  AlthouKh  there  was  for  a  long  time  consirienilile  disapreement  as 
to  the  actual  connections  ot  the  olfactory  nerve  flbres,  and  the  classi- 
cal studies  of  Kolliker,  Klein,  and  Plana  left  ilie  niatlcr  open  it  seenis 
as  though  the  later  studies  of  Ehrlich,  Arnstein,  Cajal  (o'-huchlen" 
RctzuLs,  lirunn,  and  LenhosseU,  whoemph.ved  the  silver  and  mcthv- 
Icne-blue  uiethoils,  wen'  sulllcient  to  prove  con.'lusivelv  that  tile  6l- 
fa.'lorycpithehuin  possesses  roil  cells  whose  pro.xiuuil  end  is  in  ai-tual 
conlimnty  wuh  the  ilbre  of  an  olfactory  ni-rve  lllament.  The  writer 
has  frequently  verilled  this  in  speciuiens  of  Amphilila  double-stained 
«itii  iKeuiiiioxyiiu  and  purocaruiine,  in  which   very  unambiguous 

^lo^lT ,'■"',',  .T''",','..  -^  '','"■  "«"'■'''*  '""'"^  these  preparations  were 
published  by  Mr.  Bawden,  then  a  student  in  the  writer's  laboratory 
(.Tour.  Conip.  Neurol.,  iv.).  Our  studies  in  the  development  of  the 
olfactory  nerie  show  that  the  proton  ot  the  nerve  is  formed  in  or 
under  the  epithelium  of  the  nasal  area,  and  that  the  nerve  grows  bv 
moniliform  courrcscence  of  cells  which  arise  by  mitosis  from  this 
protim.  iM-om  this  standpoint,  then,  it  would  be  expected  that  the 
neurocytes  of  origin  woiil.l  be  found  in  the  epithelium.  In  all  essen- 
tial ri'spects  the  relations  In  .liicobson's  organ  are  the  same  as  in  the 
true  nasal  olfactory  epithelium. 
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scniieo  to  tlie  point 
where  the  tubev  subse- 
quently arises.  In  fact, 
the  tuber,  whicli  has 
frequently  been  com- 
pared lo  the  ganglion  of 
origin  of  a  cranial  nervi', 
does  not  seem  to  afford 
origin  for  any  centri- 
fugal fibres  Avhatever. 
In  pi'eparations  by  the 
silver  method  it  is  easy 
to  see,  that  the  neurite 
of  the  mouiliforni  chain 
of  the  olfactory  nerve 
comes  into  relations  in 
the  glomendes  with  den- 
drites of  the  mitral  cells. 

For  a  long  time  dur- 
ing the  development  of 
the  brain  an  obvious 
ganglionic  mass  lies  be- 
low the  skin  at  the  base 
of  the  point  of  origin  of 
the  olfactory.  The 
gradual  elaboration  of 
the  cavities  of  the  nares 
only  serves  to  redis- 
tribute the  prota  with- 
out materially  disturb- 
ing the  simplicity  of 
tlie  arrangement. 

The  fact  that  the  lens 
is  essentially  a  sensory 
depression,  homologous 
with  the  nasal  sac,  is  one 
of  the  well-established 
generalizations  of  the 
last  few  years.  In  this 
case,  however,  neuro- 
blasts are  not  developed, 
and  the  spongioblasts 
undei'go  very  remark- 
able gelatinous  transfornration,  though  the  nuclei  may 
alwa3'S  be  demonstrated  by  sutHcient  preparation. 

The  internal  ear  is  the  next  organ  of  this  lateral  series, 
and  its  formation  beautifully  illustrates  the  uniformity 
in  diversity  characteristic  of  all  morphological  processes. 
The  auditory  sen.se  organ,  like  the  preceding,  is  an  in- 
vagination of  specialized  sensory  epithelium  continuous 


Fig.  1907.— Structure  of  the  Olfactory  Filaments  and  Bulti.  (Ramon 
y  Ca.ial.)  he.  Bipolar  cells  of  the  olfactory  mucous  memhrane ;  xiii, 
suhuiucosa;  c(/i/;i,  crihritorm  plate  of  the  ethmoid;  o(/,  olfactory 
{glomeruli;  »if,  mitral  cells;  ep,  eplihelium  of  the  olfactory  ven- 
tricle ;  ec,  epithelial  cells  of  the  olfactory  membrane. 


FIG.  1908.-Head  of  Embryonic  Shark,  ^»nf'''''';i''"-j«"^^-^^°^ 
the  saucer-like  depression,  corresponding  to  the  msmking  sense 
OTgan  wMch  is  to  be  converted  into  the  auditory  serise  organs  of  the 
shirk.  "",  Auditory  vesicle;  ejj,  position  of  epiphysis -m  — - 
cephalon  ;  /  fore-brain ;  y,  gill  region ;  h,  medulla 


mesen- 

(Atter  Ayers.) 


with  that  which,  in 
lower  vertebrates,  forms 
the  "  organs  of  the  lat- 
eral line."  It  first  ap- 
pears as  a  .saucer  like 
d<-pression  (I'''ig.  1908), 
from  which  is  formed 
llie  capsule  from  the 
various  transformations 
of  wliicli  the  "mem- 
branous labyrinth  "  with 
its  sensory  patches  is 
f  ( limed . 

The  primitive  sac  di- 
vides into  a  cephalic  and 
a  caudal  portion.  Com- 
jiarison  of  the  methods 
of  development  of  the 
lateral-line  organs  in  the 
dogfish,  for  example 
(Ayers),  shows  great 
similarity  with  the  early 
morphological  changes 
in  the  ear  by  which  the 
semicircular  canals  are 
formed.  "Within  the_ 
two  chambers  formed 
four  canal  sense  organs 
develop.  The  two  ex- 
ternal organs  are  soon 
enclosed  within  the  am- 
pulla of  the  two  com- 
plete and  relatively  large 
canals  whicli  are  now 
formed  about  them." 
"  Up  to  this  time  the  or- 
gans have  retained  the 
primitive  relations  to 
each  other,  a  serial  ar- 
rangement along  a  line 
running  in  an  antero- 
posterior direction. 
Now  there  begins  a  dis- 
tortion of  the  structure  as  a  whole,  which  continues 
ever  after  and  reaches  its  greatest  development  in  the 
mammals,  viz.,  a  process  of  sinking  and  drawing  out 
ventral  ly  of  the  posterior  chamber  of  the  ear,  su  that 
hereafter  we  might  speak  of  a  superior  and  an  inferior 
jmrtion  or  chamber  "  (Ayers).  By  progressive  subdivi- 
sions the  four  patches  give  rise  to  the  eight  definitive 
auditory  sensory  organs  of  mammals.  Meanwhile,  the 
neuroblasts  have  migrated  to  the  ectal  surface  and  give 
rise  to  the  two  ganglia  ( vestibuli  and  cochlea;)  from  which 
the  two  branches  of  the  auditory  nerve  are  produced.  ^ 

The  transformations  of  the  epithelium  in  the  formation 
of  the  organ  of  Corti  are  out  of  place  here,  but  obey  laws 
easily   intelligible    from 
our    knowledge    of    the 
history  of  the  spongio- 
blasts elsewhere. 

The  retina  is  essen- 
tially a  modification  of  a 
portion  of  the  primitive 
netu-al  tube.  The  jiig- 
nient  layer  undergoes  a 
change  directly  coiiqiar- 
atile  with  that  ^^■llich 
produces  the  velum  cere- 
belli  or  the  introduetcjry 
stages  of  plexus  forma- 
tion. The  original  limits 
of  the  tube  are  represent- 
ed in  the  retina  liy  the 
membranai  limitantes. 

The  relations  are  at 
first  exactly  as  in  the 
brain  propel'-  (Fig.  1909). 
The   neuroblasts  are  Fig.  1909. 
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.  Fir.  1910.— Collecting  Filaments  oI  the 
Vestibular  Branch  of  the  Auditory 
Nerve.  (Ramon  y  C'a.ial.)  Trans- 
verse section  of  the  semicircular 
canal  of  a  mouse.  A,  Lumen  of  the 
canal ;  JB,  acoustic  crest :  C,  bundle 
of  nerve  fibres  containing  bipolar 
cells :  D,  a  similar  bundle  supplying 
the  top  of  the  canal :  o,  b,  and  e, 
A  arieties  of  bipolar  epithelial  cells. 


formed  adjacent  to  the  veatricular  sui-face  and  migrate 
to  the  ectal  surface.  A  portion  lemaius  in  tlie  nuclear 
(granular)  laj'ers  and  corresponds  to  the  granules  wliicli 
lie  adjacent  to  the  ventricles  in  tlie  brain.     TJie  method 

of  formation  of  the  rods 
^  and  cones  is  still  a  mat- 
ter of  dispute.  Professor 
His  thinks  they  are 
formed  by  protrusion  of 
backwanl-growing  proc- 
esses of  the  neurobla.sts. 
It  is,  perhaps,  dout)tful 
if  we  have  not  to  do 
with  the  nuclei  of  the 
^  spongiol)lasts    and     the 

/fi  l]lMll(llll((^V\  greatly   modified  homo- 

I    i  I'KI  ilm  kTO''  ^"S"es  of  the  cilia  char- 

'    fl.lllil\lllliilMlilllw  acteristic  of  ventricular 

epithelium.  In  any  case 
the  true  neurons  collect 
in  a  single  or  double 
series  on  the  vitreous 
surface  of  the  I'etina, 
and  give  rise  to  an  axis- 
cylinder  process  which 
passes  through  the  chi- 
asm to  the  tectum  opti- 
cum,  and  to  protoplas- 
mic processes  which 
subdivide  in  the  "inner 
molecular  layer  "  (equiv- 
alent to  the  marginal 
reticular  zone  of  the 
brain).  The  direct  con- 
nection between  the  ganglion  cells  and  the  rods  and 
cones  has  not  been  observeci,  and  probably  the  connection 
is  through  a  reticulum  or  neuropiiemas  in  all  other  cases. 
The  nerve  fibres  develop  in  the  human  retina  at  about 
the  fifth  week.  It  is  obvious,  from  the  j'csults  of  recent 
investigation,  that  fibres  arising  in  the  tectum  opticum 
pass  toward  the  retina  as  well  as  vice  versa. 

Ftirther  discussion  of  the  organs  of  special  sense  is 
rendered  unnecessary  by  the  fact  tliat  vision  and  audition 
are  fully  treated  under  these  heads. 

IJusde  Spindles  a.re  probletiiatical  nervous  organs  which 
are  supposed  to  supply  the  sen,sory  stimuli  on  which 
are  based  the  muscular  sense  and  pressure  sense.  They 
were  first  described  by  KijUikcr  but  were  first  proven  to 
be  sensory  by  Sherrington.  The  most  complete  account 
is  that  of  Huber  and  DeWitt  (Joiirn.  Cmiip.  Neurol.,  vii., 
3,  4)  from  which  the  following  is  taken. 

"The  capsule  or  perimysial  slieath,  has  essential!}'  the 
same  structure  in  all  vertebi'ates  examined,  althougli  it 
varies  much  in  thickness.  It  is  made  up  of  concentricall^y 
arranged  layers  of  white  fibious  tissue,  the  several  laj-ers 
being  often  in  close  apposition,  or  again  more  or  le.ss  dis- 
tinctly separated  one  from  the  other,  leaving  larger  or 
smaller  clefts  between  them.  The  number  of  these  con- 
centric layers  varies ;  Sherrington  places  it  at  six  to  eight, 
which  number  holds  good  for  many  of  themu.scle  spindles 
seen  by  us,  especially  those  found  in  mammalian  muscle. 
The  fibrous  tissue  of  the  concentric  lamelUi?  is  white 
fibrous,  practically  devoid  of  yellow  elastic  tissue.  At 
the  beginning  of  the  mu.scle  spindle  (proximal  end),  the 
capsule  becomes  continuovis  with  a  somewhat  Ihickened 
perimysial  sheath,  which  surrounds  the  muscle  fibres 
about  to  enter  the  mu.scle  spindle.  The  behavior  of  the 
capsule  at  the  distal  end  of  the  muscle  spindle  depends 
somewhat  on  its  relative  po.sition  in  thi'  muscle.  The 
spindle  may  be  embedded  in  the  muscle  substance,  in 
which  case,  as  Sherrington  correctly  states,  '  its  long  axis 
lies  parallel  to  the  muscle  fibres  amid  which  it  is  cm- 
bedded  ' ;  here  the  distal  end  of  the  cajisule  seems  again 
to  become  continuous  with  the  internal  perimysium. 

"More  immediately  surrounding  the  enclosed  muscle 
fibres,  designated  by  Sherrington  as  '  iiiVmfiiml  fihrex,' 
there  is  found  a  connective-tissue  sheath  which  he  has 
described  as  the  '  axial  sheath,'  consisting  of  thin  bands 
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or  plates  of  white  fibrous  tissue  in  which  nuclei  are 
numerous. 

"Between  the  capsule  and  the  axial  sheath  is  found  a 
relatively  large  lymph  space— Golgi  and  Sherrington— 
designated  by  the  latter  as  the  '  peria.nal  space  '  ;  this, 
he  correctlj'  states,  is  '  bridged  across  and  partially  sub- 
divided in  many  points  by  extremely  tenuous  membranes 
and  filaments. '  The  periaxial  lymph  space  is  broadest 
near  the  middle  of  the  muscle  spindle,  generally  tapering 
off  toward  the  ends.  The  intrafusal  fibres  are  .sometimes 
in  the  middle  of  this  space  and  again  eccentric.  The 
space  also  shows  buddings  here  and  there,  which  seem, 
however,  in  a  large  measure  due  to  foldings  in  the  cap- 
sule, the  result  of  contraction  of  the  contiguous  muscle 
fibres. " 

From  one  to  four  large  medullateil  nerves  end  in  the 
smaller  spindles  and  fiom  five  to  eight  in  the  larger, 
compound  spindles. 

Single  sjjindle  nerves  are  surrounded  by  a  thick  sheath 
of  Heule;  small  bundles  of  spindle  nerves,  bj-  a  connec- 
tive-tissue sheath,  which  becomes  in  part  continuous 
with  the  capsule,  in  part  with  the  axial  sheath.  The 
spindle  nerves  remain  medullated  until  they  are  within 
the  axial  sheath,  the  internodal  segments  becoming  shorter 
as  the  mu.scle  spindle  is  approached;  but  this  is  more 
especiiillj'  noticeable  after  they  have  penetrated  the  cap- 
sule. After  losing  the  medullary  sheath  (within  the 
axial  sheath),  thenon-medullated  continuation  of  spindle 
nerves  undergoes  further  subdivision,  before  the  ultimate 
ending  is  reached. 

Rufiiui,  whose  account  we  may  here  follow,  describes, 
for  the  cat,  three  types  of  ultimate  endings  of  the  spindle 
nerves — spiral,  circular,  and  flower-like  endings  ("termi- 
naisons  a  spirales.  a  anneaux,  et  a  fleurs  ").  Of  these,  the 
spiral  endings  ma}'  be  first  considered,  as  the}'  seem  to  us 
the  most  typical.  The  nou-mcdidlated  terminal  branch  of 
the  spindle  nerve  thus  ending,  flattens  out  into  a  libbon- 
like  ending,  more  or  less  irregular,  which  is  spirally 
wound  around  the  intrafusal  fibre,  this  spiral  extending 
for  a  longer  or  shorter  distance  along  the  intrafusal  fibre ; 
the  spiral  turns  are  sometimes  .so  close  together  that  they 
almost  touch  each  other,  or  again,  farther  apart,  so  that 
they  can  be  clearly  made  out.  These  spirals  have  also 
been  described  by  Kerschner,  w-ho  very  correctly  adds 
that  from  place  to  place  offshoots  proceed  from  the" spiral, 
which  may  end  on  the  intrafusal  fibre  suiTounded  by  the 
spiral,  or  on  some  contiguous  intrafusal  fibre.  '  The 
"ring-shaped  "  endings  of  RufiSni  have,  we  believe,  been 
correctly  interpreted  by  Kerschner  as  lateral  views  of 
flat  spirals.  Such  ring-shaped  endings  may,  however, 
now  and  then  be  formed  bv  short  side  branches  of  the 


Fir.  1911.— ,t  and  n.  Motor  Plates  from  Muscle  of  Rabbit:  C,  cross 
section  of  muscle  and  motor  plate  of  Froii.  (After  Huber  and 
DeWitt.) 

non-medullated  terminal  branches,  which  almost  com- 
pletely, or  completely,  encircle  an  intrafusal  fibre ;  several 
such  endings  ma}'  lie  side  h\  side  on  an  intrafusal  fibre. 
The  flower-like  endings  mentioned  by  Rufflni.  are,  no 
doubt,  as  suggested  by  Kerschner,  the"  terminal  endings 
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oi  the  spirals,  or  of  branches  from  the  spirals-  thev  mav 
however,  now  and  then  be  seen  as  branches  from  h,'. 
termmal,  non-medullatcd  continuation  of  the  sd  n  ■ 
nerves,  which  have  a  zigzag  course  on  an  intrafusa  tib  ■ 
without  forming  a  spiral. 

Batten  shows  that  "in  infantile  paraly.sis  tlie  spindle 
remains  absolutely  normal,  although  the  surroundin' 
tissue  undergoes  complete  atrophy."  in  tabes,  he  shows 
that  certain  changes  take  place  in  the  termina  ion  o  the 
nerve,  the  general  structure  of  the  spindle  reniainino- 
normal.  In  progressive  muscular  atrophy  the  spindle 
remains  unaltered,  and  the  same  is  probablv  trui  w  tli 
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riG.  1912.— Section  of  tlie  Skin  of  the  Head  of  a  Toad  (Bufo)  after 
intra-vitam  injection  with  methylene  blue  and  tlxaMonwitli  Bethe  s 
solution  of  molybdate  of  aiiiiiioiiia.  E.xamined  in  glyccTln.  The 
section  is  somewhat  oblique  .so  th:it  tlie  duct  and  part  of  the  body 
of  the  ffland  are  absent.  Tlie  d*'licate  non-meduUated  fibres  are 
seen  generously  distributed  over  the  uncut  surface  of  the  gland. 
Coarser  libres  are  also  seen  in  the  lower  and  upper  plexuses,  also  a 
bundle  of  sensory  rods  at  the  left. 


regard  to  peripheral  neurites.  Section  or  atroph}-  of  the 
nerve  trunk  leads  to  atropliy  of  the  muscle  fibres  within 
the  spindle,  though  it  is  probable  that  it  takes  a  consider- 
able length  of  time  for  changes  to  take  place  in  tlie 
muscle  fibre  within  the  spindle." 

KiNESODio  End-Organs. — The  most  important  ter- 
mini of  the  centrifugal  system  are  those  upon  muscles 
and  glands.  The  motor  end-plates  are  the  points  of  at- 
tachment of  the  motor  nerve  fibres  upon  the  muscles  and 
are  accordingly  the  receiving  stations  of  the  muscle  and 
the  points  whence  the  stimulus  is  distributed  to  the  fibre 
prior  to  its  contraction.  Tliey  were  first  observed  by 
Doyere  in  1840  and  have  been  "the  subjects  of  much  pa- 
tient investigation  since  that  time.  The  best  work  in 
this  field  is  that  of  Kuehne,  which  has  been  ably  sup- 
plemented by  Huber  and  DeWitt.  The  fibre  penetrates 
the  sarcolemina  and  forms  a  very  complicated  arborescent 
figure  by  the  ramifications  of  the  axis  cylinder,  and  this 
may  be  regarded  as  the  end-brush  of  one  or  more  motor 
nerirites.  The  granular  mass  in  which  the  nerve  fibre 
terminates  was  at  first  supposed  to  be  an  expanded  por- 
tion of  the  nerve  fibre.  It  contains  nuclei  (the  sole  nuclei) 
which  have  been  variously  interpreted.  The  following 
summary  from  Huber  probably  expresses  the  present 
state  of  our  knowledge : 


(1)  The  ramified  terminations  of  the  axis  cylinder  in 
the  inotorial  endings  of  striped  muscle  are  the  end- 
l)iusliesof  tlie  neuraxes  of  motor  neurons,  and  are  similar 
in  structure  to  the  end-brushes  of  other  eerebro-siiinal 
nbi'es.  ' 

'■(3)  This  end-bru.sh  (rln.s  Grwelh,  Klilme)  tei'minates  in 
the  sarcoplasma,  therefore  under  the  sarcolemina  of  the 
muscle  fibres.  At  the  place  of  eniHng  of  the  nerve  fibres, 
tlie  sarcoplasma  may  be  accumulated  in  a  circumscribed 
mass,  forming  an  elevation,  more  or  less  distinct  on  the 
side  ot  the  muscle  fibre,  as  in  reptilia,  birds,  and  mam- 
inaha,  or  sijrcad  out  over  a  proportionately  greater  ai-ea 
ot  the  muscle  fibre,  as  in  ampliibia.  In  the  mass  of 
sarcoplasma,  the  muscle  nuclei  (sole  nuclei  of  other 
writers)  are  relatively  more  numerous  than  in  other  parts 
ot  the  muscle  fibre. 

"(3)  The  neurolemma  of  tlje  nerve  fibre  teiminating  in 
the  motorial  ending  becomes  continuous  with  the  sar- 
colemina at  the  point  of  entrance  of  the  said  nerve  fibre 
mto  the  sarcoplasma.  Over  the  endings,  sareolemma  or 
neurolemma  nuclei— telolemma  nuclei— are  seen. 

"  (4)  The  neuraxisot  the  motor  neuron  loses  its  medul- 
lary slieath  liefore  piercing  tlie  .sarcolemina." 

Willi  reference  to  the  endings  in  glands  and  other  vis- 
ceral organs  space  need  not  be  taken  here  as  the  discus- 
sion will  naturally  accompany  the  articles  on  these  organs. 
The  drawing  in  P'ig.  1913  will  sufiieientlv  ilUrstrate  the 
complexity  of  the  nerve  supply  to  glands" and  the  differ- 
ence between  tliese  endings  and  those  of  a  sensory  nature. 

('.  L.  llerrick. 

ENDOTHELIOMA.     See  ,SV^/tow,^ 

ENDOTHELIUM.     See  Epilheliiiiu. 

EN  EM  AT  A.     ^vi.-  Eiitenidynix  auA  AUmentatioii .  Berlnl. 

ENGADINE  (UPPER),  SWITZERLAND.— The  Upper 
Engadiue  valley  extends  from  Maloja,  at  the  summit  of 
the  pass,  to  a  little  beyond  Samaden.  in  a  direction  from 
southwest  to  northeast.  Through  this  valley  runs  the 
Inn,  while  high  mountains  belonging  to  the  Bernina 
and  JuKer  chains  enclose  it  on  either  side.  The  Upper 
Engadine  valley  is  wider  than  the  lower  and  contains 
•several  lakes.  It  is  about  thirty  miles  in  length,  and 
varies  from  a  half  a  mile  to  a  mile  in  width;  and  its  mean 
height  above  sea  level  is  5,  .lOO  feet.  The  whole  Engadine 
is  one  of  the  highest  inhabited  valleys  in  Europe.  In  the 
Upper  Engadine  are  .situated  the  health  resorts  of  Maloja, 
St.  Moritz,  and  Samaden,  where  consumptives  go  in  the 
winter  for  the  "air  cure";  and  Pontresina  and  others 
which  are  visited  in  the  summer  only. 

The  Upper  Engadine  valley  is  again  divided  into  an 
upper  and  a  lower  portion,  cjuite  different  in  the  character 
of  their  .scenery.  In  the  upper  portion,  extending  from 
Maloja  to  St.  J'loritz,  wdiere  are  situated  the  lakes  before- 
mentioned,  the  mountain  boundai'ies  on  either  side  are 
grander  and  wdlder  and  much  loftier,  and  their  summits 
are  covered  with  extensive  glaciers  and  snow  fields.  In 
the  lower  half,  extending  from  St.  Moritz  to  the  termina- 
tion of  the  valley,  the  picture  is  quite  different.  "Here 
there  are  no  lakes,  the  floor  of  the  valley  is  much  wider, 
and  is  occupied  by  broad  stretches  of  meadow-land 
through  which  the  Inn  quietly  and  tamely  flows  along." 
"The  mountains  on  each  side  are  of  lower  elevation; 
they  all  rise  in  gentle  slopes  from  the  floor  of  the  valley, 
and  present  no  bold  or  striking  features  of  form  or  out- 
line." 

The  upjier  or  southern  end  of  the  vallej-  is  open  and 
affords  a  ready  ingress  to  storms  of  wind  and  rain  ap- 
proaching the  valley  from  the  southwest:  the  wind, 
however,  blows  most  in  spring  and  summer,  while  the 
winter  is  the  calmest  season  of  the  year. 

Climate.— Ihe  climate  of  the  Upper  Engadine  is  very 
similar  to  that  of  the  neighboring  valley  of  Davos,  al- 
ready described.  (Cf.  Dmm. )  In  the  first  place,  there  is 
the  striking  variability  of  the  temperature  as  in  all  high- 
lying  stations.     The  diurnal  variations  are  sudden  and 
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great;  for  instance,  in  August,  between  seven  and  ten 
o'clock,  the  mercury  rises  from  44.6°  to  53.6°  F. ;  and 
again  at  sunset  it  falls  as  rapidl}^  as  in  the  morning  it 
rose.  Secondly,  the  great  radiant  heat  of  the  sun  is  an- 
other characteristic ;  for  instance,  the  maximum  sun  tem- 
perature in  the  upper  Engadine  on  February  4th,  1876, 
was  118°  F. 

The  number  of  hours  of  possible  sunshine  in  winter  is 
somewhat  greater  in  the  Engadine  than  at  Davos;  for 
example,  on  January  1st,  the  sun  rises  at  ^laloja  at  9:35 
and  sets  at  8:45,  while  at  Davos  it  rises  at  10:03  and  sets 
at  3. 

TIk;  average  rainfall,  most  of  it  being  snow,  is  33.67 
inches;  it  lies  on  the  ground  for  over  Jive  months,  be- 
ginning about  November  14th.  The  relative  humidity 
is  75  per  cent.  The  mean  annual  temperature  is  about 
36.5°  F.,  and  for  the  seasons  as  follows:  Winter,  18.1° 
F.  ;  spring,  33.7°  F.  ;  snmmer,  .50.9"  F.  ;  autumn,  36.5° 
F.  There  is  said  to  be  rather  more  cloudiness  in  the 
Upper  Engadine  than  at  Davos.  As  at  Davos,  the  purity 
and  exhilarating  quality  of  the  air  in  this  region  constitute, 
in  brief,  the  great  striking  characteristic  which  all  ex]ieri- 
ence  who  enter  this  valley.  The  writer  can  never  forget 
his  own  sensations  as  he  came  over  the  pass  from  Chia- 
venna  into  this  delicious  atmosphere.  Merely  to  exist 
was  a  delight,  and  to  spend  the  day  in  tramping  over  a 
glacier  or  mountain  climbing  was  exquisite  pleasure,  and 
after  such  exertions  no  sign  of  weariness  was  experienced. 

A  con.siderable  number  of  consumptives  take  the  winter 
cure  here,  and  there  are  excellent  accommodations  at 
Samaden,  St.  Moritz,  andMaloja;  at  the  latteris  the  large 
Kurhaus,  accommodating  five  hundred  guests  and  espe- 
cially arranged  for  a  winter  residence ;  the  ventilation  and 
sanitary  arrangements  are  of  the  best.  In  the  village  of 
St.  Moritz  is  the  great  caravansary  "Engadiner  Kidm," 
with  a  wonderful  view  over  the  whole  district  of  St. 
Moritz.  Here  one  can  tind  every  comfort,  and  even  lux- 
ury,— large  reception-rooms,  a  library,  a  dining-room  for 
three  hundred  and  fifty  persons,  and  a  fine  collection  of 
engravings  and  pictures.  The  English  and  Americans 
chiefly  patronize  this  liotel.  St.  Moritz  is  the  highest 
village  in  the  Engadine  or  in  Switzerland,  having  an  ele- 
vation of  6,085  feet. 

A  mile  or  two  from  St.  Moritz  village  are  the  St.  Moritz 
baths.  These  are  supplied  from  two  acidulous  iron 
springs, — the  old  and  the  new,  containing  soda  with  a 
large  proportion  of  fixed  solids  and  free  carbonic  acid. 
These  waters  are  used  both  for  drinking  and  for  baths 
and  are  visited  in  the  season — from  the  middle  of  June  to 
the  middle  of  September — by  numerous  patients  of  all 
nations.  The  conditif)ns  benefited  by  these  waters  are 
ansemia,  chloro.sis,  dyspepsia,  menstrual  irregularities, 
various  dei-angements  of  the  nervous  system,  etc.  There 
is  a  large  Kurhaus  with  many  rooms,  two  bath  houses 
containing  eighty  baths,  and  complete  hydrotherapeutic 
arrangements  (warm,  cold  and  Scotch  douches,  sitz  baths, 
vapor  baths,  etc. ),  as  well  as  facilities  for  massage.  There 
is  a  covered  promenade  leading  from  the  Kurhaus  to  the 
spacious  pump  room  (jf  the  new  spring.  There  are  gen- 
erally abimt  three  hundred  and  eighty  patients  in  the 
Kurhaus,  and  every  attention  is  given  to  their  comfort 
and  diversion. 

What  has  been  said  regarding  the  winter  climate  of 
Davos  in  the  treatment  of  pulmonary  tuberculosis  applies 
equally  to  that  of  tlu;  Engadine ;  there  is  no  material 
difference  between  tlie  "  air  cure  "  of  the  Davos  and  that  of 
the  Engadine  valley,  and  the  results  should  closely  re- 
semble each  other.  In  the  winter  resorts  of  the  Upper 
Engadine  there  is  greater  variety  of  scenery  and  the  life 
is  more  restful  and  quieter. 

Regarding  the  u.scs  of  such  a  climate  as  that  of  the 
Upper  Engadine  for  cases  other  than  tvdierculo.sis,  a  few 
words  can  i)roperly  be  said  here,  applicable  also,  in  a 
measure,  to  all  high-altitude  resorts.  Whatever  the  mal- 
ady or  condition  there  should  exi.st  a  "certain  integrity 
and  reactionary  power  of  the  constitution,"  if  the  patient 
is  to  be  benefited  by  a  climate  which  is  stimulating  and 
bracing,  such  as  this.     This  being  presupposed,  we  can 
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say,  in  general,  that  where  functional  activity  needs  to  be 
iniproved,  and  the  whole  system  toned  up,  a  few  weeks' 
residence  in  this  pure,  clear,  dry,  bracing  air  will  almost 
surely  produce  favorable  results.  "  I  believe,"  .says  Bar- 
ney Yeo,  "  this  kind  of  climate  is  especially  useful  to  those- 
who  have  been  strong,  but  by  some  accident  or  other, 
such  as  overwork,  or  illness,  or  trouble,  have  become- 
weak;  to  tho.se  who  possess  a  latent  power  of  reaction." 
To  enumerate  especial  conditions,  there  may  be  men- 
tioned, nervous  dyspepsia,  want  of  appetite,  sleepless- 
ness, malaria,  neuralgia,  ana'mia,  the  later  stages  of  con- 
valescence from  severe  illness,  hypochondriasis,  asthma 
uncomplicated  -with  emphysema  or  organic  disease  of  the 
heart  or  arteries,  chronic  bronchitis  with  much  secretiou, 
and  tho.se  various  mal-conditions  arising  from  "insuffi- 
cient exercise  in  the  open  air  and  deficient  absorption  of 
oxygen." 

Buiney  Yeo  happily  expresses  it  when  he  .says  that 
much  of  the  benefit  that  is  derived  from  a  short  residence 
in  an  elevated  region  like  that  of  the  Upper  Engadine  is 
due  to  the  alterative  influence  which  it  exercises  on  the 
human  organism.  "In  pa.s.sing,  "  he  continues,  "from 
the  sea-level  to  an  elevation  of  over  6,000  feet  we  must 
alter  in  a  very  essential  manner  the  conditions  of  our 
lives." 

It  is  well  also  to  bear  in  mind  some  of  the  contra-indica- 
tions  of  a  mountain  climate  like  this.  Such  are,  weak- 
ness fj-om  extremes  in  age;  constitutional  weakness; 
organic  cardiac  disea.se;  atheroma;  chronic  brfjnchitis 
with  dilated  bronchi ;  and  e:nphj'sema,  muscular  debility 
and  general  exhaustion,  rheumatism  and  inability  to  en- 
dure great  and  sudden  changes  of  temperature. 

Finally,  if  we  are  not  in  search  of  health  or  better- 
health,  we  all  need  change  occasionallj-, — "that  change 
which  is  the  type  of  life  and  the  condition  of  health; 
that  change  wdiich  is  rest."  Where  can  a  more  complete 
or  a  more  refreshing  change  be  found  than  among  the 
grand  glaciers  and  majestic  mountain  peaks  of  the  Upper 
Engadine,  where  we  can  "draw  in  ea.sier  breath  fi-om 
larger  air."  Edicdrd  0.  Oth. 

ENTERITIS. — An  inflammation  of  the  small  intestine, 
involving  particularly  the  mucous  membrane,  and  to  a 
less  extent  the  submucous  layer.  It  maybe  either  acute 
or  chronic.  The  whole  leng'th  of  the  intestine  may  be 
involved  or,  more  usiuiUy,  the  inflanunation  is  limited  to 
certain  portions  of  this. 

The  meaning  of  the  term  enteritis  has  varied  consider- 
ably as  used  liy  different  authors,  and  at  different  periods 
in  medical  literature.  It  does  not  appear  to  have  been  in. 
u.se  by  the  ancients.  In  the  eighteenth  century  it  was 
applied  to  the  group  of  synqitmus  now  included  under 
peritonitis,  although  CuUen  (1784)  mentions  two  varieties 
of  the  disease,  one  of  which  evidently  refers  to  an  inflam- 
mation of  the  mucous  membrane  aiid  subjacent  tissues 
of  the  intestine.  In  France,  at  about  the  end  of  the 
eighteenth  century,  Pinel  limited  the  use  of  the  word  to 
an  inflammation  of  the  intestinal  mucous  membrane.  Its 
meaning  was  further  restricted  during  the  first  half  of 
the  nineteenth  century  by  Broussais  (1831),  who  applied 
it  to  an  inflanunation  of  the  muc(nis  niendn-anc  of  the 
small  intestine  only,  and  gave  the  name  colitis  to  a  simi- 
lar process  in  the  colon.  This  restricted  meaning-  has 
lieen  more  or  less  generally  retained  up  to  the  present 
tmre. 

At  the  beginning  of  the  last  century  the  lesions  of  the 
mtestmal  lynq>h(iid  structm-es  found  in  typhoid  fever 
were  included  under  the  general  term  enteritis,  and  this 
use  of  the  term  was  continued  to  some  extent  even  after 
the  specific  nature  of  the  lesions  had  been  demonstrated 
At  present  the  term  is  avoided  by  some  authors  "intesti- 
nal catan-h  "  bcmg  used  instead  as  indicating  the  charac- 
ter of  the  most  frequent  form  of  inflammafiou  of  both  the 
large  and  the  small  intestines.  While  it  is  recosnized 
that  the  same  etiological  factors  mav  produce  similar 
changes  m^  either  the  large  or  the  small  bowel,  that  usu- 
ally each  IS  involved  to  a  greater  or  less  extent  in  both 
the  acute  and  the  chronic  catarrhs  of  the  intestine,  and 
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that  at  times  it  is  difficult  to  determine  the  exiict  parts  in- 
volved, yet,  as  tlie  symptoms  referable  to  the  one  or  other 
part  of  the  intestine  vary  to  some  extent,  and  as  the  treat- 
ment must  necessarily  differ  accordingljr,  it  may  he  wise 
to  use  tlie  term  enteritis,  as  will  be  done  in  this  article, 
as  applying  to  the  small  intestine,  the  term  colitis  being 
used  for  the  affc'Ction  of  the  colon,  and  ileo-eolitis  IVir  tlie 
combined  involvement  of  the  two. 

The  sumnier  diarrha'as  of  children  will  not  be  dis- 
cussed here,  nor  will  the  specific  infections  of  the  intes- 
tine. 

As  the  catarrhal  variety  of  enteritis  is  by  far  the  most 
common,  and  for  this  reason  the  most  important,  both 
the  acute  and  the  clironie  forms  of  tins  will  be  discussed 
at  some  leugtli. 

Catahkiial  ENTiiurris. 

Catarrhal,  as  here  used,  has  the  common  meaning  of 
the  term,  that  is,  as  indicating  an  inflannnation  of  a  mu- 
cous membrane  characterized  by  a  free  exudation  from 
the  surface,  usuall_y  rich  in  mucus.  During  life  such  an 
intlannnatiou  is  evident  by  the  presence  of  the  indannna- 
tory  exudate  which  is  di.s'chargetl  from  the  body,  as  \\eU 
as  by  various  other  symptoms  wliicli  are  explained  by 
the  process. 

Etiology. — Acute  CutKrrlud  Enteritiit. — The  causes  of 
this  are  most  numerous.  They  may  act  as  predisposing 
to,  or  direct  excitants  of,  the  inllammatory  process.  The 
dividing  line  between  these  two  classes  is  frequently 
difficult  to  determine.  The  disease  of  the  intestine  may 
occur  alone,  or  it  ma}^  accompany  or  result  from  various 
other  disorders.  It  is  to  he  noticed  that  because  of  its 
position  and  the  length  of  its  caual,  the  small  intestine  is 
particularly  liable  to  be  affected  by  any  kind  of  irritating 
substances  which  are  ingested,  unless  these  are  rendered 
harmless  in  the  stomach,  as  well  as  by  certain  exeret<jry 
products  which  pass  through  its  wall;  and  of  prime  im- 
portance among  the  predisposing  factors  is  the  ease  and 
frequency  with  whicli  an  abnormal  condition  of  the  blood 
supply  of  the  intestinal  wall  occurs,  in  part  due  to  some 
obstruction  to  the  returning  blood  in  the  portal  system, 
and  in  part  to  the  lack  of  sufficient  support  for  the  blood- 
vessel walls  bv  the  surrounding  tissue. 

An  unsuitable  dietary  is  probably  the  most  frequent 
direct  cause  of  intestinal  derangement.  This  may  he  at 
fault  only  in  quantity,  or  in  quality,  or  in  both.  ^  Food 
which  is  entirely  wholesome  may,  when  eaten  in  too 
great  (luantities  and  only  partially  masticated,  excite  a 
diarrlnea,  as  may  also  unripe  fi-uit,  uncooked  vegetables, 
etc.  This  may  be  only  an  evidence  of  increased  peristal- 
sis, but  often  it  results  from  a  true  catarrhal  inflammation 
of  the  intestine.  The  undigested  food  here  acts  either  as 
a  mechanical  irritant,  or  it  furnishes  favorable  conditions 
for  abnormal  bacterial  develo]iment  in  the  intestinal 
canal.  This  microbic  growth,  in  which  the  common  in- 
habitants of  the  intestine  chiefly  take  part,  gives  rise  to  a 
variety  of  active  irritants.  Tliese  in  large  part  are  only 
excessive  quantities  of  substances  normally  present, 
ciiiefly  acids,  such  as  lactic,  butyric,  acetic,  and  formic, 
together  with  different  kinds  of  gases.  But  besides 
these,  substances  of  a  more  decidedly  toxic  nature  may 
be  formed  here,  probably  clo.sely  resembling  those  re- 
ferred to  in  the  next  group.  This  group  embraces  those 
foods  which,  before  being  eaten,  have  already  undergone 
bacterial  decomposition  and  contain  poisonous  products 
resulting  from  this.  Such  are  tainted  meat  aM  tish,  at 
times  milk  and  its  various  products,  etc.  The  active 
toxic  agents  in  several  of  these  are  already  known. 
Among  these  maybe  mentioned  Vaughn's  tyrotoxicon. 
Firth's  lactotoxin,  and  the  various  ptomains  which 
Brieger  has  isolated.  At  times  the  inflammation  can  be 
explained  as  due  to  some  idiosyncrasy.  Thus  lobsters, 
cheese  eggs,  etc. ,  when  entirely  wholesome  and  m  mod- 
erate quantities,  may  in  certain  individuals  give  rise  to 
an  acute  enteritis.  Foul  water  also  frequently  produces 
a  similar  disturbance.  .  ,    ,,       ,. 

Among  the  active  poisons  whose  entrance  into  tlie  ali- 


mentary canal  is  followed  by  severe  inflammatory  proc- 
I'ssesaiv  included  arsenic,  corrosive  sublimate,  antimony 
the  mineral  acids  and  caustic  alkalies,  and  many  others 
The  drastic  purgatives,  as  eroton  oil,  colocynth,  elate- 
rium,  etc.,  in  unsuitalile  doses  may  proiluee  enteritis. 

Exposure  to  cold,  particularly  a  sudden  chilling  of  the 
body  after  over-heating,  is  a  recognized  cause  of  the  dis- 
ease. In  what  way  this  acts,  whether  reflexlv  through 
the  nervous  system,  as  seems  probable,  or  otherwise,  is  a 
question;  lint  some  disturbance  of  the  intestinal  function 
is  iirodnced  sufficient  to  excite  an  inflaniniatoiy  process. 
Cold  drinks,  ice,  ice-cream,  etc.,  when  taken  iii  inimode- 
late  amounts  may  have  a  similar  result. 

Excessive  summer  lieat  is  also  a  common  cause  of  ca- 
tarrhal enteritis,  i)articnlarly  in  young  children;  hence 
tlie  popular  term  "summer  complaint  "  .so  frequently  ap- 
plied to  this.  Its  action  is  largely  an  indii-ect  one,  fur- 
nishing favorable  conditions  for  bacterial  growth  in  food 
before^  its  consumption.  Extensive  burn's  of  the  .skin 
may  give  rise  to  an  inflammation  and  ulceration  of  the 
duodenum.  The  actual  exciting  agent  here  is  probably 
a  toxic  sul)stance  which  is  formed  at  the  site  of  the  burn, 
and  is  excreted  into  the  upper  portion  of  the  intestine. 

The  role  of  bacterifi  in  producing  decomposition  prod- 
ucts in  various  articles  of  food  has  already  been  referred 
to.  No  speeitic  micro-organism  can  lie  accepted  as  the 
usual  cause  of  enteritis,  although  the  common  colon  ba- 
cillus is  undoubted!}' a  frequent  factor,  due  to  conditions 
which  favor  its  rapid  development  and  increased  viru- 
lence in  the  intestinal  canal.  Gitrtner  has  cultivated  and 
described  a  bacillus  a\  liicli  was  obtained  from  the  flesh  of 
a  cow  having  an  intestinal  disease,  and  also  from  the 
spleen  of  a  man  who  had  been  poisoned  b_y  eating  some 
of  this  meat.  Cultures  of  this  produced  a  marked  enter- 
itis in  susceptible  animals.  To  this  organism  was  given 
the  name  Bacillus  entcritidis.  Gaffky  has  likewise  found 
in  the  stools  of  a  co^v  having  a  bloody  diarrhoea,  and  in 
those  of  patients  who  were  made  sick  by  the  milk  from 
this  cow,  a  small  highly  virulent  bacillus.  Each  of  these, 
however,  closely  resembles  the  Bacillus  coli  cfimmunis. 
and  they  are  probably  members  of  the  so-called  colon 
group. 

Traumatic  causes,  such  as  blows  on  the  abdomen,  may 
give  rise  to  intestinal  inflammation.  Gall  stones  may 
iiiechanically  produce  this,  as  can  also  the  presence  of 
certain  intestinal  worms. 

Among  the  more  important  predisiiosing  causes  is  age. 
Young  children  show  but  slight  resistance  to  intestinal 
irritants,  so  that  even  cow's  milk  may  be  sufficient  to 
produce  a  catarrhal  enteritis  in  an  infant.  Old  and  de- 
bilitated persons  have  an  increased  intestinal  susceptibil- 
ity and  chronic  congestion  of  the  intestinal  wall  predis- 
poses to  the  disease.  Previous  attacks  of  inflammation 
usually  render  the  mucims  membrane  very  susceptible 
for  a  time  to  .slight  irritation. 

A  catarrhal  enteritis  accompanies  numerous  other  dis- 
eases of  the  intestines,  as  tumors,  invagination,  peritoni- 
tis, etc.,  and  also  occurs  in  many  of  ;the  acute  infectious 
diseases. 

The  causes  of  C/ifmrir.  Lilcxtiital  VitUirrli  are  largely 
those  of  the  acute  form  of  the  disease.  A  severe  acute 
attack  of  enteritis,  when  prol(aiged  because  of  unfavor- 
able conditions  for  recovery,  may  gradually  pass  into  the 
chronic  type.  Or  the  repeated  action  of  slight  irritants, 
as  indigestible  food,  alcohol,  purgatives  frequently  em- 
ployed, intestinal  parasites,  etc.,  may  give  rise  to  this 
condition.  Here  tlie  process  is  at  times  evidenced  by 
several  acute  attacks,  or  the  symptoms  of  chronic  enteri- 
tis constitute  the  tirst  appearance  of  the  disease.  Any- 
thin  o-  which  interferes  with  the  nomal  circulation  of  the 
blood  or  lymph  in  the  vessels  of  the  intestinal  wall  tends 
to  render  it  susceptible  to  inflammatory  excitants.  Thus 
cirrhosis  of  the  liver,  chronic  diseases  of  the  lungs  and 
heart  which  give  rise  to  a  continuous  overdistention  ot 
the  venous  system,  are  very  frequently  associated  with 
a  chronic  enteritis.  Continual  excretion  of  toxic  sub- 
stances through  the  intestinal  wall,  as  occurs  m  chronic 
nephritis,  and  probably  also  in  tuberculosis,  malaria,  and 
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other  diseases,  favors  a  catarrhal  intiaramation.  Over- 
work of  all  kinds,  whether  phj'sical  or  mental,  predis- 
poses to  the  disease.  Secondary  forms  of  enteritis  fre- 
quently follow  various  gastric  disturbances,  as  well  as 
intestinal  tumors,  displacements,  and  adhesions. 

Pathology. — Acute  CatarHial  Enieriii.i. — An  external 
examination  of  the  intestines  may  .show  them  to  be  con- 
siderably distended  in  cases  of  acute  enteritis  of  some 
duration,  this  change  being  due  to  a  partial  paralysis  of 
the  muscular  coat,  or  to  an  accumulation  of  gases  in  the 
canal.  In  severer  cases,  with  early  fatal  termination, 
there  may  be  a  lessening  of  the  intestinal  lumen  due  to 
muscular  contraction.  The  color,  as  seen  from  the  serous 
surface,  depends  upon  that  of  the  contents  of  the  intes- 
tines and  upon  the  vascularity  of  the  walls.  It  maj'  be 
pale  wlien  the  intestine  is  distended,  red  in  spots  corre- 
sponding to  areas  of  congestion  of  the  mucous  membrane, 
3'eilowish  due  to  bile,  or  dark  red  wdien  blood  pigment 
is  included  in  the  intestinal  contents. 

Tile  appearance  of  the  mucous  membrane  may  vary 
much  from  what  the  severitjr  of  the  disease  would  sug- 
gest. At  times  neither  redness,  norswelling,  norincreased 
secretion  may  be  found  post  mortem,  even  when  during 
life  the  symptoms  of  intestinal  catarrh  have  been  marked 
(Osier).  It  is  not  usual  to  tind  the  whole  length  of  the 
intestine  uniformly  involved,  tliough  this  may  occasion- 
all}'  be  seen  in  the  secondary  enteritis  of  infectious  dis- 
eases, as  scarlet  fever  and  measles.  It  is  more  common 
to  find  portions  of  apparent!}'  normal  mucous  membrane 
separating  the  inflamed  areas,  which  may  be  from  only 
a  few  centimetres  up  to  a  metre  or  more  in  length.  The 
inflammatory  process  may  be  confined  to  a  single  ana- 
tomical division  of  the  intestine  (hence  a  duodenitis,  je- 
junitis,  or  ileitis),  but  this  is  exceptional.  More  often 
the  hjwer  part  of  the  ileum  is  involved,  a  part  or  the 
whole  of  the  colon  showing  a  simihir  condition. 

The  acute  catarrh  is  characterized  by  a  marked  hjqier- 
a?mia,  either  diffuse  or  localized,  the  latter  being  seen 
particularly  in  the  vicinity  of  the  lymph  follicles  and  on 
the  crests  of  the  valvula?  conniventes.  This  congestion 
may  be  so  great  as  to  give  rise  to  numerous  punctate 
hemcuTljages.  The  color  varies  from  a  bright  red  to  pur- 
plish. But  tlie  entire  wall  may  be  gray,  probablj^  due 
to  a  post-mortem  disappearance  of  the  hypenemia.  The 
distention  of  the  vessels  in  tlie  more  dependent  loops  of 
the  intestines,  due  to  a  settling  of  the  blood  after  death, 
is  not  to  be  mistaken  for  an  inflammatory  congestion. 
In  rapidly  fatal  cases  the  hyperajmia  may  be  the  only 
macroscopic  evidence  of  inflammation.  More  common!}' 
the  mucous  membrane  is  swollen,  and  on  its  surface 
there  is  a  collection  of  a  greater  or  less  quantity  of  mu- 
cus, either  in  a  uniform  layer  or  in  small  masses.  This 
may  be  quite  translucent,  or  opaque,  tlje  cloudiness  be- 
ing then  due  to  the  epithelial  cells  contained  in  the  mucus, 
and  not  to  pus  formation ;  or  it  may  be  stained  b}-  the 
various  substances  in  the  intestinal  canal— yellow  oi- 
greenish  by  bile,  red  or  brown  due  to  the  presence  of 
blood  pigment,  or  dark  from  bisnuith. 

The  active  exudation  on  the  jiart  of  the  inflamed  mu- 
cous membrane  is  indicated  by  the  watery  character  of 
the  intestinal  contents.  Here  at  times  may  be  found 
considerable  masses  of  cast-ofC  epithelial  cells.  To  this 
condition  the  term  desquamative  eaUii-rli,  has  been  applied. 
That  this  process  is  not  entirely  a  post-mortem  one  is 
shown  by  the  presence  of  epithelial  cells  in  the  stools 
during  life,  and  the  finding  in  tlie  colon  of  hollow,  finger- 
shaped  ma.sses  of  epithelial  cells  which  cover  the  villi  of 
the  small  intestine.  The  valvuhe  conniventes  may  be 
thickened  and  the  villi  swollen  so  that  the  latter  can  be 
seen  more  easily  than  normal.  Due  to  this  enlargement 
of  the  villi  the  surface  of  the  nuicous  membrane  at  times 
has  a  somewhat  velvety  appeaiance.  Not  infrequently, 
m  severe  cases  of  enteritis,  there  occurs  a  localized  super- 
ficial necrosis  of  the  inflamed  membrane,  with  resulting 
ulceration.  These  idcers  are  at  first  small,  rounded,  flat, 
with  walls  that  show  but  little  infiltration  but  may  grad- 
ually enlarge  (catarrhal  ulcers).  "  " 

The  lymphoid  structures  of  the  intestine  are  often  en- 
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larged,  appearing  as  grayish  projections  with  a  hypersE- 
mic  border.  TJie  solitary  follicles  may  reach  the  size  of 
a  pin's  head.  At  first  they  are  somewhat  tran.slucent, 
the  increase  in  size  being  then  due  to  oedema.  As  hyper- 
plasia and  cellular  infiltration  occur  they  become  opaque. 
In  the  agminated  glands  the  enlargement  may  be  uni- 
form over  the  entire  patch,  or  only  single  follicles  or 
groups  of  these  are  swollen.  At  times  these  changes  in 
the  lymphoid  structures  are  very  marked  (follicular  enter- 
itis). The  superficial  portion  of  the  follicles  may  become 
necrotic,  and  by  a  separation  of  this  necro.sed  tissue  there 
result  small  round  ulcers,  the  so-called  follicular  ulcers. 
This  follicular  enlai-gement  and  ulceration  are  seen  most 
frequently  in  children  and  may  take  place  very  rapidly. 
It  has  been  found  in  a  child  eight  years  old  in  whom  death 
occurred  two  days  after  the  onset  of  the  .symptoms  (John- 
ston). Svich  uleiTS  may  increase  in  size  and  unite  with 
neighboring  ones  to  form  irregularly  shaped  ulcerated 
areas,  in  the  midst  of  which  there  remain  small  portions  of 
mucous  memluane.  In  the  small  intestine  this  process  is 
most  marked  at  thelower  part  of  the  ileum,  although  here 
it  is  usually  less  advanced  than  in  the  colon. 

Microscopically  there  may  be  seen  more  or  less  oedema 
and  cellular  infiltration  of  the  mucous  membrane.  The 
distance  between  Lieberkilhn's  glands  is  frequently  in- 
creased, and  the  epithelial  cells  lining  these  may  show- 
various  forms  of  degeneration  (mucoid,  etc.).  There 
may  also  be  a  marked  proliferation  of  the  endothelial 
cells  of  the  lymph  vessels.  Only  in  the  severer  ca.ses  of 
catarrhal  entei-itis  does  the  submucous  layer  show  pro- 
nounced hyperemia  or  a  cellular  exudate  around  the 
vessels.  The  muscle  coat  is  not  involved  in  acute  ca- 
tarrh , 

In  the  lighter  forms  of  enteritis  there  can  be  a  complete 
recovci}'  from  the  disease  without  leaving  any  permanent 
anatomical  change  behind.  When  the  cat'arrll  is  of  longer 
standing  a  complete  restoration  to  the  normal  condition 
may  not  take  place,  but  there  may  follow  a  form  of 
atrophy  of  the  mucous  membrane  in  which  the  glandu- 
lar layer  is  thinned.  Such  a  resulting  atrophy  of  some 
portion  of  the  mucosa  is  very  frequently  observed  in 
adults  (Nothnagel).  Small  pigmented  areas  indicate  the 
sites  of  the  healed  ulcers. 

In  Chronic  ('atiirrliiil  Enteritis  the  changes  from  nor- 
mal which  are  found  in  the  intestine  are  fully  as  varied 
as  those  of  the  acute  form  of  the  disease.  In  general,  the 
exudative  processes  here  are  less  pronounced  than'  the 
proliferative;  the  latter  in  turn,  in  long-standing  cases 
frequently  being  followed  by  atrophy  of  the  affected 
mucosa.  Also  the  deeper  layers  of  the  intestinal  wall 
are  mvolved  to  a  greater  extent  than  in  the  acute 
process. 

The  mucous  membrane  is  at  times  found  to  be  slrik- 
mgly  pale.  This  is  seen  not  infrequeutiv  in  autopsies 
upon  small  children  who  have  died  as  a'  resrdt  of  the 
disease.  On  the  contrary,  when  a  chronic  couijestion  of 
the  abdominal  vessels  has  been  prominent  the  color  mav 
be  a  dark  red  due  to  the  hvper«mia ;  or  altered  blood 
pigment  may  be  deposited  in  the  tissue  in  sufficient  quan- 
tities to  give  it  a  slaty  hue.  The  piffmentation  here  is 
most  marked  m  the  vicinity  of  the  follicles  and  on  the 
villi. 

In  chronic  as  in  acute  enteritis  the  whole  length  of 
the  intestine  is  rarely  involved,  but  areas  of  di.seas?d  and 
ot  normal  mucous  membrane  alternate.  The  ileum  par- 
ticularly the  lower  portions  of  this,  show  the  characteris- 
ic  changes  more  frequently  than  does  the  jejunum  or 
thedu.Hlenum;  but  the  processes  in  the  large  intestine 
resulting  trom  an  accompanying  colitis,  are  often  more 
marked  than  those  ot  any  ],art  of  the  small  intestine 

ihe  intestinal  wall  becomes  thickened  as  a  result  of 
proliferative  changes  occurring  in  it.  Both  the  mucous 
and  submucous  coats  are  involved,  and  the  glandidar  as 
well  as  the  connective-tissue  elements  take  part  in  the 

dsS.l      ;'„*"""^^'°^""'  ^^^^^^^  ^l°".'^ate,    become 
distended,  and   produce  abnormal  quantities  of  mucus 

fi^e'oV'l :'"'''''  "'  '•"  '^^'l'"'  °"'^-"  'l"ite  adherent  to  the  sur- 
face of  the  mucosa.     At  the  same  time  the  glands  are 
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somewhat  separated  by  newly  formed  conuective  (issue. 
AVhen  the  hyperphisia  is  circumscribed  there  may  result 
polypoid  projections  of  the  thickened  mucosa,  but  tliis  is 
less  frequently  seen  in  the  ileum  than  it  is  in  similar  proc- 
esses of  the  large  intestine. 

The  subsequent  changes  that  occur  in  tlie  tliickened 
wall  are  largely  atrophic  in  nature.  As  the  young  con- 
nective tissue  of  the  mucous  and  submucous  coats  grad- 
ually contracts,  it  compresses  the  glands  of  Lieberkuhn, 
and  as  a  result  they  imdergo  more  or  less  complete  atro- 
phy. The  villi  likewise  largely  disappear  so  that  the 
mucosa  becomes  thinned,  and  also  smoother  on  the  sur- 
face than  normal. 

The  hyperplasia  of  the  lymphoid  tissue  may  be  even 
more  marked  here  than  in  acute  enteritis;  later,  this  too 
may  atrophy,  leaving  behind  smooth  darkly  pigmented 
spots  in  place  of  the  follicles.  Here  also  are  found  both 
catarrhal  and  follicular  ulcers.  These  gradually  enlarge 
and  become  deeper.  They  may  even  extend  to  the  se- 
rous layer,  giving  rise  to  a  circumscribed  chronic  perito- 
nitis by  which  adhesions  between  the  diil'erent  peritoneal 
surfaces  are  formed. 

Complete  recovery,  in  the  anatomical  sense,  does  not 
occur  in  chronic  enteritis.  An  atrophy  of  the  mucous 
membrane,  smooth  pigmented  dots  at  the  site  of  the 
follicles,  scars  residting  from  healed  ulcers,  or  some  other 
structural  evidence  of  the  process  still  remains. 

Symptoms,  Course,  and  Diagnosis. — Catarrh  of  the 
small  intestine,  as  already  indicated,  does  not  commonly 
occur  alone.  It  is  usually  combined  with  inflammation 
of  the  colon,  as  an  ileo-colitis;  hence  the  symptoms  ob- 
served, and  as  here  given,  both  in  the  acute  and  the 
chronic  forms,  are  evidences  of  disease  in  both  the  large 
and  the  small  intestines.  Those  will  be  empliasized  which 
are  referable  to  the  process  in  the  latter. 

An  attack  of  Ac'ite  Catarrhal  Enteritis  usually  begins 
suddenly,  following  directly  upon  the  action  of  the  ex- 
citing cause,  the  connection  with  which  is  often  evident. 
There  is  at  first  a  feeling  of  fulness  and  discomfort,  soon 
amounting  to  actual  pain,  in  the  lower  part  of  the  abdo- 
men. This  pain,  which  is  colicky  or  griping  in  nature, 
is  quickly  followed  by  diarrhoea.  After  each  evacuation 
there  is  a  lessening  or  cessation  of  the  abdominal  pain 
which  reappears  before  the  next  movement.  The  num- 
ber and  character  of  the  stools  are  important  in  establish- 
ing the  diagnosis,  and  in  determining  the  extent  and  se- 
verity of  the  process.  They  usually  vary  from  two  to 
three  daily,  in  the  lighter  cases,  up  to  fifteen  or  twenty 
or  even  more  in  the  severe  attacks.  If  diarrhaa  is  not 
present,  as  may  happen  when  the  small  intestine  alone  is 
involved,  the  recognition  of  the  catarrh  becomes  more 
diflicult. '  In  general  the  more  the  large  intestine  is  in- 
volved the  greater  is  the  number  of  movements.  The 
consistence  of  the' first  stool  maybe  that  of  the  normal 
fteces,  or  it  may  be  jelly-like.  The  subsequent  ones  rap- 
idly become  more  liquid,  gruel-like,  and  later  watery, 
and  are  often  frothy  from  the  admixture  of  gas,  the  re- 
sult of  bacterial  growth.  The  stools  at  lirst  may  give 
the  usual  fajcal  odor,  but  this  soon  changes,  becommg 
more  offensive.  There  may  be  a  marked  sour  smell,  par- 
ticularly in  milk-fed  patients.  Later,  the  watery  dis- 
charges may  become  nearly  odorless,  but  these  it  allowed 
to  stand  rapidly  develop  an  offensive  odor. 

The  color  of  the  discliarges  depends  largely  upon  the 
extent  to  which  the  small  intestine  is  involved.  When 
the  upper  portion  of  this  takes  part  in  the  enteritis  tlie 
stools  vary  from  brown  to  light  yellow  from  the  presence 
of  unchanged  bile  pigment;  or,  in  children,  but  not  m 
adults,  they  may  be  green  from  the  oxidation  of  his. 
The  presence  of  bile  may  be  demonstrated  by  Crmelm  s 
nitric-acid  test.  The  discharges  may  also  be  various  y 
colored  by  articles  of  food,  or  by  inedieines  (bismuth, 
iron  etc  ),  and  by  the  presence  of  blood.  The  copious 
liquid  stools  may  be  nearly  colorless.  When  there  is  a 
duodenitis,  with  catarrhal  occlusion  of  the  common  bile 
duct,  the  fKces  may  be  very  pale  because  of  the  absence 

°  Mucus  is  always  present  in  the  faeces.     This  may  be 


in  larger  or  smaller  shreds,  readily  recognized,  or  only  in 
minute  gelatinous  particles  intimately^  mixed  with  "the 
stool.  It  may  be  unstained,  colored  yellow  by  the  bile, 
or  pigmented  by  the  other  intestinal  contents.  Epitlielial 
(■ells,  either  fairly  well  preserved  or  showing  various  de- 
grees of  degeneration,  are  contained  in  the  mucus.  These 
may  be  present  in  sufficient  numl)ers  to  give  it  an  opaque 
appearance  which  maeroseopically  resembles  pus,  but 
pus  cells  are  not  often  found  in  large  number  in  tlie  stools 
(if  acute  catarrh.  Blood,  which  is  at  times  present  in  the 
stools  in  catarrhal  enteritis  in  small  quantities,  indicates  a 
marked  inllanunatory  hypenemia  or  ulceration. 

In  the  early  stages  of  tlie  disease  remnants  of  undigest- 
ed fddd  are  frequently  passed  jier  rectum,  such  as  pieces 
of  meat,  particles  of  starchy  foods,  etc.  When  these  bits 
of  meat  eon.sist  of  connective  tissue  only  they  indicate  a 
disturbance  of  the  gastric  function,  but  when  muscle 
masses  are  found  they  are  to  be  referred  to  a  disturbance 
in  the  intestinal  digestion  (Schmidt).  Such  undigested 
food  may  occasionally  be  found  even  on  the  fourth  or 
li  f  th  day  of  the  disease,  having  been  retained  in  the  bowel 
up  to  tills  time,  and  having  served  to  excite  the  intlam- 
niatiou.  Bacteria  are  usuallj'  present  in  the  stools  in 
large  numbers.  Prominent  among  these  ^\\\\  be  found 
the  normal  inhabitants  of  the  intestinal  canal,  hut  at  times 
streptococci  may  readily  he  seen. 

Among  the  subjective  symptoms  the  most  prominent 
is  the  feeling  of  discomfort  in  the  abdomen,  with  the 
colicky  pains  already  referred  to,  which  precede  the  evac- 
uations. This  sense  of  discomfort  may  be  slight  and 
may  pass  off'  in  a  few  hours  or  a  day  or  two,  but  in  the 
severer  cases  the  suffering  may  be  so  great  as  to  produce 
a  feeling  of  faintness,  with  coldness  of  the  surface  and 
sweating.  These  more  severe  pains  extend  to  the  geni- 
tals and  lower  extremities.  There  is  a  feeling  of  thirst, 
but  all  desire  for  food  is  lost.  Only  when  the  large  in- 
testine alone  is  inflamed  may  the  appetite  remain.  Nau- 
sea may  be  present,  at  times  accompanied  by  vomiting 
even  when  no  lesion  of  the  stomach  can  be  found  post 
mortem.  There  is  always  some  feehng  of  debility  and 
malaise,  which  in  children  or  persons  weakened  in  ;uiy 
way  may  amount  to  severe  prostration. 

the  abdomen  is  often  somewhat  distended  and  is 
tender  on  pressure,  either  diffusely  or  in  particular  re- 
gions. Loud  borborygmi,  due  to  the  presence  of  gas  in 
the  intestine,  are  frequently  heard.  Little  of  value  is 
obtained  by  percussion.  Fever,  as  a  rule,  is  not  present 
in  simple  catarrhal  enteritis,  and  when  it  does  occur  is 
slight  in  degree  and  passes  off  in  a  few  days.  On  the 
other  hand,  the  attack  may  be  ushered  in  with  a  chill, 
followed  by  a  pronounced  lise  in  temperature,  and  a  sus- 
Ijicion  may  be  aroused  that  the  case  is  one  of  typhoid 
fever.  The  spleen,  however,  is  not  usually  enlarged, 
although  Fischl  describes  this  as  of  occasional  occurrence. 
The  quantity  of  urine  varies  inversely  to  that  of  the 
watery  stools."  It  may  be  but  little  changed  from  nor- 
mal, but  is  frequently" small  in  amount  and  concentrated. 
Temporary  albuminuria  with  hyaline  easts  is  occasionally 
present  (Fischl),  and  this  even  in  the  less  severe  cases, 
without  fever  or  collapse.  The  casts  may  be  found  with- 
in a  few  hours  after  the  beginning  of  the  diarrhrea.  As 
a  rule  they  disappear  quickly  as  the  catarrh  improves. 
Jaundice  is  common  when  the  duodenum  is  involved. 


Such  special  symptoms  as  may  occur 


in  the  secondary 


forms  of  "enteritfs  belong  rather  to  the  primary  disease 
and  will  not  be  discussed  here.  .,,,•«     if 

The  Diiiqnosix  is  ordinarily  made  without  dithculty 
Some  error  in  diet,  exposure  to  cold,  or  other  etiological 
factor  is  often  evident.  The  acuteness  of  the  onset,  the 
gastro-intestinal  disturbance,  the  presence  oi  mu(;us  in 
the  diarrhffial  stools,  slight  distention  of  the  ab(iomen 
with  diffuse  or  localized  abdominal  tenderness,  and  loud 
borborygmi,  can  hardly  be  mistaken  for  any  other  C(3n- 
dition  The  febrile  cases  may  so  closely  simulate  ty_ 
phoid  fever  for  the  first  few  days  that  a  Widal  s  test  of 
the  blood  maybe  necessary  to  elimmate  this.  In  epi- 
demics of  cholera,  the  watery  discharges  of  enteritis  may 
so  closely  resemble  those  of  the  former  disease  that  a  bac- 
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teriological  examination  of  the  stools  for  the  cholera  spi- 
rillum may  be  necessary. 

The  determination  of  what  particular  portion  of  the 
intestine  is  involved  in  the  iiiHammatory  process  offers 
more  difficulty.  Certain  of  the  symi}tonis  enumerated 
al)ove  are,  however,  sufficient  to  imphcate  the  small  intes- 
tine. As  previously  noted  the  upper  part  of  this,  or  even 
its  lower  end  when  the  colon  is  in  normal  condition,  may 
be  inflamed  without  an  accompanying  diarrhoea.  Yet 
liere  the  fteces  give  evidence  of  the  condition.  Mucus 
from  the  small  intestine  is  found  intimately  mixed  with 
the  fa'ces,  but  not  in  masses  of  any  size.  The  micro- 
scope may  be  needed  to  show  its  presence.  Unusual 
quantities  of  undigested  food,  particularly  muscle  tis.sue, 
and  the  presence  of  unchanged  bile  pigment,  are  indica- 
tions that  the  bowel  above  the  iloo-ca;cal  valve  is  at  fault. 
The  presence  of  abnormal  quantities  of  iudican  in  the 
urine  shows  the  same.  Abdominal  tenderness  in  tlie 
vicinity  of  the  umbilicus  is  more  marked  iu  jejunitis 
and  ileitis,  but  the  .severe  pain  produced  by  a  colitLs  may 
be  so  diffused  over  the  abdomen  that  slight  umbilical 
tenderness  may  be  of  little  significance.  Duodenitis  fre- 
quently accompanies  a  catarrhal  gastritis,  and  the  symp- 
toms of  the  latter  may  completely  obscure  those  of  the 
former  until  the  common  bile  duct  becoiues  involved, 
when  the  resulting  jaundice  indicates  the  condition  of 
the  duodenum.  A  dull  pain  on  pressure  in  the  right 
hypochondriac  region  maj'  indicate  this  even  when  icte- 
rus is  absent. 

The  Coume  of  the  lighter  forms  of  the  disease  is  recov- 
ery in  two  or  three  days.  In  the  severer  types,  or  when 
the  conditions  for  convalescence  are  unfavorable,  this 
may  occur  only  after  several  weeks.  Still  other  cases 
graduall}'  become  chronic.  After  the  patient  appears  to 
be  entirely  well  there  is  frequently  a  marked  susceptibil- 
ity of  the  mucous  mendirane,  so  that  slight  irritants  may 
again  excite  a  catarrhal  condition.  A  tendency  to  con- 
stipation may  follow  the  acute  diarrha»a;  it  is  due  to  a 
partial  paralysis  of  the  muscle  layer  of  the  intestine. 
This  may  develop  into  chronic  constipation.  It  is  only 
exceptionally,  and  then  chiefly  in  infants  and  debilitated 
persons,  that  the  disease  proves  fatal. 

Among  the  symptoms  of  Clu-onic  Catarrhal  Enteritis 
the  number  and  character  of  the  stools  again  hold  the 
cliief  place.  Subjective  symptoms  ma}'  be  entirely  lack- 
ing except  as  they  are  connected  with  irregularity  in 
these.  Whereas  in  acute  intestinal  catarrh  diarrhia  is 
almost  invariably  present,  this  does  not  hold  ti-ue  in  the 
chronic  form  of  the  disease.  Here  the  stools  vary  much. 
The  classitication  of  the  cases,  as  given  by  No'thnagel, 
depending  upon  the  frequency  and  nature  of  the  dis- 
charges, will  here  be  followed.  This  includes  four 
groups.  In  the  first  one  there  is  constipation,  the  stools 
being  from  two  to  four  days  apart  and  frequently  occur- 
ring only  after  a  cathartic  has  lieen  taken.  This  consti- 
pation is  to  be  explained  as  due  to  a  decreased  auto- 
matic activity  of  the  nervous  apparatus,  produced  by 
the  chronic  catarrhal  process.  But  with  this  lessened 
automatic  activity  there  may  be  a  normal  or  even  in- 
creased susceptibility  toward  various  irritants.  The  con- 
dition here  is  probably  to  be  explained  chiefly  by  a  chronic 
catarrh  of  the  large,  rather  than  of  the  small,  intestine. 

The  second  class,  which  is  larger,  shows  alternately 
constipation  and  diarrhoea,  and  frequently  these  recur 
with  noticeable  regularity.  The  daily  stoo'ls  for  two  or 
three  days  will  be  very  hard;  during  the  followint;- twen- 
ty-four hours  there  will  be  from  four  to  six  diarrlneal  dis- 
charges containing  considerable  mucus,  and  accompanied 
by  a  diffuse  ])ain  in  the  abdomen.  Then  constipation 
again  follows.  Or  the  stools  may  be  normal  for  some 
da,ys  and  then  from  four  to  .seven  diarrha'al  movements, 
with  colicky  pains,  follow  in  one  day,  and  this  is  s>ic'- 
ceeded  by  constipation.  Ilere  also  con.stipation  is  the 
main  feature,  but  the  decomposition  of  the  stagnant  in- 
testinal contents  prodtices  an  increased  peristalsis  by  act- 
ing^  upon  the  fairly  irritable  nervous  apparatus.  The 
periodicity  of  the  constipation  may  be  en1;irely  irregular. 

In  the  third  class,  which  includes  but  few  cases,  there 
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is  a  daily  movement,  but  tliis  is  rather  soft,  not  well 
formed. 

The  last  group  comprises  those  cases  in  which  for 
months  there' may  be  daily  frequent  diarrheal  discharges. 
In  this  class  there  is  good  evidence  of  disease  of  the  small 
intestine  as  well  as  the  large,  funiLshed  by  the  presence 
of  unchanged  bile  pigment,  or  yellow-stained  epithelial 
and  round  cells,  in  the  stools.  The  condition  is  explained 
fin  the  supposition  that,  because  of  the  chronic  enteritis, 
digestion  does  not  proceed  in  a  normal  manner  in  the 
small  intestine,  and  that  the  abnormal  products  (acids, 
etc.)  formed  here  act  in  such  a  waj'  as  to  irritate  the  in- 
darned  mucou.s  membrane  of  tlie  large  intestine  and  so 
keep  up  a  marked  peristalsis,  causing  the  diarrha?a. 

There  are  still  other  cases  in  which,  owing  to  some 
nervous  influence,  the  evacuations  may  occur  only  at 
night  time,  or  earlj'  in  the  morning. 

Of  the  contents  of  the  stools,  mucus  is  most  character- 
istic of  the  catarrhal  condition.  This  varies  greatly  in 
(juautity,  and  may  even  rarely  be  absent  in  .severe  catar- 
rhal conditions  when  tlie  mucous  membrane  is  atrophic. 
It  may  also  at  times  be  jjre.sent  in  other  than  catarrlial  in- 
flammation ;  yet,  in  general,  its  continued  presence  in  the 
stools,  whether  these  are  firm  or  liquid,  may  be  con.sid- 
ered  an  indication  of  an  existing  catarrli,  although  it 
is  a  fact  that  a  thin  layer  of  mucus  often  covers  the 
hard  facal  masses  of  habitual  con.stipation  even  without 
catarrh. 

The  conditions  of  odor,  color,  and  the  presence  of  epi- 
thelial cells  and  of  food  particles  are  similar  to  those  in 
acute  catarrh.  Blood,  when  present,  gives  evidence  of 
an  ulcerative  process.  Indican  in  the  urine  is  of  the  same 
•significance  as  that  alread\'  stated  for  acute  enteritis. 

The  sulijective  symptoms  ma\'  be  few  in  number  and 
inconspicuous,  or  they  may  stand  out  prominently.  Sore- 
ness and  distention  of  the  abdomen,  due  to  gas  forma- 
tion, may  occur,  but  severe  pains  are  usually  lacking. 
By  palpation  the  tenderness  may  be  foimd  limited  to  cer- 
tain intestinal  areas,  thus  indicating  to  some  extent  the 
parts  involved.  In  the  severer  cases  the  abdominal 
symptoms  may  be  constant,  while  in  the  others  they 
may  be  called  forth  only-  by  some  slight  error  in  diet,  or 
appear  as  an  accompaniment  of  a  cold,  or  follow  over- 
exertion. The  general  condition  is  more  or  less  disturbed. 
Dulness  and  headache  frequently  result  from  the  absorp- 
tion of  poisonous  products  from  the  intestinal  tract.  Tlie 
appetite  is  poor,  nutrition  suffers  more  and  more,  and  the 
disturbances  iu  this  may  assume  a  very  grave  character 
when  a  large  extent  of  the  intestinal  liiucous  membrane 
becomes  involved.  When  an  atrophv  of  the  intestinal 
mucosa  is  accompanied  by  that  of  the" stomach  a  distinct 
picture  of  pernicious  ana-mia  can  be  produced. 

The  ViiuiiKisiis  of  a  chronic  catarrh  of  some  portion  of 
the  intestinal  canal  usually  follows  readily  from  tlie 
symptoms.  The  determination  of  the  involvement  of 
the  small  intestine  is  made  from  the  stools  and  urine 
chiefly,  and  involves  the  same  factors  as  those  already 
given  for  the  acute  variety. 

The  Coarse  of  the  disease  is  protracted.  After  months 
or  years  a  functicmal  cure  may  be  achieved,  but  fre- 
quently the  enteritis  remains  until  the  end  of  life.  It  is 
most  dangerous  in  early  cliildhood  and  in  old  ane.  By  it 
the  patient  may  be  so  debilitated  that  intercurrent  diseases 
often  prove  rapidly  fatal. 

Ti!i.;.\TMENT.— Icf/i'f!  Catarrhal  Eiiteritin.—TXw  treat- 
ment should  be  directed  toward  the  removal  of  the  excit- 
ing cause  and  the  protection  of  the  intestine  against  fur- 
ther injury.  Frequently  iu  the  milder  eases  no" medicinal 
treatment  is  necessary.  The  diari'luea  has  expelled  the 
in-itating  substances  which  produced  the  catarrh  and  a 
temporsiry  withdrawal  of  all  food,  or  the  use  of  small 
(luanlities  of  liquid  nourishment  only  combined  with 
rest,  is  quickly  followed  bv  recovcrv.  When  however 
the  colicky  pains  jx'r.sist  and  the  abdomen  becomes  dis- 
tended ill  spite  of  the  frequent  stools,  a  cathartic  may 
\vell  be  given.  For  this  purpose  either  calomel  or  castor 
oil  IS  most  often  chosen;  the  jiroper  dose  for  an  adult 
being  from  five  to  ten  grains  of  the  former,  or  a  table- 
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spoonful  of  the  latter.  Or  the  culomel  may  lie  liix-en  in 
small  (loses  repeated  at  short  intervals,  and'  followed  b\- 
a  heidhtz  powder.  After  the  action  of  the  lun-o-ative 
and  with  a  proper  restriction  of  the  diet  and  ,vst  the 
symptoms  generally  subside.  When  the  pain  is  more 
mtense  tins  may  often  be  relieved  by  the  application  of 
warm  or  hot  fomentati<ins  to  tlie  abdomen.  Opiates  are 
occasionally  required  for  tliis  purpose.  After  tlie  acute 
pain  has  been  relieved,  ii  flannel  handanc  around  the  al)- 
domen  is  frequently  of  value  in  keei)ini.-  this  warm  and 
so  preventing  a  recuri-ence  of  the  discomfort. 

If  the  attack  is  of  a  more  severe  character,  and  accom- 
panied by  fever,  there  should  be  com].)lete  rest  in  bed 
for  a  few  days.  When  after  thorough  evacuation  has 
been  accomplished  the  diarrha'a  persists,  astringent  and 
slightly  antiseptic  remedies  may  well  be  employed.  The 
bismuth  preparations  are  here  particularly  valuable.  A 
very  satisfactory  combination  may  be  found  in  bismuth 
salicylate  (gr.  vi.),  zinc  sulphocarbolate  (gr.  ss.),  com- 
pound aromatic  powder(gr.  ij.^  and  prepared  chalk  (gr. 
IV.),  to  be  given  three  or  four  times  daily.  Opium  may 
be  required  in  the  more  obstinate  diarrhreas.  Tlie  tinc- 
ture of  this  maybe  prescribed  in  doses  of  from  five  to  ten 
drops  every  three  hours;  or  the  opium  may  be  combined 
with  bismuth  and  chalk.  Evidences  of  cardiac  weakness 
are  to  be  treated  by  the  a]jpropriate  stimulants. 

After  the  diarrhoea  disappears  a  tendency  toward  con- 
stipation not  infrequently  occurs.  This  is  to  be  treated 
by  euemata  rather  than  by  purgatives.  Also  in  those 
cases  in  whicli  diarrha'a  is  absent  from  the  first,  when 
there  is  a  history  of  the  taking  of  in<ligestible  food  fol- 
lowed by  colic  and  iuellectuar straining  at  stool,  a  gen- 
eious  enema  of  warm  water  may  well  be  given  instead 
of  a  cathartic. 

Regulation  of  the  diet  is  of  absolute  importance  both 
for  cure  and  for  prevention  of  a  recurrence  of  the  dis- 
ease. Complete  abslinence  from  food  for  the  first  day 
or  two  is  advi.sable.  As  the  appetite  is  usually  lost  this 
is  easily  accomplished.  At  this  time  such  drinks  as  pure 
water,  weak  tea  without  sugar,  or  even  small  amounts  of 
bouillon  or  hot  diluted  milk,  from  which  the  cream  has 
been  removed,  are  in  place.  These  should  lie  given  in 
small  quantities  at  intervals.  Very  cold  drinks  and  ice 
should  not  be  employed.  After  this  brief  period  of  ab- 
stinence from  food,  the  patient  ma}'  be  allowed  to  take 
thin  soups  of  barley,  rice,  oatmeal,  etc.,  or  gruels  made 
from  the  common  pre]iared  foods  used  for  infants.  For 
many  milk  alone,  or  this  diluted  with  barley  or  rice  wa- 
ter, is  all  that  is  required.  Egg  albumen,  scraped  raw 
beef,  toasted  bread  or  crackers,  and  later  lamb  chops, 
tender  steaks,  oysters,  etc.,  are  easily  digested.  Baked 
or  mashed  potatoes  are  to  be  allowed  only  after  the  diar- 
rhoea is  completely  stopped.  Fruits  and  vegetables 
should  be  partaken"  of  only  sparingly  for  some  time  after 
the  attack,  and  for  weeks  the  patient  should  avoid  all 
kinds  of  indigestible  food.  The  appetite  usually  returns 
witli  the  disappearance  of  the  symptoms.  Otherwise 
stomachics  may  be  employed.  In  secondary  enteritis  the 
treatment  becomes  largely  that  of  the  primary  affection. 

In  Chronic  Catarrhal  Fnteritis  the  regulation  of  the 
patient's  mode  of  life  for  a  considerable  period  is  of  great- 
er value  than  medicinal  treatment.  This  includes  avoid- 
ance of  overwork  of  any  kind,  but  with  sufiicicnt  exer- 
cise in  the  open  air,  a  "simple  diet  composed  of  easily 
digested  food  taken  at  regular  intervals,  and  carefulness 
ab"out  exposure  to  cold,  with  the  wearing  of  suflncient 
warm  clothing  especially  about  the  abdomen.  As  those 
cases  in  which  chronic  diarrhoea  is  a  prominent  feature 
are  more  serious  than  those  with  constipation,  it  may  here 
be  necessary  to  keep  the  patient  in  bed  for  some  weeks  in 
order  to  secure  as  complete  rest  for  the  s>'stem  as  possible, 
to  avoid  unfavorable  external  influences,  and  at  the  same 
time  carefully  to  regulate  the  diet.  Small  amounts  of 
food  should  be  given  frequently  and  regularly,  but  sufii- 
cicnt nourishment  must  be  taken  if  possible  to  prevent 
loss  in  weight.  Large  quantities  at  a  time  are  to  be 
avoided.  In  the  severer  cases  with  ditirrhnea  the  diet 
may  need  to  be  temporarily  restricted  to  the  forms  of 


liquid  food  recommended  above  as  suitable  fcjr  cases  of 
acute  enteritis.  But  in  general  easily  digested  meats,  as 
beefsteak,  lamb  chops,  chicken,  etc.,  as  well  as  soft-boiled 
eggs,  oysters,  toasted  bread  with  butter,  baked  potatoes, 
and  similar  articles  may  be  allowed,  together  with  soui)s 
and  gruels.  Most  kinds  of  fi-uits  and  vegetables,  and  all 
foods  in  general  that  leave  much  undigested  residue  or 
are  ditlicult  of  digestion,  must  be  avoided,  as  should  also 
very  cold  drinks,  or  those  containing  sugar  or  acid  in 
any  considerable  amount,  or  tliose  highly  charged  with 
carbduic-acid  gas.  Pure  water,  weak  tea,  cocoa,  milk, 
knniyss,  etc.,  are  to  be  used  but  only  in  moderate  quan- 
tities. They  may  be  given  warm  or  moderately  cool, 
never  ice  cold. 

A  more  liberal  diet  may  be  allowed  when  constipation 
is  marked,  and  when  the  food  is  properly  chosen  the 
condition  may  often  be  relieved  by  this  means  alone. 
Soups  are  to  be  avoided  as  they  appear  to  arrest  peristal- 
sis. Aside  from  this  the  articles  of  food  above  mentioned 
may  lie  employed.  The  additions  to  these  should  be  such 
as  tend  to  increase  the  intestinal  peristalsis;  the  physio- 
loijieal  astringents  should  be  avoided.  Thus  foods  con- 
taining .sugar,  honey,  grapes,  and  cooked  fruits  are  often 
of  value,  as  are  also  starchy  foods.  Fats  in  the  form  of 
butter  or  cream,  chicken  fat,  etc.,  maj'  be  recommended. 
Generous  amounts  of  buttennilk  and  kumyss  may  be  ad- 
vantageously given.  But  a  diet  which  will  leave  a  large 
amount  of  indigestible  residue,  such  as  cabbage,  beets, 
fruits  containing  many  seeds,  etc.,  is  to  be  avoided  here 
also  as  Hable  to  produce  too  much  irritation  of  the  intes- 
tinal mucosa.  A  glass  of  cool  water  taken  an  hour  be- 
fore breakfast  often  acts  favorably. 

Nothnagel  has  emphasized  particularly  the  use  of  vari- 
ous mineral  waters  in  chronic  enteritis  as  being  of  much 
value,  not  merely  by  temporarily  relieving  the  symp- 
toms, but  at  the  same  time  by  acting  beneficially  upon 
the  diseased  intestine  to  favor  the  repair  of  the  lesions. 
Naturally  the  results  are  more  favorable  when,  as  is  ex- 
ceptionally the  case,  the  treatment  can  be  carried  out  at 
the  sanitaria  connected  with  the  various  springs;  such 
favorable  results  being  due  to  some  extent  to  the  rest 
and  regular  habits  there  insisted  on.  In  lieu  of  this  the 
l)ottled  waters  or  artificially  prepared  salts  are  to  be  em- 
ployed. Of  particular  value  in  those  ca.ses  in  which 
diarrhtt'a  is  marked  are  the  waters  of  Karlsbad  and 
Vichy,  those  of  Ki.ssingen  being  somewhat  less  active. 
When  constipation  is  present  certain  of  the  Saratoga 
waters  act  very  favorably,  as  do  also  those  from  Marien 
bad  in  Austria. 

Medicinally,  chronic  enteritis  with  diarrho'a  may  fre- 
quently be  b'eneflted  by  the  use  of  chalk,  or  chalk  and 
bismuth.  Boas  recommends  the  mixture,  in  equal  parts, 
of  the  carbonate  and  phosphate  of  lime,  or  the  addition 
to  this  chalk  mixture  of  one-fifth  its  weight  of  bismuth 
beta-naphthol,  a  teaspoonful  of  either  preparation  being 
given  three  times  daily.  C^athartics  should  not  be  em- 
ployed to  relieve  the  constipation.  If  the  regulation  of 
the'diet  or  the  use  of  spring  waters  does  not  accomplish 
this,  other  laxatives  may  be  employed;  but  enemata, 
either  of  plain  water,  or  of  soap  and  water,  or  containing 
oil  in  some  form,  are  to  be  preferred. 

When  the  catarrh  is  secondary  to  other  chronic  forms 
of  disease,  as  is  frequently  the  "case,  treatment  is  to  be 
directed  primarily  toward  the  original  disease,  as  fre- 
quently it  is  only  by  relieving  this  that  the  catarrhal 
condition  can  be  improved. 

Croupous  or  Diphtheritic  Enteritis.— This  com- 
paratively rare  form  of  enteritis  is  characterized  by  the 
presence  "of  a  fibrinous  exudate  in  the  tissue  and  on  the 
surface  of  the  intestinal  mucosa  where  it  forms  a  false 
membrane  (croupous),  frequently  combined  with  more 
or  less  coagulation-necrosis  of  the  inflamed  tissue  (diph- 
theritic). Anatomically  it  closely  resembles  certain  forms 
of  dysentery,  but  the  small  as  well  as  the  large  intes- 
tine "  thougli  to  a  less  extent,  may  be  involved  in  the 
infianmiatory  process,  and  it  has  no  specific  etiological 

factor.  ,  .  ,     ,         i  ■ 

Various  bacteria  probably  play  an  important  part  in 
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the  production  of  this  form  of  inflammation,  Imt  tl)e  ac- 
tion of  tlicse  is  as  a  rule  secondary  to  that  of  other  inju- 
rious aceuts.  Thus,  different  mineral  poi.sons,  as  corro- 
sive .sublimate,  arsenic,  etc.,  may  be  the  jirimary  cause, 
and  the  toxic  substances  supposed  to  be  formed  in  ci/r- 
tain  chronic  conditions,  as  Briglit's  disease,  the  cachexia 
of  malignaut  tumors,  etc.,  and  excreted  through  the  in- 
testinal tract,  arc  apparently  factors  in  its  production.  It 
occurs  occasionally  in  infectious  diseases,  as  pneumonia, 
scarlet  fever,  septic  processes,  etc.  It  may  develop 
from  a  catarrhal  inflammation  of  the  mucous  membrane, 
but  is  not  constantly  preceded  by  this.  Macroscopically 
the  fibrinous  exudate  appears  as  a  gray  or  a  grayish- 
yellow  layer  of  greater  or  less  extent  on  the  surface  of 
the  mucosa.  It  may  be  limited  to  the  tips  of  the  villi  or 
to  the  crests  of  tlie  valvuhu  connivcntes,  or  the  patches 
may  be  of  considerable  size.  There  may  be  merely  a 
very  thin  film  of  this  on  the  surface  of  the  membrane, 
or  the  infiltration  and  necrosis  may  extend  deeply  into 
the  mucous  membrane.  The  solitary  follicles  may  not  be 
involved:  they  may  be  enlarged  and  involved  in  the 
diphtheritic  process.  In  the  latter  case  follicular  ulcers 
are  common. 

Diplitheritic  enteritis,  when  occurring  in  the  co\irse  of 
severe  infections,  may  not  give  rise  to  any  symptoms  not 
referable  to  the  primary  disease.  The  condition  is  at 
times  met  with  post  mortem  when  not  suspected  during 
life.  Diarrha'a  and  abdoininal  pain  may  exist  but  are 
not  distinctive.  The  character  of  the  stools  shows  noth- 
ing to  differentiate  this  from  dysentery.  The  treatment 
must  be  symptomatic,  with  proper  attention  to  the  ac- 
companjring  disease. 

Phlegmonous  Entbhitis  is  to  be  mentioned  as  a  rare 
form  of  intestinal  intlammation.  Here  there  is  a  more  or 
less  diffuse  suppurative  intiltration,  particularly  of  the 
submucous  coat.  It  is  caused  by  bacterial  invasion  and 
is  nearly  always  secondary  to  other  forms  of  intestinal 
disease,  such  as  the  various  kinds  of  ulcers,  intussuscep- 
tion, strangulated  hernia,  etc.  The  symptoms  belong 
rather  to  the  primary  disease  than  to  the  phlegmonous 
inflammation.  There  is  no  clinical  picture  by  which  it 
can  be  recognized  before  death. 

Ulcers  in  great  variety  occur  in  the  intestinal  tract, 
many  of  them,  however,  being  found  much  more  com- 
monly in  the  large  than  in  the  small  intestine.  The  ma- 
jority of  these  ulcers  are  not  the  expression  of  an  ordinary 
inflammatory  process.  Certain  of  them  occur  in  specific 
infectious  diseases,  either  acute  or  chronic  (tj'phoid,  an- 
thrax, tuberculosis),  while  others  result  from  the  direct 
destruction  of  tisstte  by  toxic  agents  (mercurial  ulcers, 
etc.).  Interference  with  the  local  blood  siipply  is  the 
probal)le  primary  cause  in  a  certain  proportion  («  f/. ,  duo- 
denal ulcers),  or  ulcers  may  accompany  tumor  growths. 
None  of  tliem  should  be  considered  here.  There  remain 
as  occasionally  occurring  in  the  small  intestine  in  inflam- 
matory processes  the  catarrhal  and  follicular  ulcers,  al- 
ready briefly  mentioned,  and,  rai'cly  in  the  lower  end  of 
the  ileum,  the  so-called  stercoral  ulcer.  None  of  these 
is  as  common  or  as  important  here  as  in  the  large  bowel. 
The  catarrhal  and  follicular  ulcers  are  expressions  of 
the  severer  forms  of  catarrhal  enteritis,  either  acute  or 
chronic;  hence  their  etiology  is  the  same  as  that  of  this 
disease.  A  few  words  only  as  to  the  manner  of  their 
formation  and  their  results  are  here  necessary. 

The  catarrlial  idcer  commences  by  a  localized  collec- 
tion of  round  cells  in  the  nmcous  membrane.  These 
cells  lie  between  and  surround  Lieberkilhn  's  glands.  The 
superficial  epithelial  cells  over  thiss]iot  are  descpiamated 
and  the  tubular  glands  destroyed,  or,  if  the  ulcer  is  very 
shallow,  the  lower  portions  of  these  may  remain.  This 
gives  rise  to  small  isolated,  usually  rounded,  erosions 
which  at  fii-st  reach  hardly  to  the  submucous  coat.  These 
may  heal,  or  may  increase  in  size,  and  become  confluent, 
forming  irregular  ulcerated  areas  of  considerable  size 
which  may  extend  downward  to  the  muscle  coat  or  even 
give  rfse  to  perforation  or  peritoneal  adhesions.  In  these 
larger  ulcers  the  walls  are  somewhat  undermined  and 
thickened. 


The  follicular  ulcer  wliich  begins  by  an  increase  in 
round  cells  in  the  lymphoid  structures,  with  a  subse- 
ijueiit  superficial  necrosis,  at  first  appears  as  a  minute 
round  opening  into  the  enlarged  follicle.  In  the  earlier 
stages  the  process  is  limited  to  the  follicular  tissue,  the 
isolated  ulcer  being  round  with  thickened  overhanging 
edges.  The  surrounding  tissue  is  next  involved,  the  sub- 
mucous coat  being  infiltrated  and  softened  and  the  over- 
lying mucous  memVirane  becoming  necrotic.  Bj^  conflu- 
ence cou.sidcrable  ulceiated  areas'  similar  to  the  large 
catarrhal  ulcers,  result.  Healing  may  occur  even  in  ca- 
tarrhal or  follicular  ulcers  of  con.siderable  size  by  the  for- 
mation ofccmnective  tissue,  and,  by  conti'action  of  this, 
more  or  less  stencsis  of  the  bowel  is  occasioned. 

Stercoral  ulcers,  which  are  comparatively  frequent  in 
the  large  intestine,  may  at  times  be  found  in  the  lower 
end  of  the  ileum.  They  are  due  to  the  presence  of  hard- 
ened fa;ces,  such  as  may  occur  above  stenosed  jioitions 
of  the  intestine,  or  in  habitual  constipation.  Tliis  pro- 
duces a  superficial  necrosis  of  the  mucous  membrane, 
together  with  an  inflammatory  infiltration  of  the  sur- 
rounding tissue  and  subsequent  ulceration. 

Ulcers  of  both  the  large  and  the  small  intestine  may 
exist  without  giving  clinical  evidence  of  their  presence.' 
Particularly  when  they  are  limited  to  the  small  intestine 
and  C32cum  there  may  "not  even  be  diarrheal  movements. 
In  general  tlie  presence  in  tlie  stools  of  small  amounts  of 
pus  mixed  with  a  few  red  blood  corpuscles  and  with 
nuieus  may  be  regarded  as  suspicious  of  an  ulcerative 
process  of  inflammatory  origin,  particularly  when  this  is 
accompanied  by  other  evidences  of  intestinal  inflamma- 
tion. But  there  is  no  way  b_y  which  it  can  be  deflnitely 
determined  that  tliese  ulcei'S  are  located  in  the  small 
bowel.  The  pain  which  may  be  present  in  ulceration, 
either  spontaneous  or  elicited  by  pressure,  is  not  sutH- 
ciently  characteristic  to  warrant  a  diagnosis  of  this  con- 
dition, still  less  to  indicate  its  definite  location. 

The  treatment  of  ulcers,  when  thought  to  be  present 
in  the  small  intestine,  is  the  same  as  that  of  tlie  severer 
forms  of  catarrhal  enteritis — viz.,  as  complete  avoidance 
of  all  forms  of  irritation  of  the  bowel  as  possible.  Large 
doses  of  bismuth  mav  prove  valuable. 

Chirks. T.  B,irthAt. 

ENTEROCLYSIS.— Enteroclysls,  lavage  of  the  intes- 
tines, is  the  title  of  the  subject  that  we  shall  discuss, 
though,  to  speak  correctly,  it  is  but  a  subdivision  of  the 
larger  topic,  which  we  shall  designate  "  Intestinal  Hy- 
drotherapy. " 

We  would  define  intestinal  h}'drotherapy  as  the  em- 
plojmient  of  water  in  the  intestinal  tract  fm-  therapeutic 
purposes,  the  fluid  Vicing  administeretl  through  the  anal 
orifice.      This  would  include: 

1.  The  enema. 

2.  Irrigation  with  a  single  tube — true  enteroclysls. 

3.  Irrigation  with  a  double-current  tulie,  or  with  two 
tubes — also  ti'ue  cnterocl3^sis. 

Exi'IiUniEXTS   WITH   EXTEEOCLYSIS. 

We  will  give  a  lesume  of  the  experiments  which  were 
conducted  in  the  physiological  laboratory  of  the  College 
of  Physicians  ancl  Surgeons  (Columbia  Universit}'),  and 
which  had  for  their  object  to  determine  the  relations  of 
this  procedure  to  inilse  tension,  renal  activity,  and  intes- 
tinal absorption;  and  to  ascertain  tlie  effects  produced  by 
water  of  different  temperatures.  The  animals  employed 
for  these  experiments  were  dogs,  and  generally  those  of 
large  size. 

They  wlio  are  interested  in  the  technical  details  of  the 
procedures  will  find  them  recorded  in  the  New  York 
MciHi-dl  Jnnniid,  January  39tli,  1898,  and  also  in  the 
author's  manual,  entitled  "  Euteroclysis,  Hypodermocly- 
sis,  and  Infusion." 

I.  The  Effect  on  Pulse  Tension  Produced  by  Enteroclysis 
■with  Water  at  Different  Temperatures.— T^ormaX  saline  so- 
lution (a  drachm«of  salt  to  a  pint  of  water)  was  employed 
in  all  cases.     With  a  temperature  not  lower  than  100° 
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F.,  nor  higher  thau  105°  P..  tlie  tension  of  tlie  pulse  was 
sliglitly  increased;  witli  a  temperature  liigher  tlian  105° 
F.,  tlie  increase  in  tension  ^vas  more  noticeable,  becom- 
ing progressively  greater  as  the  temperature  of  the  solu- 
tion was  increased.  At  110°  F.  there  were:  marked  in- 
crease in  the  tension  of  the  pulse,  increased  rapiditj'  of 
respiration,  and  changes  in  the  respirator}'  curve.  And 
from  110"  to  130°  F .,  there  were:  progressively  increas- 
ing tension  of  the  pulse,  and  strong  heart  action. 

With  a  temperature  from  90°  F.  down  to  a  point  as  low 
as  36°  or  37°  F.  (iced  water),  the  tension  of  the  pulse  con- 
tinued to  increase  as  the  temperature  of  the  water  de- 
creased. After  irrigation  for  about  twenty  minutes  with 
water  at  the  lower  temperatures  the  heart  action  liecame 
weaker  and  the  pressure  fell. 

Practical  Deductioiif:. — (1)  Irrigate  at  a  tenrperature  of 
100°  to  103°  F. ,  or  even  as  high  as  104°  F. ,  if  increase  in 
pulse  tension  is  to  be  avoided. 

Though  physiologically  a  slight  increase  in  the  tension 
of  the  pulse  occurs  at  these  lower  temperatures,  clinically 
none  can  be  detected.* 

(3)  If  a  moderate  increase  of  pulse  tension  is  not  ob- 
jectionable, a  temperature  of  105° 
to  108   F.  can  be  emplo3'ed. 

(3)  To  increase  rapidl}'  the  pulse 
tension  and  stimulate  the  heart, 
employ  the  AmA  at  a  temperature 
of  110'  F.,  and  increase  the  heat 
gradually  to  120°  F. 

This  is  excellent  in  shock:  be- 
fore, or  during  severe  operations, 
to  prevent  shVjck;  and,  from  the 
commencement  of  chloroform  an- 
testhesia,  to  prevent  the  sudden 
dilatation  of  the  vessels. 

(4)  Cold  is  a  temporary  stimu- 
lant ;  later,  it  acts  as  a  depressant. 

It  should  therefore  be  employed  with  caution.  More 
patients  have  an  idiosyncrasy  as  regards  cold  than  as  re- 
gards heat.  ^^  , 

II.  Effect  of  Eiitemdysis  on  Shock  from  Hemorrhage  — 
The  degree  of  the  tension  of  the  pulse  was  first  noted  m 
an  animal,  and  then,  after  blood  had  been  withdrawn  from 
the  femoral,  the  effects  on  the  pulse  tension  and  the  heart 
were  observed.     The  report  of  a  single  experiment  will 

suffice:  .,_.  -,, 

Weight  of  dog,  20  lbs.;  blood  pressure,  15a  mm  ;  50 
c  c  of  blood  removed  at  a  time,  until  509  c.c.  m  all  had 
been  withdrawn.  Under  the  influence  of  tliese  succes- 
sive removals,  the  pressure  fell  rapidly  to  113  mm.  En- 
teroclysls was  at  once  begun  with  normal  saline  solution 
at  110°  F  and  the  heat  was  rapidly  increased  to  UO  J:' . 
Immediate  rise  of  blood  pressure  followed  and  in  ten 
minutes  it  reached  140  mm.,  and  remained  steady  at  this 
point;  the  heart  was  by  this  time  acting  with  fair  force 

^"""DlductiH-ln  shock  from  hemorrhage  irrigate  with 
normal  saline  solution  at  a  temperature  of  110  to  IxiO  J< . , 
preferaW  at  J^O    I^^^^^^      ,^  ^^^^^  Tenmrature.- 

Dogs  w«-e  employed  fo?  the  experiment.,  wh^ch  wen, 
conducted  in  a  room  of  a  temperature  of  about  -3  1^. 
Irr^Sn  was  continued  for  about  twenty  minutes,  the 
temperature  of  the  water  being  gradually  \-^^%'l^^,l^l 
to  130°  F.  The  results  were :  a  gradual  use  of  tht  bod> 
temperature ;  in  the  axilla  the  increase  ^^1^0"°*^*  to  F^ , 
the  temperature  of  the  aortic  blood  increased  0.5  to  0.8 
F.  ;  the  tension  of  the  pulse  increasedmarkedlj  . 

Hot  irrigation  was  then  sudden  y  changed  to  cold,  tic 
water  having  a  temperature  of  36    to  ---J    !<  ■  • '™  J^^^^^ 

was  continued  for  twenty  ""f  "|ti' ^''' Wood  ten  pem'- 
results:  Axillary  temperature  fell  3  F.  -  ?'0"^'  \'^ .,  P,' ,. 
turc  fell  1°  F.  ;  pulse  tension  at  first  continued  high  but 
ateritfell,  and  the  heart  action  became  rapid  a«l  fee- 
ble     With  a  temperature  of  from  100    to  105     !<.,  tnc 

'^^^^^^^^^^^^^^^^^^ 
absorption  ot  the  fluid. 
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irrigating  fluid  exerted  no  appreciable  influence  upon  the 
body  temperature.  AVater  temperatures  of  105°  to  110° 
F.  caused  slight  increase  of  body  temperature  in  the 
course  of  twenty  minutes;  while  at  from  90°  to  00°  F. 
they  caused  slight  fall  in  the  body  temperature  in  the 
same  jieriod  of  time. 

With  enteroelysis  at  a  temperature  of  less  than  60' 
F.,  there  was  a  loss  of  body  temperature  in  the  course  of 
twenty  minutes;  but  it  was  not  very  marked  until  the 
extreme  degrees  of  cold  were  reached.  Tliei-e  were  idio- 
syncrasies in  the  animals.  Cold  at  first  stimulated,  but, 
when  prolonged,  it  depressed  the  circulation. 

Deductions. — 1.  Hot  irrigation  at  110°  to  120°  F. ,  when 
prolonged,  increases  the  temperature  of  the  body  and 
blood,  and  hence  its  value  as  a  means  of  stimulating  the 
heart.  In  shock  and  in  allied  conditions  its  great  value, 
especially  when  water  at  a  high  temperature  is  emplfiyed, 
has  been  demonstrated  clinically. 

3.  In  severe  fevers  it  might  not  be  advisable  to  employ 
enteroelysis  at  a  high  temperature,  and  yet  it  is  possible 
that  the  etiological  conditions  may  radically  modify  this 
rule. 


Diagram  Illustratiut'  the  Eflects  of  Shocli  from  Hemorrhag 
by  Enteroelysis. 


;e  and  its  Treatment 


3.  Cold  irrigation  reduces  temperature  and  at  first 
stimulates  the  circulation;  but  later  it  is  a  depres.sant. 
It  has  been  employed  to  reduce  temperature  in  dysentery, 
etc  I  believe  that  it  should  be  cautiously  used  and  at  a 
temperature  not  below  70°  to  80°  F.  at  first,  and  only  in 
sthenic  cases.  It  should  be  employed  for  a  brief  period, 
and  friction  during  its  application  might  be  advisable. 

Cold  rectal  irrigation  is  safer,  and  iced  water  has  been 
so  employed  for  rectal  congestion  for  a  period  of  oyer 
thirty  minutes  continuously  and  with  a  successful 
issue. 

IV.  Effect  of  Enteroelysis  mth  ^ater  ot  Different  leni- 
peratures,  on  Renal  Actvmtu  and  Intestintd  Absorption.— 
The  experiment  was  made  in  the  following  manner:  The 
manometer  was  in  each  case  attached  to  the  carotid  arte- 
ry to  enable  the  observer  to  note  the  effect  on  pulse  ten- 
sion •  one  ureter  was  catheterized  and  the  catheter  was  s.^ 
adiu'sted  that  the  drops  of  urine  impinged  on  a  lever  sup- 
ported by  a  tambour,  each  movement  of  which  was  trans- 
mitted to  a  second  tambour,  which  supported  a  register- 
ing; pen;  every  drop  of  urine  was  thus  registered  on  a 
revolving  kymograph,  in  the  form  of  an  inverted  V. 
The  urine  was  collected  and  measured.  The  opposite 
ureter  was  also  catheterized  and  the  urine  measured. 

Enteroelysis  with  normal  saline  solution  at  tempera- 
tures of  from  110'  to  120°  F.  increases  renal  secTetion  in 
the  course  of  ten  minutes,  and  very  markedly  so  in 
t^^•enty  minutes.  There  is  a  marked  increase  of  pulse 
tension.  Note  the  lico  eycUs  of  the  increase  of  the  secre- 
tion Thus,  for  example,  at  the  end  of  ten  minutes  the 
increase  in  secretion  corresponds  to  the  maximuni  height 
of  the  blood  pressure  obtained  by  enteroelysis  at  130  i? ., 
and  to  the  commencement  of  temperature  increase 
fsTe  experiments  just  described).  With  enteroelysis  at 
empXires  of  from  105°  to  110°  F.  there  is,  atjie 
higher  temperatures,  a  slight  increase  of  secretion  in  ten 
minutes  and  a  considerable  increase  m  twenty  minutes, 
Sit  at  the  lower  temperatures  there  is  no  increase  until 
after  the  lapse  of  twenty  minutes.  , 

With  enteroelysis  at  temperatures  of  t^^mm    to  K  • 
F    no  mcrease  in  renal  secretion  is  noted  until  the  opeia- 
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tion  has  beun  kept  up  for  twenty  minutes,  and  then  the 
increase  is  considerable.  There  is  a  slight  increase  in 
pulse  tension.  Noteworthy  is  the  single  cycle  of  in- 
creased secretion. 

That  the  increase  in  renal  activity  which  occurred  in 
the  course  of  twenty  minutes,  from  an  enteroclysis  with 
normal  saline  solution  at  temperatures  varying  from  100° 
to  120°  P.,  was  due  to  absorption  of  the  fluid  from  the 
intestine,  was  demonstrated  as  follows;  A  weak  solution 
of  potassium  ferrocyanide,  1  to  40,000,  was  added  to  the 
normal  saline  solution  in  each  case,  and  the  urine,  as  it 
fell  into  the  receiving  vessel,  was  tested  every  fifteen  to 
thirty  seconds  with  chloride  of  iron.  On  every  occasion 
the  Prussian-blue  reaction  was  secured  at  the  end  of 
twenty  minutes,  and  this  occurred  synchronously  with 
the  increase  of  renal  secretion.  This  experiment  further 
demonstrates  the  fact  that  intestinal  absorption  occurs 
from  the  large  intestine  (colon  or  rectum)  in  about  twen- 
ty minutes. 

The  following  interesting  fact  was  noted:  A  small  ene- 
ma, or  an  enteroclysis,  of  normal  saline  solution,  which 
had  a  temperature  of  99°  to  100°  P.,  and  which  contained 
a  weak  solution  of  potassium  ferrocyanide,  produced,  at 
the  end  of  about  twenty  minutes,  increased  diuresis,  as 
demonstrated  by  the  greater  number  of  drops  of  urine 
registered  on  the  kymograph  at  this  time,  synclironous- 
ly  with  the  appearance  of  the  Prussian-blue  reaction  in 
the  urine  in  response  to  the  chloride-of -iron  test ;  yet  no 
discoverable  rise  of  pressiu'e  occurred  in  tlie  manometric 
tracings.  The  increased  secretion  was  therefore  evidently 
due  to  the  action  of  the  saline  solution  on  the  kidney 
cells.  This  corresponds  to  the  results  obtained  by  Foster 
in  his  experiments  with  infusion ;  for  this  authority  noted 
that  a  normal  saline  solution,  administered  in  so  small  an 
amount  that  no  rise  in  pulse  tension  could  be  detected 
with  the  manometer,  caused  a  profuse  diuresis. 

The  effects  of  cold  irrigation  on  renal  secretion  were 
found  to  be  as  follows:  Enteroclysis  with  normal  saline 
solution  at  all  temperatures  from  100°  P.  to  iced  water 
(36°  to  37°  F.)  produces  diuresis  in  about  twenty  minutes, 
this  effect  being  due  to  absorption  of  the  fluid  from  the 
intestines.  The  pulse  tension  is  increased  as  the  tem- 
perature is  lowered,  and  hence,  by  this  means,  secretion 
is  furtlier  increased.  With  the  lower  temperature,  how- 
ever, in  about  twenty  minutes  the  animal  frequently 
goes  into  shock  and  renal  seci-etion  then  ceases.  Cold 
enteroclysis,  or  enemata,  would  seem,  therefore,  to  be 
contraindicated  in  renal  disease. 

We  believe  that  general  deductions  from  physiological 
experiments  on  healthy  animals  cannot  be  universally 
applied  to  the  human  subject,  and  this  is  doubtless  the 
true  explanation  why  the  pure  physiologist  quite  fre- 
<iuently  leads  us  to  erroneous  conclusions.  In  the  prac- 
tice of  medicine,  the  results  secured  are  often  markedly 
modified  by  the  existing  clinical  conditions.  For  exam- 
ple, enteroclysis  at  a  temperature  of  from  110°  to  120°  P. 
was  recommended  when  the  pulse  tension  and  tempera- 
ture were  not  higli.  Nevertheless,  I  have  secured  excel- 
lent results  in  acute  ursemic  poisoning,  with  high  pulse 
tension  and  a  temperature  of  102°  F.,  from  an  enterocly- 
sis witli  normal  saline  solution  at  a  temperature  of  fi'om 
115°  to  120°  P.,  kept  up  for  a  period  varying  from  Jialf 
an  hour  to  one  hour.  Pi-ofuse  sweating,  diuresis,  and 
bowel  action  followed,  and  there  was  also  a  marked  fall 
in  pvdse  tension.  Other  observers  have  had  the  same  ex- 
perience. 

If  tlie  blood-vessels  are  atlieroniatoiis,  a  great  degree  of 
heat  might  be  undesirable.  Nitroglycerin,  gr,  -^ Jj,  given 
previously  to  the  enteroclysis,  migli't  be  of  value. 

Clinical  Applications. 

Hot  saline  enteroclysis  is  an  excellent  remedy  in  acute 
urajmie  poisoning,  in  oliguria,  in  renal  congestion,  or  in 
any  dropsical  condition  due  to  oliguria,  such  as  pulmo- 
nary a>dema,  pleurisy  with  effusion,  ascites,  etc.  It  aids 
ehmination  of  the  toxins,  tlirougii  the  kidneys,  in  tyjdioid 
fever,  sepsis,  septic  endocarditis,  di|)litheria,  etc.     Many 
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practitioners  have  obtained  excellent  results  by  the  em- 
ployment of  this  mode  of  treatment. 

A  temperature  of  from  110°  to  120°  P.  gives  the  best 
results,  due  to  the  double  cycle  of  increase  in  the  urine, 
attributable  to  the  .several  causes  heretofore  noted  in  the 
account  of  the  experiments. 

Renal  disease  with  polyuria  seems  to  contraindicate 
the  employment  of  this  method ;  or,  at  all  events,  the  ex- 
istence of  the  latter  symptom  necessitates  a  cautious  em- 
ployment of  the  method.  In  a  case  of  enlarged  prostate, 
1  foimd  that  ju-olonged  irrigation  aggravated  the  polyuria. 

The  Enbma. — There  are  two  forms  of  enemata — the 
high  and  the  low.  The  high  enema  is  administered  through 
a  colon  tube,  or  long  catheter,  to  which  is  attached  a 
fountain  syringe,  or  a  vessel  arranged  on  a  similar  princi- 
ple. The  bag  should  hang  at  a  height  of  two  or  three 
feet  above  the  patient,  and  the  tube  .should  be  pinched 
sufiiciently  to  allow  tlie  fluid  to  enter  slowly,  so  as  not  to 
excite  intestinal  spasm.  The  colon  tube,  well  lubricated 
with  olive  oil  or  vaseline,  is  inserted  into  the  rectum  and 
puslicd  gently  into  the  bowel  for  a  distance  of  from  twelve 
to  fourteen  inches.  Its  progress  is  facilitated  by  allowing 
the  solution  to  flow,  as  the  tube  is  pushed  farther  up  into 
the  bowel.  In  infants  a  small  catheter  (No.  16  or  No.  18 
French)  can  be  used.  The  water  employed  for  the  enema 
should  preferably  be  sterile  (boiling  it  for  about  fifteen 
minutes  is  generally  sufficient).  If  a  Davidson  syringe 
is  used,  the  flow  is  often  intermittent  and  forcible,  ex- 
citing spasm  of  the  bowel,  and  hence  it  is  better  to  use 
the  fountain  syringe. 

Position  of  the  Patient. — The  dorsal  position,  with  the 
hips  or  the  foot  of  the  bed  elevated,  is  best.  The  knee- 
elbow  posture  is  at  times  employed  for  a  high  injection. 

Quantity  of  the  Solution ;  Temperature ;  Indication*. 
— When  it  is  de.sired,  in  a  case  of  ffecal  accumulation, 
tympanites,  etc.,  to  secure  an  action  of  the  bowels,  the 
following  mixtures  may  be  employed  (in  the  case  of  an 
adult) :  one  quart  or  a  quart  and  a  half  of  simple  water  at 
a  temperature  of  from  101°  to  104°  F.  :  fir  sufficient  soap 
(brown  or  castile)  may  be  added  to  this  to  form  suds;  or, 
finally,  if  there  is  tympanites,  3  ss.-i.  of  spirits  of  tur- 
pentine may  be  added  to  the  last.  Olive  oil  or  glj'cerin 
—  1  ss.-i. — constitutes  a  valuable  adjunct.  For  the  pur- 
pose of  softening  fajcal  accumulations  I  have  emploj'ed 
as  much  as  Oss.  or  Oi.  of  oil  or  of  glycerin  at  a  single  injec- 
tion. In  the  case  of  an  infant,  from  half  a  j^int  to  a  pini 
and  a  half  of  water — with  an  addition  of  3  i.-ij.  of  olive 
oil,  if  required — is  the  average  quantity  employed  at  an 
injection. 

The  enema  is  also  of  value  in  apoplexy  and  in  infantile 
convulsions.  It  is  important  to  remember  that  dilatation 
of  the  intestine  and  loss  of  muscular  tone  may  result  from 
the  too  frequent  emplo\'ment  of  the  enema. " 

Kussmaul's  method  of  oil  irrigation  for  the  treatmem 
of  chronic  constipation  appears  to  be  a  valuable  thera- 
peutic measure.  He  employs  about  a  pint  of  olive  oi! 
by  enema,  at  bedtime,  injecting  it  slowly  through  a  long 
tube:  the  patient  lying  down  (luring  the  operation,  first 
on  the  left  side,  then  clianging  gradually  to  the  dorsal 
position,  and  finally  resting  upon  the  riglit  side.  Gentle 
massage  is  kept  up  wliile  the  oil  is  beuig  injected.  If 
possible,  the  enema  is  to  be  retained  over  night. 

For  stimulation  in  shock, — to  whatever  cause  it  may  be 
due, — in  lieart  failure  during  ana'sthesia,  in  uremia,  oli- 
guria, suppression  of  urine,  septic  conditions,  cholera, 
diphtheria,  etc.  ;  and  as  a  means  of  replacing  to  some  ex- 
tent the  loss  of  fluid  from  the  body,  such  as  occurs  in 
gastro-enteritis  and  after  certain  surgical  operations,  the 
enema  may  be  of  great  value.  The'fluid  should  be  in- 
jected slowly  tlirough  a  long  tube,  with  the  hips  of  the 
patient,  or  the  foot  of  tlie  bed,  well  elevated.  The  reten 
tion  of  the  injected  fluid  nuist  be  carefully  provided  for. 
Normal  saline  solution  (one  drachm  of  .salt  to  the  pint  of 
water),  at  a  temperature  of  from  110°  to  130°  P.,  should 
lie  eui|iloycd  for  any  of  these  conditions.  In  an  adult 
till' ipiautity  to  be  injected  at  any  one  time  should  not 
be  less  than  (me  pint  nor  more  than  two  quarts,  and  the 
injection  should  be  repeated  every  one  to  three  hours, 
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according  to  tlie  indications  that  may  be  present.  In 
children  a  propoilionately  smaller  quantity  of  fluid 
should  be  used.  In  addition  to  the  normal  saline  solu- 
tion other  solutions  may  be  used  to  advantage.  These 
are  envnnerated  in  the  section  on  Dovd)le-Current  En- 
tcroclysis. 

The  method  here  described  is  of  value  in  dysentery, 
typhoid,  cholera,  gasti'o-entcritis,  etc.  It  should  be  more 
correctly  classified  under  entcroclysis  with  a  single  tube, 
but  it  is  a  ditticult  matter  to  draw  a  sharp  line  of  divi- 
sion between  the  two  kinds  of  enteroclj'sis. 

In  cases  of  jaundice  or  of  hemorrhage  (intestinal  or  in 
adjacent  organs),  and  in  those  in  which  it  is  <lesired  sim- 
ply to  reduce  temperature,  the  same  method  is  to  be 
employed,  but  the  solution  should  have  a  temperature  of 
from  90°  to  70°  F.,  or  even  less.  Cold  should  be  em- 
ployed in  sthenic  cases  only,  and  even  then  with  caution. 
In  cases  of  hemorrhage  or  of  jaimdice  a  temperature  of 
fronr  110°  to  120°  P.  at  times  gives  the  bestresults.  Nor- 
mal saline  solution  is  oommonljf  employed  imder  these 
circumstances.  Some  advocate  tlie  injection  of  fresh  beef 
blood  to  cheek  intestinal  hemorrhage. 

For  relaxing  spasm,  such  as  occurs  in  renal,  l)iliary,  or 
intestinal  colic,  as  much  as  one  or  two  tiuarts,  at  a  tem- 
peratui-e  of  from  101°  to  104°  F.,  is  to  be  injected,  in  the 
case  of  adults.  In  the  case  of  children  a  smaller  quan- 
tity is  to  be  emploj'ed.  At  times,  especially  in  intestinal 
colic,  a  temperature  of  from  110°  to  120°  F.  gives  the 
best  results. 

[The  nutritive  enemata  are  described  in  Vol.  I.,  under 
the  head  of  AUmentation,  Ilectnl.] 

Intussusception. — In  this  condition  the  enema  may  often 
prove  a  useful  therapeutic  agent  through  its  mechanical 
effects.  When  it  is  administered  for  this  purpose,  the 
patient's  hips  should  be  elevated  and  the  shoulders  de- 
pressed. Some  advocate  Trendelenburg's  po.sition.  Em- 
mett  Holt,  in  the  case  of  infants  or  young  children,  places 
them  in  the  dorsal  position,  with  the  thighs  fle.xed,  and, 
from  time  to  time  during  the  injection  he  inverts  the 
patient,  gently  manipulating  the  tumor  through  the  ab- 
dominal wall.  "Hydrostatic  pressure  should  supply  the 
force  required.  In  the  case  of  adults  the  long  colon 
tube  should  be  employed,  while  for  infants  a  small  ca- 
theter. No.  18,  will  be  found  better  suited  to  the  work. 
As  regards  the  height  at  which  the  f(juntain  syringe 
should  be  hung,  I  may  state  it  to  be  four  or  five  feet 
above  the  patient;  this  elevation  givinga  pressure  of  not 
over  three  pounds  to  the  inch.  Occasionally  it  may  be 
necessary  to  place  the  bag  at  an  elevation  of  six  or  even 
eight  feet,  in  order  to  increase  the  pressure,  but  this  is 
rarely  advisable."    (Holt.) 

Experiments  made  upon  the  cadaver,  for  the  purpose 
of  throwing  light  upon  this  question  of  pressure,  fur- 
nish results  which  are  apt  to  be  misleading;  and  it  must 
be  remembered  that  great  pressure  upon  the  wall  of  si 
viscus  like  the  intestine,  especially  if  it  be  m  a  damaged 
condition,  is  likely  to  prove  dangerous.  .        .  ,  „ 

The  solution  to  be  employed  should  consist  either  ot 
water  or  of  normal  salt  solution.  Holt  also  advises  milk 
and  water  or  thin  gruel  as  being  less  irritatmg-^than  plain 
water  H:c  advocates  at  times  the  injection  of  air.  Ihe 
injection  of  oxygen,  as  employed  by  Dr.  Clement  Cleve- 
land in  post-oiDerative  intestinal  obstruction,  or  pare_sis, 
should  be  of  value  (N.  Y.  3fedical  Record,  January  oth, 

'  "  The  temperature  of  the  fluid  employed  should  be  at 
some  point  between  100°  and  105°  F.,  and  in  all  cases 
an  anesthetic  should  be  administered  The  quantity  of 
fluid  to  be  injected  should  vary  according  to  the  position 
of  the  intussusception.  The  best  guide  as  to  the  amount 
is  furnished  by  the  degree  of  tension  of  the  aMmmnal  mdU. 
Durinn-  the  progress  of  the  injection  the  buttocks  should 
be  held  tightlylogether,  to  prevent  escape  ot  the  fluid. 
If  at  any  moment  the  tension  should  seem  to  be  too  great 
the  pressure  upon  the  buttocks  may  be  wi  hhdd  and 
some  of  the  fluid  allowed  to  escape.  As  a  .f^^^l^ei  guide^ 
in  estimating  the  amount  of  fluid  to  be  injected  we  can 
remember  that  the  colon  of  an  intant,  six  months  old. 


will  hold  about  a  pint  without  distention,  and  that,  at  the 
age  of  two  years,  it  will  hold  two,  or  possibly  three, 
pints.  The  adult  colon  holds  considerably  more  than  a 
gallon  (Weir  says  nine  pints,  or  a  little  over)  witliout  dis- 
tention. Pressure  should  be  kept  up  for  from  ten  to 
twenty  minutes,  or  even  for  half  an  liour.  If  the  injec- 
tion fails  to  reduce  the  intussusception  within  this  time, 
then  stop.  A  second  attempt  can  be  made  within  two 
hours,  and  if  failure  again  results,  then  resort  to  laparot- 
omy," This  is  the  advice  given  by  Holt.  My  own  jier- 
sonal  view  is,  that  it  is  better  to  resort  to  operative  inter- 
ference after  one  failure  of  the  injection. 

The  loti)  enema  is  one  in  which  the  fluid  injected  does 
not  extend  beyond  the  rectum.  For  this  purpose  a  foun- 
tain syringe,  provided  with  the  short  rectal  tip,  well 
lubricated,  is  to  be  preferred.  A  Davidson  syringe  or 
even  a  suitable  pattern  of  a  hard-rubber  hand  syringe 
may  be  employed  when  only  a  small  quantity  of  fluid  is 
to  be  injected. 

Ill  this  form  of  enema  the  patient  may  occupy  either 
the  dorsal  or  the  semi-obhqueor  the  sitting  posture ;  and, 
when  solutions  of  a  high  temperature  are  employed,  it  is 
well  to  lubricate  the  nates  and  the  anns  as  far  as  to  a 
point  beyond  the  sphincter.  If  the  enema  is  to  be  re- 
tained, the  patient  should  assume  either  the  dorsal  pos- 
ture, with  the  hips  elevated  or  what  is  known  as  the  Sims 
position. 

The  conditions  which  call  for  the  use  of  the  low  enema 
do  not  differ  materially  from  those  wdiieh  suggest  the 
desirability  of  employing  the  high  variety.  In  fact,  the 
difference  often  amounts  simply  to  this;  in  one  .set  of 
cases  it  seems  desirable  to  inject  a  small  mass  of  fluid, 
while  in  the  other  a  larger  quantity  appears  to  be  re- 
quired. Thus,  in  shock,  ura;inia,  etc.,  from  two  to  six 
ounces  of  normal  saline  solution,  at  a  temperature  of 
110°-120°  F.,  are  injected;  the  intention  being  that  it 
should  be  ab.sorbed.*  Such  an  injection  should  be  given 
very  slowly,  and,  as  the  tip  is  withdrawn,  a  towel  should 
be  slipped  over  the  anus,  and  the  buttocks  should  be  held 
together  for  some  minutes  thereafter  to  prevent  escape 
of  the  fluid.  Then,  again,  small  enemata  of  starch  water 
containing  iriv.-xij.  of  laudanum,  or  of  tincture  of  bella- 
donna, etc.,  often  prove  useful  in  allaying  irritabihty  of 
the  rectum  or  adjacent  organs.  Finally,  in  cases  of  dys- 
entery, etc.,  after  thorough  irrigation  of  the  bowel,  ene- 
mata of  this  class  are  generaUy  of  value. 

When  it  is  desired  that  the  fluid  injected  should  be  re- 
tained for  a  short  time  and  then  evacuated,  the  quantity 
employed  should  vary  from  two  ounces  to  a  pint,  accord- 
ing to'the  circumstances  of  the  case.  The  temperature 
of  the  fluid  should  vary  in  a  similar  manner ;  hot  solu- 
tions (from  110°  to  120°  F.)  being  best  suited  to  certain 
conditions,  and  cold  (from  90°  to  60°  F. )  to  others.  There 
are  even  cases— those  of  internal  hemorrhoids,  for  ex- 
ample—in which  iced  water  may  be  used  to  advantage. 
On  the  other  hand,  there  are  individuals  who  show  a  de- 
cided repugnance  to  cold  enemata. 

Enteroclysis  with  a  Single  Tube.- Enteroclysis 
with  a  single  tube  may  belong  to  either  of  the  two  varie- 
ties—the high  or  the'low.  There  are  several  methods. 
Thus  for  example,  a  colon  tube  or  large  catheter  is  in- 
troduced intf]  the  bowel  and  a  fountain  syringe  or  a 
funnel  is  attached.  A  definite  quantity  of  fluid  is  allowed 
lo  flow  in  and  then  the  fountain  syringe  is  detached,  or 
the  funnel  is  lowered  below  the  level  of  the  parient  and 
the  solution  evacuated.  This  procedure  is  repeated  a 
second  time,, or  several  times,  according  to  the  indica- 
tions or  until  the  fluid  that  returns  is  quite  clear.  As 
already  stated  above,  both  the  temperature  and  the 
amount  of  the  fluid  employed  .should  vary  according  to 
the  individual  circumstances  of  each  case. 

A  Y-shaped  glass  tube  may  be  attached  by  its  stem  to 
the  rectal  tube,  and  by  its  forks  to  the  fountain  syringe 
on  the  one  hand,  and  to  a  carry-ofl:  tube  on  the  other. 
By  checking  the  outflow  through  the  latter  while  allow- 


*ln  these  couditions  an  even  larger  quantity,  II  it  can  b«  absorbed, 
is  preferable, 
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ill};-  the  inflow  to  continue,  and  then  b.y  arresting  the  lat- 
ter and  allowing  the  fluid  to  escape  through  the  carry - 
off  tube,  one  can  irrigate  the  intestine  in  a  satisfactory 
manner. 


Fig.  1914.— Enteroflysls  witli  Single  Tube.    Case  ol  an  infant. 

Still  another  metliod  is  to  allow  the  injected  fluid  to 
Ije  ejected  by  the  patient  alongside  the  tube,  immediately 
after  which  a  fresh  supply  of  the  fluid  is  again  injected. 
This  operation  can  be  i-epeated  as  often  as  may  be  desired. 
It  will  be  found  useful  not  only  for  cleansing  purposes 
but  also  for  the  relief  of  such  conditions  as  shock,  uremia, 
hemorrhage,  etc.  The  mode  of  procedure,  in  the  case  of 
an  infant,  is  thus  described  by  Dr.  L.  Emmett  Holt,  who 
places  the  ileo-citjcal  valve  as  the  limit  whicli  the  fluid 
may  reach:  "The  child  is  placed  on  the  back,  Ihighs 
flexed,  buttocks  brought  to  the  edge  of  the  table,  clotl]- 
ing  protected.  The  fountain  syringe  at  a  height  of  four 
to  five  feet;  a  flexible  rectal  tube,  or  soft  catheter.  No. 
18-30  American  scale,  is  employed ;  an  extra  eye  may  be 
cut  near  the  tip.  The  catheter  is  oiled  and  just  after  the 
tip  is  inserted  into  the  anus  the  water  is  turned  on.  Tliis 
renders  it  stiffei-,  and  it  passes  more  readily.     It  is  pushed 


FIG.  191.5.— Boctenliiu 
(jutDowinff  Htrearii ; 
irrigator. 


i''s  liFctal  Irrigator. 
,  Ijoiiii.s  iit  vvhicli  th( 


1,  inrlimiiitr  stream  ;  n, 
wupirii;'  Muiil  i-rilcis  tlii' 


in  twelve  to  fourteen  inches.  Usually  a  pint  and  often  a 
quart  will  be  introduced  before  any  watei-  returns.  Tin. 
water  is  evacuatcMl  from  time  to  time  alongside  tlie  cathe- 
ter and  often  witii  coiisidi>ralile  force;  hi-nee  a  towel 
should  be  spread  to  fall  like  a  screen  over  the  anus  to 
protect  the  operatoi'.  Tlie  washing  should  be  continued 
until  the  water  returns  ciuife  clean.  Gentle  kne;iding  ol 
the  abdomen  should  be  em|doyed  during  the  early  part 
of  the  ungation  to  facilitate  the  pas.sage  of  water  intdthe 
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upper  part  of  the  colon.  The  teniperatvn-e,  in  most  cases, 
should  average  101'  P.  At  tlie  end  of  the  irrigation,  the 
tube  of  the  fountain  syiinge  is  detached  and  the  fluid 
which  remains  allowed  to  escape  through  the  catheter 
before  removal  of  the  latter.  The  colon  of  a  six-months' 
infant  holds  a  pint  without  distention,  and,  at  the  age 
of  two  years,  two  to  three  pints." 


Fig.  1016.- Author's  Irrigating  Tubes.  ".  Fle.xihle  irrigator;  t>  and  c, 
more  recent  models ;  </,  gla.ss  irrigator,  with  side  f>pening  (closed 
by  a  cork)  for  cleansing  purposes. 

A  convenient  modification  of  the  operation  is  shown  in 
the  accompanying  illustration  (Fig.  1917). 

Entekocltsis  with  a  Double  Coxxixrors  Cuhrent. 
— The  principle  of  double-current  irrigation  is  quite  old; 
the  instrument  of  Bodenhamer  was  probably  the  first 
double-current  rectal  irrigator  devised  (see  Fig.  1915). 
Man}'  other  irrigators  have  been  employed,  such  as  two 
tubes  or  catheters,  or  a  large  double-current  catheter, 
etc.  When  it  is  necessaiy  to  improvi.se  a  double-current 
irrigator,  this  may  be  accomplished  in  the  following 
manner:  Take  two  catheters — the  smaller  one  for  the  en- 
tering current,  the  larger  for  tlie  outflow — and  pass  them 


Fig.  mi".— Enteroolysis  in  the  Senii-recnmbent  Position. 

through  a  perineal  pad  of  gauze  and  cotton,  covered  with 
oiled  silk,  or  through  a  dre.ss-shield,  or  a  piece  of  oil 
clolh,  marble  cloth,  or  rubber  sheeting. 
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In  the  accompanying  ligui-es  arc  shown  several  of  the 
author  s  latest  patterns  of  irrigating  tubes  (see  Fig.  Ifllfj, 

Precmitioiuto  he   Ohxe, red  before  Inserting  the   Tube- 
Allow  the  irrigating  fluid  to  flow  from  the  tube  untilall 


Fis.  1918.— Euteroclysis  in  Dorsal  Position  on  the  Bed  Pan. 

the  air  lias  been  expelled;  then  cheek  the  flow.  As  the 
tip  of  the  instrument  passes  through  the  sphincter,  start 
the  flow  in  order  to  force  the  mucous  membrane  awaj' 
from  the  ii'rigator  and  from  its  fenestra;.  Attach  the 
fountain  syringe  to  the  central  tube  and  the  carry-ofl:  tube 
to  the  larger  curved  lateral  tube.  By  alt(.'rnately  pinch- 
ing this  and  the  tube  of  the  fountain  syringe,  the  quan- 
tity of  fluid  entering  and  escaping  can  be  regulated.  As 
the  outflow  is  larger  than  the  inflow,  unless  the  outflow 
is  checked  no  fluid  will  pass  up  the  bowel. 

Insertion  of  the  Instrument. — The  tube  should  be  well 
lubricated  and  inserted  with  a  gentle  rotary  motion,  and 
not  forced  in.  The  tip  of  the  instrument  should  be 
directed  slightly  backward  toward  the  sacrum,  and  the 
fluid  allowed  to  flow  at  the  moment  when  the  tip  passes 
the  sphincter.  If  the  flow  ceases,  rotate  the  tube  slightly 
or  withdraw^  it  slightly  while  rotating,  and  push  it  back. 
If  the  outflow  seems  to  be  obstructed,  stop  the  inflow 
and  then  force  fluid  back  through  the  outflow  tube  with 
a  small  hand  syringe,  or  detach  the  fountain  syringe  and 
force  the  flow  "back  through  the  outflow  tube  for  an  in- 
stant. Sometimes  "milking"  the  outflow  tulie  with  the 
Angers  will  start  the  flow.  Avoid  pressing  the  tip  of  the 
instrument  against  the  wall  of  the  bowel,  or  directing  the 
current  against  it,  as  either  of  these  procedures  is  irri- 
tating. 

Distance  to  loliieU  the  Irrigator  should  be  Pushed  up  into 
the  Botnel. — The  rectal  tube  should  be  in.serted  for  a  dis- 
tance of  from  one-third  to  one-half  its  length  in  prostatic 
cases,  etc. ,  and  in  its  entire  length  when  high  irrigation 
is  to  be  carried  out.  In  actual  practice  it  is  found  that 
the  introduction  of  the  short  tube  to  its  full  length,  pro- 
vided the  patient's  hips  are  elevated,  gives  as  good  re- 
sults in  high  irrigation  as  does  the  colon  tube. 

Withdrerirol  of  iJie  Instrument.— Do  not  withdraw  the 
instrument  like  an  ordinary  tip,  lest  the  mucous  mem- 
brane catch  in  the  fenestne,  but  rotate  it  slightly,  first  in 
one  direction  and  then  in  the  other,  as  it  is  being  with- 
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drawn, 
not  be  liki 

C'lenr 


By  (.bservmg  this  precaution  the  physician  wfll 
kely  to  expeiieiice  the  accident  just  described 

screw  'lu!'fr  f  f "^ ' ^"'■■'- 7^''°  ^'^^^"  "'''  «««  t^^^^^s.  "n- 
MlP  H,i  "  *"'"  f''^  ^vithdraw  it.  To  clean  the 
flexible  tube,  unscrew  tlie  accessory  cap  and  loosen  the 
main  cap  meanwhile  holding  the  rubber  fitting  of  the 
een  ral  tube  firmly,  to  prevent  twisting  the  central  linen 
catheter;  push  the  caps  along  the  central  tulie  to  nearlv 
the  end,  then  withdraw  the  hard-rubber  tip  from  the 
mam  outer  tube  and  with  it  about  half  an  inch  of  the 
cential  linen  tube ;  next  unscrew  the  tip,  holding  the  cath- 
eter tirnily  ,iust  beh.w  it;  and  finally  withdraw  the  cen- 
tral tulie,  as  in  the  hard-ruliber  instrument.  If  the  at- 
ti'inpt  were  made  to  uiisciew  the  flexible  tube,  it  would 
readily  tear.  The  flexible  tubes  should  not  be  allowed 
to  remain  m  any  solution  except  for  a  moment  as  the 
central  tube  readily  softens  and  collapses.  Should  this 
("cuf,  a  wire  passeil  tlirough  it  generally  remedies  the 
ilifliciilty.  The  central  tube  is  often  made  of  a  linen 
catheter.  The  flexible  English  catheter  (such  as  has  the 
stylet)  IS  much  more  durable;  the  ends  do  not  fray  so 
readily,  nor  does  it  crack  so  easily,  and  it  is  cheap.  No. 
7  IS  a  good  size;  it  can  be  cut  in  lengths  to  suit,  and  the 
hard-rubber  fittings  will  cut  their  own  thread  on  it.  A 
fresh  central  tube  can  thus  be  used  in  every  case,  and  the 
outer  tube  and  fittings  can  be  disinfected. 

Enteroelysis  in  the  Senu-oljlique  (Half- Sitting)  Posture. 
—Dr.  William  H.  Thomson's  method.  This  has  been 
employed  in  pulmonary  a>dema  and  in  pleurisy  with 
effusion,  when,  because  of  respiratory  difficulty,  the  pa- 
tient was  unable  to  lie  down  (see  Fig.  1917). 

77ie  Different  Positions  of  the  Body  in  which  High  Irri- 
gution  may  be  Practised.— The  first  position  is  'that  in 
which  the  patient  lies  upon  his  back,  with  his  hips  ele- 
vated and  his  shoulders  at  a  lower  level.  A  bed  pan, 
preferably  a  douche  pan,  is  placed  beneath  his  buttocks 
(see  Fig.  1918).  This  receptacle,  however,  may  be  dis- 
pensed with,  as  a  rubber  sheet,  if  properly  adjusted,  will 
answer  sufficiently  well  (see  Fig.  1919).  the  patient 
may  also  lie  on  either  side,  with  the  hips  elevated  and 
the  shoulders  at  a  lower  level  (see  Fig.  1920).  Instead 
of  a  rubber  sheet,  a  Kelly's  pad  may  be  employed. 


Fio.  1919.— Enteroelysis  in  DorsaJ  Position  wltlioiit  Bed  Pan. 

What  is  known  as  the  method  Ijy  rotation  (see  New 
York  MedicnlJournal,  March  13th,  1897)  may  be  described 
as  follows:  The  patient  is  placed  on  the  left  side,  with 
the  hips  elevated,  and  about  a  pint  and  a  half  of  the  solu- 
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tiou  is  allowed  to  flow  into  the  descending  colon;  the 
outflow  tube  is  then  pinched  and  the  patient  is  gradually 
rotated  first  to  the  dorsal  position  and  then  to  the  right 
side.  As  the  next  step  in  the  procedure  the  shoulders 
are  elevated  above  the  level  of  the  hips  (the  patient  still 


Fig.  1930.— Enteroclysls  In  the  Sims  Position. 

being  on  the  right  side),  in  order  that  the  fluid  may 
gravitate  into  the  caput  coli.  Then  the  steps  just  de- 
scribed are  reversed,  the  outflow  tube  is  released,  and  the 
fluid  is  permitted  to  escape.  This  method  resembles 
Kussmaul's  technique  for  irrigations  with  oil. 

The  indications  for  employing  double-current  entero- 
clysls may  be  deduced  for  the  most  part  from  the  follow- 
ing paragraphs  on  the  "  Quantity  and  Temperature  of 
the  Solution." 

Quantity  and  Temperature  of  the  Halutitm. — In  colitis, 
dysentery,  typhoid,  intestinal  dyspepsia,  the  various 
forms  of  diarrhoea,  constipation,  f;iecal  impaction,  etc.,  a 
quantity  equal  to  from  six  ounces  to  one  pint  and  a  half 
may  be  allowed  to  flow  into  the  bowel  before  escape  is 
permitted.  Enteroolysis  may  be  employed  once  or  twice 
daily,  and  the  total  amount  of  fluid  used  at  each  sitting 
should  not  be  less  than  two  quarts.  In  some  cases  as 
much  as  several  gallons  has  thus  been  utilized.  If  there 
are  no  special  contraindicating  circumstances  the  flow 
should  be  kept  up  until  the  escaping  fluid  is  quite  clear. 
The  temperature  of  the  fluid  u.sed  should  be  from  101° 
to  105°  F.  On  the  otlier  hand,  in  sthenic  cases,  if  there 
be  a  higli  temperature — as  in  dysentery,  gastro-enteiitis 
in  infants,  etc. — irrigation  witli  a  solution  at.  from  90"  to 
75°  F.  may  be  employed,  to  aid  in  the  reduction  of  tem- 
perature. Cold  should  be  used  cautiously,  and  I  believe 
that  it  is  contraindieated  if  there  are  renal  complications. 

For  tlie  relief  of  tl]<-  spasm  which  accompanies  renal, 
biliary,  or  intestinal  colic,  it  is  a  good  plan  to  allow  from 
six  ounces  to  one  pint  of  a  hot  fliud  (.saline  soliitioji  at  ;i 
temperature  of  from  101°  to  103°  F.)  to  I'emain  continu- 
ously in  the  bowel  fortifteen  minutes  or  longer.  At  times 
a  solution  having  a  still  higher  temperature  (from  110  to 
120  F.)  acts  better.  This  is  often  the  ease  in  intestinal 
colic,  in  which  condition  tlie  hot  solution  aidsinexpelling 
flatus. 

^  In  all  conditions  in  wliicli  it  is  desirable  to  stimulale  the 
circulation,  lo  increase  renal  secretion  when  insulHcient, 
or  to  eliminate  toxins  through  promotion  of  diui'esis,  etc., 
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the  quantity  of  the  solution  to  be  ke])t  continuously  in 
the  bowel  should  average  from  a  pint  to  a  quart ;  and 
the  enteroclysls  should  be  kept  up  for  from  half  an  hour 
to  an  hour.  If  we  wish  to  .secure  the  best  results  under 
the  conditions  referred  to,  we  should  employ  normal  salt 
solution  at  a  temperature  somewhere  between  110°  F. 
and  120°  F.  In  addition  to  the  conditions  last  named 
and  to  those  enumerated  in  the  earlier  part  of  the  article, 
the  following  may  be  named:  sepsis  due  to  any  cause, 
as  from  peritonitis,  septic  endocarditis,  cholera,  typhoid, 
diphtheria,  etc. ;  malarial  poisoning  (to  check  or  abort  a 
chill) ;  the  various  dropsical  conditions,  etc. 

Enteroclysls,  as  may  readily  be  supposed,  has  proved 
to  be  of  use  in  gyna'colog.y.  Thus,  for  example,  its  use- 
fulness in  the  case  of  an  unmarried  woman,  as  a  substi- 
tute for  vaginal  douching,  deserves  special  mention.  It 
may  be  emplo3'ed,  in  the  form  of  hot  enemata  of  normal 
saline  solution  (at  a  temperature  of  from  110°  to  120°  F.), 
for  promoting  the  absorption  of  pelvic  exudations,  for  the 
relief  of  leucorrhoeas,  of  ovaritis,  of  shock,  etc.,  and  in 
many  other  conditions  (C.  Reginald  Hyde). 

In  genito-urinary  and  rectal  affections — such  as  inflam- 
mation of  the  prostate  or  bladder,  retention  of  urine, 
spasmodic  stricture  of  the  urethra,  chronic  or  acute  in- 
flammation of  the  urethra,  internal  hemorrhoids,  etc. — 
enteroolysis  often  affords  great  relief.  In  cases  of  intes- 
tinal paresis  and  of  intestinal  obstruction  injections  of 
oxygen  have  been  found  useful  by  Dr.  Clement  Cleve- 
land, of  New  York.  (See  New  York  Medical  Record, 
January  5th,  1901.) 

Solutions  that  may  be  Used  in  Enterocltsis. 

Flaxseed  tea,  made  thin  and  oily,  of  value  in  catarrhal 
conditions  of  the  intestine,  especially  if  accompanied  by 
constipation :  also  aids  absorption  of  exudations. 


FIG.  Itl31.— Enteroolysis  witli  Double  Tube.    Case  of  an  Infant. 


Normal  mlt  mliitioii.  a  drachm  of  salt  to  a  pint  of 
water;  useful  for  cleansing  ])urposes:  bland  and  espe- 
cially safe  foi'  cluldren  ;  u.sef ul  as  a  circulatory  stimulant  ■ 
as  a  diuretic,  and  to  eliminate  toxins. 

Oil  of  peppermint  or  cinnamon  (five  to  fifteen  minims 
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to  the  pint)  may  be  added  to  the  salt  solution  for  cloans- 
mg  purposes  (AVilliam  H.  Thomson). 

Boiled  water,  with  boric  acid  (from  half  a  drachm  to  a 
drachm  to  the  quart,  or  even  stronger),  or  with  perman- 
ganate of  potassium  (from  three  to  ten  grains  or  more  to 
two  quarts  of  water) ;  useful  when  there  is  marked  fermen- 
tation or  foul  odor.  A  similar  solution  of  bichloride  of 
mercury  (1  to  10,000)  has  been  successfully  employed  (two 
quarts  at  each  irrigation  daily)  in  membranous  (croupous) 
colitis  of  a  septic  type.  In  dysentery  it  is  also  of  service. 
Stronger  solutions  do  not  appear  to  be  necessary.  Solu- 
tions of  carbolic  acid  and  of  camphor  have  been  found 
to  be  irritating.  Rovacs  and  others  employ  quinine 
solutions  (1  to  1,000)  in  araoj.bic  dysentery.  Solutions 
of  tannin  (one  to  two  per  cent.)  are  valuable  in  cholera. 
Tannic  acid,  tannin,  witch  hazel,  and  other  astringents, 
are  useful  in  dysentery.  In  chronic  conditions  injections 
of  silver-nitrate  solutions  (gr.  x.-xx.  to  the  quart  or  even 
the  pint),  to  be  followed  by  normal  saline  solution  to 
prevent  overaction,  are  of  service.  Finally,  solutions 
containing  listerine,  borolyptol,  borax,  bicarbonate  of 
soda,  or  powdered  alum  (a  drachm  of  the  latter  to  the 
quart  of  water,  or  even  a  stronger  solution),  are  of  service. 

Robert  (J.  Kemp. 

ENTEROL  is  a  mixture  of  three  isomeric  creosols  said 
to  represent  three  bodies  from  the  intestinal  tract  in 
normal  proportion.  It  is  slightly  soluble  in  water,  has 
an  unpleasant  odor,  and  is  used  as  an  intestinal  antiseptic. 
It  is  given  in  pill  or  capsule,  or  in  a  solution  of  one  grain 
to  an  ounce  of  water,  usually  combined  with  a  laxative. 

IF.  A.  Bentedi). 

ENTODERM,  also  called  entoblast,  and  occasionally 
hypoblast,  is  the  innermost  layer  of  cells  in  the  embryo ; 
it  is  an  epithelium  which,  in  the  adult,  lines  the  diges- 
tive canal  and  its  appendages,  lungs,  liver,  pancreas,  etc. 
(See  Germ  Layers.)  G.  S.  M. 

ENURESIS  (iv  =  in,  and  ohpov  =  urine)  isacondition  in 
which  the  urine  is  passed  involuntarily  or  unconsciously. 
It  is  not  so  much  a  disease  as  a  symptom  common  to 
many  diseases  and  disorders.  In  childhood,  however,  it 
may  be  considered  a  separate  malady,  since  it  is  often 
found  at  this  age  without  any  other  accompanying  symp- 
tom or  lesion;  in  infants,  up  to  about  three  years  of 
age,  it  is  physiological. 

Mechanism. — The  bladder  is  a  iibromuscular  sac  which 
acts  as  a  temporary  reservoir  for  the  urine.  The  urine 
does  not  normally  escape  as  it  falls  into  the  bladder,  and 
without  the  knowledge  of  the  individual ;  but,  slowly  and 
constantly  secreted,  it  gradually  accumulates  in  the  blad- 
der until  it  can  be  expelled.  It  is  retained  in  the  bladder 
by  the  sphincter  vesicfe;  it  is  expelled  by  the  muscular 
contraction  of  the  coats  of  the  bladder  and  the  detrusor 
urinse,  assisted  by  the  diaphragm  and  abdominal  mus- 
cles. Normal  micturition  is  a  reflex  act.  As  the  urine 
gradually  flows  into  the  bladder  the  intravesical  pressure 
increases,  until,  on  a  sutHcient  quantity  being  present, 
afferent  impulses  are  sent  from  the  bladder  to  the  centre 
for  micturition  in  the  lumbar  enlargement  of  the  spinal 
cord;  from  this  efferent  impulses  are  sent  down  strength- 
ening the  inhibitory  force  at  the  neck  of  the  bladder,  and 
thus  causing  delay  in  the  act  of  urination.  Further, 
there  exist  a  motor  tract  and  an  inhibitory  tract  from 
the  brain  to  the  centre  in  the  cord ;  and,  as  the  intra- 
vesical tension  continues  to  rise,  impulses  are  sent  to  the 
brain,  and  other  impulses,  now  conscious,  are  remitted 
to  the  neck  of  the  bladder,  causing  either  relaxation  or 
further  tightening  till  a  suitable  time  and  place  present 
themselves.  The  act  of  urination  is  then  brought  about 
by  the  relaxation  of  the  sphincter  and  the  combined 
action  of  the  detrusor  urina;  and  the  abdominal  muscles. 
Any  interference  with  this  meclianism  may  cause  enu- 
resis. . 

Etiology  is  frequently  obscure,  and  many  conditions 
that  are  considered  causes  are  often  probably  only  co- 
existing and  not  causal. 


Any  interference  with  the  normal  mechanism  of  mic- 
turition, as  given  above,  will  cause  enuresis ;  such  inter- 
terence  can  take  place  at  the  lumbar  centre,  or  in  the 
alterent  or  efferent  nerve  tracts,  or  in  the  brain.  Other 
causes  are:  1.  In  the  TOTjie.-  increase  in  quantity  or  acid- 
ity, 2.  In  the  bladder :  malformation,  increased  irritabil- 
ity, muscular  spasm  of  the  detrusor  urinse,  non-devel- 
opment or  imperfect  innervation  of  sphincter  vesica, 
calculus.  3.  In  the  penis:  phimosis,  paraphimosis 
elongated  or  adherent  prepuce,  balanitis.  4.  Stricture 
of  urethra  and  enlarged  prostate  in  advanced  age.  5. 
Fissure  or  eczema  of  anus,  and  worms.  6.  Lesions  of 
the  nervous  system— shock,  hysteria,  locomotor  ataxia, 
apoplexy. 

In  children  tliis  distressing  condition  is  generally  due 
to  want  of  development  of  the  muscles  of  the  bladder, 
chiefly  the  sphincter  vesicte,  and  to  lack  of  proper  train- 
ing. It  must  be  remembered  that  up  to  about  three 
years  of  age  enuresis  is  physiological,  and  that  after  that 
age  proper  education  can  do  much  toward  inculcating 
good  habits.  Often,  too,  there  may  he  a  diminished 
sensibility  of  the  nerves  of  the  bladder,  when  the  sensa- 
tions are  not  sutHciently  strong  to  awaken  the  patient, 
or  else  the  sleep  is  abnormally  deep  and  prolonged. 
Children  with  a  neurotic  tendency  are  often  afflicted  with 
enuresis.  The  trouble  generally  disappears  at  or  about 
puberty. 

Symptoms. — Enuresis  may  be  mistaken  for  the  "over- 
flow "  or  retention  of  urine  common  in  enlarged  prostate, 
but  a  catheter  will  settle  the  diagnosis.  Otherwise  the 
diagnosis  is  clear  from  the  statement  of  the  patient  or 
parent. 

In  children  the  disease  is  classified  as  (1)  enuresis  noc- 
turna,  (2)  enuresis  diurna,  and  (3)  enuresis  continua.  Of 
these  the  commonest  is  the  nocturnal  variety,  in  which 
the  patient  is  troubled  only  at  night,  but  regularly  every 
night,  and  this  in  spite  of  the  fact  that  he  has  emptied 
his  bladder  before  being  put  to  ioed.  The  child  is  apt  to 
be  gloomy  and  downcast,  and  apparently  much  troubled 
about  this  sad  condition  which  is  indeed  his  misfortune 
and  not  his  fault.  In  some  eases  the  trouble  continues 
even  when  the  patient  is  aroused  every  few  hours. 

The  diurnal  variety  is  caused  by  muscular  contraction, 
chiefljr  in  laughing  and  coughing,  and  is  apt  to  persist 
longer  than  enuresis  nocturna;  when  found  after  the 
age  of  puberty  it  is  more  common  in  the  female. 

PnoGNOSis. — In  children  the  trouble  generally  disap- 
pears at  puberty.  In  any  case  it  is  well  to  make  a  thor- 
ough examination  and  if  possible  remove  the  cause. 

Treatment.  — Whenever  possible  remove  the  cause  or 
apparent  cause.  Look  after  the  general  condition  of  the 
patient.  In  the  case  of  children  punishment  and  reproach- 
es are  reprehensible ;  the  little  patient  probably  suffers 
considerably  from  the  knowledge  of  his  affliction.  Many 
remedies  have  been  tried,  some  with  a  little  success. 
Raising  the  foot  of  the  bed,  so  that  the  urine  does  not 
rest  on  the  base  of  the  bladder,  has  been  recommended : 
so,  too,  has  electricity— the  faradic  current,— one  elec- 
trode in  the  rectum,  the  other  on  the  perineum. 

Drug  medication  is  largely  empirical,  but  cures  have 
been  reported  from  the  use  of  strychnine,  fluid  extract 
of  ergot,  iron,  atropine ;  also  nitrate  of  silver  applied 
locally. 

In  the  Medical  and  Surgical  Reporter  for  March,  1898, 
is  reported  the  case  of  a  boy  who  by  mistake  took,  four 
times  a  day,  a  pill  of  extr,  cannabis  indica,  gr.  i ;  hyos- 
cvamine,  gr.  -j^:  zinc  phosphide,  gr.  i;  and  was 
""cured, "  in  three  days,  of  enuresis.  R.  J.  E.  beott. 

ENZYMES.— Enzyme  (Gr.  h;  in,  and  Cvm,  leaven),  a 
name  given  to  a  class  of  chemically  active  substances 
widely  distributed  through  the  animal  and  vegetable 
kin"doms.  They  are  chiefly  of  interest  in  medicine  from 
the'^part  they  play  in  digestion,  most  of  the  chemical 
changes  in  this  process  being  due  to  their  agency. 

In  their  action,  enzymes  present  many  points  of  strik- 
in'T  resemblance  to  ordinary  ferments,  such  as  bacteria, 
yeast,  moulds,  etc.     For  example,  both  classes  work  best 
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at  iibout  the  same  temperature,  viz.,  that  of  the  liiinian 
body,  or  a  few  degrees  above  it;  each  is  destroj'ed  by 
boiliug;  each  "will  cause  insoluble  suli.stances  to  be  trans- 
formed .so  that  the}'  pass  into  .sohition.  This  similarity 
caused  earlier  ob.servers  to  classify  the  enzymes  as  a 
special  group  of  ferments.  To  distinguish  them  from 
the  micro-organism  ferments,  they  were  called  "  unorgan- 
ized ferments,"  "soluble ferments,"  "formless  ferments," 
■'unformed  ferments,"  etc.  All  of  these  names  are  still 
in  use  at  present,  but  the  term  emyme  has  been  the  most 
favored  one  since  the  classical  work  of  Kiihne  (1878),  as 
it  avoids  confusion  with  ordinary  fermentation.  The 
advantage  of  this  has  been  jjithily  expressed  b}'  Sheridan 
Lea,  in  "Foster's  Physiology,"  as  follows:  "It  appears 
advisable  to  use  the  term  '  enzyme  '  to  denote  tliesolul)le 
unorganized  ferments  generally,  reserving  the  older  name 
of  '  ferment '  for  the  organized  agents  such  as  yeast  to 
whicli  it  was  first  applied.  If  this  be  done  it  will  be 
convenient  to  use  the  expression  '  zymolysis  '  to  denote 
the  changes  produced  by  the  enzymes  in  their  action  on 
other  substances  and  to  apply  the  term  '  fermentation  ' 
to  the  action  of  the  organized  ferments.  In  this  way 
'  zymolysis  '  corresponds  to  the  German  '  Ferment-Wirk- 
uug, '  and  '  fermentation  '  to  '  Gahrung. '  " 

In  1874,  Musculus  showed  that  an  enzyme  could  be  ob- 
tained from  urine  wdiich  contained  the  Micrococcus  urea?, 
and  that  the  enzyme  would  produce  the  same  decom])osi- 
tion  of  urea  that  was  brouglit  about  by  the  living  micro- 
coccus. In  1885  Sheridan  Lea  found  that  this  enzyme 
could  be  isolated  from  the  micrococci.  A  number  of 
similar  discoveries  have  been  made  with  other  micro- 
organisms and  moulds.  Even  the  ordinary  alcoholic 
fermentation  produced  by  yeast  has  been  brought  within 
this  category  by  the  classical  researches  of  Buchner ;  so 
that  it  is  by  no  means  improbable  that  the  decomposition 
processes  of  fermentation  may  yet  be  shown  to  be  those 
of  zymolysis,  the  living  micro-organism  producing  the 
enzyme,  and  the  enzyme  bringing  about  the  chemical 
changes  (see  article  Ferme)tt(itton). 

Chemic.vl  Composition  op  the  Enzymes. — It  is  ex- 
tremely difficult  to  get  any  of  the  enzymes  even  approxi- 
mately pure,  and  it  is  doubtful  whether  an  absolutely 
pure  specimen  has  ever  been  obtained.  For  this  reason 
the  chemical  nature  of  the  enzymes  is  still  undetermined. 
It  is  generally  admitted  that  they  contain  nitrogen,  and 
they  have  usually  been  cla.ssified"  as  proteids.  The  pur- 
est specimens  obtained  a  decade  or  more  ago  gave  a 
number  of  reactions  common  to  proteids,  but  U  must  be 
remembered  that  tlicy  are  always  obtaineil  from  close 
association  with  proteids  in  the  cells  from  which  they  are 
derived,  and  the  question  has  arisen  whether  or  not  the 
proteid  did  not  cling  to  them  as  a  contamination.  As 
methods  for  their  purification  have  improved,  specimens 
have  been  obtained  which  gave  fewer  and  fewer  of  the 
proteid  reactions,  until  now  the  trend  of  opinion  is  away 
from  the  old  theory  of  tlieir  jiroteid  nature— but  we 
have  found  notlung  detinite  to  take  its  place. 

Theories  widely  different  from  the  above  find  a  place 
even  in  the  most  recent  literature,  the  enzymes  being  re- 
ganled  by  some  as  imponderable,  immaterial  forms  of 
energy  "clinging  to  changing  chemical  substances,  like 
electricity  to  a  conductor"  (Arthus,  Thfise,  Paris,  1806). 
The  latest  writer  whose  monograpli  has  appeared  on  the 
subject  (Oppenheimer,  1900)  defines  enzymes  as  follows: 
"  An  enzyme  is  the  material  substratum  of  a  peculiar  foi-m 
of  energy,  which  is  produced  by  living  cells  and  which 
ehngs  to  them  more  or  less  lenaciously  without  their  ac- 
tion being  bound  up  with  the  life  process  as  such.  This 
energy  is  able  to  bring  about  the  freeing  of  the  potenrial 
energy  ot  chemical  substances,  and  to  transform  this  into 
kinetic  energy  (lieat,  light).  The  chemical  substances  are 
altered  in  such  a  way  .  .  .  that  the  products  of  tl](^  de- 
comjiosition  shall  collectively  represent  less  potential 
energy  than  is  represented  in  the  original  sidistance,"  etc. 
He  explains  that  he  uses  the  term  "material  suljstratum  " 
"because  we  are  absolutely  in  a  fog  as  to  our  knowIed"e 
concerning  their  chemicarnatiire."  '^ 

Mode  op  Action  of  Enzymes.  — reOT^jf'rrtCfn'c— Each 
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enzyme  lias  a  temperature  at  wliich  it  acts  best.  This 
varies  with  the  enzyme:  at  a  definite  point  of  low  tem- 
perature its  action  is  suspended,  but  the  enzyme  is  not 
destroyed ;  at  a  higher  temperature  its  action  is  .suspended, 
and  at  a  still  higher  point  the  enzyme  is  destroyed.  In 
the  moist  condition  this  destruction  occurs  at  the  boiling 
point,  or  behnv  it,  while  some  enzymes  may  be  lieated 
dry  to  150"  C.  and  still  be  active  when  placed  again  in 
solutions  at  the  proper  temperature. 

Action  of  Enzymes  Hindered  by  the  Aceiiintdation  of  the 
Products  of  Tlieir  Own  Activity. — Most  enzymes  cease 
acting  when  the  products  of  their  activity  reach  a  cei'- 
tain  concentration.  If  jjepsin  be  made  to  digest  fibrin  it 
stops  acting  when  the  proteoses  and  peptones  reach  a 
certain  concentration,  but  will  begin  acting  again  if  the 
mixture  be  simply  diluted  with  water  or  with  some  othei- 
appropriate  fluid. 

Eeliitionof  QiiKntity  of  Enzymes  to  Work  which  they  Dn. 
— The  quantity  of  enzyme  will  determine  the  rapiditj'  of 
aotionbut  not  the  amount  of  action.  One  grain  of  pep- 
sin will  dissolve  as  much  proteid  as  an  ounce,  but  it  will 
reqinre  a  longer  time. 

Enzymes  Not  Used  Up. — This  is  one  of  the  most  remark- 
able properties  of  enzymes.  After  causing  an  enz3'me 
to  transform  a  lai'ge  amount  of  substance  on  which  it 
acts,  there  is  still  so  nearty  as  much  enzyme  present  [is 
there  was  at  the  beginning  that  it  max-  "be  regarded  as 
practically  the  same. 

Natuee  of  Action  of  Enzymes. — A  discussion  of 
the  nature  of  zymolysis  would  lead  us  back  to  the  class- 
ical discussion,  between  Liebig  and  Pasteur,  of  the  action 
of  ferments  in  general  (see  article  Fermentation).  The 
predominant  action  of  the  digestive  enzymes  is  one  of 
hydrolytic  cleavage;  that  is, "the  enzyme  %vill  cause  the 
substance  acted  upon  to  take  up  water  and  then  split 
into  two  different  substances,  usually  of  the  same  class. 
This  is  well  illustrated  by  the  enzyme  "  invertin  "  of  the 
intestinal  juice  in  its  action  on  cane  sugar.  The  cane- 
sugar  molecule,  in  the  presence  of  invertin,  takes  up  a 
molecule  of  water  and  then  splits  into  dextrose  and  levu- 
lose  as  follows: 

Cane  sugar  ,  water  _  dextrose  ,  levulose 
C„H.,0„  +  H.O  -  C„H,Oe  +  CeH„0„ 
It  will  be  noticed  that  the  enzyme  is  not  shown  in  the 
reaction,  as  studied  by  its  end  products,  and  yet  the  reac- 
tion will  not  take  place  in  simple  aqueous  sohition  with- 
out the  presence  of  the  enzyme;  moreover,  the  enzvme  is 
not  used  up,  no  matter  how  much  cane  sugar  it  converts. 
The  exact  mode  of  its  action  is  not  understood.  Tlie 
most  plausible  theory  which  has  been  advanced  and  the 
one  which  meets  with  most  acceptance  is  that  the  enzvme 
acts  as  a  go-between  or  carrier  for  water  verv  much  in 
the  same  way  that  NO  acts  for  oxvcen  in  the  manufac- 
ture of  sulphuric  acid.  Here  sulphur  is  burnt  in  the  air 
tormmg  bOa,  which  readilv  combines  with  water  (steam) 
to  form  sulphurous  acid,  H.SOa.  Sulphurous  acid  will 
unite  with  oxygen  to  form  sulphuric  acid: 


Sulphurous  acid 
H,SO., 


oxygen 
O 


sulphuric  acid 


but  the  process  is  too  slow  to  be  practicable  If  hon-- 
ever,  nitric  oxide  and  air  be  introduced  the  action  be- 
comes rapid  and  continuous  in  the  following  way  ■  The 
nitric  oxide,  NO,  takes  up  oxygen  from  the  air  and  be- 
comes nitrogen  peroxide,  NO..  This  NO.,  readilv  "ives 
up^art  ot  Its  O  to  the  H..SO„,  and  is  transformed  back 


Sulphurous  aci( 
ILSOs 


NO., 


sulphuric  acid 
H.,SO, 


NO 


As  soon  as  it  becomes  NO  it  takes  a  fresh  supply  of  O 
rom  the  a,r,  only  to  be  robbed  of  it  promptly  again  by 
a  fresh  supply  ot  II,„S()„  so  that  the  process  goes  on 
H's.'""ti;;r'^„"";-  "-"^^=  "«^»"™g  tilnsfornieTIn;" 
us«l  u,  hi  n  ,'■•"  '^l  ''''  °-^-''SCu  carrier  and  not  being 
SO  f  L,  ^'  „l^''"-'"'°  •'[■  process  is  even  more  striking- 
SO.   fiom  burning  sulphur,   H,0  (steam)  and  NO.,   are 
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-  I'fceptaele  wlicrc  thcv  mix  with  air 
md  witli  eai'li  (itlicr.     Tin 


sent  into  a  eomniou 

reac-tions  arc  ifieii  as  follows. 

(1)  SO,  +  H,()  +  NO,  =  i[„S()^    I    NO 

(3)  N0  +  0  =  NO.  ^ 

and  so  on  continuously. 

Sulphur  and  water  are  transformed,  toa:ether  with 
oxygen  from  the  air,  and  the  end  product  Ts  sulphuric 
acid.  A  study  of  the  end  product  does  not  show  the  iu- 
termediate  product  H,SO.,  nor  the  action  of  (he  NO  and 
jNO.2  as  a  earner  of  tlie  oxygen.  In  the  ease  of  the  cu- 
zynies  we  liaxe  heen  able  to  study  .satisfactorily  only  the 
substance  transformed  and  the  end  products  The  inter^ 
mediate  reactions  have  not  all  been  determined,  so  we  can 
reason,  as  to  the  role  of  enzymes,  oidy  by  analogy  with 
better  known  ca.ses,  such  as  the  exaniple  choseii'of  sul- 
phuric acid. 

Determination  op  the  Activity  of  Enzymes  —The 
various  preparations— most  of  them  i)roprietary— dcpend- 
mg  for  their  action  on  the  enzymes  which  they  contain 
are  mostly  mixtures  of  enzymes  with  a  certain  amount 
of  foreign  matter.  This  is  notably  true  of  preparations 
from  the  stomach  (pepsin)  and  from  the  pancreas.  Much 
has  been  claimed  for  and  against  the  relative  merits  of 
certain  of  these  preparations"  The  method  of  investiga- 
tion depends  upon  the  enzyme  Avhich  is  being  investi- 
gated, and  for  the  details  of  standard  methods  the  reailer 
is  referred  to  works  on  physiological  chemistry.  All 
methods,  however,  involve  one  fundamental  procedure, 
viz. :  to  determine  the  amount  of  substance  transformed 
by  a  given  amount  of  enzyme  in  a  given  time :  or  to  de- 
termine the  amount  of  enzyme  necessary  to  transform  a 
given  amount  of  substance  in  a  given  time;  or  to  deter- 
mine the  time  required  for  a  given  amount  of  enzyme  to 
transform  a  given  amount  of  substance  ;  in  other  words, 
there  are  three  factors  in  the  process:  time,  strength  of 
enzyme,  and  amount  of  substance  transformed;  if  two  of 
these  are  known  the  third  can  bo  determined.  It  must 
never  be  forgotten  that  all  comparisons  of  enzyme-activ- 
ity must  be  made  under  rigidly  the  same  conditions  as 
to  the  physical  state  of  the  substance  acted  on,  the  fluid 
medium  in  which  it  is  placed,  temperature,  cleanliness 
of  vessels,  etc.  Slight  differences  in  these  conditions, 
especially  the  physical  condition  of  the  substance  actecl 
on,  will  give  results  whieli  are  absolutel3'  incompar- 
able. This  point  should  never  be  overlooked  in  com- 
paring the  results  f>f  one  .series  of  experiments  with  those 
of  another. 

Origin  of  Enzymes.  —  In  the  vegetable  kingdom,  eu- 
zj-mes  may  be  extracted  from  the  lower  organisms  such 
as  bacteria,  yeast,  moulds,  etc. ,  wliile  higher  in  the  scale 
they  play  an  important  part  in  the  plant  economy,  caus- 
ing the  solution  of  stored-up  foods  such  as  starch  and 
even  cellulose.  This  is  especially  well  marked  in  germi- 
nating seeds.  In  some  of  the  highest  forms,  such  as  cer- 
tain pitcher  plants  (Nepenthes)  there  are  well-developed 
cells  resembling  gland  cells  which  secrete  enzymes  capa- 
ble of  digesting  insects  wdiich  the  plant  catches. 

In  the  animal  kingdom  observations  have  been  made 
which  suggest  that  even  in  the  lowest  forms,  such  as  the 
amcsba,  digestion  is  carried  on  by  enzymes  made  by  the 
cell  and  collected  in  vacuoles.  Fredericq  has  isolated  a 
digestive  enzyme  from  sponges ;  and  certain  worms  and 
eephalopods  (snails)  have  been  sufficiently  well  studied 
to  leave  little  doubt  that  digestion  is  carried  on  by  en- 
zymes secreted  by  glands.  In  the  higher  vertebrates, 
practicalljr  all  the  digestive  enzymes  are  secreted  by 
glands,  and  the  preparation  of  these  enzymes  appears  to 
be  the  chief  work  for  which  the  glands  are  set  apart. 
Tfie  enzymes  do  not  exist  as  such  in  the  glands,  as  is 
shown  by  the  following  experiments:  If  the  .stomach  or 
pancreas  of  an  animal  be  cut  out,  immediately  after 
deatli  and  thrown  into  alcohol,  it  will  yield  very  little 
enzyme.  If,  however,  it  be  allowed  to  stand  for  several 
hours  (twelve  to  twenty-four),  the  yield  of  enzyme  will 
be  considerable ;  lience  we  suppose  that  the  living  gland 
cells  contain,  not  enzyme,  but  a  substance  which  can 
readily  be  transformed'  into  enzyme.      To  this  substance 


EnzyniFs, 
Uiizyiiies, 


the  general  name  qi,iw;,eii  is  given.  In  the  case  of 
specific  <.nzy  nies.  we  use  the  specific  name  of  the  zymogen  ■ 
tlms,  pepsmo.gen  is  the  zymogen  from  wfiich  pepshi  is 
b.rme.l,  rypsmogen  is  the  zymogen  from  which  trypsin 
IS  toi'ined,  etc.  •' ' 

Microscoiiic  investigations  on  the  glan.l  cells  give 
st.dl  further  support  to  the  zymogen  ihe.a-y.  If  tlie?efls 
of  a  gfaiid  be  examined  when  the  gland  has  been  at  rest 
tor  s.ane  tune-that  is,  when  it  has  not  poured  out  an 
abundant  seereti<m  for  several  hours-the  cells  will  be 
lonml  to  be  packed  full  of  granules,  so  as  to  obscure  the 
nucl('i  and  the  boundary  between  the  cells.  After  the 
gland  has  been  actively  i)oiiring  out  its  secretion,  these 
grannies  disappear  to  a  considerable  extent,  but  the  cell 
tills  up  with  granules  ag.-iin  on  resting.  These  clian"es 
m  the  activity  of  the  gland  and  in  its  Inslologieal  app«ir- 
ance  may  be  brought  about  by  stimulating  certain  nerves 
to  the  gland,  and  those  iier\es  which  caifse  the  greatest 
disappearance  of  granules  make  the  gland  produce  a 
secretion  richest  in  enzyme.  This  has  been  well  demon- 
strated for  tile  salivary  glands  for  a  number  of  years, 
and  recent  observations  fiave  confirmed  the  same  for  the 
stomach  and  the  jiancieas. 

F.vte  of  the  Enzymes  in  the  Hu.man  Body.— The 
urine  contains  a  small  amount  of  pepsin,  amylolytic  fer- 
ment, and  rennin.  (The  occurrence  of  trypsin  in  normal 
urine  is  doubtful.)  A  certain  amount  of  ffiese  ferments 
may  therefore  be  regarded  as  gotten  rid  of  normally  in 
this  way,  but  it  is  at  best  of  secondary  importance,  as 
shown  by  Bechampsand  Balthus  for  amylolytic  ferments 
and  by  Schnappauf  for  pepsin.  These  observers  injected 
the  enzymes  in  question  into  the  blood  and  found  that 
there  was  no  such  increase  of  them  in  the  urine  as  should 
have  been  produced  if  the  kidneys  had  been  active  in  ex- 
creting them.  Most  of  the  digestive  enzymes  are  ren- 
dered inert  or  actually  destroyed  in  the  alinientary  canal, 
and  tficy  or  their  residues  pass  out  with  the  fa'ces.  En- 
zymes are  not  diafyzable,  so  we  should  not  expect  them 
to  get  into  the  blood  in  Any  considerable  (luantity,  and 
when  in.ieeted  into  the  blood  they  are  destroyed  'in  the 
system  '(probably  to  some  extent  in  the  blood  itself). 
This  jirocess  is  probably  a  slow  one  as  shown  by  the  in- 
teresting researches  of  Hildebrandt.  The  enzyme  emul- 
sin  breaks  up  the  glucoside  amj'gdalin  from  bitter  al- 
monds, with  prnssie  acid  as  one  of  the  decomposition 
products.  Hildebrandt  in.jecfed  emulsin  snbcutaneously 
into  rabbits,  and  found  that  it  gradually  disappeared 
from  the  blood  without  being  excreted  by  the  kidneys. 
At  different  intervals  after  injecting  the  emulsin  he  ad- 
ministered amygdalin,  and  the  ]n-esenee  of  the  emulsin 
was  indicated  by  symptoms  of  prussic-acid  poisoning. 
He  got  this  effect  as  long  as  six  hours  after  injecting  the 
emulsin,  showing  that  the  enzyme  had  not  all  been  de- 
stroyed in  this  interval.  After  the  blood  had  ceased  to 
give  tfie  reaction  for  the  enzyme,  it  "was  still  found  in  the 
spleen  and  jiancreas,  and  especially  in  tlie  liver  and  in 
the  lymph  glands  in  the  region  where  the  hypodermic 
injection  was  made — showing  that  certain  organs  out- 
side the  blood  could  bind  and  hold  the  enzyme  (and  ulti- 
mately destroy  it). 

CLASSiFtc.A.TiON  OF  EKZYMtiS. — Enzyiues  are  classified 
in  t'ivo  different  ways : 

A.  From  a  chemical  stanilpoiut,  according  to  the 
kind  of  action  they  induce. 

B.  According  to  the  class  of  substances  on  which 
they  act. 

Classification  A  is  the  more  logical,  but  classification 
B  is  more  convenient,  and  is  by  far  the  more  generally 
used. 

From  a  chemical  standpoint,  as  above,  Hoppe-Seyler 
gives  the  following  classification  (cjuoted,  modified, 
from  Halliburton) : 

(«)  Fcrmentx  -ir/iic/i  Ae1  Like  Dilute  Mineral  AeixU  at 

100°  C.  : 
I.  Change  of  starch  or  glycogen  into  dextrin  and  grape 

sugar : 

starch  dextrin         glucose 

(CaH,.0.)4  +  3H..0  =  CeH,„0.  +  3CoH,=Oe 
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II.  Cliiingo  of  cane  sugar  into  dextrose  and  levulose 
(inversion) : 

cane  sugar  dextrose      levulose 

C„H,,(5,,  +  H,0  =  C„H,.Oo  +  CHioOa 

III.  Changes  of  various  benzoyl  glucosides  into  sugar, 
and  simpler  benzol  derivatives  by  the  action  of  emulsin. 
Example : 

salicin  sugar  saligenin 

C,3H„0,  +  H,0  =  CeH.jOe  +  CoHi  |  q^'^^ 

IV.  Decompcsition  of  sulphur-containing  glucosides 
into  glucose,  sulphuric  acid  (acid  sulphates)  and  oil  of 
mustard  by  the  action  of  myrosin.     Example : 

potassium  myronate    glucose  mustard  oil 

C,„H,,NS;0,„K  =  CeH.jOe  +  HKSO,  +  CH^NS 

(*)  Ferments  wMch  Act  Like  Caustic  Alkalies  at  a 
Wrpier  Teiiq^erature.     Fermentative  Saponification  : 

I.  Decomposition  of  esters  (fats)  into  an  alcohol  (glyc- 
erin) and  an  acid  (fatty  acid) : 

tristearin  stearic  acid         glycerin 

C3H.(Ci„H3,0,)3  +  SHjO  =  B(0,sH3<,0.,)  +  C3H5(OH)3 

II.  Decomposition  of  amido  compounds  with  absorp- 
tion of  water.     Examples: 

urea  ammonium  carbonate 

CO(NHj),  +  H.O  =  (NH4)„C03 
hippuric  acid  glvcine  benzoic  acid 

C,H3N03  +  H2O  =  C,H,NO=  +  C,H„0. 

The  decomposition  of  proteids  and  albuminoids  with 
the  formation  of  leuciu  and  tyrosin,  as  effected  by  the 
ferment  trypsin  from  the  pancreas,  belongs  in  the  above 
category.  The  proteids  are  in  all  probability  amido 
bodies,  but  the  formulie  are  too  complicated  and  the  reac- 
tions too  little  under.stood  to  illustrate  them  as  was  done 
with  the  simpler  compounds  above. 

The  chemical  classitication  given  above,  while  classical, 
is  difficult  of  general  application,  for  in  many  instances 
our  knowledge  of  the  changes  produced  by  enzymes  is 
not  sutficiently  accurate  to  justify  a  direct  comparison 
with  well-determined  chemical  reactions.  Again,  in  the 
biological  field  (whether  animal  or  vegetable),  where  we 
meet  enzymes,  we  have  our  attention  concentrated  on  the 
substance  affected  (usually  food)  rather  than  on  the 
chemical  action  of  the  enzyme.  This  has  led  to  a  some- 
what mixed  classification,  based  partly  upon  the  char- 
acter of  the  substance  acted  on  by  the  enzyme,  and  partly 
upon  the  grosser  and  more  apparent  changes  produced 
rather  than  upon  delicate  resemblances  of  chemical  action. 

In  practice,  therefore,  biologists,  almost  universally, 
adopt  some  such  classification  as  the  following ; 

(1)  Proteolytic  enzymes. 

(3)  Amylolytic  enzymes. 

(3)  Fat-splitting  enzymes. 

(4)  Sugar-splitting  enzymes.  . 

(5)  Coagulating  enzymes. 

(0)  Oxidizing  enzymes. 

(7)  Glucoside-splitting  enzymes. 

(1)  Proteolytic  enzymes.  Tliose  which  act  on  insoluble 
proteids  transforming  them  into  soluble  ones.  In  this 
group  belong: 

I.  Pepsin  in  gastric  juice. 

II.  Trypsin  in  pancreatic  juice. 

And  these  are  often  used  g'enerically  for  a  whole  grouii 
of  enzymes  resembling  them.  Thus  one  often  hears  of 
vegetable  pepsins  and  vegetable  trypsins  according  as 
tlie  ferment  in  question  I'esembles  pep.sin  or  trvjjsin  in 
Its  final  action.  Pepsin  (and  the  pcjisins)  transforjii  in- 
soluble proteids  into  peptone  as  the  final  staire  of  its  ac 
tion;  peptone  is  aiiroteid.  So  pepsin  never  goes  licyoud 
the  proteid  class.  Trypsin  goes  a  step  further  and  breaks 
the  peptone  down  into  a  group  of  amido  decomposition 
products  of  which  leuciu,  tynjsin,  and  asparagin  are  the 
best-known  examples. 
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III.  Proteolytic  enzymes  in  the  vegetable  kingdom. 
These  are  very  widespread  and  various.  They  may  be 
extracted  from  the  lowest  forms  (bacteria)  and  in  some 
cases  produce  the  liquefaction  of  gelatin  cultures. 
They  are  found  in  man^'  stems,  roots,  leaves,  and  fruits 
of  higher  plants,  and  in  certain  pitcher  plants  they  are 
secreted  by  a  gland-like  structure,  and  have  the  function 
of  dissolving  insects  and  other  proteid  food  which  the 
plant  catches. 

Two  of  these  vegetable  proteolytic  enzymes — papain 
from  the  pawpaw  and  bromelin  from  the  pineapple — 
have  been  very  thoroughly  investigated  by  Chittenden 
and  his  pupils,  and  may  be  said  to  be  among  the  best 
understood  of  the  enz3anes. 

(3)  Amylolytic  [diastatic]  enzymes.  Those  which  act 
on  starch  and  carbohydrates  of  the  starch  group  trans- 
forming them  into  .soluble  carbohydrates. 

In  this  group  belong : 

I.  Ptyalin  in  saliva. 

II.  Amylopsin  in  pancreatic  juice. 

III.  Diastase  in  malt.  This  is  one  of  the  oldest  and 
best-known  members  of  the  group  and  from  it  the 
name  diastatic  is  derived  as  a  generic  term  for  the 
group. 

IV.  Enzymes  of  the  diastase  class  have  been  discov- 
ered widely  spread  in  the  vegetable  kingdom  from  bac- 
teria to  the  highest  plants.  Among  the  organisms,  of 
interest  in  medicine,  which  transfoj-m  starch  into  sugars 
piobably  through  the  action  of  such  an  enzyme  may  be 
mentioned,  the  spirillum  of  cholera,  Bacillus  mesentericus 
vulgatus,  and  the  moulds  Penicillium  glaucura,  and  As- 
pergillus niger.  Some  of  the  vegetable  diastases  are  on 
the  market  in  medicines  to  aid  digestion. 

V.  Amylolytic  enzyme  in  the  liver.  It  is  well  known 
that  the  liver  stores  up  carbohydrate  food  in  the  form  of 
glycogen,  and  that  it  gives  this  out  to  the  blood,  as 
needed,  in  the  form  of  glucose.  It  is  also  well  known 
that  after  death  glycogen  rapidly  disappears  from  the 
liver,  glucose  being  found  in  its  place.  Some  authorities 
attribute  this  transformation,  both  during  life  and  after 
death,  to  an  amylolytic  enzyme  in  the  liver.  This  point 
is  still  in  dispute. 

VI.  Digestive  juices,  indicating  by  their  action  the 
presence  of  amylolytic  enzymes,  have"  been  found  in  the 
animal  kingdom  as  low  as  rotifers.  The  enzyme  has 
been  isolated  in  secretions  from  insects.  In  man,  and 
in  the  mammalia  generally,  such  ferments  occur  in  ap- 
preciable quantities  in  the  intestinal  juice  (succus  enteri- 
cus),  the  liver,  and  the  muscles.  In  all  these  situations 
they  have  a  role  more  or  less  important.  Blood  and 
lymph  also  contain  them,  as  do  nearly  all  the  fluids  and  ' 
tissues  of  the  body.  Just  how  mucli  of  this  is  made  m 
the  tissues  and  how  much  is  carried  to  them  by  the  blood 

IS  an  open  question. 

It  is  still  a  disputed  point  whether  the  animal  and  the 
vegetable  amylolytic  enzymes  are  the  same  The  wei"-ht 
of  authority  seems  to  be  in  favor  of  the  view  that  thev 
are  difterent.  ■' 

(3)  Fat-splitting  [steatolytic]  enzymes.     Those  which 
break  up  fats  into  glycerin  and  fatty  acid      The  nrin 
cipal  member  of  this  class  is—  ^ 

I.  Steapsin  [pialyn,  lipase].  This  enzyme  is  found  in 
pancreatic  juice. 

II.  Enzymes  similar  to  steapsin  in  their  effects  are 
found  in  the  vegetable  kingdom,  especially  in  certain 
seeds  which  contain  stored-up  fatty  substances  The 
enzyme's  lirmg  these  into  solution  at'the  proper  thne 

ni.  -tat-splitting  enzymes  are  present  in  invertebrates 
as  low  as  sponges  (Predericq).  They  are  also  found  in 
the  eggs  ot  certain  Crustaceans. 

IV.  Fat-splitting  enzymes  in  the  blood:  Henriot  has 
descn bed  an  enzyme  of  this  class  in  the  serum.     Cohnstein 

b^i,d':^^S:^i:r'^^"^^'  ^-^  -^^-^  ^^^  - «-  red 

V.  Some  observers  claim  to  have  found  a  fat-splittins 
accqu,'/."     '  '*°'"'''"-     ^""'^  1^^^ °°*  y^'  '^^'™  g^^^erauf 

(4)  Sugar-splitting  enzymes.      Those    that    split    di- 
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saccharides,  like  cauc-sugar,   iulo  mouosaccharidcs,   like 
dextrose  aad  levulose. 

I.  Invertiu  [iiivertase],  found  in  the  intestinal  juice, 
splits  cane  sugar  into  dextrose  -\-  levulose.  Fouuil  also 
ill  plants,  certain  bacteria,  and  moulds. 

II.  Another  enzyme  [maltase],  also  found  in  the  intes- 
tine, splits  maltose  into  dextrose.  Found  also  in  plants, 
bacteria,  yeasts,  and  moulds. 

III.  Lactase.  Found  in  the  intestine  (?).  Found  also 
in  the  kephir  organism.  It  splits  milk  sugar  (lactose) 
into  dextrose  +  galactose. 

IV.  Ratflnase  [melibiase],  melizitase,  trehalase.  Tiiese 
are  all  new  enzymes  discovered  and  described  within  the 
last  few  years.  They  are  found  in  yeasts  and  moulds, 
and  have  characteristic  actions  on  rare  sugars.  They 
throw  light  on  the  composition  of  these  sugars  by  break- 
ing them  up  into  well-known  forms,  and  it  is  "possible 
they  may  become  of  commercial  value  in  connection  with 
special  forms  of  fermentation. 

(5)  Coagulating  enzymes.  Those  whose  action  is 
marked  by  tlie  production  of  a  coagulum,  curd  or  jelly. 
There  are  four  well-known  members  of  this  group: 

I.  Rennin  [rennet,  chymosin],  found  in  the  mucous 
membrane  of  animals,  especially  young  sucking  animals ; 
and  in  the  pancreatic  juice  of  many  animals,  including 
man.  It  is  also  found  in  the  vegetable  kingdom.  It 
produces  a  sweet  curd  in  milk  which  is  different  physi- 
cally and  chemically  from  the  curd  which  is  formed  when 
milk  sours.  It  is  used  to  curdle  milk  in  cheese  manufac- 
ture. The  rennin  for  this  purpose  is  usually  obtained 
from  calves'  stomachs,  but  it  is  interesting  to  note  that 
in  some  rural  districts  plants  (galium  veruin)  are  put  into 
the  milk  to  produce  the  curd,  and  in  this  case  the  action 
is  due  to  vegetable  rennin. 

II.  FibrinT  ferment  [thrombin,  thrombase].  Found  in 
shed  blood  during  and  after  coagulation — absent  from 
blood  circulating  in  living  blood-vessels.  It  causes  the 
fibrinogen  of  blood  to  unite  with  calcium  salts  and  to  form 
a  jelly-like  clot  which  later  becomijs  fibrous  (fibrin).  The 
origin  and  nature  of  fibrin  ferment  are  still  much  disputed. 
Some  deny  that  it  should  be  classed  with  enzymes  at  all. 
Schmidt,  who  discovered  it  and  described  it  (1872), 
classed  it  with  the  enzvmes  and  said  it  was  derived  from 
the  white  corpuscles  of  the  blood.  Hayem  (1878)  and 
Bizzozero  (1881),  in  classical  researches  on  blood  plates, 
claim  that  the  blood  plates  break  down  when  blood  is 
shed  and  that  the  white  corpuscles  do  not.  The  majority 
of  observers  who  have  studied  coagulation  under  the 
microscope,  with  the  greatest  precaution,  agree  with 
Hayem  and  Bizzozero.  On  the  other  hand,  those  who 
have  attacked  the  problem  fi-om  a  chemical  standpoint 
particularly,  tend  to  class  fibrin  ferment  with  the  nucleo- 
proteids  and  to  derive  it  from  leucocytes,  because  it  may 
be  so  manufactured  from  tissue  rich  in  these  corpuscles. 
This  fits  several  cleverly  conceived  theories  of  coagulation 
which  are  far  from  proved,  and  is,  on  the  whole,  attrac- 
rive  but  it  should  not  outweigh  the  opinion  of  the  nia- 
ioritv  of  direct  observers,  viz.,  that  in  normal  coagulation 
the  leucocytes  do  not  break  down.  It  is  commonly 
tauo-ht  in  text  books  that  fibrin  ferment  is  derived  from 
blood  plates  and  leucocytes,  both  of  these  elements  break- 
ing down  when  the  blood  is  drawn,  but  this  is  at  best  an 


The  whole  quesrion  must  be 
(For  fuller  details  on  fibrin 


unsatisfactory  compromise, 
settled  by  further  research 
ferment  iee  Oxiffiilation.)  ,       ,    j.  , 

III  Myosin  ferment,  may  be  isolated  from  muscles 
which  have  gone  into  rigor  mortis.  It  causes  the  plasma 
of  muscle  to  coagulate  as  it  does  in  rigor  mortis,  with  the 
production  of  death-stiffening.  This  enzyme  is  found 
only  in  the  animal  kingdom.  ,  , ,     ,  •      i 

IV  Pectase  Found  only  in  the  vegetable  kingdom. 
It  has  to  do  with  the  formation  of  many  of  the  vegetable 
jellies  which  may  be  made  from  fruits.  It  prohaljly 
plavs  an  important  part  in  the  plant  economy,  acting  on 
pectose,  a  substance  found  associated  with  cellulose  m. 

the  cell  wall. 

((i)  Oxidizing  enzymes  [oxidases].     This  class  of  en 


zynies  was  one 


Sot  the  latest  to  be  discovered  and  investi- 


gated. A  number  of  phenomena  hitherto  unexplained 
are  now  being  attributed  to  oxidizing  enzymes.  Tho 
role  of  certain  oxidizing  enzymes  in  the  vegetable 
kingdom  has  been  fairly  well  studied.  In  the  manu- 
facture of  wine,  for  instance,  certain  processes  which 
were  thought  to  be  due  excliLsively  to  bacterial  fermen- 
tation are  now  known  to  be  produced  by  enzymes 
which  can  bo  extracted  from  the  bacteria,  and  which  can 
work  independently  of  tliem.  It  has  even  been  claimed 
that  the  delicate  bouquets  of  certain  wines  may  be  pro- 
duced in  this  way,  without  the  presence  of  the 'micro-or- 
ganism. 

In  the  animal  kingdom  the  presence  and  function  of 
oxidases  are  not  well  determined.  It  has  long  been 
known  that  a  certain  amount  of  oxidation  takes  place  in 
blood  shortly  after  it  is  drawn.  Certain  reducing  sub- 
stances, such  as  dextrose,  disappear ;  and  less  oxygen  can 
be  recovered  in  vacuo  after  the  blood  has  stood  free  from 
exposure  to  the  air.  Within  the  lastdecade  this  has  been 
shown  to  be  due,  in  great  probability,  to  an  enzyme 
which  oxidizes. 

Removal  of  the  pancreas  causes  a  marked  diabetes,  and 
much  can  be  said  for  Lepine's  theory — that  the  pancreas 
manufactures  an  oxidizing  enzyme  whieii  is  taken  up  by 
the  blood,  and  that  when  this  is  present  it  keeps  tlie  per- 
centage of  sugar  in  the  blood  so  low  that  it  does  not  ap- 
pear in  the  urine.  Abelous  and  Biarnes  found  that  sugar 
was  also  destroyed  by  the  testis,  thyroid,  liver,  kidnej', 
lungs,  and  spleen.  Spitzer  (1897)  thinks  these  tissues 
owe  their  oxidizing  power  to  nueleo-proteids. 

Hainmersten  has  described  an  enzyme  (oxidase)  in  the 
stomach  mucous  membrane  which  oxidizes  milk  sugar 
(lactose)  to  lactic  acid. 

(7)  Glucoside-splitting  enzymes.  Those  which  break 
up  glucosides  into  glucose  and  various  other  substances 
depending  on  the  glucoside.  This  group  of  enzymes  is 
one  of  the  most  interesting,  from  a  chemical  standpoint, 
of  all  the  enzymes.  Some  of  its  members  were  the  first 
to  be  discovered  and  investigated.  Myrosin,  as  the  active 
principle  of  mustard  seed,  was  pointed  out  by  Leffibre  in 
1660,  and  again  by  Boerhave  in  177.^,  while  the  classic 
researches  of  Robiquet  and  Boutron-Chalard  (1830)  and  of 
Liebig  and  VVohler  (1837)  on  myrosin  and  on  emulsin  were 
epoch-making  in  our  knowledge  of  the  action  of  enzymes 
in  general.  In  later  years  they  have  played  a  no  less 
important  part  in  the  work  of  E.  Fischer  on  the  synthesis 
ami  structure  of  sugars,  which  has  led  to  some  of  the 
most  brilliant  and  valuable  discoveries  of  modern  times 
in  the  field  of  organic  chemistry.  These  enzymes  do  not 
occur  in  the  human  body,  so  they  will  not  be  described  in 
detail.     The  members  of  the  group  are: 

I.  Emulsin — long  known  to  exist  in  bitter  almonds, 
found  also  widely  in  the  vegetable  kingdom  from  flow- 
ering plants  to  mosses,  wdiere  it  plays  an  important  part 
in  plant  economy.  Its  presence  in  bacteria  is  disputed. 
It  breaks  up  amygdalin,  in  bitter  almonds,  into  glucose, 
prussic  acid,  and  oil  of  bitter  almonds.  It  also  acts  on  a 
number  of  other  glucosides. 

II  Myrosin,  found  in  mustard  seed.  It  breaks  up 
potassium  my  ronate  in  the  seed  and  liberates  mustard  oil. 

III  Gaultherase,  found  in  wintergreen.  It  liberates 
oil  of  wintergreen  from  the  glucoside  gaultherin  found  m 
the  plant. 

IV  Other  enzvmes  of  this  group  are :  erythrozyme  m 
madder  root,  rhamnase  in  Persian  berry,  and  a  new  en- 
zyme lately  discovered  in  connection  with  the  manu- 
facture of  indigo.  It  was  formerly  thought  that  bacteria 
were  necessary  for  the  decomposition  of  the  glucoside 
indican  in  the  manufacture  of  indigo,  but  the  ^searches 
of  Lookeren-Campagne  (1894)  and  of  Breaudat  (1898) 
make  it  appear  probable  that  the  action  is  one  of  zymoly- 
sis  Breaudat  gives  the  reaction  in  two  stages:  («)  the 
formation  of  indigo  white  by  a  hydrolytic  enzyme,  and 
(*)  the  oxidation  of  indigo  white  to  mdigo  blue  by  the 
action  of  an  oxidizing  enzyme.  He  obtained  these  reac- 
tions in  chloroform  water  which  stops  the  activity  ot 
bacteria,  Ijut  does  not  interfere  with  the  action  of  enzymes 
(see  article  Fermentation). 
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The  ad(,'quate  treatment  of  tlie  subject  enzymes  would 
naturally  include  a  detailed  account  of  the  digestive 
enzymes  and  their  action,  but  as  this  has  already 
been  given  in  the  article  Digestion  in  this  handbook,  it 
it  will  not  be  repeated  here. 

Rklation  ok  Enzymes  to  Serum  Therapy  and  to 
Immunity.— There  is  no  subject  in  the  medical  world  at 
present  whicli  arouses  greater  interest  than  serum- therapy 
and  immimity,  and  from  the  immense  amount  of  work 
done  in  thistield  the  following  fads  (amongmany  others) 
are  regarded  as  demonstrated : 

((/)  That  the  serum  of  certain  animals  destroys  the  red 
blood  corpuscles  of  certain  others  (globulicidal  action). 

(h)  That  the  serum  of  certain  individuals  has  the 
power  to  destroy  bacteria  ijitroduced  into  the  system. 

(c)  That  the  blood  (serum)  of  certain  individuals  has 
the  power  to  destroy  the  toxic  products  of  bacteria  when 
injected  into  the  system. 

(rf)  The  most  potent  factors  in  imiuunity  from  disease 
are  (b)  and  (c) — especially  ih). 

The  substances  which  confer  this  activity  on  blood 
serum  have  generally  been  regarded  as  proteid  in  nature, 
and  these  active  proteids  in  (b)  and  (<")  are  commonly 
called  '■'■defensive  pivteids."  Two  of  the  most  prominent 
authors  who  have  written  on  this  s\djject  are  Buchner 
and  Hankin.  Buchner  called  these  active  substances 
((le.rinti,  while  Hankin  divided  them  into  two  classes: 
sozins  and  phylaxins,  and  these  names  are  in  general  use 
at  present. 

Quite  recently,  in  a  series  of  articles  in  the  Ml'inelirner 
inedicinische  WocJienseJirifi  (1899  and  1900),  Buchner  has 
come  out  for  the  theory  that  his  alexins  are  proteo- 
l3'tic  enzymes,  and  he  has  advanced  certain  explanations 
of  their  action,  involving  the  theory  (jf  immunity.  Part 
of  his  theory  has  been  disputed  by  Ehrlieh,  and  an  interest- 
ing discussion  of  the  subject  has  followed,  the  details  of 
which  would  be  out  of  place  here.  It  is  interesting  to 
note,  however,  that  the  increasing  scope  of  zymol3'sis 
has  extended  to  giving  enzymes  a  possible  place  in  this 
most  advanced  line  of  medical  research. 

Geai-ge  T.  Keiiip. 

EOSOLATES  are  salts  of  sulpho-acids  of  the  aliphatic 
creosote  esters,  representing  twenty-five  per  cent,  of  creo- 
sote. Calcium  eosohde  [Ca3(C9H7S20i2)2]  is  a  gray,  gritty 
powder  like  pumice-stone,  with  a  slightly  pungent, 
rather  ethereal  odor,  and  a  somewhat  acrid  and  leathery 
taste.  It  is  soluble  in  eight  to  ten  parts  of  cold  water, 
seven  of  hot  water,  slightly  in  alcohol  and  acetic  acid, 
and  freely  in  the  presence  of  hydrochloric  or  citric  acid. 
It  is  insoluble  in  chloroform  or  turpentine.  H.  Stern 
recommends  it  in  dose  of  0.2.'j-0.7  gm.  (gr.  iv.-x.)  three 
or  four  times  a  day  for  diabetes  mellitus,  diabetes  in- 
.sipidus,  and  phthisis.  In  larger  dose  it  may  cause  diar- 
rhoea and  griping. 

Eosolate  of  sileer  has  been  used  in  gonorrhcea,  and  (•<«,)- 
late  of  quinine  in  malaria  and  influenza. 

ir.  A.  Ilaaaln. 

EPHEDRA  ANTISYPHILITICA.  — .I/"»„?«,»  7,>„,v/,. 
ijriintilhK  Miinniiii  Ten.  Girnsc  Wood.  ]\' /nire/nmse  Tid. 
The  twigs  of  Kpiiedm  nntisifpldVitiea  C.  A.  Meyer  (fai7i. 
Gnetaceni).  This  peculiar  shrub,  and  various  other  species 
of  the  genus  used  similarly,  are  found  in  great  abun- 
dance over  the  arid  regions  of  our  great  jilains.  The  |ilant 
reaches  a  height  of  two  or  three  feet  and  produces  a  (k'nse 
mass  of  erect,  green,  leafless  branches,  Ijalf  the  tliicluiess 
of  a  lead  pencil  and  striate  or  chaimelled,  with  membra- 
naceous scales  at  Ihe  joiiils.  Wherever  it  is  known,  it 
bears  a  high  repute  in  the  treatment  of  venereal  diseases, 
which  are  .seldom  differentiated  in  the  i-eports.  It  is  l)oth 
bitter  and  a.stringent.  The  latter  properly  minlit  -jive  it 
some  value  in  gonorrho'a,  while  the  former  would  render 
it  tonic  and  perhaps  alterative.  No  systematic  study  of 
its  ]u-operties  lias  been  made,  and  we  can  oidy  concl'iide 
that  it  pi-obably  has  some  merit.  It  is  ehietiy  given  in 
decoction;  the  dose  employed  representing  o'ne  to  two 
drachms  of  the  drug.     The  remedy  may  also  be  admin- 


istered in  the  form  of  a  fluid  extract.  The  drug  contains 
a  ghicoside,  ephednn.  E.  monostachye  L.,  of  Asia,  has  a 
similar  reputation.  Henry  II.  Rusby. 

EPHEDRINE  (CoHisNO).— An  alkaloid  derived  from 
Kphedra  mdgaris  Rich,  and  E.  heleetiea  C.  A.  Meyer.  It 
is  crystalline,  colorless,  and  .soluble  in  alcohol.  It  is  used 
in  the  form  of  the  hydrochloride,  which  is  soluble  in 
water.  It  is  poisonous,  resembling  atropine  in  some  re- 
spects. While  it  lowers  the  blood  pressure,  it  causes  the 
temperature  to  rise  and  the  pupil  to  dilate.  It  is  used 
like  atropine  for  the  latter  purpose,  one  to  two  minims 
of  the  ten-per-cent.  aqueous  solution  being  instilled.  It 
usually  requires  nearly  an  hour  to  obtain  the  desired 
elfec^t,  but  when  once  obtained  it  usuallj'  lasts  for  from 
a  half  a  day  to  one  day,  but  accommodation  is  not 
affected. 

Ephedrine,  Pseud/h,  has  the  same  composition  as  the 
above  and  its  hydrochloride  has  the  same  properties  and 
is  used  in  the  same  way.  Henry  H.  Rusby. 

EPICARIN  (C6H,C00H.0H.CH.,.C,nIl6OH)  is  a  con- 
densation jiroduct  of  creosotinic  acid  and  beta-naphthol 
and  is,  chemically,  oxj'napbthyl-o-oxytoluylic  acid.  In 
its  crude  form  it  is  a  reddish  powder,  much  used  in  vet- 
erinary practice,  and  called  "Epicarinuni  veterinarium." 
From  this,  pure  epicarin  is  obtained  by  recrystallizing 
from  glacial  acetic  acid,  and  removing  the  excess  of  acetic 
acid  by  heating  to  120'  C.  or  by  recrystallization  from  al- 
cohol or  benzol.  It  occurs  in  colorless  or  yellowish  needles 
of  a  strong  acid  reaction,  melts  at  199°  C,  dissolves  read- 
ily in  alcohol  and  ether,  and  forms  easily  soluble  neutral 
sails. 

This  remedy  was  introduced  by  Dreser  as  a  non-toxic 
substitute  for  beta-naphthol,  and  was  at  once  taken  up  by 
European  dermatologists.  Frick  and  MviUer  believe  it  to 
be  slightly  toxic,  though  others  say  it  is  harmless  even 
to  children.  It  is  of  especial  value  in  scabies,  for,  though 
less  destructive  to  the  acarus  than  tar,  Ij-sol.  carbolic  acid, 
or  creosote,  it  relieves  the  itching  promptly,  and  is  not 
unpleasant.  Kaposi  uses  it  in  ten-per-cent.  ointment,  or 
in  solution  with  alcohol  and  glycerin.  He  has  had  good 
results  in  certain  eczemas,  in  scabies,  prurigo,  and  herpes 
tonsurans.  Pfeiffenberger  rubs  in  every  evening  with- 
out preliminary  liatbing  the  following: 

i^  Epicarin 7. .5  gm.  (  3  ij.) 

Cret.   prep 2.0    "     ( 3  ss.) 

Vasclin.  alb 30.0    •■     (  ?  i. ) 

Lanolin l.'i.O    "     (  5  ss.) 

Adipis 45.0    "     (  3  iss.) 

In  his  experience,  epicarin  is  well  borne  by  delicate 
skins;  but,  as  the  skin  tends  to  become  red  and"  dry  from 
continued  use,  he  follows  its  application  with  diachylon 
ointment.  In  eczema  pure  and  simple  it  does  more  harm 
than  good.  Some  writers  recommend  eiiicarin  highly  in 
ringworm  and  other  mycotic  skin  diseases,  A  good'  lo- 
tion would  be: 

I^  Epicarin 10.0  gm.  (  3  iiss.) 

Glycerin 10.0  ""      (  3  iiss.) 

Tr.  lavand ;-!0.0    "      (  |  i.) 

Ether 30.0     "      (  J  i.) 

Alcohol ad  120.0    "      (|  iv.) 

For  scabies  the  following  is  useful: 

I^  Epicarin 1,5.0  gm.  (  3  ss.) 

Sulphur 4.0  "■•      (  3  i.) 

Ungt.  zinci  oxidi ad  90.0    "      (  3  iij.) 

Sig:  Rub  in  every  second  day.  W.  A.  Bastedo. 

EPIDEMIOLOGY.     See  Infectious  Diseases. 

EPIDERMIN  is  made  by  mixing  eciual  parts  of  melted 
white  wax  and  [lowdered  acacia,  adding  the  same  weight 
each  of  water  and  glycerin  Avhile  boiling,  and  stirring 
until  cold.     It  is  used  as  a  vehicle  for  skin  medication. 

ir.  ^-1.  Busicdo. 
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EPIDIDYMITIS.     See  7V,vte  I; 


Eo  folates. 
£|>lle]>My. 


t  net  men  (if. 


EPIGEA. 


ce  Erienceif. 


EPILEPSY. -(Symmvins: 


,       .        ,,  ,,.       V,-:,     -    --,   I^'^^inleptfie,   Fulhuelit,  Kpi^ 
teul"'  "^    t-iekne»«.    Mai    Cidiiceo,    Movbun   lleirn- 

Dkfinition.— A  disease  in  which  sudden  losses  of  con- 
sciousness are  attended  by  moie  or  less  eouvulsive  mus- 
cular action. 

The  seizures  of  epilepsy  have  been  called— because  of 
their  varying  degrees  of  severity-,;,/^,;,.,,-,,  ,/,.,, «V<r  or 
uruiiel  1,1, il,  ami  ,'/,i/ep.si,i  mitioi-,  or  petit  ii„il  The  tirst  is 
eharaetenzed  usually  by  the  severe  attack,  which  con- 
sists ordinarily  of  marked  loss  of  consciousness  and  com- 
plete violence  of  muscular  movement;  while  the  hit- 
ter IS  manifested  by  a  trifling  seizure,  with  transitory 
mental  obscuration  and  little  or  no  muscular  convulsion 
I  here  are  irregular  varieties  which  have  been  called 
ii„isked  or  „t,„rte(J  epilepsy,  owing  to  tlie  imperfect  de- 
veloiimeiit  of  the  more  familiar  symptoms.  In  these 
masked  cases  the  attack  takes  the  "form  of  a  psychical 
derangement  without  definite  motorial  expression.  An 
attack  of  this  character  is  known  as  the  "  psychical  e(iuiva- 
lent "  of  an  epileptic  seizure.  There  arei  besides  these, 
a  form  known  as  VepUepsie  peiHieUe.  or  hemi-epilepsyi 
which  is  always  dependent  upon  cortical  degeneration  or 
unilateral  disease,  and  another  to  which  I  have  given  the 
term  seiisrjn/,  in  which  more  or  less  disturbance  of  the 
special  senses  e.xists  with  imperfect  mental  and  motorial 
symptoms.  A  number  of  special  names  have  lieen  ap- 
plied to  epilepsies  with  reference  to  their  etiology,  "gas- 
tric (.'pilepsy  "  being  a  familiar  illustration. 

The  lighter  form,  or  petit  mnl.  may  consist  simply  of  a 
momentary  loss  of  consciousness,  during  which  the  pa- 
tient becomes  suddenly  very  pale,  while  the  color  recedes 
from  his  lips  and  cheeks,  and  the  respiration  for  the 
moment  is  temporarilj^  arrested  and  then  afterward  ac- 
celerated. The  eyes  may  remain  open  and  be  rolled  up- 
ward ;  less  often  the  lids  are  closed.  While  in  the  midst 
of  some  occupation  the  patient  may  be  taken,  and  the 
particular  act  is  interrupted  in  its  performance.  The 
glass  or  spoon  drops  from  the  hand,  the  pen  is  arrested 
in  the  middle  of  a  half -written  word,  and  oftentimes  the 
patient's  troulile  is  so  transitory  as  to  escape  notice,  he 
himself,  as  a  rule,  being  utterl}-  unconscious  of  it.  Then 
afterward  the  sentence  is  finished,  and,  beyond  an  occa- 
sional residual  dizziness,  nothing  remains  to  remind  the 
patient  of  the  attack. 

In  other  cases,  or  at  other  times,  the  seizure  is  more 
grave,  as  regards  both  the  unconsciousness  and  the  sever- 
ity and  extent  of  the  spasms.  The  patient  maj'  become 
rigid  and  then  agitated  by  limited  twitchingsand  cramps 
of  the  fingers.  The  color  leaves  the  face,  and  the  pupils 
are  widely  dilated.  In  a  few  seconds  he  is  able  to  arise 
and  go  about  his  business.  Delasiauve  '  and  other  French 
writers  speak  of  rtbxeiiees.  reiiir/en  and  acces  intermkUeiiren 
as  forms  of  petit  mal,  while  Reynolds  divides  the  light 
attacks  into  those  witliout  evident  muscular  spasm  and 
those  with  spasm.  The  light  attack  may,  according  to 
writers  generally,  consist  simply  in  an  interruption  of 
speech  or  the  act  of  writing  sucii  as  I  have  detailed;  or 
of  a  sudden  deviation  of  tlie  eyes  or  head ;  or  of  a  mo- 
mentary confusion  of  ideas.  The  mouth  is  drawn  to  one 
side  or  the  other,  or  widely  opened,  and  there  is  a  rapid 
alternate  contraction  of  the  muscles  of  the  neck,  so  that 
the  head  executes  movements  liackward  and  forward  with 
great  rapidity ;  or  the  chin  is  thrust  forward  and  upward 
to  one  side,  giving  tlie  individual  the  appearance  of  a  per- 
son suffering  from  torticollis. 

These  attacks  may  simpl}'  consist  in  a  temporary 
aphasia,  the  s.o-caX\t;A  epileptie  aphasia,  during  which  the 
patient  is  speechless  or  substitutes  words. 

The  petit  meil  is  either  found  ahme,  or  the  attacks 
occur  in  association  with  those  of  a  more  grave  charac 
ter.  There  are  numerous  cases  in  which  light  seizures 
alone  exist,  or  for  nuin)-  years  precede  a  more  dramatic 
manifestation. 
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Ihe  fully  developed  attacks  (fi i;md mal)  are  frequently 

'eceded  by  certain  'mirniiiijt,  or  mme,  which  may  exist 
m  a  simple  or  comi)licated  form.  These,  in  their  order 
ol  arrangement  as  regards  frequency  and  constanev,  are 
sensory,  psychical,  motorial. 

The  mimry  prodirtmes  of  an  attack  are  of  the  most 
diverse  chanicter,  and  the  patient  complains  of  such 
transient  sulijeetive  sensations  as  tickling  or  tingling  ' 
in  (he  cutaneous  surface,  ehiefiy  eommeiicing  in  the  ex- 
tremities, on  one  or  both  sides,  and  centripetal  in  cliar- 
acter,  the  morbid  .sen.sation  appearing  to  advance  toward 
the  head  from  some  distal  point.  This  is  a  peculiarity  of 
what  is  known  as  the  epigantiic  mini,  which  consists  of  a 
very  disagreeable  sense  of  pressure  beginning  below  fhe 
sternum  and  ascending.  Patients  complain  of  constric- 
tion of  the  throat,  of  a  sensation  as  if  ants  were  running 
or  wind  Avas  blowing  (jver  the  surface,  of  fugitive  pains, 
and  of  a  great  number  of  sensory  troubles.  Certain 
visual  warnings  are  complained  of  as  immediate  precur- 
sors of  the  attac:k.  The  epileptic  is  occasionally  apprised 
of  the  coming  on  of  an  attack  by  the  pereeption'of  colored 
rings,  spots,  or  broad  fields  of  color,  in  which  red  or  blue 
most  commonly  predominates.  Scintillation  and  miixixt: 
rolitiiiiles  vimiiWXvLtii  the  aura'  in  some  cases.  The  exi.st- 
ence  of  these  latter  is  of  much  shorter  duration  than  the 
distal  sensory  Avarnings  referred  to  above,  and  so  sudden 
is  their  onset  that  the  patient  is  frequently  unable  to  de- 
scribe them.  Sometimes  the  optical  illusion  is  likened  to 
the  recession  of  objects  or  their  advance ;  or  again,  the  pa- 
tient alludes  to  his  being  environed  by  a  cloud.  It  is  by 
no  means  uncommon  for  patients  to  complain  of  double 
vision  and  of  hemiopia,  and,  as  a  rule,  this  accompanies 
a  grave  form  of  the  malady  dependent  upon  coarse  cere- 
bral disease.  There  are  sometimes  auditory  hallueina- 
tiiras,  such  as  rushing  sounds,  the  ringing  of  bells,  or  the 
whistling  of  the  wind.  In  some  instances  the  sound  of 
the  ordinary  conversation  carried  on  by  the  persons  who 
are  in  the  same  room  with  the  patient,  may  be  greatly 
intensified  in  pitch.  Pnycldeal  w,irii'iiif/ft  of  a  more  com- 
plex nature  take  the  form  of  imaginary  voices  which 
speak  imperatively  or  give  commands;  and  in  rare  cases 
a  visual  hallucination  is  the  immediate  precursor.  Foul 
odors,  such  as  that  of  smoke  or  of  ordure,  or  those  of 
aromatic  substances,  are  sometimes  perceived  by  the  epi- 
leptic. Vile  tastes  of  nauseating  substances  are  spoken 
of  occasionally.  In  such  cases  the  individual  often  car- 
ries his  hand  to  his  nose,  or  smacks  his  lips,  or  makes 
efforts  at  expectoration.  Sensations  of  great  heat  or  cold 
are  mentioned  (Champier,  Delasiauve).  Among  the  rare 
prodromes  maj'  be  mentioned  a  desire  to  defecate,  to 
urinate,  or  to  vomit,  and  certain  jiatients  belch  forth 
large  quantities  of  gas.  The  patient  in  some  cases  talks 
unintelligibly  or  utters  meaningless  cries,  occasionally 
with  something  like  regularity  in  expression. 

There  are  many  premonitory  mnfur  dintvrhunres,  such 
as  limited  trembling  of  the  small  muscles,  blei)harospasni, 
or  twitchings  of  the  facial  muscles  or  of  the  fingers. 
Some  epileptics  present  automatic  disorders  of  motility 
which  are  continued  for  some  seconds. 

The  condition  of  the  patient  may  be  such,  for  several 
days  preceding  the  attack,  as  to  indicate  impending 
trouble.  There  may  be  despondency  of  manner,  list- 
lessness,  malaise,  or  a  sense  of  danger  ahead.  The  eyes 
are  often  injected,  and  the  temporal  vessels  stand  out 
rather  prominently.  There  may,  on  the  other  hand, 
be  a  state  of  unusual  vivacity  or  excitement,  possibly 
headaches,  tremor  of  the  lips  or  tongue,  and  varied 
subjective  disturbances,  which  in  some  cases  are  very 
peculiar. 

Aura^  are  by  no  means  constant;  in  fact,  the  majority 
of  patients  cannot  give  a  satisfactory  account  of  any 
special  warning. 

Of  519  cases  collected  by  Delasiauve,  of  which  329 
were  personal,  but  half  presented  any  history  of  aurie. 
Of  the  writer's  cases,  only  40  per  cent,  gave  the  history 
of  anything  that  could  be  called  a  true  and  distinct  pro- 
droniid  symptom.  Gowers'  experience,  based  upon  1,000 
cases,  is  "that  a  special  warning  "was  always  absent  in 


845 


Epilepsy. 
Epilepsy. 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


495,  while  some  aura  existed,  at  least  occasionall}',  in 
505  ";  this  is  a  very  large  showing. 

The  in((/jor  attack  consists  of  three  stages,  viz. :  the 
stage  of  tonic  conmdsion  ;  the  stage  of  clonic  convulsions  ; 
and  the  stage  of  subsidence.  The  first  of  these  is  much  the 
shortest,  and  is  sometimes  merged  in  the  second.  The 
last  stage  includes  the  condition  after  the  subsidence  of 
convulsive  movement;  duiing  this  stage  the  patient  re- 
gains consciousness  or  sinks  into  a  more  or  less  profound 
sleep. 

The  attack  may  or  may  not  he  preceded  by  a  warning, 
but  it  generally  is  by  some  exclamation  or  ciy.  The 
epileptic  cry,  whicli  is  a  purely  psychic  feature,  is  loud, 
shrill,  and  terrible,  and  may  either  l)e  the  result  of  an 
unconscious  cerebral  effort  or  the  direct  expression  of 
fright.  It  lasts  sometimes  but  a  few  seconds,  and  is 
rarely  repeated  before  the  actual  ilebut  of  the  convulsion. 
In  other  cases  the  noise  made  by  the  patient  is  alone  due 
to  mechanical  causes,  the  tonic  spasm  of  the  muscles  of 
the  thorax  forcing  the  air  suddenly  through  the  luipre- 
pared  vocal  cords.  A  coarse,  gurgling  noise,  of  low 
pitch  and  short  duration,  is  the  result.  Then  we  s<«  tlie 
development  of  the  seizure.  The  victim  usually  falls 
to  the  ground  rigid  and  helpless.  The  fall  is  ordinarily 
backward,  though  sometimes  he  pitches  forward  or  to 
one  side,  and  this  may  be  preceded  by  throwing  upward 
of  the  arms.  Sometimes  the  head  is  thrown  back,  the 
forearm  and  hands  being  rigid  1}' flexed;  and  then  more 
conspicuous  appearances  are  beheld.  When  recumbent, 
the  patient  is  in  a  position  of  pleurothotonos  or  opisthot- 
onos, the  body  perhaps  being  laterally  curved  one  way, 
while  the  head  is  drawn  in  the  other  direction.  The  eyes 
are  usually  widely  opened,  the  whites  of  the  eyeballs  ex- 
posed, there  being  perhaps  some  tendency  to  conjugate 
deviation,  or  strabismus.  The  mouth  is  firmly  closed  or 
opened,  or  if  the  onset  of  the  attack  be  sudden  and 
severe,  the  tongue  or  lijjs  may  be  caught  between  the 
teeth,  oftentimes  to  their  severe  injury.  The  arms  and 
legs  may  be  extended  very  violently,  the  dorsal  surfaces 
of  the  hands  approximated,  and  the  fingers  flexed;  the 
feet  overlap  each  other,  and  the  toes  are  often  extended ; 
the  abdominal  muscles  are  flatly  contracted,  and  for  a 
moment  breathing  seems  to  be  suspended;  the  patient's 
face,  which  at  first  was  momentarily  pale,  becomes  livid, 
and  the  lips,  ears,  and  finger  nails  show  how  imperfect 
is  the  decarbonization  of  the  blood;  the  skin  of  the  hands 
is  purplish,  wrinkled,  and  cold,  and  all  about  the  mouth 
is  a  dusky  ring  fading  oif  to  white  at  the  points  where 
pressure  is  made  against  the  teeth. 

The  rigidity  is  so  great  that,  if  there  be  time  to  make 
such  a  test,  it  will  be  found  that  the  exhibition  of  ordi- 
nary force  will  not  enable  the  observer  to  overcome  the 
extension.  According  to  Mercier,  who  studied  the  dis- 
ease very  closely  in  an  interesting  case,  "  the  rigidity  is 
greatest  in  the  hands,  less  in  the  wrists,  still  less  in"the 
ell)0ws,  and  not  veiy  great  in  the  shoulders.  It  is  less  in 
the  legs  than  in  the  arms  or  neck;  the  head  being  re- 
tracted with  a  force  approximating  to  that  which  im- 
mobilizes the  elbows."  The' inequality  of  this  rigidity, 
which  may  sometimes  be  unilateral,  suggests  certain 
structural  cerebral  defects,  either  due  to  previous  disease, 
or  to  hemiatrophy,  or  to  traumatism.  Sometimes  the 
mouth  is  drawn  to  one  side,  the  head  being  turned  to  the 
other;  this  result  is  due  to  the  fact  that  tlie  cramji  of  the 
muscles  of  one  side  is  distinctly  more  pronounced  than 
that  of  the  mu.scles  of  the  other  side.  The  pupils  are  now 
found  to  be  widely  dilated,  insensitive  to  light  anil  touch 
The  face  becomes  engorged,  and  with  such  a  eliannc  I  he 
breathing  is  noisy  and  rapid.  The  lips  flap  loo.sely  with 
each  inspuationand expiration,  churningthe  frolh  "whieli 
IS  perhaps  tinged  with  the  blood  that  may  come  'from  a 
wounded  tongue.  As  Mereier  has  observed  in  his  ease 
the  spasm  of  the  oral  muscles  may  be  synchronous  witli 
the  respuatory  movements.  The 'movements  of  a  clonic 
nature  now  occur,  and  tliese  may  be  more  or  less  violent 
ihere  IS  little  regularity  in  their  hai)|.ening,  though  i 
find  It  tfie  rule  for  a  succession  of  jjictitations  to  mark 
the  drseharge  emanating  from  fiesh  gi'oups  of  cortical 
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cells;  the  spasms  in  one  extremity  disappearing  as  those 
in  another  extremity  become  more  prominent.  The 
spasms,  as  a  rule,  are"  disordei-ly,  and  in  no  sense  rhyth- 
mical. There  is  in  some  cases  a  flue  tremor  which  is 
more  or  less  pronounced,  and  this  takes  the  place  of 
active  spasm.  Mercier  observed  a  patient  in  whom 
the  tremor  began  in  the  periphery  and  spread  toward 
the  trunk.  The  clonic  S]iasms  of  the  upper  extremities 
consist  sometimes  of  alternate  pronation  or  supination, 
flexion  and  extension  of  the  hands,  the  thumbs  being 
doubled  under  tlie  Angers,  which  are  strongly  flexed. 
The  movements  which,  as  a  rule,  affect  the  extremi- 
ties at  first,  finally  become  so  general  that  the  trunk 
is  involved,  and  a  diversified  number  of  contortions 
take  place,  the  pelvic  movements  being  verj'  marked. 
These  clonic  convulsions  are  so  severe  that  the  patient 
very  ofti^n  throws  himself  from  the  bed  upon  which  he 
may  be  lying,  and  in  severe  cases  it  requires  the  exhibi- 
tion of  much  force  to  keep  him  from  injuring  himself. 
This  stage  continues  for  a  variable  time,  wliich  usually 
seems  much  longer  than  it  really  is.  There  may  be  a  fresh 
accession  of  clonic  spasms,  but  ordinarily  the  attack  is 
short-lived,  and  the  person  graduall}'  becomes  more  quiet ; 
the  color  returns  to  the  face;  there  are  some  .signs  of 
sulisidence,  for  the  breathing  grows  regular  and  perhaps 
sighing ;  the  pulse  is  more  regular  and  less  full,  the  rigid- 
ity disappears,  and  the  sutjjcct  makes  movements,  espe- 
cially of  the  mouth,  which  are  semi-volitional.  The  head 
may  now  be  rolled  uneasily  from  side  to  side,  and  some 
effort  to  arise  may  be  attempted.  The  patient  may  open 
his  eyes  and  look  vacantly  about,  or  murmur  indi.stinctly. 
Sometimes  the  confusion  of  ideas  which  attends  the  glim- 
mering return  to  consciousness  may  manifest  itself  in  in- 
coherent talk  and  transposition  of  words. 

During  the  convulsive  stages  the  patient  often  has  in- 
voluntary discharges  from  his  bowels  or  bladder,  and  it 
happens  that  seminal  emissions  even  may  occur.  This  is 
true  especially  of  the  nocturnal  attacks,  and  is  often  a 
valuable  diagnostic  point  to  observe,  and  in  adults  noc- 
turnal incontinence  of  urine  often  exists  with  unsus- 
pected epilepsy. 

The  cutaneous  reflexes  are  lost  during  the  attack,  but 
after  the  subsidence  of  the  clonic  stage  we  find  that  there 
is  a  return,  and  that  the  deep  reflexes  are  very  much  ex- 
aggerated, this  being  particularly  true,  in  some  cases,  of 
the  ankle  clonus.  In  one  instance,  elsewhere  reported,  I 
found  that  an  epirotulian  blow  would  produce  a  re- 
sponse in  the  opposite  leg.  The  patient  gradually  re- 
gains his  normal  state  and  arises,  or  more  commonly  he 
sinks  into  a  deep  slumber,  from  which  he  awaken,s'  ex- 
hausted and  with  headache. 

Tlie  tcuiperature  and  pulse  of  the  epile]itic  undergo 
very  important  changes.  In  the  status  cpilepticus  there 
may  be  a  decided  increase  of  the  former,  but  during  the 
attack  there  are  but  slight  variations.  The  pulse  is  quite 
thread-like,  especially  during  the  first  stage;  while  dur- 
ing the  stage  of  clonic  convulsion  it  is  niuch  more  full 
and  rapid. 

The  »)•/;/<' passed  after  the  attack  is  found  to  contain 
urea  and  the  pliosi)hates  in  increased  amount,  indican, 
and  occasionally  albumin.  Iluppcrt  holds  that  the  pres 
ciiee  of  the  latter  is  constant,  and  I  am  fully  able  to  con- 
firm his  statement.  Herter  and  Smith  found  that  there 
is  often  a  chatige  in  the  proportion  of  sulphates  in  the 
urine,  the  ethereal  sulphates  being  increased  to  an  exces- 
sive degree. 

Tu,iii,-ili„t,'  Hesultsoftlw  Attack.— Mivv  the  attack  we 
sometiiiies  find  a  variety  of  disturbances  of  the  nervous 
system.  These  are  cxeeedingly  variable,  and  may  consist 
of  sensorial  or  motorial  manifestations,  and  in  the  former 
I  include  the  immediate  mental  derangement.  I  have 
alreaily  alluded  to  the  headache,  whiciris  dull  and  ver- 
tical or  frontal.  Of  course  the  injuries  tlie  ])atient  may 
have  sustained  are  quite  apt  to  leave  behind  their  painful 
(^ITects,  but  there  are  disturbances  which  are  connected 
with  the  fit  itself  which  are  exceedingly  annoying.  Ex- 
cessive muscular  violence  may  give  rise  to  fibrillary  rup- 
ture, and,  in  rare  cases,  to  dislocation  of  the  lartce  bones. 
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^  Spots  of  cutaneous  aniesthesia  are  complained  of  some- 
times, and  the  skin  is  covered  with  petecliiffi. 

The  post-epileptic  mental  state  has  been  studied  by 
Jackson,  and  is  of  especial  interest  in  light  or  imperfectly 
developed  attacks.  The  aphasic  state  has  been  spoken 
of,  and  I  will  add  only  that,  when  there  is  a  disturbance 
ot  speech  of  appreciable  duration,  the  beginning  of  re- 
covery is  marked  by  the  use,  first,  of  words  containing 
vowel  sounds,  and  then  only  later  of  those  containing 
consonants.  This  fact  was  first  observed  by  Jackson  and 
formulated  in  his  rule— that  simple  and  quasi -automatic 
processes  suffer  least,  and  are  soonest  recovered  while 
complex  arrangements  suffer  most,  and  are  more  tardily 
recovered  from.  The  post-mental  state  is  often  ex-- 
pressed  by  peculiarities  in  the  behavior  of  the  individ- 
ual, by  automatism,  and  occasionally  by  violence  or 
the  commission  of  purposeless  acts.  'The  patient  may 
be  dull,  forgetful,  or  slow  in  all  ho  does  or  says.  Some- 
times, however,  the  attack  acts  as  an  apparent  vent  for 
the  epileptic  who  is  dull  before  the  paroxysm  is  after- 
ward exceptionally  bright.  In  certain  cases  a  blunting 
of  the  moral  sense,  with  impulsive  promptings,  is  shown 
in  the  performance  of  various  mischievous  and  dangerous 
acts. 

^  The  motor  disturbances  are  chiefly  paralysis  and  sub- 
sidiary spasm.  A  condition  known  as  post-epileptic 
paralysis  is  au  occasional  sequence  of  hemi-epilepsy,  and 
may  last  for  some  time.  In  some  instances  there  may  be 
simply  a  loss  of  power,  which  is  present  for  a  few  hours 
or  days,  while  in  others  the  paralysis  is  permanent,  and 
perhaps  is  indicative  of  the  commencement  of  widespread 
coarse  cerebral  disease.  In  some  cases,  subsequently  to 
the  attack,  convulsions  may  begin  in  the  paralyzed  mem- 
bers. In  still  other  cases,  although  rarely,  a  vesical 
weakness  may  follow  an  unusually  severe  attack,  or,  as 
a  result,  a  peripheral  paralysis  may  follow  the  injury 
of  some  nerve  trunk,  either  in  connection  with  disloca- 
tion or  as  a  result  of  violence  connected  with  the  patient's 
fall.  Some  diagnostic  interest  is  connected  with  these 
cases. 

Remote  Effects  of  Epilepsy. — The  epileptic  wliose  dis- 
ease is  deep-seated  presents  certain  conspicuous  indica- 
tions of  liis  disorder.  His  expression  is  dull,  the  eyes 
lacking  lustre,  and  the  lines  of  his  face  are  by  no  means 
well  marked.  His  facial  muscles  may  be  the  seat  of  a 
low  grade  of  paresis,  or  an  hemiatrophy  may  give  rise  to 
an  easily  recognizable  asymmetry.  Fibrillary  tremors 
are  by  no  means  uncommon,  and  the  lips  are  puSed  and 
rather  inclined  to  present  a  purplish  tinge.  Acne  is 
common,  even  when  bromides  are  not  used  to  excess, 
and  the  tongue  often  presents  old  scars,  the  evidence  of 
former  attacks.  The  patient's  movements  are  not  char- 
acterized by  vigor.  Mentally  he  may  present  evidences 
of  great  weakness,  especially  if  the  form  of  attack  has 
been  that  of  the  petit  mal,  but  it  does  not  follow  that  epi- 
lepsy should  bring  in  its  train  any  decided  degeneration 
of  this  nature.  Many  epileptics  who  have  occasional 
grave  attacks  preserve  their  original  strength  of  intellect. 
There  are  many  epileptics  whose  paroxysms  are  purely 
the  expressions  of  the  insane  neurosis,  and  this  is  true 
especially  of  children  with  deformed  crania  and  irregu- 
lar teeth,  and  who  are  imbeciles  or  idiots.  These  sub- 
jects are,  perhaps,  able  in  a  weak  way  to  perform  acts 
requiring  little  intellectual  energy,  or  they  grow  up  pre- 
senting characteristics  which  are  overlooked  by  fond  pa- 
rents. The  "  strange  "  child  does  unlooked-for  things,  is 
vicious,  or  unduly  mischievous ;  applies  itself  to  certain 
studies,  learning  with  great  ease,  while  it  is  hopelessly 
deficient  in  others.  Such  a  child  may  display  exceptiona,! 
smartness  in  mastering  some  limited  "  accomplishment. 
Born  of  drunken  or  insane  parents,  at  ten  it  becomes 
epileptic.  Its  "  queerness  "  increases,  and  its  fits  are  not 
cured;  dementia  follows,  or  the  type  of  disease  changes, 
and  the  infantile  attacks  are  substituted  by  epileptic  in- 
sanity;  the  latter  developing,  if  the  subject  is  a  female, 
in  connection  with  some  menstrual  derangement,  or  a 
trying  pregnancy,  or  at  the  menopause. 

Epileptic  attacks  may  be  divided  into  three  classes  as 
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regards  their  tune  of  occxmnnca—mMiitinM,  diurnal  and 
w/ctirriml.  The  mode  of  occurrence  may  be  regular  or 
irregular.  So  far  as  my  experience  goes,  the  greatest 
number  of  severe  attacks  occur  in  the  early  morning  or 
during  the  night,  while  attacks  of  petit  mal  may  oc'cur 
alone  during  the  day.  The  attacks  may  be  very  nii 
merous,  several  hundred  perhaps  occurring  within  tlie 
twenty-four  hours.  Axenfeld  reports  a  case  in  whicOj 
one  hundred  and  fifty  occurred  in  one  day,  and  New- 
ingham  another  in  which  no  less  than  six  hundred  and 
twenty-two  convulsions  were  counted  in  the  same  time. 
Such  cases  are,  of  course,  very  unusual.  In  point  ot 
rarity,  I  have  had  several  patients  who  have  had  well- 
defined  attacks  as  far  apart  as  two  years ;  and  one  gentle- 
man comes  to  me  almost  yearly  to  report  that  he  has  had 
one  or  two  attacks  within  one  week  after  an  interval  of 
many  months.  By  far  the  greater  number  of  patients 
have  attacks  every  two  or  three  weeks,  and  women  have 
them  chiefly  at  the  catamenial  period,  or  shortly  af  tei' 
ward.  Of  course,  if  the  disease  becomes  establis'hed  the 
intervals  become  shorter,  and  in  hospitals  for  the  epilep- 
tics the  case-books  show  that  most  of  the  patients  have 
from  one  to  a  dozen  attacks  daily.  Attacks  of  petit  mal, 
when  the  disease  is  well  estabUshed,  are  of  course  much 
more  frequent. 

There  is  a  tendency  in  epileptic  attacks  to  occur  in 
groups.  Isolated  attacks,  as  Gowers  very  properly  says, 
are  more  common,  and  when  the  attacks  occur  in  cycles 
there  is  little  regularity,  so  far  as  number  is  concerned. 

Young  children  are  very  apt  to  have  one  or  two  con- 
vulsions, which  are  looked  upon  simply  as  eclamptic,  and 
and  then  they  remain  entirely  free  from  any  return  until 
the  eighth  or  tenth  year,  when  several  entirely  unex- 
pected seizures  make  their  appearance.  In  many  cases 
there  is  no  antecedent  history  of  trouble,  but,  without 
any  cause  whatever,  one  or  more  paroxysms  appear.  Tlie 
possibilit)^  of  further  trouble  keeps  the  patient's  friends 
in  a  state  of  doubt  and  uncertainty. 

The  risk  of  a  second  attack  within  one  month  is  con- 
siderable, and  such  risk  does  not  disappear  for  a  long 
time.  Too  great  caution  cannot  be  exercised  as  regards 
the  giving  of  an  opinion,  and  while  it  will  not  do  to  say 
that  all  early  eclamptic  attacks  are  suggestive  of  subse- 
quent epilepsy,  it  is  a  fact  that  tlie  early  spasms  of  child- 
hood, occurring  perhaps  at  the  third  or  fourth  j'ear,  be- 
tween the  periods  of  the  first  and  second  dentition,  are 
quite  likely  to  be  the  precursors  of  others  in  regard  to 
the  character  of  which  there  can  be  no  possible  doubt. 

The  status  epilepticus  is  a  condition  which  marks  the 
occurrence  of  a  great  number  of  attacks,  and  when  con- 
sciousness does  not  return  between  them,  the  patient  be 
comes  increasingly  comatose,  the  body-temperature  rises 
to  a  considerable  height  (105°  to  107°  F.),  and  death  soon 
follows.     Recovery,  however,  is  not  impossible. 

Sensory  Epilepsy. — Under  the  caption  of  "thalamic 
epilepsy,"  Dr.  William  A.  Hammond ^  described  a  form 
of  the  disease  in  which  sensory  disturbances  predomi- 
nated, and  which  he  believed  to  be  due  to  a  lesion  of  the 
optic  thalamus.  The  attacks,  which  belong  to  nothing 
more  nor  less  than  a  sensory  epilepsy,'  are  characterized 
by  a  few  or  no  disorders  of  motility,  but  by  the  oc- 
currence of  hallucinations  of  a  more  or  less  elaborate 
character,  and  by  hemiopia.  With  these  are  commonly 
associated  some  headache  of  a  migrainous  type,  and  oc- 
casionally anajsthesia,  or  the  loss  of  the  volitional  power 
of  speech.  Jackson,*  in  his  earlier  articles,  freely  and 
fully  explains  the  pathology  of  various  sensory  auraj  and 
minor  attacks.  The  symptoms  which  I  have  observed 
in  these  cases  all  belonged  to  Exner's  third  group  of  hal- 
lucinations of  sight  {OesicMshaUucinationen)^  and  are 
undoubtedly  of  cortical  and  not  of  thalamic  origin. 

The  lack  of  space  will  not  allow  me  to  give  an  account 
of  more  than  one  case  of  the  kind  which  has  just  been 
under  discussion.     The  details,  in  brief,  are  as  follows: 

Miss  J.  D ,  aged  29,  comes  of  a  neurotic  stock;   a 

brother  and  sister  'both  suff'er  from  incomplete  epilepsy, 
and  her  mother  has  had  headache  and  incident  hystero- 
epilepsy.     The  maternal  grandfather  was  extremely  ec- 
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Cfntric,  aud  possibly  insane,  and  tliere  are  otlier  instances 
(if  neurntie  disease  in  tlie  family  liistoiy. 

Since  lier  early  ehildliood  slie  has  suffered  from  vertigo 
and  Ueadaelie,  aiid  at  the  commencement  of  menstruation 
she  became  hysterical.  She  is  at  present  a  healthy-look- 
ing woman,  .somewhat  nervous  and  excitable  in  manner, 
but  clever,  intelligent,  and  possessing  an  unusual  memory. 
Her  present  attacks  became  quite  marked  three  or  four 
years  ago.  aud  during  the  past  eighteen  months  they 
have  occurred  every  three  or  four  weeks— without  any 
apparent  relation  to  menstruation.  Oecujiation  and  ex- 
citement alone  seem  to  possess  the  power  (jf  diminishing 
the  frequency  of  their  recurrence. 

As  the  first  symptom  of  any  disturbance  of  her  vision 
she  noticed  a  unilateral  dimness  of  sight,  and  afterward 
a  bhnduess  which  was  sudden  and  absolute;  .she  invaii- 
ably  "lost  half  of  the  ol)ject  at  which  .she  was  looking." 
Her  first  attack  of  this  kiiid  was  in  a  railway  stati(jn,  and 
while  looking  at  the  clock  the  figures  from  "XII."  to 
"  VI. "  disappeaied.  This  partial  abolition  of  sight  lasted 
for  a  period  of  ten  or  fifteen  nnnutes,  and  shortly  after 
its  occurrence  she  noticed  a  nnmbness  of  the  tongue,  and 
pain  on  the  left  side.  This  n\imbness  next  appeared  in 
the  fingers  of  the  left  hand  and  slowly  extended  up  to 
the  elbow,  when  it  stopped.  The  right  hand  next  be- 
came involved,  and  after  a  "  furry  feeling  "  (jf  the  tips  of 
the  thumb  and  forefinger  her  liand  became  "dead  and 
without  feeling  "  as  far  as  the  Avrist.  From  five  to  fifteen 
minutes  after  this  had  occurred  she  lost  consciousness, 
and  while  in  this  unconscious  state  .she  made  quasi-con- 
vulsive movements  which  were  undoubtedly  psychical, 
as  she  rubbed  the  hands  over  each  other,  and  made 
attempts  to  remove  her  rings.  She  stated  that  her  fingers 
we)'e  swollen,  aud  tliat  consideratile  difficulty  was  ex- 
perienced in  removing  the  rings  from  her  fingers.  (Her 
sister  corroborated  this  statement. ) 

As  regards  the  subsequent  attacks,  the  patient  states 
that  two  or  three  minutes  after  tlie  development  of  the 
anaesthesia  there  is  often  exquisite  pain  over  the  right 
eye,  whicli  augments  in  severity  and  extends  over  the 
entire  head.  This  lasts  sometimes  for  an  hour  or  so  after 
the  attack,  aud  is  not  relieved  b}'  any  application. 

During  the  unconsciousness,  which  is  complete,  .she  nei- 
ther breathes  stertorously,  nor  bites  her  tongue,  nor^shows 
any  epileptic  appearance,  except  it  may  perhaps  be  a 
slight  pallor  and  dilatation  of  the  pupils.  It  is  impossible 
to  arouse  her  for  several  minutes.  The  attacks  are  often 
aborted  b}'  strong  mental  effort,  or  by  diffusible  stimu- 
lants. Upon  several  occasions  she  has  been  suddenlj^ 
deprived  of  the  power  of  speech,  and  could  not  express 
herself,  but  this  is  exceptional.  Such  mutism  was  coin- 
cident with  the  hemiopic  stage,  and  did  not  develop  sub- 
sequently to  the  loss  of  consciousness. 

At  the  time  when  she  first  consulted  me  she  had  neither 
menstrual  nor  other  disturbance  of  the  pelvic  organs. 
She  slept  soundly,  and  had  dreams  nearly  every  night, 
but  she  was  not  a  somnambulist.  After  the  attacks  she 
passed  large  quantities  of  cleai-  mine.  There  was  no 
color  blindness. 

Pliymrnl  i-.riimiiiiitioK.  I'cvealed  almo.st  nothing  except 
it  niav  perhaps  be  a  suspicious  bulging  of  the  left  optic 
disc,  and  a  toituous  and  enlarged  condition  of  the  veius. 
The  tongue  ])oinfed  slightly  to  tlje  right. 

MdskcA  Kpili-iKy. — TJierc  are  niany  forms  of  irregular 
.seizures  which  present  interesting'  features.  In  some 
there  may  be  a  few  of  the  ordiniLry manifestations  of  the 
familiar  attack  in  association  witlTothers  which  arc  quite 
bizarre.  In  several  cases  which  have  come  under  my 
observation  the  patients  began  to  run  violently  about 
the  room,  and  finally  liecame  convulsed.  In  otiiers  tlii' 
whole  attack  consisted  i]i  continued  ruiming,  the  sidijcct 
being  unconscious  throughout.  In  two  or  tliive  iiatients 
there  was  a  tendency  to  i-emove  all  their  clothing,  with- 
out the  least  appreciation  of  what  they  were  doii'ig.  A 
forin  of  tlie  di.sease  in  which  the  e])il('ptie  i-emain's  in  a 
species  of  trance  is  occasionally  ])resent;ed.  Sometimes 
the  attack  will  take  jilacc  without  attracting  altcnlion. 
I  have  I'ecently  had  under  my  care  a  clergyman  who  wan- 


dered in  an  aimless  sort  of  way  about  the  country,  and 
when  afterward  found  could  give  no  account  of  himself 
for  the  week  previous  to  his  discovery.  While  in  this 
dual  state  the  patient  will  get  into  altercations  with 
strangers,  or  commit  purpo.seless  acts.  Such  cases  are 
of  great  interest  from  the  standpoint  of  medical  jurispru- 
dence. As  a  rule,  the  reprehensible  acts  are  motiveless, 
aud  are  not  remeniliercd  after  commission. 

The  interpiiro.rysmal  state  may  be  one  free  fi'om  any 
nervous  trouble  whatever,  the  patient  remaining  perfectly 
well  until  a  new  explosion  takes  place.  At  other  times, 
on  the  approach  of  the  paroxysm,  there  will  be  a  change 
in  the  patient's  manner  which  betrays  itself  in  an  appre- 
hensive melancholy,  that  may  still  later  give  way  to  a 
condition  of  great  'irritability.  Occasionally  an  aphonia 
may  exist  during  the  entire  interparoxysmal  period,  but 
this  is  rare.  Rondierg  speaks  of  dysphagia,  tympanites, 
trismus,  and  ischuria  as  possible  sequelas,  which  may 
last  a  long  time.  Romberg  believes  that  epileptic  indi- 
viduals are  less  likely  to  contract  contagious  diseases, 
but,  as  Axenfeld  very  properly  says,  these  observations 
lack  suflHcieut  proof.  The  pupils  during  the  interpar- 
oxysiual  period  are,  as  a  rule,  very  mobile,  aud  act  too 
readily  to  light  stimulation.  The  puLse  during  the  inter- 
paroxy.smal  state  is  usually  soft,  slow,  and  compressible; 
the  cutaneous  circulation,  especially  in  old  epileptics,  is 
poor,  and  the  hands  are  inclined  to  be  livid  and  dry. 
Hang-nails  and  other  evidences  of  malnutrition  are  quite 
common. 

The  influence  of  pregnancy  has  been  the  subject  of 
much  controversy.  The  burden  of  proof  goes  to  show 
that  epilepsy  does  not  interfere  with  the  process  of  gesta- 
tion in  any  .serious  wa.y,  and,  as  a  rule,  does  not  induce 
miscarriage.  Pregnancy,  on  the  other  hand,  seems  to 
aggravate  the  epileptic  state  itself,  though  quite  excep- 
tional cases  are  reported  in  which  a  cure  was  effected 
through  the  establishment  of  this  condition.  Such  cases 
are  mentioned  by  Landre,  Beauvais,  and  Delasiauve. 
Suppression  of  the  menstrual  flow  is  apt  to  precipitate 
the  convulsions. 

In  certain  rare  eases  the  course  of  epilepsy  is  greatly 
modified,  if  not  cured,  by  the  occurrence  of  one  of  the 
eruptive  fevers.  Minor  attacks  may  be  transformed  into 
major  through  the  agenc_y  of  an  illness  which  may,  per- 
haps, be  of  this  character. 

Etiology. — It  is  an  undeniable  fact  that  heredity  plaj's 
the  most  extensive  part  in  the  causation  of  epilepsy.  Of 
the  980  cases  no  less  than  43.5  presented  some  family  his- 
tory of  neurotic  or  pulmonary  trouble.*  Thirty -five  per 
cent,  of  Gowers'  cases  were  characterized  by  "the  same 
state  of  things,  and  with  other  authors — among  them 
Rej-nolds  and  Eeheverria — the  proporti(m  of  cases  in 
which  there  is  a  neurotic  inheritance  varies  from  thirty- 
five  to  forty  ]5er  cent.  As  the  result  of  such  inheritance 
we  find  that  female  cases  rather  preponderate.  Of  very 
yomig  subjects  this  is  the  rule,  but  when  the  disease  be- 
gins after  twenty  it  ajipears  that  there  are  more  males 
who  become  epileptic  than  females.  In  the  greater  part 
of  all  cases  the  disease  first  manifests  itself"  before  the 
twentieth  year. 

01980  collected  cases  in  which  the  beginning  of  the 
disea.se  was  known,  there  were — 


Females. 

Males. 

Total. 

Under  ten  year.s  

Itrtwecii  Ihii  iuiit  IWHruv  v*'ai> 

Itclwi'iMi  tweiuy  Hiid  lliirtv  veai-s 

llelwei'ii  llilitv  and  llftv  years 

1  Iver  llftv  years 

hi:! 

171 
14.5 
81 
11 

a5 

97 
92 
136 
49 

19S 

Zi- 

217 

00 

Total 

:>n 

409 

9S0 

Cniiiidl  (tcfiiniiit/fx,  especially  microcephalus,  are 
found  with  e]iilcpsy,  and  children  whose  crania  have  un- 
dergone pre-ossification  are  (jiiiteapt  to  suffer  from  irreg- 
ular forms  of  epilepsy.     Ten  or  fifteen  per  cent,  of  chil- 

*  Drunkenuess  iucluded. 
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(Iren,  according  to  Delasiauve,  present  epilepsy  conjointly 
with  idiocy.  The  convulsions  are  quite  apt  to  be  asso- 
ciated with  some  curious  form  of  intellectual  perversion. 
The  iViinmaUc  cuusutiotb  of  the  disease  is  exceedingly 
interesting,  because  of  the  occasional  strange  character 
of  the  injuries.  As  a  rule,  blows  which  leave  oidy  slight 
or  no  external  signs  of  their  violence  are  apt,  ailer  the 
lapse  of  years,  to  be  followed  by  the  outb'  rst  of  epilepsy. 
Depressions  over  the  pai-acentral  lobes  may  be  found  In 
connection  with  unilateral  paroxysms.  Bullet  woiuids 
which  perhajis  have  caused  extensive  erosion  of  bone  may 
also  be  mentioned  as  causes.  In  one  case,  for  example, 
the  patient  presented  a  large  excavation  in  the  petrous 
and  mastoid  portions  of  the  temporal  bone,  and  this 
wound,  which  had  excited  a  meningeal  inflammation, 
also  gave  rise  to  a  very  severe  epilepsy  with  maniacal 
outbursts.  Blows  producing  fracture  of  the  internal 
table  of  the  skull  fretpiently  account  for  the  disease. 
A  scar  left  from  a  head  injury  may  be  the  starting-point 
of  a  painful  aura  which  is  Ihe  precursor  of  an  attack, 
and  various  writers  allude  to  injury  of  the  nerve  tnmks, 
tlie  sciatic  especially,  as  an  important  though  rare  factor. 
SypliUis,  in  either  its  secondary  or  its  tertiary  stages, 
but  more  often  in  the  latter,  may  give  origin  to  an  epilepsy 
of  a  peculiar  tj'pe.  The  seizure,  as  a  rule,  is  preceded 
by  headache,  and  is  often  associated  with  other  neurotic 
changes  and  monoplegi;e.  The  interparoxysmal  state  is 
quite  apt  to  be  characterized  by  more  or  less  loss  of  mem- 
ory, intellectual  weakness,  and,  in  some  cases,  a  great 
desire  to  sleep  at  odd  times  and  places,  such  a  tendency 
being  apparentlj'  irresistible.  In  many  cases  there  is  dis- 
ease of  the  cranial  bones  as  an  intermediate  factor. 

Fournier  sa_vs  that  when  epileps}'  manifests  itself  for 
the  first  time  in  a  patient  of  twenty  or  thirty  it  is  of 
specific  origin  in  eight  or  nine  ca.ses  out  of  ten. 

The  exanthenuda  may  be  followed  by  the  development 
of  epileptic  attacks  which  are  often  very  intractable. 
Especially  true  is  this  wlien  it  is  scarlet  fever  that  has 
preceded"  the  paroxysms.  Not  only  may  this  disease 
have  such  an  influence,  but  measles,  smallpox,  diphthe- 
ria, and  a  number  of  maladies  of  like  nature,  may  directly 
cause  the  epilepsy. 

Metallic  poisoning  is  a  rare  cause,  and  when  we  find 
epileptic  convulsions  in  such  cases  it  is  us\ially  sympto- 
matic of  some  advanced  encephalopathy.  The  use  of  ab- 
sinthe and  alcohol,  when  excessive,  is  quite  apt  to  give 
rise  to  convulsions,  wdiich  are  usually  of  a  violent  type. 
The  latter,  as  a  rule,  are  impei-fectly  formed,  and  the 
loss  of  consciousness  is  peculiar.  In  some  the  mental 
derangement  is  of  the  nature  of  a  trance,  and  the  pa- 
tient's seizures  resemble  the  form  of  the  disease  known 
as  "masked  epilepsy." 

Malarial  poisoning  may  underlie  an  epilepsy  which  is 
seemingly  periodic  and  attended  by  great  rise  of  tem- 
perature ;  it  may  be  cured  by  large  doses  of  quinine. 

In  certain  cases  great  and  repeated  losses  of  blood  will 
give  rise  to  epilepsy.  In  some  cases  there  is  an  initial 
migraine,  which  exists  for  some  time  before  the  occur- 
rence of  the  seizures.  Sunstroke  occasionally  is  the  ex- 
citing cause  of  a  series  of  convulsions,  which,  however, 
can  rarely  be  called  epileptic. 

It  is  not  uncommon  for  an  epilepsy  to  develop  at  the 
time  when  the  menstrual  function  is  established.  Her- 
pin  reports  the  case  of  a  girl  whose  convulsions  ap- 
peared at  the  menstrual  epoch,  and  recurred  with  eacli 
succeeding  period;  Maisonneuve  reports  similar  cases. 
The  suppression  of  vaginal  fluxes  is  naturally  a  deter- 
mining etiological  influence. 

Sexual  excesses  are  too  often  supposed  to  give  rise 
to  epilepsy,  and  masturbation  especially  is  given  great 
prominence  as  a  cause.  Onanism  is  very  common  among 
epileptics  of  low  moral  gauge,  with  physical  anomalies 
of  development,  but  it  can  hardly  be  considered  in  the 
lifht  of  a  cause.  Excessive  copulation  and  lustful  ex- 
cesses are  mentioned  by  Continental  writers  as  playing  a 
part  in  the  creation  of  the  disease. 

Of  fear  and  mental  worry  and  an.riety.  many  authors 
are  disposed  to  speak  as  important  exciting  or  predispos- 
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ing  causes.  There  is  nodoiil,.  ,„  the  bad  influence  of  the 
latter,  but  the  importance  of  the  former  is  to  be  admitted 
wilh  some  reluctance,  altliough  it  cannot  be  denied  that 
a  sudden  shock  or  fright  has  caused  attacks. 

Various  exciting  causes  are  quite  likely  to  be  discov- 
ered, especially  among  young  subjects.  Many  so-called 
eelamptic,  or  rather  epileptic,  seizures  are  caused  by  in- 
leslinal  worms,  or  by  the  presence  of  undigested  food  and 
the  absorption  of  ptomains. 

Intestinal  worms,  while  tliey  are  often  responsible  for 
infantile  eclampsia,  rarely  produce  epilepsy  in  adults. 
Luykx  and  Miclicl  report  cases  in  which  the  disease 
seemed  to  be  dejiendent  on  taniia,  and  in  that  reported 
by  Michel  tlie  seizures  occurred  during  five  years,  and 
ceased  with  the  expulsion  of  the  worm. 

Muscrof t '  reports  a  case  of  stone  in  the  bladder  which 
gave  rise  to  epileptic  convulsions.  The  successful  re- 
moval of  the  stone  effected  a  cure  of  the  epilepsy. 

Irritation  of  the  auditory  apparatus  is  likely  to  produce 
epilepsy,  and  tlie  paroxysms  may  follow  such  simple  ex- 
citation as  lilowing  into  the  ear.  The  attacks  from  such 
a  cause  may  e^•en  be  very  violent  and  general. 

So  far  as  the  influence  of  diet  is  concerned,  we  find 
that  continued  or  excessive  indulgence  in  animal  food  is 
likely  to  predispose  to  the  disease  in  some  persons.  Many 
first  attacks  maybe  dated  hack  to  an  engorgement  of  the 
stomach  or  to  some  act  of  gluttony,  and  in  many  eases 
immoderate  indulgence  in  food  often  constitutes  an  ex- 
citing factor.  Portal  speaks  of  several  subjects  who  be- 
came epileptic  after  gluttonous  indulgence  in  beans  (Dela- 
siauve), and  the  older  writers  also  refer  to  eases  in  which 
the  ingestion  of  poisonous  fungi  or  of  ergot  has  been  the 
assigned  cause. 

Mohbid  Anatomy  and  Patholooy. — There  is  nothing 
that  can  be  called  constant  or  characteristic  in  the  way 
of  a  morbid  anatomical  appearance  in  the  epileptic  brain. 
Tiiis  disease  has  existed  in  connection  with  almost  every 
variety  of  pathological  change.  Meningeal  or  osseous 
thickening,  exostoses,  vascular  dilatation  and  sclerosis, 
eerelnal  atrophy  and  hypertrophy,  the  presence  of  tu- 
mors— all  these  lesions  have  been  found  to  exist  in  epi- 
leptic cases.  Epilepsy  is  found  among  children  whose 
sutures  have  closed  prematurely,  and  I  have  seen  a  num- 
ber of  such  cases  in  which  the  fits  have  appeared  between 
the  fifth  and  tenth  years — which  is  due,  as  I  suppose,  to 
the  fact  that  the  brain  rapidly  develops  at  the  fifth  year, 
but,  owing  to  preossifieation,  and  the  resulting  limitation 
of  the  space  afforded  by  the  cranial  cavity,  this  organ  is 
denied  sufficient  room  for  expansion.  In  traumatic  cases 
we  find  all  varieties  of  fracture  and  depression,  and  occa- 
sionally the  existence  of  old  subdural  cysts. 

Lunier*  found  that  the  crania  of  many  epileptics  pre- 
sented various  abnormalities.  In  some  he  found  a  flatness 
or  depression  of  the  frontal  bone ;  in  other  cases  an  asym- 
metry between  the  lateral  halves  of  the  skull,  which  was 
the  result  of  undue  prominence  of  the  parietal  bone  of 
one  side.  Lasi^gue  called  attention  to  a  fronto-facial 
asymmetry  which  was  the  result  of  a  consolidation  of  the 
sutures  at  the  base  of  the  skull,  the  union  being  a  slow 
one,  and  usually  requiring  for  its  accomplishment  the 
space  of  eighteen  years,  at  the  end  of  which  period  the 
attacks  would  appear.  The  cerebral  deformity  resulting 
from  this  asymmetry  consisted  in  an  inequality  in  the 
size  of  the  two  frontal  lobes,  the  depression  being  most 
often  noticed  upon  the  right  side  (Axenfeld).  Certain 
facial  peculiarities,  as  well  as  deformities  of  the  vault  of 
the  palate,  were  associated  with  this.  ,^  .  .    , , 

Echeverria,'  Van  der  Kolk,'«  Luys  and  Voism,"  and 
others  have  observed  morbid  appearances  m  the  medulla : 
the  presence  of  amylaceous  cells,  an  exudation  of  a  gran- 
ulo-albuminous  nature,  cell  degeneration  and  pigmenta- 
tion as  well  as  destruction,  in  part,  of  certain  important 
nuclei,  notably  of  the  hypoglossus  and  pneumogastric 
nerves  EcheVerria  found  lesions  of  that  portion  of  the 
o-reat  sympathetic  which  is  located  in  the  neck. 

Ogle"  and  Jackson  have  reported  many  cases  in  which 
there  was  cortical  degeneration,  especially  of  the  para- 
central lobule.     In  cases  in  which  dementia  or  other  men- 
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tal  troubles  are  found,  and  especially  in  those  in  whicb 
the  meutal  disturbance  takes  the  form  of  general  paresis, 
we  may  expect  to  tind  a  well-diffused  cortical  sclerosis 

Some  years  ago  Delasiauve,  Boucbet  and  Cazauvieihl, 
Meynert  Sommers,  Bournevillc,  and  others,  found  in 
many  epileptic  brains  a  peculiar  induration  of  the  cornu 
ammonis,  which  they  regarded  as  peculiar  to  epilepsy, 
I  have  repeatedly  found  this  appearance,  and  certainly 
it  is  worthy  of  consideration,  though  it  cannot  be  regarded 
as  pathognomonic,  Sommers  found  this  induration  in 
thirty  per  cent,  of  his  cases,  while  Bourneville  found  it 
in  only  seventeen  per  cent.  The  other  authors  whoin  1 
have  mentioned  regard  it  as  an  almost  constant  lesion. 
Kussmaul  and  Nothnagel,  on  the  other  hand,  disbelieve 
in  the  importance  of  this  lesion. 

Epilepsy  has  been  experimentally  produced  m  various 
ways,  Kussmaul  and  Tenner,  Astley  Cooper,  and  others, 
have  by  ligation  and  compression  of  the  carotid,  given 
rise  to  seizures  which  disappeared  when  the  constriction 
was  removed.  Other  experimenters  have,  by  ligation  of 
the  superior  and  inferior  vente  cavx  in  animals,  obtained 
the  same  result. 

Nothnagel  found  that  by  tapping  the  heads  of  guinea- 
pigs  an  epilepsy  was  established,  and  various  mechanical 
means  of  jarring  the  cerebral  contents  have  been  devised 
for  the  experimental  production  of  epileptic  convulsions. 
The  theory  enunciated  by  Brown-Sequard  was,  in  ef- 
fect, that  epilepsies  might  be  provoked  by  ii-ritation  of 
certain  sections  of  the  cord  in  the  lumbar  region ;  that  in- 
jury of  the  sciatic  in  certain  animals  (guinea-pigs  chiefly) 
would  give  rise  to  convulsions;  that  the  progeny  of  ani- 
mals thus  mutilated  were  the  possessors  of  certain  so- 
called  epileptiginous  zones,  which,  when  irritated,  would 
give  rise  to  genuine  epileptic  paroxysms.  These  epilep- 
tiginous zones  were  located  about  the  face  and  neck,  and 
irritation,  especially  of  certain  branches  of  the  fifth — the 
suboccijiital  chiefly— would  produce  the  fit.  In  man  such 
zones  are,  as  a  rule,  not  to  be  found. 

Injury  of  the  medulla  oblongata  has  been  followed  by 
epilepsy,  and  electrical  or  mechanical  irritation  of  the 
cortex  cerebri,  cerebral  peduncles,  or  restiform  bodies 
produces  the  same  effect. 

Finally,  experiments  have  been  made  with  certain  toxic 
agents,  among  them  alcohol  and  absinthe.  Poulet  found, 
for  example,  that  the  subcutaneous  injection  of  the  salts 
of  ammonia  gave  rise  to  epilepsy. 

The  existence  of  epilepsy  depends,  undoubtedly,  upon 
an  instabihty  of  the  cellular  elements,  and  when  a  lesion 
exists  it  is,  as  Jackson  has  shown,  undoubtedly  of  an 
"  irritative  "  character.  The  starting-point  of  the  con- 
vulsion is  probably  primarily  in  the  cortex  cerebri,  and 
secondarily  in  the  medulla.  The  view  of  Van  der  Kolk, 
which  has' been  accepted  with  modifications  by  Reynolds 
and  others,  is  that  the  focus  of  the  disease  is  in  the  me- 
dulla oblongata.  In  the  established  form  of  epilepsy  this 
centre  is  in  a  condition  of  excitability,  and  through  the 
receipt  of  reflex  impressions,  either  from  higher  parts  of 
the  cerebrum  or  from  the  periphery,  an  altered  inhibitory 
vascular  state  ensues,  the  parts  lying  at  the  floor  of  the 
fourth  ventricle  become  the  seat  of  hypertemia,  and  then 
follow  various  pathological  changes,  viz.,  a  secondary 
anaemia  and  hyperaimia  of  the  cerebrum,  and  irritation 
of  convulsive  centres.  As  a  result  of  these  pathological 
changes  there  will  be  tonic  and  clonic  convulsions  of 
muscles  supplied  by  the  nuclei  of  the  lower  cranial 
nerves,  with  consecjuential  disturbances  in  the  domain 
of  the  spinal  accessory  and  other  nerves.  Spasms  of 
muscles  of  the  neck,  asphyxia,  compression  of  jugulars, 
secondary  stupor,  tongue  biting,  etc,  are  among  the 
phenomena  obseiwed  in  these  eases.  Van  der  Kolk  be- 
lieves that  the  biting  of  the  tongue  is  due  to  irritation  of 
the  nucleus  of  the  hypoglossus. 

Diagnosis, — The  diagnosis  of  the  ordinary  epileptic 
attack  is  not  a  difficult  matter.  The  seizure  is  of  such  a 
dramatic  and  pronounced  chumcXvY  that  it  is  scarcely 
possible  to  err  in  regard  to  its  true  nature.  The  minor 
seizures  are  sometimes  confounded  with  attacks  of  syn- 
cope, but  when  we  exclude  the  disorders  of  motility. 


which  do  not  belong  to  the  latter,  there  should  be  no 
chance  for  mistake.  It  must  be  remembered  that  seizures 
of  petit  mal  do  not  occur  in  an  isolated  form,  but  that 
there  is  a  history  of  numerous  previous  attacks^ 

It  is  important  to  diagnose  whether  or  not  the  parox- 
ysm is  the  manifestation  of  coar.se  disease  of  the  bram; 
and,  in  such  cases,  limited  or  rather  extensive  paralysis 
will  often  be  found,  as  well  as  optic-nerve  atrophy,  dis- 
turbed reflexes,  and  distal  sensory  trouble. 

Hysterical  epilepsy  is,  as  a  rule,  a  complaint  of  women, 
and  the  attacks  seem  to  bear  some  relation  to  the  occur- 
rence of  the  menses,  Charcot  speaks  of  the  hystencal 
modifications  of  epilepsy  as  follows:  1.  A  form  m  which 
hysteria  is  engrafted  upon  primary  epilepsy,  2,  A  form 
of  primary  epilepsy  which  is  complicated  after  marriage 
by  hysteria.  The  hysterical  influence  is  destroyed  by 
pregnancy.  3,  Primary  hysteria  with  superadded  epi- 
lepsy at  a  later  date,  4.  Convulsive  hysteria  with  cO; 
existent  petit  mal,  5.  An  epileptic  attack  with  residuai 
hysterical  contraction  and  hemiana'sthcsia. 

"I  have  observed  another  form,  viz.,  that  in  which  an 
epileptic  patient  was  seized  with  hystero-epileptic  par- 
oxysms at  the  menstrual  period. 

In  some  instances  the  diagnosis  must  be  made  between 
the  grand  attack  and  the  convulsions  of  vrmmia  or  ako- 
hiilimi.  The  ursemic  convulsion  is  usually  preceded  by 
a  history  of  mental  obscuration  with  perhaps  some  ataxic 
aphasia  and  headache.  The  presence  of  oedema,  albumi- 
nous urine,  casts,  and  the  skin  pallor,  furnish  confirma- 
tory indications. 

the  alcoholic  convulsions,  unless  due  to  chronic  alco- 
holism, are  preceded  by  a  debauch.  If  the  urine  be  ex- 
amined it  will  be  found  that  the  bichromate  of  potash 
test  will  reveal  the  presence  of  alcohol  by  a  very  peculiar 
and. striking  change  of  color  to  green. 

Sometimes  we  may  confuse  the  lighter  attacks  with 
auditory  vertigo,  or  with  lithjeraic  or  gastric  vertigo,  but 
the  rotary  character  of  the  disturbance  in  the  former,  and 
the  connection  of  the  latter  with  digestive  disturbance, 
are  to  be  borne  in  mind. 

It  is  of  the  utmost  importance  that  the  medical  man, 
especially  if  he  be  called  upon  to  treat  and  inspect  soldiers, 
prisoners,  or  the  inmates  of  the  pauper  asylums,  should 
be  on  his  guard  in  regard  to  the  simulation  of  epilepsy. 
This  form  of  imposture  is  common  enough,  and  is  very 
difficult  of  detection.  Various  authors  upon  medical  ju- 
risprudence have  recorded  a  number  of  cases  in  which  a 
malingerer  kept  up  the  deception  for  a  period  of  several 
years.  The  case  of  "Clegg,  the  Dummy  Chucker,"  re- 
ported by  Carlos  MacDonald,  is  of  this  kind.  The  subject 
was  an  habitual  criminal  who  repeatedly  threw  himself 
from  high  platforms  in  the  jail  to  the  stone  floor  below, 
and  bore  many  self-inflicted  injuries  without  a  murmur, 
that  he  might  escape  certain  duties  or  punishments.  He 
was  finally  detected  by  MacDonald.  The  impostor  cannot 
change  the  size  of  his  pupils,  nor  can  he  counterfeit  the 
color  of  the  skin  Avhich  belongs  to  the  real  fit^  The  epi- 
leptic, as  a  rule,  do\ibles  his  thumb  under  his  other  fingers, 
which  are  strongly  flexed — a  thing  neglected  b}'  the  im- 
postor. The  latter  is  ordinarily  on  the  alert  to  see  how 
his  behavior  will  impress  the  bystander,  and  an  occasional 
suggestion  from  an  outsider  will  be  acted  upon  by  the 
designing  person,  who  will  thus  betray  his  consciousness 
as  well  as  his  anxiety  to  make  an  impression. 

Prognosis. — Epilepsy  is  certainly  one  of  the  most  dis- 
couraging of  all  diseases  of  the  nervous  system  so  far  as 
the  hope  of  cure  is  concerned,  but  the  prognosis  is  much 
less  bad  at  the  present  tinier  than  it  was  before  the  intro- 
duction of  the  bromides.  Those  forms  of  epilepsy  which 
are  of  idiopathic  origin,  or  which  are  dependent  upon 
coarse  cerebral  disease,  osseous  lesions,  or  advanced 
syphilis,  are  welluigh  hopeless,  but  of  those  cases  which 
owe  their  genesis  to  less  profound  causes,  a  few  are  modi- 
fied or  cured  by  treatment.  It  is  impossible  to  give  sat- 
isfactor}'  statistics  of  cures,  from  the  fact  that  most  of 
the  cases  are  imperfectly  watched.  Sex  seems  to  have 
little  or  nothing  to  do  with  the  patient's  chances.  The 
cases  in  which   the   disease  develops  before  the   tenth 


850 


REFERENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


Epilepsy. 
EplIcpKy, 


year,  or  after  adolescence,  are  more  readily  helped  tlian 
those  in  which  it  begins  between  the  tenth  and  twentieth 
years  (Gowers);  and  this  is  probably  due  to  the  fact 
that  the  idiopathic  causation  is  more  common  before 
twenty.  The  form  with  grave  attacks  alone  is  more 
easily  ciired  than  that  in  which  petit  mal  is  a  feature ; — 
and  uncomplicated  petit  mal  is  perliaps  the  least  hopeful 
of  any  form.  The  curability  of  the  disease  depends 
much  upon  its  duration  and  the  number  of  attacks,  and 
one  author  believes  that  all  cases  in  which  five  lumdred 
attacks  have  occurred  are  absolutely  beyond  the  reach  of 
any  treatment.  Cases  of  hereditary  origin  are  commonlj' 
regarded  as  the  least  amenable,  but  Gowers  is  not  of 
this  opinion.  Fifteen  per  cent,  of  Gowers'  successful 
cases  were  those  in  which  heredity  existed.  My  own 
experience  does  not  confirm  this.  Those  cases  in  which 
the  fits  are  separated  by  long  intervals  are  most  readily 
cured,  but  if  the  attacks  be  severe  and  if  they  recur  at 
short  intervals,  the  prospects  of  a  cure  are  jioor.  At- 
tacks which  seem  to  be  connected  with  disordered  men- 
strual function  are  sometimes  very  readily  abolished. 
The  existence  of  an  aura  renders  prognosis  slightly  more 
unfavorable,  although  in  some  instances  the  aura  enables 
the  patient  to  abort  the  fits.  Cases  in  which  cranial  de- 
formities exist  are  usuallj'  bad,  and  the  attacks  are  ir- 
regular and  eccentric.  The  existence  of  mental  impair- 
ment or  aberration  of  any  kind  is  always  unfavorable. 

Fatal  cases — that  is,  cases  in  which  the  patient's  death 
bas  been  directly  due  to  the  disease— are  rare.  When 
death  occurs,  we  find  that  asphyxia  is  usually  the  im- 
Diediate  cause.  It  occasionally  happens  that  epileptics 
are  suffocated  from  the  lodgment  of  a  piece  of  meat  in 
the  air  passages,  while  a  number  of  accidents,  among 
them  falls,  are  apt  to  lead  to  death  by  drowning,  by 
cranial  fracture,  or  by  suffocation  caused  by  the  un- 
natural position  in  which  the  patient's  head  has  been 
placed  as  a  result  of  the  fall.  In  several  instances  of 
which  I  know,  the  patients  fell  into  an  open  fire-place 
or  against  a  hot  stove.  I  have  already  alluded  to  the 
danger  of  rupturing  a  muscle  or  dislocating  a  joint. 
Another  rare  accident  is  the  amputation  of  the  tongue 
that  may  occur  when  it  happens  to  get  between  the 

teeth.  „        ,        -^        ii 

According  to  Axenfeld  and  other  French  writers,  the 
complication  of  epilepsy  with  hysteria  is  one  calculated 
favorably  to  modify  the  prognosis  of  the  former. 

Treatment.— In  our  management  of  epdepsy,  we  are 
to  avoid  everything  that  smacks  of  routine  treatment. 
The  mere  administration  of  a  much  recommended  drug, 
without  studying  the  indications  for  its  use,  will  do  httle 
or  no  good.  The  epileptic  parosysm,  after  all,  is  but  a 
discharge  from  over-excited  and  unstable  nerve  cells 
and  is  a  symptomatic  condition  of  a  great  variety  ot 
pathological  states.  As  a  general  plan  of  treatment  .t 
should  he  the  earnest  of  our  endeavors  to  maintain  a 
condition  of  circulatory  equilibrium,  so  that  the  cerebral 
blood  pressure  shall  not  undergo  very  rapid,  sudden,  oi 
great  changes.  Cardiac  stimulants  or  sedatives  should, 
perhaps,  form  a  part  of  the  treatment  in  different  cases 
and  these  may  be  combined  with  remedies  having  specific 
neurotic  or  alterative  effects.  I>}  ^ome  cases  the  us^rf 
digitalis  is  almost  a  necessity,  and  in  othe.s-t  ose  in  re 
particularly  in  which  there  is  a  tendency  to  ceiebial  lij- 
^e  a^mia-remedies  of  an  opposite  c:  ass  ^'e  required.  In 
what  the  older  writers  called  am^mic  eP^'eps}',  the  use  o 

•  we  may  use  a  remea> 


what  the  older 

dio-italis  is  absolutely  important,  on 

whi'ch  was  first  recommended  by  the  writer  a  few  year 

ago,  viz.,  nitroglycerin,  in  doses  of  gr.  jU  to  ,j  tniicc 

'^'There  are  a  great  number  of  remedies  which  have  been 

used  empirically  almost  from  time  .i™"^';"^™!  ./°S 
cases  no  intelligent  idea  is  ^-^tertamed  as  t  then  phj  sio 
loo-ical  action  It  is  not  proposed  to  leter  to  man)  oi 
Ihfm   except  in  the  most  superficial  way,  or  not  at  all, 

^ryn^reSSllrblenof  so  much  service  as 
the  brmnides,  especially  those  of  sodium,  ammoniuin 
and  potlssium,  and  since  t.heir  introduction,  about  twenty 


years  ago,  the  number  of  cui'es  has  greatly  increased. 
The  ijrognosis  has  also  improved,  as  our  knowledge  de- 
rived from  experimental  therapeutics  has  br(jadened.  In 
1865-70,  five  or  ten  grains  of  the  bromide  of  potassium 
in  divided  doses  was  considered  a  maximum  quautit)',  but 
already  a  few  years  later  certain  American  physicians  ad- 
vocated immense  dcjses — even  an  ounce  daih'.  Maximum 
doses  of  twenty  grains,  repeated  thrice  daily,  control  the 
convulsions  in  cases  which  are  amenable  to  treatment, — 
eases  in  which  the  attack  has  perhaps  been  previously' 
aggravated  by  very  large  doses. 

In  most  cases  of  this  grave  disease  it  is  of  the  first  im- 
portance to  ascertain  the  length  of  the  intervals  between 
the  attacks,  the  time  of  day  at  which  they  usually  occur, 
and  the  patient's  general  condition.     The  amount  of  bro- 
mide to  be  given  daily,  say  of  the  sodic  salt,  which  is  the 
best,  may  be  fixed  at  from  one  to  two  drachms,  to  be 
given  in  divided  doses,  the  largest  one  just  before  the  ex 
pected  attack.     Should  the  latter  occur  in  the  early  morn 
ing,  it  is  best  to  administer  the  remedy  at  night,  and  per- 
haps to  reinforce  the  quantity.     In  some  cases  in  which 
the  periodicity  of  the  paroxysm  can  be  definitely  deter- 
mined the  dose  maybe  increased,  and  the  drug  used  more 
freely  for  several  days  before  the  expected  explosion. 
Many  practitioners  commence  by  inducing  a  mild  bro- 
minism,  which  is  manifested  by  ana;stliesia  of  the  fauces, 
and  by  some  appearance  of  acne  upon  the  forehead,  or 
by  the  bromic  breath.     It  is  exceedingly  injudicious  to 
go  beyond  this  point,  for  when  the  nutritive  processes  are 
interfered  with,  the  medicine  does  harm  instead  of  good. 
The  bromic  salts  should  always  be  given  in  plenty  of 
water,  and  Vichy  is  a  decided  improvement  over  simple 
water,  because  of  its  advantage  in  securing  tolerance  of 
the  drug  by  the  stomach.      When  epilepsy  is  dependent 
upon  organic  changes,  either  syphilitic  or  otherwise,  a 
saturated  solution  of  the  iodide  of  potassium  or  sodium 
may  be  used  separately  and  either  of  these  salts  given  m 
milk,  or  Vichy  should  be  used  in  large  quantities.     The 
so-called  "  American  System  "  should  be  followed,  in  the 
administration   of  the  iodide,  and  even  half  an  ounce 
•  or  more  should  be  given  daily.     In  cases  in  which  the 
attack  is  preceded  by  headache,  the  iodide  is  especially 
serviceable.     The   bromides  may  be  given  in  combina- 
tion with   tincture    or  infusion  of   digitalis,  and  small 
quantities  of  arsenic  may  be  incorporated  for  the  purpose 
of  preventing  skin  troubles.     In  other  cases  the  combina- 
tion  of  chloral   hydrate  or  aconite  is  advisable.     The 
bromic  treatment  should  be  continued  in  a  modified  form 
for  at  least  two  or  three  years  after  the  attacks  disappear.^ 
It  will  be  found,  in  some  cases,  that  the  combination  ot 
the  three  principal  bromides  sometimes  acts  more  ener- 
getically and  eflicaciously  than  either  singly      The  use 
of  fats  especially  cod-hver  oil,  is  often  ot  the  greatest 
service  when  the  bromides  fail  alone.     I  have  been  en- 
abled in  this  wav  to  help  many  cases  in  which  the  bromides 
had  been  used  before  without  any  considerable  success. 
The  administration  of  the  bromides  in  combination  with 
opium   or  morphine  constitutes  the  so-called  Flechsig 
treatment      The  patient  is  subjected  to  a  continued  treat- 
ment with  opium  or  its  alkaloid  in  increasing  doses  and 
afterward  when  the  toxic  effects  are  mildly  produced 
this  drug   is  discontinued,    and  a  course  of  bromides 
ordered      Rectal  injections  of  a  preparation  of  the  sub- 
stance known  as  bromopin,  has  been  in  use  in  Germany 
in  doses  of  mxv.     The  patient  is  forbidden  to  use  any 
salt  in  his  food.     The  nightly  euemata  of  this  substance 
must  be  increased  until  3  or  4  gm.  are  taken,         , 

The  hypophosphitesact  admirably  where  there  is  weak 
digestion  and  if  the  bromic  state  becomes  too  profound 
it  will  be  found  that  some  preparation  ot  iron  strychnine 
and  M  uinine  will  dispel  the  symptoms.  Great  care  should 
be  taken  not  to  push  the  latter  too  far. 

Delasiauve  refers  to  no  less  than  eighty -nine  remedies 
or  fo  m  of  treatment,  and  this  is  but  a  small  number 
when  we  consider  that  his  book  appeared  near  y  half  a 
century  ag<^  and  that  new  remedies  are  constantly  being 
recommended.  The  discovery  of  the  bromides,  as  I  have 
already  stated,  constitutes  the  only  real  advance.     As  to 
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tlie  otlier  remedies  it  will  suffice  if  I  enumerate  chloride 
of  potassium,  sulphate  of  zinc,  oxide  of  zinc,  sulphate  of 
copper,  chloride  of  gold,  nitrate  of  silver,  and  phosphorus, 
as  remedies  which  have  had  their  day  and  which  are  still 
occasionally  of  service;  while  the  list  of  vegetable  reme- 
dies is  simply  legion.  Valerian,  camphor,  the  camphor 
monobromate,  asafojtida,  musk,  castor,  opium,  bella- 
donna, aconite,  indigo,  turpentine,  and  conium  are  among 
the  most  prominent  of  these. 

In  many  cases  of  epilepsy,  especially  when  it  is  sus- 
pected that  the  attacks  are  due  to  the  absorption  of  toxic 
material  from  the  intestines,  it  will  be  found  that  persist- 
ent and  systematic  antisepsis  will  do  much  good.  The 
benefit  obtained  from  the  administration  of  salicylate  of 
.soda,  naphthalin,  and  calomel,  and  from  intestinal  fiu.3h- 
ing  is  often  very  great. 

Galvanism  is  the  only  form  of  electricity  that  ever 
does  any  good,  and  this  only  in  exceptional  oases.  The 
current  from  no  more  than  ten  or  fifteen  Leclanehe  cells 
should  be  used,  one  electrode  being  placed  anteriorly  and 
the  other  posteriorly  upon  the  head.  Static  electricity  is 
useless ;  chloroform  and  ether  may  be  resorted  to  when 
the  status  epilepticus  is  found,  but  unless  the  convulsion 
be  very  severe,  I  prefer  to  administer  nitroglycerin  or  the 
amyl  nitrite. 

The  lighter  attacks  are  very  obstinate,  and  are  not 
helped  to  the  same  extent  as  are  the  more  severe  ones. 
Belladonna,  ergot,  and  hj'osoyamus  have  all  been  tried 
with  various  degrees  of  success.  I  have  found  nitroglyc- 
erin to  be  of  great  benefit  in  some  cases,  and  it  should 
be  prescribed  with  the  idea  of  producing  a  continued  .state 
of  moderate  cerebral  hypersemia. 

An  important  indication  is  the  provision  of  remedies 
for  the  abortion  of  attacks.  When  the  aura  is  of  a  sen- 
sory character  and  begins  in  an  extremity,  the  use  of  an 
encircling  blister  or  ligature  about  the  arm  will,  if  the 
paroxysms  are  frequent,  or  if  the  patient  has  time  to  take 
preventive  measures,  stop  the  progress  of  an  attack. 
One  of  my  patients,  whose  aura  often  begins  in  the  arm, 
provides  himself  with  a  rubber  band  which  he  hastily 
slips  over  his  hand.  Bro wn-Sequard  recommends  forcible 
flexion  of  the  wrist.  The  inhalation  of  ammonia  or  of 
nitrite  of  amyl,  or  the  prompt  resort  to  a  tablet  contain- 
ing from  gr.  y^-j  to  jV  of  nitroglycerin,  will  ward  off 
the  fits.  A  glass  of  sherry  or  sonie  alcoholic  stimulant 
will  also  often  act  very  promptly.  It  is  well  for  the  pa- 
tient to  keep  .such  a  draught  by  his  bedside,  to  take  as 
soon  as  he  awakens,  if  he  has  morning  seizures. 

The  diet  of  the  epileptic  should  be  of  a  vegetable  na- 
ture. Meats  are  highly  injurious,  but  the  moderate  use  of 
game,  poultry,  fish,  and  oysters  is  to  be  advised.  Fresh 
vegetables,  fruit— except  grapes,— milk  and  cold  bread, 
should  form  the  chief  articles  of  diet.  Stimulants  are, 
of  course,  out  of  the  question  in  most  cases,  but  coffee, 
which  is  usually  denied  the  patient,  is  (if  mild)  by  no 
means  so  hurtful  a  thing  as  it  is  ordinarily  supposed  to  be. 

Friction,  cold  baths,  and  exercise  are  to  be  insisted 
upon,  and  mild  intellectual  labor  is  good  for  the  subject. 
Steam  or  furnace  heat  is  responsible  as  an  exciting  cause 
in  many  cases,  and  if  possible  open  fires,  properly  guarded, 
should  be  placed  in  the  patient's  room. 
^  Surgical  measures  have  been  of  avail,  if  we  are  to  be- 
lieve all  the  reports ;  yet  the  experience  of  many  success- 
ful surgeons,  who  have  watched  their  cases  for  a  long 
time,  is  against  their  etHcacy.  If  they  are  to  be  used  it 
should  only  be  in  cases  in  which  the  evidence  of  a  trau- 
matic origin  is  very  clear. 

Dr.  W.  Briggs'-'  seems  to  have  had  extraordinarily 
favorable  results  from  trephining,  for  of  30  cases  of  the 


130  eases  of  traumatic  epilepsy  operated  upon,  75  were 
cured,  18  improved,  7  not  helped,  and  30  died 

In  some  examples  it  will  be  found  that  the  aura  pro- 
ceeds from  a  cicatrix  upon  the  scalp,  and  the  exsection 
ot  thw,  even  if  no  removal  of  bone  is  undertaken,  may 
be  sufficient.     In  such  cases  as  those  reported  by  Lande,  '■• 
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in  which  a  neuritis  was  the  cause  of  the  convulsion,  ex- 
section  or  nerve-stretching  might  do  good,  but  of  course 
such  hopeful  results  are  problematical. 

Dr.  Frederick  Petersen  has  summed  up  his  conclusions 
relative  to  the  care  and  colonization  of  epileptics  as 
follows: 

"All  are  to  be  treated  in  accordance  with  the  usual 
regulations  as  to  diet,  hydrotherapy,  and  medicinal  agen- 
cies, with  the  hope  that  in  this  way  beween  one  and  six 
per  cent,  of  them  may  be  cured,  and  the  disorder  in  a 
larger  percentage  ameliorated. 

"Out-of-door  employment  in  agriculture  and  kindred 
pursuits  is  to  be  provided  in  abundance.  All  manner  of 
trades  and  occupations  are  to  be  carried  on  in  an  epileptic 
community,  organized  on  the  village  plan.  Facilities 
for  education  are  to  be  afforded  to  almost  every  extent. 

"Amusement  and  entertainment  and  the  enjoyment  of 
social  intercourse  are  to  be  privileges  from  which  no  epi- 
leptic will  hereafter  be  debarred. 

"  In  this  way  the  happiness  of  a  large  number  of  these 
miserable  creatures  will  be  materially  increased,  in  spite 
of  the  distressing  disease  which  they  are  called  upon  to 
suffer,  usually  for  the  whole  of  their  lives;  and  though 
remedial  agents  applied  to  their  malady  may  prove  in- 
efficient, their  fate  can  never  be  as  wretched  or  hopeless 
as  it  has  been  throughout  the  world  heretofore." 

Allan  MeLane  Hamilton. 

I  TraitiS  de  I'Epllepsie,  p.  .5.5. 

^  Archives  ol  Medicine,  Iv.,  1,  1880,  p.  1. 

"  N.  Y.  Med.  Jour,  and  Obstet.  Review.  June,  1882. 

<  West  Riding  Reports,  vol.  iii..  p.  315 ;  vi.,  p.  366 ;   Brain,  ill.,  2,  p.  192. 

^  Dntersucliungen  ilber  die  Lokalisation  der  Funetionen  der  Gross- 
hirnrinde  des  Menschen,  p.  63. 

"  Lot.  cit.,  p.  11. 

'  Archives  ot  Practical  and  Sclentiflc  Medicine  and  Surgery,  Phila- 
delphia and  New  York,  1873, 1.,  360. 

8  Annates  Med.-Psych.,  1852. 

» ( )n  Epilepsy,  etc.,  1870. 

1"  The  Medulla  Oblongata,  etc. 

II  Archives  de  M^d.,  Dec,  1869. 

1=  American  Practitioner,  July.  1884. 

1'  St.  Bartholomew's  Hospital  Reports,  yol.  xlx. 

1*  Mem.  et  Bulletin,  Societe  de  Med.  et  Chlrurgle  de  1874,  1.,  56-65. 

EPITHELIOMA.     See  Carcinoma. 

EPITHELIOMA  OF  THE  SKIN,  MULTIPLE,  BENIGN, 

CYSTIC— (Synonyms:  Epithelioma  adeuoides  cysticum. 
[Brooke];  Acanthoma  adenoides  cysticum  [Unna].) 

Symptomatology. — The  affection  is  characterized  by 
the  presence  of  numerous  pale-j'ellow,  pearly,  or  pinkish- 
colored  nodules,  from  the  size  of  a  pin's  head  to  that  of 
a  pea.  The  small  growths  are  quite  firmly  embedded  in 
or  project  above  the  skin.  Some  of  the  tumors  are  trans- 
lucent and  closely  resemble  vesicles,  while  others  are 
made  up  of  milium-like  bodies  and  are  traversed  by  mi- 
nute capillaries.  The  face,  scalp,  neck,  upper  parts  of 
the  back  and  chest  are  the  sites  of  predilection.  In  gen- 
eral the  growths  are  discrete,  but  they  tend  to  group 
themselves  about  the  root  and  ala?  of  the  nose,  the  eye- 
brows, and  the  mouth.  The  confluence  of  several  nodules 
has  been  noted. 

^  In  the  majority  of  cases  heretofore  reported  the  affec- 
tion has  been  observed  at  or  before  the  age  of  puberty. 

The  small,  pinhead-sized  growths  increase  slowly  in 
size  until  they  attain  the  size  of  a  split  pea,  seldom  larger, 
and  in  very  exceptional  cases  they  only  undergo  ulcera- 
tion or  disappear  spontaneously. 

They  impair  in  no  way  the  general  health  nor  do  they 
give  rise  to  subjective  sensations  of  any  kind.  The  en- 
tire course  of  the  disease,  except  in  the 'case  reported  by 
Dr.  White,'  is  so  free  from  any  evidence  of  malignancy 
that  the  word  benign  has  been  employed  to  qualify  the 
term  epii/wlioma  used  to  designate  this  singular  eruption. 
White's  patient,  in  addition  to  numerous  small  nodule& 
of  the  usual  type,  presented  three  or  four  open  epithe- 
liomatous  ulcers  involving  the  entire  thickness  of  the 
skin. 

Single,  hemispherical,  brownish-red,  or  translucent 
nodules  have  been  removed  from  the  ala  of  the  nose,  the 
eyelids,  or  other  parts  of  the  face  and  have  been  found 
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toliavo  a  structuve  identical  witli  or  closely  allied  to  that 
of  the  multiple  benign  tumors  in  question.     They  maj. 


Epilholloma. 
Epltholluin. 


scribed  liy  me.i     Similar  observations  have  been  made 
b)  lirooke  »  and  by  Bowen  (in  White's  case). 

The  epithelial  masses 
and  tracts  on  their  outer 
side  are  usually  sur- 
rounded or  defined  by 
a  well-marked  layer 
of  cylindrical  cells,  a 
condition  which  char- 
acterizes many  benign 
epithelial  gi-owths. 
Atypical "  pearl  bodies," 
enclosing  horny  or  col- 
loid tissue  as  well  as 
colloid  degeneration  of 
individual  c  pithelial 
cells,  have  also  been  met 
witli.  The  connective 
tissue  between  the  new 
cell  growths  is  some- 
what condensed  and  the 
seat  of  a  moderate  infil- 
tration of  1 V  m  p  h  0  i  d 
cells. 

Treatment.  —  Some 
of  the  small  tumors  can 
be  removed  by  incising 
the  overlying  epidermis 
and  expressing  them  by 
mtiderate  pressure.  If 
this  method  is  not  suc- 
cessful the  dermal  cu- 
I'elte  maybe  employed. 
The  resulting  wound 
readily  heals  with  a 
small  depressed  sear. 

Tlie  use  of  caustics  is 
ndt  advocated,  as  it  is 
possible  by  their  im- 
proper use  to  evoke  a 
latent  malignauc}'. 

Jo7in  A.  Fonlyce. 


Fig.  1922.— Multiple  Benign  Cystic  Epithelioma  slio\ving  Down  Cirow 
one  inch ;  ocular,  one  inch  and  one-quarter. 


develop  in  earlj'  adult  life  or  in  older  individuals,  but 
they  pursue  a  relatively  benign  course. 

The  cause  of  the  affection  is  obscure.  In  Brooke's - 
and  my  own  cases"  a  distinct  hereditary  history  was  ob- 
tained. The  on.sct  of  the  affection  at  the  age  of  puberty 
may  depend  in  some  manner  on  the  general  stimulus  to 
which  all  epithelial  tissues  are  subjected  at  this  time. 
The  view  has  been  held  by  some  that  these  tumors  de- 
pend on  misplaced  embryonic  epithelial  cells  which  re- 
main latent  until  puberty  or  later  in  life. 

PATiroLOGY  AND  IVIoitBiD  ANATOMY. — In  the  earlier 
descriptions  of  the  affection  the  cases  described  by  Jac- 
c]uet  and  Darier  ■*  as  "  Hydradenomes  eruptifs, "  by  Torok  ■' 
as  syringo-cystadenoma,  and  by  other  writers  with  desig- 
nations of  similar  meaning,  were  considered  to  be  of  the 
same  general  nature. 

Unna"  has,  however,  wisely  separated  the  class  of 
cases  described  by  Jacquet  and  Darier,  Torok  and  others 
from  those  of  Ba'lzer,  Brooke  and  myself;  the  first  group 
of  cases  being,  in  bis  opinion,  adenomata  of  the  coil  ducts, 
to  which  he  gives  the  name  "  syringadenomata, "  while 
the  second  group  undoubtedly  originate  in  the  epidermis 
and  are  called  by  him  "acanthoma  adenoides  cysticum." 

The  micro.scope  shows  the.se  benign  epithelial  growths 
to  be  made  up  of  proliferating  masses  and  narrow  tracts 
of  small  epithelial  cells  corresponding  to  those  in  the 
lowermost  layer  of  the  epidermis  and  external  root  sheath 
of  the  hair  follicles.  The  origin  of  the  new  growth  fi'om 
the  epidermis  and  hair  follicles  is  shown  in  Fig.  1933, 
which   represents  a  section   from   the  original   case  de- 


th  of  Surfai' 
(Oriffiual.) 


Epithelium.    Spencer, 


^  Jour.  Cutaneous  and  Gen.- 
Urin.  Dis.,  p.  477,  1894. 

^  British  Journal  ot  Derma- 
tology, p.  271,  1»!)2. 

^Journ.    Cutaneous    and 
Gen.-Urin.  Dis.,  p.  459,  1893. 
<  Ann.  de  Dermat.  et  de  Syph.,  p.  317,  1887. 
''  Monatsheftf.  pralft.  Dermat..  p.  110,  Bd.  viii. 
^  Histopathology  of  Diseases  of  the  Skin,  p.  117. 
'  Jour.  Cutaneous  and  Gen.-Tirin.  liis.,  p.  4.59,  1892. 
'  Brit.  Jour,  of  Dermat.,  p.  2(i9,  1892. 

EPITHELIUM. — Epithelial  tissue  is  composed  of  cells 
placed  close  to  each  other,  the  intercellular  substance 
lieing  reduced  to  a  minimum. 

The  cells,  as  a  rule,  are  soft,  yielding  readily  to  press- 


no.  1923.— Simple  Squamous  Epithelium.    Seen  on  the  edge  and  on 
the  Hat. 
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ure,  and  consequently  they  show  a  great  diversity  in  their 
sliapes.  The  cytoplasm  may  be  either  clear,  or  finely  or 
coarsely  granular.  Bach  cell  has  a  nucleus,  which  is 
embedded  in  the  cytoplasm.  There  are  a  few  instances 
in  which  the  cells  are  without  nuclei. 

All  epithelium  rests  on  a  structureless  membrane,  the 
basal  membrane  or  inembrana  propria.     This  membrane 


Ftg.  1924.— stratified  Squamous  Epithelium.    Sei'tlon  of  epithelium 
lining  the  oesophagus. 

is  believed  to  be  of  conuective-ti.ssue  origin,  though  by 
some  it  is  considered  a  product  of  the  epithelial  cells. 

The  free  sui'face  of  some  epithelial  cells,  especially 
those  of  the  cylindrical  type,  sh«ws  a  sharp  differentiation 
from  the  remainder  of  the  cytoplasm.  This  appears  as  a 
thickened  free  border  and  is  known  as  the  cntUula.  The 
cuticulffi  of  adjoining  cells  form,  through  fusion,  the 
cutieular  membrane  (Fig.  1927,  ^4).  In  some  cells  the 
cuticula  shows  a  longitudinal  striation,  which  is  caused 
by  prolongations  of  fine  proces.ses  of  the  cytoplasm  into 
it.  This  striation  is  especially  well  marked  in  the  epi- 
thelial cells  on  the  surface  of  the  mucous  membrane  of 
the  small  inte.stine. 

As  a  rule  blood-ve.ssels  are  not  present  in  epithelial 
tissue.  Recently  they  have  been  found  in  the  epithelium 
of  some  of  the  lower  animals,  and  they  are  known  to  be 


FIG    1925-Splne  or  Prickle  Cells.    A,  Spines  projectinjr  from  the 
toeeU      *'''^ '^''"''*  •   ^'  Utainentsot  the  cytoplasm  passing  from  eell 

present  in  one  place  in  the  body  of  tlie  higher  animals— 
the  stna  vascularis  of  the  cochlea.  The  nerve  sunoh'  is 
rich.  II.'' 

Classification.— The  epithelia  are  classified  us  follows  ■ 

1.  biinple— consisting  of  one  layer  of  cells. 
(a)  Squamous. 

{h)  Cylindrical  or  columnar. 

2.  Stratified— consisting  of  several  layers  of  cells 
(a)  Squamous. 
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(b)  Transitional. 

(c)  Cylindrical  or  columnar. 

3.  Modified. 

(a)  Ciliated. 
(h)  Mucous. 
(e)  Pigmented. 

4.  Specialized. 

(«)  Glandular  epithelium. 

(b)  Ncuro-epithelium. 

Simple  Squamous  Epithelium  .—The  cells  of  this  form 
of  epithelium  are  thin,  scale-like,  irregular  in  shape,  and 
are  laid  down  in  a  single  layer.  A  surface  view  (Fig. 
1923)  shows  them  arranged  in  the  form  of  an  irregular 
mosaic ;  when  seen  on  the  edge  they  show  a  bulging  of 
the  cj'toplasm  at  the  situation  of  the  nucleus,  with  a  thin- 
ning out  of  the  same  at  the  edges  of  the  cell  (Fig.  1923). 

This  type  of  epithelium  occurs  as  a  lining  to  the  cap- 
sule of  Bowman  in  the  glomerulus  and  in  the  descending 
arm  of  Henle's  loop  in  the  kidney;  also  as  non-nucleated 
cells — respiratory  epithelium — in  the  terminal  bronchi, 
infundibula,  and  air  vesicles  of  the  lung. 

Simple  Cylindrical  Epithdium. — The  cells  of  this  form 
of  epithelium  are  long  and  narrow,  with  the  base  of  the 
cell  rounded  off  (Fig.  1927,  A).  The  nucleus,  oval  in 
shape,  is  embedded  in  the  cytoplasm  near  the  base  of  the 
cell.  The  cuticula  is  well  developed  in  the  cells  of  the 
small  intestine.  The  height  of  the  cells  varies  in  differ- 
ent situations,  sometimes  being  high,  sometimes  low.  In 
some  instances  the  diameters  of  the  cell  are  about  equal. 
Such  cells  when  seen  in  .section  have  the  appearance  of 


Fig.  1926.— Transitional  Epithelium.    Section  of  the  epithelium  lining 
the  bladder. 

small  squares,  with  the  nucleus  embedded  in  the  central 
portion  of  the  cytoplasm.  This  form  of  epithelium  is 
known  as  cuboidal. 

Simple  cylindrical  epithelium  occurs  on  the  surface  of 
the  mucous  membrane  of  the  stomach,  of  the  small  and 
large  intestines,  and  of  the  membranous  and  penile  por- 
tions of  the  male  urethra,  in  tubular  glands,  in  portions 
of  the  uriniferous  tubules,  and  in  the  ducts  of  compound 
glands.  Cuboidal  epithelium  is  seen  in  the  small  bronchi, 
in  portions  of  the  uriniferous  tubules,  and  in  the  smaller 
ducts  of  compound  glands. 

XlraUfiid  Squamous  Epithelitim  (Fig.  1924). — In  this 
type  of  eiiithelium  the  cells  are  laid  down  in  two  or  more 
layers,  the  cells  of  the  various  layei's  differing  greatly  in 
shape.  The  cells  of  the  deep  layer  are  cuboid'al  or 'low 
cylindrical;  those  of  the  middle  layers  polyhedral;  those 
of  the  surface,  alone,  fiat  or  scale  like. 

The  large  cells  of  the  middle  layers  give  off  short,  fine 
processes,  which  join  similar  pro("essc.s"of  adjoining  cells 
(Fig.  1925,  ^1),  the  spine  ov  prickle  cells.  These  spinous 
processes  are  also  known  as  the  intercellular  bridgeti,  and 
they  enclose  spaces  in  the  intercellular  substance'  the 
intercellular  space.<<.  It  is  through  these  spaces  that  the 
fluids  for  the  nourishment  of  the  cells  circulates.  By 
some  these  intercellular  bridges  are  believed  to  be  fila- 
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ments  of  tlie  cj'toplasm  which  pass  from  cell  to  cell  (Fi"- 
1935,  B). 

Stratified  squamous  epithelium  rests  on  a  comiective 
tissue  which  is  thrown  up  into  conical-shaped  projections 


Fig.  1027, 


-.1,  Simple  Cylindrical  Epitliplium  ;  23,  stratilled  lylinrtrl- 
eal  epjtbeiium. 


—the  papjlla= — which  are  covered  hy  the  hasal  membrane. 
These  papill*  project  into  the  epithelium  in  such  a  man- 
ner as  to  form  a  series  of  hills  and  valleys.  The  papilke 
contain  a  rich  capillary  network  of  blood-vessels  from 
which  the  nourishment  of  the  overlying  epithelium  is 
dei'ived. 

The  cells  of  the  deeper  layers,  receiving  the  greatest 
amount  of  nourishment,  increase  rapidly  by  mitosis,  and 
pushing  outward  they  replace  the  cells  of  the  outer  lay- 
ers, the  surface  cells  being  thrown  offi. 

In  the  epidermis  of  the  skin,  where  the  sui'faee  cells 
are  horny,  there  are  developed,  beneath  these,  cells  which 
pass  through  the  intermediary  stages  of  cornilication. 
This  type  of  epithelium  is  found  on  the  surface  of  the 
skin,  and  on  the  surface  of  mucous  membranes  which 
become  continuous  with  the  skin,  as  that  of  the  buccal 
cavity,  vagina,  etc. 

Tramitional  Epithelium  (F\g.  1936). — Transitional  epi- 
thelium is  stratified,  consisting  of  from  four  to  si.x  layei'S 
of  cells,  and  lies  on  connective  tissue  which  is  unpro- 
vided with  papilUie.  The  surface  cells  are  large  and 
flat,  with  a  convex  free  border,  their  under  surface  being 
pitted.  This  pitting  is  caused  by  the  underlying  cells 
pushing  their  heads  into  the  soft  cytoplasm  of  the  sur- 


vMrni^ 


FIG   1928.-Stratifled  Cylindrical  Ciliated  Epitlielium.    Section  of  the 
epithelium  lining  the  trachea. 

face  cells  The  cells  of  the  deeper  layers  are  irregularly 
cuboidal ;  those  of  the  middle  layers  pyriform  or  polyhe- 
dral in  shape.  <■  ,,  „j>  ti,„ 
This  type  of  epithelium  is  found  on  the  surface  ot  tiie 
mucous  membrane  of  the  urinary  bladder  and  ot  the 

^'^S^w^V'^  W»"*-«««'^^i'»'<^«^«"™(F^S-  1937,  B).-ln  this 


type  of  epithelium  the  surface  cells  alone  are  cylindrical 
in  shape,   their  ha,sal  ends  being  pointed  or  branched. 

The  cells  of  the  deeper  layeis  are  iri-egular  in  shape, 
and  those  of  tlie  basal  layer  cuboidal  or  low  cylindrical. 
Ill  most  instances  the  cuticula  is  well  developed. 

This  form  of  epithelium  is  found  lining  the  largest 
duets  of  glands;  it  covers  the  palpebral  conjunctiva, 
])ortions  of  the  nuicous  membrane  of  the  male  urethra, 
and  the  mucous  membrane  of  the  vas  deferens. 

CiUiited  Bjiithelium. —CiUattid  epithelium  occurs  in 
both  the  stratified  and  the  simple  forms,  the  ciliated  cells, 
ui  man,  being  of  the  cylindrical  type.  In  the  stratified 
form  the  an-angement  of  the  cells  is  similar  to  that  of 
stratified  cyUndrical  epithehum;  in  the  simple  form  it 
con.sists  of  a  single  layer  of  ciliated,  cylindiical  cells. 
^  The  free  surface  of  ciliated  cells  has  a  well-marked  cu- 
ticula, from  which  seem  to  spring  hair-like  structuies — 
the  cilia  (Pig.  1938).  The  length  of  the  cilia  varies  wi(h 
tlie  situation  of  the  cell.  In  the  trachea  and  bronchi  they 
are  short,  while  in  the  epididymis  they  are  long,  about 
ten  times  the  length  of  those  in  the  trachea.  The  num- 
ber of  cilia  to  a  cell  also  varies,  being  from  twelve  to 


D.  E. 

Fig  1929 -Mucous  or  Goblet  Cells.  ,J,  Early  stage  of  the  formation 
of  the  mucin:  B.  cytoplasm  nearly  all  converted  mto  mucin;  G, 
cell  discharging  its  contents ;  D,  collapse  of  the  mucous  cell :  B, 
regeneration  of  the  cell. 

twentv-flve.  They  are  now  regarded  as  filamentous  pro- 
longations of  the  "cytoplasm  which  pass  through  and 
project  beyond  the  cuticula. 

The  movement  of  the  cilia  is  automatic,  not  being  under 
the  control  of  the  nervous  system.  The  movement  of  a 
single  eilium  resembles  that  of  a  whip-lash,  the  number 
of  vibrations  being  estimated  at  ten  per  second.  ^  i  he 
beats  of  the  cilia  do  not  take  place  at  the  same  time  in  all 
cells  one  cell  after  another  taking  up  the  movement, 
which  passes  through  a  series  of  cells  in  successive  waves. 
The  rapidity  of  the  vibrations  is  increased  by  warmtli, 
UD  to  a  certain  point.  Cold,  chloroform,  and  an  increase 
of  temperature  up  to  50°  C.  may  cause  the  movement  to 

'^'^J/mw«4-  Epiffieliiim.— The  mucous  epithelial  cell  is  re- 
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o-arded  bv  some  as  au  unicellular  gland.  It  is  lou.id  dis- 
tributed tlirougliout  the  epithelium  of  the  intestinal  tract, 
trachea,  and  bronchi.  Owing  to  its  shape  it  is  commonly 
called  a  goblet  cell.  ,.    ,  •     ,        -n    i;,i 

Mucous  cells  are  formed  from  cylindrical  e]iitlielial 
cells,  the  most  of  the  cytoplasm  of  which  is  gradually 
converted  into  mucin.  The  process  begins  at  the  tree 
surface  of  the  cell  (Pig.  1939,  A),  aud  progresses  until  the 
cytoplasm,  excepting  a  small  portion  containing  the 
nucleus  is  changed.     The  latter  becomes  crowded  to  the 


Fig.  1930.— PigiiientcU  EpltliPlial  ('ells  fnuii  llie  Retiiui. 

base  of  the  cell.  The  cell  increases  in  volume  (Fig.  1929, 
B),  finally  it  ruptures  at  its  free  surface  aud  its  contents 
are  discharged  (Fig.  1929,  (').  The  cell  tlien  collapses 
(Fig.  1929,  I)),  and'from  its  basal  part  which  contains  the 
unchanged  cytoplasm  and  nucleus,  a  new  cell  is  formed 
(Fig.  1929,  JE). 

Pigmented  EpHlieliniii. — In  some  parts  of  the  body 
there  occurs  an  epithelium,  the  cytoplasm  of  which  is 
more  or  less  lillcil  with  grannies  of  pigment.  These 
granules  may  be  spherical  or  rod-like  in  shape  and  of  a 
color  vaiying  from  light  brown  to  black. 

This  type  of  e]iitlieliuin  forms  one  of  the  layers  of  the 
retina  (Fig.  1930)  and  is  also  found  in  the  deep  layer  of 
the  epidermis  of  tlie  colored  races. 

Olandular  Epitlieliiim. — This  form  of  epithelium  lines 
the  alveoli  or  secreting  portion  of  glands.  The  shape  of 
the  cells  varies  in  dilfereiit  i;-lands,  in  some  l)eiiig  cvlin- 


Fio.  1931.~Glandular  Epil.lii'liiini.  luiicoiis  ticnij 
maxillary  gland.  The  llRht  I'cntral  i-clln  arn  tlip 
dark  cells  lorm  the  ensriTiis  ot  (iianiizzi. 


S"h- 
UIP 


drical,  in  otliers  polyhedral  or  iri'egnlar.  In  some  ghiiids 
two  types  of  cells  occur.  :\lanv  of  the  nuicous  glands 
have  an  internal  layer  of  cylindrical  cells  with  a  moder- 
ately clear  cytoplasm,  amrhetween  these  and  the  meni- 
brana  propria  a  second  type,  viz.,  granular  cells  (Fig. 
1931).  These  granular  eidls  form  th^e  crescents  of  Tiia- 
niizzi  or  demilunes  of  rieidenhain.  The  cardiac  glands 
of  the  stomach  also  contain  two  types  of  cells,  the  inter- 


nal or  chief  cells  and  the  large  granular  peripheral  cells— 
the  acid  cells. 

The  microscopic  appearance  of  gland  cells  vanes  with 
their  state  of  activity.  The  resting  cell  is  generally 
granular  and  dark  in  appearance,  the  gianules  staining 
intensely,  and  the  volume  of  the  cell  is  reduced.  As  the 
cell  iiasses  into  the  active  state  its  granules  cease  to  stain ; 
small  vacuoles  appear  in  the  cytoplasm,  which  becomes 
clearer ;  and  the  volume  of  the  cell  increases.  After  the 
cell  has  discharged  its  secretion  the  cytoplasm  may  be- 
come nearly  clear  and  the  cell  returns  to  the  resting  state. 
In  some  glands  (for  example,  the  mammary  gland)  a  por- 
tion of  the  external  part  of  the  cytoplasm  is  used  up  in 
the  process  of  the  formation  of  the  secretion,  the  basal 
part  with  the  nucleus  remaining  unaltered.  From  this 
portion  the  cell  is  reconstructed.  In  other  glands  the 
entire  cytojdasm  is  used  up  and  a  new  cell  takes  its 
place. 

Many  gland  cells  discharge  their  secretion  not  only 
from  their  free  surfaces,  but  also  from  all  sides.  In  such 
cases  till-  cells  are  surrounded  by  a  network  of  canaliculi, 
which  take  up  the  secretion  and  convey  it  to  the  lumen 
of  the  gland  by  a  "  duct. " 

Nenrd-epitheliinii. — Neuro-epithelium  is  a  highly  dif- 
ferentiated type  aud  occurs  in  the  sense  organs.     The 


Fi(i.  1933.— Neuro-epitlielium 
from  the  crista  acastica  ;  V 
cochlea. 


^4,  Cone  from  the  retina  ; 
hair  cell  from  the  organ  of 


I'ods  and  cones  (Fig.  19o2,  A)  of  the  retina:  the  hair  cells 
of  the  (U'gan  of  Corti  of  the  cochlea  (Fig.  UI32,  C);  and 
the  hair  cells  of  the  macula  and  crista  acustica'  (Fig.  1932, 
B)  are  examples. 

Neuro-epithelial  cells  consist  of  two  portions :  the  basal, 
containing  the  nucleus,  and  which  is  in  close  contact  with 
the  nerve  terminations;  and  the  outer  or  perceptive  por- 
tion, which  usinil'y  t_;„.!..u,,..j  i„  T...,  f  — .-  of  thick,  hair- 
iDve  processes. 

Mexntliiiiiim  mill  Kiidot/icliiiiii. — These  two  types  of 
cells,  on  account  of  their  characteristics,  are  now  classified 
by  many  as  simple  epithelium.  If  we  trace  them  back 
to  tlieir  origin  in  the  blastoderm  it  is  found  that  they  are 
both  (hnived  frcnu  the  mesoderm  or  middle  layer,  but 
from  different  cells.  IMcsotheliiirn,  which  lines  the  cavi- 
ties of  the  peritoneum,  pleura,  and  iierieardiuni,  is  de- 
rived from  I  he  cells  which  line  the  original  bod)'  cavity 
— the  cevhnu.  At  the  suggestion  of  Minot  the  term  meso- 
thelium  has  been  applied  to  tliein. 
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Cells  of  a  similar  type  form  the  capillaries  a 
the  mterior  of  blood  and  lymph  vessels,  synovial 
bursas,  tendon  sheaths,  and  the  anterior  chamber 


Epltliellnni. 
Equilibrium. 


nd  line 
spaces, 
of  the 


-1-  B. 

Fig.  1933.— a,  Mesotlielium  Cnveriiia  the  Surface  of  a  Serous  Jlem- 
brane;  B,  emlothiiiuui  lining  a  blood-ves.sel. 

eye.  These  are  dilferentiated  mesochymal  cells  (Minot) 
and  the  term  endothelium  is  alone  applied  to  them. 

Mesothelial  cells  (Fig,  laSS,  ^1)  are  thin,  Hat  cells,  the 
cytoplasm  of  which  is  slightly  granular.  Their  nuclei 
may  be  either  oval  or  sphericafin  shape  and  tliev  pid,iect 
above  the  surface  of  the  cytoplasm.  The  general  sh'aiie 
of  the  cells  is  polyhedral  with  more  or  less  wavy  edges, 
and  they  are  united  by  an  exceedingly  slight  amount  of 
intercelhilar  substance. 

Endothelial  cells  (Fig.  1933,  i))are,  as  regards  structuie, 
like  the  mesothelial.  Their  shape  is  an  irregular  oblong 
one  with  markedly  serrated  edges. 

These  two  types  of  cells  are  always  laid  down  in  a 
single  layer.  George  C.  Fnehoni. 

EPULIS.     See  Sarcoma. 

EQUILIBRIUM  AND  EQUILIBRATION.— The  term 
eciuilibrium  is  used  to  indicate  a  state  in  whicii  all  the 
muscles  of  the  body  are  under  such  nervous  control  that 
when  called  upon  they  can  execute  some  co-oidinate 
movement  or  resist  the  force  of  gravity.  Equililjrium  is 
of  great  importance  in  animal  life,  as  can  be  readilv  un- 
derstood, and  it  is  by  no  means  a  simple  phenomenon. 
That  the  motor  apparatus  may  act  properly  it  is  necessary 
that  it  should  receive  sensory  impressions  informing  it 
of  the  position  of  the  body  at  any  movement,  and  every 
known  sense  appears  to  contribute  the  necessary  inform.-i- 
tion.  A  combination  of  these  sensations  constitutes  the 
sense  of  equilibrium. 

Before  discussing  equilibrium  and  equilibration  with 
regard  to  its  nervous  control  or  how  it  is  maintained  in 
the  human  body,  it  is  necessary  that  we  should  have  a 
clear  idea  of  the  position  of  the  centre  of  gravity  of  the 
body  and  how  the  position  of  this  centre  may  vary  in 
different  postures.  It  is  mainly  owing  to  the  researclies 
of  the  Weber  brothers,  Barelhis.  Harless,  and  Meyer,  and 
more  recently  Braune  and  Fischer,  that  the  position  of 
the  centre  of  gra'^'ity  of  the  body  has  been  determined. 

In  the  erect  posture,  roughly  speaking,  the  centre  is 
situated  between  the  pubes  and  buttocks,  and  is  fartlier 
from  the  sole  of  the  foot  than  from  the  crown  of  the 
head  A  variation  may  be  pointed  out  here,  viz.,  that 
the  position  of  this  centre  will  vary  according  to  a  man's 
build  A  man  heavilv  built  in  his  shoulders  and  arms 
will  naturally  have  hi's  centre  of  gravity  higher  than  a 
man  with  narrow  shoulders,  light  ai-ms,  but  powerfn 
legs  and  buttocks.  Meyer's  method  for  determ!'.-:..g  tlie 
centre  of  gravity  in  the  antero-ooste-':;    piane  was  as 

follows:  „  ,  ,  ^  1       „„ 

A  soldier  standing  at  "  attention  "  leaned  forward  so  as 
to  throw  the  weight  of  the  body  upon  the  front  of  his 
feet  A  line  plumb  to  this  point  would  pass  through  his 
centre  of  gravity.  The  man  then  extended  his  limbs  at 
the^nkle-joint  iintil  he  nearlv  lost  his  balance  backwanl. 
A  vertical  line  from  liis  heels  agaiu  passed  through  his 
centre  of  gravitv  which  lav  naturally  where  these  two 


lines  crossed  one  another.  This  was  found  to  be  in  the 
region  of  the  body  of  the  second  .sacral  vertebra 

Braune  and  Fischer's  method  was  more  complex  and 
tlieir  experiments  were  performed  upon  the  cadaver, 
i-or  a  lull  account  of  this  I  would  refer  the  reader  to 
their  original  articles.  According  to  their  method  the 
centre  of  gravity  for  the  whole  body  was  about  4.5  cm. 
above  a  horizontal  line  joining  the  centres  of  the  heads 
ot  the  two  femora,  or  on  a  level  with  the  third  sacral 
vertebra  (upper  border). 

Tliese  observers  have  claimed  that  the  centre  of  grav- 
ity of  the  body  is  found  to  fall  in  the  same  frontal  plane 
as  that  in  whicli  all  the  axes  of  rotation  of  the  joints  lie. 
It  can  l)e  readily  understood  from  this  that  anatomical 
\'ariations  will  \ery  considerably  alter  this  statement,  this 
being  particularly  true  of  women  in  pregnancy  or  of  ab- 
uornially  stout  men.  In  such  persons,  when  in  the  erect 
])osition,  tlie  centre  of  gravity  must  lie  well  away  from 
tlic  yilane  containing  these  joints,  the  abdominal  weight 
necessitating  an  arching  of  the  spine,  the  shoulders  being 
thrown  back,  bringing  the  centre  posterior  to  the  normal 
plane. 

It  has  lieen  pointed  out  by  the  Weber  brothers,  that  the 
fact  that  the  various  centres  of  gravity  of  the  body  form 
a  vertical  line  when  the  body  is  in  an  erect  position,  is 
suHicient  to  maintain  the  body  in  an  erect  position  with- 
out any  muscular  effort.  (According  to  Braune  and 
Fischer  the  centre  of  gravity  for  the  head  was  plumb 
aliove  the  atlauto-occipital  joiht.)  According  to  them 
the  centre  of  gravity  plumbs  behind  the  hip,  in  front  of 
the  knee  and  through  the  ankle-joint.  Meyer  claims  that 
the  centre  plumbs  in  front  of  the  ankle-joint.  If  this 
is  so  the  calf  muscles  would  have  to  act  toward  the  sup- 
I«)rt  of  the  bodj^  In  bending  forward  or  backward  the 
centre  of  gravity  will  fall  either  forward  or  backward, 
as  the  case  may  be  (see  Fig.  19.34). 

In  the  most  comfortable  standing  position  the  centre 
plumbs  really  in  front  of  the  ankle.  When  it  falls  farther 
forward  than  this,  as  for  instance  when  it  falls  over  the  ball 
of  the  great  toe  as  in  the  niilitar}'  position  of  "attention," 
there  is  a  sensation  of  straining  and  this  posture  cannot 
be  long  supported.  In  fact  there  is  no  erect  position  of 
the  Ijody  which  can  be  maintained  for  many  minutes 
without  exhaustion,  although  it  has  been  claimed  that 
muscular  action  is  not  necessary  to  maintain  the  bod}-  in 
the  erect  position.     It  may  be  noted  that  we  instinctively 


»;    Vm  —The  Position  ot  the  Centre  of  Gravity  is  Indicated  by  a 
"  ui.t  in  Each  of  the  Postures  a,  h,  and  c.    In  o  and  c  it  lies  outside 
the  body  altogether. 

and  frequently  change  our  position  and  so  ease  the  vari- 
ous .sets  of  mii'scles  when  standing  for  any  length  of  time. 
Walking  and  Sunning.— la  these  modes  of  progression 
there  are  certain  forces  whicli  have  to  be  so  balanced  that 
the  speed  of  progression  is  neither  diminished  nor  in- 
creased and  also  that  during  locomotion  the  body  shall 
remain  erect.  Three  forces  ma.y  be  considered:  first,  the 
weight  of  the  body  to  be  supported ;  second,  atmospheric 
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resistance,  which  naturally  varies  with  the  speed  of  pro- 
gression and  the  size  of  the  surface  presented  to  the  air; 
and  thirdly,  the  friction  of  the  ground  on  which  locomo- 
tion is  performed.     Against  these  forces   we  have  the 


Fig.  19a5.— Diugram  showing  a  Man's  Movements  when  Walking.    Read  fiom 
left  to  right.     ( From  a  chronophotograph,  after  Marey.) 


muscular  force  of  the  body,  which,  by  altering  its  jiosi- 
tion,  raises  the  centi-e  of  gravity  by  shortening  the  legs 
and  so  gives  it  naturally  a  forward  impetus. 

During  locoiuotion  the  centre  of  gravity  constantly 
and  rhythmically  changes  its  position  as  the  body  changes 
its  shape.  The  centre  of  gravity  is  moved  not  only  on  a 
horizontal  plane  forward  through  the  median  sagittal 
plane  of  the  body,  but  also  from  side  to  side.  Tliis  side- 
to-side  moveiuent  is  nattirally  due  to  tlie  fact  tliat  a  dif- 
ferent leg  is  suijporting  the  weight  of  the  body  every 
moment. 

Figs.  1935  and  1936  give  Marey's  chronophotograplis 
of  a  man's  movements  when  walking  and  running.  In 
these  it  can  be  seen  that  the  plumb  from  the  centre  of 
gravity  falls  through  different  portions  of  the  leg  and 
ankle  at  different  stages  of  progression.  Should  tlie 
body  progress  forward  in  a  perfectly  erect  po.sitiou  and 
no  muscular  exercise_be  required  to  keep  the  body  erect, 
the  resistance  of  the  air  would  be  qtiite  sufficient  to  cause 
the  body  to  tumble  backward,  but  to  correct  tins  tin.' 
body  is  bent  forward  so  that  the  centre 
of  gravity  shall  be  thrown  in  front  of 
the  hip-joint. 

The  nature  of  the  ground  over  wliich 
progression  is  taking  place  hardly  needs 
to  be  considered  here,  as  it  can 'readily 
be  understood. 

We  now  have  to  consider  the  various 
sensory  impn.'ssions  which  are  concerned 
in  maintaining  the  body  in  the  state  of 
equilibriuiu.  These  may  be  classified  as 
visual,  tactile,  mu.scular,  and  lal)yrinlh- 
ine. 

Tlie  importance  of  the  eye  in  equi- 
librium can  lie  very  ea.sily  demonstrated. 
If  one  tries  to  walk  wliile  looking 
through  a  prism,  the  position  of  objects 
is  so  distorted  that  improper  co-ordina- 
tion of  the  various  mu.sclcs  results; 
where  under  normal  conditions,  know- 
ing the  position  of  objects  to  be  deler 
mined  by  the  sense  of  sight,  we  would 
have  perfect  co-ordination.  Again,  wlicn 
Aye  look  at  rapidly  moving  olijects,  wrong  ideas  of  I'lnii 
librium  are  commonly  formed  through  the  visual  sense 
and  there  maybe  a  strong  tendency  for  the  body  to  move 
Itself  iti  one  direction  or  another.  These  phenomena  may 
pnmanly  be  due  to,  we  might  .say,  deceiving  educated 
senses,   for  the  reason  that  people  born   blind  are  not 


troubled  with  incoordination  of  the  muscles  and  neither 
are  people  from  whom  the  eyes  have  been  removed. 

The  tactile  sense  also  plays  an  important  part  in  the 
.sense  of  equilibrium.  The  contact  of  the  soles  of  the 
feet  with  the  ground  oi'  of  various  parts  of 
our  body  with  surrounding  objects  conveys. 
to  us  considerable  knowledge  with  regard  to 
the  position  of  the  body.  We  see  a  remark- 
able example  of  the  value  of  this  sense  in  the 
disease  known  as  "locomotor  ataxia"  in  which 
tlie  muscular  power  of  the  lower  limbs  is  not 
impaired,  but  sensory  impressions  are  pro- 
foundly altered.  The  inco-ordination  in  this 
disease  results  from  the  false  tactile  impres- 
sions and  not  from  any  disease  of  the  muscles, 
which  retain  their  original  .strength.  W^e  can 
see  this  same  phenomenon  in  persons  who  have 
had  the  soles  of  their  feet  frozen.  Here  their 
tactile  impressions  are  not  received  by  the  .sen- 
sory end  organs,  consequently  do  not  reach  the 
higher  centres,  and  .so  inco-ordination  will  re- 
sult. Attention  has  been  called  to  a  peculiar 
tactile  ])lienomenon  in  the  fact  that  air  waves 
exert  an  influence  upon  the  tympanic  mem- 
brane CO,  and  so  we  are  capable  of  appre- 
ciating the  presence  and  to  .some  extent  the- 
character  of  near  objects  (irrespective  of 
sound).  Whether  this  involves  the  nerves 
of  common  sensibility  or  those  distributed  to- 
the  internal  ear  is  disputed. 

The  muscular  sense,  whether  our  bodies  are  moving; 
or  not,  is  another  active  factor  in  determining  the  condi- 
tion with  regard  to  the  tension  and  position  of  our  muscles. 
That  the  various  skeletal  muscles  are  acting  reflexly 
more  or  less  all  the  time  is  shown  by  the  fact  that  from^ 
a  person  with  the  eyes  closed,  standing  in  an  erect  posi- 
tion and  having  a  writing  point  attached  to  the  head, 
a  graphic  record  may  be  obtained  .showing  a  peculiar 
swaying  motion  of  the  body.  Evidently  different  groups 
of  luuscles  are  successively  contracting.  A  peculiar  sen- 
sation which  has  been  experienced  by  almost  every 
one  is  that  of  going  up-stairs  in  the  dark,  miscalcu- 
lating the  number  of  stairs,  and  taking  an  extra  step 
at  the  top  of  the  stairs.  The  .sense  of  loss  of  equil- 
ibrium is  at  once  experienced.  A  patient  with  failure 
of  tactile  or  muscular  sense,  as  in  the  above-mentioned 
disease,  locomotor  ataxia,  is  unable  to  stand  with  the 
eyes  closed.  Here  we  see  the  importance  of  the  com- 
bined loss  of  the  visual,  tactile,  and  muscular  sense. 


Fii;.  iiiiti;.— niiig 


i-ain  of  the  Movements  of  a  Man's  Leg  in  Running.     Reail  from  right 
to  left.     (I'rom  a  c-hronophotograph,  after  Marey.) 

A  normal  combinaticni  of  all  the.sc  .senses  gives  us  our 
idea  of  positicui.  Slxuild  the  impressions  arising  from 
any  of  them  clash  witii  our  conscious  perception  formed 
through  the  otlier  senses,  a  disturbance  of  equilibrium 
results  and  the  usual  result  of  this  disturbance  is  the  sen- 
sation of  nausea  or  dizziness.     An  example  of  this  clash- 
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Fig.  193T.  —  Diagrammatic  Hori- 
zontal Section  through  the  Head 
to  Illustrate  the  Planes  Occu- 
pied by  the  Semicircular  Canals. 
S,  Superior ;  H,  horizontal ;  P, 
posterior.     (Alter  Waller.) 


ing  with  the  resulting  dizziness  is  seen  in  people  on  the 

top  of  a  high  building.     The  tactile  organs  of  the  soles 

of  the  feet  and  the  nitiscular  sense  organs  of  the  limbs 

,  are  oilginating  perceptions 

1  which  indicate  that  one  is 

standing  on  the  solid  earth. 

Yet  the  eyes   at  the  same 

time    originate   perceptions 

that  indicate  that  the  solid 

earth  is  far  below. 

We  see  from  the  above 
that  the  sense  of  equilib- 
rium is  served  by  various 
special  senses.  However, 
we  have  good  I'eason  for 
believing  that  there  is  one 
special  sense  organ  which 
determines  the  position  and 
direction  of  the  movements  of  the  head,  and  consequently 
of  the  whole  body.  This  organ  consists  of  the  system 
of  semicircular  canals  in  the  internal  ear  (anterior,  pos- 
terior, and  external). 

Various  experiments  performed  on  birds  show  that  a 
motor  disturbance  invariably  follows  division  of  any  of 
these  canals.  The  animal  shortly  after  operation,  when- 
ever it  is  disturbed,  undergoes  peculiar  forced  movements 
with  rolling  of  the  eyes.  When  at  rest  the  animal  does 
not  maintain  its  perfect  erect  position,  its  legs  spreading 
farther  apart  than  normal  and  its  body  coming  closer  to 
the  ground.  The  effect  of  this  operation  varies,  of 
course,  very  considerably,  it  depending  altogether  on 
the  number  of  the  canals  cut.  Some  observers  have 
claimed  that  it  is  the  activity  of  the  hair  cells  on  the 
cristm^  acmtiae  of  the  ampulla;  of  the  semicircular  canals, 
which  are  irritated  by  the  increased  or  diminished  pressure 
of  the  endolymph  in  them,  which  gives  rise  to  a  nervous 
impulse  and  so  originates  various  ideas  of  position. 

The  anatomical  position  and  relationships  of  these 
canals  in  the  human  being  have  been  very  extensively 
studied  bv  Crum  Brown,  who  pointed  out  that  the  three 
canals  of  "each  side  lay  in  the  three  dimensions  of  space 
and  that  the  canals  of  each  side  are  almost  at  right  angles 
to  one  another  (see  Fig.   1938).     Any  movement  of  the 


bly  strengthened  by  experiments  on  man.  A  jjerson  with 
the  eyes  bandaged,  tactile  and  muscular  sense  eUininated, 
supported  on  a  rotating  table,  can  determine  very  cor- 
rectly in  what  direction  and  through  how  great  an  angle 
he  may  be  rotated.  It  will  l)e  found  in  the  same  experi- 
ment that  after  being  rotated  for  a  few  moments  and 
then  the  table  brought  to  a  standstill,  the  person  will  ex- 
perience the  sensation  of  rotation  in  the  opposite  direction. 
Patients  with  some  disease  of  the  internal  ear  are  very 


,0^^    down  ^  t^he«  ..V. — 

Sfilf  ?|1™efm7uSi'VtrSSl?lS,.ar  ,^anals ;  «,  H,  12, 
semicircular  canals. 

,       1      m  coTistantlv  Di-oduce  an  increase  of  pressure  in 
^,"iL  of  movement.^  This  assumption  can  be  considera- 


FIG  1939  —interior  View  of  Lett  Bony  Labyrinth  After  Removal  of 
the  Superior  and  External  Walls.  )i,  j;,  i,  The  superior,  posterior, 
and  horizontal  semicircular  canals:  a,  ((,  a,  ampullie;  ai\  openinir 
of  the  aqueduct  of  the  vestibule ;  F,  vestibule ;  ac,  openmg  of  the 
aqueduct  of  the  cochlea ;  .so,  soala  vestibuli ;  st,  scala  tympam  ;  «, 
fenestra  ovalis ;  r,  fenestra  rotunda. 

seldom  subject  to  dizziness  caused  by  rapid  rotation  or 
the  motion  of  a  swing.  James  has  pointed  this  out  m 
deaf-mutes  who  are  subject  to  this  and  to  another  well- 
known  peculiarity.  Should  a  deaf-mute  dive  into  deep 
water  when  bathing,  the  pressure  of  the  water  surround- 
ing the  body  is  nearly  equal  and  so  eliminates  localized 
pressure ;  the  mute  may  then,  instead  of  swimming  to  the 
surface  of  the  water,  continue  his  progress  toward  the 
bottom— in  short,  he  cannot  distinguish  whether  lie  is 
going  up  or  down.  In  support  of  this  fact  it  may  be 
mentioned  that  in  birds  and  fishes  whose  environment  is 
such  that  muscular  and  tactile  sense  can  contribute  little 
to  the  sense  of  equilibrium,  the  semicircular^  canals  are 
very  greatly  developed.  We  find  also  that  m  cases  of 
disease  of  the  semicircular  canals  in  which  the  pressure 
in  them  is  considerably  altered  we  have  ^yell-marked 
symptoms  of  vertigo  and  incoordination.  Disease  of  the 
cochlea  does  not  produce  this.  According  to  Lee,  section 
of  these  canals  in  fish  produces  no  forced  movement,,  but 
section  of  the  nerves  supplying  the  ampulUe  invariably 
dves  rise  to  forced  movements.  This  observer  also  found 
fhat  when  a  fish  is  placed  in  different  positions  there  is 
an  opposite  movement  of  the  dorsal  fin  and  of  the  optic 
axes  determined  by  the  semicircular  canal  m  whose  plane 
the  movement  is 'made.  Lee  places  great  importance 
,non  the  oresence  of  otoUths  in  the  vestibular  sacs  of  the 
nerve  teminal"  and  the  nim  „.«««.•....  These  bodies 
?onn  large  masses  in  the  ears  of  fishes  and  they  undoubt- 
edly exe?t  considerable  pressure  on  the  hair  cells. 

The  semicircular  canals  are  not  entirely  necessary  for 
the  reservation  of  equilibrium,  yet  the  muscular,  tactile, 
Ids,  al  and  other  senses  supplying  their  quota  of  informa^ 
tion  recrarding  the  position  of  the  body  may,  no  doubt  to 
a  consklerabl?  exte^it,  take  the  place  of  the  semicircular 
camais  wlic'n  these  are  destroyed  by  either  operation  or 

"^^Thf  first  suo-gestion  of  the  importance  of  the  semicir- 
cuTa  canals  Sintaining  the  body  equilibrium  may  be 
tracedto  the  two  important  researches  by  Purkinje  in 
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1830,  and  another  by  Flourens  in  1828.  Against  the  usu- 
ally accepted  theory  that  the  semicircular  canals  are  tlie 
organs  for  determining  the  spatial  relations  of  the  head, 
Cyon  contends  that  the  semicircular  canals  only  assist 
indirectly  in  this  function.  He  maintains  tliat  really  our 
knowledge  of  the  position  of  the  bodies  in  space  depends 
more  upon  the  nerve  impulses  coming  from  the  contracted 
ocular  muscles,  pointing  out  that  the  oculomotor  cen- 
tres are  in  close  relationship  with  the  centres  receiving 
the  stimuli  from  the  semicircular  canals.  Consequently 
on  excitation  of  the  semicircular  canals  oscillatory  spasms 
of  the  ocidar  muscles  occur  at  the  rate  of  from  twenty  to 
one  hundred  and  fifty  per  minute.  And  this  view  of 
C3'on's  that  the  semicircular  canals  intiuenee  the  move- 
ment of  the  eyes  has  been  partially  supported  by  Lee 
(see  above).  Ewald  has  divided  the  labyrinth  function- 
ally into  two  parts,  one  concerned  with  hearing  and  the 
other  with  muscle  tone.  The  former  is  the  cochlea,  and 
the  latter  the  semicircular  canals  of  the  vestibule.  He 
states  that  if  the  labyrintli  of  an  animal  be  injured  and 
then  the  animal  killed,  rigor  mortis  does  not  in  most 
cases  occur.  Sewall  carried  out  a  scries  of  experiments 
on  young  sharks  and  skates  and  claimed  that  cutting 
through  the  canal  on  one  side  produced  no  alteration  in 
equilibrium.  But  should  the  utricle  be  injured  and  the 
otoliths  be  removed  the  tislies  usually  dived  and  swam 
toward  the  injured  side.  Ewald  claims  that  the  saccule 
is  more  concerned  in  the  equilibrium  than  any  other  por- 
tion of  the  internal  ear. 

Anatomical  evidence  clearly  points  to  the  fact  that  the 
function  of  the  semicircular  canals  and  that  of  the  cochlea 
are  different.  It  is  true  that  the  eighth  nerve  supplies 
them  both ;  but  it  is  also  true  that  the  eighth  nerve  really 
consists  of  two  divisions,  a  vestibular  and  a  cochlear  por- 
tion, which,  although  running  together  in  the  human  sub- 
ject (in  the  horse  they  are  separate  and  distinct  nerves), 
on  entering  the  internal  auditory  meatus  thev  separate 
and  are  distributed  as  named. 

The  question  may  now  be  asked.  In  what  part  of  the 
brain  are  these  impressions  from  the  semicircular  canals 
and  other  senses  received  and  elaborated  into  the  sense 
of  equilil)rium?  We  have  seen  above  that  nearly  all  the 
special  senses  are  concerned  in  maintaining  equilibrium 
and  that  the  semicircidar  canals  are  of  primarv  impor- 
tance. 

The  cerebellum  has  long  been  regarded  as  the  nervous 
centre  for  equilibrium  and  co-ordination  of  muscles. 
Certainly  pathological  evidence  points  to  the  fact  that 
the  cerebellum  is  concerned  in  this  function,  giddiness 
bemg  a  well-marked  symptom  of  cerebellar  disease  al- 
though It  IS  not  so  well  marked  as  in  labyrinthine  or 
eighth-nerve  lesions. 

Shouhl  a  large  portion  (jf  the  cerebellum  be  destroyed 
we  have  well-marked  inco-ordination  phenomena  "and 
here,  although  sensation  may  remain  good,  the  inco'-ordi- 
nation  must  be  ascribed  to  a  loss  of  impulses  which 
regulate  body  movements  without  being  on  their  way  or 
in  the  cerebellum  elaborated  to  conscious  sensations 

Lxpenmental  work  on  the  cerebellum  seems  to  point 
to  the  fact  that  the  organ  "  functions  "  as  a  whole  not  in 
areas  ^  as  the  cerebrum,  because  it  is  so  lai-gcly  con- 
cerned in  the  innervation  of  the  muscular  system  of  the 
whole  body,  and  this  fact  led  Flourens  and  BouiUard 
early  observers,  to  express  tlie  opinion  t  hat  the  cerebelbin; 
was  the  organ  of  "equilibrium."  The  cerebellum  ac- 
cording to  Lu,s.sana  and  Caii.eutei-,  receives  impres.sions 
m  ft?  "f /"^^''  sense  organs  of  muscles,  joints,  liga 
m,  ^rt  'rK^'-  *"'^  *'  =''^"  '^  '■'>«>"ately  connectcl 
oue\l^  Z,\  ""' I'V'  ^^""««l"«""y  destruclion  of 
one  side  of  the  cerebellum  greatly  lowers  the  muscular 

Kiv:s  V  en  mnr,  l''^'""^''"  '"'  "'''''''^'  "^  ^'^^  cerebdlum 
parrial  o  sT  '  -r?™''*'''"'.  "^  info-ordination  and 
Can  ,w!  oV'"''*'"'""'  ('"mpl'-te  removal  of  the 
■oigan  does  not  give  such  marked  svnipt<,ms  l,ut  nm 
found  la,ssitude  is  marked,  following  .xec  ion  m  " 
ments  which  should  be  ordinarilv  quite  u     ,„,",' ^ 

wSjh'  "'''f'"'  '!"^^"'"''^'  -nallv  lies  o       k'      ff,, 
^^hlch  the  portion  of  the  cerebellum  is  being  removed  an, 1 
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with  the  trunk  often  curved  concavely  to  the  same  side. 
The  four  limbs  are  usually  extended,  the  one  on  the  oper- 
ated side  more  than  the  other.  There  is  conjugate  de- 
viation of  the  eyeballs  to  the  opposite  side.  As  a  rule, 
the  animal  cannot  stand  and  has  a  great  tendency  to  fall 
to  the  injured  side.  Should  it  try  to  move,  it  will  move 
around  in  the  long  axis  of  its  body  toward  the  injured 
side  In  a  few  days,  the  majority  of  these  symptoms 
disappear.  However,  entire  disappearance  of  the  symp- 
toms has  not  been  obtained. 

Altliough  an  enormous  mass  of  work  has  been  done  on 
the  cerebellum,  very  little  definite  knowledge  has  been 
obtained.  It  appears  that  this  organ  is  concerned  in  a 
particular  class  of  phenomena,  rather  than  in  a  particu- 
lar .sense.  It  is  more  intimately  concerned  in  receiving 
impulses  from  the  various  senses,  more  especially  of 
those  concerned  with  equilibrium  and  muscular  sense. 
Through  it  habitual  posture  is  supported  and  it  is  imme- 
diately associated  with  the  movements  depending  prin- 
cipally on  the  lower  cerebral  sense,  that  is,  walking  and 
running,  and  not  with  those  elaborated  with  the  highest 
technical  movement. 

From  the  foregoing  description  we  can  see  that  the 
sen.se  of  equilibrium  is  one  of  the  most  complex  phe- 
nomena in  the  body.  As  already  mentioned,  it  is  made ' 
up  from  impressions  derived  from  nearly  all  the  special 
senses.  Experimental  evidence  clearly  jioints  to  the  fact 
that  the  semicircular  canals  are  of  primary  importance, 
that  they  transmit  their  impulses  to  tlie  cerebellum 
through  the  vestibular  nerve,  and  the  cerebellum  in  turn, 
acting  through  the  vermis,  may  react  upon  the  cerebello- 
spinal and  vestibulo-spinal  efferent  system  and  so  through 
these  contribu  te  a  factor  to  the  normal  tonus  of  the  spinal, 
cranial,  and  motor  cells. 

In  conclusion  it  may  be  mentioned  that  although  we 
have  seen  that  the  sem'icircular  canals  and  vestibule  are 
primarily  concerned  in  equilibrium,  yet  pathological 
cases  have  been  found  in  which  a  slowly  progressive  af- 
fection of  the  internal  ear  ultimately  left  these  structures 
tran.sformed  into  a  bony  mass  in  which  no  trace  of  the 
original  soft  structures  remained.  And  in  these  cases 
there  was  no  perceptible  disturbance  of  equilibrium 
nystagmus,  or  giddiness.  We  must  therefore  admit 
that  these  organs  are  not  indispensable  for  equilibrium, 
but  that  some  other  organ  or  coml)inati(jn  of  organs  can 
vicariously  carry  on  their  function. 

The  qiiestion  may  also  be  asked.  Are  the  semicircular 
canals  concerned  in  hearing?  Certainly  injury  to  these 
canals  in  animals  does  not  appear  to  cause  deafness  but 
it  must  be  remembered  that  it  is  extremely  difficult  to 
substantiate  any  of  the  special  senses  in  aninials  In  the 
human  subject  it  is  doubtful  if  any  of  these  structures 
are  ever  affected  without  causing  Jeafuess:  but  it  must 
here  be  noted  that  these  structures  are  seldom  affected  I'n 
the  human  being  without  the  cochlea  becoming  involved 
in  the  disease,  so  that  deafness  may  be  caused Tiy  disease 
Of  the  semicircular  canals,  which  disease  would  in  all 
probability,  also  involve  the  cochlea. 

Allen  M  Clefihoi-n. 

EQUINOX  SPRING.-Benningt.m  County   Vermont 
^    losTOFFicii.— Manchester.    Equinox  and  other  hotels 
m  JManchester. 

Arciiss.— Via  Bennington  and  Rutland  Railroad,  a  link 
in  the  (  entral  \ermont  line  between  Montreal  and  New 

?,  '«  "t»  'l"les  northeast  of  Saratoga.  Manchester- 
in-t he-Mountains,  a  charming  village  in  the  southwestern 
part  ot  \ermont,  is  situated  on  a  plateau  about  300  feet 
above  the  Batt<'iikill  River,  and  1,000  feet  above  tide- 
water, in  a  valley  betwec^n  the  Green  and  Taconic  ranges 
For  nearly  half  a,  century  it  has  been  one  of  the  princ?pal 
resorts  ol  New  England,  famed  alike  for  its  beautiful 
scenery,  line  drives,  healthful,  invigorating  air  pure 
water,  and  numerous  brooks,  alive  witli  trout  The 
place  has  been  i^roi^erly  termed  a  model  village  the 
mam  street  being  bordered  by  wide  lawns,  overarched 
Dy  century -old  elms  and  maples.  Shaded  by  these  trees 
are  marble  side-walks,  and  back  of  them  the  cottage 
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their  setting  of  emerald,  the  entire  absence  of  fences  on 
the  street  giving  the  effect  of  a  paili.  The  village  con- 
tains a  beautiful  new  library  building,  charming  drives 
in  all  directions,  a  strictly  first-class  hotel  (the  Equinox) 
and  other  desirable  features  too  numerous  to  mention 
here.  In  the  immediate  vicinity  is  an  unending  variety 
of  natural  attractions.  Awa,y  off  on  Mount  Equinox, 
1,500  feet  above  the  village  and  3,.500feet  above  the  level 
of  the  sea  and  far  from  any  habitation,  is  located  the 
spring  which  supplies  the  Equinox  mineral  water.  An 
analysis  of  this  water  in  1892  by  Messrs.  Chandler  and 
Pellew,  of  New  York,  showed  the  following  ingredi- 
ents: 


Onk  United  States  Gallon  Contains  :  Sodium  bicarbonate,  gr. 
0.5.1;  sodium  chloride,  gr.  .48;  potassium  sulnliat«,  gr.  .OH;  calcium 
sulphate,  gr.  .15;  calcium  bicarbonate,  gr.  1.98;  magnesium  bicarbo- 
nate, gr.  .Y3 ;  iron  oxide  and  alunaina,  gr.  .01 ;  siUca,  gr.  .18 ;  organic 
and  volatile  matter,  trace.    Total  solids,  gr.  4.16. 

This  water  has  become  well  known  for  its  purity  and 
softness.  It  is  widely  used  in  the  hotels,  clubs,  and 
private  residences  of  manjr  of  our  lai'ge  cities  as  a  drink- 
ing-water. It  is  very  lightly  mineralized,  as  shown  by 
the  analysis,  j'et  it  is  recommended  by  numerous  medical 
men  as  being  useful  in  the  treatment  of  gout,  rheumatism, 
dyspepsia,  and  diseased  conditions  generally  which  are 
traceable  to  the  uilc-acid  diathesis.         James  K.  Crook. 
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